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Pref ace 

With the 29th edition of First Aid for the USMLE Step 1, we continue our commitment to providing students wi th 
the most useful and up-to-date preparation guide for the USMLE Step L This edition represents an outstanding 
revision in many ways, including: 

• 85 entirely new or heavily revised high-yield topics reflecting evolving trends in the USMLE Step L 

• Extensive text revisions, new mnemonics, clarifications, and corrections curated by a team of more than 40 
medical student and resident physician authors who excelled on their Step I examinations and veri fied by a team 
of expert faculty advisors and nationally recognized USMLE instructors. 

• Updated with 115 new and revised diagrams and illustrations as part of our ongoing collaboration wi th 
USMLE-Rx (Med!Q Leaming, LLC ). 

• Updated with 35+ new full-color photos to help visualize various disorders, descriptive findings, and basic 
science concepts. Additionally, revised imaging photos have been labeled and optim ized to show both normal 
anatomy and pathologic find ings. 

• Updated study tips on the opening page of each chapter. 

• Improved integration of cl inical images and illustrations to better reinforce and learn key anatomic concepts. 

• Improved organization of text, figures, and tables throughout for quick review of h igh-yield topics. 

• Revitalized coverage of current, high-yield print and digital resources in Section IV with clearer explanations of 
their relevance to USMLE Step I review. 

• Real-time Step I updates and corrections can be found exclusively on our blog, www.firstaidteam.com. 

We invite students and faculty to share their thoughts and ideas to help us continually improve First Aid for the 
USJ\ifLE Step 1 through our blog and collaborative editorial platform. (See How to Contribute, p. xvii.) 
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How to Contribute 

T his version of First Aid for the USMLE Step 1 incorporates thousands of contributions and improvements suggested 
by student and faculty advisors. \Ve invi te you to participate in this process. Please send us your suggestions for: 

• Study and test-taking strategies for the USMLE Step I 

• New facts, mnemonics, diagrams, and clinical images 

• High-yield topics that may appear on future Step I exams 

• Personal ratings and comments on review books, question banks, apps, videos, and courses 

For each new entry incorporated into the next edition, you will receive up to a $20 Am azon.com gift card as wel l as 
personal acknowledgment in the next edition. Significant contributions will be compensated at the discretion of the 
au thors. Also, let us know about material in th is edition that you feel is low yield and should be deleted. 

All submissions including potential erra ta should ideally be supported with hyperlinks to a dynamically updated Web 
resource such as UpToDate, AccessMedicine, and C linical Key. 

\Ve welcome potential errata on grammar and style if the change improves readability. Please note tha t First Aid style 
is somewhat unique; for example, we have fully adopted the AMA Manual of Style recommendations on eponyms 
("\Ve recommend that the possessive form be omitted in eponymous terms") and on abbreviations (no periods with 
cg, ie, etc). 

T he preferred way to submit new entries, clarifications, mnemonics, or potential corrections with a val id, 
au thoritative reference is via our website: www.firstaid team.com . 

T his websi te will be continuously updated wi th validated errata, new high-yield content, and a new online platform 
to contribute suggestions, mnemonics, diagrams, clinical images, and potential errata. 

Alternatively, you can email us at: firstaid@scholarrx.com. 

Contributions submitted by M ay 15, 2019, receive priori ty consideration for the 2020 edition of First Aid for the 
USMLE Step 1. We thank you for taking the time to share your experience and apologize in advance that we cannot 
individually respond to all contributors as we receive thousands of contributions each year. 
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TO CONTRIBUTORS 

All contributions become property of the authors and are subject to editing and reviewing. Please veri fy all data and 
spell ings carefully. Contributions should be supported by at least two high-quality references. 

Check our website first to avoid duplicate submissions. In the event that similar or duplica te entries are received, 
only the first complete entry received with valid, authoritative references will be credited. Please follow the style, 
punctuation, and format of this edition as much as possible. 

THE FIRST AID TEAM 

T he First Aid author team is pleased to offer part-time and full-time paid internships in medical education and 
publishing to motivated medical students and physicians. Internships range from a few months (cg, a summer) up 
to a full year. Participants will have an opportunity to author, edit, and earn academic credit on a wide variety of 
projects, including the popular First Aid series. 

For 2019, we are actively seeking passionate medical students and graduates with a specific interest in improving our 
medical illustrations, expanding our database of medical photographs, and developing the software that supports our 
crowdsourcing platform. We welcome people with prior experience and talent in these areas. Relevant skills include 
clinical imaging, digital photography, digi tal asset management, information design, medical illustration, graphic 
design, tutoring, and software development. 

Please email us at firstaid@scholarrx.com with a CV and summary of your interest or sample work. 
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How to Use This Book 

CONGRATULATIONS: You now possess the book that has guided nearly two million students to USMLE success 
for nearly 30 years. With appropriate care, the binding should last the useful life of the book. Keep in mind that 
putting excessive flattening pressure on any binding will accelerate its failure. If you purchased a book that you 
believe is defective, please immediately return it to the place of purchase. If you encounter ongoing issues, you can 
also contact Customer Service at our publisher, McGraw-Hill Education, at https://www.mheducation.com/contact. 
html. 

START EARLY: Use th is book as early as possible while learning the basic medical sciences. The first semester of 
your first year is not too early! Devise a study plan by reading Section I: Guide to Efficient Exam Preparation, and 
make an early decision on resources to use by checking Section IV: Top-Rated Review Resources. Note that First Aid 
is neither a textbook nor a comprehensive review book, and it is not a panacea for inadequate preparation. 

CONSIDER FIRST AID YOUR ANNOTATION HUB: Annotate material from other resources, such as class 
notes or comprehensive textbooks, into your book. This will keep all the high-yield information you need in one 
place. Other tips on keeping yourself organized: 

• For best results, use fine-tipped ballpoint pens (eg, BIC Pro+, Uni-Ball Jetstream Sports, Pilot Drawing Pen, 
Zebra F-301). If you like gel pens, try Pentel Slicci, and for markers that dry almost immediately, consider 
Staedtler Triplus Fineliner, Pilot Drawing Pen, and Sharpies. 

• Consider using pens with different colors of ink to indicate different sources of information (eg, blue for 
USMLE-Rx Step 1 Qmax, green for UWorld Step 1 Qbank). 

• Choose highlighters that are bright and dry quickly to min imize smudging and bleeding through the page 
(eg, Tombow Kei Coat, Sharpie Gel). 

• Many students de-spine their book and get it 3-hole-punched. This will allow you to insert materials from other 
sources, including curricular materials. 

INTEGRATE STUDY ' VITH CASES, FLASH CARDS, AND QUESTIO NS: To broaden your learning strategy, 
consider integrating your First Aid study with case-based reviews (eg, First Aid Cases for the USMLE Step 1), flash 
cards (eg, F irst Aid Flash Facl5), and practice questions (eg, the USMLE-Rx Step 1 Qmax). Read the chapter in the 
book, then test your comprehension by using cases, flash cards, and questions that cover the same topics. Maintain 
access to more comprehensive resources (eg, First Aid for the Basic Sciences: General Principles and Organ Systems 
and First Aid Expre.5s videos) for deeper review as needed. 

PRIME YOUR MEMORY: Return to your annota ted Sections II and III several days before taking the USMLE 
Step 1. The book can serve as a useful way of retaining key associations and keeping high-yield facts fre.5h in your 
memory just prior to the exam. The Rapid Review section includes high-yield topics to help guide your studying. 

CONTRIBUTE TO FIRST AID: Reviewing the book immediately after your exam can help us improve the next 
edition. Decide what was truly high and low yield and send us your comments. Feel free to send us scanned images 
from your annotated First Aid book as additional support. Of course, always remember that all examinees are under 
agreement with the NBME to not disclose the specific details of copyrighted te.5t material. 
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Selected USM LE Laboratory Values 

• = Inc luded in the Biochemical Profi le (SMA-12} 

Blood, Plasma, Serum 

•Alanine aminotransferase (ALT, CPT at 30°C} 

Amylase, serum 

• Aspartate aminotransferase (AST, COT at 30°C} 

Bilirubin, serum (adult} 
Total II Direct 

• calcium, serum (Total} 

• c holesterol, serum (Total) 

• c reatinine, serum (Total} 

E lectrolytes, serum 
Sodium (Na+) 
C hloride (C J-) 

• Potassium (K+) 
Bicarbonate ( I ICQ3-) 
Magnesium (Mg2+} 

Cases, arterial blood (room air) 

Po, 
Pco, 
pH 

• c Jucose, serum 

Growth hormone - arginine stimulation 

Osmolality, serum 

• Phosphatase (alkaline}, serum (p-NPP at 30°C) 

• Phosphorus (inorganic}, serum 

Prolactin, serum (hPRL} 

• Proteins, serum 
Total (recumbent) 
Albumin 
G lobulins 

• u rea nitrogen, serum (BUN} 

• Uric ac id, serum 

xx 

Reference Range 

8- 20 U/L 

25- 125 U/L 

8- 20 U/L 

0.1- 1.0 mg/dL // 0.0- 0.3 mg/dL 

8.4- 10.2 mg/dL 

Rec: < 200 mg/dL 

0.6- 1.2 mg/dL 

136- 145 mEq/L 
95- 105 mEq/L 
3.5- 5.0 mEq/L 
22- 28 mEq/L 
1.5- 2 mEq/L 

75- 105 mm Ilg 
33- 45 mm Ilg 
7.35- 7.45 

Fasting: 70- 110 mg/dL 
2-h postprandial:< 120 mg/dL 

Fasting: < 5 ng/mL 
provocative stimuli:> 7 ng/mL 

275- 295 mOsm/kg 

20- 70 U/L 

3.0- 4.5 mg/dL 

< 20 ng/mL 

6.0- 7.8 g/dL 
3.5- 5.5 g/dL 
2.3- 3.5 g/dL 

7-18 mg/dL 

3.0- 8.2 mg/dL 

SI Reference Intervals 

8- 20 U/L 

25- 125 U/L 

8- 20 U/L 

2- 17 µmol/L // 0- 5 µ mol/L 

2.1-2.8 mmol/L 

< 5.2 mmol/L 

53- 106 µmo l/L 

136- 145 mmol/L 
95- 105 mmol/L 
3.5- 5.0 mmol/L 
22- 28 mmol/L 
0.75-1.0 mmol/L 

10.0- 14.0 kPa 
4.4- 5.9 kPa 
[JI+] 36- 44 nmol/L 

3.8- 6.1 mmol/L 
< 6.6 mmol/L 

< 5 µg/L 
> 7 µg/L 

275- 295 mOsm/kg 

20- 70 U/L 

1.0- 1.5 mmol/L 

< 20 pg/L 

60- 78 g/L 
35- 55 g/L 
23- 35 g/L 

1.2- 3.0 mmol/L 

0.18- 0.48 mmol/L 

(continues) 



Cerebrospinal Fluid 

G lucose 

Hematologic 

Erythrocyte count 

Erythrocyte sedimentation rate (Westergen) 

I Iematocrit 

I Iemoglobin, blood 

I Iemoglobin, plasma 

Leukocyte count and d ifferential 
Leukocyte count 

Segmented neutrophils 
Band forms 
Eosinophils 
Basophils 
Lymphocytes 
Monocytes 

Mean corpuscular hemoglobin 

Mean corpuscular volume 

Partial thromboplastin time (activated) 

Platelet count 

Proth rombin time 

Reticulocyte count 

Sweat 

C hloride 

Urine 

C reatinine clearance 

Osmolality 

Proteins, total 

Reference Range 

40- 70 mg/dL 

Male: 4.3- 5.9 m ill ion/mm3 

Female: 3.5- 5.5 m ill ion/mm3 

Male: 0-15 mm/h 
Female: 0- 20 mm/h 

Male: 41-533 

Female: 36- 463 

Male: 13.5-17.5 g/dL 
Female: 12.0-16.0 g/dL 

1-4 mg/dL 

4,500- 1 l,OOO/mm3 

54- 623 
3- 53 
1-33 
0- 0.753 
25- 333 
3- 73 

25.4- 34.6 pg/cell 

80- IOO µm3 

25- 40 seconds 

150,000- 400,000/mm l 

11-1 5 seconds 

0.5-1.53 of red cells 

0- 35 mmol/L 

Male: 97- 137 mL/min 
Female: 88-1 28 mL/min 

50-1,400 mOsmol/kg llzO 
< 150 mg/24 h 

SI Reference Intervals 

2.2- 3.9 mmol/L 

4.3- 5.9 x 1012/L 
3.5- 5.5 x !012/L 

0-1 5 mm/h 
0- 20 mm/h 

0.41-0.53 
0.36- 0.46 

2.09- 2.71 mmol/L 
1.86- 2.48 mmol/L 

0.16- 0.62 µmol/L 

4.5-11.0 x 1Q9/L 

0.54- 0.62 
0.03- 0.05 
0.01-0.03 
0- 0.0075 
0.25- 0.33 
0.03- 0.07 

0.39- 0.54 fmol/cell 

80- IOO fL 

2 5- 40 seconds 

150- 400 x 1Q9 /L 

11-1 5 seconds 

0.005- 0.015 

0- 35 mmol/L 

<0.15 g/24 h 
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First Aid Checklist for the USMLE Step 1 

This is an example of how you might use the information in Section I to prepare for the USMLE 
Step 1. Refer to corresponding topics in Section I for more details. 

Years Prior - o Use top-rated review resources for first-year medical school courses. 
o Ask for advice from those who have recently taken the USMLE Step 1. 

Months Prior - o Review computer test format and registration information. 
o Register six months in advance. 
o Carefully verify name and address printed on scheduling permit. Make sure 

the name on scheduling permit matches the name printed on your photo ID. 
o Call Prometric or go online for test date ASAP. 
o Define your exam goals (pass comfortably, beat the mean, ace the test) 
o Set up a realistic timel ine for study. Cover less crammable subjects first. 
o Evaluate and choose study materials (review books, question banks). 
o Use a question bank to simulate the USMLE Step 1 to pinpoint strengths and 

weaknesses in knowledge and test-taking skills. 

Weeks Prior - o Do another test simulation in a question bank. 
o Assess how close you are to your goal. 
o Pinpoint remaining weaknesses. Stay healthy (exercise, sleep). 
o Verify information on admission ticket (eg, location, date). 

One Week Prior - o Remember comfort measures (loose clothing, earplugs, etc). 
o Work out test site logistics (eg, location, transportation, parking, lunch}. 
o Call Prometric and confirm your exam appointment. 

One Day Prior - o Relax. 
o Lightly review short-term material if necessary. Skim high-yield facts. 
o Get a good night's sleep. 

Day of Exam - o Relax. 
o Eat breakfast. 
o Minimize bathroom breaks during exam by avoiding excessive morning 

caffeine. 

After Exam - o Celebrate, regardless of how well you feel you did. 
o Send feedback to us on our website at www.firstaldteam.com. 



SECT ION 

Guide to Efficient 
Exam Preparation 

"I don't love studying. I hate studying. I like learning. Leaming is 
beautiful." 

- Nata lie Portman 

"Finally, from so little sleeping and so much reading, his brain dried up 
and he went completely out of his mind." 

- Miguel de Cervantes Saavedra, Don Quixote 

"Sometimes the questions are complicated and the answers are simple." 
-Dr. Seuss 

"He who knows all the answers has not been asked all the questions." 
-Confucius 

"The expert in anything was once a beginner." 
-Helen Hayes 

"It always seems impossible until it's done." 
- Nelson Mandela 

"I was gratified to be able to answer promptly, and I did. I said I didn't 
know." 

-Mark Twain 
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2 SECTION I GUIDE TO EFFICIENT EXAM PREPARATION 

The test at a glance: 

• 8-hour exam 
• Up to a total of 280 multiple choice items 

• 7 test blocks (60 min/block) 

• Up to 40 test items per block 
• 4 5 minutes of break time, plus another 15 

if you skip the tutorial 

INTRODUCTION 

Relax. 

This section is intended to make your exam preparation easier, not harder. 
Our goal is to reduce your level of anxiety and help you make the most of 
your efforts by helping you understand more about the United States Medical 
Licensing Examination, Step I (USMLE Step I). As a medical student, you 
are no doubt fam iliar with taking standardized examinations and quickly 
absorbing large amounts of material. When you first confront the USMLE 
Step I, however, you may find it all too easy to become sidetracked from your 
goal of studying with maximal effectiveness. Common m istakes tha t students 
make when studying for Step I include the following: 

• Starting to study (including First Aid) too late 
• Starting to study intensely too early and burning out 
• Starting to prepare for boards before creating a knowledge foundation 
• Using inefficient or inappropriate study methods 
• Buying the wrong resources or buying too many resources 
• Buying only one publisher's review series for all subjects 
• Not using practice examinations to maximum benefit 
• Not understanding how scoring is performed or what the score means 
• Not using review books along with your classes 
• Not analyzing and improving your test-taking strategies 
• Getting bogged down by reviewing difficult topics excessively 
• Studying material that is rarely tested on the USMLE Step I 
• Failing to master certain h igh-yield subjects owing to overconfidence 
• Using First Aid as your sole study resource 
• Trying to prepare for it all alone 

In this section, we offer advice to help you avoid these pitfalls and be more 
productive in your studies. 

USMLE STEP 1- THE BASICS 

The USMLE Step I is the first of three examinations that you must pass in 
order to become a licensed physician in the United States. The USMLE is 
a joint endeavor of the National Board of Medical Examiners (NBME) and 
the Federation of State Medical Boards (FSMB). The USMLE serves as the 
single examination system for US medical students and international medical 
graduates (IMGs) seeking medical licensure in the United States. 



GUIDE TO EFFICIENT EXAM PREPARATION SECTION I 3 

The Step I exam includes test items drawn from the following content areas1: 

DISCIPLINE 
Aging 
Anatomy 
Behavioral Sciences 
Biochemistry 
Biostatistics and Epidemiology 
Genetics 
Immunology 
Microbiology 
Molecular and Cell Biology 
Nutrition 
Pathology 
Pharmacology 
Physiology 

ORGAN SYSTEM 
Behavioral Health & Nervous 

Systems/Special Senses 
Biostatistics & Epidemiology/ 

Population Health/ 
Social Sciences 

Blood & Lymphoreticular System 
Cardiovascular System 
Endocrine System 
Gastroin testinal System 
General Principles of Foundational 

Science 
Immune System 
Multisystem Processes & Disorders 
Musculoskeletal, Skin, & 

Subcutaneous T issue 
Renal/Urinary System 
Reproductive System 
Respiratory System 

How Is the Computer-Based Test (CBT) Structured? 

The CBT Step I exam consists of one "optional" tu torial/simulation block 
and seven "real" question blocks of up to 40 questions per block with no more 
than 280 questions in total, timed at 60 minutes per block. A short I I-question 
survey follows the last question block. The computer begins the survey with a 
prompt to proceed to the next block of questions. 

Once an examinee fin ishes a particular question block on the CBT, he or she 
must cl ick on a screen icon to continue to the next block. Examinees cannot 
go back and change their answers to questions from any previously completed 
block. However, changing answers is allowed within a block of questions as 
long as the block has not been ended and if time permits. 

What Is the CBT Like? 

G iven the unique environment of the CBT, it's important that you become 
fam iliar ahead of time with what your test-day conditions will be like. In fact, 
you can easily add up to 15 minutes to your break time! This is because the 
15-minute tu torial offered on exam day may be skipped if you are already 
fam iliar with the exam procedures and the testing interface. The 15 minutes 
is then added to your allotted break time of 45 minutes for a total of I hour of 
potential break time. You can download the tutorial from the USMLE websi te 
and do it before test day. This tu torial in terface is very similar to the one you 
will use in the exam; learn it now and you can skip taking it during the exam, 
giving you up to 15 extra minutes of break time. You can also gain experience 

• If you know the format, you can skip the 

tutorial and add up to 15 minutes to your 

break time! 
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Key/ward shortcuts: 

• A, 8, etc-Jetter choices 
• Enter or spacebar-move to next 

question 
• Esc-exit pop-up Lab and Exhibit 

windows 
• Alt-T-countdown timers for current 

session and overall test 

Heart sounds are tested via media questions. 

Make sure you know how different heart 
diseases sound on auscultation. 

Be sure to test your headphones during the 
tutorial. 

Familiarize yourself with the commonly 

tested lab values (eg, Hgb, WBC, platelets, 
Na+,K+). 

Illustrations on the test include: 

• Gross specimen photos 

• Histology slides 
• Medico/imaging ( eg, x-ray, CT, MRO 

• Electron micrographs 

• Une drawings 

with the CBT format by taking the 120 practice questions (3 blocks with 40 
questions each) available online or by signing up for a practice session at a 
test center. 

For security reasons, examinees are not allowed to bring any personal electronic 
equipment in to the testing area. This includes both digital and analog 
watches, iPods, tablets, calculators, cell phones, and electronic paging devices. 
Examinees are also prohibited from carrying in their books, notes, pens/pencils, 
and scratch paper. Food and beverages are also prohibi ted in the testing area. 
The testing centers are monitored by audio and video surveillance equipment. 
However, most testing centers allot each examinee a small locker out5ide the 
testing area in which he or she can store snacks, beverages, and personal items. 

Questions are typically presented in multiple choice format, with 4- 5 possible 
answer options. There is a countdown timer on the lower left corner of the 
screen as wel l. There is also a button that allows the examinee to mark a 
question for review. If a given question happens to be longer than the screen 
(which occurs very rarely), a scroll bar will appear on the right, allowing the 
examinee to see the rest of the question. Regardless of whether the examinee 
clicks on an answer choice or leaves it blank, he or she must click the "Next" 
button to advance to the next question. 

The USMLE features a small number of media clips in the form of audio 
and/or video. There may even be a question with a multimedia heart sound 
simulation. In these questions, a digital image of a torso appears on the screen, 
and the examinee directs a digital stethoscope to various auscultation points 
to listen for heart and breath sounds. The USMLE orientation materials 
include several practice questions in these format5. During the exam tutorial, 
examinees are given an opportunity to ensure that both the audio headphones 
and the volume are functioning properly. If you are already fam iliar with the 
tutorial and planning on skipping it, first skip ahead to the section where you 
can test your headphones. After you are sure the headphones are working 
properly, proceed to the exam. 

The examinee can call up a window displaying normal laboratory values. 
In order to do so, he or she must cl ick the "Lab" icon on the top part of 
the screen. Afterward, the examinee will have the option to choose between 
"Blood," "Cerebrospinal," "Hematologic," or "Sweat and Urine." The normal 
values screen may obscure the question if it is expanded. The examinee may 
have to scroll down to search for the needed lab values. You might want to 
memorize some common lab values so you spend less time on questions that 
require you to analyze these. 

The CBT interface provides a running list of questions on the left part of the 
screen at all times. The software also permits examinees to highlight or cross 
out information by using their mouse. There is a" lotes" icon on the top part 
of the screen that allows student5 to write notes to themselves for review at a 
later time. Finally, the USMLE has recently added new functionality including 
text magnification and reverse color (whi te text on black background). Being 
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fam iliar with these features can save time and may help you better view and 
organize the information you need to answer a question. 

For those who feel they might benefit, the USMLE offers an opportunity 
to take a simulated test, or "CBT Practice Session" at a Prometric center. 
Students are el ig ible to register for th is three-and-one-half-hour practice 
session after they have received their scheduling permit. 

The same USMLE Step I sample test items (120 questions) available on the 
USMLE website, www.usmle.org, are used at these sessions. No new items 
will be p resen ted . The prac tice session is available at a cost of $75 and is 
divided into a short tu torial and three I-hour blocks of -40 test items each. 
Studenl5 receive a printed percent-correct score after completing the session. 
No explanations of q uestions are provided. 

You may register for a practice session online at www.usmle.org. A separate 
scheduling permit is issued for the practice session. Students should allow two 
weeks for receipt of th is permit. 

How Do I Register to Take the Exam? 

Prometric test centers offer Step I on a year-round basis, except for the first 
two weeks in January and major hol idays. The exam is given every day except 
Sunday at most centers. Some schools admin ister the exam on their own 
campuses. Check with the test center you want to use before making your 
exam plans. 

US students can apply to take Step I at the NBME website. This application 
allows you to select one of 12 overlapping three-month blocks in which to 
be tested (cg, April- May- June, June- July- August). Choose your three-month 
eligibility period wisely. If you need to reschedule out5ide your initial three
month period, you can request a one-time extension of el igibility for the next 
contiguous three-month period, and pay a rescheduling fee. The application 
also includes a photo ID form that must be certified by an official at your 
medical school to your enrollment. After the NBME processes your 
application, it will send you a scheduling permit. 

The scheduling permit you receive from the NBME will contain your USMLE 
identification number, the eligibility period in which you may take the exam, 
and two additional numbers. The first of these is known as your "scheduling 
number." You must have this number in order to make your exam appointment 
with Prometric. The second number is known as the "candidate identification 
number," or CIN. Examinees must enter their CINs at the Prometric 
workstation in order to access their exams. However, you will not be allowed to 
bring your permit into the exam and will be asked to copy your CIN onto your 
scratch paper. Prometric has no access to the codes. Do not lose your permit! 
You will not be allowed to take the exam unless you present this permit along 
with an unexpired, government-issued photo ID tha t includes your signature 
(such as a driver's license or passport). Make sure the name on your photo ID 
exactly matches the name that appears on your scheduling permit. 

• Ctrl-Alt-Delete ore the keys of death during 
the exam. Don't touch them at the some time! 

• You con toke a shortened CBT practice test at 
a Prometric center. 

• The Prometric Web site will display a calendar 
with open test dotes. 
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The confirmation emails that Prometric 

and NBME send are not the same as the 

scheduling permit. 

Test scheduling is done on a •first-come, 

first-served" basis. important to schedule 

an exam date as soon as you receive your 

scheduling permit. 

Register six months in advance for seating 

and scheduling preference. 

Once you receive your scheduling permit, you may access the Prometric 
website or call Prometric's toll-free number to arrange a time to take the exam. 
You may contact Prometr ic two weeks before the test date if you want to 
confirm identification requirements. Although requests for taking the exam 
may be completed more than six months before the test date, examinees 
will not receive their scheduling permits earlier than six months before the 
el igibility period. The eligibility period is the three-month period you have 
chosen to take the exam. Most medical students choose the April- June or 
June- August period. Because exams are scheduled on a "first-come, first
served" basis, it is recommended that you contact Prometric as soon as you 
receive your permit. After you've scheduled your exam, it's a good idea to 
confirm your exam appointment with Prometric at least one week before your 
test da te. Prometric will provide appointment confirmation on a print-out and 
by email. Be sure to read the 2018 USJ\ifLE Bulletin of Information for further 
details. 

What If I Need to Reschedule the Exam? 

You can change your test date and/or center by contacting Prometric at 
1-800-MED-EXAM (1-800-633-3926) or www.prometric.com. Make sure to 
have your CIN when rescheduling. If you are rescheduling by phone, you 
must speak with a Prometric representative; leaving a voicemail message will 
not suffice. To avoid a rescheduling fee, you will need to request a change 
at least 31 calendar days before your appointment. Please note that your 
rescheduled test date must fall within your assigned three-month el igibil ity 
period. 

When Should I Register for the Exam? 

You should plan to register as far in advance as possible ahead of your desired 
test date (cg, six months), but, depending on your particular test center, new 
dates and times may open closer to the date. Scheduling early will guarantee 
that you will get either your test center of choice or one with in a 50-mile 
radius of your first choice. For most US medical students, the desired testing 
window is in June, since most medical school curricula for the second year 
end in May or June. Thus, US medical students should plan to register before 
January in anticipation of a June test da te. The timing of the exam is more 
flexible for IMGs, as it is related only to when they fin ish exam preparation. 
Talk with upperclassmen who have already taken the test so you have real
life experience from students who went through a similar curriculum, then 
formulate your own stra tegy. 

Where Can I Take the Exam? 

Your testing location is arranged with Prometric when you call for your 
test date (after you receive your scheduling permit). For a list of Prometric 
locations nearest you, visi t www.prometric.com. 
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How Long Will I Have to Wait Before I Get My Scores? 

The USMLE reports scores in three to four weeks, unless there are delays 
in score processing. Examinees will be notified via email when their scores 
are available. By following the online instructions, examinees will be able to 
view, download, and print their score report online for days after score 
notification, after which scores can only be obtained through requesting an 
official USMLE transcript. Additional information about score timetables and 
accessibility is available on the official USMLE website. 

What About Time? 

T ime is of special interest on the CBT exam. Here's a breakdown of the exam 
schedule: 

15 m inutes 
7 hours 
45 m inutes 

Tutorial (skip if fam iliar with test forma t and features) 
Seven 60-minute question blocks 
Break time (includes time for lunch) 

The computer will keep track of how much time has elapsed on the exam. 
However, the computer will show you only how much time you have remaining 
in a given block. Therefore, it is up to you to determine if you are pacing 
yourself properly (at a rate of approximately one question per 90 seconds). 

The computer does not warn you if you are spending more than your allotted 
time for a break. You should therefore budget your time so that you can take 
a short break when you need one and have time to eat. You must be especially 
careful not to spend too much time in between blocks (you should keep track 
of how much time elapses from the time you finish a block of questions to the 
time you start the next block). After you finish one question block, you'll need 
to click to proceed to the next block of questions. If you do not click with in 30 
seconds, you will automatically be entered into a break period. 

Break time for the day is 45 minutes, but you are not required to use all of it, 
nor are you required to use any of it. You can gain extra break time (but not 
extra time for the question blocks) by skipping the tutorial or by finishing a 
block ahead of the allotted time. Any time remaining on the clock when you 
finish a block gets added to your remaining break time. Once a new question 
block has been started, you may not take a break until you have reached the 
end of that block. If you do so, this will be recorded as an "unau thorized 
break" and will be reported on your final score report. 

Finally, be aware that it may take a few m inutes of your break time to "check 
out" of the secure resting room and then "check in" again to resume testing, 
so plan accordingly. The "check-in" process may include fingerprin ts, pocket 
checks, and metal detector scanning. Some students recommend pocketless 
clothing on exam day to streamline the process. 

• Gain extra break time by skipping the tutorial 

or finishing a block early. 

• Be careful to wotch the dock on your break 

time. 
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Nearly three fourths of Step 1 questions begin 

with a description of a patient. 

If I Freak Out and Leave, What Happens to My Score? 

Your scheduling permit shows a C IN that you will need to enter to start your 
exam . Entering the C l 1 is the same as breaking the seal on a tes t book, 
and you are considered to have started the exam when you do so. However, 
no score wi ll be reported if you do not complete the exam. In fact, if you 
leave at any time from the start of the test to the last block, no score will be 
reported. The fact that you started but did not complete the exam, however, 
wi ll appear on your USMLE score transcript. Even though a score is not 
posted for incomplete tests, examinees may still get an option to request that 
their scores be calculated and reported if they desire; unanswered questions 
will be scored as incorrect. 

T he exam ends when all question blocks have been completed or when their 
time has expired. As you leave the testing center, you will receive a printed 
test-completion notice to document your completion of the exam. To receive 
an official score, you must fin ish the entire exam. 

WhatTypes of Questions Are Asked? 

All questions on the exam are one-best-answer multip le choice items. Most 
questions consist of a clinical scenario or a direct question followed by a list of 
five or more options. You are required to select the single best answer among 
the options given. There are no "except," "not," or matching questions on the 
exam. A number of options may be partially correct, in which case you must 
select the option that best answers the question or completes the statement. 
Additionally, keep in mind that experimental questions may appear on the 
exam, which do not affect your score. 

How Is the Test Scored? 

Each Step I examinee receives an electronic score report that includes the 
examinee's pass/fail status, a three-digit test score, and a graph ic depiction 
of the examinee's performance by discipline and organ system or subject 
area. The actual organ system profiles reported may depend on the statistical 
characteristics of a given administration of the examination. 

The USMLE score report is divided into two sections: performance by 
discipline and performance by organ system. Each of the questions (minus 
experimental questions) is tagged according to any or all relevant content 
areas. Your performance in each discipl ine and each organ system is 
represented by a line of X's, where the width of the line is rela ted to the 
confidence interval for your performance, which is often a direct consequence 
of the total number of questions for each discipline/system. If any lines have 
an asterisk (") at the far right, this means your performance was exemplary 
in tha t area - not necessari ly representing a perfec t score, but often close to 
it (see Figure I). 

The NBME provides a three-digit test score based on the total number 
of items answered correctly on the examination, wh ich corresponds to a 
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FI GU RE 1 . Sample USM LE Step 1 Performance Profi le. 

INFORMATION PROVIDED FOR EXAMINEE USE ONLY 

The Perfonnance Profile below Is provided solely for the beneflt of tl1e examince. 
TI1ese prornes are developed as self.usessmenl tools for examinees only and w1JJ not be reported or verified to any lhin1 patty. 

USMLE STEP I PERFORMANCE PROFILE 

1..owc!r Rot'dtrf:tne HlgMr ... =,, 
PHYSICIAN TASK 
MK: Applying Foundational Science Concepts 

PC: Diagnosis 

PC: Management 
PBLI: Evidence-Based Medicine 

DISCIPLINE 
Behavioral Sciences 

Biochemistry & Nutrition 

Genetics 

Gross Anatomy & Embryotogy 
Histology & cell Biology 
Microbiology & Immunology 

Pathology 

Pharmacology 
Physiology 

SYSTEM 
General Principles 

Blood & Lymphorelicular and Immune Systems 

Behavioral Health & Nervous Systems/Special Senses 

Musculoskeletal, Skin. & Subcutaneous Tissue 

Cardiovascular System 

Respiratory and RenaVUrlnary systems 
Gastrointestinal system 
Reproductive & Endocrine Systems 

Muttlsystem Processes & Disorders 

Biostatistics & Epidemiology/Population Health 

xxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxx:xx• 
xx:xxxxxxx:xxxxxx:xx* 

xxx:xxx:xx* 
xxxxxx:xxxxx:xxx:xxx 

xxx:xxxxxx 
xxxxx:xxxxxxxx 

xx.xxxxx.x.xxx 

xxxxxxxxxxxxxxxxx 
xxxxx xxx:xx• 

x:xxx:xxx:xx* 
x:xxxx:xxxxxxxxx:xxx 

x:xxxx:xxx:xxx:xxxx 
xxxxx:xxxxxxxx:xx* 

particular percenti le (see Figure 2). Your three-digit score will be qualified by 
the mean and standard deviation of US and Canadian medical school first
time examinees. The translation from the lines of X's and number of asterisks 
you receive on your report to the three-digit score is unclear, but higher three
digit scores are associated with more asterisks. 

Since some questions may be experimental and are not counted, it is possible 
to get di fferent scores for the same number of correct answers. In 2017, the 
mean score was 229 with a standard deviation of 20. 

T he passing score for Step I changed from 192 to 194. T his change is effective 
as of January I , 2018. The NBME does not report the minimum number of 
correct responses needed to pass, but estimates that it is roughly 60-70%. The 
N BME may adjust the minimum passing score in the future, so please check 
the USMLE website or www.firsta idteam.com for updates. 

According to the USMLE, m edical schools receive a listing of total scores 
and pass/fail results plus group su mmaries by discipline and organ system. 
Students can withhold their scores from their medical school if they wish. 
Offic ial USMLE tra nscrip ts, which ca n be sent on request to residency 
programs, include only total scores, not performance profiles. 

• The mean Step 1 score for US medical 

students continues to rise, from 200 in 7997 

to 229 in 2017. 
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FIG U RE 2 . Score and Percentile for First-t ime Step 1 Takers. 
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USMLE Step 1 Score 
N=71, 104 induding US and Canadian medical schod stude.nl'S testiog between January 1, 2015-0ecember 31, 2017. 
www.usmle.org. Accessed September 20, 2018. 

Consult the USMLE websi te or your medical school for the most current and 
accurate information regarding the examination. 

What Does My Score Mean? 

The most important point with the Step I score is passing versus fa iling. 
Passing essentially means, "Hey, you're on your way to becoming a fully 
licensed doc." A5 Table I shows, the majority of students pass the exam, so 
remember, we told you to relax. 

T ABLE 1. Passing Rates for t he 2016-2017 USM LE Step 1 .2 

2016 2017 

No. Tested % Passing No. Tested % Passing 

Allopathic 1st takers 20,122 96% 20,353 96% 

Repeaters 1,000 64% 1,029 67% 

Allopathic total 21,122 94% 21,382 94% 

Osteopathic 1st takers 3,398 94% 3,786 95% 

Repeaters 56 75% 49 76% 

Osteopath ic tota l 3,454 93% 37835 95% 

Total US/Canadian 24,576 94% 25,217 94% 

IMC 1st takers 15,031 78% 14,900 78% 

Repeaters 2,575 39% 2,303 41% 

IMC total 17,606 72% 17,203 73% 

Total Step l examinees 42,182 85% 42,420 85% 
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Beyond that, the main point of having a quantitative score is to give you a sense 
of how well you've done on the exam and to help schools and residencies rank 
their students and appl icants, respectively. 

Official NBME/USMLE Resources 

T he NBME offers a Comprehensive Basic Science Examination (CBSE) for 
practice that is a shorter version of the Step I. The CBSE contains four blocks of 
50 questions each and covers material that is typically learned during the basic 
science years. Scores range from 45 to 95 and correlate with a Step I equivalent 
(see Table 2). The standard error of measurement is approximately 3 points, 
meaning a score of 80 would estimate the student's proficiency is somewhere 
between 77 and 83. In other words, the actual Step I score could be predicted 
to be between 218 and 232. Of course, these values do not correlate exactly, 
and they do not reflect different test preparation methods. Many schools use 
this test to gauge whether a student is expected to pass Step I . If this test is 
offered by your school, it is usually conducted at the end of regular didactic time 
before any dedicated Step I preparation. If you do not encounter the CBSE 
before your dedicated study time, you need not worry about taking it. Use the 
information to help set realistic goals and timetables for your success. 

The NBME also offers six forms of Comprehensive Basic Science Self
Assessment (CBSSA). Students who prepared for the exam using th is web
based tool reported that they found the format and content highly indicative of 
questions tested on the actual exam. In addition, the C BSSA is a fair predictor 
of USMLE performance (see Table 3). The test interface, however, does not 
match the actual USMLE test interface, so practicing wi th these forms alone 
is not advised. 

The CBSSA exists in hvo formats: standard-paced and self-paced, both of 
which consist of four sections of 50 questions each (for a total of 200 multiple 
choice items). The standard-paced format allows the user up to 75 minutes 
to complete each section, reflecting time limi ts similar to the actual exam. 
By contrast, the self-paced format places a 4:20 time limit on answering all 
multiple choice questions. Every few years, a new form is released and an 
older one is retired, reflecting c hanges in exam content. T herefore, the newer 
exams tend to be more similar to the actual Step I, and scores from these 
exams tend to provide a better estimation of exam day performance. 

Keep in mind that th is bank of questions is available only on the web. The 
NBME requires tha t users log on, register, and start the test within 30 days of 
registration. Once the assessment has begun, users are required to complete 
the sections with in 20 days. Following completion of the questions, the 
CBSSA provides a performance profile indicating the user's relative strengths 
and weaknesses, much like the report profi le for the USMLE Step I exam. 
The profile is scaled with an average score of 500 and a standard deviation of 
100. In addition to the performance profile, examinees will be informed of the 
number of questions answered incorrectly. You wi ll have the ability to review 
the text of the incorrect question with the correct answer. Explana tions for 

TAB l E 2 . CBSE to USMLE Score 
Predict ion. 

CBSE Step 1 

Score Equivalent 

2: 94 2: 260 

92 255 

90 250 

88 245 

86 240 

84 235 

82 230 

80 225 

78 220 

76 215 

74 210 

72 205 

70 200 

68 195 

66 190 

64 185 

62 180 

60 175 

58 170 

56 165 
54 160 

52 155 

50 150 
48 145 

46 140 
s; 44 s; 135 

• Practice questions may be easier than the 
actual exam. 
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T ABLE 3 . CBSSA t o USMLE Score 
Prediction. 

CBS SA Approximate 

Score USMLE Step 1 Score 

150 155 

200 165 

250 175 

300 186 

350 196 

400 207 

450 217 

500 228 

550 238 

600 248 

650 259 

700 269 

750 280 

800 290 

Some competitive residency programs place 

more weight on Step I scores when choosing 
candidates to interview. 

Fourth-year medical students have the best 

feel for how Step I scores factor into the 
residency application process. 

the correct answer, however, will not be provided. The lBME charges $60 
for assessments with expanded feedback. The fees are payable by credit card 
or money order. For more information regarding the CBSE and the CBSSA, 
visit the NBME's website at www.nbme.org. 

The NBME scoring system is weighted for each assessment exam. While 
some exams seem more difficult than others, the score reported takes into 
account these inter-test differences when predicting Step I performance. Also, 
while many students report seeing Step I questions "word-for-word" out of the 
assessments, the NBME makes special note that no live USMLE questions are 
shown on any BME assessment. 

Lastly, the In ternational Foundations of Medicine (IFOM) offers a Basic 
Science Examination (BSE) practice exam a t participating Prometric test 
centers for $200. Students may also take the self-assessmen t test online for 
$35 through the NBME's website. The IFOM BSE is intended to determine 
an examinee's relative areas of strength and weakness in general areas of basic 
science-not to predict performance on the USMLE Step I exam-and the 
content covered by the two examinations is somewhat different. However, 
because there is substantial overlap in content coverage and many IFOM 
items were previously used on the USMLE Step I, it is possible to roughly 
project IFOM performance onto the USMLE Step I score scale. More 
information is available at http://www.nbme.org/ifom/. 

YOUR GOAL 

It is useful to define your own personal performance goal when approaching 
the USMLE Step l. Your style and intensity of preparation can then be 
matched to your goal. Furthermore, your goal may depend on your school's 
requirements, your specialty choice, your grades to da te, and your personal 
assessment of the test's importance. Do your best to define your goals early so 
that you can prepare accordingly. 

The value of the USMLE Step I score in selecting residency applicants 
remains controversial, and some have called for less emphasis to be placed 
on the score when selecting or screening applicants. 3 For the time being, 
however, it continues to be an important part of the residency application, and 
it is not uncommon for some specialties to implement filters that screen out 
applicants who score below a certain cutoff. This is more likely to be seen in 
competitive specialties (eg, orthopedic surgery, ophthalmology, dermatology, 
otolaryngology). Independent of your career goals, you can maximize your 
future options by doing your best to obtain the h ighest score possible (see 
Figure 3). At the same time, your Step I score is only one of a number of 
factors that are assessed when you apply for residency. In fact, many residency 
programs value other criteria such as letters of recommendation, th ird-year 
clerkship grades, honors, and research experience more than a high score 
on Step I. Fourth-year medical students who have recently completed the 
residency application process can be a valuable resource in th is regard. 
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FI GU RE 3 . Median USM LE Step 1 Score by Specialty for Matched US Seniors.•·b 
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STRATEGIES 

Many student5 feel overwhelmed during the preclinical years and struggle to 
find an effective learning strategy. Table 4 list5 several learning strategies you 
can try and their estimated effectiveness for Step I preparation based on the 
literature (see References). These are merely suggestions, and it's important 
to take your learning preferences into account. Your comprehensive learning 
approach will contain a combination of strategies (cg, elaborative interrogation 
followed by practice testing, mnemonics review using spaced repeti tion, etc). 
Regardless of your choice, the foundation ofknowledge you build during your 
basic science years is the most important resource for success on the USMLE 
Step I. 

HIGH EFFICACY 

Practice Testing 

Also called "retrieval practice," practice testing has both direct and indirect 
benefi ts to the learner.4 Effortful retrieval of answers does not only identify 
weak spot5- it directly strengthens long-term retention of material. 5 The 
more effortful the recall, the better the long-term retention. This advantage 
has been shown to result in higher test scores and GPA5.6 In fact, research 
has shown a positive correlation between the number of boards-style practice 
questions completed and Step I scores among medical students.7 

Practice testing should be done with "interleaving" (mixing of questions 
from different topics in a single session). Question banks often allow you to 
intermingle topics. Interleaved practice helps learners develop their ability to 
focus on the relevant concept when faced with many possibilities. Practicing 
topics in massed fashion (cg, all cardiology, then all dermatology) may seem 
intuitive, but there is strong evidence that interleaving correlates with longer-

• The foundation of knowledge you build 

during your basic science years is the most 

important resource for success on the USM LE 

Step 1. 

• Research has shown a positive correlation 

between the number of boards-style practice 

questions completed and Step 7 scores 

among medical students. 
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T ABL E 4 . Effective Learning Strategies. 

EFFICACY STRATEGY EXAMPLE RESOURCES 

High efficacy Practice testing UWorld Qbank 
NBME Sel f-Assessmen ts 
USMLE-Rx QMax 
Kaplan Q bank 

Distributed practice USMLE-Rx F lash Facts 
Anki 
F irecracker 
Memorang 
Osmosis 

Moderate Mnemonics Pre-made: 
efficacy SketchyMedical 

Picmonic 
Self-made: 
Mullen Memory 

Elaborative in terrogation/ 
self-explanation 

Concept mapping Coggle 
FreeMind 
XMind 
M indNode 

Low efficacy Rereading 

Highlighting/underlining 

Summarization 

term retention and increased student achievement, especial ly on tasks that 
involve problem solving.5 

In addition to using question banks, you can test yourself by arranging your 
notes in a question-answer format (cg, via Aash cards). Testing these Q&As in 
random order allows you to reap the benefit of interleaved practice. Bear in 
mind that the utility of practice testing comes from the practice of information 
retrieval, so simply reading through Q&As will attenuate this benefit. 

Distributed Practice 

Also called "spaced repeti tion," distributed practice is the opposite of massed 
practice or "cramming." Learners review material at increasingly spaced out 
intervals (days to weeks to months). Massed learning may produce more short
term gains and satisfaction, but learners who use distributed practice have 
better mastery and retention over the long term. 5.9 

Flash cards are a simple way to incorporate both distributed practice and 
practice testing. Studies have linked spaced repetition learning with Aash cards 
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to improved long-term knowledge retention and h igher exam scores_6,8,10 
Apps with automated spaced-repetition software (SRS) for Aash cards exist 
for smartphones and tablets, so the cards are accessible anywhere. Proceed 
wi th caution: there is an art to making and reviewing cards. The ease of 
quickly downloading or creating digi tal cards can lead to Aash card overload 
(it is unsustainable to make 50 Aash cards per lecture!). Even at a modest 
pace, the thousands upon thousands of cards are too overwhelming for Step 
I preparation. Unless you have specific high-yield cards (and have checked 
the content with h igh-yield resources), stick to pre-made cards by reputable 
sources that curate the vast amount of knowledge for you. 

If you prefer pen and paper, consider us ing a planner or spreadsheet to 
organize your study material over time. Distributed practice allows for some 
forgetting of information, and the added effort of recall over time strengthens 
the learning. 

MODERATE EFFICACY 

Mnemonics 

A "mnemonic" refers to any device that assists memory, such as acronyms, 
mental imagery (eg, keywords with or without memory palaces), etc. Keyword 
mnemonics have been shown to produce superior knowledge retention when 
compared with ro te memorization in many scenarios. However, they are 
generally more effective when appl ied to memorization-heavy, keyword
friendly topics and may not be broadly suitable. 5 Keyword mnemonics may 
not produce long-term retention, so consider combin ing mnemonics with 
distributed, retrieval-based practice (eg, via Aash cards with SRS). 

Self-made mnemonics may have an advantage when material is simple and 
keyword friendly. If you can create your own mnemonic that accurately 
represents the material, th is will be more memorable. When topics are 
complex and accurate mnemonics are challenging to create, pre-made 
mnemonics may be more effective, especially if you are inexperienced at 
creating mnemonics_ 11 

Elaborative Interrogation/Self-Explanation 

Elaborative interrogation ("why" questions) and self-explanation (general 
questioning) prompt learners to generate explanations for facts. When reading 
passages of discrete facts, consider using these techniques, which have been 
shown to be more effective than rereading (eg, improved recall and better 
problem-solving/diagnostic performance). ;,12,13 

Concept Mapping 

Concept mapping is a method for graphically organizing knowledge, with 
concepts enclosed in boxes and lines drawn between related concepts. 

• Studies have linked spaced repetition 

learning with flash cards to improved long

term knowledge retention and higher exam 

scores. 

• Elaborative interrogation and self

explanation prompt learners to generate 

explanations for faas, which improves recall 

and problem solving. 
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Creating or studying concept maps may be more effective than other activities 
(eg, writing or reading summaries/outlines). However, studies have reached 
m ixed conclusions about its u tility, and the small size of this effect raises 
doubts about its authenticity and pedagogic significance. 14 

LOW EFFICACY 

Rereading 

While the most commonly used method among surveyed studenl5, rereading 
has not been shown to correlate with grade point average.9 Due to its 
popular ity, rereading is often a comparator in studies on learning. O ther 
stra tegies tha t we have discussed (eg, practice testing) have been shown to be 
significantly more effective than rereading. 

Highlighting/Underlining 

Because th is method is passive, it tends to be of minimal value for learning 
and recal l. In fact, lower-performing students are more likely to use these 
techniques.9 Studenl5 who highlight and underl ine do not learn how to 
actively recall learned information and thus find it difficul t to apply knowledge 
to exam questions. 

Summarization 

\.\!hile more useful for improving performance on generative measures (eg, 
free recall or essays), summarization is less useful for exams tha t depend on 
recognition (eg, multiple choice). F indings on the overall efficacy of this 
method have been mixed. 5 

ELI NE FOR STUDY 

Before Starting 

Your preparation for the USMLE Step I should begin when you enter medical 
school. Organize and commit to studying from the beginning so that when 
the time comes to prepare for the USMLE, you will be ready with a strong 
foundation. 

Make a Schedule 

After you have defined your goals, map out a study schedule that is consistent 
wi th your objectives, your vacation time, the difficulty of your ongoing 
coursework, and your family and social commitments (see Figure 4). Determine 
whether you want to spread out your study time or concentrate it in to 14-hour 
study days in the final weeks. Then factor in your own history in preparing for 
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F I G U RE 4. Typical Timeline for the USMLE Step 1. 

Register Schedule Typical 
for test date period Expect scores 
USM LE and to take 3-4 weeks 
Step 1 location exam after exam 

I 
Nov Dec Jan Feb Mar Apr May June July Aug Sept 
2017 2018 

standardized examinations (cg, SAT, MCAT). Talk to students at your school 
who have recently taken Step I. Ask them for their study schedules, especially 
those who have study habits and goals similar to yours. Sample schedules can 
be found at https:l/firstaidteam.com/schedules/. 

Typically, US medical schools allot between four and eight weeks for dedicated 
Step I preparation. The time you dedicate to exam preparation will depend 
on your target score as well as your success in preparing yourself during the 
first two years of medical school. Some students reserve about a week at the 
end of their study period for final review; others save just a few days. When 
you have scheduled your exam date, do your best to adhere to it. Studies show 
that a later testing date does not translate into a higher score, so avoid push ing 
back your test date without good reason.15 

Make your schedule realistic, and set achievable goals. Many students make 
the mistake of studying at a level of detail that requires too much time for a 
comprehensive review- reading Gray's Anatomy in a couple of days is not a 
realistic goal! Have one catch-up day per week of studying. No matter how 
well you stick to your schedule, unexpected events happen. But don't let 
yourself procrastinate because you have catch-up days; stick to your schedule 
as closely as possible and revise it regularly on the basis of your actual progress. 
Be careful not to lose focus. Beware of feel ings of inadequacy when comparing 
study schedules and progress with your peers. Avoid others who stress you 
out. Focus on a few top-rated resources that suit your learning style - not on 
some obscure books your friends may pass down to you. Accept the fact that 
you cannot learn it all. 

You will need time for uninterrupted and focused study. Plan your personal 
affairs to minimize crisis situations near the date of the test. Allot an adequate 
number of breaks in your study schedule to avoid burnout. Maintain a healthy 
lifestyle with proper diet, exercise, and sleep. 

Another important aspect of your preparation is your studying environment. 
Study where you have always been comfortable studying. Be sure to include 
everything you need close by (review books, notes, coffee, snacks, etc). If 
you're the kind of person who cannot study alone, form a study group with 
other students taking the exam. The main point here is to create a comfortable 
environment with min imal distractions. 

• Customize your schedule. Tackle your weakest 
section first. 

• "Crammable" subjeas should be covered later 
and less crammable subjeas earlier. 

• Avoid burnout. Maintain proper diet exercise, 
and sleep habits. 
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Buy review books early (first year) and use 

while studying for courses. 

Simulate the USMLE Step 1 under •real' 

conditions before beginning your studies. 

In the final two weeks, focus on review, 

practice questions, and endurance. Stay 

confident! 

Year(s) Prior 

The knowledge you gained during your first two years of medical school and 
even during your undergraduate years should provide the groundwork on 
which to base your test preparation. Student scores on NBME subject tests 
(commonly known as "shelf exams") have been shown to be highly correlated 
with subsequent Step I scores.16 Moreover, undergraduate science GPAs as 
well as MCAT scores are strong predictors of performance on the Step I 
exam.17 

We also recommend tha t you buy highly rated review books early in your first 
year of medical school and use them as you study throughout the two years. 
When Step 1 comes along, these books will be familiar and personalized to the 
way in which you learn. It is risky and intimidating to use unfamiliar review 
books in the final two or three weeks preceding the exam. Some students find 
it helpful to personalize and annotate First Aid throughout the curriculum. 

Months Prior 

Review test dates and the application procedure. Testing for the USMLE Step 
1 is done on a year-round basis. If you have disabilities or special circumstances, 
contact the NBME as early as possible to discuss test accommodations (see the 
Section I Supplement at www.firstaidteam.com/bonus). 

Use this time to finalize your ideal schedule. Consider upcoming breaks and 
whether you want to relax or study. Work backward from your test date to 
make sure you finish at least one question bank. Also add time to redo missed 
or flagged questions (which may be half the bank). This is the time to build a 
structured plan with enough flexib ility for the realities of life. 

Begin doing blocks of questions from reputable question banks under "real" 
conditions. Don' t use tutor mode until you're sure you can fin ish blocks in 
the allotted time. It is important to continue balancing success in your normal 
studies with the Step 1 test preparation process. 

Weeks Prior (Dedicated Preparation) 

Your dedicated prep time may be one week or two months. You should have 
a working plan as you go into th is period. Finish your schoolwork strong, take 
a day off, and then get to work. Start by simulating a full-length USM LE Step 
1 if you haven't yet done so. Consider doing one NBME CBSSA and the 
free questions from the NBME website. Alternatively, you could choose 7 
blocks of randomized questions from a commercial question bank. Make sure 
you get feedback on your strengths and weaknesses and adjust your studying 
accordingly. Many students study from review sources or comprehensive 
programs for part of the day, then do question blocks. Also, keep in mind that 
reviewing a question block can take upward of two hours. Feedback from 
CBSSA exams and question banks will help you focus on your weaknesses. 
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One Week Prior 

Make sure you have your CIN (found on your scheduling permit) as well 
as other items necessary for the day of the examination, including a current 
driver's license or another form of photo ID with your signature (make sure the 
name on your ID exactly matches that on your scheduling permit). Confirm 
the Prometric testing center location and test time. Work out how you will 
get to the testing center and what parking and traffic problems you might 
encounter. Drive separately from other students taking the test on the same 
day, and exchange cell phone numbers in case of emergencies. If possible, 
visit the testing site to get a better idea of the testing conditions you will face. 
Determine what you will do for lunch. Make sure you have everything you 
need to ensure that you will be comfortable and alert at the test site. It may be 
beneficial to adjust your schedule to start waking up at the same time that you 
will on your test day. And of course, make sure to maintain a healthy lifestyle 
and get enough sleep. 

One Day Prior 

Try your best to relax and rest the n ight before the test Double-check your 
admissions and test-taking materials as well as the comfort measures discussed 
earlier so that you will not have to deal with such deta ils on the morning of 
the exam. At this point it will be more effective to review short-term memory 
material that you're already familiar with than to try to learn new material. 
The Rapid Review section at the end of this book is h igh yield for last-minute 
studying. Remember that regardless of how hard you have studied, you cannot 
know everything. There will be things on the exam that you have never even 
seen before, so do not panic. Do not underestimate your abilities. 

Many students report difficulty sleeping the night prior to the exam. This is 
often exacerbated by going to bed much earlier than usual. Do whatever it 
takes to ensure a good night's sleep (eg, massage, exercise, warm milk, no 
back-lit screens at night). Do not change your daily routine prior to the exam. 
Exam day is not the day for a caffeine-withdrawal headache. 

Morning of the Exam 

On the morning of the Step I exam, wake up at your regular time and 
eat a normal breakfast. If you th ink it will help you, have a close friend or 
fam ily member check to make sure you get out of bed. Make sure you have 
your schedul ing perm it admission ticket, test-taking materials, and comfort 
measures as discussed earl ier. Wear loose, comfortable clothing. Plan for a 
variable temperature in the testing center. Arrive at the test site 30 minutes 
before the time designated on the admission ticket; however, do not come too 
early, as doing so may intensify your anxiety. \.\/hen you arrive at the test site, 
the proctor should give you a USMLE information sheet that will explain 
critical factors such as the proper use of break time. Seating may be assigned, 
but ask to be reseated if necessary; you need to be seated in an area that 

• One week before the test: 
• Sleep according to the same schedule you'll 

use on test day 

• Review the CBT tutorial one last time 
• Call Prometric to confirm test date and time 

• No notes, books, calculators, pagers, cell 
phones, recording devices, or watches of any 
kind are allowed in the testing area, but they 

are allowed in lockers. 
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Arrive at the testing center 30 minutes before 
your scheduled exam time. If you arrive 

more than half an hour late, you will not be 
allowed to take the test. 

If a given review book is not working for you, 
stop using it no matter how highly rated it 
may be or how much it costs. 

will allow you to remain comfortable and to concentrate. Get to know your 
testing station, especially if you have never been in a Prometric testing center 
before. Listen to your proctors regarding any changes in instructions or testing 
procedures tha t may apply to your test site. 

Finally, remember that it is natural (and even beneficial) to be a little nervous. 
Focus on being mentally clear and alert. Avoid panic. When you are asked 
to begin the exam, take a deep breath, focus on the screen, and then begin. 
Keep an eye on the timer. Take advantage of breaks between blocks to stretch, 
maybe do some jumping jacks, and relax for a moment with deep breathing 
or stretching. 

After the Test 

After you have completed the exam, be sure to have fun and relax regardless 
of how you may feel. Taking the test is an achievement in itself. Remember, 
you are much more likely to have passed than not. En joy the free time you 
have before your clerkships. Expect to experience some "reentry" phenomena 
as you try to regain a real life. Once you have recovered sufficiently from the 
test (or from partying), we invite you to send us your feedback, corrections, 
and suggestions for entries, fac ts, mnemonics, stra tegies, resource ratings, and 
the like (seep. x'Vi i, How to Contribute). Sharing your experience will benefi t 
fellow medical students and IMGs. 

MATERIALS 

Quality Considerations 

Although an ever-increasing number of review book5 and software are now 
available on the market, the quality of such material is highly variable. Some 
common problems are as follows: 

• Certain review books are too detailed to allow for review in a reasonable 
amount of time or cover subtopics that are not emphasized on the exam. 

• Many sample question books were originally written years ago and have 
not been adequately updated to reflec t recent trends. 

• Some question banks test to a level of detail that you will not find on the 
exam. 

Review Books 

In selecting review books, be sure to weigh different opinions against each 
other, read the reviews and ratings in Section IV of th is guide, examine the 
books closely in the bookstore, and choose carefully. You are investing not 
only money but also your lim ited study time. Do not worry about finding 
the "perfect" book, as many subjects simply do not have one, and different 
students prefer different formats. Supplement your chosen books with personal 
notes from other sources, including what you learn from question banks. 
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There are two types of review books: those that are stand-alone titles and 
those that are part of a series. Books in a series generally have the same style, 
and you must decide if tha t style works for you. However, a given style is not 
optimal for every subject. 

You should also find out which boob are up to date. Some recent editions 
reflect major improvements, whereas others contain only cursory changes. 
Take into consideration how a book reflects the format of the USMLE Step I. 

Apps 

W ith the explosion of smartphones and tablets, apps are an increasingly 
popular way to review for the Step I exam. The ma jority of apps are 
compatible with both iOS and Android. Many popular Step I review resources 
(cg, U\Vorld, USMLE-Rx) have apps that are compatible with their software. 
Many popular web references (cg, UpToDate) also now offer app vers ions. 
Al l of these apps offer flexibility, allowing you to study while away from a 
computer (cg, while travel ing). 

Practice Tests 

Taking practice tests provides valuable information about potential strengths 
and weaknesses in your fund of knowledge and test-taking skills. Some 
students use practice examinations simply as a means of breaking up the 
monotony of studying and adding variety to their study schedule, whereas 
other students rely almost solely on practice. You should also subscribe to one 
or more high-quality question banks. In addition, students report that many 
current practice-exam books have questions that are, on average, shorter and 
less cl in ically oriented than those on the current USMLE Step I. 

Additionally, some students preparing for the Step I exam have started to 
incorporate case-based books intended primari ly for cl inical students on the 
wards or studying for the Step 2 CK exam. First Aid Cases for the USMLE 
Step 1 aims to directly address th is need. 

After taking a practice test, spend time on each question and each answer 
choice whether you were right or wrong. There are important teaching points 
in each explanation. Knowing why a wrong answer choice is incorrect is just 
as important as knowing why the right answer is correct. Do not panic if 
your practice scores are low as many questions try to trick or distract you to 
highlight a certain point. Use the questions you missed or were unsure about 
to develop focused plans during your scheduled catch-up time. 

Textbooks and Course Syllabi 

Limit your use of tex tbooks and course syllabi for Step I review. Many 
textbooks are too detailed for h igh-yield review and include material tha t 
is generally not tested on the USMLE Step I (cg, drug dosages, complex 
chemical structures). Syllabi, although fam iliar, are inconsistent across 

• Charts and diagrams may be the best 

approach for physiology and biochemistry, 

whereas tables and outlines may be 

preferable for microbiology. 

• Most practice exams are shorter and less 

clinical than the real thing. 

• Use practice tests to identify concepts ond 

areas of weakness, not just facts that you 

missed. 
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Practice! Develop your test-toking skills and 
strategies well before the test date. 

Time management is an important skill for 
exam success. 

medical schools and frequently reflect the emphasis of individual faculty, 
which often does not correspond to that of the USMLE Step I. Syllabi also 
tend to be less organized than top-rated books and generally contain fewer 
diagrams and study questions. 

TEST-TAKING STRATE GI ES 

Your test performance will be influenced by both your knowledge and your 
test-taking skills. You can strengthen your performance by considering each 
of these fac tors. Test-taking skills and strategies should be developed and 
perfected well in advance of the test date so that you can concentrate on the 
test itself. We suggest that you try the following strategies to see if they might 
work for you. 

Pacing 

You have seven hours to complete up to 280 questions. Note that each one
hour block contains up to 40 questions. This works out to approximately 90 
seconds per question. 'We recommend following the "I minute rule" to pace 
yourself. Spend no more than I minute on each question. If you are still 
unsure about the answer after this time, mark the question, make an educated 
guess, and move on. Following this rule, you should have approximately 20 
minutes left after all questions are answered, which you can use to revisit all of 
your marked questions. Remember tha t some questions may be experimental 
and do not count for points (and reassure yourself that these experimental 
questions are the ones that are stumping you). In the past, pacing errors have 
been detrimental to the performance of even highly prepared examinees. The 
bottom line is to keep one eye on the clock at all times! 

Dealing with Each Question 

There are several established techniques for efficiently approaching 
multiple choice questions; find what works for you. One technique begins 
with each question as easy, workable, or impossible. Your goal 
should be to answer all easy questions, resolve all workable questions in a 
reasonable amount of time, and make quick and intell igent guesses on all 
impossible questions. Most students read the stem, think of the answer, and 
turn immediately to the choices. A second technique is to first skim the 
answer choices to get a context, then read the last sentence of the question 
(the lead-in), and then read through the passage quickly, extracting only 
information relevant to answering the question. This can be particularly 
helpful for questions with long clinical vignettes. Try a variety of techniques 
on practice exams and see what works best for you. If you get overwhelmed, 
remember that a 30-second time out to refocus may get you back on track. 
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Guessing 

There is no penalty for wrong answers. Thus, no test block shou ld be left 
with unanswered questions. A hunch is probably better than a random guess. 
If you have to guess, we suggest selecting an answer you recognize over one 
with which you are totally unfamiliar. 

Changing Your Answer 

The conventional wisdom is not to change answers that you have already 
marked unless there is a convincing and logical reason to do so- in other 
words, go with your "first hunch." Many question banks tell you how many 
questions you changed from righ t to wrong, wrong to wrong, and wrong 
to right. Use this feedback to judge how good a second-guesser you are. If 
you have extra time, reread the question stem and make sure you didn't 
misin terpret the question. 

VIGNETTE STRATEGIES 

In recent years, the USMLE Step I has become increasingly clinically 
oriented. This change m irrors the trend in medical education toward 
introducing students to cl inical problem solving during the basic science 
years. The increasing cl inical emphasis on Step I may be challenging to those 
students who attend schools with a more traditional curriculum. 

What Is a Clinical Vignette? 

A clinical vignette is a short (usually paragraph-long) description of a patient, 
including demographics, presenting symptoms, signs, and other information 
concerning the patient. Sometimes th is paragraph is followed by a brief 
listing of important physical find ings and/or laboratory results. The task of 
assimilating all this information and answering the associated question in the 
span of one minute can be intimidating. So be prepared to read quickly and 
think on your feet. Remember that the question is often indirectly asking 
something you already know. 

Strategy 

Remember that Step I vignettes usually describe diseases or disorders in 
their most classic presentation. So look for cardinal signs (eg, malar rash for 
SLE or nuchal rigidity for meningitis) in the narrative history. Be aware that 
the question will contain classic signs and symptoms instead of buzzwords. 
Sometimes the data from labs and the physical exam will help you confirm or 
reject possible diagnoses, thereby helping you rule answer choices in or out. 
In some cases, they will be a dead giveaway for the diagnosis. 

• Go with your tint hunch, unless you are 
certain that you are a good second-guesser. 

• Be prepared to read fast and think on your 
feet! 

• Practice questions that include case histories 
or descriptive vignettes are critical for Step 7 

preparation. 

• Step 7 vignettes usually describe diseases or 
disorders in their most classic presentation. 
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lfyoupassStep 1 (scoreof194orabove),you 

are not allowed to retake the exam. 

Making a diagnosis from the history and data is often not the final answer. Not 
infrequently, the diagnosis is divulged at the end of the vignette, after you have 
just struggled through the narrative to come up with a diagnosis of your own. 
T he question might then ask about a related aspect of the diagnosed disease. 
Consider skimming the answer choices and lead-in before diving into a long 
stem. However, be careful with skimming the answer choices; going too fast 
may warp your perception of what the vignette is asking. 

YOU TH INK YOU FAILED 

After the test, many examinees feel that they have failed, and most are at the 
very least unsure of their pass/fail status. T here are several sensible steps you 
can take to plan for the future in the event that you do not achieve a pass ing 
score. First, save and organize all your study materials, including review 
books, practice tests, and notes. Familiarize yourself with the reapplication 
procedures for Step 1, including application deadlines and upcoming test 
dates. 

Make sure you know both your school's and the NBME's policies regarding 
retakes. The lBME allows a maximum of six attempts to pass each Step 
examination.18 You may take Step 1 no more than three times within a 
12-month period. Your fourth and subsequent attempts must be at least 12 
months after your first attempt at that exam and at least six months after your 
most recent attempt at that exam. 

The performance profiles on the back of the USMLE Step 1 score report 
provide valuable feedback concerning your relative strengths and weaknesses. 
Study these profiles closely. Set up a study timeline to strengthen gaps in 
your knowledge as wel l as to main tain and improve what you already know. 
Do not neglect high-yield subjects. It is normal to feel somewhat anxious 
about retaking the test, but if anxiety becomes a problem, seek appropriate 
counseling. 
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Special Situations 

Please visit www.firstaidteam.com/bonus/ to view this section. 
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SECT IO N II 

High-Yield 
General Principles 

"There comes a time when for every addition of knowledge you forget 
something that you knew before. It is of the highest importance, therefore, 
not to have useless facts elbowing out the useful ones." 

- Sir Arthur Conan Doyle, A Study in Scarlet 

"Never regard study as a duty, but as the enviable opportunity to learn." 
- Albert Einste in 

"Live as if you were to die tomorrow. Learn as if you were to live forever." 
- Gandhi 
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TO USE THE DATABASE 

The 2019 edition of First Aid for the USMLE Step 1 contains a revised and 
expanded database of basic science material that students, student authors, 
and faculty authors have identified as high yield for board review. The 
information is presented in a partially organ-based format. Hence, Section 
II is devoted to the foundational principles of biochemistry, microbiology, 
immunology, basic pathology, basic pharmacology, and public health 
sciences. Section III focuses on organ systems, with subsections covering 
the embryology, anatomy and histology, physiology, cl inical pathology, and 
clinical pharmacology relevant to each. Each subsection is then divided 
into smaller topic areas containing related facts. Individual facts are 
generally presented in a three-column format, with the Title of the fact in 
the first column, the Description of the fact in the second column, and the 
Mnemonic or Special Note in the th ird column. Some facts do not have a 
mnemonic and are presented in a two-column format. Others are presented 
in list or tabular form in order to emphasize key associations. 

The database structure used in Sections II and III is useful for reviewing 
material already learned. These sections are not ideal for learning complex 
or h ighly conceptual material for the first time. 

The database of high-yield facts is not comprehensive. Use it to complement 
your core study material and not as your primary study source. The facts and 
notes have been condensed and edited to emphasize the essential material, 
and as a result, each entry is "incomplete" and arguably "over-simplified." 
Often, the more you research a topic, the more complex it becomes, with 
certain topics resisting simplification. Work with the material, add your own 
notes and mnemonics, and recognize that not all memory techniques work 
for all students. 

We update the database of high-yield facts annually to keep current with 
new trends in boards emphasis, including clin ical relevance. However, we 
must note that inevitably many other high-yield topics are not yet included 
in our database. 

We actively encourage medical students and faculty to submit high-yield 
topics, well-written entries, diagrams, clinical images, and useful mnemonics 
so that we may enhance the database for future students. We also solicit 
recommendations of alternate tools for study that may be useful in preparing 
for the examination, such as charts, flash cards, apps, and online resources 
(see How to Contribute, p. xvii). 
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Image Acknowledgments 

All images and diagrams marked with li!I are © USMLE-Rx.com (MedIQ 
Learning, LLC) and reproduced here by special permission. All images 
marked with fil!l are © Dr. Richard P. Usatine, author of The Color Atlas 
of Family Medicine, The Color Atlas of Internal Medicine, and The Color 
Atlas of Pediatrics, and are reproduced here by special permission (www. 
usatinemedia.com). Images and diagrams marked with D are adapted or 
reproduced with perm ission of other sources as listed on page 711. Images 
and diagrams with no acknowledgment are part of th is book. 

Disclaimer 

T he entries in th is section reflect student opinions of what is high yield. 
Because of the diverse sources of material, no attempt has been made 
to trace or reference the origins of entries individually. We have regarded 
mnemonics as essentially in the public domain . Errata will gladly be 
corrected if brought to the attention of the authors, either through our 
online errata submission form at www.firsta idteam.com or directly by email 
to firstaid@scholarrx.com. 
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NOTES 



H IGH- YI EL D PRI NCI PL ES I N 

Biochemistry 

"Biochemistry is the study of carbon compounds that crawl." 
- Mike Adams 

"We think we have found the basic mechanism by which life comes from 
1. r. " 11e. 

- Francis II. C. Crick 

"The biochemistry and biophysics are the notes required for life; they 
conspire, collectively, to generate the real unit of life, the organism." 

- Ursula Goodenough 

This high-yield material includes molecular biology, genetics, cell 
biology, and principles of metabolism (especially vitamins, cofactors, 
minerals, and single-enzyme-deficiency diseases). When studying 
metabolic pathways, emphasize important regulatory steps and enzyme 
deficiencies that result in disease, as well as reactions targeted by 
pharmacologic interventions. For example, understanding the defect 
in Lesch- lyhan syndrome and its clinical consequences is higher yield 
than memorizing every intermediate in the purine salvage pathway. 

Do not spend time learning details of organic chemistry, mechanisms, or 
physical chemistry. Detailed chemical structures are infrequently tested; 
however, many structures have been included here to help studen ts 
learn reactions and the important enzymes involved. Famil iarity wi th 
the biochemical techniques that have medical relevance- such as 
ELISA, immunoelectrophoresis, Southern blotting, and PCR- is 
useful. Review the related biochemistry when studying pharmacology or 
genetic diseases as a way to reinforce and integra te the material. 

Administrator
Typewriter
Leaked by : www.VladLectures.Rocks& www.USMLEDatabase.hostJoin our group for all 2019 vids & pdf ebooks:https://www.facebook.com/groups/458274188038799

pejoweb.com
Highlight
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Chromatin structure 

Meta phase 
chromosome 

Heterochromatin 

Euchromatin 

DNA methylation 

Histone methylation 

Histone acetylation 

Histone deacetylation 

Condensed, appears darker on EM (labeled 
H in rJ; Nu, nucleolus). Transcriptiona lly 
inactive, sterica lly inaccessible. t methylation, 
I acetylation. 

Less condensed, appears lighter on EM (labeled 
E in rJ). Transcriptionally active, sterically 
accessible. 

Changes the expression of a DNA segment 
without changing the sequence. Involved 
with genomic imprinting, X-chromosome 
inactivation, repression of transposable 
e lements, aging, and carcinogenesis. 

Usua lly causes reversible transcriptiona l 
suppression, bu t can a lso cause activation 
depending on location of methyl groups. 

Removal of histone's Et> charge - relaxed DNA 
coiling - t transcription. 

Removal of acetyl g roups - tightened DNA 
coiling - I transcription. 

DNA exists in the condensed, chromatin form to 
fi t into the nucleus. DNA loops twice ar<>u nd a 
histone octamer to form a nucleosome ("beads 
on a string"). II I binds to the nudeosome 
and to " linker DNA," thereby stabilizing the 
chromatin fiber. 

Phosphate grnups give DNA a 8 charge. Lysine 
and a rginine give h istones a Et> charge. 

In mitosis, DNA condenses to form 
chromosomes. DNA and histone synthesis 
occurs during S phase. 

Mitochondria have their own DNA, which is 
ci rcu lar a nd does not utilize histones. 

lleteroC hromatin = High ly C ondensed. 
Barr bod ies (inactive X chromosomes) may be 

vis ible on the periphery of nuc leus. 

Eu = true, "truly transcribed." 
E uch romatin is E xpressed. 

DNA is methylated in imprinting. 
Methylation within gene promoter (CpC islands) 

typically represses (silences) gene transcription. 
CpC Methylation Ma kes DNA Mute. 

Il istone Methylation Mostly Makes DNA M ute. 

Il istone Acetylation makes DNA Active. 
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Nucleotides NucleoSide = base + (deoxy)ribose (Sugar). 
NucleoT ide = base + (deoxy)ribose + phosphaTe; 

linked by 3'-5' phosphodiester bond. 

PURines (A,G)-2 rings. 
PYrimidines (C ,U,T )- 1 ring. 

Deamination reactions: 
Cytos ine - uracil 
Adenine - hypoxanthine 
G uanine - xanthine 
5-methylcytosine - thymine 

Uracil found in RNA; thymine in DNA. 
Methylation of uraci l makes thymine. 

Purine (A. G) Pyrimidine (C. U. T) 

co, 
Aspartate I .......-Glycine 

\ / C'-.. N"\. 

Carbamoyl 
phosphate ""\ 

N C "\. N c 
C - N10-F0<myl· 

C c / tetrahydrololate 
I '-..N/ ....... N 

N"-Formyl· "'-- \ . 
tetrahydrofolate Glutamine 

c c 
N 

5' end of incoming nucleotide bears the 
triphosphate (energy source for the bond). 
Triphosphate bond is target of 3' hydroxyl 
attack. 

PURe As G old. 
C UT the PY (pie). 
Thymine has a methyl. 
G -C bond (3 II bonds) stronger than A-T bond 

(2 II bonds). t G -C content - t melting 
temperature of DNA. "C -G bonds are like 
C razy Glue." 

Amino acids necessary for purine synthesis (Cats 
purr until they GAG): 
G lycine 
Aspartate 
G lutamine 
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De novo pyrimidine 
and purine synthesis 

Various immunosuppressive, a ntineoplast ic, and antibiotic drugs fu nction by interfering with 
nucleotide synthesis: 

Pyrimidine base production 
(requires aspartate) 

Glutamine + C02 

Ribose S-P 
P\Jrine base production or 

reuse from salvage pathway 
(de novo requires aspartate, 
glycine, glutamine, and THF) 

2 ATP4PS2 (carbamoyt 
phosphate 

2 ADP+ P, + synthetase II) 
Glutamate 

PRPP (phosphoribosyl 
pyrophosphate) synthetase 

Carbamoyl 
phosphate 

Aspartate 
leflunomide -<:>--'-

PRPP 6-MP. 
/ azathioprine 

acid•'\ 

lmpaired_in / UMP Mycophenolate. 
orotK ac1duna i IMP ff ribavirin 

/ 
Hydroxyurea -0-f /.// \ AMP GMP 

;ff/ 
dUDP CTP 

! 
N'N'"· dUMP 

....--methylene :ll 
{_ . ,,g K:;rS-FU. 

THF DHF capecitabine 
f' 

teiluctase dTMP 

MTX. TMP. 
pyrimethamine 

Pyrimidine synthesis: 
• Leflunomide: inhibits d ihydroorotate 

dehydrogenase 
• Methotrexate (MTX), trimethoprim (TMP), 

and pyrimethamine: inhibit dihydrofolate 
reduc tase (I deoxythymidine monophosphate 
[dTMP]) in humans, bacteria, and protozoa, 
respective ly 
5-fluorouracil (5-FU) and its prodrug 
capecitabine: form 5-F-dUMP, which inh ibits 
thymidylate synthase (I dTMP) 

Purine synthesis: 
6-mercaptopurine (6-MP) and its prodrug 

azathioprine: inh ibit de novo pur ine synthesis 
• Mycophenolate a nd ribavirin: inhibit inosine 

monophosphate dehyd rogenase 
Purine and pyrimidine synthesis: 

Hydroxyurea: in hibits ribonud eotide 
reduc tase 

CPSI = mi tochondria (urea cycle) 
CPS2 = C)!fWOsol 
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Purine salvage deficiencies 

Nucleic acids Ribose-5-phosphate Nucleic acids 

Nucleotides 

Nucleosides 

Free bases 

Adenosine deaminase 
deficiency 

Lesch-Nyhan 
syndrome 

Genetic code features 

Unambiguous 

Degenerate/ 

redundant 

Comma less, 
nonoverlapping 

Universal 

l synthetase t De novo synthesis l 

Guanosine lnosine ___ A_D_A ___ Adenosine APRT 

1 1 PRPP 

d .... PRPP Hypo> 

'-------------+ X 
an{ me _ Febuxostat 

XQ 
Oegradat100 and salvage 

Uric acid 
. 

Aspirin --0----t Rasbur1Case 

Urine Excretioo 

ADA. adenosine deaminase; APRT. adenine phosphoribosyltransferase; 
HGPRT. hypoxanthine guanine phosphoribosyltransferase; XO. xanthine oxidase. 

ADA is required for degradation of adenosine 
and deoxyadenosine. l ADA - t dATP 
- lymphotoxic ity. 

Defective purine sa lvage due to absent IIGPRT, 
which converts hypoxanth ine to IMP and 
gua nine to GMP. Results in excess uric acid 
production and de novo purine synthesis. 
X-linked recessive. 

Findings: intel lectual disability, se lf-mutilation, 
aggression, hyperuricemia (orange "sand" 
[sodium urate crystals] in diaper), gout, 
dyston ia. 

Treatment: allopurinol or febuxostat (2nd line). 

Each codon speci fies only I amino acid. 

Most amino acids are coded by multiple codons. 

Wobble - codons that differ in 3rd, "wobble" 

position may code for the same tRNA/amino 
acid. Specific base pairing is usually required 
only in the first 2 nucleotide positions of 
mRNAcodon. 

One of the major causes of autosomal recessive 
SCIO 

IIGPRT: 
llyperuricemia 
G out 
P issed off (aggression, se lf-mutilation) 
Retardation (intellectual d isability) 
DysTonia 

Exceptions: meth ionine (AUG) and tryptophan 
(UGC) encoded by only I codon. 

Read from a fixed starti ng point as a continuous Exceptions: some viruses. 
sequence of bases. 

Genetic code is conserved throughout Exception in humans: mitochondria. 
evolution. 



38 SECTION II 

DNA replication 

Origin of 
replication rJ 

Replication fork Ill 

Single-stranded 
binding proteins [!J 

DNA 
topoisomerases n 

Primase Iii 

DNA polymerase 111 [!i 

DNA polymerase I Cl 

DNAligase O 

Telomerase 

Area of interest 

BIOCHEMISTRY BIOCHEM ISTRY- MOLEC ULAR 

Eukaryotic DNA replication is more complex than the prokaryotic process but uses many 
enzymes analogous to those listed below. In both prokaryotes and eukaryotes, DNA replication is 
semiconservative, involves both continuous and discontinuous (Okazaki fragment) synthesis, and 
occurs in the 5' - 3' direction. 

Particular consensus sequence in genome 
where DNA replication begins. May be single 
(prokaryotes) or multiple (eukaryotes). 

Y-shaped region a long DNA template where 
leading and lagging strands are synthesized. 

Unwinds DNA template at replication fork. 

Prevent strands from reanneal ing. 

Create a single- or double-stranded break in the 
he lix to add or remove supercoils. 

Makes an RNA primer on which DNA 
polymerase III can ini tiate replication. 

Prokaryotes only. Elongates lead ing strand 
by adding deoxynucleotides to the 3' end. 
Elongates lagging strand until it reaches 
primer of preceding fragment. 

Prokaryotes only. Degrades RNA primer; 
rep laces it with DNA. 

Cata lyzes the formation of a phosphodiester 
bond with in a strand of double-stranded DNA. 

Eukaryotes only. A reverse transcriptase (RNA
dependent DNA polymerase) that adds DNA 
(TTAGCC) to 3' ends of chromosomes to avoid 
loss of genetic material with every dupl ication. 

AT-rich sequences (such as TATA box regions) 
are fou nd in promoters and origins of 
rep lication. 

llel icase llalves DNA. 
Deficient in Bloom syndrome (BLM gene 

mutation). 

In eukaryotes: irinotecan/topotecan inhibit 
topoisomerase (TOP) I, etoposide/teniposide 
inhibit TOP II. 

In prokaryotes: fluoroquinolones inhibit TOP II 
(DNA gyrase) and TOP IV 

DNA polymerase III has 5' - 3' synthesis a nd 
proofreads with 3' - 5' exonuclease. 

Drugs blocking DNA replication often have a 
modified 3' Oil, thereby preventing addition of 
the next nuc leotide ("chain termination"). 

Same functions as DNA polymerase III, also 
excises RNA primer with 5' - 3' exonudease. 

Joins Okazaki fragments. 
L igase Links DNA. 

Often dysregu lated in cancer cells, a llowing 
un limited replication. 

Telomerase TAGs for Greatness and G lory. 

s· 
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Mutations in DNA Severity of damage: si lent << missense < nonsense< frameshift. 
Types of point mutations (silent, m issense, and nonsense): 

Si lent 

Missense 

Nonsense 

• Transition-purine to purine (eg, A to C) or pyrimidine to pyrim id ine (eg, C to T ). 
• Transve rsion-purine to pyrimid ine (eg, A to T) or pyrimid ine to purine (eg, C to C). 

Nucleotide substitution but codes for same (synonymous) amino acid; often base change in 3rd 
position of codon (tRNA wobble). 

Nucleotide substitution resulting in changed a mino acid (ca lled conservative if new amino acid is 
simila r in chemical structure). 

Examples include sickle cell disease (substitution of glutamic acid with va line). 

Nucleotide substitution resulting in early stop codon (UAC, UAA, UCA). Usua lly results in 
nonfunctional protein. Stop the nonsense! 

Frameshift Deletion or insertion of a number of nucleotides not divisible by 3, resulting in misreading of all 

Splice site 

Lacoperon 

nucleotides downstream. Protein may be shorter or longer, and its function may be disrupted or altered. 
Examples include Duchenne muscu lar dystrophy, Tay-Sachs d isease. 

Mutation at a splice site - reta ined intron in the mRNA - protein with impai red or altered function. 
Examples include rare causes of cancers, dementia, epi lepsy, some types of 

Original Silent Missense Nonsense Frameshift Frameshift 
sequence mutation mutation mutation insertio;-m deletion,Q 

CodingDN\.OO fmOOmQQ WJL QQ 
mRNAcodon s·_f}QQ fJQQ WQ _aQQ 11QrL QQa 

Amino acid Glu Glu Val Stop Asp Asp 

3· 

3· 

C lassic example of a genetic response to an environmental change. G lucose is the preferred 
metabolic substrate in E coli, but when glucose is absent and lac tose is ava ilable, the lac operon is 
activated to switch to lactose metabolism. Mechanism of shift: 

Low glucose - t adenylate cyclase activity - t generation of cAMP from ATP - activation of 
catabolite activator protein (CAP) - t transcription. 
I Iigh lactose - unbinds repressor protein from repressor/operator si te - t transcription. 

CAP 

• 
Adenylate 

CAP ...-@-- cAMP cyclase 

l \ 

Genes 
DNA 

!.Kt site P o 
s- -

tacZ l.d<Y tacA -·----Y 

l.dd 

Binds CAP site. ATP 
induces transcription 

Lac 

Allolactose 
(inducer) 

Inactivated 
repressor 

l.dcl l.dcY l.dcA 

Messenger RNA 

STATE 
Lowg1ucose 
Lactose available 

High glucose 
Lactose unavailable 

Lowgtucose 
Lactose unavailable 

High glucose 
Lactose available 

Repress0t protein 

+----+-
lac genes not expressed 

CAP 
lac genes not expressed 

site P o 
- r n -·----Very low (basaO expression 
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DNA repair 

Single strand 

Nucleotide excision 
repair 

Base excision repair 

Mismatch repair 

Double strand 

Specific endonuc leases re lease the 
oligonucleotides containing damaged bases; 
DNA polymerase and ligase fill and reseal the 
gap, respectively. Repai rs bulky hel ix-distorting 
lesions. Occurs in C 1 phase of cell cycle. 

Base-specific C lycosylase removes altered base 
and creates AP site (apurin ic/apyrim id in ic). 
One or more nucleotides are removed by 
AP-E ndonuclease, which c leaves the 5' end. 
Lyase cleaves the 3' end. DNA Polymerase-P 
fills the gap a nd DNA L igase seals it. Occurs 
th roughout ce II cycle. 

Newly synthesized strand is recognized, 
mismatched nucleotides are removed, 
and the gap is fi lled and resea led. Occurs 
predomina ntly in S phase of cell cycle. 

Defective in xeroderma pigmentosum (inability 
to repai r DNA pyrimid ine d imers caused by 
UV exposure). 

Findings: dry skin, extreme light sensitivity, skin 
cancer. 

Important in repair of spontaneous/toxic 
deamination. 

"GEL PLease" 

Defective in Lynch syndrome (hereditary 
nonpolyposis colorectal cancer [I INPCC]). 

Nonhomologous end Brings together 2 ends of DNA fragments to Defective in ataxia-tela ngiectasia. 
joining repai r double-stranded breaks. No requirement 

for homology. Some DNA may be lost. 

Homologous Requires two homologous DNA duplexes. A Defective in breast/ovarian cancers with BRCAJ 
recombination stra nd from the damaged dsDNA is repaired mutation and in Fanconi anemia. 

using a complementary strand from the intact 

Start and stop codons 

mRNA start codons 

Eukaryotes 

Prokaryotes 

mRNA stop codons 

homologous dsDNA as a template. Restores 
duplexes accurately without loss of nuc leotides. 

AUG (or ra rely CUC). 

Codes for meth ionine, which may be removed 
before translation is completed . 

Codes for N-formylmethionine (fMet). 

UCA, UAA, UAC. 

AUG inAUG urates protein synthesis. 

fMet stimulates neu trophil chemotaxis. 

UCA = U C o Away. 
UAA = U Are Away. 
UAG = U Are G one. 



Functional 
organization of a 
eukaryotic gene 

ONA 

I 
Transcription 

1 
Pre-mRNA 

I 
Splicing 

l 
Mature 
mRNA 

I 
Translation 

l 
Protein 
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Enl\ancer/ 
silencer -

5'-· 

Promoter s· UTR Open reading frame 3' UTR Silencer 

_____________________________ ,..... ____ __ 
-

Exon lntron Exon lnuon Exon 
......... 

GT AG GT 

Transcription start 

Exon lntron Exon lnuon Exon 
......... ......... 

I GU AG GU 

Protein coding region 

Poly-A tail 

Regulation of gene expression 

Promoter Site where RNA polymerase II a nd multiple 

Enhancer 

Si lencer 

RNA processing 
(eukaryotes) 

Cap s· __...__ Coding 

Gppp 
•) 

3· 
HO-AAAAA -Tail 113 

other tra nscription factors bind to DNA 
upstream from gene locus (AT-rich upstream 
sequence with TATA and CAAT boxes). 

DNA locus where regulatory proteins 
("activators") bind - increasing express ion of 
a gene on the same chromosome. 

DNA locus where regulatory proteins 
("repressors") bind - decreasing expression of 
a gene on the same chromosome. 

In itia l transcript is ca lled heterogeneous nuclear 
RNA (hnRNA). hnRNA is then modified and 
becomes m RNA. 

The following processes occur in the nucleus: 
• Capping of 5' end (add ition of 

7-methylguanos ine cap) 
• Polyadenylation of 3' end ("' 200 Xs) 
• Sp licing out of introns 

Capped, tailed, and spliced transcript is called 
mRNA. 

Promoter mutation commonly results in 
dra matic I in level of gene transcription. 

Enhancers and si lencers may be located close to, 
far from, or even with in (in an intron) the gene 
whose expression they regu late. 

mRNA is transported out of the nucleus into the 
cytosol, where it is translated. 

mRNA qua lity control occurs at cytoplasmic 
processing bodies (P-bodies), which contain 
exonucleases, decapping enzymes, and 
microRNAs; mRNAs may be degraded or 
stored in P-bodies for fu ture translation. 

Poly-A polymerase does not require a template. 
AAUAAA = polyadenylation signa l. 



42 SECTION II BIOCHEMISTRY BIOCHEM ISTRY- MOLEC ULAR 

RNA polymerases 

Eukaryotes 

Prokaryotes 

Splicing of pre-mRNA 

RNA polymerase I makes rRNA, the most 
common (rampant) type; present only in 
nucleolus. 

RNA polymerase II makes m RNA (largest RNA, 
massive) and small nuclea r RNA (snRNA). 
mRNA is read 5' to 3'. 

RNA polymerase III makes SS rRNA, tRNA 
(smallest RNA, t iny). 

No proofreading function, but can in itiate 
chains. RNA polymerase II opens DNA at 
promoter site. 

I RNA polymerase (multisubunit complex) 
makes all 3 ki nds of RNA. 

I, II, a nd III are numbered in the same order 
that their products are used in prote in 
synthesis: rRNA, mRNA, then tRNA. 

et-amanitin, fou nd in Amanita phalloides (death 
cap mushrooms), inh ibits RNA polymerase II. 
Causes severe hepatotoxicity if ingested. 

Actinomycin D, a lso known as dactinomycin, 
inhibits RNA polymerase in both prokaryotes 
and euka ryotes. 

Rifampin inh ib its DNA-dependent RNA 
polymerase in prokaryotes. 

Primary transcript combines with 
small nuclear ribonucleoproteins 
(snRNPs) and other proteins to 
form spliceosome. 

l'-'"?sj{ UlsnRNP Branch point /3'splicesite 
-

S'C- o-®- Gu A AG- ® -o-< =13' 
Exon 1 lntron Exon 2 

Cleavage at S' splice site: lariat
shaped (loop) intermediate is 
generated. 

Cleavage at 3' splice site: lariat 
is released to precisely remove 
intron and join 2 exons. Exon 1 ®-'""'---Exon 2 

Spliceosome 

Exon2 

+ 



lntrons vs exons 

microRNAs 
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Exons contain the actua l genetic information 
coding for protein. 

lntrons are intervening noncoding segments of 
DNA. 

Different exons are frequently combined by 
a lternative splicing to produce a larger number 
of un ique proteins. 

Alternative spl icing can produce a variety 
of protein products from a single hnRNA 
sequence (eg, transmembrane vs secreted lg, 
tropomyosin variants in muscle, dopamine 
receptors in the brain). 

lntrons are interven ing sequences and stay 
in the nucleus, whereas exons exit and are 
expressed. 

Va riants in which splicing occurs abnormally are 
implicated in oncogenesis a nd many genetic 
d isorders (eg, Gaucher d isease, 
Tay-Sachs d isease, Marfan syndrome). 

S' Exon 1 Exon2 Exon 3 Exon4 ExonS Exon6 
3
, 

DNA = j l ) ) ) l ) l =s· 3' l Transcription l 
hnRNA S' 3' l Splicing 

2 3 
sphcing 

s 6 

( ) 
mRNA S' 3' 5' 3' S' 3' I Translation 

2 4 s 6 3 s 6 3 4 s 6 

l l l 
Proteins 

MicroRNAs (m iRNAs) are small, noncoding RNA molecules that posttranscriptiona lly regulate 
gene expression by targeting the 3' untranslated region of specific mRNAs for degradation or 
translational repress ion. Abnormal expression of miR As contributes to certain malignancies (eg, 
by si lencing a n mRNA from a tumor suppressor gene). 
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tRNA 

Structure 

Charging 
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75- 90 nucleotides, 2° structure, cloverleaf form, anticodon end is opposite 3' aminoacyl end. All 
tRNAs, both eukaryotic and pwka ryotic, have CCA at 3' end along with a h igh percentage of 
chemically modified bases. The amino acid is covalent ly bound to the 3' end of the tRNA. CCA 
Can C arry Am ino ac ids. 

T-a rm: contains the T'l'C (ribothymidine, pseudourid ine, cytidine) sequence necessary for tRNA
ribosome bind ing. T-arm Te thers tRNA molecule to ribosome. 

D-arm: contains D ihydrouridine residues necessary for tRNA recognition by the correct aminoacyl
tRNA synthetase. D -arm Detects the tRNA by aminoacyl-tRNA synthetase. 

Acceptor stem: the 5'-CCA-3' is the amino acid acceptor site. 

Aminoacyl-tRNA synthetase (uses ATP; I unique enzyme per respective amino acid) and 
binding of charged tRNA to the codon are responsible for the accuracy of amino acid selection. 
Aminoacyl-tRNA synthetase matches an amino acid to the tRNA by scrutinizing the amino acid 
before and after it binds to tRNA. If a n incorrect amino acid is attached, the bond is hydrolyzed . 

A mischa rged tRNA reads the usual codon but inserts the wrong amino acid. 

Structure Charging Pairing 

Acceptor stem{OH - 1 3" 

position 

ATP AMP+PP, 

Aminoacyl-tRNA 
synthetase 

(aminoocylation) (codon-anticodon) 

lf2 
factorl 

mRNA A 9 e 
L,-J 
Codon 

(5' AUG 3·) 



Protein synthesis 

Init iat ion 

Elongation 

Terminat ion 
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I. Eukaryotic in itiation factors (e!Fs) identify 
the 5' cap. 

2. e!Fs he lp assemble the 40S ribosomal 
subunit with the in itiator tRNA. 

3. e!Fs released when the mRNA and the 
ribosomal 60S subunit wi th the 
complex. Requires GTP. 

I. Aminoacyl-tRNA binds to A site (except for 
in itiator methionine, which binds the P site), 
requires an elongation factor and GTP. 

2. rRNA ("ribozyme") cata lyzes peptide bond 
formation, transfers growing polypeptide to 
amino acid in A site. 

3. Ribosome advances 3 nucleotides toward 3' 
end of mRNA, moving peptidyl tRNA to P 
site (tra nslocation). 

Eukaryotic release factors (eRFs) recognize the 
stop codon and ha lt translation - completed 
polypeptide is released from ribosome. 
Requires GTP. 

E ukaryotes: 40S + 60S - SOS (Even). 
P rokaryotes: 30S + 50S - 70S (Prime). 
Synthesis occurs from N-terminus to 

C -term inus. 

ATP- tRNA Activation (charging). 
GTP- tRNA G ri pping and G oing places 

(trans location). 

Think of"going APE": 
A site = incoming Am inoacyl-tRNA. 
P site = accommodates growing Peptide. 
E site = holds E mpty tRNA as it E xits. 

60/SOS 

U A C 
) I I 

dh 
E P A 

40/JOS 

3· 

Posttranslational modifications 

Trimming 

Covalent alterat ions 

Chaperone protein 

Removal of N- or C -termina l propeptides from zymogen to generate mature protein (eg, 
trypsinogen to trypsin). 

Phosphorylation, glycosylation, hydroxylation, methylation, acetylation, and ubiquitination. 

Intracellu lar protein involved in faci litating and/or maintaining prote in folding. For example, 
in yeast, heat shock proteins (eg, IISP60) a re expressed at h igh temperatures to prevent protein 
denaturing/misfold ing. 
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Cell cycle phases Checkpoints control transi tions between phases of cel l cycle. This process is regulated by cyclins, 
cycl in-dependent ki nases (C D Ks), and tumor suppressors. M phase (shortest phase of cell cycle) 
includes m itos is (prophase, prometaphase, metaphase, anaphase, te lophase) and cytokinesis 
(cytoplasm splits in two). C 1 a nd C 0 are of variable duration. 

REGULATION Of CELL CYCLE 

Cyclin-dependent 
kinases 

Constitutive and inactive. 

Cyclins Regulatory proteins that control cell cycle 
events; phase specific; activate CDKs. 

Cyclin-CDK complexes Phosphorylate other proteins to coordinate 
cell cycle progression; must be activated a nd 
inactivated at appropriate times for cell cycle 
to progress. 

Tumor suppressors 

CELL TYPES 

Permanent 

Stable (quiescent) 

Labi le 

Rough endoplasmic 
reticulum 

Smooth endoplasmic 
reticulum 

p53 induces p21, which inhibits CDKs 
- hypophosphorylation (activation) of Rb 
- inhibition of C 1-S progression. Mutations 
in tumor suppressor genes can result in 
unrestra ined cell d ivision (eg, Li-Fraumeni 
syndrome). 

G rowth factors (eg, insu lin, PDCF, EPO, ECF) 
bind tyrosine kinase receptors to transition the 
cell from C 1 to S phase. 

Remain in C 0, regenerate from stem cells. 

Enter C 1 from C 0 when stimulated. 

Never go to C 0, d ivide rapid ly with a short C 1. 

Most affected by chemotherapy. 

Site of synthes is of secretory (exported) proteins 
and of N-linked oligosaccharide add ition to 
lysosomal and other prote ins. 

Niss! bodies (RER in neurons)- synthesize 
peptide neurotransmitters for secretion. 

Free ribosomes- unattached to any membrane; 
si te of synthesis of cytosolic, peroxisomal, and 
mitochondria l proteins. 

Site of steroid syn thesis and detox ification of 
drugs and poisons. Lacks surface ribosomes. 

Neurons, skeleta l and card iac muscle, RBCs. 

llepatocytes, lymphocytes, PCT, periosteal cells. 

Bone marrow, gut epi thelium, skin, hai r foll icles, 
germ cells. 

Mucus-secreting goblet cells of the small 
intestine a nd antibody-secreting plasma cells 
are r ich in RER. 

Liver hepatocytes and steroid hormone
prod ucing cells of the adrenal cortex and 
gonads are rich in SER. 



Cell trafficking 

Key: 

Clathrin 

--+ Retrograde 
Anterograde 

trans 

Golgi 
apparatus 

cis 

Rough 
endoplasmic 

reticulum 
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Colgi is the distribution center for proteins and lipids from the E R to the vesicles and plasma 
membrane. Modifies N-oligosaccharides on asparagine. Adds 0 -oligosaccha rides on serine a nd 
th reonine. Adds mannose-6-phosphate to pwteins for trafficking to lysosomes. 

Endosomes are sorting centers for materia l from outside the cell or from the Golg i, sending it to 
lysosomes for destruction or back to the membrane/Colgi for further use. 

I-cell disease (inclusion cell d isease/mucolipidosis type Il)- inherited lysosomal storage d isorder; 
defect in N-acetylglucosaminyl-1-phosphotransferase - fa ilure of the Golg i to phosphorylate 
mannose residues (I mannose-6-phosphate) on glycopwteins - pwteins are secreted 
extracellularly rather than delivered to lysosomes. Results in coarse facial features, gingival 
hyperplasia, clouded corneas, restricted joint movements, c law hand deformities, kyphoscoliosis, 
and h igh plasma levels of lysosomal enzymes. Often fata l in chi ldhood. 

Secretory --® 
vesicle 

_,j 

Signal recognition part icle (SRP) 

Abundant, cytosolic ri bonucleoprotein that 
traffics polypeptide-ribosome complex 
from the cytosol to the RER. Absent or 
dysfunctional SRP - accumulation of 
protein in the cytosol. 

Vesicula r trafficking proteins 

COPI: Colgi - Colgi (retwgrade); cis-Golg i 
- ER. 

COPII: ER - cis-Golgi (antewgrade). 
"Two (COPII) steps forward (antewgrade); one 

(COPI) step back (retrograde)." 
Clathrin: trans-Colgi - lysosomes; plasma 

membrane - endosomes (receptor
mediated endocytosis [eg, LDL receptor 
activity)). 

Nuclear envelope"""""-

Peroxisome Membrane-e nc losed organelle involved in: 
• of very-long-chain fatty acids (VLCFA) 
• et-oxidation (strictly peroxisomal process) 
• Catabolism of branched-cha in fatty acids, amino acids, and ethanol 
• Synthesis of cholesterol, bile acids, and plasmalogens (important membrane phospholipid, 

especially in white matter of brain) 

Zellweger syndrome- autosomal recessive d isorder of peroxisome biogenesis due to mutated PEX 
genes. Hypotonia, seizures, hepatomegaly, early death. 

Refsum d isease- autosomal recessive d isorder of et-oxidation - phytanic acid not metabolized 
to pristanic acid. Scaly skin, atax ia, cataracts/night blindness, shortening of 4th toe, epiphyseal 
dysplasia. T reatment: d iet, plasmapheresis. 

Adrenoleukodystrophy- X-linked recessive disorder due to mutation in ; \ BCDJ 
gene - VLCFA bui ldup in adrenal gla nds, white (leuko} matter of brain, testes. Progressive 
d isease that can lead to adrenal gland c risis, coma, and death. 
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Proteasome Barrel-shaped protein complex that degrades damaged or ubiqu itin-tagged proteins. Defects in the 
ubiquitin-proteasome system have been implicated in some cases of Pa rkinson disease. 

Cytoskeletal elements A network of protein fibers with in the cytoplasm that supports cell structure, cell and organelle 
movement, and cell d ivision. 

TYPE Of FILAMENT PREDOMINANT FUNCTION EXAMPLES 

Microfilaments 

Intermediate 
fi laments 

Microtubules 

Microtubule 

Prototilament 

Ne\)ative 
end(-) 

Muscle contraction, cytokinesis 

Mainta in cell structure 

Movement, cell divis ion 

Cyl indrical outer structure composed of a 
he lica l array of polymerized heterodimers 
of et- and Each dimer has 2 CTP 
bound. Incorporated into flagella, ci lia, mitotic 
spind les. C rows slowly, collapses qu ickly. 
Also invo lved in slow axoplasmic transport in 
neurons. 

Molecular motor proteins-transport cellular 
cargo toward opposite ends of m icrotubule 
tracks. 
• D ynein-retrograde to microtubule (+ - - ). 
• Kinesin- anterograde to microtubule (- - +). 

Actin, microvi lli. 

Vimentin, desmin, cytokeratin, lamins, gl ia l 
librilla ry acidic protein (CFAP}, neuroli laments. 

Ci lia, flagella, mitotic spind le, axona l rraflicking, 
centrioles. 

Drugs that act on microtubu les (M icrotubules 
G et C onstructed Very Poorly): 
• Mebendazole (antihe lminthic) 
• G riseofu lvin (antifungal) 
• C olchicine (antigout) 
• VincristineN inblastine (anticancer) 
• Paclitaxel (anticancer) 

Negative end Near N ucleus 
Positive end Points to Periphery 
Kin (keen) to go out (anterograde). Dying to 

come back home (retrograde). 



Cilia structure 

Sodium-potassium 
pump 

BIOCHEMISTRY SECTION II 49 

9 doublet + 2 singlet a rrangement of 
microtubules [J. 

Basal body (base of ci lium below cell 
membrane) consists of9 microtubule 
triplets [lJ with no central microtubu les. 

Axonemal dynein - ATPase that links periphera l 
9 doublets and causes bend ing of ci lium by 
d ifferential sliding of doublets. 

Cap junctions enable coord inated ciliary 
movement. 

Na+-K+ ATPase is located in the plasma 
membrane with ATP site on cytosolic side. 
For each ATP consumed, 3Na+ go out of the 
cell (pump phosphorylated) and 2K+ come into 
the cell (pump dephosphorylated). 

Plasma membrane is an asymmetric lipid 
bi layer conta in ing cholesterol, phospholipids, 
sphingolipids, glycolipids, and proteins. 

Extracellular 
space 

Plasma 
membcane 

Cytosol 

Kartagener syndrome (1° ci liary dyskinesia)
immotile ci lia due to a dynein a rm defect. 
Autosomal recessive. Results in I male and 
fema le fertility due to immotile sperm and 
dysfunctional fallopian tube ci lia, respectively; 
t risk of ectopic pregnancy. Can cause 
bronchiectasis, recurrent sinusitis, chronic 
ear infections, conductive heari ng loss, and 
si tus inversus (eg, dex trocardia on CXR l!I). 
I nasal n itri c oxide (used as screening test). 
(Kartagener's restaurant: take-out only; there's 
no d)'llein "dine-in"). 

P umpkin = pump K+ in. 
Ouabain (a card iac glycoside) inhibits by 

binding to K+ site. 

Cardiac glycosides (d igoxin and digitoxin) 
d irectly in hibit the Na+-K+ ATPase, which 
leads to ind irect inhibition of Na+/Ca2+ 

exchange - t [Ca2+]; - t ca rd iac contractility. 



SQ SECTION II BIOCHEMISTRY BIOCHEM ISTRY- CELLULAR 

Collagen 

Type I 

Type II 

Type Ill 

Type IV 

Most abundant protein in the human body. 
Extensively modified by posttranslational 

modification. 
Organizes and strengthens extracellular matrix. 

Most common (903)- Bone (made by 
osteoblasts), Skin, Tendon, dentin, fascia, 
cornea, late wound repai r. 

C artilage (including hya line), vi treous body, 
nucleus pulposus. 

Reticulin-skin, blood vessels, uterus, feta l 
tissue, granulation tissue. 

Basement membrane (basal lamina), lens. 

Collagen synthesis and structure 

Fibroblast Preprocollageo 

/ 0 Pro a-chain backbone (Gly·X·YJ 
l 

Nucleus ---.....-,. 1" T E) Hydroxylation of protine and 
OH l OH lysine (requires vitamin CJ 

Extracellular 
space 

Collagen mRNA / Sugar 

r I T €) Glj<:Osylation 
OH 

OH 

l 
Triple helix formation 

Procollagen 

Exocytosis 

1 llf1lfl/j. 0 Cleavage of procollagen 

1 
C-andN·terminals 

f!fY(JlN// · 0 
l!lflff(HIJ 11lfl.. (stabilized by lysyl oxidaseJ 

Collagen fiber 

Be (So Totally) C ool, Read Books. 

Type I: bone. 
I produc tion in osteogenesis imperfecta type I. 

Type II: cartwolage. 

Type Ill: deficient in the uncommon, vascular 
type of E hlers-Danlos syndrome (ThreE D). 

Type IV: under the floor (basement membrane). 
Defective in Alport syndrome; targeted by 

autoantibodies in Goodpasture syndrome. 

0 Synthesis- translation of collagen Ct cha ins 
(preprocollagen)- usually G ly-X-Y (X and Y 
are proline or lysine). G lycine content best 
reflects collagen synthesis (collagen is Yi 
glycine). 

0 Hydroxylation-hydroxylation of specific 
proline and lysine residues. Requ ires vitamin 
C; deficiency - scurvy. 

E) Glycosylation- glycosylation of pro-et-chain 
hyd roxylysine residues and formation of 
procollagen via hydrogen and disu lfide 
bonds (triple he lix of 3 collagen Ct chains). 
Problems forming triple helix - osteogenesis 
imperfecta. 

0 Exocytosis- exocytosis of procollagen into 
extracellula r space. 

0 Proteolyt ic processing- cleavage of 
d isulfide-rich terminal regions of procollagen 
- insoluble tropocollagen. Problems with 
cleavage - Ehlers-Danlos synd rome. 

of many 

staggered tropocollagen molecules by 
covalent lysine-hydroxylys ine cross-linkage 
(by copper-contain ing lysyl oxidase) to make 
collagen fibri ls. Problems with cross-linking 
- Ehlers-Danlos syndrome, Menkes disease. 
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Osteogenesis 
imperfecta 

Ehlers-Danlos 

syndrome 

Menkes disease 
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Genetic bone d isorder (brittle bone 
d isease) caused by a va rie ty of gene defec ts 
(most commonly COLJAJ and COLJA2). 

Most common form is autosomal dominant 
with I production of otherwise normal type I 
collagen. Manifestations can include: 
• Multiple frac tures with bone deformities fJ 

and minimal trauma; may occur during the 
birth process 

• Blue sclerae EJ due to the translucent 
connective tissue over choroidal veins 

• Some forms have tooth abnormalities, 
including opalescent teeth that wear eas ily 
due to lack of dentin (dentinogenes is 
imperfecta) 

• I )earing loss (abnormal ossic les) 

Faulty collagen synthesis causing 
hyperextensible skin fJ, hypermobile joints EJ, 
and tendency to bleed (easy bruising). 

Multiple types. Inheritance and severity vary. 
Can be autosomal domina nt or recessive. May 
be assoc iated with joint d islocation, berry and 
aortic aneurysms, organ rupture. 

Hypermobi lity type (joint instability): most 
common type. 

Classical type (joint and skin symptoms): 
caused by a mutation in type V collagen (eg, 
COL5J\J, COL5A2). 

Vascular type (fragi le tissues including vesse ls 
[eg, aorta], muscles, and organs that a re 
prone to rupture [eg, gravid uterus]): type Ill 
procollagen (eg, COL3AJ). 

May be confused wi th chi ld abuse. 
Treat with bisphosphonates to I fracture risk. 
Patients can't BITE: 
Bones= multiple fractures 
I (eye) = blue sclerae 
Teeth = dental imperfections 
Ear = hearing loss 

X-linked recessive connective tissue d isease caused by impaired copper absorption and transport 
due to defective Menkes protein (J\TP7A, vs ATP7B in Wilson disease). Leads to I activ ity of lysyl 
oxidase (copper is a necessary cofactor) - defec tive collagen. Results in bri ttle, "kinky" hair, 
growth re tardation, and hypoton ia . 
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Elastin 

:• -
elastin Stretchl t 
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Stretchy protein with in sk in, lungs, la rge arteries, elastic ligaments, vocal cords, ligamenta Aava 
(connect vertebrae - relaxed and stretched conformations). 

Rich in nonhydroxylated proline, glyc ine, and lysine residues, vs the hydroxylated residues of 
collagen. 

Tropoelastin with fibri ll in scaffolding. 
Cross-linking takes place ex tracellularly and gives e lastin its elastic properties. 
Broken down by elastase, which is normally inhibited by a1-antitrypsin. 
a 1-Antitrypsin deficiency resu lts in unopposed elastase activity, which can cause emphysema. 
Changes with aging: I dermal collagen and e lastin, I synthesis of collagen fi bri ls; crossl inking 

remains normal. 

Marfan syndrome- autosomal dominant connective tissue d isorder affecting skeleton, heart, 
and eyes. FBNJ gene mutation on chromosome 15 (fifteen) results in defective fibrillin, a 
glycoprote in that forms a sheath around elastin. Findings: ta ll with long ex tremities; pectus 
carinatum (more specific) or pectus excavatum; hypermobile joints; long, tapering fingers and 
toes (arachnodactyly); cystic media l necrosis of aorta; aortic incompetence and d issecting aortic 
aneurysms; mitra l valve prolapse. Subluxation of lenses, typica lly upward and temporally (vs 
downward and medially in homocystinuria). 

TECHN IQUES 

Polymerase chain 
reaction 

Molecula r bio logy lab procedure used to amplify a desired fragment of DNA. Useful as a d iagnostic 
tool (eg, neonata l 111\1, herpes encephalitis). 

s· 3· 
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Double-stranded DNA /'IUUUllll- :rn'111l-lt1111. -
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Reverse transcriptase 
polymerase chain 
reaction 

-3· s· 3· s· 3· s· '\. 
0 Denaturation- DNA is heated to -95°C to separate the strands. 
f) Anneal ing- Sample is cooled to -55°C. DNA primers, a heat-stable DNA polymerase (faq), 

and deoxynucleotide triphosphates (dNTPs) a re added. DNA primers anneal to the specific 
sequence to be amplified on each strand. 

E) Elongation- Temperature is increased to -72°C. DNA polymerase attaches dNTPs to the 
stra nd to replicate the sequence after each primer. 

Heating and cooling cycles continue until the DNA sample size is sufficient. 

Detects and quantifies mRNA levels in a sample. Uses reverse transcription to create a 
complementary DNA template that is amplified via standard PCR procedure. 



CRISPR/Cas9 

Blotting procedures 

Southern blot 

Northern blot 

Western blot 

Southwestern blot 
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A genome editing tool derived from bacteria. Consists of a guide RNA (gRNA) 0 , which is 
complementary to a target DNA sequence, and an endonuclease (Cas9), which makes a single
or double-strand break at the target site a. Break imperfectly repaired by nonhomologous end 
joining (NI IEJ) - accidental frameshift mutations or a donor DNA sequence 
can be added to fi ll in the gap using homology-di rected repair 

Not used cl inically. Potential applications include removing viru lence factors from pathogens, replacing 
disease-causing alleles of genes with healthy variants, and specifically targeting tumor cells. 

11 1 I i I I I I I I I I I I I I I I I I I I I I I I I I' 
I II I I I I I I I I I I I I I I I I I I I I I I I I I 

, I . _ ,c-Donor DNA 
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I. 

2. 

3. 
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1-,-J 
Frameshift/inactivation 

DNA sample is enzymatically cleaved into 
smaller pieces, which are separated on a gel 
by electrophoresis, and then transferred to a 
fil ter. 
Filter is exposed to radiolabeled DNA 
probe that recognizes and anneals to its 
complementary strand. 
Resulting double-stranded, labeled piece of 
DNA is visual ized when fi lter is exposed to 
film. 

Similar to Southern blot, except that an RNA 
sample is electrophoresed. Usefu l for studying 
mRNA levels, which are reflective of gene 
expression. 

Sample protein is separated via gel electrophoresis 
and transferred to a membrane. Labeled 
antibody is used to bind to relevant protein. 

Identifies DNA-binding proteins (eg, c-Jun, 
c-Fos [leucine zipper motif]) using labeled 
double-stranded DNA probes. 

I II I I I I I I I I I I I I II I I II I I I I I I I I I II I 

1-,-J 
Edited sequence II! 

:!it er: 
'2 • Q 

A> A> •• .... 
9 ---z 
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Si 

SNoW DRoP: 
Southern = DNA 
Northern = RNA 
\\'estern = Protein 

I: Parents 

0 6 II: Qiikjren 

A> AA Genotype - Mutant -- Normal 

liJ 
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Flow cytometry 
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Laboratory technique to assess size, gra nularity, 
and protein expression (immunophenotype) of 
ind ividual cells in a sample. 

Cells are tagged with a ntibodies specific to 
surface or intracellular proteins. Antibodies 
are then tagged with a unique fluorescent 
dye. Sample is analyzed one cell at a time by 
focusing a laser on the cell a nd measuring 
light scatter and intensity of fluorescence. 

Data are plotted either as histogra m (one 
measure) or scatter plot (any two measures, as 
shown). In illustration: 
• Cells in left lower quadrant 8 for both CDS 

and CD3. 
• Cells in right lower quadrant EE> for CDS and 

8 for CD3. Right lower quadrant is empty 
because all CDS-expressing cells also express 
C D3. 

• Cells in left upper quadrant EE> for CD3 and 
8for CDS. 

• Cells in right upper quadrant EE> for both 
CDS and C D3 (red + blue - purple). 

Commonly used in workup of hematologic 
abnormal ities (eg, leukemia, paroxysmal 
nocturna l hemoglobinuria, feta l RBCs in 
mother's blood) and immunodeficiencies (eg, 
CD4+ cell count in llIV). 
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labeled cells label fluoresce 
are counted • 
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Microarrays Thousands of nucle ic ac id sequences are arra nged in grids on glass or si licon. DNA or RNA probes 
are hybridized to the chip, and a scanner detects the re lative amounts of complementary bind ing. 

Used to profile gene expression levels of thousands of genes simultaneously to study certain diseases 
and treatments. Able to detect single nucleotide polymorphisms (SNPs) and copy number 
variations (CNVs) for a variety of applications including genotyping, cl in ical genetic testing, 
forensic analys is, cancer mutations, and genetic linkage a na lysis. 

Enzyme-linked Immunologic test used to detect the presence of ei ther a speci fic antigen or antibody in a patient's 
immunosorbent assay blood sample. Detection involves the use of an antibody linked to an enzyme. Added substrate 

reacts wi th enzyme, producing a detectable signa l. Can have h igh sensitivity and specificity, but is 
less speci fic tha n Western blot. 



Karyotyping 

Fluorescence in situ 
hybridization 

Molecular cloning 
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Colchicine is added to cultured cells to ha lt 
chromosomes in metaphase. Chrnmosomes 
are stained, ordered, a nd numbered according 
to morphology, size, arm-length ratio, and 
banding pattern (arrows in a point to extensive 
abnormalities in a cancer cell). 

Can be performed on a sample of blood, bone 
marrow, amniotic Au id, or placental tissue. 

a !i 
• H 
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++ 
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4idf .. " Used to diagnose chromosomal imbalances 
(eg, autosomal trisomies, sex chromosome 
d isorders). 

i! ?.I '" M i 

F luorescent DNA or RNA probe binds to 
specific gene site of interest on chromosomes 
(arrows in a point to abnormalities in a cancer 
cell, whose karyotype is seen above; each 
Auorescent color represents a chromosome
specific probe). 

Used for specific localization of genes and direct 
visua lization of chromosomal anomalies at the 
molecular level. 
• Micrndele tion- no Auorescence on a 

chrnmosome compared to Auorescence at 
the same locus on the second copy of that 
chromosome 

• Tra nslocation- Auorescence signa l that 
corresponds to one chromosome is found in 
a different chrnmosome (two white arrows in 
a show fragments of chromosome 17 that 
have translocated to chromosome 19) 

• Duplication- a second copy of a 
chromosome, resulting in a trisomy or 
tetrasomy (two blue arrows show duplicated 
chromosomes 8, resulti ng in a tetrasomy) 

.. • 

Production of a recombinant DNA molecule in a bacteria l host. 
Steps: 

I. Isolate eukaryotic mR A (post-RNA processing) of interest. 

.. • 

+ 

JH 
u 

.. 

• • D 

2. Add reverse transcriptase (an RNA-dependent DNA polymerase) to produce complementary 
DNA (cDNA, lacks introns). 

3. Insert cDNA fragments into bacteria l plasmids contain ing antibiotic resistance genes. 
4. Transform (insert) recombinant plasmid into bacteria. 
5. Surviving bacteria on antibiotic medium produce cloned DNA (copies of cDNA). 
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Gene expression 
modifications 

Cre-lox system 

RNA interference 

Transgenic strategies in mice involve: 
• Random insertion of gene into mouse 

genome 
• Targeted insertion or deletion of gene 

through homologous recombination with 
mouse gene 

Can inducibly manipulate genes at specific 
developmental points (eg, to study a gene 
whose deletion causes embryonic death). 

dsRNA is synthesized that is complementary 
to the mRNA sequence of interest. When 
transfected into human ce lls, dsRNA separates 
and promotes degradation of ta rget mRNA, 
"knocking down" gene expression. 

Genetic terms 

TERM DEFINITION 

Codominance Both alleles contribute to the phenotype of the 
heterozygote. 

Variable expressivity Patients with the same geMtype have varying 
phenotypes. 

Incomplete Not all individuals with a mutant genotype 
penetrance show the mutant phenotype. 

% penetrance x probability of inheriting 
genotype = risk of express ing phenotype. 

Pleiotropy One gene contributes to multiple phenotypic 
effects. 

Anticipation Increased severity or earlier onset of disease in 
succeeding generations. 

Loss of heterozygosity If a patient inherits or develops a mutation in 

Dominant negative 
mutation 

Linkage 
disequilibrium 

a tumor suppressor gene, the complementary 
allele must be deleted/mutated before cancer 
develops. This is not true of oncogenes. 

Exerts a dominant effect. A heterozygote 
produces a nonfunctional altered protein that 
also prevents the normal gene product from 
functioning. 

Tendency for certain alleles at 2 linked 
loci to occur together more or less often 
than expected by chance. Measured in a 
population, not in a family, and often vari es in 
different populations. 

Knock-out = removing a gene, tak ing it out. 
Knock-in = inserting a gene. 

Random insertion-constitutive expression. 
Targeted insertion- conditional express ion. 

EXAMPLE 

Blood groups A, B, AB; et1-antitrypsin 
deficiency; HLA groups. 

2 patients with neurofibromatosis type I (NFI) 
may have va rying disease severity. 

BRCJ\l gene mutations do not always result in 
breast or ovarian cancer. 

Untreated phenylketonuria (PKU) manifests with 
light skin, intellectual disability, and musty body 
odor. 

Tri nucleotide repeat diseases (eg, I luntington 
disease). 

Retinoblastoma and the "two-hit hypothesis," 
Lynch syndwme (IJNPCC), Li-Fraumeni 
syndrome. 

Mutation of a transcription factor in its allosteric 
site. Nonfu nctioning mutant can still bind 
DNA, preventing wild-type transcription factor 
from binding. 
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Genetic terms (continued) 

TERM 

Mosaicism 

Locus heterogeneity 

Allelic heterogene ity 

Heteroplasmy 

Unipa rental disomy 

Hardy-Weinberg 
population genetics 

pA qa 

pA 
AA Aa 

p x p=p' p x q 

Aa aa 
qa p x q qx q=q' 

DEFINITION 

Presence of genetically d ist inct cell lines in the 
same individua l. 

Somatic mosa icism- mutation arises from 
mitotic errors after fertilization and propagates 
through multiple tissues or organs. 

Gonadal mosaicism- mutation only in egg or 
sperm cells. If parents and relatives do not 
have the disease, suspect gonadal (or germline) 
mosaicism. 

Mutations at different loci can produce a simi lar 
phenotype. 

Different mutations in the same locus 
produce the same phenotype. 

Presence of both normal and mutated 
mtDNA, resulting in variable express ion in 
mitochondria lly inherited disease. 

Offspring receives 2 copies of a chromosome from 
I parent and no copies from the other parent. 
Heterodlsomy (heterozygous) indicates a meiosis 
I error. Isodlsomy (homozygous) indicates a 
meiosis II error or postzygotic chromosomal 
duplication of one of a pair of chromosomes, 
and loss of the other of the origina l pair. 

If a population is in I lardy-Weinberg 
equilibrium and if p and q are the frequenc ies 
of separate alleles, then: p2 + 2pq + q2 = I and 
p + q = I, which implies that: 

The values of p and q remain constant from 
generation to generation. 

p2 =frequency of homozygosity for a lle le A 
q2 = frequency of homozygosity for alle le a 
2pq = frequency of heterozygosity (carrier 

frequency, if an autosomal recess ive d isease). 
The frequency of an X-linked recessive disease 

in males = q and in fema les= q2. 

EXAMPLE 

McCune-Albright syndrome- due to C,-protein 
activating mutation. Presents with un i latera l 
cafe-au-la it spots f'J with ragged edges, 
polyostotic fi brous dysplasia (bone is replaced 
by collagen and fibroblasts), and at least one 
endocrinopathy (eg, precocious puberty). 
Lethal if mutation occurs before fertilization 
(affecting a ll cells), but survivable in patients 
with mosa ic ism. 

Albin ism. 

mtDNA passed from mother to a ll children. 

Uniparenta l is euploid (correct number of 
chromosomes). Most occurrences of unipa renta l 
d isomy (UPD) - normal phenotype. Consider 
UPD in an individual manifesting a recessive 
d isorder when only one parent is a carrier. 
Examples: Prader-Willi and Angelman 
syndromes. 

I lardy-Weinberg law assumptions include: 
• No mutation occurring at the locus 
• Natura l selection is not occurring 
• Completely random mating 
• No net m igration 
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Disorders of imprinting Imprint ing-one gene copy is silenced by methylation, a nd only the other copy is expressed 
- parent-of-origin effects. 

Prader-Willi syndrome 

AngelMan syndrome 

Maternally derived genes are si lenced (imprinted). 
Disease occurs when the Paterna l allele is 
deleted or mutated, a lthough 25% of cases are 
due to maternal un iparenta l d isomy. Results 
in hyperphagia, obesity, intellectual disabi lity, 
hypogonadism, and hypoton ia. 

Paternally derived UBE3A gene is silenced 
(imprinted). Disease occurs when the 
Materna l allele is deleted or mutated. Results 
in inappropriate laughter ("happy puppet"), 
seizures, ataxia, and severe intellectual 
d isability. 

Associated with a mutation or delet ion of 
chromosome 15 of paterna l origin. 

P rader has no Papa (Paterna l deletion). 

Associated with mutation or deletion of 
the UBE3J\ gene on the materna l copy of 
chromosome 15. 

53 of cases due to paterna l uniparental d isomy. 
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Modes of inheritance 

Autosomal dominant 

Autosomal recessive 

X-l inked recessive 

X-l inked dominant 

Mitochondria l 
inheritance 

Ii) 

Often due to defects in structural genes. Many 
generations, both males and females are affected. 

A 

a Aa aa 

a Aa aa 

With 2 carrier (heterozygous) parents, on average: 
\4 of children wi ll be affected (homozygous), 
Yi of children wi ll be carriers, and \4 of 
chi ldren will be neither affected nor carriers. 

A a 

A AA Aa 

a Aa aa 
Ii! 

Sons of heterozygous mothers have a 503 
chance of being affected. No male-to-male 
transmission. Skips generations. 

x x x x 
x xx xx x xx xx 

v xv xv v xv xv 
Ii) 

Tra nsmitted through both parents. Mothers 
transmit to 503 of daughters and sons; fathers 
transmit to a ll daughters but no sons. 

x x x x 
x xx xx x xx xx 

v xv xv v xv xv 
Ii! 

Transmitted only th rough the mother. All 
offspring of affected females may show signs of 
d isease. 

Va riable expression in a popu lation or even 
within a fam ily due to heteroplasmy. 

0 =unaffected male; 0 =affected male; Q = unaffected female; Q =affected female. 

Often ple iotropic (multiple apparently unrelated 
effec ts) and variably expressive (d ifferent 
between individua ls). Family history crucial 
to d iagnosis. With one affected (heterozygous) 
parent, on average, Yi of children affected. 

Often due to enzyme deficiencies. Usua lly seen 
in only I generation. Commonly more severe 
tha n dominant disorders; patients often present 
in chi Id hood. 

t risk in consanguineous fam ilies. 
Unaffected individua l with affected sibling has 

2/3 probabi lity of being a carrier. 

Commonly more severe in males. Females 
usua lly must be homozygous to be affected. 

Hypophosphatemic rickets- formerly known as 
vitamin 0 -resistant rickets. Inherited d isorder 
resulting in t phosphate wasting at proximal 
tubule. Results in r ickets-like presentation. 

Other examples: fragile X syndrome, Alport 
syndrome. 

Mitochondrial myopathies- rare disorders; 
often present with myopathy, lactic acidosis, 
and CNS d isease, eg, MELAS syndrome 
(m itochondria l encepha lomyopathy, lactic 
acidosis, and stroke-like episodes). 2° to 
fai lure in oxidative phosphorylation. Muscle 
biopsy often shows "ragged red fi bers" (due to 
accumulation of diseased mitochondria in the 
subsarcolemma of the muscle fiber). 

Leber hereditary optic neuropathy- cel I 

death in optic nerve neurons - subacute 
bilateral vision loss in teens/young adu lts, 903 
males. Usua lly permanent. 
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Autosomal dominant 
diseases 

Autosomal recessive 
diseases 

Cystic fibrosis 

GENETICS 

PATHOPHYSIOLOGY 

DIAGNOSIS 

COMPLICATIONS 

TREATMENT 

BIOCHEMISTRY 

Achondroplasia, autosomal dominant polycystic kidney disease, familial adenomatous polyposis, 
familial hypercholesterolemia, hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu 
syndrome), hereditary spherocytosis, IIuntington disease, Li-Fraumeni syndrome, Marfan syndrome, 
multiple endocrine neoplasias, myotonic muscular dystrophy, neurofibromatosis type I (von 
Recklinghausen disease), neurofibromatosis type 2, tuberous sclerosis, von I Iippel-Lindau disease. 

Albinism, autosomal recessive polycystic kidney disease (ARPKD), cystic fibrosis, Friedreich ataxia, 
glycogen storage diseases, hemochromatosis, Kartagener syndrome, mucopolysaccharidoses 
(except IIunter syndrome), phenylketonuria, sickle cell anemia, sphingolipidoses (except Fabry 
disease), thalassemias, Wilson disease. 

Autosomal recessive; defect in CFTR gene on chromosome 7; commonly a deletion of Phe508. 
Most common lethal genetic disease in Caucasian population. 

CFTR encodes an ATP-gated c 1- channel that secretes c 1- in lungs and GI tract, and reabsorbs 
CJ- in sweat glands. Most common mutation - misfolded protein - protein retained in RER and 
not rransported to cell membrane, causing l CJ- (and I I20) secretion; t intrace llular Cl- results 
in compensatory t Na+ reabsorption via epithelial Na+ channels (ENaC) - t H20 reabsorption 
- abnormally thick mucus secreted into lungs and GI tract. t Na+ reabsorption also causes more 
negative transepithelia l potential difference. 

t c 1- concentration in pilocarpine-induced sweat test is diagnostic. Can present with contraction 
alka losis and hypokalemia (ECF effects analogous to a patient taking a loop diuretic) because 
ofECF II20fNa+ losses via sweating and concomitant renal K+/IJ+ wasting. t immunoreactive 
trypsinogen (newborn screening). 

Recurrent pulmonary infections (eg, S aureus [infa ncy and early childhood], P aeruginosa 
[adulthood]), chronic bronchitis and bronchiectasis - reticulonodular pattern on CXR, 
opacification of sinuses. 

Pancreatic insufficiency, malabsorption with steatorrhea, fat-soluble vitamin deficiencies (A, 0, E, 
K), biliary ci rrhosis, liver disease. Meconium ileus in newborns. 

Inferti lity in men (absence of vas deferens, spermatogenesis may be unaffected) and subfertility in 
women (amenorrhea, abnormally th ick cervical mucus). 

Nasal polyps, clubbing of nails. 

Multi factoria l: chest physiotherapy, albuterol, aerosolized dornase alfa (DNase), and hypertonic 
sal ine faci litate mucus clearance. Azithromycin used as anti-inAammatory agent. Ibuprofen slows 
disease progression. 

In patients with Phe508 deletion: combination of lumacaftor (corrects misfolded proteins and improves 
their ITansport to cell surface) and ivacaftor (opens Cl- channels - improved chloride transport). 

Normal Sweat duct CF 

c1- H,O Na' 

..__ -
Normal -Afrway CF 



X-linked recessive 
disorders 

Muscular dystrophies 

Duchenne 

Becke r 

Myotonic type 1 
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O rnith ine transca rbamylase defic iency, Fabry 
d isease, Wiskott-Aldrich synd rome, O cula r 
a lbinism, C 6PD deficiency, H unter syndrome, 
Bruton agammaglobulinemia, Hemophilia 
A a nd B, Lesch-Nyha n syndrome, D uchenne 
(and Becker) muscula r dystrophy 

X-inactivation (lyonization)- one copy 

of fema le X chromosome forms a 
transcriptionally inactive Barr body. Female 
carriers variably affected depending on the 
pattern of inactivation of the X c hromosome 
carrying the mutant vs norma l gene. 

X-linked disorder typically due to framesh ift 
deletions or nonsense mutations - truncated 
or absent dystrophin protein - progressive 
myofi ber damage. Weakness begins in pelvic 
gird le muscles and progresses superiorly. 
Pseudohypertrophy of calf muscles due to 
fibrofatty replacement of muscle f'J. Waddling 
gait. 

Onset before 5 years of age. Di lated 
card iomyopathy is common cause of death. 

Gowers s ign- patient uses upper extremities to 
he lp stand up. 

Classica lly seen in Duchenne muscular 
dystrophy, but also seen in other muscular 
dystrophies and inAammatory myopathies (eg, 
polymyosi tis). 

X-linked disorder typically due to non
frameshift deletions in dystrophin gene 
(partially functiona l instead of truncated). Less 
severe than Duchenne. Onset in adolescence 
or early adulthood. 

Autosomal dominant. CTG trinucleotide repeat 
expansion in the DMPK gene - abnorma l 
expression of myotonin protein ki nase 
- myotonia (eg, d ifficu lty releasing hand 
from handsha ke), muscle wasting, cataracts, 
testicular atrophy, fronta l ba lding, arrhythmia. 

O blivious Female Will O ften G ive Iler Boys 
Iler x-Linked D isorders 

Females with Turner syndrome (45,XO) are 
more like ly to have an X-linked recessive 
d isorder. 

D uchenne = deleted d ystrophin. 
Dystrophin gene (DMD) is the largest 

protein-coding human gene - t cha nce of 
spontaneous mutation. Dystrophin helps 
anchor muscle fibers, pr imarily in skeletal and 
cardiac muscle. It connects the intracel lular 
cytoskeleton (actin) to the transmembrane 
proteins et- and which a re 
connected to the extracellu lar matrix (ECM). 
Loss of dystroph in - myonecros is. 

t C K and a ldolase; genetic testing confi rms 
d iagnosis. 

Lordosis--...... 

Thigh --., 
atrophy '----Pushing on leg 

to stand 

Catt 
pseudohypertrophy 

I 
) 

Deletions can cause both Duchenne a nd 
Becker muscular dystrophies. 1\ of cases have 
large deletions spann ing one or more exons. 

Cataracts, Toupee (early balding in men), G onada l 
atrophy. 
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Rett syndrome 

Fragile X syndrome 

Trinucleotide repeat 
expansion diseases 

DISEASE 

Huntington disease 

Myotonic dystrophy 

Fragi le X syndrome 

Friedreich ataxia 

BIOCHEMISTRY 

Sporadic d isorder seen a lmost exclusively in girls (affected males die in utero or shortly after 
birth). Most cases are caused by de novo mutation of MECP2 on X ch romosome. Symptoms of 
Rett syndrome usua lly appear between ages 1- 4 a nd are characterized by regression (Retturn) 
in motor, verbal, and cognitive abilities; atax ia; seizures; growth failure; and stereotyped hand
wringing. 

X-linked domina nt inheritance. Trinucleotide 
repeat in FMRJ gene - hypermethylation 
- I expression. Most common cause of 
inherited intellectual d isability and 2nd most 
common cause of genetica lly associated 
mental deficiency (after Down syndrome). 

Findings: post-puberta l macroorchid ism 
(en larged testes), long face with a large 
jaw, large everted ears, autism, m itral valve 
prolapse. 

Huntington d isease, myoton ic dystrophy, 
fragile X syndrome, and Fried reich ataxia. 

May show genetic anticipation (disease severity 
t and age of onset I in successive generations). 

TRINUCL£0TIDE REPEAT MODE Of INHERITANCE 

(CAC)
0 

AD 

(CTC),, AD 

(CCC),, XD 

(CAA)0 AR 

Tri nucleotide repeat expansion [(CCC),J occurs 
during oogenesis. 

Try (tri nucleotide) hunting for my fragile cage
free eggs (X). 

MNEMONIC 

C audate has I AC h and C ABA 

C ataracts, Toupee (early balding in men), 
G onadal atrophy 

C hin (protruding), G iant G onads 

Atax ic CAAit 
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Autosomal trisomies 

Down syndrome 
(trisomy 21) 

Edwards syndrome 
(trisomy 18) 

Patau syndrome 
(trisomy 13) 

Findings: intel lectual disability, Aat facies, 
prominent epicanthal folds, single pal mar 
crease, incurved 5th finger, gap between 1st 2 
toes, duodena l atresia, l lirschsprung disease, 
congenita l heart d isease (eg, atrioventricular 
septa! defect), Brushfield spots. Associated with 
early-onset Alzheimer disease (chromosome 21 
codes for amyloid precursor protein) and t risk 
of ALL and AML. 

953 of cases due to meiotic Mndisjunction 
(t with advanced materna l age; from 1:1500 in 
women< 20 to 1:25 in women> 45 years old). 

43 of cases due to unba lanced Robertson ian 
translocation, most typically between 
chromosomes 14 and 21. Only 13 of cases are 
due to postfertilization m itotic error. 

Findings: PRINCE Edward-P rominent 
occiput, Rocker-bottom feet, Intellectua l 
d isability, Nondisjunction, C lenched fists 
(with overlapping fingers), low-set Ears, 
micrognathia (small jaw), congenita l hea rt 
d isease, omphalocele. Death usually occurs by 
age I. 

Findings: severe intellectual disabi lity, rocker
bottom feet, microphtha lmia, microcephaly, 
cleft liP/ Palate, holoP rosencephaly, 
Polydactyly, cutis aP lasia, congenita l heart 
(P ump) disease, Polycystic kidney disease, 
omphalocele. Death usually occurs by age I. 

Nondisjunction in meiosis I Nondisjunction in meiosis II 

tJ 
t

.. . >J I /'.... 

<> c > 
<> 

A 
HI UI 

< > 

n+l n +l n-1 n-1 

Trisomy Monosomy 

Meiosis I 

Meiosis U 

Gametes 

<> 
C> 

<> 

A 

Normal Monosomy Trisomy 

Incidence 1:700. 
D rinking age (21). 
Most common viable chromosomal disorder 

and most common cause of genetic 
intellectual d isability. 

First-trimester u ltrasound commonly shows 
t nuchal trans lucency and hypoplastic nasal 
bone. Markers for Down syndrome are III up: 
t hCG, t inh ibin. 

The 5 !\s of Down syndrome: 
• Adva nced maternal age 
• Atresia (duodenal) 
• Atrioventricular septa! defect 
• Alzheimer disease (early onset) 
• AML/ALL 

Incidence 1:8000. 
E lection age (18). 
2nd most common autosomal trisomy resu lting 

in live birth (most common is Down syndrome). 

Incidence 1:15,000. 
P uberty ( 13). 

1st lrime-ster screening 

Trisomy 

21 I 

18 I 

]) I 

2nd trirnester screen ing 

Trisomy lnhibinA 

21 I I 

JS I - or J 

]) - -

PAPP-A 

I 

I 

I 

Estriol AFP 

I I 

I I 

- -
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Genetic disorders by 
chromosome 

Robertsonian 

translocation 

BIOCHEMISTRY 

CHROMOSOME 

3 

4 

5 

6 

7 

9 

I I 

13 

15 

16 

17 

18 

21 

22 

x 

SELECTED EXAMPLES 

von Ilippel-Lindau disease, renal cell ca rcinoma 

ADPKD (PKD2), achondroplasia, Huntington d isease 

C ri-du-chat syndrome, fam ilial adenomatous polyposis 

I lemochromatos is (HFE) 

Williams syndrome, cystic fibrosis 

Friedreich atax ia, tuberous sclerosis (TSCI) 

Wilms tumor, P-globin gene defects (eg, sickle cell disease, P-tha lassemia), MEN! 

Patau syndrome, Wi lson d isease, retinoblastoma (RBI), BRCA2 

Prader-Will i syndrome, Angel man syndrome, Marfan syndrome 

ADPKD (PKDI), a -globin gene defects (eg, a -tha lassemia), tuberous sclerosis (TSC2) 

Neurofibromatosis type I, BRCJ\l, TP53 

Edwards syndrome 

Down syndrome 

Neurofibromatosis type 2, DiCeorge syndrome (22ql I) 

Fragile X syndrome, X-linked agammaglobulinemia, Klinefelter syndrome (XXY) 

Chromosomal translocation that commonly involves c hromosome pairs 13, 14, 15, 21, and 22. 
One of the most common types of trans location. Occurs when the long arms of 2 acrocentric 
chromosomes (chromosomes wi th centromeres near thei r ends) fuse at the centromere and the 2 
short arms are lost. 

Balanced translocations normally do not cause any abnormal phenotype. Unbalanced 
translocations can result in miscarriage, stillbirth, and chromosomal imbalance (eg, Down 
syndrome, Patau syndrome). 

Cri-du-chat syndrome Congenita l deletion on short arm of Cri du chat = cry of the cat. 

Williams syndrome 

chromosome 5 (46,XX or XY, 5p-). 
Findings: microcepha ly, moderate to severe 

intellectual d isability, h igh-p itched crying/ 
meowing, epicantha l fo lds, ca rdiac 
abnormalities (VSD). 

Congenita l m icrodeletion of long arm of chromosome 7 (deleted region includes e lastin gene). 
Findings: distinctive "elfin" fac ies, intellectua l disab ility, hypercalcemia, well-developed verbal 

sk ills, extreme friendl iness with strangers, cardiovascular problems (eg, supravalvu lar aortic 
stenosis, renal a rtery stenosis). Think Will Ferrell in Elf. 
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Vitamins: fat soluble 

Vitamins: water 
soluble 

A, D, E, K. Absorption dependent on gut and 
pancreas. Toxicity more common than for 
water-soluble vitamins because fat-soluble 
vitamins accumulate in fat. 

B1 (th iamine: TPP) 
B2 (riboAavin: FAD, FMN) 
B3 (niacin: NAO+) 
B5 (pantothenic acid: CoA) 
B6 (pyridoxine: PLP) 
B7 (biotin) 
B9 (folate) 
B12 (cobalamin) 
C (ascorbic acid) 

Malabsorption syndromes with steatorrhea (eg, 
cystic fibrosis and celiac disease) or mineral 
oi l intake can cause fat-soluble vitamin 
deficiencies. 

All wash out easily from body except B12 and B9 
(folate). B12 stored in liver for - 3-4 years. B9 
stored in liver for - 3- 4 months. 

B-complex deficiencies often result in 
dermatitis, glossitis, and diarrhea. 

Can be coenzymes (eg, ascorbic acid) or 
precursors to coenzymes (eg, FAD, NAO+). 
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Vitamin A 

FUNCTION 

DEFICIENCY 

EXCESS 

Vitamin 81 

FUNCTION 

DEFICIENCY 

BIOCHEMISTRY BIOCHEM ISTRY- NUTRITION 

Also ca I led reti noL 

Antiox idant; constituent of visua l pigments 
(retina l); essential for normal differentiation 
of epithel ial cells into specia lized tissue 
(pancreatic cells, mucus-secreting cells); 
prevents squamous metaplasia. Used to treat 
measles and acute promyelocytic leukemia 
(APL). 

Night bl indness (nycta lopia); dry, sca ly skin 
(xerosis cu tis); corneal squamous metap lasia -
Bitot spots (keratin debris; foamy appeara nce 
on conjunctiva BJ; corneal degeneration 
(keratomalac ia); immunosuppression. 

Acute tox ici ty- nausea, vomiting, vertigo, and 
blurred vision. 

Chronic toxicity-alopecia, dry skin (eg, 
sca liness), hepatic toxicity and enlargement, 
arthralgias, and id iopathic intracran ia l 
hypertension. 

Teratogenic (cleft palate, cardiac abnormal ities), 
therefore a e pregnancy test and two forms of 
contraception are required before isotretinoin 
(vitamin A derivative) is prescribed. 

Also ca lled thiamine. 

In thiamine pyrophosphate (TPP), a cofactor for 
several dehydrogenase enzyme reactions: 
• Branched-chain ketoacid dehydrogenase 
• a -ketoglutarate dehydrogenase (TCA cycle) 
• P yruvate dehydrogenase (links g lycolysis to 

TCAcycle) 
• Transketolase (llMP shunt) 

Impaired glucose breakdown - ATP dep letion 
worsened by glucose infusion; high ly aerobic 
tissues (eg, bra in, heart) are affected first. 
In a lcoholic or malnourished patients, 
give th iamine before dextrose to I risk of 
precipitating Wernicke encephalopathy. 

Diagnosis made by t in RBC transketolase 
activity following vitamin B1 administration. 

Retinol is vitamin A, so th ink retin-A (used 
topically for wrinkles a nd Acne). 

Found in liver and leafy vegetables. 
Use oral isotretinoin to treat severe cystic acne. 
Use all-trans re tinoic acid to treat acute 

promyelocytic leukemia. 

Isotretinoin is teratogenic. 

Be APT 
Spell beriberi as BerlBerl to remember 

vitamin B1. 

Wernicke -Ko rsakoff syndrome-confusion, 
ophthalmoplegia, atax ia (classic triad) + 
confabu lation, personality change, memory 
loss (permanent). Damage to media l dorsal 
nucleus of tha lamus, mammillary bodies. 

Dry beribe ri-polyneuropathy, symmetrical 
muscle wasting. 

Wet beriberi- high-output cardiac fa ilure 
(di lated cardiomyopathy), edema. 



Vitamin 82 

FUNCTION 

DEFICIENCY 

Vitamin 83 

FUNCTION 

DEFICIENCY 

EXCESS 

Vitamin 8
5 

FUNCTION 

DEFICIENCY 

Vitamin 86 

FUNCTION 

DEFICIENCY 
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Also ca lled riboAavin. 

Component of Aavins FAD and FMN, used as 
cofactors in redox reactions, eg, the succinate 
dehydrogenase reaction in the TCA cycle. 

C hei losis (inAammation of lips, scaling and 
fissures at the corners of the mouth), C orneal 
vascularization. 

Also ca lled niacin. 

Constituent of NAO+, NADp+ (used in redox 

reactions). Derived from tryptophan. Synthesis 
requires vitamins B2 and B6. Used to treat 
dys lipidemia; lowers levels ofVLDL and ra ises 
levels ofHDL. 

C lossitis. Severe defic iency leads to pellagra, 
which can a lso be caused by I lartnup d isease, 
malignant carcinoid syndrome (t tryptophan 
metabolism), and isoniazid (I vitamin B6). 

Symptoms of pellagra: D iarrhea, Dementia 
(also ha llucinations), D ermatitis (C3/C4 
dermatome circumferential "broad colla r" rash 

[Casal necklace], hyperp igmentation of sun
exposed limbs fl). 

Facial Aushing (induced by prostagla nd in, not 
histamine; can avoid by tak ing aspi ri n with 
niacin), hyperg lycemia, hyperur icemia. 

Also ca lled pantothenic acid. 

Essential component of coenzyme A (CoA, 
a cofactor for acyl transfers) and fatty ac id 
synthase. 

Dermatitis, enter itis, alopecia, adrenal 
insufficiency. 

Also ca lled pyridoxine. 

FAD and F MN are derived from riboFlavin 
(B2 "' 2 ATP). 

The 2 C 's ofB2. 

NAO derived from N iacin (B3 "' 3 ATP). 

The 3 D's ofB3. 

Hartnup disease- autosomal recessive. 
Deficiency of neutra l amino acid (eg, 
tryptophan) transporters in proximal renal 
tubu lar cells and on enterocytes - neutral 
aminoaciduria a nd I absorption from the 
gut - I tryptophan for conversion to n iacin 
- pellagra-like symptoms. Treat with high
protein diet and n icotinic acid. 

Deficiency of vitamin B3 - pellagra. 

Excess of vitamin B3 - podagra. 

B; is "pento"thenic acid. 

Converted to pyridoxa l phosphate (PLP), a cofactor used in transamination (eg, ALT and AST), 
decarboxylation reactions, glycogen phosphorylase. Synthesis of cystathionine, heme, niacin, 
histamine, and neurotransmitters includ ing serotonin, epinephrine, norepinephrine (NE), 
dopamine, and CABA. 

Convulsions, hyperirritabi lity, peripheral neuropathy (deficiency inducible by isoniazid and ora l 
contraceptives), sideroblastic anemia (due to impaired hemoglobin synthesis and iron excess). 
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Vitamin 87 

FUNCTION 

DEFICIENCY 

Vitamin 89 

FUNCTION 

DEFICIENCY 

BIOCHEMISTRY BIOCHEM ISTRY- NUTRITION 

Also called biotin. 

Cofactor for carboxylation enzymes (which add 
a I-carbon group): 
• Pyruvate carboxylase: pyruvate (3C) 

- oxaloacetate (4C) 
• Acetyl-CoA carboxylase: acetyl-CoA (2C) 

- malonyl-CoA (3C) 
• Propionyl-CoA carboxylase: propionyl-CoA 

(3C) - methylmalonyl-CoA (4C) 

Relatively rare. Dermatitis, enteritis, alopecia. 
Caused by long-term a ntibiotic use or 
excessive ingestion of raw egg whites. 

Also called folate. 

Converted to tetrahyd rofolic acid (Tl IF'), a 
coenzyme for I-carbon transfer/methylation 
reactions. 

Important for the synthesis of n itrogenous bases 
in DNA a nd RNA. 

Macrocytic, megaloblastic anemia; 
hypersegmented polymorphonudear cells 
(PMNs); glossitis; no neurologic symptoms (as 
opposed to vitamin B12 deficiency). 

Labs: t homocyste ine, normal methylmalonic 
acid levels. Seen in alcoholism and pregnancy. 

"Avidin in egg whites avid ly binds biotin." 

Found in leafy green vegetables. Absorbed in 
jejunum. Folate from fol iage. 

Small reserve pool stored primarily in the liver. 

Deficiency can be caused by several drugs (eg, 
phenytoin, sulfonamides, methotrexate). 

Supplemental materna l folic acid at leas t I month 
prior to conception and during early pregnancy 
to I risk of neural tube defects. Give vitamin B9 
for the 9 months of pregnancy. 



Vitamin 812 

FUNCTION 

DEFICIENCY 

VitaminC 

FUNCTION 

DEFICIENCY 

EXCESS 
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Also called cobalamin. 

Cofactor for methionine synthase (transfers 
C l I; groups as methylcobalamin) and 
methylmalonyl-CoA mutase. Important for 
DNA synthesis. 

Macrocytic, megaloblastic anemia; 
hypersegmentecl PMNs; paresthesias 
and subacute combined degeneration 
(degeneration of dorsal columns, lateral 
corticospinal and spinocerebellar tracts) 
clue to abnormal myelin. Associated with 
t serum homocysteine and methylmalonic 
acid levels, along with 2° folate deficiency. 
Prolonged deficiency - irreversible nerve 
damage. 

Protein 

t 

Found in animal products. 
Synthesized only by microorganisms. Very large 

reserve pool (several years) stored primarily in 
the liver. Deficiency caused by malabsorption 
(eg, sprue, enteritis, Diphyllobothrium latum, 
achlorhycl ria, bacterial overgrowth, alcohol 
excess), lack of intrinsic factor (eg, pernicious 
anemia, gastric bypass surgery), absence of 
terminal ileum (surgical resection, eg, for 
Crohn disease), certain drugs (eg, metformin), 
or insufficient intake (eg, veganism). 

Anti-intrinsic factor antibodies diagnostic for 
pernicious anemia. 

Folate supplementation can mask the 
hematologic symptoms of B12 deficiency, but 
not the neurologic symptoms. 

Fatty acids with odd number of 
carbons. branched-chain amino acids 

THF Methionine- SAM \ 
CH1 to anabolic 
pathways 

i 
i 

Methylmalonyt-CoA 

B l Methytmatonyt-CoA 
12 mutase Methionine synthase S-adenosyt 

homocysteine 

"--·--/ B6 l Adenosine 

THF-CH
3 

Succinyl·CoA 

Heme TCA 

Cysteine 

Also called ascorbic acid. 

Antioxidant; also facilitates iron absorption 
by reducing it to Fe2+ state. Necessary 
for hydroxylation of proline and lysine in 
collagen synthesis. Necessary for dopamine 

which converts dopamine to 
NE. 

Scurvy- swollen gums, easy bruising, 
petechiae, hemarthrosis, anemia, poor wound 
healing, perifollicular and subperiosteal 
hemorrhages, "corkscrew" hair. 

Weakened immune response. 

Nausea, vomiting, diarrhea, fatigue, calcium 
oxalate nephrolithiasis. Can t iron toxicity in 
predisposed individuals by increasing dietary 
iron absorption (ie, can worsen hereditary 
hemochromatosis or transfusion-related iron 
overload). 

Found in fru its and vegetables. 
Pronounce "absorbic" acid. 
Anci llary treatment for methemoglobinemia by 

' 7 reducing Fe'+ to Fe-+. 

Vitamin C deficiency causes sCurvy due to a 
Collagen synthesis defect. 
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Vitamin D 

FUNCTION 

REGULATION 

DEFICIENCY 

EXCESS 

Vitamin E 

FUNCTION 

DEFICIENCY 

EXCESS 
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D3 (cholecalciferol) from exposure of skin (stratum basale) to sun, ingestion of fish, milk, plants. 
D2 (ergocalciferol) from ingestion of plants, fungi, yeasts. 
Both converted to 25-011 0 3 (storage form) in liver a nd to the active form 1,25-(0H)i D3 (calcitriol) 

in kidney. 

t intestina l absorption of Ca2+ and PO/-. 
t bone minera lization at low levels. 
t bone resorption at higher levels. 

t PTII, I Ca2+, I PO/- - t l,25-(0II)p 3 production. 
l ,25-(0II)2D3 feedback inhibits its own production. 
t PTII - t Ca2+ reabsorption and I P04 3- reabsorption in the kidney. 

Rickets in children (deform ity, such as genu varum "bowlegs" fl), osteomalacia in adults (bone 
pain and muscle weakness), hypocalcemic tetany. 

Caused by malabsorption, I sun exposure, poor d iet, chronic kidney disease (CKD), advanced liver 
d isease. 

G ive ora l vitamin D to breastfed infants. 
Defic iency is exacerbated by p igmented skin, premature bi rth. 

Hypercalcemia, hypercalciuria, loss of appetite, stupor. Seen in granu lomatous d iseases 
(t activation of vitamin D by epithelioid macrophages). 

Includes tocopherol, tocotrienol. 

Antioxidant (protec ts RBCs and membranes 
from free rad ical damage). 

Hemolytic anemia, acanthocytosis, muscle 
weakness, demyel ination of posterior columns 
(I position and vibration sensation) a nd 
spinocerebellar tract (atax ia). 

Risk of enterocolitis in infants. 

Neurologic presentation may appear similar 
to vi tamin B12 deficiency, but without 
megaloblastic anemia, hypersegmented 
neutrophils, or t serum methylmalonic acid 
levels. 

I Iigh-dose supplementation may a lter metabolism 
of vi tamin K - enhanced anticoagulant effec ts 
of warfarin. 



Vitamin K 

FUNCTION 

DEFICIENCY 

Zinc 

FUNCTION 

DEFICIENCY 
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Includes phytomenadione, phylloquinone, phytonad ione, menaquinone. 

Activated by epoxide reductase to the 
reduced form, which is a cofactor for the 
r -carboxylation of glutamic ac id res idues on 
various prote ins required for blood clotti ng. 
Synthesized by intestinal Aora. 

Neonata l hemorrhage wi th t PT and t aP'TT 
but normal bleeding time (neonates have 
ster ile intestines and are u nable to synthesize 
vitamin K). Can also occur after prolonged use 
of broad-spectrum a ntibiotics. 

K is for Koagulation. Necessary for the 
maturation of clotting fac tors II, VII, IX, 
X, and proteins C and S. Warfari n inh ibits 
vitamin K-dependent synthesis of these factors 
and proteins. 

Not in breast m ilk; neonates are given vitamin 
K injection at birth to prevent hemorrhagic 
d isease of the newborn. 

Mineral essential for the activity of IOO+ enzymes. Important in the formation of zinc fi ngers 
(transcription factor motif). 

Delayed wound heal ing, suppressed immunity, male hypogonadism, l adu lt ha ir (axillary, fac ia l, 
pubic), dysgeusia, anosmia. Associated with acrodermatitis enteropathica (f'J, defect in intestinal 
zinc absorption). May predispose to alcoholic cirrhosis. 

Protein-energy malnutrition 

Kwashiorkor 

Marasmus 

Protein malnutrition result ing in skin lesions, 
edema due to l p lasma oncotic pressure, 
liver malfu nction (fatty cha nge due to 
l apolipoprote in synthesis). Cl in ica l picture is 
small child with swollen abdomen f'J. 

Kwashiorkor results from protein
defi cient M EALS: 
M alnutrition 
E dema 
Anemia 
L iver (fatty) 
Ski n lesions (eg, hyperkeratosis, 

dyspigmentation) 

Malnutrition not causing edema. Diet is 
deficient in ca lories bu t no nutrients are 
entirely absent. 

M arasmus results in M uscle wasting I]. 
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Ethanol metabolism 

Micr.osome 

Oisulfiram 

Ethanol Alcohol dehydrogenase A ldeh d Acetaldehyde dehydrogenase /?"' I ceta y e -------:::--.:::-------+ Acetate 

NAO' NA.DH NAO' NAOH Cytosol 
M1tochondna 

H,0 Peroxisome 

Gluconeogenesis Glycolysis 
Glucose 

u NA.DH NAO' 

"-... ./ . .;. /:r··· ---=-(1)-· 

''''

/ Pyrulvate ----=
0
- =-----+ i

1 
i Triglycerides 

NAO' 

J. OAA Acetyl-CoA 
' ' ' + 

€) OAA - - - - - - - - - NAO' 
' , 
' ' ,, , , 

' ' ' ' ' ' i Matate 
TCAcycle 

• ,, 
' ' • NAOH 
' + 

a-KG 
' '\ ,; .. NAO+ 

' . " , '1 
' , ' .. .. .. Succinyl- ..,, ' \ 

·-- CoA '•NAOH 

anion gap {hepatic 
metabolic acidosis) steatosis) 

i Ketoacids :J 
Ketogenesis 

i fatty acids 

Lip !sis 

Processes favored 

- - - • Processes disrupted 

Metabolism sites 

Mitochondria 

Cytoplasm 

Fatty acid oxidation acetyl
CoA production, TCA cycle, oxidative 
phosphorylation, ketogenes is. 

C lycolys is, !IMP shunt, and synthesis of 
cholesterol (SER), proteins (ribosomes, RER), 
fatty ac ids, and nucleotides. 

Fomepizole- blocks alcohol 
DH; antidote For O verdoses of 
M ethanol or E thylene glycol. 

D isu lfiram - blocks aceta ldehyde 
dehydrogenase - t ace ta ldehyde 
- t hangover symptoms 
- discouraging drinking. 

NAO+ is the limiting reagent. 
Alcohol dehydrogenase operates via 

zero-order ki netics. 

Ethanol metabolism t NADH/ 
NAO+ ratio in liver, causing: 

0 Lactic ac idosis- t pyruvate 
conversion to lactate 
€) Fasting hypoglycemia

! gluconeogenesis due to 
t OAA - malate 

E) Ketoacidosis- diversion of 
acetyl-CoA into ketogenesis 
rather than TCA cycle 

G I lepatosteatosis- t conversion 
of DIIAP - glycerol-3-P 

acetyl-CoA d iverges into 
fatty ac id synthes is $ , which 
combines with glycerol-3-P to 
synthesize triglycerides 

t NADI I/NAO+ ratio disfavors 

TCA cycle - t acetyl-CoA used 
in ketogenesis (- ketoacidosis), 
lipogenesis (- hepatosteatosis). 

Both Heme synthesis, Urea cycle, C luconeogenesis. IIUCs take two (both). 



Enzyme t e rminology 

Kinase 

Phosphorylase 

Phosphatase 

Dehydrogenase 

Hydroxylase 

Carboxylase 

Mutase 

Synthase/synthetase 
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An enzyme's name often describes its function. For example, glucokinase is an enzyme that 
cata lyzes the phosphorylation of glucose using a molecule of ATP. T he fo llowing are commonly 
used enzyme descriptors. 

Cata lyzes transfer of a phosphate group from a h igh-energy molecule (usually ATP) to a substrate 
(eg, phosphofructokinase). 

Adds inorganic phosphate onto substrate without us ing ATP (eg, glycogen phosphorylase). 

Removes phosphate group from substrate (eg, fructose-1,6-bisphosphatase). 

Cata lyzes oxidation-reduction reactions (eg, pyruvate dehydrogenase). 

Adds hydroxyl group (- 0 11) onto substrate (eg, tyrosine hydroxylase). 

Transfers C02 groups with the help of biotin (eg, pyruvate carboxylase). 

Relocates a functional group with in a molecule (eg, vitamin B1z-dependent methylmalonyl-CoA 
mutase). 

Joins two molecules together using a source of energy (eg, ATP, acetyl-CoA, nucleotide sugar). 

Rate-determining enzymes of metabolic processes 
PROCESS 

Glycolysis 

Gluconeogenesis 

TCA cycle 

Glycogenesis 

Glycogenolysis 

HMP shunt 

De novo pyrimidine 

synthesis 

De novo purine 
synthesis 

Urea cycle 

Fatty acid synthesis 

Fatty acid oxidation 

Ketogenesis 

ENZYME 

Phosphofructokinase-1 (PFK-1) 

F ructose-1,6-bisphosphatase 

lsocitrate dehydrogenase 

G lycogen synthase 

G lycogen phosphorylase 

G lucose-6-phosphate dehydrogenase (G6PD) 

Carbamoyl phosphate synthetase II 

G lutamine-phosphoribosylpyrophosphate 
(PRPP) amidotransferase 

Carbamoyl phosphate synthetase I 

Acetyl-CoA carboxylase (ACC) 

Carnitine acyltransferase I 

HMG-CoA synthase 

Cholesterol synthesis HMG-CoA reductase 

REGULATORS 

AMP®, fructose-2,6-bisphosphate ® 
ATP 8, c itrate 8 

Citrate® 
AMP 8, fructose-2,6-bisphosphate 8 

ADP® 
ATP e, NADII e 
G lucose-6-phosphate ®, insu lin ®, cortisol ® 
Epinephrine 8, glucagon 8 

Epinephrine®, glucagon ®,AMP® 
G lucose-6-phosphate 8, insu lin 8, ATP 8 

NADJ>+® 
NADPII 8 

ATP®, PRPP® 
UTP8 

AMP 8, inos ine monophosphate (IMP) 8, 
GMP8 

N-acetylglutamate ® 

Insulin®, ci trate® 
G lucagon 8, palmitoyl-CoA 8 

Malonyl-CoA 8 

Insulin®, thyroxine®, estrogen® 
G lucagon 8, cholesterol 8 
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Summary of pathways 

O Galactokinase (mild galactosemial Galactose metabolism 

E) Galactose-1-phosphate 
uridyltransterase 
(severe galactosemial 

E) Hexokinase/glucokinase 

0 Glucose-6-phosphatase 
Ivon Gierke disease) 

0 Glucose-6-phosphate 
dehydrogenase 

0 Transketolase 

f) Phosphotructokinase-1 

() Fructose-1.6-bisphosphatase 

e Fructokinase (essential fructosuna) 

e Aldolase B (fructose intolerance) 

6) Aldolase B (liver). A(muscle) 

® T riose phosphate isomerase 

e Pyruvate kinase 

4t) Pyruvale dehydrogenase 

G) Pyruvate cart>oxylase 

PEP carboxykinase 

'1) Citrate synthase 

Cll lsocitrate dehydrogenase 

Ii) cx-ketoglutarate dehydrogenase 

Carbamoyl phosphate synthetase I 

ED transcarbamylase 

e Propionyl-CoA carboxylase 

E!J HMG-CoA reductase 

Ga lactose Requires biotin cofactor 

Glycolysis 
Glycogen Glulc!ose 

t "-- a o e 
UDP-glucose +-- Glucose-I-phosphate.=:; 6-phosphogluconolactooe) 

Glycogenesis / glycogenolysis l ! <:) 
fructose-6-phosphate - Ribulose-5-pllosphate 

Of!O T 

10 I Requires thiamine cofactor ITPPJ 

() Irreversible. important point of regulation 

HMPshunt 

Gluconeogenesis 

Fructose-t6i l ; ospl1ate 

Giyceraldehyde-3-P .=::; DHAP +--Fructose-I-phosphate +--Fructose 

.. 
3-phosphoglycerate Glycerol lipid metabolism 

u r 
2-phosphoglycerate Triglycerides 

u r 
Pllosphoenolfeate !PEPI Fatty acids 

Alanine :;::::::::'.: Pyruvate .!::::; Lactate r C Cholesterol f T 
8
/ ionyl- oA l 

e Acetyl-CoA E!J Mevalonate 

\ Acetoacetyl-CoA--. HMG-CoA 

Acetoacetate 

Asparlate Oxaloacetate "- 1 
NH3+C02 e--l ( "\ fl) 1 Citrulhn '\. lsocitrate Jl-hydroxybutyrate . 

Cart>amoyl phosphate --(m Arg1ninosuccinate Malate TCA cycle )e Ketogenesis 

ATP production 

Ornithine \ Odd-chain fatty acids. 
Urea cycle cx-ketoglutarate branched-chain amino acids. 

Fumarate Lk methionine andthreonine 

g1nine "- _/11:) e . ! 
U Suwnale Suwnyl-CoA +-- Methylmalonyl-CoA +-- Prop1onyl-CoA 

re - B12 B 

HzO Protein metabolism 

Aerobic metabolism of one glucose molecule 
produces 32 net ATP via malate-aspartate 
shuttle (heart and liver}, 30 net ATP via 
glycerol-3-phosphate shuttle (muscle). 

Anaerobic glycolysis produces only 2 net ATP 
per glucose molecule. 

ATP hydrolysis can be coupled to energetically 
unfavorable reactions. 

Arsenic causes glycolysis to produce zero net 
ATP. 



Activated carriers 

Universal electron 
acceptors 

Hexokinase vs 
glucokinase 

BIOCHEMISTRY SECTION II 7 5 

CARRIER MOLECULE 

ATP 

NADH, NADPH, FADH2 

CoA, lipoamide 

Biotin 

Tetrahydrofolates 

S-adenosylmethionine (SAM) 

TPP 

Nicotinamides (NAO+, NADp+ from vitamin 

B;) and Aavin nucleotides (FAD from vitamin 

Bz)-
NAD+ is generally used in catab olic processes 

to carry reducing equiva lents away as NAO!!. 
NADPH is used in anabolic processes (eg, 

steroid and fatty acid synthesis) as a supply of 

reducing equiva lents. 

CARRIED IN ACTIVATED FORM 

Phosphoryl groups 

Elec trons 

Acyl groups 

C02 

I-carbon un its 

err, groups 

Aldehydes 

NADPI I is a product of the I IMP shunt. 

NADPH is used in: 
• Anabolic processes 

• Respiratory burst 

• Cytochrome P-450 system 
• C lutathione reductase 

Phosphorylation of glucose to yield glucose-6-phosphate is catalyzed by g lucokinase in the liver and 

hexokinase in other tissues. I Iexokinase sequesters glucose in tissues, where it is used even when 
glucose concentrations are low. At high glucose concentrations, glucokinase he lps to store glucose 

in liver. 

Location 

Km 

Induced by insul in 

Feedback-inh ibited by 

glucose-6-phosphate 

Hexokinase 

Most tissues, except liver 

and cells 

Lower (t affin ity) 

Lower (I capacity) 

No 

Yes 

Glucokinase 

Liver, cells of pancreas 

Higher (I affinity) 

Higher (t capacity) 

Yes 

No 
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Glycolysis regulation, 
key enzymes 

REQUIRE ATP 

PROOUCE ATP 

Regulation by 
fructose-2,6-
bisphosphate 

Pyruvate 
dehydrogenase 
complex 

BIOCHEMISTRY BIOCHEM ISTRY-METABOLISM 

Net glycolys is (cytoplasm): 
Glucose+ 2 P; + 2 ADP + 2 NAO+ - 2 pyruvate + 2 ATP + 2 NADII + 2 II+ + 2 1120. 

Equation not balanced chemically, and exact balanced equation depends on ionization state of 
reactants and products. 

Glucose ---------+ Glucose-6-P 
Hexokinase/glucokinase• 

Fructose-6-P --------+ Fructose-L6-BP 
Phosphofructokinase-1 

(rate-limiting step) 

'Glucokinase in liver cells of pancreas: hexokinase 
in all other tissues. 

1.3-BPG +=======t 3-PG 
Phosphoglycerate kinase 

Phosphoenolpyruvate ------+ Pyruvale 
Pyruvate kinase 

C lucose-6-P e hexokinase. 
Fructose-6-P 9 glucokinase. 

AMP®, fructose-2,6-bisphosphate <±>. 
ATP 9 , citrate 9 . 

Fructose-1,6-bisphosphate <±>. 
ATP 9 , alanine 9 . 

Fructose bisphosphatase-2 (FBPase-2) and phosphofructokinase-2 (PFK-2) are the same 
bifunctional enzyme whose function is reversed by phosphorylation by protein kinase A. 

FBPase-1 
Glucooeogenesis Fructose-6-P t ====+ Fructose-L6-BP ---+ Glycolysis 

FBPase-2 11 PFK-2J PFK-l 
(active in (active in 

fasting state) fed state) + 

Fructose-2.6-BP 

Fasting state: t glucagon - t cAMP - t protein FaBian the Peasant (FBP) has to work hard 
kinase A - t FBPase-2, l PFK-2, less when starving. 
glycolysis, more gluconeogenesis. 

Fed state: t insulin - l cAMP - l protein 
kinase A - I FBPase-2, t PFK-2, more 
glycolysis, less gluconeogenesis. 

Mitochondrial enzyme complex linking 
glycolysis and TCA cycle. Differentially 
regulated in fed (active)/fasting (inactive) states. 

Reaction: pyruvate + NAO+ + CoA - acetyl
CoA + C02 + NADH. 

Contains 3 enzymes requiring 5 cofactors: 
I. Thiamine pyrophosphate (B1) 

2. Lipoic acid 
3. CoA (B5, pantothenic acid) 
4. FAD (Bz, riboflavin) 
5. NAO+ (B,, niacin) 

Activated by: t NAD+/NADII ratio, t ADP 
t Ca2+. 

Lazy spoiled Pri nce FredericK (PFK) works 
only when fed. 

The complex is simi lar to the a -ketoglutarate 
dehydrogenase complex (same cofactors, 
similar substrate and action), which converts 
a -ketoglutarate - succinyl-CoA (TCA cycle). 

The Lovely Coenzymes For Nerds. 
Arsenic inhibits lipoic acid. Arsenic poisoning 

cl inical find ings: imagine a vampire (pigmentary 
skin changes, skin cancer), vomiting and having 
diarrhea, running away from a cutie (QT 
prolongation) with garl ic breath. 
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Pyruvate 
dehydrogenase 
complex deficiency 

Causes a bu ildup of pyruvate that gets shunted to lactate (via LOI I) and alan ine (via ALT). 
X-linked. 

FINDINGS Neurologic defects, lactic acidosis, t serum a lanine starting in infancy. 

TREATMENT t intake of ketogenic nutr ients (eg, h igh fat content or t lysine and leucine). 

Pyruvate metabolism 

( 
Alanine 
Cahill cycle Cytosol 

Mitochondria 

f) 
Oxaloacetate 

Glucose 

t 
Pyruvate 

E) 
Acetyl·CoA 

e 
Lactate 

Cori cycle 

J 

TCAcycle Also called Krebs cycle. Pyruvate - acetyl-CoA 
produces I NADII, I C02. 

Pyruvate (3C) 

'l-0-{ATP PDH - Acetyl·CoA 
NADH 

Ace<yl-CoA (2C) \. FATP 
NAOH 'yacelate • Citrate 

(4C) cis-Aconitate 

• Ma late (4C) lsocitrate (6C) 

I 
Fumarate (4C) l:socitrate .._____.o_.rATP 

-\ 

de'¥drogenase +@-ADP 
FAOH1 a·KG (SC} 

Succinate (4() 

GTP +CoA Succinyl· 
CoA(4C) 

co,+ NAOH 

Functions of di fferent pyruvate metabolic 
pathways (and their associated cofactors): 
0 Alanine aminotransferase (B6): a lan ine 

carries amino groups to the liver from 
muscle 

@ Pyruvate carboxylase (biotin): oxaloacetate 
can replenish TCA cycle <>r be used in 
g luconeogenes is 

€) Pyruvate dehydrogenase (B1, B2, B,, B5, 

lipoic ac id): transition from glycolys is to 
the TCA cycle 

0 Lactic acid dehydrogenase (B,): end of 
anaerobic glycolysis (major pathway in 
RBCs, WBCs, kidney medulla, lens, 
testes, and cornea) 

The TCA cycle produces 3 NADII, I FADI Iz, 
2 C02, I CTP per acetyl-CoA = JO ATP/ 
acetyl-CoA (2x everything per glucose). TCA 
cycle reactions occur in the mitochondria. 

et-ketoglutarate dehydrogenase complex 
requires the same cofactors as the pyruvate 
dehydrogenase complex (B1, B2, B3, B5, lipoic 
acid). 

C itrate Is Krebs' Starting Substrate For M aking 
O xa loacetate. 
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Electron t ransport 
chain and oxidative 
phosphorylation 

ATP PRODUCED VIA ATP SYNTHASE 

OXIDATIVE PHOSPHORYLATION POISONS 

Electron transport 
inhibitors 

ATP synthase 
inhibitors 

Uncoupling agents 

Gluconeogenesis, 
irreversible enzymes 

Pyruvate carboxylase 

Phosphoenolpyruvate 
carboxykinase 

Fructose-1,6-
bisphosphatase 

Glucose-6-
phosphatase 

BIOCHEMISTRY BIOCHEM ISTRY-METABOLISM 

NADI I electrons from g lycolysis enter mitochondria via the malate-aspa rtate or glycerol-3-
phosphate shuttle. FADH2 electrons a re transferred to complex II (at a lower e nergy level than 
NADI I). The passage of e lectrons resu lts in the formation of a proton gradient that, coupled to 
oxidative phosphorylation, d rives the production of ATP. 

ADP+P; ATP 

Mitochondrial 
matrix 

Inner mitochondrial 
membrane 

lntermembrane 
space 

2.4-Dinitrophenol 
Aspirin overdose 

I NADII - 2.5 ATP; I FADII2 - 15 ATP. 

Di rec tly inhibit electron transport, causing a 
I proton gradient and block of ATP synthesis. 

Di rec tly inhibit mitochond ria l ATP synthase, 
causing an t proton gradient. No ATP is 
produced because electron transport stops. 

t permeability of membrane, causing a I proton 
gradient and t 0 2 consumption. ATP synthesis 
stops, but elec tron transport continues. 
Produces heat. 

In mitochondria. Pyruvate - oxaloacetate. 

In cytosol. Oxaloacetate 
- phosphoenolpyruvate. 

In cytosol. F ructose-1,6-bisphosphate 
- fructose-6-phosphate. 

In ER. C lucose-6-phosphate - g lucose. 

DRACCO 

Rotenone: complex one inh ib itor. 
"An-3-mycin" (antimycin) A: complex 3 

inhibitor. 
Cyanide, carbon monoxide, azide (the -ides, 

4 letters) inhibit complex IV. 

O ligomycin. 

2,4-Dinitrophenol (used illicitly for weight loss), 
aspirin (fevers often occur after overdose), 
thermogenin in brown fat (has more 
mitochondria tha n white fat). 

Pathway P roduces Fresh G lucose. 

Req uires biotin, ATP. Activated by acetyl-CoA 

Req uires CTP. 

Citrate EE>, AMP 8, fructose 2,6-bisphosphate 8. 

Occurs primarily in liver; serves to maintain euglycemia dur ing fasting. Enzymes also fou nd in 
kidney, intestina l epithelium. Defic iency of the key gluconeogenic enzymes causes hypoglycemia. 
(Muscle cannot partic ipate in gluconeogenesis because it lacks glucose-6-phosphatase). 

Odd-cha in fatty ac ids yield I propionyl-CoA during metabolism, which can enter the TCA cycle 
(as succinyl-CoA}, undergo gluconeogenesis, and serve as a glucose source. Even-c ha in fatty acids 
cannot produce new glucose, since they yield only acetyl-CoA equivalents. 



Pentose phosphate 
pathway 

REACTIONS 

Oxidat ive 
(irreversible) 

Nonoxidative 
(reversible) 

Glucose-6-phosphate 
dehydrogenase 
deficiency 
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Also the I IMP shunt. Provides a source of NADPH from abundantly available glucose-6-P 
(NADPII is required for reductive reactions, eg, glutath ione reduction inside RBCs, fatty acid 
and c holesternl biosynthesis). Additionally, th is pathway yields ribose for nucleotide synthesis. Two 
d istinct phases (oxidative and nonoxidative), both of which occur in the cytoplasm. No AT P is 
used or produced. 

Sites: lactating mammary gla nds, liver, adrena l cortex (sites of fatty acid or steroid synthesis), RBCs. 

KEY ENZYMES PRODUCTS 

NADP• NADPH 

\, co, 
Glucose-6-P, ----- · ----+·- ---- +-- 2 NADPH 

Glucose-6-Pdehytlrogenase Ribulose-5-P, 
Rate-limiting step 

Phosphopentose isomerase. 
transketolases Ribose-5-P 

Ribulose-5-P, +----------+ Glycecaldehyde'-3-P 
Requires 8

1 

NADPII is necessary to keep glutath ione 
reduced, which in turn detoxi fies free radica ls 
and peroxides. l NADPII in RBCs leads to 
hemolytic anemia due to poor RBC defense 
against oxidizing agents (eg, fava beans, 
su lfonamides, nitrofurantoin, primaquine/ 
chloroquine, antituberculos is drugs). Infection 
(most common cause) can a lso precipitate 
hemolysis; inAammatory response produces 
free rad icals that diffuse into RBCs, causing 
oxidative damage. 

Glucose-6-P 

6-phosphogluconolactone 

Glucose-6-P 
dehydrogenase 

NADP' 

NAO PH 

Fructose-6-P 

X-linked recessive d isorder; most common 
human enzyme defi ciency; more prevalent 
among African Americans. t malarial 
resistance. 

lleinz bodies-denatured globin cha ins 
precipitate within RBCs due to oxidative stress. 

Bite cells- result from the phagocytic removal 
of Heinz bodies by splenic macrophages. 
Think, "Bite into some Heinz ketchup." 

2GSH 

GSSG 
(oxidized) 
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Disorders of fructose metabolism 

Essential fructosuria 

Hereditary fructose 
intolerance 

Involves a defect in fructokinase. Autosomal recess ive. A benign, asymptomatic condition 
(fructokinase defic iency is kinder), since fructose is not trapped in cells. Ilexokinase becomes 1° 
pathway for converting fructose to fructose-6-phosphate. 

Symptoms: fructose appears in blood a nd urine. 
Disorders of fructose metabolism cause mi lder symptoms than analogous d isorders of ga lactose 

metabolism. 

Hereditary deficiency of aldolase B. Autosomal recessive. Fructose-I-phosphate accumulates, 
causing a I in ava ilable phosphate, which results in inhibition of g lycogenolysis and 
gluconeogenesis. Symptoms present following consumption of fruit, juice, or honey. Urine dipstick 
wi ll bee (tests for glucose only); reducing sugar can be detected in the urine (nonspec ific test for 
inborn errors of carbohydrate metabolism). 

Symptoms: hypoglycemia, jaundice, cirrhosis, vomiting. 
Treatment: I intake of both fructose and sucrose (glucose + fructose). 

Fructose metabolism (liver) 
Triose phosphate 

Dihydroxyacetone-P isomerase 

Fructokinase Aldolase B < Fructose--7....,,......._'\,---+• Fructose-1-P ------< Glyceraldehyde-3-P - Glycolysis 

ATP ADP Glyceraldehyde _..:...--( 

ATP 

Glycerol 

Disorders of galactose metabolism 

Galactokinase 
deficiency 

Classic galactosemia 

Hereditary de ficiency of galactokinase. Calactitol accumulates if ga lactose is present in diet. 
Relatively mi ld cond ition. Autosomal recessive. 

Symptoms: galactose appears in blood (ga lactosemia) and urine (ga lactosuria); infantile cataracts. 
May present as fai lure to track objects or to develop a socia l smile. Calactokinase deficiency is 
kinder (benign condition). 

Absence of ga lactose-1-phosphate uridyltransferase. Autosomal recessive. Damage is caused by 
accumulation of toxic substances (including ga lactitol, which accumulates in the lens of the eye). 

Symptoms develop when infant begins feeding (lactose present in breast mi lk and routine formu la) 
and include fa ilure to thrive, jaundice, hepatomegaly, infanti le cataracts, intellectua l disabi lity. Can 
predispose to E coli sepsis in neonates. 

Treatment: exclude galactose a nd lactose (ga lactose +glucose) from diet. 

Galactose metabolism 

Galactokinase Uridyltransferase 

Fructose is to Aldolase B as C alactose is to 
UridylTransferase (FAB CUT). 

The more serious defects lead to P04
3- depletion. J,' °""" '' ,--G-al .... , 'T'' 

"---./ Glycolysis/glycogenesis 
4-epimerase 

Galactitol 



Sorbitol 

Lactase deficiency 

FINDINGS 

TREATMENT 

Amino acids 

Essential 

Acid ic 

Basic 
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An a lternative method of trapping glucose in the cel l is to convert it to its alcohol counterpart, 

sorbitol, via a ldose reductase. Some tissues then convert sorbitol to fructose using sorbitol 

dehydrogenase; tissues with an insufficient amount/activity of this enzyme are at risk of 
intracellu lar sorbitol accumulation, causing osmotic damage (eg, cataracts, retinopathy, and 

periphera l neuropathy seen with chronic hyperglycemia in diabetes). 

High blood levels of galactose a lso resu lt in conversion to the osmotica lly active ga lactitol via a ldose 
reductase. 

L iver, O var ies, and Semina l vesicles have both enzymes (they LOSe sorbitol). 

Sorbitol dehydrogenase 
Glucose ------------+ Sorbitol ------------+ Fructose 

Aldose reductase 

NAO PH NAO' 

Lens has primari ly a ldose reductase. Retina, Kidneys, and Schwann cells have only aldose 
reductase (Lu RKS). 

Insufficient lactase e nzyme - dietary lactose intolerance. Lactase functions on the intestina l brush 

border to digest lactose (in milk and m ilk products) into glucose a nd galactose. 

Primary: age-dependent decline after childhood (absence of lactase-persistent allele), common in 
people of Asia n, African, <>r Native American descent. 

Secondary: loss of intestina l brush border due to gas troenteritis (eg, rotavirus), autoimmune disease. 

Congenita l lactase de ficiency: rare, due to defective gene. 
Stool demonstrates I pll and breath shows t hyd rogen content with lactose hydrogen breath test. 

Intestinal biopsy reveals norma l mucosa in patients with hereditary lactose intolerance. 

Bloating, cramps, Aatu lence, osmotic diarrhea. 

Avoid da iry products or add lactase pills to d iet; lactose-free milk. 

Only L-amino acids are found in proteins. 

PVT T IM llaLL: P henylalan ine, Valine, Tryptophan, T hreonine, lso leucine, Methionine, 

ll istidine, Leucine, Lys ine. 
C lucogenic: Methionine, histid ine, valine. I met his valentine, she is so sweet (glucogenic). 

C lucogenic/ketogenic: Isoleucine, phenylalanine, threon ine, tryptophan. 

Ketogenic: Le uc ine, Lysi ne. The onLy purel y ketogenic amino acids. 

acid, g lutamic acid . 

Negative ly charged at body pl I. 

Argin ine, histidine, lysine. 

Arginine is most basic. I Iistidine has no charge at body pl I. 
Arginine and histidine are requi red duri ng periods of growth. 
Arginine and lysine are t in histones which bind negatively cha rged DNA. 

llis lys (lies) are basic. 
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Urea cycle Amino acid catabolism results in the formation 
of common metabolites (eg, pyruvate, acetyl
CoA}, which serve as metabolic fuels. Excess 
nitrogen generated by this process is converted 
to urea and excreted by the kidneys. 

O rdinari ly, C areless C rappers Are Also 
F ri volous About Urination. 

Urea 

co,f+ 
Carbamo l 

N -acetytglutamate----+ phospllafe 2 ADP+ P. 
(allostericactivator) synthetase 1 ' 

Mitochondria 

Carbamoyl 
phosphate 

Citrulline 

AMP+ PP, 

NH, - NH2 I 
CO, - C= O 

Ornithine Argininosuccinate 

I 
Aspartate - NH2 

Cytoplasm 
(liver) 

To kidney - Urea 

Arginine 

Transport of ammonia by alanine 

Hyperammonemia 

Muscle Liver 

Amino acids Alanine Alanine 
(NH3) x o.-Ketoglutarate (NH3) ______ .,. (NH3) ; o.-Ketoglutarate 

Cahill cycle 
Glucose Glucose 

o.-Ketoacids Glutamate (NH3) PyJ vate Cori cycle PyJvate Glutamate (NH3) 

l f t 
Lactate ----- Lactate 

Can be acqu ired (eg, liver disease) or hereditary 
(eg, urea cycle enzyme deficiencies). 

Presents with flapping tremor (eg, asterix is), 
slurri ng of speech, somnolence, vomi ting, 
cerebra l edema, blurring of vis ion. 

t NII3 depletes glutamate in the CNS, inhibits 
TCA cycle (I a -ketoglutarate). 

NH3 NH, 

glutamine ls, 
GABA 

Treatment: limit protein in diet. 
May be given to I ammonia levels: 

• Lactulose to acidify CI tract and trap NI I4 + 

for excretion. 
• Antibiotics (eg, ri faxim in, neomycin) to 

I ammoniagenic bacter ia. 
• Benzoate, phenylacetate, or phenylbutyrate 

react with glycine or glutamine, forming 
products that are excreted renally. 



Ornithine 
transcarbamylase 
deficiency 
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Most common urea cycle disorder. X-linked recessive (vs other urea cycle enzyme deficienc ies, 
which are autosomal recessive}. Interferes with the body's ability to eliminate ammonia . Often 
evident in the first few days of life, but may present later. Excess carbamoyl phosphate is converted 
to orotic acid (part of the pyrimid ine synthes is pathway}. 

Findings: t orotic acid in blood and urine, I BUN, symptoms of hyperammonemia. No 
megaloblastic anemia (vs orotic aciduria). 

Amino acid derivatives Thyroxine Melanin 

BH, i BH4 i 86 Vicamin c SAM 
Phenylalanine - Tyrosine - Dopa - Dopamine - NE - Epi 

B.B, / Niacin - NAD'/NADP' 
':> 

Tryptophan BH4• B, 

Serotonin - Melatonin 
B 

Histidine Histamine 

Glycine 

Glutamate 

Arginine 

B 
Porpllyrin - Heme 

y GABA 

Glutathiooe 

Creatine 

--+ Urea 

Nitricoxide 

BH4 = tetrahydrobiopterin 

Catecholamine synthesis/tyrosine catabolism 
Phenylalanine 

BH l Phenylalanine PKU 4 hydroxylase 

Alkaptonuria 

Homogentisic acid ----+--Tyrosine 

Homogentisate l BH l Tyrosine 
oxidase 4 hydroxylase 

DOPA Tyrosinase 
Maleylacetoacetic acid (Dihydroxyphenylalanine) Melanin 

B, l DOPA 1---0--Carbidopa ! decarboxylase 

Dopamine-------------------------... 

OJcle Vitamin Cl Dopamine 
Jl·hydroxylase 

COMT 
Norepinephrine ---------------

SA l Phenylethanolamine·N· . ) 
M methyltransferase -----W---Cortisol Normetrephrine 

. . COMT . 
Epmephnne Metanephrme Vaniltytmandetic acid 

Albinism 

Homovanillic acid Ii! 
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Phenylketonuria 

Maple syrup urine 
disease 

Alkaptonuria 

Homocystinuria 

BIOCHEMISTRY BIOCHEMISTRY-METABOLISM 

Due to I phenyla lanine hydroxylase or 
I tetrahydrobiopterin (BI 14) cofactor 
(malignant PKU). Tyrosine becomes essentia l. 
t phenyla lanine - t phenyl ketones in urine. 

Findings: intel lectual disability, growth 
retardation, se izures, fa ir complexion, eczema, 
musty body odor. 

Treatment: I phenyla la nine and t tyros ine in 
d ie t, tetrahydrobiopteri n supplementation. 

Maternal PKU- lack of proper dietary therapy 
during pregnancy. Findings in infant: 
microcephaly, intellectua l disabil ity, growth 
retardation, congenital heart defects. 

Blocked degradation of branched amino 
acids (Isoleucine, Leucine, Va line) due to 
I bra nched-chain et-ketoacid dehydrogenase 
(B1). Causes t et-ketoacids in the blood, 
especia lly those of leucine. 

Treatment: restriction of isoleucine, leucine, 
va line in d iet, and thiamine supplementation. 

Autosomal recessive. Incidence"' 1:10,000. 
Screening occurs 2-3 days after birth (normal at 

birth because of maternal enzyme during fetal 
life). 

Phenyl ketones-phenylacetate, phenyllactate, 
and phenylpyruvate. 

Disorder of aromatic amino acid metabolism 
- musty body odor. 

PKU patients must avoid the a rtificial sweetener 
aspartame, which conta ins phenyla lanine. 

Autosomal recessive. 
Presentation: vomiting, poor feeding, urine 

smells like maple syrup/burnt sugar. Causes 
severe CNS defects, intellectual d isability, 
death. 

I Love Vermont maple syrup from maple trees 
(with B1ranches). 

Congenita l deficiency of homogentisate oxidase in the degradative pathway of tyros ine to fumarate 
- pigment-forming homogentisic acid bui lds up in tissue fJ. Autosomal recessive. Usually benign. 

Findings: bluish-black connective tissue, ear carti lage, and sclerae (ochronosis); urine turns black on 
prolonged exposure to a ir. May have debilitating arthralg ias (homogentisic acid toxic to cartilage). 

Causes (all autosomal recessive): 
• Cystathionine synthase de ficiency 

(treatment: I meth ionine, t cysteine, t B6, 

B12, and folate in d iet) 
• I a ffin ity of cystathionine synthase for 

pyridoxal phosphate (treatment: t t B6 and 
t cysteine in diet) 

• Methionine synthase (homocysteine 
methyltransferase) de ficiency (t reatment: 
t methionine in diet) 

• Methylenetetrahydrofolate reductase (MTHFR) 
deficiency (treatment: t folate in diet) 

All forms result in excess homocysteine. 
IIOMOCYstinuria: t t llomocysteine in 

urine, Osteoporosis, Marfanoid habi tus, 
O cular c hanges (downward and inward 
lens subluxation), C ardiovascular effects 
(th rombosis a nd atherosclerosis - stroke 
and Ml), kYphosis, intellectual disabi lity, fair 
complexion. In homocystinuria, lens subluxes 
"down and in" (vs Marfan, "up and fans out"). 

Methiooine 

Methionine 
synthase 

Cystathionine 
synthase 

Homocysteine ,....--;: • Cyslathionine-----+ Cysleine 
B,, / B, 

Serine 
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Cystinuria Hereditary defect of renal PCT and intestina l 
amino acid tra nsporter that prevents 
reabsorption of Cystine, O rn ith ine, Lysi ne, 
and Argin ine (COLA). 

Excess cystine in the urine can lead to recurrent 
precipitation of hexagonal cystine stones fl 

Treatment: urinary alka linization (eg, potassium 
ci trate, ace tazolamide) and chelating agents 
(eg, penicillamine) t so lubi lity of cystine 
stones; good hydration. 

Propionic acidemia Autosomal recessive deficiency of propionyl
CoA carboxylase -+ t propionyl-CoA, 
I methyl ma Ionic acid . 

Findings: poor feed ing, vomiting, hypotonia, 
an ion gap metabolic acidosis, hepatomegaly, 
seizures. 

Treatment: low protein d iet that does not 
include isoleucine, me thionine, th reonine, 
va line . 

Glycogen regulation by insulin and glucagon/epinephrine 

Epinephrine 
(liver and muscle) a 
ct' las• 

Glucagon ci · I d r 
receptor I cAMP . a cium-ca mo um 

ATP Ji 1n muscle during t contraction 

Protein \ nase A' ____ ,,. 
f / Glycogen 

Glycogen 
phosphorylase kinase 

Glucose 

Autosomal recessive. Common (I :7000). 
Urinary cyanide-nitropruss ide test is diagnostic. 

Cystine is made of 2 cyste ines connected by a 
d isulfide bond. 

Substances that metabol ize into propionyl-CoA 
cause you to VOMIT: Va line, O dd-chain fatty 
acids, Methionine, Isoleucine, T hreonine. 

Tyrosine 
kinase 
dimer 
receptor 
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Glycogen 

Skeletal muscle 

Hepatocytes 

BIOCHEMISTRY BIOCHEM ISTRY-METABOLISM 

Branches have et-(1,6) bonds; linkages have et-(1,4) bonds. 

G lycogen undergoes glycogenolysis - glucose- I-phosphate - glucose-6-phosphate, which is 
rapid ly metabolized during exercise. 

G lycogen is stored and undergoes glycogenolys is to mainta in blood sugar at appropriate levels. 
G lycogen phosphorylase 0 liberates g lucose-I-phosphate residues off branched glycogen until 4 
glucose units remain on a branch. Then 4-et-o-glucanotransferase (debranching enzyme 0 ) moves 
3 of the 4 glucose units from the branch to the lin kage. Then et-1,6-glucosidase (debranching 
enzyme 0 ) cleaves off the last residue, liberating glucose. 

"Limit dextrin" refers to the one to four residues remaining on a branch after g lycogen phosphorylase 
has al ready shortened it. 

Glycogen storage 
d isease type 
D Von Gierke disease 

El Pompe disease 

Glucose ·-------. 

tto ••• ••••••• 
um Cori disease 

El McAtdle disease 

Glli6-P 0 t um 

Glucose-1-P e e e e e e e e 

,;t· e .:i .. 
0 e ••• __ .... ___ ... - - -

Glycogen limit dextrin 

Glycogen enzymes 
0 UDP-glucose pyrophospllorylase 

E) Glycogen synthase 

€) Branching enzyme 

0 Glycogen pllosphorylase 

0 Debranching enzyme 
(4-a-o-glucanotransferase) 

0 Debranching enzyme 
(a-1.6-glucosidase) 

f) a-1.4-glucosidase 13 

Note: A small amount of glycogen is degraded in lysosomes by fJ et-1,4-g lucosidase (acid maltase). 



Glycogen storage 
diseases 

DISEASE 

Von Gierke disease 

(type I) 

Pompe disease 
(type II) 

Cori disease 
(type Ill) 

McArdle disease 
(type V) 

BIOCHEMISTRY SECTION II 8 7 

At least 15 types have been identified, all 
resulting in abnormal glycogen metabolism 
and a n accumulation of glycogen wi thin cells. 
Periodic acid-Schiff stain identifies glycogen 
and is useful in identifying these diseases. 

Very Poor Ca rbohydrate Metabolism. 

FINDINGS 

Severe fasting hypoglycemia, 
t t G lycogen in liver and 
kid neys, t blood lactate, 
t triglycerides, t uric acid 
(G out), and hepatomegaly, 
renomegaly. Liver does not 
regulate blood glucose. 

. -

Cardiomegaly, hypertrophic 
cardiomyopathy, hypotonia, 
exercise intolera nce, a nd 
sys temic findings lead to early 
death. 

Milder form of von Gierke 
(type I) with normal blood 
lactate levels. Accumulation 
of limit dextrin-like 
structures in cytosol. 

t glycogen in muscle, but 
muscle cannot break it down 
- painfu l Muscle cramps, 
Myoglobinuria (red urine) 
with strenuous exerc ise, and 
arrhythmia from electrolyte 
abnormalities. Second-wind 
phenomenon noted dur ing 
exercise due to t muscular 
blood Aow. 

Types I, II, III, and V are autosomal recessive. 

DEFICIENT ENZYME 

G lucose-6-phosphatase 

Lysosomal acid a-1,4-
glucosidase (acid maltase) 
with a -1,6-glucosidase activity 

Debranching enzyme 
( a-1,6-glucosidase) 

Skeletal muscle glycogen 
phosphorylase 
(Myophosphorylase) 

Hallmark is a Aat venous 
lactate curve with normal 
rise in ammonia levels during 
exercise 

COMMENTS 

Treatment: frequent oral 
glucose/cornstarch; avoidance 
of fructose and galactose 

Impai red gluconeogenesis and 
glycogenolysis 

PomPe trashes the P umP (1st 
and 4 th letter; heart, liver, 
and muscle) 

G luconeogenesis is intact 

Blood glucose levels typ ically 
unaffected 

M cArdle = Muscle 
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Lysosomal storage 
d isea ses 

DISEASE 

Sphingolip idoses 

Tay-Sachs disease 

Fabry d isease 

Metachromatic 
leukodystrophy 

Krabbe disease 

Gaucher d isease 

BIOCHEMISTRY BIOCHEMISTRY-METABOLISM 

Each is caused by a deficiency in one of the many lysosomal enzymes. Results in an accumulation 
of abnormal metabolic products. 

FINDINGS 

Progressive neurodegeneration, 
developmental delay, hyperreAexia, 
hyperacusis, "cherry-red" spot on 
macula fJ, lysosomes with onion 
skin, no hepatosplenomegaly (vs 
Niemann-Pick). 

Early: tri ad of episodic peripheral 
neuropathy, angiokeratomas ll), 
hypohidros is. 

Late: progressive renal fa ilure, 
cardiovascular disease. 

Central and periphera l demyelination 
with atax ia, dementia. 

Periphera l neuropathy, destruction 
of ol igodendrocytes, developmental 
delay, optic atrophy, g loboid cells. 

Most common. 
Hepatosplenomegaly, pancytopenia, 

osteoporosis, avascular necrosis of 
femur, bone crises, Gaucher cells B 
(lipid-laden macrophages resembling 
crumpled tissue paper). 

DEFICIENT ENZYME ACCUMULATED SUBSTRATE 

0 I IeXosaminidase A GM2 ganglioside 
("TAy-SaX") 

E) a -ga lactosidase A Ceramide 
trihexoside 
(globotriaosylce-
ramide) 

E) Arylsu lfatase A Cerebroside sulfate 

0 Galactocerebrosi- Galactocerebroside, 
dase (ualactosylce-b . psychosine 
ramidase) 

0 G lucocerebrosidase Glucocerebroside 
treat 

with recombinant 
glucocerebrosidase 

INHERITANCE 

AR 

XR 

AR 

AR 

AR 

Niemann-Pick d isease Progressive neurodegeneration, @ Sphingomyelinase Sphingomyelin AR 

Mucopolysaccharidoses 

Hurler syndrome 

Hunter syndrome 

Sulfatides 

el 
Galactocerebroside 

hepatosplenomegaly, foam cells 
(lipid-laden macrophages) l'.!J, 
"cherry-red" spot on macula fJ. 

Developmenta l de lay, gargoylism, a -L-iduronidase lleparan sulfate, 
dermatan sulfate 

AR 
ai rway obstruction, corneal clouding, 
hepatosplenomegaly. 

Mild Hurler + aggressive behavior, no Iduronate-2-sulfatase lleparan sulfate, 
dermatan sulfate 

XR 
corneal clouding. 

GM, 
O! 

GM, 

! 

Ceramide trihexoside 

el 
Glucocerebroside 

0 ! 0 0 
+ Ceramide + Sphingomyelin 13 

No man picks (Niemann-Pick) his nose with 
his sphinger (sphingomyel inase). 

Hunters see clearly (no corneal c louding) and 
aggressively aim for the X (X-linked recessive). 

t incidence ofTay-Sachs, Niemann-Pick, some 
forms of Gaucher disease in Ashkenazi Jews. 



Fatty acid metabolism 

Cell cytoplasm 

Mitochondrial 
membranes 

Mitochondrial 
matrix 

Synthesis 

Fatty acid syntllesis 
(palmit.ate. a 16C FA! 

l 
Malonyl-CoA 

J-- CO, (biotin) 
Acetyl-CoA 

J
ATP citrate 

lyase 

Citrate 
shuttle 

l 
Citrate 
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Degradation 

Fatty acid+ CoA 

!Fatty Acyl-CoA 
synthetase 

Fatty Acyl-CoA 

l 1-0-Malonyl-CoA 

Carnitine 
shuttle 

l 
Fatty Acyl-CoA 

l (Acyl-CoA 
dehydrogenases) 

Acetyl-CoA 

/"'-... 
Ketone TCA 
bodies cycle 

Fatty acid synthesis requires transport of c itrate 
from m itochondria to cytosol. Predomina ntly 
occurs in liver, lactating mammary glands, and 
adipose tissue. 

Long-chain fatty ac id (LCFA) degradation 
requires carniti ne-dependent transport into the 
mitochondria l matrix. 

"SYtrate" = SYnthesis. 
CARnitine = CARnage of fatty acids. 

Systemic 1° carnitine deficiency- inherited 

defect in transport of LCFAs into the 
mitochondria - toxic accumulation. Causes 
weakness, hypoton ia, and hypoketotic 
hypoglycemia. 

Medium-chain acyl-CoA dehydrogenase 

deficiency- I ability to break down fatty 
acids into acetyl-CoA - accumulation 
of fatty acyl carnitines in the blood with 
hypoketotic hypoglycemia. Causes vomiting, 
letha rgy, seizures, coma, liver dysfunction, 
hyperammonemia. Can lead to sudden death 
in infants or children. Treat by avoiding 
fasting. 
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Ketone bodies 

BIOCHEMISTRY BIOCHEM ISTRY-METABOLISM 

In the liver, fatty ac ids and amino acids 
are metabolized to acetoacetate and 

(to be used in muscle 
and brain). 

In prolonged starvation and diabetic 
ketoacidosis, oxaloacetate is depleted for 
gluconeogenesis. In a lcoholism, excess NADll 
shunts oxaloacetate to malate. All of these 
processes lead to a bu ildup of acetyl-CoA, 
which is shunted into ketone body synthesis. 

Hepatocyte 
__ mverl 

Ketone bodies: acetone, acetoacetate, 

Breath smells like acetone (fruity odor). 
Urine test for ketones can detect acetoacetate, 

but not 
RBCs cannot utilize ketones; they stric tly use 

glucose. 
J IMC-CoA lyase for ketone production. 
I IMC-CoA reductase for cholesterol synthesis. 

Blood Extrahepatic tissues 
(eg, skeletal muscte) 

Fatty acids, amino acids AcetoacL·CoA 

l ) I 
l Acetone J 

HMG·CoA ' _ 

AcetoLtate ----+------+- AcetOKetlte -+--+--.. Acetoacetate l 
l 

ATP 



Metabolic fuel use 

Fasting and starvat ion 

Fed state (after a 
meal) 

Fasting (between 
meals) 

Starvation days 1- 3 

Starvation after 
day3 
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- Stored ATP 
- Creatine phosphate 
- Anaerobic metabolism 
- Aerobic metabolism 

- Overall performance 

2 hr 

Duration of exercise 

lg carb/protein (eg, whey) = 4 kcal 
lg alcohol = 7 kcal 
lg fatty acid = 9 kca l 
(# letters = # kcal) 

Priorities are to supply sufficient glucose to the brain a nd RBCs and to preserve protein. 

C lycolys is and aerobic respiration. 

Hepatic g lycogenolysis (major); hepatic 
gluconeogenesis, ad ipose re lease of FFA 
(m inor). 

Blood glucose levels maintained by: 
• I lepatic g lycogenolysis 
• Adipose release of FFA 
• Muscle and liver, which shift fuel use from 

glucose to FFA 
• I lepatic g luconeogenes is from periphera l 

tissue lactate a nd alan ine, a nd from 
adipose tissue glycerol and propionyl
CoA (from odd-chain FFA-the only 
triacylglycerol components that contribute 
to gluconeogenesis) 

Adipose stores (ketone bodies become the main 
source of energy for the bra in). After these are 
depleted, vital protein degradation accelerates, 
leading to organ failure and death. 

Amount of excess stores determines survival 
time. 

Insu lin stimulates storage of lipids, proteins, and 
glycogen. 

C lucagon and epinephrine stimulate use of fuel 
reserves. 

G lycogen reserves depleted after day I. 
RBCs lack mitochondria a nd therefore cannot 

use ketones. 

12 

10 

2 
Carbohydrate 

0 
0 2 3 4 s 6 

Weeks of starvation 
7 8 

If.!! 
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Lipid transport 

Olelary fat 
and 

. ! 

Lumen 

Peripheral cell 

BIOCHEMISTRY BIOCHEMISTRY- METABOLISM 

0 

ff A 

, 

O Chylomicron enters lymphatics 

f} HDLtransfers Apo Cll and Apo E 

€} Chylomicron Apo CU activates LPL 

0 liverreleases VLDL 

0 VLDL Apo Cll activates LPL 

@ IDL delivers TGs and 
to the liver via Apo E 

f) Endoqtosis ol LDl 

Intestinal cell 
Systemic circulation 

LDL receptor 

Adipocyte 

ffAi\ 

O ApoCll 
HDL 

ApoE 

Hepatocyte 

Cholesterol 
+ 

TGs 

f)l ......... tfoo 

HDLO 

Bile 
Canaliculus 



Key enzymes in lipid 
transport 

Choleste ryl ester 
t ra nsfer prote in 

Hepatic lipase 

Hormone-sensit ive 
lipase 

Lecit hin-cholesterol 
acylt ransferase 

Lipoprote in lipase 

Pancreatic lipase 

PCSK9 

Major apolipoproteins 

Apolipoprotein 

E 

A-I 

C-11 

B-48 

B-100 
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Mediates transfer of cholesterol esters to other lipoprotein particles. 

Degrades TGs remaining in IDL. 

Degrades TGs stored in adipocytes. 

Cata lyzes esteri fication of¥i of plasma cholesterol. 

Degrades TGs in circulating chylomicrons. 

Degrades dietary TGs in small intes tine. 

Degrades LDL receptor -+ t serum LDL. Inh ibition .... t recycling of LDL receptor -+ l serum 

LDL. 

liver 

Small intestine 

Chylomicron 

Transfer of 
cholesteryl 
esters to 

VLDL IDL. 
LDL 

Function Chylomicron remnant VLDL IDL LDL HDL 

Mediates remnant uptake ./ ./ ./ ./ ./ 

(Everything Except LDL) 

Activates LCAT ./ 

Lipoprotein lipase C ofactor ./ ./ ./ 

that Catalyzes C leavage 

Mediates chylomicron ./ ./ 

secretion into lymphatics 
Only on particles originating 

from the intestines 

Binds LDL receptor ./ ./ ./ 

Only on particles originating 
from the I iver 
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Lipoprotein functions Lipoproteins are composed of varying proportions of cholesterol, TCs, and phospholipids. LDL and 
HDL carry the most cholesterol. 

Cholesterol is needed to maintain cell membrane integrity and synthesize bile acids, steroids, and 
vitamin D. 

Chylomicron Delivers d ietary TCs to periphera l tissues. Delivers c holesterol to liver in the form of chylomicron 
remnants, which are mostly depleted of the ir TCs. Secreted by intestinal epithel ial cells. 

VLDL Delivers hepatic TCs to periphera l tissue. Secreted by liver. 

IDL Delivers TCs and cholesterol to liver. Formed from degradation ofVLDL. 

LDL Delivers hepatic cholesterol to periphera l tissues. Formed by hepatic lipase modification of IDL in 
the liver and periphera l tissue. Taken up by target cells via receptor-mediated endocytosis. L DL is 
Letha l. 

HDL Mediates reverse cholesterol transport from periphery to liver. Acts as a reposi tory for 
apolipoproteins C and E (which are needed for chylomicron and VLDL metabolism). Secreted 
from both liver and intestine. Alcohol t synthesis. IIDL is llealthy. 

Abetalipoproteinemia Autosomal recessive. Mutation in gene that encodes microsomal transfer protein (MTP). 

Familial dyslipidemias 

TYPE 

I- Hyper-
chylomicronemia 

II - Familial hyper-
cho lesterolemia 

111- Dysbeta-
lipoproteinemia 

IV- Hyper-
triglyceridemia 

Chylomicrons, VLDL, LDL absent. Deficiency in ApoB-48, ApoB-100. Affected infants present 
with severe fat malabsorption, steatorrhea, fai lure to th rive. Later manifestations include retin itis 
pigmentosa, spinocerebellar degeneration due to vitamin E deficiency, progressive ataxia, 
acanthocytosis. Intestinal biopsy shows lipid-laden enterocytes. 

Treatment: restriction of long-cha in fatty acids, large doses of ora l vitamin E . 

INHERITANCE PATHOGENESIS I BLOOO LEVEL CLINICAL 

AR Lipoprotein lipase or Chylomicrons, TC, Pancreatitis, 
apolipoprotein C -11 cholesterol hepatosplenomegaly, and 
deficiency eruptive/prur itic xanthomas 

(no t risk for atherosclerosis). 
Creamy layer in supernatant. 

AD Absent or defective Ila: LDL, cholesterol Jleterozygotes (1:500) have 
LDL receptors, or lib: LDL, cholesterol, cholesterol "' 300mg/dL; 
defective ApoB-100 VLDL homozygotes (very rare) have 

cholesterol "' 700+ mg/dL. 
Accelerated atheroscleros is (may 

have MI before age 20), tendon 
(Achilles) xanthomas, and 
corneal arcus. 

AR Defective ApoE Chylomicrons, VLDL Premature atherosclerosis, 
tuberoeruptive and palmar 
xanthomas. 

AD I lepatic VLDL, TC Ilypertriglyceridemia (> 1000 
overproduction of mg/dL) can cause acute 
VLDL pancreatitis. Related to insulin 

resistance. 
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Immunology 

"I hate to disappoint you, but my ntbber lips are immune to your charms." 
- Batman 6 Robin 

"The fully engaged heart is the antibody for the infection of violence." 

- Mark Nepo 

Understand how the many components of the immu ne system operate 
and in teract in the normal immune response to infection at both the 
clinical and cellular levels. Know the immune mechanisms of responses 
to vaccines. Both congenital and acqu ired immu nodeficiencies are very 
testable. Cell surface markers are high yield for understanding immune 
cell interactions and for laboratory diagnosis. Know the roles and 
functions of major cytokines and chemokines. 
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https://www.facebook.com/groups/458274188038799



96 SECTION II IMMUNOLOGY STRUCTURES 

STRUCTURES 

Immune system 
organs 

Lymph node 

Follicle 

Medulla 

Paracortex 

1° organs: 
• Bone marrow- immune cell production, B cell maturation 
• T hymus-T cell maturation 

2° organs: 
• Sp leen, lymph nodes, tonsi ls, Peyer patches 
• Allow immune cel ls to interact with antigen 

A 2° lymphoid organ that has many afferents, I or more efferents. Encapsulated, with trabecu lae. 
Functions are nonspecific fi ltration by macrophages, storage of Band T cells, and immune 
response activation. 

Si te ofB-cell localization and proliferation. 
In outer cortex. 1° foll icles a re dense and 
dormant. 2° follicles have pale central 
germinal centers and are active. 

Consists of medullary cords (closely 
packed lymphocytes and p lasma cells) 
and medullary sinuses. Medullary 
sinuses communicate with efferent 
lymphatics and contain reticular cells 
and macrophages. 

Houses T eel Is. Region of cortex between 
follicles and medulla. Contains high 
endothel ia l venules through which T 
and B cells enter from blood. Not well 
developed in patients with DiCeorge 
syndrome. 

Paracortex enlarges in an extreme 
cellular immune response (eg, EBV and 
other vira l infections - paracortica l 
hyperplasia - lymphadenopathy). 

Afferent 
lymphatic 

(l cells) 

( .--Germinalcenter 

'"7'.---+--Medutlary cords 
{lymphocytes, 
plasma ceUsJ 

,,,.,-Vein 

Efferent 
lymphatic 
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Lymphatic drainage associations 

• Palpable lymph node 

0 Non-palpable lymph node 

l ymph node cluster Area of body drained Associated pathology 

Upper respirat0<y tract infection 
Cervical supraclavicular Head and neck Infectious mononucleosis 

Kawasaki disease 

Mediastinal Trachea and esophagus Primary lung cancer 
Granulomatous 

Hilar Lungs Granulomatous 

Axillary 
Upper limb. breast. skin above Mas ti tis 
umbilicus Metastasis (especially breast cancer) 

Celiac 
liver. st0<nach. spleen. panaeas. 
upper duodenum 

Mesenteric lymphadenitis 

Superior mesenteric Lower duodenum. jejunum. ileum. Typhoid fever 
colon to splenic flexure Ulcerative colitis 

Cefiac disease 
Inferior mesenteric Colon from splenic flexure to 

upper rectum 

Para-aortic Testes. ovaries. kidneys. uterus Metastasis 

External iliac 
Cervix. superi0< bladder. and 
body of uterus 

Lower rectum to anal canal (above 
Internal iliac pectinate tinel. bladder. vagina Sexually transmitted infections 

(middle third). cervix. prostate Medial foot/leg cellutitis 

Anal canal (below pectinate fine I. 
(superficial inguinaU 

Superficial inguinal skin below umbilicus (except 
popltteal area). scrotum. vulva 

Popliteal Dorsolateral foot posterior calf Lateral fooVleg cetlufitis 

• Right lymphatic duct drains right side of body above diaphragm into junction of the right 
subclavian and internal jugular vein 

• Thoracic duct drains below the diaphragm and left thorax and upper limb into junction of left 
subclavian and internal jugular veins (rupture of thoracic duct can cause chylothorax) 13 
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Spleen 

Germinal center 

White pulp (WBCs) 

Periarteriolar 
lymphoid sheath 
(Tcellsl 

Thymus 

IMMUNOLOGY STRUCTURES 

Located in LUQ of abdomen, anterolateral to 
left kidney, protec ted by 9th-11 th ribs. 

Sinusoids are long, vascu lar channels in reel 
pu lp (red arrows in rJ) with fenestratecl "barrel 
hoop" basement membrane. 
• T cells are found in the periarteriolar 

lymphatic sheath (PALS) within the white 
pu lp (white arrows in fi]). 

• B cells are fou nd in fo ll icles with in the 
white pu lp. 

• The marg inal zone, in between the reel pu lp 
and white pulp, contains macrophages ancl 
specia lized B cells, a ncl is where antigen
presenting cells (APCs) capture blood-borne 
antigens for recognition by lymphocytes. 

Sp lenic macrophages remove encapsulated 
bacteria. 

Located in the anterosuperior mecliastinum. 
Site ofT-cell d ifferentiation and maturation. 
Encapsulated. Thymus epithel ium is 
clerivecl from T h ird pharyngeal pouch 
(encloclerm), whereas thymic lymphocytes 
are of mesodermal origin. Cortex is dense 
with immature T cells; Medulla is pa le with 
M ature T cel ls and Ilassall corpuscles fi] 
containing ep ithe lial reticu la r cells. 

Normal neonatal thymus "sai 1-shapecl" on 
CXR [l), involutes with age. 

Splenic dysfunction (eg, postsp lenectomy state, 
sickle cell d isease): I IgM - I complement 
activation - I C3b opsonization 
- t susceptibility to encapsulated organisms. 

Postsplenectomy blood fi ndings: 
• Howell-Jolly bodies (nuclear remnants) 
• Target cells 
• Thrombocytosis (loss of sequestration ancl 

removal) 
• Lymphocytosis (loss of sequestration) 

Vaccinate patients undergoing splenectomy 
aga inst encapsulated organisms 
(pneumococcal, Il ib, meningococcal). 

T cells = T hymus 
B cells = Bone marrow 
Absent thymic shadow or hypoplastic thymus 

seen in some immunodefi ciencies (eg, SCID, 
DiCeorge syndrome). 

Thymoma- neoplasm of thymus. 
with myasthenia gravis, superior vena cava 
syndrome, pure red ce ll aplasia, Coocl 
syndrome. 
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COMPONENTS 

Innate vs adaptive immunity 

COMPONENTS 

MECHANISM 

RESISTANCE 

RESPONSE TO PATHOGENS 

SECRETED PROTEINS 

KEY FEATURES IN PATHOGEN 
RECOGNITION 

Innate immunity 

Neutrophils, macrophages, monocytes, 
dend ri tic cells, natural killer (NK) cells 
(lymphoid origin), complement, physical 
epithelia l barriers, secreted enzymes 

Germ line encoded 

Resistance persists th rough generations; does 
not change with in an organism's lifetime 

Nonspeci fie 
Occurs rapid ly (minutes to hours) 
No memory response 

Lysozyme, complement, C -reactive protein 
(C RP), defensins 

Toll-like receptors (TLRs): pattern recognition 
receptors that recognize pathogen-associated 
molecular patterns (PAMPs) and lead to 
activation of NF-KB. Examples of PAMPs 
include LPS (gram 8 bacteria), Aage llin 
(bacteria), nucleic acids (viruses) 

Adaptive immunity 

T cells, B cells, ci rculating antibodies 

Va riation th rough V(D)J recombination during 
lymphocyte development 

Microbial resistance not heritable 

I Iighly speci fic, refined over time 
Develops over long periods; memory response is 

faster and more robust 

I mmunoglobul ins 

Memory cells: activated Band T cells; 
subsequent exposure to a previously 
encountered antigen - stronger, quicker 
immune response 
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Major 
histocompatibility 
complex I and II 

LOCI 

BINDING 

STRUCTURE 

EXPRESSION 

FUNCTION 

ANTIGEN LOADING 

ASSOCIATED PROTEINS 

STRUCTURE 

IMMUNOLOGY COMPONENTS 

Ml IC encoded by I ILA genes. Present antigen fragments to T cells and bind T-cell receptors 
(TCRs). 

MHCI 

HLA-A, llLA-B, llLA-C 
MIIC I loci have l letter 

TCR and C D8 

MHCll 

llLA-DP, llLA-DQ, llLA-DR 
MllC II loci have 2 letters 

TCR and CD4 

l long chain, l short chain 2 equa l-length chains (2 et, 2 

All nucleated cells, APCs, platelets (except RBCs) APCs 

Present endogenous antigens (eg, vira l or 
cytosol ic proteins) to C D8+ cytotoxic T cells 

Antigen peptides loaded onto MHC I in RER 
after delivery via TAP (transporter associated 
with antigen processing) 

a, 

f}.2- Microglobulin 
bttacellWr space 

Celt memtrane 

Cytoplasm 

Present exogenous antigens (eg, bacteria l 
proteins) to CD4+ helper T cells 

Antigen loaded following re lease of invariant 
chain in an acidified endosome 

Invariant chain 

a, 

HLA subtypes associated with diseases 

HLASUBTYPE 

A3 

88 

827 

c 
DQ2/ DQ8 

DR2 

DR3 

DR4 

DRS 

DISEASE 

Hemoch romatosis 

Addison disease, myasthenia gravis, Graves 
d isease 

Psoriatic arth ritis, Ankylos ing spondylitis, 
IBO-associated arth ritis, Reactive arth ritis 

Psorias is 

Cel iac disease 

Multiple sc lerosis, hay fever, SLE, 
Goodpasture syndrome 

DM type I, SLE, Graves d isease, llashimoto 
thyroiditis, Addison d isease 

Rheumatoid arthritis, DM type 1, Addison 
d isease 

Hashimoto thyroiditis 

MNEMONIC 

I IA3mochromatosis. 

Don't Be late(8), Dr. Addison, or else you'll send 
my patient to the grave. 

PAIR. Also known as seronegative a rthropathies. 

I ate (8) too (2) much gluten at Dai ry Q ueen. 

Multiple hay pastures a re d irty (DR2). 

2-3, S-L-E . 

There a re 4 walls in l "rheum" (room). 

Hashimoto is an odd Dr (DR3, DR5). 



Natural killer cells 
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Lymphocyte member of innate immune system. 
Use perfori n and granzymes to induce apoptosis of virally infected cells and tumor cells. 
Activity enhanced by IL-2, IL-12, IFN-et, and 
Induced to kill when exposed to a nonspecific activation signal on target cell and/or to an absence 

of MI IC I on target eel I surface. 
Also kills via antibody-dependent cell-mediated cytotoxicity (CDl6 binds Fe region of bound IgC, 

activating the NK cell). 

Major functions of Band T cells 

B cells Humoral immunity. 
Recognize antigen- undergo somatic hypermutation to optimize antigen specificity. 
Produce antibody- differentiate into plasma cells to secrete specific immunoglobul ins. 
Maintain immunologic memory- memory B cells persist and accelerate future response to antigen. 

T cells Cell-mediated immunity. 
CD4+ T cells help B cells make antibodies and produce cytokines to recruit phagocytes and 

activate other leukocytes. 
CD8+ T cells directly kill vi rus-infected cells. 
Delayed cell-mediated hypersensitivity (type JV). 
Acu te and chronic cellular organ rejection. 
Rule of 8: M IIC II x CD4 = 8; MIIC I x CD8 = 8. 

Differentiation ofT cells 

Positive selectio n 

Negative selection 

Bonemanow 

, 
\ precursor / 

y T -cell receptor 
(bindsMHC l 
or MHCll) 

., cos 

.,C04 

Thymus 

CD4+CD8+ 
T cell 

Cortex 

selection) 

'°\Y 
CDS+ 
Teen 

y, 
C04+ 
Tcell 

Medulla 
(negative 
selection) 

Lymph node 

Y) 
'°\Y Th! 

--+ Cytotoxic 
Teen 

y, Th2 

--+ Helper 
T cell 

Th!7 

Treg 

Thymic cortex. T cells expressing TCRs capable of binding self-MI IC on cortica l epithe lial cells 
su rvive. 

Thymic medulla. T cells expressing TCRs with high affinity for self antigens undergo apoptosis or 
become regulatory T cells. T issue-restricted self-antigens are expressed in the thymus due to the 
action of autoimmune regulator (AIRE); deficiency leads to autoimmune polyendocri ne syndrome-I. 
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T cell subsets 

SECRETES 

FUNCTION 

INDUCED BY 

INHIBITED BY 

IMMUNODEFICIENCY 

Macrophage
lymphocyte 
interaction 

Cytotoxic T cells 

Regulatory T cells 

IMMUNOLOGY COMPONENTS 

Th1 ce ll 

IFN-y, IL-2 

Activates macrophages 
and cytotoxic T cells 
to kill phagocytosed 
microbes 

Th2 cell 

IL-4, IL-5, IL-6, IL-JO, 
IL-13 

Activates eosinophils 
and promotes 
production of IgE for 
parasite defense 

Th17 cell 

IL-17, IL-21, IL-22 

Immunity aga inst 
extracellula r 
microbes, through 
induction of 
neutroph i I ic 
inflammation 

IFN-y, IL-12 IL-2, IL-4 IL-I, IL-6 

IL-4, IL-JO (from Th2 IFN-y (from Thi cell) IFN-y, IL-4 
cell) 

Mendelian 
susceptibi lity to 
mycobacterial disease 

Ilyper-lgE syndrome 

Treg 

IL-JO, IL-35 

Prevents autoimmunity 
by maintaining 
tolerance to self
antigens 

IL-2 

IL-6 

IPEX 

Thi cel ls secrete IFN-y, which enhances the ability of monocytes and macrophages to kill 
microbes they ingest. T his function is also enhanced by interaction ofT cel l CD40L with CD40 
on macrophages. 

Kill virus-infected, neoplastic, and donor graft cells by inducing apoptosis. 
Release cytotoxic granules containing preformed proteins (eg, perforin, granzyme B). 
Cytotoxic T cel ls have CDS, which binds to M IIC I on vi rus-infected cells. 

Help maintain specific immune tolerance by suppressing CD4 and CDS T-cell effector functions. 
Identified by expression of CD3, CD4, CD25, and FOXP3. 
Activated regulatoryT cells (Tregs) produce anti-inflammatory cytokines (eg, IL-JO, 

IPEX (I mmune dysregulation, Polyendocrinopathy, Enteropathy, X-linked) syndrome-
genetic deficiency of FOXP3 - autoimmunity. Characterized by enteropathy, endocrinopathy, 
nai l dystrophy, dermatitis, and/or other autoimmune dermatologic conditions. Associated with 
d iabetes in male infants. 
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T- and 8-cell activatio n APCs: B cells, dend ritic cells, Langerhans cells, macrophages. 
Two signals are required for T-cell activation, B-cell activation, and class switching. 

T-cell activation 0 Dendritic cell (specialized APC) samples 0 
antigen, processes antigen, and m igrates to ' 

B-cell activation and 
class switching 

the drain ing lymph node. 
@ T-cell activation (signal I): antigen is 

presented on Ml IC II and recognized by 
TCR on T h (CD4+) cell. Endogenous or 
cross-presented antigen is presented on MI IC 
I to Tc (CD8+) cell. 

E> Proliferation and survival (signal 2): 
costimulatory signal via interaction of B7 
protein (CD80/86) on dendritic cell and 
CD28 on na·ive T cel l. 

0 Th cell activates and produces cytokines. Tc 
cell activates and is able to recognize and kill 
vi rus-infected cell. 

0 Th-cell activation as above. 
@ B-cell receptor- mediated endocytosis; 

foreign antigen is presented on MHC II and 
recognized by TCR on T h cell. 

E> CD40 receptor on B cell binds CD40 ligand 
(CD40L) on T h cell. 

0 Th cells secrete cytokines that determine 
lg class switching of B cells. B cells are 
activated, undergo class switching and 
affini ty maturation, and begin producing 
antibodies. 

0 
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RESPONSES 

Antibody structure 
and function 

Fab (containing the variable/hypervari able regions) consisting of light (L) a nd heavy (11) chains 
recognizes a ntigens. Fe region of lgM and lgG fixes complement. Heavy chain contributes to Fe 
and Fab regions. Light chain contributes only to Fab region. 

Antigen-
binding site --..._ 

Heavy chain 

1t, v, 
,, c,1 Hinge} c,.1 

c, \_ c. 
SS 

C =Constant 
v =Variable 
l = light C,2 

H =Heavy 
SS = Disulfide bond Fe region 

Opsonization 

C,,2 - Complement 
binding 

>Macrophage 
binding 

Neutralization Complement 
activation 

Membrane 
attack complex 
(MAC) 

Antibody promotes 
phagocytosis 

Antibody p.events 
bacterial adherence 

Antibody activates 
complement enhancing 
opsonization and lysis 

Fab: 
• F ragment, a ntigen binding 
• Determines idiotype: unique antigen-binding 

pocket; only I antigenic specificity expressed 
per B cel l 

Fe: 
• C onstant 
• C arboxy term inal 
• C omplement binding 
• C arbohydrate side chains 
• Determines isotype (lgM, lgD, etc) 

Generation of antibody diversity (antigen 
independent) 

I. Random recombination of VJ (light-chain) 
or V(D)J (heavy-chain) genes 

2. Random addition of nucleotides to 
DNA during recombination by terminal 
deoxynucleotidyl transferase (TdT) 

3. Random combination of heavy chains with 
ligh t cha ins 

Generation of antibody specificity (antigen 
dependent) 

4. Somatic hypermutation and affinity 
maturation (variable region) 

5. lsotype switching (constant region) 



lmmunoglobulin 
isotypes 

lgG 

v 
lgA 

lgM 

lgD 

v 
lgE 
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All isotypes can exist as monomers. Mature, na·ive B cells prior to activation express IgM and IgD 
on thei r surfaces. They may d ifferentiate in germinal centers of lymph nodes by isotype switching 
(gene rearrangement; induced by cytokines and CD40L) into plasma cells that secrete IgA, IgE, 
or IgC. 

Main antibody in 2° response to an antigen. Most abundant isotype in serum. Fixes complement, 
opsonizes bacteria, neutra lizes bacterial toxins and viruses. Only isotype that crosses the placenta 
(provides infants with pass ive immunity that starts to wane after 6 months of age). 

Prevents attachment of bacteria and viruses to mucous membranes; does not fix complement. 
Monomer (in ci rculation) or d imer (with J chain when secreted). Crosses epithe lia l cells by 
transcytosis. Produced in CI tract (eg, by Peyer patches) and protects aga inst gut infections (eg, 
Ciardia). Most produced antibody overall, but has lower serum concentrations. Released into 
secretions (tears, saliva, mucus) and breast mi lk. Picks up secretory component from epithelia l cells, 
which protec ts the Fe portion from lumina l proteases. 

Produced in the 1° (immediate) response to an antigen. Fixes complement. Antigen receptor on the 
surface of B cells. Monomer on B cell , pentamer with J chain when secreted. Pentamer enables 
avid binding to antigen while humora l response evolves. 

Unclear function. Found on surface of many B cells and in serum. 

Binds mast cells and basophils; c ross-links when exposed to a llergen, mediating immediate (type I) 
hypersensitivity through release of inflammatory mediators such as histamine. Contributes to 
immunity to parasites by activating eosinophils. Lowest concentration in serum. 

Antigen type and memory 

Thymus-independent Antigens lacking a peptide component (eg, lipopolysaccha rides from gram 8 bacteria); cannot 
antigens be presented by MIIC to T cells. Weakly immunogenic; vaccines often require boosters and 

adjuvants (eg, capsular polysaccharide subun it of Streptococcus pneumoniae PPSV23 vaccine). 

Thymus-dependent Antigens containing a protein component (eg, Streptococcus pneumoniae PCVI 3 vaccine, 
antigens polysaccharides conjugated to diphtheria toxin-like protein). Class switching and immunologic 

memory occur as a result of direct contact of B cells with Th cells. 
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Complement 

ACTIVATION PATHWAYS 

FUNCTIONS 

IMMUNOLOGY RESPONSES 

System ofhepatically synthesized plasma proteins that play a role in innate immunity and 
inflammation. Membrane attack complex (MAC) defends against gram 8 bacteria. 

Classic- lgG or IgM mediated. CM makes classic cars. 
Alternative- microbe surface molecules. 
Lectin- mannose or other sugars on microbe 

surface. 

C3b-opsonization. 
C3a, C4a, C5a- anaphylax is. 
C5a- neutrophil chemotaxis. 
C5b-9- cytolysis by MAC. 

Opsonins- C3b and IgC are the two I 0 

opsonins in bacteria l defense; enhance 
phagocytos is. C3b also helps clear immune 
complexes. 

Inhibitors- decay-accelerating factor (OAF, 
aka CD55} and C l esterase inhibitor help 
prevent complement activation on self cells 
(eg, RBCs). 

C3b binds to lipopolysaccharides on bacteria. 

Opsonin (C reek) = to prepare for eating. 

__ A_lte_ma_ t_iv_• _ 

Spontaneous and 

C3bBb 
(C3 convertase) 

C3bBb3b 
(CS convertase) 

microbial surfaces ,_ ___ _, 

/ 1(5\ CSa r;. :"\ ,,,.,,., lysis, 

Amplifies generation ot C3b 

Ledin 

Microbial surfaces 
(eg. mannose) 

Classic 

Antigen-antibody 
complexes 

O·tike 
complex 

C4a 

. 
CliJ 

3b 'r -t"-+ cytotoxicity 
(CSb-9) 

C4b2b3b 
(CS convenase) 

*Historically, me larger fragment ot C2 was 
called C2.a but is now referred to as C2b. 
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Complement disorders 

Complement protein deficiencies 

Early complement 
deficiencies (C1-C4) 

Terminal complement 
deficiencies (CS- C9) 

Increased risk of severe, recurrent pyogenic sinus and respiratory tract infections. Increased risk of 
SLE. 

Increased susceptibil ity to recurren t Neisseria bacteremia. 

Complement regulatory protein deficiencies 

C1 esterase inhibitor 
deficiency 

Paroxysmal nocturnal 
hemoglobinuria 

Causes hered itary angioedema due to unregulated activation of ka llikrein - t bradykinin. 
Characterized by I C4 levels. ACE inhibitors are contra indicated (a lso t bradykin in). 

A defect in the PICA gene preventing the formation of glycosylphosphatidylinositol (CPI) a nchors for 
complement inhibitors, such as decay-acclerating factor (DAF/CD55) and membrane inhibitor of 
reactive lysis (MIRL/CD59). Causes complement-mediated intravascula r hemolysis 
- I haptoglobin, dark urine f'i.1. 
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Important cytokines 
SECRETED BY MACROPHAGES 

lnterleukin-1 

lnterleukin-6 

Tumor necrosis 
factor-a 

lnterleukin-8 

lnterleukin-12 

SECRETED BY ALL T CELLS 

lnterleukin-2 

lnterleukin-3 

FROM Thl CELLS 

lnterferon-y 

FROM Th2 CELLS 

lnterleukin-4 

lnterleukin-5 

lnterleukin-10 

IMMUNOLOGY RESPONSES 

Acute (IL-I, IL-6, TNF-a), then recruit (IL-8, IL-12). 

Causes fever, acute inAammation. Activates 
endothel ium to express adhesion molecules. 
Induces chemokine secretion to recruit WBCs. 
Also known as osteoclast-activating factor. 

Causes fever and stimulates production of acute
phase proteins. 

Activates endothel ium. Causes WBC 
recruitment, vascular leak. 

Major chemotactic factor for neutrophi ls. 

Induces d ifferentiation ofT cells into Th I cells. 
Activates NK cells. 

Stimulates growth of helper, cytotoxic, and 
regulatory T cells, and NK cells. 

Supports growth and differentiation of bone 
marrow stem cells. Functions like CM-CSF. 

Secreted by NK cells and T cells in response to 
antigen or IL-12 from macrophages; stimulates 
macrophages to ki ll phagocytosed pathogens. 
Inhibits differentiation ofTh2 cells. 

Induces d ifferentiation ofT cells into Th 
(helper) 2 cells. Promotes growth of B cells. 
Enhances class switching to lgE and IgC . 

Promotes growth and differentiation of B cells. 
Enhances class switch ing to IgA. Stimulates 
growth and d ifferentiation of eosinophils. 

"Ilot T-bone stEAK": 

IL-I: fever (hot). 
IL-2: stimulates T cells. 
IL-3: stimulates bone marrow. 
IL-4: stimulates IgE production. 
IL-5: stimulates IgA production. 
IL-6: stimulates aKute-phase protein 

production. 

Causes cachexia in malignancy. 
Mainta ins granulomas in TB. 
IL-I, IL-6, TNF-a can mediate fever and sepsis. 

"Clean up on aisle 8." Neutrophils a re recruited 
by IL-8 to clear infections. 

Also activates NK cells to ki ll virus-infected 
cells. Increases MIIC expression and antigen 
presentation by all cells. 

Ain't too proud 2 BEG 4 help. 

Attenuates inAammatory response. Decreases TCF-P and IL-10 both attenuate the immune 
expression of MIIC class II and T h I cytokines. response. 
Inhibits activated macrophages and dend ri tic 
cells. Also secreted by regulatory T cells. 



Respiratory burst 

Interferons 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Also known as oxidative burs t. Involves the activation of the phagocyte NADPI I oxidase complex 
(eg, in neutrophi ls, monocytes), which utilizes 0 2 as a substrate. Plays an important role in the 
immune response - rapid release of reactive oxygen species (ROS). NADPll plays a role in both 
the creation and neutralization of ROS. Myeloperoxidase contains a blue-green, heme-containing 
pigment that gives sputum its color. 

NADPH oxidase 
0 {deficiency= chronic 

granulomatous disease) 
0 

a Su peroxide dismutase NADPH =1o 
NADPt 

E) Myeloperoxidase o ·· 
2 r Neutrophil !@ cell membrane 

0 Catalase/glutathiooe 
peroxidase H202 

0 Glulathione reductase H,o+o,J H20 2 H20 
{via biKterial Cl - >o< 0 Glucose-6-phokhate Cilt.JlaseJ E) 

dehydrogenase G6PDJ GSH GSSG 
HOCl ' . _. 

GSH/ Glutathione (reduced/ 
NADP' 0 NADPH GSSG ox1d1zedJ - 11,--S- >A"( {from HMP shunt) 

HOCl ' Bleach {hypochlorite) Glucose-6-P 0 6-phosphogluconolactooe 

o·· 2 Su peroxide 

Phagocytes of patients with CCD can utilize l 120 2 generated by invading organisms and convert it 
to ROS. Patients are at t risk for infection by catalase ®species (eg, S aureus, Aspergillus) capable 
of neutralizing thei r own I 120 2, leaving phagocytes without ROS for fighting infections. 

Ii! 

Pyocyanin of P aeruginosa generates ROS to kill competing pathogens. Oxidative burst also leads to 
K+ inAux, which releases lysosomal enzymes. Lactoferrin is a protein found in secretory Auids and 
neutrophils that inhibits microbial growth via iron chelation. 

IFN-a, IFN-y 

A part of innate host defense, interferons interfere with both RNA and DNA vi ruses. Cells 
infected with a virus synthesize these glycoproteins, which act on local cell s, priming them 
for viral defense by downregulating protein synthesis to resist potential viral repl ication and by 
upregulating Ml IC expression to faci litate recogni tion of infected cells. Also play a major ro le in 
activating anti tumor immunity. 

Chronic I IBV and I ICV, Kaposi sarcoma, hairy cell leukemia, condyloma acuminatum, renal cell 
carcinoma, malignant melanoma, multiple sclerosis, chronic granulomatous disease. 

Flu-like symptoms, depression, neutropenia, myopathy, interferon-induced autoimmunity 
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Cell surface proteins 

T cells 

Helper T cells 

Cytotoxic T cells 

Regulatory T cells 

B cells 

Macrophages 

NK cells 

Hematopoietic stem 
cells 

Anergy 

IMMUNOLOGY RESPONSES 

TCR (binds antigen-M l IC complex) 
C D3 (associated wi th TCR for signal 

transduction) 
C D28 (binds B7 on APC) 

C D4, CD40L, CXCR4/CCR5 (co-receptors for 
HIV) 

CD8 

C D4,CD25 

lg (binds antigen) 
C Dl9, C D20, CD21 (receptor for Epstein-Barr 

vi rus), CD40 
MIIC II, B7 

C D l4 (receptor for PAMPs, eg, LPS), C D40 
CCRS 
MIIC II, B7 (CD80/86) 
Fe and C3b receptors (enha nced phagocytosis) 

C Dl6 (binds Fe of lgC), CD56 (suggestive 
marker for NK) 

C D34 

Must be 21 to drink Beer in a Barr. 

State during which a ce ll cannot become ac tivated by exposure to its antigen. T and B cells 
become anerg ic when exposed to thei r antigen without costimulatory signal (signa l 2). Another 
mechanism of se lf-tolerance. 

Passive vs active immunity 

MEANS Of ACQUISITION 

ONSET 

DURATION 

EXAMPLES 

NOTES 

Passive 

Receiving preformed antibodies 

Rapid 

Short span of antibodies (ha lf-life= 3 weeks) 

IgA in breast milk, maternal IgC crossing 
placenta, a ntitoxin, humanized monoclonal 
antibody 

After exposure to Te tanus toxin, Botulinum 
toxin, IIBV, Varicella, Rabies virus, or 
D iphtheria toxin, unvaccinated patients are 
given preformed antibodies (passive)- "To Be 
Ilea led Very Rapidly before D yi ng" 

Active 

Exposure to foreign antigens 

Slow 

Long-lasting protection (memory) 

Natura l infection, vaccines, toxoid 

Combined passive and active immunizations 
can be given for hepatitis B or rabies exposure 



Vaccination 

VACCINE TYPE 

live attenuated 
vaccine 

Killed or inactivated 
vaccine 

Subunit 

Toxoid 
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Induces a n active immune response (11llmOra l and/or cellu la r} to specific pathogens. 

DESCRIPTION 

Microorganism loses its 
pathogenicity but reta ins 
capaci ty for transient 
growth with in inoculated 
host. Induces cellular and 
humoral responses. MMR 
and varice lla vaccines can 
be g iven to lllV 6:> patients 
without evidence of immunity 
if CD4 cell count 2: 200 cells/ 
n1n1'. 

Pathogen is inactivated by heat 
or chemicals. Mainta in ing 
epitope structure on surface 
antigens is important for 
immune response. Main ly 
induces a humoral response. 

Includes only the antigens that 
best stimulate the immune 
system. 

Denatured bacteria l tox in with 
an intact receptor binding 
si te. Stimulates the immune 
system to make antibodies 
without potential for causing 
d isease. 

PROS/CONS 

Pros: induces strong, often 
lifelong immunity. 

Cons: may revert to virulent 
form. Often contraind icated 
in pregnancy and 
immunodeficiency. 

Pros: safer than live vaccines. 
Cons: weaker immune 

response; booster shots 
usua lly required. 

Pros: lower chance of adverse 
reactions. 

Cons: expensive, weaker 
immune response. 

Pros: protects against the 
bacteria l tox ins. 

Cons: antitoxin levels decrease 
with time, may require a 
booster. 

EXAMPLES 

Adenovirus (nonattenuated, 
given to mil itary recruits}, 
Typhoid (Ty21a, ora l}, 
Polio (Sabin}, Varicella 
(chickenpox}, Smallpox, 
BCC, Yellow fever, In fl uenza 
(intranasal}, MMR, Rotavirus 

"Attention Teachers! Please 
Vaccinate Small, Beautifu l 
Young Infants with MMR 
Regularly!" 

Rabies, lnA uenza (injection), 
Polio (Salk}, hepatitis A, 
typhoid (Vi polysaccharide, 
intra muscular) 

SalK = Killed 
RIP Always 

HBV (an tigen = llBsAg), 
HPV (types 6, 11, 16, a nd 
18), acellu lar pertussis 
(aP}, Neisseria me11i11gitidis 
(various stra ins), Streptococcus 
pneumoniae, llaemophilus 
i11flue11;zae type b. 

Clostridium tetani, 
Cory11ebacterium diphtheriae 
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Hypersensitivity types Four types (ABCD): Anaphylactic and Atopic (type I), AntiBody-mediated (type II}, Immune 
C omplex (type Ill}, Delayed (cell-med iated, type IV). Types I, II, and III are a ll a ntibody-mediated. 

Type I 
hypersensitivity 

Allerf./gn specific lgE 

Fe receptor 

,. 
Degranu\ation ··:· 

. . . . . . . 

Type II 

hypersensitivity 

fc receptor 
forlgG 

Surface antigen _} 

.Abnormal cett / ""-

Antibody-dependent 
cellular cytotoxicity Ii! 

Anaphylactic and atopic-two phases: 
• Immediate (m inutes): antigen crosslinks 

preformed lgE on presensitized mast cells 
- immediate degranu lation - release of 
histamine (a vasoactive amine} and tryptase 
(a marker of mast cell activation}. 

• Late (hours}: chemokines (attract 
inflammatory cells, eg, eosinophi ls) and 
other mediators (eg, leukotr ienes} from mast 
cells - inflammation a nd tissue damage . 

Antibodies bind to cell-surface antigens 
- cellular destruction, inflammation, and 
cellular dysfunction. 

Cellular destruction- cell is <>psonized (coated} 
by antibod ies, leading to e ither: 
• Phagocytosis and/or activation of 

complement system. 
• NK ce ll kill ing (antibody-dependent cellular 

cytotoxicity). 
Inflammation-binding of antibod ies to cell 

surfaces - activation of complement system 
and Fe receptor-mediated inflammation. 

Cellular dysfunction- an tibodies bind to cell 
surface receptors - abnormal blockade or 
activation of downstream process. 

F irst (type} and Fast (anaphylax is}. 
Test: sk in test or blood test (ELISA) for a llergen

specific lgE. 
Example: 

• Anaphylax is (eg, food, drug, or bee sting 
allerg ies) 

• Allergic asthma 

Direct Coombs test-detects antibod ies 
attached directly to the RBC surface. 

Indi rect Coombs test-detects presence of 
unbound a ntibodies in the serum 

Examples: 
• Autoimmune-hemolytic anemia 
• Immune thrombocytopenia 
• Tra nsfusion reactions 
• Hemolytic disease of the newborn 

Examples: 
• Goodpasture syndrome 
• Rheumatic fever 

• Hyperacute transplant rejection 
Examples: 

• Myasthenia gravis 
• Craves disease 
• Pemphigus vu lgaris 



IMMUNOLOGY RESPONSES SECTION II 11 3 

Hypersensitivity types (continued) 

Type Il l 
hypersensit ivity 

Type IV 
hypersensit ivity 

- Antigen 4 

presenting cell 

Cytokines • 

• • • 

I 
Activated 
macrophage 

Delayed-type 
hypersensaivity 

l1J 

Immune complex- a ntigen-antibody (most ly 
IgC) complexes activate complement, which 
attracts neutrophils; neutroph ils release 
lysosomal enzymes. 

Can be associated wi th vasculitis and systemic 
manifestations. 

Serum sickness- the prototypic immune 
complex d isease. Antibodies to foreign proteins 
are produced and 1- 2 weeks later, antibody
antigen complexes form and deposi t in tissues 
- complement activation - in fla mmation 
and tissue damage. 

Arthus reaction- a local subacute immune 
complex-mediated hypersensitivity reaction. 
lntradermal injection of a ntigen into a 
presensitized (has circulating IgC) individua l 
leads to immune complex formation in the 
sk in. C haracterized by edema, necrosis, and 
activation of complement. 

Two mechanisms, each involving T cells: 

I. Direct cell cytotoxicity: CDS+ cytotoxic T 
cells ki ll targeted cells. 

2. Inflammatory reaction: effector C D4+ 
T cells recognize antigen and release 
inflammation-inducing cytokines (shown 
in illustration). 

In type III reaction, imagine an immune 
complex as 3 th ings stuck together: antigen
antibody-complement. 

Examples: 
• SLE 
• Polyarteritis nodosa 
• Poststreptococca l glomerulonephritis 

Fever, urtica ria, arthralgia, proteinuria, 
lymphadenopathy occur 1- 2 weeks after 
antigen exposure. Serum sickness-like 
reactions are associated with some drugs (may 
act as haptens, eg, penici ll in) and infections 
(eg, hepatitis B). 

Response does not involve antibodies (vs types I, 
II, a nd 111). 

Examples: contact dermatitis (eg, poison ivy, 
nickel a llergy) and gra ft-versus-host disease. 

Tests: PPD for TB infection; patch test for 
contact dermatitis; Candida skin test for T cell 
immune function. 

4T's: T cells, Transplant rejections, T B skin 
tests, Touching (contact dermatitis). 

Fourth (type) and last (delayed). 



1 1 4 SECTION II IMMUNOLOGY RESPONSES 

Blood t ransfusion reactions 
TYPE 

Allergic/anaphylactic 

reaction 

Acute hemolytic 
transfusion reaction 

Febrile nonhemolytic 

transfusion reaction 

Transfusion-related 

acute lung injury 

PATHOGENESIS 

Type I hypersensitivity reaction 
against plasma proteins 
in transfused blood. IgA
deficient individua ls must 
receive blood produc ts 
without IgA. 

Type II hypersensitivity 
reaction. lntravascular 
hemolysis (ABO blood 
group incompatib ility) or 
extravascula r hemolysis (host 
antibody reaction against 
foreign antigen on donor 
RBCs). 

Two known mechanisms: 
most likely induced by 
cytokines that are created 
and accumulate during the 
storage of blood products; 
or associated with type II 
hypersensitivity reaction 
with host antibodies d irected 
against donor IILA and 
WBCs. 

Donor anti-leukocyte 
antibod ies aga inst recipient 
neutrophi ls a nd pulmonary 
endothel ia l cel ls. 

CLINICAL PRESENTATION TIMING 

Urtica ria, prur itus, fever, Within minutes to 2-3 hours 
wheezing, hypotension, 
respiratory arrest, shock. 

Fever, hypotension, tachypnea, Within I hour 
tachycardia, Aank pain, 
hemoglobinuria (intravascu lar 
hemolysis), jaundice 
(extravascu lar). 

Fever, headaches, c hills, Within 1- 6 hours 
Aushing. Reaction prevented 
by leukoreduction of blood 
products. 

Respiratory distress a nd Within 6 hours 
noncardiogenic pulmona ry 
edema. 



Autoantibodies 
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AUTOANTIBODY 

Anti-ACh receptor 

Anti-presynaptic voltage-gated ca lc ium channel 

glycoprotein I 

Antinuclear (ANA) 

Anticardiol ip in, lupus anticoagula nt 

Anti-dsDNA, anti-Smith 

Anti-hi stone 

Anti-Ul RNP (ribonucleoprotein) 

Rheumatoid factor (IgM antibody against IgC 
Fe region), anti-CCP (more specific) 

Anti-Ro/SSA, anti-La/SSB 

Anti-Scl-70 (anti-DNA topo isomerase I) 

A nticentromere 

Antisynthetase (eg, anti-Jo-I), anti-SRP, anti-
he licase (anti-M i-2) 

Anti mitochondrial 

Anti-smooth muscle 

MPO-ANCA/p-ANCA 

PR3-ANCA/c-ANCA 

Anti-phospholipase A2 receptor 

Anti-hemidesmosome 

A nti-desmoglei n (a nti-desmosome) 

Anti microsomal, antithyroglobul in, antithyroid 
peroxidase 

Anti-TS I I receptor 

IgA an ti-e ndomysia l, IgA anti-tissue 
transglutaminase, IgA a nd IgC deamidated 
gliadin peptide 

Anti-glutamic acid decarboxylase, islet cell 
cytoplasmic antibod ies 

Antiparieta l cell, a nti-intrinsic factor 

Anti-glomerular basement membrane 

ASSOCIATED DISORDER 

Myasthenia gravis 

Lambert-Eaton myasthenic syndrome 

Antiphospholipid syndrome 

Nonspeci fic screening antibody, often associated 
with SLE 

SLE, antiphospholipid syndrome 

SLE 

Drug-induced lupus 

Mixed connective tissue disease 

Rheumatoid a rthritis 

S jogren syndrome 

Scleroderma (diffuse) 

Limited sc leroderma (C REST syndrome) 

Polymyos itis, derma tomyositis 

1° biliary cholangitis 

Autoimmune hepatitis type I 

Microscopic polyang iitis, eosinoph ilic 
granu lomatosis with polyangi itis (Churg
Strauss syndrome), u lcerative col itis 

Cranulomatosis with polyangi itis (Wegener) 

I 0 membra nous neph ropathy 

Bullous pemphigoid 

Pemphigus vu lgaris 

Ilashimoto thyroid itis 

Craves disease 

Celiac disease 

Type I diabetes mellitus 

Pernicious anemia 

Goodpasture syndrome 
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Immunodeficiencies 
DISEASE DEFECT PRESENTATION 

B-cell disorders 

X-linked (Bruton) Defect in BTK, a tyrosine Recurrent bacterial ancl 
enteroviral infections after 6 
months (I maternal IgG). 

agammaglobulinemia kinase gene - no B-cell 
maturation. X-linkecl recessive 
(t in Boys). 

Selective lgA 
deficiency 

Common variable 
immunodeficiency 

T-cell disorders 

Thymic aplasia 

IL-12 receptor 
deficiency 

Autosomal dominant 
hyper-lgE syndrome 
(Job syndrome) 

Chronic 
mucocutaneous 
candidiasis 

Unknown. Most common I 0 Majority Asymptomatic. 
immunocleficiency. Can see Airway and GI 

infections, Autoimmune 
cl isease, Atopy, Anaphylaxis to 
IgA-containing products. 
. . 

Defect in B-cell differentiation. Usually presents after age 2 ancl 
Cause is unknown in most may be consiclerably delayecl; 
cases. t risk of autoimmune disease, 

bronchiectasis, lymphoma, 
sinopulmonary infections. 

22ql I microdeletion; fai lure 
to clevelop 3rd ancl 4th 
pharyngeal pouches - absent 
thymus ancl parathyroids. 

DiGeorge syndrome- thymic, 
parathyroicl, carcliac clefects. 

Velocardiofacia l syndrome
palate, facial, carcl iac defec ts. 

I Th I response. Autosomal 
recessive. 

Deficiency of Th 17 cells due to 
STAT> mutation - impai recl 
recruitment of neutrophils to 
si tes of infection. 

T-cell clysfunction. 
Heterogeneous group of 
immune system clefects 
- impairecl cell-mediated 
immunity against Candida 
sp. Classic form caused by 
clefects in AIRE. 

CATCII-22: Cardiac clefects 
(coMtruncal abnormal ities 
[eg, tetra logy of Fallot, truncus 
arteriosus)), Abnormal facies, 
Thymic hypoplasia - T-cell 
cleficiency (recurrent viral/ 
fungal infections), Cleft 
palate, llypocalcemia 2° to 
parathyroid aplasia - tetany. 

Disseminated mycobacterial 
and funga l infections; may 
present after administration of 
BCG vaccine. 

Cold (noninAamed) 
staphylococcal Abscesses, 
retained Baby teeth, Coarse 
facies, Dermatologic problems 
(eczema), t IgE, bone 
Fractures from minor trauma. 
Learn the ABCDEF's to get 
a Job! 

Noninvasive Candida albicans 
infections of skin and mucous 
membranes. 

FINDINGS 

Absent B cells in peripheral 
blood, I lg of all classes. 

Absent/scanty lymph nodes 
and tonsi ls (1° foll icles and 
germinal centers absent). Live 
vaccines contraindicatecl. 

I IgA with normal IgG, IgM 
levels. t susceptibility to 
giardiasis. 

I plasma cells, 
I immunoglobulins. 

I T cells, I PTII, I Caz+. 
Thymic shadow absent on 

CXR. 

I IFN-y. 

t IgE. 
t eosinophils. 

Absent in vitro T-cell 
proliferation in response to 
Candida antigens. 

Absent cutaneous reaction to 
Candida antigens. 
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Immunodeficiencies (continued) 

DISEASE 

B- and T-cell disorders 

Severe combined 
immunodeficiency 

Ataxia-telangiectasia 

Hyper-lgM syndrome 

Wiskott-Aldrich 

syndrome 

Phagocyte dysfunction 

Leukocyte adhesion 
deficiency (type 1 l 

Chediak-Higashi 
syndrome 

Chronic 
granulomatous 
disease 

DEFECT 

Severa l types including 
defective IL-ZR gamma 
chain (most common, 
X-linked recessive), adenosine 
deaminase deficiency 
(autosomal recessive). 

Defects in ATM gene - failure 
to detect DNA damage 
- fai lure to ha lt progression 
of cell cycle - mutations 
accumulate; autosomal 
recessive. 

Most commonly due to 
defective CD40L on T h ce lls 
- class switching defect; 
X-linked recessive. 

Mutation in WAS gene; 
leukocytes and plate lets 
unable to reorganize actin 
cytoskeleton - defective 
antigen presentation; X-linked 
recessive. 

Defect in LFA-1 integrin 
(C Dl8) protein on 
phagocytes; impaired 
migration and chemotaxis; 
autosomal recessive. 

Defect in lysosomal trafficking 
regulator gene (LYST). 

Microtubule dysfunction in 
phagosome-lysosome fusion; 
autosomal recessive. 

Defect of NADPI I oxidase 
- I reactive oxygen 
species (eg, superoxide) 
and I respiratory burst in 
neutrophils; X-linked form 
most common. 

PRESENTATION 

Failure to thrive, chronic 
d ia rrhea, thrush. Recurrent 
viral, bacteria l, fungal, and 
protozoa) infections. 

Treatment: avoid live vaccines, 
give antimicrobia l prophylaxis 
and IVIC; bone marrow 
transpla nt curative (no 
concern for rejection). 

Triad: cerebellar defects 
(Ataxia), sp ider Angiomas 
(te langiectasia fl}, IgA 
defi ciency. 

t t sensitivity to radiation (limit 
x-ray exposure). 

Severe pyogenic infec tions 
early in life; opportun istic 
infection with Pneumocystis, 
Cryptosporidium, CMV. 

WATER: Wiskott-Aldrich: 
T h rombocytopenia, Eczema, 
Recurrent (pyogenic) 
infections. 

t risk of autoimmune disease 
and malignancy. 

Recurrent sk in and mucosa) 

bacteria l infections, absent 
pus, impai red wound hea ling, 
delayed (> 30 days) separation 
of umbilical cord. 

PLAIN: P rogressive 
neurodegeneration, 
Ly mp hoh istiocytosis, 
Albin ism (partia l), recurrent 
pyogenic Infections, 
periphera l Neuropathy. 

t susceptibility to catalase ® 
organisms. 

FINDINGS 

I T-cell receptor excis ion 
ci rcles (TRECs). 

Absence of thymic shadow 
(CXR), germina l centers 
(lymph node biopsy), a nd 
T cells (Aow cytometry). 

t AFP 
I IgA, IgC, a nd IgE. 
Lymphopenia, cerebellar 

atrophy. 
t risk of lymphoma and 

leukemia. 

Normal or t IgM. 
I I IgC, IgA, IgE. 
Failure to make germina l 

centers. 

I to normal IgC, IgM. 
t IgE, IgA. 
Fewer and smaller platelets. 

t neu trophils in blood. 
Absence of neutrophils at 

infection sites. 

Giant granu les (llJ, arrows) in 
granulocytes and platelets. 

Pancytopenia . 
Mild coagulation defects. 

Abnorma l dihydrorhodamine 
(Aow cytometry) test (I green 
Auorescence). 

Nitroblue tetrazolium dye 
reduction test (obsolete) fa ils 
to turn blue. 
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Infections in immunodeficiency 

PATHOGEN I TCELLS 

Bacteria Sepsis 

Viruses CMV, EBV, JC 
vi rus, VZV, chronic 
infection with 
respiratory/GI viruses 

I BCELLS 

Encapsulated (P lease 
SIIINE my SKiS): 
Pseudomonas 
aeruginosa, 

Streptococcus 
pneumoniae, 
I Iaemophilus 
In fluen;zae type b, 
Neisseria 
meningitidis, 
Escherichia coli, 
Salmonella, 
Klebsiella 
pneumoniae, 
Group B 
Streptococcus 

Enterovira l 
encepha litis, 
poliovirus 
(live vaccine 
contra indicated) 

I GRANULOCYTES 

Some Bacteria 
P roduce No 
Serious granules: 
Staphylococcus, 
Burkholderia cepacia, 
Pseudomonas 
aeruginosa, Nocardia, 
Serra ti a 

NIA 

I COMPLEMENT 

Encapsulated 
species with early 
complement 
deficiencies 

Neisseria with late 
complement (C5-
C9) deficiencies 

NIA 

Fungi/parasites Candida (local), PC P, GI giard iasis (no IgA) Candida (systemic), NIA 
Cryptococcus Aspergillus, J\llucor 

Note: B-cell deficiencies tend to produce recurren t bacteri al infec tions, whereas T-cell deficiencies produce more fu ngal and 
viral infections. 



Transplant rejection 
TYPE Of REJECTION 

Hyper acute 

Acute 

Chronic 

Graft-versus-host 
disease 
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ONSET 

Within minutes 

Weeks to months 

Months to years 

Va ries 

PATHOGENESIS 

Pre-existing recipient antibodies 
react to donor antigen (type II 
hypersensitivity reaction), activate 
complement. 

Cellular: CDS+ T cells and/ 
or CD4+ T cells activated 
against donor MIICs (type IV 
hypersensitivity reaction). 

Humora l: similar to hyperacute, 
except antibodies develop after 
transplant. 

CD4+ T cells respond to recipient 
APCs presenting donor peptides, 
including a llogeneic M !IC. 

Both cellular and humora l 
components (type II and IV 
hypersensitivity reactions). 

Crafted immunocompetent 
T cells proliferate in the 
immunocompromised host 
and reject host cells with 
"foreign" proteins - severe 
organ dysfunction. Type IV 
hypersensitivity reaction. 

FEATURES 

Widespread thrombosis of graft 
vessels (arrows with in glomerulus D} 
- ischemia/necrosis. 

Craft must be removed. 

Vasculitis of graft vessels with dense 
interstitial lymphocytic cellular 
infi ltrate [J Prevent/reverse with 

Recipient T cells react and secrete 
cytokines - pro liferation of 
vascular smooth muscle, 
parenchymal atrophy, interstitia l 
fibrosis. Dominated by 
arteriosclerosis l!I. 

Organ-specific examples: 
• Bronchiolitis obliterans (lung) 
• Accelerated atherosclerosis 

(heart) 
• Chronic graft nephropathy 

(kidney) 
• Vanish ing bi le duct syndrome 

(liver) 

Maculopapular rash, jaundice, 
d ia rrhea, hepatosplenomegaly. 

Usua lly in bone marrow and liver 
transplants (rich in lymphocytes). 

Potentially benefic ia l in bone 
marrow transplant for leukemia 
(graft-versus-tumor effect). 

Irradiate blood products 
prior to tranfusion for 
immunocompromised patients to 
prevent CVHD. 
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IMMUNOLOGY-IMM UNOS UPPRESSANTS 

lmmunosuppressants Agents that block lymphocyte activation and proliferation. Reduce acute transplant rejection by 
suppressing cellular immunity (used as prophylax is). Frequently combined to achieve greater 
efficacy with I toxicity. Chronic suppression t risk of infec tion and malignancy. 

DRUG MECHANISM INDICATIONS TOXICITY NOTES 

Cyclosporine 

Tacrolimus (FKS06) 

Sirolimus (Rapamycin) 

Basiliximab 

Azathioprine 

Mycophenolate 
Mofeti l 

Glucocorticoids 

Calcineurin inhibitor; 
binds cyclophilin. 
Blocks T-cell 
activation by 
preventing IL-2 
transcription. 

Calcineurin inhibitor; 
binds FK506 binding 
protein (FKBP). 

Blocks T-cell activation 
by preventing IL-2 
transcription. 

mTOR inhibitor; binds 
FKBP 

Blocks T-cell 
activation and B-cell 
differentiation by 
preventing response 
to IL-2. 

Monoclonal antibody; 
blocks IL-2R. 

Antimetabol ite 
precursor of 
6-mercaptopurine. 

Inhibits lymphocyte 
proliferation by 
blocking nucleotide 
synthesis. 

Reversibly inhibits 
IMP dehydrogenase, 
preventing purine 
synthesis of B and T 
cells. 

Inhibit NF-KB. 
Suppress both B- and 
T-cell function by 
I transcription of 
many cytokines. 

Induce T cell apoptosis. 

Psoriasis, rheumatoid 
arthritis. 

Kidney transplant 
rejection prophylaxis 
speci fically. 

Sir Basil's kidney 
transplant. 

Rheumatoid arthritis, 
Croh n cl isease, 
glomerulonephritis, 
other autoimmune 
conditions. 

Lupus nephritis. 

Many autoimmune 
and inAammatory 
disorders, adrenal 
insufficiency, asthma, 
CLL, non-Ilodgkin 
lymphoma. 

Nephrotoxicity, 
hypertension, 
hyperlipidemia, 
neurotoxicity, 
gingival hyperplasia, 
hirsutism. 

Similar to cyclosporine, 
t risk of diabetes 
and neurotoxicity; 
no gingival 
hyperplasia or 
hirsutism. 

"PanSirtopenia" 
(pancytopenia), 
insul in resistance, 
hyperlipidemia; 
not nephrotoxic. 

Edema, hypertension, 
tremor. 

Both calcineurin 
inhibitors are 
highly nephrotoxic, 
especially in higher 
doses or in patients 
with decreased renal 
function. 

Kidney 0 sir-vives." 
Synergistic with 

cyclosporine. 
Also used in drug

eluting stents. 

Pancytopenia. 6-MP degraded by 
xanthine oxidase; 
toxicity t by 
a llopuri nol. 

Pronounce "azathio
purine.t' 

CI upset, Associated with 
pancytopenia, invasive CMV 
hypertension, infection. 
hyperglycemia. 
Less nephrotoxic and 
neurotoxic. 

Cushing syndrome, 
osteoporosis, 
hyperglycemia, 
diabetes, amenorrhea, 
adrenocortical 
atrophy, peptic ulcers, 
psychosis, cataracts, 
avascular necrosis 
(femoral head). 

Demargination 
ofWBCs causes 
arti ficial leukocytosis. 
Adrenal insufficiency 
may develop if drug is 
stopped abruptly after 
chronic use. 
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lmmunosuppression targets 

FKBP + 

TCR Tacrotimus 

Cy<loph1tin + \ / 

Cy<losponne -----0------l Calcineurin 

T HELPER 
CELL 

' 
' 

,,,.-.......... 
NFAT- P NFAT 

' ' ' 

' ' 

' , 

Recombinant cytokines and clinical uses 
CYTOKINE AGENT 

Bone marrow stimulation 

Epoetin alfa (EPO ana log) 

FKBP + 

Erythropoietin 

Colony stimulating 
factors 

Filgrastim (G -CSF), Sargramostim (GM-CSF) 

Thrombopoietin 

l immunotherapy 

lnterleukin-2 

Interferon 

Romiplostim (TPO analog), eltrombopag (TPO 
receptor agonist) 

Aldesleukin 

IFN-a 

IFN-y 

Azathioprine 

J 
6- MP 

Mycophenolate 

I I 
PRPP 

IMP amidotransferase 

CLINICAL USES 

Anemias (especially in renal failure) 

Leukopenia; recovery of granulocyte and 
monocyte counts 

Autoimmune thrombocytopenia 
Plate let stimulator 

Renal cell carcinoma, metastatic melanoma 

Chronic hepatitis C (not preferred) and B, renal 
cell ca rcinoma 

Multiple scleros is 

Chronic granu lomatous disease 

J 
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Therapeutic antibodies 
AGENT 

Cancer therapy 

Alemtuzumab 

Bevacizumab 

Rituximab 

Trastuzumab 

TARGET 

CD52 

VECF 

C D20 

HERZ 

Autoimmune disease therapy 

Adalimumab, 
infliximab 

Eculizumab 

Natalizumab 

Ustekinumab 

Other applications 

Abciximab 

Denosumab 

Omalizumab 

Palivizumab 

Soluble TNF-a 

Complement protein C5 

a4-integrin 

IL-12/IL-23 

Platelet glycoproteins Ilb/Illa 

RANKL 

IgE 

RSV F protein 

CLINICAL USE 

CLL,MS 

Colorectal cancer, renal ce ll 
carcinoma, non-small cell 
lung cancer 

B-cell non-Hodgkin 
lymphoma, CLL, rheumato id 
arth ritis, ITP, MS 

Breast cancer, gastric cancer 

IBO, rheumatoid arthritis, 
ankylosing spondylitis, 
psoriasis 

Paroxysmal noctu rna l 
hemoglobinuria 

MS, Crohn d isease 

Psorias is, psoriatic arthritis 

Antiplatelet agent for 
prevention of ischemic 
complications in patients 
undergoing percutaneous 
coronary intervention 

NOTES 

"Alymtuzumab" - chronic 

lymphocytic leukemia 

Also used for neovascular age
related macular degeneration, 
proliferative d iabetic 
retinopathy, and macular 
edema 

Risk of PML in patients with 
JC vi rus 

Ri2Ximab 

HER2- "tras2zumab" 

Etanercept is a decoy 
TNF-a receptor and not a 
monoclonal an tibody 

a4-integrin: WBC adhesion 
Risk of PML in patients with 

JC vi rus 

ABC is as easy as 123 

Osteoporosis; inhibits osteoclast D enosumab helps make dense 
maturation (mimics bones 
osteoprotegerin) 

Refractory a llergic asthma; 
prevents IgE bind ing to FceRI 

RSV prophylax is for high-risk PaliYlzumab- Vlrus 
infants 



H IGH- YI EL D PRI NCI PL ES I N 

Microbiology 

"Support bacteria. They're the only culture some people have." 
-Steven Wright 

"What lies behind us and what lies ahead of us are tiny matters 

compared to what lies within us." 
- Henry S. Haskins 

"Infectious disease is merely a disagreeable instance of a widely prevalent 

tendency of all living creatures to save themselves the bother of building, 
by their own efforts, the things they require." 

- Hans Zinsser 

Microbiology questions on the Step 1 exam often require hvo (or more) 
steps: G iven a certain clinical presenta tion, you will first need to identify 

the most likely causative organism, and you will then need to provide 
an answer regarding some feature of that organism. For example, a 
description of a child with fever and a pe tec hial rash will be followed 

by a question that reads, "From what site does the respons ible organism 
usually enter the blood?" 

This section therefore presents organisms in hvo major ways: 111 

individual m icrobial "profiles" and in the context of the systems 
they infect and the cl inical presentations they produce. You should 
become familiar with both formats. When reviewing the systems 

approach, remind yourself of the features of each microbe by return ing 
to the individual profi les. Also be sure to memorize the laboratory 
characteristics that a llow you to identify m icrobes. 
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BACTER IOLOGY 

Bacterial structures 
STRUCTURE 

Appendages 

Flagellum 

Pilus/fimbria 

Specialized structures 

Spore 

Cell envelope 

Capsule 

Sl ime (S) layer 

Outer membrane 

Peri plasm 

Cell wall 

Cytoplasmic 
membrane 

Cell envelope 

Unique to 
gram ® 

1----'-----i 

CHEMICAL COMPOSITION 

Proteins. 

C lycoprotein. 

Keratin-like coat; dipicolin ic acid; 
peptidoglycan, DNA 

Organized, discrete polysaccharide layer (except 
poly-o-glutamate on B anthracis). 

Loose network of polysaccharides. 

Outer leaAet: contains endotoxin (LPS/LOS). 
Embedded proteins: por ins and other outer 

membrane pT(lteins (OMPs) 
Inner leaAet: phospholipids. 

Space between cytoplasmic membrane 
and outer membrane in gram e bacteria. 
(Peptidoglycan in midd le.) 

Peptidoglycan is a sugar backbone with peptide 
side chains CT()SS-linked by transpeptidase. 

Phospholipid bi layer sac with embedded 
proteins (eg, penici ll in-binding pT(lteins 
[PBPs)) and other enzymes. 

Lipoteichoic acids (gram positive) only extend 
from membrane to exterior. 

Common to both 

1----'-----i 
----Flagellum-----w-.r 

Lipoteichoic acid----il ,,..._...,._ ______ Pilus-----<. 

Gram ® 

FUNCTION 

Motility. 

Mediate adherence of bacteria to cell surface; 
sex pilus forms during conjugation. 

Cram® only. 
Survival: res ist dehydration, heat, chemicals. 

Protects agains t phagocytosis. 

Mediates adherence to surfaces, especially 
foreign surfaces (eg, indwell ing catheters). 

Cram e only. 
Endotoxin: lipid A induces T NF and IL-I; 

antigen ic 0 polysaccharide component. 
Most OMPs a re antigenic. 
Porins: transport across outer membrane. 

Accumulates components exiting gram 
e cells, including hydT(llytic enzymes 
(eg, 

Net-like structure gives rigid support, pT(ltects 
aga inst osmotic pressure damage. 

Site of oxidative and transport enzymes; PBPs 
involved in cell wall synthesis. 

Lipoteichoic acids induce TNF-a and IL-I 

Unique to 
grame 

Gram e 



Pleomorphic bacteria 

Stains 

Gram stain 

Giemsa sta in 

Periodic acid- Schiff 
stain 

Ziehl-Neelsen stain 
(carbol fuchsin) 

India ink stain 

Si lver stain 
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Have no rigid cell walls. 
Examples include Anaplasma, Ehrlichia, Chlamydiae, Rickettsiae, Mycoplasma, Ureaplasma. 

First-line lab test in bacteria l identi fication. Bacteria with thick peptidoglycan layer retain c rysta l 
violet dye (gram EE>); bacteria with thin peptidoglycan layer turn red or pink (gram 8 ) with 
counterstain. 

These bugs do not Cram stain wel l (T hese L ittle M icrobes M ay Unfortunately Lack Real C olor 
But Are Everywhere). 

Treponema, Leptospira 

Mycobacteria 

Mycoplasma, Ureaplasma 

Legionella, Rickettsia, Chlamydia, Bartonella, 
Anaplasma, Ehrlichia 

Rickettsia, Chlamydia, Trypanosomes t'J, 
Plasmodium, Borrelia, Helicobacter pylori 

Sta ins glycogen, mucopolysaccharides; used 
to d iagnose W hipple disease (Tropheryma 
whipplei Ill) 

Acid-fast bacteria (eg, Mycobacteria a, 
Nocardia; stains mycolic acid in cell wa ll); 
protozoa (eg, Cryptosporidium oocysts) 

Cryptococcus neoformans [!l; mucicarmine 
can also be used to sta in thick polysaccharide 
capsule red 

Fungi (eg, Coccidioides Cl Pneumocystis 
iirovecii), Legionella, llelicobacter pylori 

Too th in to be visualized. 

Cell wall has high lipid content. 

No cell wall. 

Primarily intracellu lar; also, Chlamydia lack 
classic peptidoglycan because of I muramic 
acid. 

Ricky got Chlamydia as he Tried to Please the 
Bored Ilot "Geisha." 

PaSs the sugar. 

Auramine-rhodamine stain is more often used 
for screening (inexpensive, more sensitive). 

Fluorescent antibody Used to identify many bacteria, viruses, Example is FTA-ABS for syphilis. 
stain 

t'J 
I 

' ' 

Pneumocystis iirovecii, Giardia, and 
Cryptosporidium. 
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Properties of growth 
media The same type of media can possess both (or neither) of these properties. 

Selective med ia Favors the growth of particu la r organism while preventing growth of other organisms, eg, Thayer-
Martin agar conta ins antibiotics that allow the selective growth of Neisseria by inhibiti ng the 
growth of other sensitive organisms. 

Ind icator (d ifferential) Yie lds a color change in response to the metabolism of certa in organisms, eg, MacConkey agar 
media contains a pll indicator; a lactose fermenter like E coli will convert lactose to acid ic metabolites 

- color change. 

Special culture requirements 

BUG 

H influenzae 

N gonorrhoeae, 

N meningitidis 

B pertussis 

C diphtheriae 

M tuberculosis 

M pneumoniae 

Lactose-fermenting 
enterics 

Ecoli 

Legionel/a 

Fungi 

Aero bes 

MEDIA USED FOR ISOLATION 

Chocolate agar 

Thayer-Martin agar 

Bordet-Cengou agar (Borde! for Bordetella) 
Regan-Lowe medium 

Tellurite aga r, LofAer medium 

Lowenstein-Jensen agar 

Eaton agar 

MacConkey agar 

Eosin-methylene blue (EMB) agar 

Charcoal yeast extract agar buffered with 
cysteine and iron 

Sabouraud agar 

Use an Oz-dependent system to generate ATP. 
Examples include Nocardia, Pseudomonas 

aeruginosa, Mycobacterium tuberculosis, and 
Bordetella pertussis. 

Reactivation of M tuberculosis (eg, after 
immunocompromise or TNF-a inhibitor use) 
has a predilection for the apices of the lung. 

MEDIA CONTENTS/OTHER 

Factors V (NAD+) and X (hematin) 

Selective ly favors growth of Neisseria by 
inhibiting growth of gram e:> organisms 
with Vancomycin, gram 8 organisms except 
Neisseria wi th Trimethoprim and C olistin, 
and fungi with Nystatin 

Very Typica lly C ultures Neisseria 

Potato ex tract 
Charcoal, blood, and antibiotic 

Requires cholesterol 

Fermentation produces acid, causing colonies to 
turn pink 

Colonies with green metall ic sheen 

Legionella, Brucella, Francisella, and 
Pasteurella a ll require cysteine-enriched 
culture media. 

Ella sisters worship at cysteine (Sistine) chape l. 

"Sab's a fun guy!" 

Nagging Pests Must Breathe. 
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Anaerobes Examples include Clostridium, Bacteroides, 
Fusobacterium, and Actinomyces israelii. They 
lack catalase and/or superoxide d ismutase 
and a re thus susceptible to oxidative damage. 
Genera lly fou l smell ing (short-chain fatty 
acids), are difficult to culture, and produce gas 
in tissue (C02 and II2). 

Facultative anaerobes May use 0 2 as a terminal e lectron acceptor to 
generate ATP, but can a lso use fermentation 
and other Oz-independent pathways. 

Intracellular bacteria 

Obligate intracellula r 

Facultative 
intracellular 

Rickettsia, Chlamydia, Coxiella. Rely on host 
ATP. 

Salmonella, Neisseria, Bruce/la, Mycobacterium, 
Listeria, Francisella, Legionella, Yersinia pestis. 

Encapsulated bacteria Examples are Pseudomonas aeruginosa, 
Streptococcus pneumcmiae rJ, Ilaemophilus 
influen;rne type b, Neisseria meningitidis, 
Escherichia coli, Salmonella, Klebsiella 
pneumoniae, and group B Strep. Their 
capsules serve as an antiphagocytic virulence 
factor. 

Capsular polysaccharide + protein conjugate 
serves as an antigen in vaccines. 

Encapsulated bacteria Some vaccines conta ining polysaccharide 
vaccines capsule antigens are conjugated to a ca rrier 

protein, enhancing immunogenici ty by 
promoting T-cell activation and subsequent 
class switching. A polysaccha ride antigen 
a lone cannot be presented to T cells. 

Urease-positive Proteus, Cryptococcus, H pylori, Ureaplasma, 
organisms Nocardia, Klebsiella, S epidermidis, 

S saprophyticus. Urease hydrolyzes urea 
to release ammonia and C02 - t pl L 
Predisposes to struvite (ammonium 
magnesium phosphate) stones, particularly 
Proteus. 

Anaerobes C an't Breathe F resh Air. 
Anaerobes are normal flora in CI tract, typica lly 

pathogenic elsewhere. Amin0 2glycosides are 
ineffective against anaerobes because these 
antibiotics require 0 2 to enter into bacteria l 
cell. 

Streptococci, staphylococci, and enteric gram 8 
bacteria. 

Stay inside (cells) when it is Really Chilly and 
Cold. 

Some Nasty Bugs May Live FacultativeLY. 

P lease SlliNE my SKiS. 
Are opsonized, and then cleared by spleen. 

(No Spleen Here) have I opsonizing 
ability and thus t risk for severe infections; 
need vaccines to protect against: 
• N meningitidis 
• S pneumoniae 
• II influen;zae 

Pneumococcal vaccines: PCVl3 (pneumococcal 
conjugate vacc ine), PPSV23 (pneumococcal 
polysaccharide vaccine with no conjugated 
protein) 

H influenwe type b (conjugate vaccine) 
Meningococcal vaccine (conjugate vaccine) 

Pee C IIUNKSS. 
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Cata lase-positive 
organisms 

Pigment-producing 

bacteria 

In vivo biofilm

producing bacteria 

Spore-forming 
bacteria 

MICROBIOLOGY MICROBIOLOGY-BAS IC BACTERIOLOGY 

Cata lase degrades I 120 2 into H20 and 
bubbles of 0 2 t'J before it can be converted 
to microbicidal products by the enzyme 
myeloperoxidase. People with chrnnic 
granulomatous disease (NADPII oxidase 
deficiency) have recurrent infections with 
certa in cata lase ®organisms. 

Examples: Nocardia, Pseudomonas, L isteria, 

A spergillus, Candida, E coli, Staphylococci, 
Serratia, B cepacia, II pylori. 

Actinomyces israelii-yellow "sulfur" granules, 
which are composed of fi laments of bacteria. 

S aureus-yellow pigment. 

P aeruginosa-blue-green pigment (pyocyanin 
and pyoverdin). 

Serratia marcescens-red pigment. 

S epidermidis 

Viridans streptococci (S mutans, S sanguinis) 

P aeruginosa 

Nontypeable (unencapsulated) If influen;zae 

Some gram ® bacteria can form spores f'J when 
nutrients are limited. 

Spores lack metabolic activity. 
Spores are highly res istant to heat and 

chemicals. Core contains dipicol inic acid. 
Must autoclave to kill spores (as is done to 
surgical equipment) by steaming at 121°C for 
15 minutes. 

Cats N eed PLACESS to Belch thei r H airballs. 

Israel has yellow sand. 

Aureus (Latin) = gold. 

Aerugula is green. 

Think red Sriracha hot sauce. 

Catheter and prosthetic device infections 

Denta l plaques, infective endocard itis 

Respiratory tree colonization in patients with 
cystic fibrosis, venti lator-associated pneumonia 

Contact lens- associated keratitis 

Otitis media 

Bacillus anthracis 

Bacillus cereus 

Clostridium botulinum 
Clostridium difficile 

Clostridium perfringens 
Clostridium tetani 

Anthrax 
Food poisoning 
Botulism 
Pseudomembranous 

colitis 
Gas gangrene 
Tetanus 



Bacterial virulence 
factors 

Protein A 

lgA protease 

M protein 

Type Ill secretion 
system 
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These promote evasion of host immune response. 

Binds Fe region of IgC. Prevents opsonization and phagocytosis. Expressed by S aureus. 

Enzyme that cleaves IgA, a llowing bacteria to adhere to and colonize mucous membranes. Secreted 
by S pneumoniae, II influenzae type b, and N eisseria (SlliN). 

Helps prevent phagocytosis. Expressed by group A streptococci. Shares similar epitopes to human 
cellular proteins (molecular m imicry); possibly underl ies the autoimmune response seen in acute 
rheumatic fever. 

Also known as "injectisome." Needle-like protein appendage facilitating d irect delivery of toxins 
from certa in gram 8 bacteria (eg, Pseudonwnas, Salmonella, Shigella, E coli) to e uka ryotic hos t 
cel l. 
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Bacterial genetics 

Transformation 

Conjugation 

F+ x F-

Transduction 

Generalized 

Specialized 

MICROBIOLOGY MICROBIOLOGY-BAS IC BACTERIOLOGY 

Competent bacteria can bind a nd import short 
pieces of environmenta l naked bacterial 
chromosomal DNA (from bacteria l cell 
lysis). The transfer a nd expression of newly 
transferred genes is called tra nsformation. 
A feature of many bacteria, especially 
S pneumoniae, II influen;zae type b, and 
Neisseria (SlliN). 

Add ing deoxyribonuclease degrades naked 
DNA, preventing transformation. 

F'" plasmid conta ins genes required for sex pilus 
and conjugation. Bacteria without this plasmid 

Naked DNA 

0e9raded 
uncombined \ 

DNA 
0 -., ... -&

Recipient DNA 
Donor DNA 

D 
Recipient cell Trans formed cell 

Sex pilus 
Single strand 
transferred 

are termed F-. Sex pilus on F'" bacterium Plasmid 0 10 o lo 
IQ/' contacts r bacterium. A single strand 

of p lasmid DNA is transferred across the 
conjugal bridge ("mating bridge"). No transfer 
of chromosomal DNA. 

F'" plasmid can become incorporated into 
bacter ia l chromosomal DNA, termed h igh
frequency recombination (I l fr) cell. Transfer 
of leading part of plasmid and a few Aanking 
chromosomal genes. ll igh-freq uency 
recombination may integrate some of those 
bacter ia l genes. Recipient cell remains F- but 
now may have new bacteria I genes. 

A packaging "error." Lytic phage infec ts 
bacter ium, lead ing to cleavage of bacteria l 
DNA. of bacterial chromosomal DNA 
may become packaged in phage capsid. Phage 
infects another bacteri um, transferring these 
genes. 

An "excision" event. Lysogenic phage infects 
bacter ium; vira l DNA incorporates into 
bacter ia l chromosome. When phage DNA 
is excised, Aanking bacter ia l genes may be 
excised wi th it. DNA is packaged into phage 
capsid and can infect another bacterium. 

Genes for the following 5 bacterial toxins are 
encoded in a lysogenic phage (ABCD'S): C roup 
A strep erythrogenic toxin, Botulinum toxin, 
C holera toxin, Diphtheria toxin, Shiga tox in. 

F•cetl f · cetl f'cell f · cell f'cetl f'cetl 

11!1 

.! 0 .,_[ 0 .J (J 

Hfr cell f· cell 1-lr cell f· cell Hfr cell Recombinant 
f·cel 

. +, Cleavageof 
/ Bacteria bacterial DNA 

0 

., 
•• • 4t 

Release of new phage Infects other 
from lysed cell bacteria 

11!1 

Bacterial DNA packaged 
in phage capsids 

..... 

0 
Genes transferred 
to new bacteria 0 

. Viral DNA . Viral DNA . 
incorporates 1n Phage particles 

phageU/) bacterial DNA carry bacterial DNA 

0 0 

. 0 
Release of new phage Infects other 

from lysed cell bacteria 
Genes different from 
donor and recipient 
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Bacterial genetics (continued) 

Transposition A "jumping" process involving a tra nsposon 
(specia lized segment of DNA), which can copy 
and excise itself and then insert into the same 
DNA molecule or an unrelated DNA (eg, 
plasmid or chromosome). Critica l in creating 
plasmids with multip le drug resistance and 
transfer across species lines (eg, TnJ546 with 
vanA from Enterococcus to S aureus). 

Main features of exotoxins and endotoxins 

Exotoxins 

SOURCE 

SECRETEO FROM CELL 

CHEMISTRY 

LOCATION OF GENES 

ADVERSE EFFECTS 

CLINICAL EFFECTS 

MODEOFACTION 

ANTIGENICITY 

VACCINES 

HEAT STABILITY 

TYPICAL DISEASES 

Certain species of gram Et> and gram e bacteria 

Yes 

Polypeptide 

Plasmid or bac teriophage 

High (fatal dose on the order of I µg) 

Various effects (see following pages) 

Va rious modes (see following pages) 

Induces h igh-titer a ntibodies called antitoxins 

Toxoids used as vaccines 

Destroyed rapid ly at 60°C (except 
staphylococcal e nterotoxin and E coli heat
stable tox in) 

Tetanus, botu lism, diphtheria 

-?Q 
Transposon 

Bacterial -.a.! --DNA --• ---
t . 

Target srte 

Endotoxins 

Integration of genes 

-·-'•-----.. -·"--ic--

Outer cell membrane of most gram e bacteria 

No 

Lipid A component of LPS (structura l part of 
bacteria; released when lysed) 

Bacteria l chromosome 

Low (fatal dose on the order of hundreds of 
micrograms) 

Fever, shock (hypotension), DIC 

Induces TNF, IL-I, a nd IL-6 

Poorly antigenic 

No toxoids formed and no vaccine avai lable 

Stable at l00°C for I hr 

Meningococcemia; sepsis by gram 8 rods 

-
TNF. IL-l 
IL-6 

Host cell 
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Bacteria with exotoxins 
BACTERIA 

Inhibit protein synthesis 

Corynebacterium 
diphtheriae 

Pseudomonas 
aeruginosa 

Shigella spp 

Enterohemorrhagic 

Eco/i 

Increase fluid secretion 

Enterotoxigenic 

Eco/i 

Bacillus anthracis 

Vibrio cholerae 

Inhibit phagocytic ability 

Bordetella pertussis 

MICROBIOLOGY MICROBIO LOGY-BAS IC BACTERIO LOGY 

TOXIN MECHANISM 

Diphtheria toxin" 

Inactivate elongation factor 

Exotoxin N (EF-2) 

Shiga toxin (ST)3 

Shiga-like toxin 
(SLT)3 

Heat-labile 
toxin (LT)3 

Heat-stable 
toxin (ST) 

Edema factor" 

Cholera toxin" 

Pertussis toxin• 

Inactivate 60S ribosome by 
removing adenine from 
rRNA 

Overactivates adenylate 
cyclase (t cAMP) - t c 1-
secretion in gut and 1120 
e fAux 

Overactivates guanylate 
cyclase (t cC MP) 
- I resorption of NaCl 
and 1120 in gut 

Mimics adenylate cyclase 
(t cAMP) 

Overactivates adenylate 
cyclase (t cAMP) by 
permanently activating C, 
- t c t- secretion in gut 
and 1120 efAux 

Overactivates adenylate 
cyclase (t cAMP) by 
disabling C;, impairing 
phagocytosis to permit 
surviva l of m icrobe 

MANIFESTATION 

Pharyngitis with pseudomembra nes in th roat 
and severe lymphadenopathy (bu ll neck) 

llost cell death 

CI mucosa I damage - dysentery; ST also 
enha nces cytokine release, causing hemolytic
uremic synd rome (1 IUS) 

SLT enhances cytokine release, causing llUS 
(prototypically in EHEC serotype OJ 57:H7). 
Unlike Shigella, E llEC does not invade host 
cells 

Watery d ia rrhea: " labile in the Air (Adenylate 

cyclase), stable on the G round (G uanylate 
cyclase)" 

Likely responsible for characteristic edematous 
borders of black eschar in c utaneous anthrax 

Voluminous "rice-water" diarrhea 

Whooping cough- chi ld coughs on exp iration 
and "whoops" on inspiration (toxin may 
not actually be a cause of cough; can cause 
"JOO-day cough" in adults) 

j 1nhibit release of neurotransmitter J 
Clostridium tetani 

Clostridium 
botulinum 

Tetanospasmin• Both are proteases that 

c leave SNARE (soluble 
NSF attachment 
protein receptor), a set 

Botulinum toxin" of proteins required for 
neurotransmitter release 
via vesicular fusion 

Toxin prevents release of inhibitory (CABA 
and glycine) neurotransmitters from Renshaw 
cells in spinal cord - spastic para lysis, risus 
sardonicus, trismus (lockjaw) 

Toxin release of stimulatory (ACh) 
signals at neuromuscular junction - Aaccid 
para lysis (Aoppy baby) 

"An AB toxin (aka, two-component toxin [or three for anthrax]) with B e nabling b ind ing and triggering uptake (endocytosis) 
of the active A component. The A components are usually ADP ribosyltra nsferases; others have enzymatic activities as listed 
in chart. 
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Bacteria with exotoxins (continued) 

BACTERIA 

Lyse cell membranes 

Clostridium 

perfringens 

Streptococcus 
pyogenes 

TOXIN 

Alpha toxin 

Streptolysin 0 

MECHANISM 

Phosphol ipase (lecith i nase) 
that degrades tissue and 
cell membranes 

Protein that degrades cell 
membrane 

MANIFESTATION 

Degradation of phospholipids - myonecrosis 
("gas gangrene") and hemolysis ("double zone" 
of hemolysis on blood agar) 

Lyses RBCs; contr ibutes to 
host antibodies aga inst tox in (ASO) used to 
diagnose rheumatic fever (do not confuse 
with immune complexes of poststreptococcal 
glomeru loneph ritis) 

j superantigens causing shock 

Staphylococcus Toxic shock region of 
TCR to Ml IC class II 
on APCs outside of the 
antigen binding site 

Toxic shock syndrome: fever, rash, shock; other 
toxins cause scalded skin syndrome (exfoliative 
toxin) and food poisoning (heat-stable 
enterotoxin) 

aureus 

Streptococcus 
pyogenes 

Endotoxin 

syndrome toxin 
(TSST-1) 

Erythrogenic 
exotoxin A 

- overwhelming release 
of IL-I, IL-2, IFN-y, and 
TNF-a - shock 

LPS found in outer membrane of gram 8 
bacter ia (both cocci and rods). Composed of 
0 a ntigen + core polysaccharide + lip id A (the 
toxic component). 

Released upon cel l lysis or by living cells by 
blebs detach ing from outer surface membrane 
(vs exotoxin, which is actively secreted). 

Three main effects: macrophage activation 
(T LR4/CDl4), complement activation, and 
tissue factor activation. 

Toxic shock-like syndrome: fever, rash, shock; 
scarlet fever 

E N D OT OXINS: 
E dema 
N itric oxide 
DIC/Death 
O uter membrane 
T NF-a 
0 -antigen + core polysaccharide + lipid A 
eXtreme ly heat stable 
IL-I and IL-6 
Neutrophi l chemotaxis 
Shock 

ll -1. IL-6 }-- Fever 

"'""""""""'"1 
TNF-o. }- Fever and hypotension 

(TLR4/CD14) 

Nitric oxide }-+ Hypotension 

C3a 
Histamine release: 

Endotoxin 
Complementactivation { 

Hypotension and edema 

(lipid A component) 
CSa Neutrophil chemotaxis 

Tissue factor activation -
Coagulation - DIC 
cascade Ii?! 
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BACTER IOLOGY 

Gram-positive lab a lgorithm 

1 
Aerobic 

I 
Listetia 
Bad II us 
Corynebacterium 

Bacim 

1 
Anaerobic 

Closlridium 
Cutibacterium 

Propionibacterium) 

Gram© (purple/blue) 

Cocci 

Anaetobic/facultative 

Cata lase 

_( 
Aerobic 

1 

Branching 
filaments 

I 

Nocardia 
(weakly acid fast) 

1 
Anaerobic 

Actinomyces 
(not acid fastl 

,------H ------1 _____ _,++>---------.. 

(Pairs or Strep_tococcus 
chains) 

(Partial 
hemolysis. 
green) 

Hemolysis 

(Complete 
hemolysis. 
clear) 

(No hemolysis. 
grows in bile) 

(Clusters) Stap_hy_lococcus 

Coagulase 

1--:L-. . Saureus 
Novob1ocin 

Oplochin sensitivity 
and bile solubility 

Bacitracin sensitivity 
and PYR status 

Growth in 6.5% NaCl 
and PYR Status 

Viridans streptococci 
(no capsule) 

Smutans 
Smftis 

Group B Group A 
S agdlacwe S pyogenes 

S pneumoniae 
(encapsulated) 

Nonenterococcus 
Sbovis 

Important tests are in bold. Important pathogens are in bold italics. 
Note: Enterococcus is either o- 0< y-hemolytic. 

Gram-positive cocci antibiotic tests 

Staphylococci Novobiocin - Saprophyticus is Resistant; 
Epidennidis is Sensitive. 

S saprophyticus 

Enterococcus 
Efaecium 
E taecalis 

S epidermidis 

On the office's "staph" retreat, there was 
no srress. 

Streptococci O ptochin- Viridans is Resistant; Pneumoniae is OVRPS {overpass). 
Sensitive. 

Bacitracin- group B strep are Resis tant; group 
A strep are Sensitive. 

B-BRAS. 



a-hemolytic bacteria 

P-hemolytic bacteria 

Staphylococcus aureus 

Staphylococcus 
epidermidis 

MICROBIOLOGY BACTERIOLOGY SECTION II 135 

Cram ® cocci. Partia l reduction of hemoglobin causes greenish or brownish color without clearing 
around growth on blood agar rJ. Inc lude the following organisms: 
• Streptococcus p11eumo11iae (cata lase e and optochin sensitive) 
• Vi ridans streptococci (catalase 8 and optochin resistant) 

Cram ® cocci. Complete lysis of RBCs - pale/clear a rea surrounding colony on blood agar !i.]. 
Include the following organisms: 
• Staphylococcus aureus (catalase and coagulase ®) 
• Streptococcus pyoge11es- group A strep (catalase 8 and bacitracin sensitive) 
• Streptococcus agalactiae- group B strep (cata lase 8 and bacitracin resistant) 

Cram®, cata lase ®, coagulase 
®cocci in clusters rJ. Prote in A (viru lence 
factor) binds Fc-IgC, inhibiting complement 
activation and phagocytosis. Commonly 
colonizes the nares, ears, ax illa, and groin. 

Causes: 
• InAammatory disease- skin infections, 

organ abscesses, pneumonia (often after 
inAuenza virus infection), endocarditis, 
septic arth ri tis, and osteomyelitis. 

• Toxin-mediated d isease- toxic shock 
syndrome (TSST-1), scalded skin syndrome 
(exfoliative tox in), rapid-onset food 
poisoning (enterotoxins). 

MRSA (methicil lin-resistant S aureus)

important cause of serious nosocomia l and 
community-acquired infections; res istance 
due to a ltered penicill in-binding protein. 
mecl\ gene from staphylococcal chromosomal 
cassette involved in penicill in res istance. 

TSST-1 is a superantigen that binds to Ml IC 
II and T-cell receptor, resu lting in polyclonal 
T-cel l activation. 

Staphylococcal toxic shock syndro me (TSS)

fever, vomiting, rash, desquamation, shock, 
end-organ fai lure. TSS resu lts in t AST, t ALT, 
t bilirubin. Associated wi th prolonged use of 
vaginal tampons or nasa l packing. 

Compare with Streptococcus pyoge11es TSS (a 
toxic shock- like syndrome associated with 
painful skin infection). 

S aureus food poisoning due to ingestion of 
preformed tox in - short incubation period 
(2- 6 hr) followed by nonbloody diarrhea 
and emesis. Enterotoxin is heat stable - not 
destroyed by cooking. 

S aureus makes coagulase and tox ins. Forms 
fibrin clot a round itself - abscess. 

Cram®, catalase ®, coagulase 8, urease ®cocci in clusters. Novobioc in sensitive. Does not 
ferment mannitol (vs S aureus). 

Normal Aora of skin; contaminates blood cultures. 
Infects prosthetic devices (eg, hip implant, heart va lve) and IV catheters by producing adherent 

biofilms. 
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Staphylococcus 
saprophyticus 

Streptococcus 
pneumoniae 

rJ " 

Viridans group 
streptococci 

. 
f 

Streptococcus 
pyogenes (group A 

streptococci) 
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Cram®, catalase ®, coagulase 8, urease ®cocci in c lusters. Novobioc in resistant. 
Normal flora of fema le genital trac t and perineum. 
Second most common cause of uncomplicated UTI in young women (most common is E coli). 

Cram ®, a -hemolytic, lancet-shaped 
d ip lococci rJ. 
Encapsulated. IgA protease. Optochin 
sensitive. Most commonly causes: 
• Mening itis 
• Otitis media (in children) 
• Pneumonia 
• Sinusitis 

Cram®, a -hemolytic cocci. Resistant 
to optochin, d ifferentiating them from 
S pneumoniae which is a -hemolytic but 
optochin sensitive. Normal flora of the 
oropharynx. 

Streptococcus mutans and S mitis cause denta l 
caries. 

S sanguinis makes dextrans that bind to fi brin
platelet aggregates on damaged heart valves, 
causing subacute bac teria l endocarditis. 

Cram® cocci in chains rJ. Croup A strep 
cause: 
• Pyogenic-pharyngi tis, cellulitis, impetigo 

("honey-c rusted" lesions}, erysipelas 
• Toxigenic - scarlet fever, tox ic shock- like 

syndrome, necrotizing fasciitis 
• Immunologic- rheumatic fever, 

glomerulonephritis 
Bacitracin sensitive, pyrrolidonyl 

arylamidase (PYR) ®· I lyaluronic acid capsule 
and M protein inh ib it phagocytosis. Antibodies 
to M protein e nhance host defenses aga inst S 
pyogenes but can give r ise to rheumatic fever. 

ASO titer or anti-DNase B a ntibodies ind icate 
recent S pyogenes infection. 

Pneumococcus is assoc iated with "rusty" 
sputum, sepsis in patients with sickle cell 
d isease, and asplenic patients. 

No viru lence without capsule. 

Vi ridans group strep live in the mouth, because 
they are not afraid of-the-chin (op-to-chin 
resistant). 

Sanguinis = blood. Think, "there is lots of 
blood in the heart" (endocarditis). 

"P h"yogenes pharyngitis can resu lt in 
rheumatic "phever" and glomerulonephritis. 

Strains causing impetigo can induce 
glomeru lonephritis. 

Scarlet fever- blanching, sandpaper-like body 
rash, strawberry tongue, and circumora l 
pallor in the setting of group A streptococcal 
pharyngitis (erythrogen ic toxin ® ). 



Streptococcus 
agalactiae (group B 

streptococci) 

Streptococcus bovis 

Enterococci 

Bacillus anthracis 

Cutaneous anthrax 

Pulmonary anthrax 
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Cram® cocci, bacitracin resistant, Croup B for Babies! 

colonizes vagina; causes pneumonia, 
meningitis, and sepsis, main ly in babies. 

Produces CAMP factor, which enlarges the 
area of hemolysis formed by S aureus. (Note: 
CAMP stands for the authors of the test, not 
cycl ic AMP.) Hippurate test ® · PYR 8 . 

Screen pregnant women at 35- 37 weeks of 
gestation with rectal and vagina l swabs. 
Patients with ®culture receive intrapartum 
penic ill in prophylaxis. 

Cram® cocci, colonizes the gut. S gallolyticus Bovis in the b lood = cancer in the co lon. 
(S bovis biotype I) can cause bacteremia and 
subacute endocard itis and is associated with 
colon cancer. 

Cram ® cocci. Enterococci (E faecalis and 
E faecium) are normal colonic flora that a re 
penic ill in C resistant and cause UT!, biliary 
tract infections, and subacute endocard itis 
(following CI/CU procedures). Catalase 8, 
PYR ®, variable hemolysis. 

VRE (vancomycin-resistant enterococci) are an 
important cause of nosocomial infection. 

Enterococci are more resilient than 
streptococci, can grow in 6.5% NaCl and bile 
(lab test). 

Entero = intestine, faecalis =feces, strepto = 
twisted (cha ins), coccus = berry. 

Cram®, spore-forming rod that produces anthrax toxin (an exotoxin consisting of protective 
antigen, lethal factor, and edema factor). I las a polypeptide capsule (poly o-g lutamate). Colonies 
show a ha lo of projections, sometimes referred to as "medusa head" appearance. 

Pain less papule surrounded by vesicles - u lcer with black eschar f'J (pain less, necrotic) 
- uncommonly progresses to bac teremia and death. 

Inha lation of spores, most commonly from contaminated animals or animal products, a lthough 
a lso a potential bioweapon - Au-like symptoms that rapidly progress to fever, pulmonary 
hemorrhage, mediastini tis, and shock. Also known as woolsorter's d isease. CXR may show 
widened mediastinum. 
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Bacillus cereus 

Clostridia 

Ctetani 

Cbotulinum 

C perfringens 

C difficile 
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Cram® rod. Causes food poisoning. Spores survive cooking rice (reheated rice syndrome). 
Keeping rice warm results in germ ination of spores and enterotoxin formation. 

Emetic type usually seen with rice and pasta. Nausea and vomiting within 1- 5 hr. Caused by 
cereulide, a preformed toxin. 

Diarrheal type causes watery, nonbloody diarrhea and C I pain within 8- 18 hr. 

Cram®, spore-forming, obligate anaerobic rods. Tetanus tox in and botulinum toxin a re proteases 
that cleave SNARE proteins involved in neurotransmission. 

Produces tetanospasmin, a n exotoxin causing Tetanus is tetanic para lysis. 
tetanus. Tetanospasmin blocks release of 
CABA and glycine from Renshaw cells in 
spina l cord. 

Causes spastic paralys is, trismus (lockjaw), risus 
sardonicus (raised eyebrows and open grin), 
opisthotonos (spasms of spinal extensors). 

Prevent with tetanus vaccine. Treat with 
antitoxin +/- vaccine booster, antibiotics, 
d iazepam (for muscle spasms), and wound 
debridement. 

Produces a heat-labile toxin that inhibits 
ACh re lease at the neuromuscular junction, 
causing botulism. In adults, disease is caused 
by ingestion of preformed toxin. In babies, 
ingestion of spores (eg, in honey) leads to 
d isease (floppy baby syndrome). Treat with 
human botulinum immunoglobulin. 

Produces a -toxin (lec ithinase, a phospholipase) 
that can cause myonecrosis (gas gangrene !J; 
presents as soft tissue crepitus) and hemolysis. 

If heavi ly spore-contaminated food is cooked 
but left standing too long at< 60°C, spores 
germinate - vegetative bacteria - produce 
heat-labi le enterotoxin - food poisoning 
symptoms in I0-12 hours, resolution in 
24 hours. 

Produces 2 tox ins. Toxin A, an enterotoxin, 
binds to brush border of gut and alters flu id 
secretion. Toxin B, a cytotoxin, d isrupts 
cytoskeleton via actin depolymerization. Both 
toxins lead to d iarrhea - pseudomembranous 
col itis llJ. Often 2° to antibiotic use, especially 
cl indamycin or ampicillin; associated with PP!s. 

Diagnosed by PC R or antigen detection of one 
or both toxins in stool. 

Complications: toxic megacolon. 

Symptoms of botulism (the 4 D 's): D iplopia, 
D ysarth ria, Dysphagia, D yspnea. 

Botulin um is from bad bottles of food, juice, and 
honey (causes a descending flaccid para lysis). 

Local botox injections used to treat foca l 
dyston ia, acha las ia, and muscle spasms. Also 
used for cosmetic reduction of facial wrinkles. 

Perfringens perforates a gangrenous leg. 

Difficile causes diarrhea. 
Treatment: oral vancomycin, metronidazole, 

or fidaxom ic in. For recurrent cases, consider 
repeating prior regimen or feca l microbiota 
transpla nt. 



Corynebacterium 
diphtheriae 

Listeria 
monocytogenes 

Nocardiavs 
Actinomyces 
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Gram Et> rods occurring in angula r 
a rra ngements; tra nsmitted via respiratory 
droplets. Causes diphtheria via exotoxin 
encoded by P-prophage. Potent exotoxin 
inh ibits protein synthesis via ADP-ribosylation 
of EF-2, leading to possible necrosis in 
pharynx, ca rdiac, and CNS tissue. 

Symptoms include pseudomembranous 
pharyngitis (grayish-white membrane rJ) 
with lymphadenopathy, myoca rditis, and 
a rrhythmias. 

Lab d iagnosis based on gram Et> rods with 
metachromatic (blue a nd red) granules and 
Et> E lek test for toxin. 

Toxoid vaccine prevents d iphtheria. 

Coryne = club shaped (metachromatic granules 
on UifAer media). 

Black colonies on cystine-tellurite agar. 
ABCDEFG: 

ADP-ribosylation 
P-prophage 
Corynebacterium 

Diphtheriae 
E longation Factor 2 
Gra nules 

Gram Et>, facu ltative intracellular rod; acqu ired by ingestion of u npasteurized dai ry produc ts and 
cold del i tra nsplacental transmission, by vagina l transmiss ion during birth . Grows well at 
refrigeration temperatures (4°- l0°C; "cold enrichment"). 

forms "rocket ta ils" (red in rJ) via actin polymerization that allow intracellu lar movement a nd cell
to-cel l spread across cell membranes, thereby avoiding antibody. Characteristic tumbling motility 
in broth. 

Can cause amnionitis, septicemia, and spontaneous abortion in pregnant women; granulomatosis 
infa ntiseptica; neonata l meningitis; meningitis in immunocompromised patients; mild, self
lim ited gastroenteritis in healthy individua ls. 

Treatment: ampic ill in. 

Both are gram Et> and form long, branching fi laments resembl ing fungi. 
- - - -

Nocardia 

Aero be 

Acid fast (weak) t1 
fou nd in soi l 

Causes pu lmona ry infections in 
immunocompromised (can mimic TB but 
with 8 PPD); cutaneous infections after 
trauma in immunocompetent; can spread to 
CNS 

Treat with sulfonam ides (TMP-SMX) 

Actinomyces 

Anaerobe 

Not acid fast (]J 

Normal ora l, reproductive, and GI Aora 

Causes oral/facial abscesses that drain through 
sinus tracts; often associated with dental caries/ 
extraction a nd other maxillofacia l trauma; 
forms yellow "sulfur granules"; can a lso cause 
PIO with IUDs 

Treat with penici llin 

Treatment is a SNAP: Su lfonam ides- Nocardia; Actinomyces- Penicillin 
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Mycobacteria Gram Et> acid fast rods. 
Mycobacterium tuberculosis (T B, often 

resistant to multiple drugs). 
M avium- intracellulare (causes d isseminated, 

non-TB disease in AIDS; often resistant 
to multiple drugs). Prophylaxis with 
azi th romycin when CD4+ count < 50 cells/ 
mm3. 

M scrofulaceum (cervical lymphadenitis in 
chi ldren). 

M marinum (hand infection in aquarium 
handlers). 

All mycobacteria are ac id-fast organisms (pink 
rods; arrows in fi,l). 

Tuberculosis 

Cllon + 

{

ilarnodes 

complex Ghon focus 

> 90% 

usualty mid/ 
awer lobes) 

Heating by fibrosis 
Cakitication 

Primary tuberculosis 

<10% 

Progressive primary tuberculosis 
WOS. malnutrition) 

I 

(PPO(±l) l l Reactivation 

z· tuberculosis ' 

Progressive 
lung disease 

... \ ,, Bacterem1a 

F1brooiseous . cavnary lesion -----+ () 

(usually upper _ .. 
lobes) ' M1llary 

l 
, ";. \. tub..-culosis \ ; Vertettae 

Localized destructive disease 

Cavity 

Caseation 

Scar -

'-- A .r-...... IPottdiseasel 

lymph nodes 1 \ 
Lu 

) I ! 
ngs ----'" 
. ,•· ·..,,-Spleen 

I.Mr ' 

, I gland 

., '/'+-Joints and 

' longbones 
13 

TB symptoms include fever, night sweats, 
weight loss, cough (nonproductive or 
productive), hemoptysis. 

Cord factor creates a "serpentine cord" 
appearance in viru lent M tuberculosis strains; 
activates macrophages (promoting granuloma 
formation) and induces release of TNF-a . 
Sulfatides (surface glycolipids) inh ibit 
phagolysosomal fusion. 

PPD Et> if current infection or past exposure. 
PPD 8 if no infection and in sarcoidosis or 

I IIV infection (especia lly with low CD4+ cel l 
count). 

lnterferon-y release assay (IGRA) has fewer 
fa lse positives from BCG vaccination. 

Caseating granulomas with centra l necrosis 
a nd Langhans giant cell (single example 
in rJ) are characteristic of 2° tuberculos is. 



Leprosy 
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Also known as Ilansen disease. Caused by Mycobacterium leprae, an acid-fast baci llus that likes 
cool temperatures (infects skin and Superficial nerves-"glove and Stocking" loss of sensation rJ 
) and cannot be grown in vitro. Diagnosed via skin biopsy or tissue PCR. Reservoi r in United 
States: armadillos. 

Leprosy has 2 forms (many cases fall temporarily between two extremes): 
• Lepromatous- presents diffusely over the skin, with Leonine (Lion-like) facies I], and is 

communicable (high bacterial load); characterized by low cell-mediated immunity with a 
largely Th2 response. Lepromatous form can be Lethal. 

• Tuberculoid-limited to a few hypoesthetic, hairless skin plaques; characteri zed by high cell
mediated immunity with a largely Th i-type immune response and low bacterial load. 

Treatment: dapsone and rifampin for tuberculoid form; clofazimine is added for lepromatous form. 

Gram-negative lab algorithm 

Diplococci 

I 
Aerobic 

I 
Maltose acid detection 

Coccobacilti 

Haemophilus inlluenzae 
Bordetella pertussis 
Pasteurella 
Bruce/la 

Gram 8 (pink] 

Curved rods 

Oxidase® 

Francisella tularensis Grows in 42'C Grows in alkaline media 

N gonorrfloeae 
Moraxella 

N meningitidis 

l 
Campylobacter jejuni 

Bacilti 

Lactose fermentation 

( ---<;+ 
Oxidase 

- + .._.__________ 

Fast Stow 

I 
Vibrio cholerae 

E coli 
KlebsiellA Citrobacter 

H,S production Pseudomonas Enterobacter Serratia 

Shigella 
Yersinia 

Salmonella 
Proteus 

Important tests are in bold. Important pathogens are in bold italics. 

Produces urease 

1 
Helicobacter pylori 
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Neisseria 

Haemophilus 
influenzae 
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Cram 8 d ip lococci. Metabolize glucose 
and produce IgA proteases. Contain 
lipooligosaccharides (LOS) with strong 
endotoxin ac tivity. N gonorrhoeae is often 
intracellular (with in neutrophils) rJ. 

Gonococci 

No polysaccha ride capsule 

No maltose acid detection 

No vaccine due to antigen ic variation of pilus 
proteins 

Sexually or perinatally transmitted 

Causes gonorrhea, septic arth ritis, neonata l 
conjunctivitis (2- 5 days after birth), pelvic 
inAammatory disease (PIO), a nd Fitz-llugh
Curtis syndrome 

Diagnosed with NAT 

Condoms I sexual transmission, eryth romycin 
eye ointment prevents neonata l bl indness 

Treatment: ceftriaxone (+ azithromycin 
or doxycycl ine, for poss ible chlamydia! 
coin feet ion) 

Small gram 8 (coccobaci lla ry) rod. Aerosol 
transmission. Nontypeable (unencapsulated) 
stra ins are the most common cause of mucosa! 
infections (otitis media, conjunctivitis, 
bronchitis) as well as invasive infections since 
the vacc ine for capsular type b was introduced. 
Produces lgA protease. 

Culture on chocolate agar, which contains 
factors V (NAO+) and X (hematin) for growth; 

can also be grown with S aureus, which 
provides factor V via RBC hemolysis. 

HaEMOPhilus causes Epiglottitis (endoscopic 
appearance in rJ, can be "cherry red" in 
children; "thumb sign" on lateral neck 
x-ray ll)), M eningitis, O titis media, and 
P neumonia. 

T reatment: amoxicill in +/- clavulanate for 
mucosa! infections; ceftriaxone for meningitis; 
rifampin prophylax is for close contacts . 

Acid production: MeninC ococci- Maltose a nd 
G lucose; G onococci-G lucose. 

Meningococci 

Polysaccharide capsule 

Maltose acid detection 

Vaccine (type B vaccine avai lable for at-risk 
individuals) 

Tra nsmitted via respiratory a nd oral secretions 

Causes meningococcemia with petechial 
hemorrhages and gangrene of toes I], 
meningitis, Waterhouse-Friderichsen 
syndrome (adrena l insuffic iency, fever, DIC, 
shock) 

Diagnosed via culture-based tests or PCR 

Rifampin, ciproAoxacin, or ceftri axone 
prophylax is in c lose contacts 

Treatment: ceftriaxone or penici llin C 

Vaccine conta ins type b capsular polysaccharide 
(polyri bosylr ibitol phosphate) conjugated 
to d iphtheria toxoid or other protein. Given 
between 2 and 18 months of age. 

Does not cause the Au (inAuenza virus does). 



Bordete//a pertussis 

Bruce/la 

Legione//a 
pneumophila 

Pseudomonas 
aeruginosa 
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Cram 8, aerobic coccobaci llus. Vi rulence factors include pertussis tox in (disables C ;), adenylate 
cyclase toxin (t cAMP), and tracheal cytotoxin. Three c linical stages: 
• C atarrha l- low-grade fevers, C oryza. 
• Paroxysmal-paroxysms of intense cough followed by inspiratory '\vhooP" ("whooping cough"), 

posttussive vomiting. 
• Conva lescent-gradua l recovery of chronic cough. 

Prevented by Tdap, DTaP vaccines. May be mistaken as vira l infection due to lymphocytic 
infiltrate resulting from immune response. 

Treatment: macrolides; if allergic use TMP-SMX. 

Cram 8 , aerobic coccobacillus. Transmitted via ingestion of contaminated animal products (eg, 
unpasteurized mi lk). Survives in macrophages in the reticuloendothe lial system. Can form non
caseating granulomas. Typically presents with undulant fever, night sweats, and arthra lgia. 

Treatment: doxycycline + ri fampin or streptomycin. 

Cram e rnd. C ram stains poorly- use silver 
stain. Crow on charcoal yeast extract 
medium with iron and Detected by 
presence of antigen in urine. Labs may show 
hyponatremia. 

Aerosol transmission from environmenta l 
water source habitat (eg, a ir cond itioning 
systems, hot water tanks). No person-to-person 
transmission. 

Treatment: macrolide or quinokme. 

Aeruginosa-aernbic; motile, catalase EE>, 
gram 8 rod. Non-lactose fermenting. 
Oxidase EE>. Frequently found in water. I las a 
grape-like odor. 

PSEUDOMONAS is associated with: 
P neumonia, Sepsis, E cthyma gangrenosum, 
UT!s, D iabetes, Osteomyeli tis, Mucoid 
polysaccharide capsule, O titis externa 
(swimmer's ear), N osocomia l infections (eg, 
catheters, equipment), Addicts (drug abusers), 
Skin infections (eg, hot tub fo ll icul itis, wound 
infection in burn victims). 

Mucoid polysaccharide capsule may contribute 
to chronic pneumonia in cystic fibrosis 
patients due to biofi lm formation. 

Produces PEEP: P hospholipase C (degrades 
cell membranes); E ndotoxin (fever, shock); 
E xotoxin A (inactivates EF-2); P igments: 
pyoverd ine and pyocyanin (blue-green 
pigment ri.1; also generates reactive oxygen 
species). 

Think of a French legionnaire (sold ier) with 
his silver helmet, sitting around a campfire 
(charcoal) with h is iron dagger-he is no sissy 
(cysteine). 

Legionnaires' disease- severe pneumonia 
(often uni lateral and lobar !J), fever, C I and 
CNS symptoms. Common in smokers and in 
chrnnic lung d isease. 

Pontiac fever-mild flu-like syndrome. 

Corneal ulcers/keratitis in contact lens wearers/ 
minor eye trauma. 

Ecthyma gangrenosum-rapid ly progressive, 
necrotic cutaneous lesion I] caused by 
Pseudomonas bacteremia. Typically seen in 
immunocompromised patients. 

Treatments include "CAMPFIRE" drugs: 
• C arbapenems 
• Aminoglycosides 
• Monobactams 
• Polymyxins (eg, polymyxin B, colistin) 
• F luoroquinolones (eg, ciprofloxacin, 

levofloxacin) 
• ThIRd- and fourth-generation 

cephalosporins (eg, ceftazid ime, cefepime) 
• E xtended-spectrum penicillins (eg, 

piperacill in, t icarci llin) 
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Salmonella vs Shigella Both Salmonella and Shi gel/a are gram 8 rods, non-lactose fermenters, oxidase 8, and can invade 

the C I tract via M cells of Peyer patches. 

RESERVOIRS 

SPREAD 

HiS PRODUCTION 

FLAGELLA 

VIRULENCE FACTORS 

INFECTIOUS DOSE 00sol 

EFFECT Of ANTIBIOTICS ON FECAL 

EXCRETION 

IMMUNE RESPONSE 

GI MANIFESTATIONS 

VACCINE 

UNIQUE PROPERTIES 

Yersinia enterocolitica 

Lactose-fermenting 

enteric bacteria 

Salmonella typhi (ty-Vi) Salmonella spp. Shigella 

Humans only 

Can disseminate 
hematogenously 

(except S typhi) 

Humans and an imals 

Can disseminate 
hematogenously 

Yes Yes 

Yes (salmon swim) Yes (salmon swim) 

Endotoxin; Vi capsule Endotoxin 

High- la rge inoculum High 
required; acid-labile 
(inac tivated by gastric acids) 

Prolongs duration Prolongs duration 

Primarily monocytes 

Constipation, followed by 
d ia rrhea 

Oral vaccine contains live 
attenuated S typhi 

IM vaccine contains Vi 
capsula r polysaccharide 

• Causes typhoid 
fever (rose spots on 
abdomen, constipation, 
abdominal pain, fever; 
later C I u lceration 
and hemorrhage); treat 
with ceftriaxone or 
Auoroquinolone 

• Carrier state with 
gallbladder colonization 

PMNs in d isseminated 
d isease 

Diarrhea (possibly bloody) 

No vaccine 

• Poultry, eggs, pets, and 
turtles a re common 
sources 

• Antibiotics not 
indicated 

• Gastroenteritis is 
usua lly caused by non
typhoidal Salmonella 

Ilumans only 

Cell to cell; no hematogenous spread 

No 

No 

Endotoxin; Shiga toxin (enterotoxin) 

Low- very small inoculum required; 
acid stable (resistant to gast ri c acids) 

Shortens duration 

Primari ly PMN infiltration 

Fever, crampy abdominal pain 
- tenesmus, bloody mucoid stools 
(bacillary dysentery) 

No vaccine 

• 4 F 's: F ingers, F lies, Food, Feces 
• In order of decreasing severity (less 

toxin produced): S dysenteriae, 
S flexneri, S boydii, S sonnei 

• Invasion of M cells is key to 
pathogenicity: organisms that 
produce little toxin can cause disease 

Cram e rod. Usua lly transmitted from pet feces (eg, puppies), contaminated m ilk, or pork. Causes 
acute diarrhea or pseudoappendicitis (right lower abdominal pain due to mesenteric aden itis a nd/ 
or terminal ileitis). 

Fermentation oflactose - pink colonies 
on MacConkey agar. Examples include 
Citrobacter, Klebsiella, E coli, Enterobacter, 
and Serratia (weak fermenter). E coli produces 

lactosidase, which breaks down lactose 
into g lucose and galactose. 

Lactose is key. 
Test with MacConKEE'S aga r. 
EMB agar-lactose fermenters grow as purple/ 

black colonies. E coli grows colonies with a 
green sheen. 
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Cram 8, indole ® rod. E coli viru lence factors: limbriae- cystitis a nd pyeloneph ri tis (P pili); K 
capsule-pneumonia, neonatal meningitis; LPS endotoxin- septic shock. 

STRAIN TOXIN AND MECHANISM PRESENTATION 

Enteroinvasive E coli Microbe invades intestina l mucosa and causes EIEC is Invasive; dysentery. C linica l 
manifestations similar to Shigella. necrosis and inAammation. 

Enterotoxigenic E coli Produces heat-labile a nd heat-stable ET EC; Trave ler's diarrhea (watery). 

Enteropathoge n ic 
Ecoli 

Enterohemorrhagic 

Ecoli 

Klebsiella 

A . ....... ·., ,., 
'•· . .- . . _... ·- -· ., . .,, 
••• tr . . 

* 

Campylobacter jejuni 

enteroToxins. No inAammation or invasion. 

No toxin produced. Adheres to apica l surface, 
Aattens vill i, prevents absorption. 

0157:117 is most common serotype in US. Often 
transmitted via undercooked meat, raw leafy 
vegetables. 

Shiga-like toxin causes hemolyt ic-ure mic 
syndro me: triad of anemia, thrombocytopenia, 
and acute kid ney injury d ue to microthrombi 
form ing on damaged endothelium 
- mechanica l hemolysis (with schistocytes on 
periphera l blood smear), platelet consumption, 
and I renal blood Aow. 

Cram 8 rod; intestina l Aora that causes lobar 
pneumonia in a lcoholics and d iabetics when 
aspirated. Very mucoid colonies t'.iJ caused by 
abundant polysaccharide capsules. Dark red 
"currant jelly" sputum (blood/mucus). 

Also cause of nosocomial UTls. A5sociated wi th 
evolution of multidrug resistance (MOR). 

Diarrhea, usually in children (th ink EP EC and 
Pediatrics). 

Dysentery (toxin alone causes necrosis a nd 
inAammation). 

Does not ferment sorbito l (vs other E coli). 
Hemorrhagic, Hamburgers, Hemolytic-uremic 

syndrome. 

5 A:s of KlebsiellA: 
Aspiration pneumonia 
Abscess in lungs and liver 
Alcoholics 
DiAbetics 
"CurrAnt je lly" sputum 

Cram 8, comma or S shaped (with pola r Aagella) t'.iJ, oxidase ®, grows at 42°C ("Campylobacter 
likes the hot campfire"). 

Major cause of bloody diarrhea, especially in children. Fecal-oral transmission through person
to-person contact or via ingestion of undercooked contaminated poultry or meat, unpasteurized 
milk. Contact with infected an imals (dogs, cats, pigs) is also a risk factor. 

Common antecedent to Cuillain-Barre syndrome and reactive arthritis. 
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Vibrio cholerae 

Helicobacter pylori 

Spirochetes 

I 

. . 
* 

Lyme disease 

MICROBIOLOGY MICROBIOLOGY- CLINICAL BACTERIOLOGY 

Cram 8, Aagel lated, comma shaped rJ, oxidase EE>, grows in a lkaline media . Endemic to 
developing countries. Produces profuse rice-water d iarrhea via enterotoxin that permanently 
activates C ,, t cAMP. Sensitive to stomach acid (acid labi le); requires large inocu lum (high ID50) 

un less host has I gastric acidity. Transmitted via ingestion of contaminated water or uncooked 
food (eg, raw shellfish). Treat promptly with ora l rehydration solution. 

Curved, Aage llated (motile), gram 8 rod rJ that is triple EE>: cata lase EE>, ox idase EE>, a nd urease EE> 
(can use urea breath tes t or fecal antigen test for d iagnosis). Urease produces ammonia, creating 
an alka line environment, which he lps H pylori survive in acidic mucosa. Colonizes main ly 
antrum of stomach; causes gastritis and peptic u lcers (especially duodenal). Risk factor for peptic 
ulcer disease, gastric adenocarcinoma, and MALT lymphoma. 

Most common in itial treatment is triple therapy: Amoxicill in (metronidazole if penic ill in allergy) 
+ C larithromycin + P roton pump inh ibitor; Antibiotics C ure Pylori. Bismuth-based quadruple 
therapy if concerned about macrol ide resistance. 

Sp iral-shaped bacteria rJ with ax ia l fi laments. 
Includes Borrelia (big size), Leptospira, and 
Treponema. O nly Borrelia can be visualized 
using an iline dyes (Wright or Ciemsa sta in) 
in light microscopy due to size. Treponema is 
visua lized by dark-field microscopy or direc t 
Auorescent antibody (DFA) microscopy. 

Caused by Borrelia burgdorferi, which is 
transmitted by the Ixodes deer tick rJ (a lso 
vector for J\naplasma spp. and protozoa 
Babesia). Natural reservoir is the mouse (and 
important to t ick life cycle). 

Common in northeastern United States. 
Stage I- early localized: erythema migrans 

(typica l "bulls-eye" configuration rn is 
pathognomonic but not a lways present), 
Au-like symptoms. 

Stage 2- early disseminated: secondary lesions, 
card itis, AV block, facial nerve (Bell) pa lsy, 
migratory myalgias/tra nsient arthritis. 

Stage 3- late disseminated: encepha lopathy, 
chronic arth ritis. 

BLT. 
Borrelia is Big. 

A Key Lyme pie to the FACE: 
Facia l nerve palsy (typica lly bilatera l) 
Arthritis 
C ard iac block 
E rythema migrans 

Treatment: doxycycl ine (!st line); amoxicill in 
and, if severe illness, CNS signs, or heart 
block, ceftriaxone 
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Leptospira interrogans Spirochete with hook-shaped ends found in water contaminated with animal urine. 

Syphil is 

Primary syphilis 

Seconda ry syphilis 

Tert iary syphil is 

Congenita l syp h ilis 

Leptospirosis - Au-like symptoms, myalg ias (c lassica lly of ca lves), jaundice, photophobia with 
conjunctiva) suffusion (erythema without exudate). Prevalent among surfers and in tropics (eg, 
Hawai i). 

Wei l disease (icterohemorrhagic leptospi rosis)- severe form with jaundice and azotemia from liver 
and kidney dysfunction, fever, hemorrhage, and anemia. 

Caused by spi rochete Treponema pallidum. Treatment: penicill in C . 

Localized d isease presenting with pain less chancre rJ. Use Auorescent or dark-fie ld microscopy to 
visua lize treponemes in Au id from chancre [J VDRL EE> in - 803. 

Disseminated disease with constitutional symptoms, maculopapular rash l!t (includ ing 
palms (!] and soles), condylomata lata 0 (smooth, painless, wart-like white les ions on geni tals), 
lymphadenopathy, patchy ha ir loss; also confirmable with dark-field microscopy. 

Serologic testing: VDRL/RPR (nonspeci fic), confirm diagnosis with specific test (eg, FTA-ABS). 
Secondary syphilis= Systemic. Latent syphilis (EE> serology without symptoms) may follow. 

C ummas Iii (chronic granulomas), aortitis (vasa vasorum destruction), neurosyph ilis (tabes dorsa l is, 
"general paresis"), Argyll Robertson pupi l (const ric ts with accommodation but is not reactive to 
light; a lso called "prostitute's pupi l" since it accommodates but does not react). 

Signs: broad-based atax ia, EE> Romberg, Charcot joint, stroke without hypertension. 
For neurosyphi lis: test spinal Au id with VDRL, FTA-ABS, and PCR. 

Presents with facia l abnormal ities such as rhagades (linear scars at angle of mouth, black arrow 
in tm, snuffles (nasal d ischarge, red arrow in rm, saddle nose, notched (Ilu tchinson) teeth m, 
mulberry mola rs, and short maxilla; saber shins; CN VIII deafness. 

To prevent, treat mother early in pregnancy, as placenta l transmiss ion typically occurs after first 
trimester. 
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VDRL false positives 

Jarisch-Herxheimer 

reaction 

Gardnerella vagina/is 

Chlamydiae 

MICROBIOLOGY MICROBIOLOGY- CLINICAL BACTERIOLOGY 

VDRL detects nonspecific antibody that 
reacts wi th beef cardiolipin . Quantitative, 
inexpensive, and widely ava ilable test for 
syphilis (sensitive bu t not specific}. 

False-Positive results on VDRL with: 
P regnancy 
Viral infection (eg, EBV, hepatitis} 
Drugs 
Rheumatic fever 
Lupus and leprosy 

F lu-like syndrome (fever, chills, headache, myalgia) after antibiotics are started; due to killed 
bacteria (usually spirochetes) releasing toxins. 

A pleomorph ic, gram-variable rod involved in 
bacterial vaginosis. Presents as a gray vaginal 
d ischarge with a fishy smell; nonpainfu l (vs 
vaginitis}. Associated with sexual activity, but 
not sexually transmitted . Bacterial vaginosis 
is a lso characterized by overgrowth of 
certain anaerobic bacter ia in vagina. Clue 
cells (vaginal epithelial cells covered with 
Cardnerella} have stippled appearance a long 
outer margin (arrow in f'J). 

Treatment: metronidazole or clindamycin. 

Chlamydiae cannot make their own ATP. They 
are obligate intracellular organisms that cause 
mucosa! infections. 2 forms: 
• E lementary body (small, dense} 

is "Enfectious" a nd E nters cell via 

E ndocytosis; transforms into reticulate body. 
• Reticulate body Repl icates in ce ll by fiss ion; 

Reorganizes into e lementary bodies. 
Chlamydia trachomatis causes neonatal 

and follicu la r adu lt conjunctivitis f'J, 
nongonococcal ureth ri tis, PIO, and reactive 
arth ritis. 

Chlamydophila p11eu111011iae and Chlamydophila 
psittaci cause atypica l pneumonia; transmitted 
by aerosol. 

Treatment: azithromycin (favored because 
one-t ime treatment} or doxycycl ine. Add 
ceftriaxone for possible concomitant 
gonorrhea. 

I don't have a clue why I smell fish in the vagina 
garden! 

Amine whiff test- m ixing d ischarge with !03 
KOll enhances fishy odor. 

Chlamys =cloak (intracellu lar}. 
C psittaci- has a n avian reservoi r (pa rrots), 

causes atypica l pneumonia. 
Lab diagnosis: PCR, nucleic acid amplification 

test. Cytop lasmic inclusions (reticu late bodies} 
seen on Ciemsa or fluorescent a ntibody
stained smear. 

The c hlamyd ia! cell wall lacks c lassic 
peptidoglycan (due to reduced muramic acid}, 
rendering antibiotics ineffective. 
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Chlamydia trachomatis serotypes 

Types A, B, and C 

Types D- K 

Types Ll, L2, and L3 

Zoonotic bacteria 

SPECIES 

Anaplasma spp 

Bartonella spp 

Borrelia burgdorferi 

Borrelia recurrentis 

Bruce/la spp 

Campylobacter 

Chlamydophila psittaci 

Coxiella burnetii 

Ehrlichia chaffeensis 

Francisella tularensis 

Leptospira spp 

Mycobacterium leprae 

Pasteurella multocida 

Rickettsia prowazekii 

Rickettsia rickettsii 

Rickettsia typhi 

Salmonella spp 
(except S typhi) 

Yersinia pestis 

Chronic infection, cause blindness due to 
foll icular conjunctivitis in Africa. 

Urethritis/PIO, ectopic pregnancy, neonata l 
pneumonia (staccato cough) with eosinophilia, 
neonatal conjunctivitis (1-2 weeks after birth). 

Lymphogranulo ma venereum- small, pain less 
ulcers on genita ls - swollen, painfu l inguina l 
lymph nodes that u lcerate (buboes). Treat with 
doxycyc line. 

ABC = Africa, Blind ness, C hronic infection. 

D- K =everything else. 
Neonata l disease can be acqu ired during 

passage th rough infected birth cana l. 

Zoonosis: infectious d isease transmitted between an imals and humans. 

DISEASE 

Anaplasmosis 

Cat scratch d isease, bacillary angiomatosis 

Lyme d isease 

Relapsing fever 

Brucellosis/undulant fever 

Bloody diarrhea 

Psittacosis 

Q fever 

Ehrlichiosis 

Tula remia 

Leptospirosis 

Leprosy 

Cellulitis, osteomyel itis 

Epidemic typhus 

Rocky Mounta in spotted fever 

Endemic typhus 

Diarrhea (which may be bloody), vomiting, 
fever, abdomina l cramps 

Plague 

TRANSMISSION AND SOURCE 

Ixodes ticks (live on deer and mice) 

Cat scratch 

Ixodes ticks ( live on deer and mice) 

Louse (recurrent due to variable surface 
antigens) 

Unpasteurized dai ry 

Feces from infected pets/animals; contaminated 
meats/foods/hands 

Parrots, other birds 

Aerosols of cattle/sheep amniotic fluid 

Amblyomma (Lone Star t ick) 

Ticks, rabbits, deer flies 

Animal urine in water; recreational water use 

Ilumans with lepromatous leprosy; armadillo 
(rare) 

Animal bite, cats, dogs 

I luman to human via human body louse 

Dermacentor (dog tick) 

Fleas 

Repti les and poultry 

F leas (rats a nd prai ri e dogs are reservoi rs) 
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Rickettsial diseases 
and vector-borne 

illnesses 

RASH COMMON 

Rocky Mountain 
spotted fever 

Typhus 

RASH RARE 

Ehrlichiosis 

Anaplasmosis 

Qfever 

Mycoplasma 
pneumoniae 

MICROBIOLOGY MICROBIOLOGY- CLINICAL BACTERIOLOGY 

Treatment: doxycycline (caution dur ing pregnancy; a lternative is chloramphenicol). 

Rickettsia rickettsii, vector is tick. Despite its 
name, disease occurs primari ly in the South 
Atlantic states, especially North Carolina. 
Rash typica lly at wrists rJ and ankles and 
then spreads to trunk, pa lms, and soles. 

Endemic (Aeas)- R typhi. 
Epidemic (human body louse)- R prowa:rekii. 
Rash starts centrally and spreads out, spari ng 

palms and soles. 

Ehr/ichia, vector is t ick. Monocytes wi th 
morulae a (mulberry-like inclus ions) in 
cytoplasm. 

Anaplasma, vector is tick. C ranu locytes with 
morulae B in cytoplasm. 

Coxiel/a bumetii, no arthropod vector. Spores 
inha led as aerosols from cattle/sheep amniotic 
Auid. Presents with headache, cough, 
inA uenza-like symptoms, pneumonia, possibly 
in combination with hepatitis. Common cause 
of culture e endocarditis. 

Classic cause of atyp ical "walking pneumonia" 
(insid ious onset, headache, nonproductive 
cough, patchy or d iffuse interstitial infi ltrate). 

Occurs frequently in patients <30 years old; 
outbreaks in mi litary recruits and prisons. 

X-ray looks worse than patient. I Iigh titer of 
cold agglutinins ( IgM), which can agglutinate 
RBCs. Grown on Eaton agar. 

Treatment: macrolides, doxycycline, or 
Auoroquinolone (penicillin ineffective since 
Mycoplasma has no cell wall). 

Classic triad- headache, fever, rash (vasculitis). 
Palms and soles rash is seen in Coxsackievirus 

A infection (hand, foot, and mouth d isease), 
Rocky Mountain spotted fever, and 2° Syphi lis 
(you d rive CARS using your palms and soles). 

Rickettsii on the wRists, Typhus on the Trunk. 

MEGA berry-
M onocytes = E hrlichiosis 
C ranu locytes = Anaplasmosis 

Q fever is Q ueer because it has no rash or vector 
and its causative organism can survive outside 
in its endospore form. Not in the Rickettsia 
genus, but closely related. 

No cell wall. Not seen on Gram stain. 
Pleomorphic rJ. 

Bacteria l membrane contains sterols for stability. 
Mycoplasma gets cold without a coat (cell wall). 
Can cause atypica l variant of Stevens-

Johnson syndrome, typica lly in children and 
adolescents. 
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Systemic mycoses 

OISEASE 

Histoplasmosis 

Blastomycosis 

Coccidioidomycosis 

Para-

coccidioidomycosis 

All of the following can cause pneumonia and can disseminate. 
All are caused by d imorphic fungi : cold (20°C) = mold; heat (37°C) = yeast. Only exception is 

Coccidioides, which is a spherule (not yeast) in tissue. 
Systemic mycoses can form granulomas (l ike TB); cannot be transmitted person-to-person (unl ike TB). 
Treatment: Auconazole or itraconazole for local infection; amphoteric in B for systemic infection. 

ENDEMIC LOCATION 

Mississippi and Ohio 
River Va lleys 

Eastern and Central 
US, G reat Lakes 

Southwestern US, 
Cal iforn ia 

Latin America 

Histoplasmosis 
• Blastomycosis 

PATHOLOGIC FEATURES 

Macrophage filled 
with llistoplasma 
(smaller than 
RBC) (J 

Broad-based budding 
of Blastomyces (same 
size as RBC) t] 

Spherule (much larger 
than RBC) fi lled 
with endospores of 
Coccidioides B 

Budding yeast of 
Paracoccidioides with 
'"captain•s \vheel" 
formation (much 
larger than RBC) l'.!J 

• Coccidioidomycosis 

UNIQUE SIGNS/SYMPTOMS 

Palatal/tongue ulcers, 
splenomegaly, 
pancytopenia 

lnAammatory 
lung d isease, can 
d isseminate to sk in/ 
bone 

Verrucous skin lesions 
can simulate sec 

Forms granulomatous 
nodules 

Disseminates to skin/ 
bone 

Erythema nodosum 
(desert bumps) or 
multiforme 

Arthralgias (desert 
rheumatism) 

Can cause meningitis 

Sim ilar to 
blastomycosis, 
males> females 

NOTES 

Il isto h ides (with in 
macrophages) 

Bird (eg, starlings) or 
bat droppings 

D iagnosis via urine/ 
serum antigen 

Blasto buds broadly 

Assoc iated with 
dust exposure in 
endemic areas 
(eg, archeologica l 
excavations, 
ea rthquakes) 

Paracoccidio parasa ils 
with the captain's 
wheel a II the way to 
Latin America 
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Cutaneous mycoses 

Tinea 
(dermatophytes) 

Tinea ca pit is 

Tinea corporis 

Tinea cruris 

Tinea pedis 

Tinea unguium 

Tinea (pityriasis) 
versicolor 

MICROBIOLOGY MICROBIOLOGY- MYCOLOGY 

Clinical name for dermatophyte (cutaneous fungal) infections. Dermatophytes include 
Microsporum, Trichophytcm, and Epidennophyton. Branching septate hyphae visible on KOll 
preparation with blue funga l sta in t'J. Associated with pruritus. 

Occurs on head, scalp. Associated with lymphadenopathy, a lopecia, scaling ll). 

Occurs on body (usually torso). Characterized by enlarging erythematous, scaly rings ("ringworm") 
with centra l Can be acqu ired from contact with infected pets or fa rm an imals. 

Occurs in inguinal area [!]. Often does not show the centra l clearing seen in tinea corporis. 

Three varieties: 
• lnterdigita l ();most common 
• Moccas in distribution U 
• Ves icular type 

Onychomycosis; occurs on na ils. 

Caused by Malassezia spp. (Pityrosporum spp.), a yeast-like fungus (not a dermatophyte despite 
being called tinea). Degradation of lipids produces acids that inhibit tyrosinase (involved in 
melanin synthes is) - hypopigmentation hyperpigmentation and/or pink patches can also 
occur due to inflammatory response. Less pruritic than dermatophytes. 

Can occur any time of year, but more common in summer (hot, humid weather). "Spaghetti and 
meatballs" appearance on m icroscopy CJ. 

Treatment: selenium sulfide, topica l and/or ora l antifungal medications. 
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Opportunistic fungal infections 

Candida albicans 

Aspergil/us 

fumigatus 

Cryptococcus 
neoformans 

Mucor and Rhizopus 
s pp. 

alba = white. Dimorphic; forms pseudohyphae and budd ing yeasts at 20°C f.il, germ tubes at 
37°c rn. 

Systemic or superfic ia l funga l infection. Causes and esophageal th rush in 
immunocompromised (neonates, steroids, d iabetes, AIDS), vu lvovaginitis (diabetes, use of 
antibiotics), d iaper rash, endocard itis (IV drug users), disseminated candidiasis (especially in 
neutropenic patients), c hronic mucocutaneous candidiasis. 

Treatment: oral Auconazole/topical azole for vaginal; nystatin, Auconazole, or echinocandins for 
oral/esophageal; Auconazole, echinocandins, or amphoteric in B for systemic. 

Septate hyphae that branch at 45° Acute Angle l!l I). 
Causes invasive aspergillosis in immunocompromised patients, neutrophil dysfunction (eg, chronic 

granulomatous d isease). 
Can cause aspergi llomas I] in pre-existing lung cavities, especially after TB infection. 
Some species of Aspergillus produce AAatoxins (associated with hepatocellular carcinoma). 
Treatment: vori conazole or echinocandins (2nd-line). 

All erg ic bronchopulmonary aspergillosis (ABPA)- hypersensi tivity response to Aspergillus 
growing in lung mucus. Assoc iated with asthma and cystic fi brosis; may cause bronchiectasis and 
eosinoph ilia. 

5- IO µ m with narrow budding. I leavily encapsulated yeast. Not dimorphic. 
Found in soil, p igeon droppings. Acquired through inha lation with hematogenous dissemination 

to meninges. Ilighlighted with India ink (clear ha lo 13) and mucicarmine (red inner capsule W). 
Latex agglutination test detects polysaccharide capsu lar antigen and is more sens itive and specific. 

Causes cryptococcosis, cryptococcal meningitis, cryptococcal encephalitis ("soap bubble" lesions 
in bra in), primari ly in immunocompromised. 

Treatment: amphoteric in B + Aucytosine followed by Auconazole for cryptococca l meningitis. 

Irregular, broad, nonseptate hyphae branching at wide angles O. 
Causes mucormycosis, mostly in ketoacidotic d iabetic and/or neutropenic patients (eg, leukemia). 

Inha lation of spores - fungi prol iferate in blood vesse l walls, penetrate cribriform plate, and enter 
bra in. Rhinocerebral, fronta l lobe abscess; cavernous sinus thrombosis. Ileadache, facial pain, 
black necrntic eschar on face; may have cranial nerve involvement. 

Treatment: surgical debridement, amphotericin B or isavuconazole. 

,, 



1 54 SECTION II 

Pneumocystis jirovecii 

Sporothrix schenckii 

MICROBIOLOGY MICROBIOLOGY- MYCOLOGY 

Causes Pneumocystis pneumonia (PCP), a d iffuse interstitia l pneumonia f'J. Yeast-like fungus 
(origina lly classified as protozoan). Most infections are asymptomatic. lmmunosuppression (eg, 
AIDS) predisposes to d isease. Diffuse, bilatera l ground-glass opacities on chest imaging, with 
pneumatoceles [l). Diagnosed by bronchoalveolar lavage or lung biopsy. Disc-shaped yeast seen on 
methenamine si lver sta in of lung or with Auorescent antibody. 

Treatment/prophylaxis: TMP-SMX, pentamidine, dapsone (prophylaxis as single agent, or 
treatment in combination with TMP), atovaquone. Start prophylaxis when C D4+ count drops to 
< 200 cells/mm3 in IIIV patients. 

Sporotrichosis. Dimorph ic, cigar-shaped budd ing yeast that grows in branching hyphae with 
rosettes of conidia; lives on vegetation. W hen spores are traumatica lly introduced into the 
sk in, typically by a thorn ("rose gardener's disease"), causes local pustule or u lcer with nodules 
a long draining lymphatics (ascending lymphangitis ri.1). D isseminated disease possible in 
immunocompromised host. 

Treatment: itraconazole or potassium iodide (only for cutaneous/lymphocutaneous). 
Think of a rose gardener who smokes a cigar and pot. 
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Protozoa- gastrointestinal infections 
ORGANISM 

Giardia lamblia 

Entamoeba 
histolytica 

Cryptosporidium 

DISEASE 

Gia rd iasis-bloating, Aatu lence, 
foul-smell ing, fatty d iarrhea 
(often seen in campers/hikers)
think fat-rich Ghirardelli 
chocolates for fatty stools of 
Ciardia 

Ame biasis - bloody d iarrhea 
(dysentery), liver abscess 
("anchovy paste" exudate), RUQ 
pain; h istology of colon biopsy 
shows Aask-shaped ulcers 

Severe d iarrhea in AIDS 
Mild disease (watery diarrhea) in 

immunocompetent hosts 

TRANSMISSION 

Cysts in water 

Cysts in water 

Oocysts in water 

DIAGNOSIS 

Multinuc leated 
trophozoi tes rJ or 
cysts [iJ in stool, 
antigen detection 

Serology, a ntigen 
testing, and/or 
trophozoi tes (with 
e ngulfed 
in the cytoplasm) 
or cysts with up to 
4 nuclei in stool C!J; 
Entamoeba Eats 
Eryth rocytes 

Oocysts on acid-fast 
sta in [), antigen 
detection 

• 

SECTION II 155 

TREATMENT 

Metronidazole 

Metronidazole; 
paromomycin or 
iodoquinol for 
asymptomatic cyst 
passers 

Prevention (by 
fi ltering c ity 
water supplies); 
nitazoxanide in 
immunocompetent 
hosts 
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Protozoa- CNS infections 
ORGANISM OISEASE TRANSMISSION 

Toxoplasma 

gondii 

Naegleria fowleri 

Trypanosoma 
brucei 

lmmunocompetent: 
mononucleosis-like symptoms, 
e heterophile antibody test. 

Reactivation in AIDS - brain 
abscesses usua lly seen as 
multiple ring-enhancing lesions 
on MRI f'J. 

Congen ita I toxoplasmosis: 
classic triad of chorioretinitis, 
hydrocephalus, and intracranial 
calcifications. 

Cysts in meat (most 
common); oocysts 
in cat feces; crosses 
placenta (pregnant 
women should 
avoid cats) 

Rapidly fata l meningoencepha litis Swimming in warm 
freshwater (th ink 
Nalgene bott le 

African sleeping sickness
enlarged lymph nodes, recurring 
fever (due to antigenic variation), 
somnolence, coma 

Ii lied with fresh 
water contain ing 
Naegleria); enters 
via cribri form p late 

Tsetse Ay, a painful 
bite 

DIAGNOSIS 

Serology, biopsy 
(tachyzoite) Ill 

TREATMENT 

Sulfad iazine + 
pyrimethamine 

Amoebas in CSF B Amphoteric in B has 
been effective for a 
few survivors 

Trypomastigote in 
blood smear [!J 

Suramin for blood
bome disease or 
mela rsoprol for 
CNS penetration 
("I sure am 
mellow when 
I'm sleeping"; 
remember 
melaton in helps 
with sleep) 

m-
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Protozoa- hematologic infections 
ORGANISM 

Plasmodium 
P vivax/ovale 
P falciparum 
Pmalariae 

Babesia 

DISEASE 

Malaria - fever, headache, anemia, 
splenomegaly 

P vivaxlovale-48-hr cycle (tert ia n; 
includes fever on fi rst day and 
third day, thus fevers a re actually 
48 h r apart); dormant form 
(hypnozoite) in liver 

P falciparum-severe; irregular 
fever patterns; parasitized RBCs 
occlude capillaries in bra in 
(cerebral mala ria), kidneys, lungs 

P malariae- 72-hr cycle (quartan) 

Babesiosis- fever and hemolytic 
anemia; predominantly in 
northeastern Uni ted States; 
asplenia t risk of severe disease 

TRANSMISSION 

Anopheles mosquito 

Ixodes tick (same as 
Borrelia burgdorferi 
of Lyme disease; 
may often coinfect 
humans) 

DIAGNOSIS TREATMENT 

Blood smear: C hloroquine (for 
trophozoi te ring sensitive species); 
form within if resistant, use 
RBC fJ, schizont meAoquine or 
conta in ing atovaquone/ 
merozoites; red proguani l 
granules (Schuffner If life-th reatening, 
stippl ing) 111 use intravenous 
throughout RBC quinidine or 
cytoplasm seen artesunate (test for 
with P vivaxlovale C6PD deficiency) 

For P vivaxlovale, 
add primaquine for 
hypnozoite (test for 
C6PD deficiency) 

Blood smear: ring Atovaquone 
form rsJ, "Maltese + azithromycin 
c ross" Iii; PCR 
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Protozoa- others 
ORGANISM 

Viscera I infections 

Trypanosoma 

cruzi 

Leishmania spp 

OISEASE 

Chagas d isease- d ilated 
card iomyopathy with 
apical atrophy, megacolon, 
megaesophagus; predominantly 
in South America 

Unilatera l periorbita l swell ing 
(Romana sign) characteristic of 
acute stage 

Visceral leishmaniasis 
(kala-azar)- spiking fevers, 

hepatosplenomegaly, 
pancytopenia 

Cutaneous leishmaniasis- skin 

TRANSMISSION 

Triatomine insect 
(kissing bug) bites 
and defecates 
around the mouth 
or eyes; feca l 
transmission into 
bite site or mucosa 

Sand fly 

DIAGNOSIS TREATMENT 

Trypomastigote in Benznidazole 
blood smear fJ or n ifurtimox; 

cruzing in n1y 
Benz, with a fur 
coat on 

Macrophages Amphoteric in B, 
contain ing sodium 
amastigotes rn stibogluconate 

Sexually transmitted infections 

Trichomonas 

vagina/is 

Nematode routes of 
infection 

Vaginitis - foul-smell ing, greenish 
d ischarge; itching and burning; 
do not confuse with Cardnerella 
vagina/is, a gram-variable 
bacterium associated with 
bacteria l vaginosis 

Sexual (cannot exist 
outside human 
because it cannot 
form cysts) 

Trophozoites 
(motile)[!] on wet 
mount; "strawberry 
cervix" 

Metronidazole for 
patient and partner 
(prophylaxis; check 
for STI) 

lngested- Enterobius, Ascaris, Toxocara, 
Trichinella, Trichuris 

Cutaneous- Strongy/oides, Ancylostoma, 
Necator 

You' ll get sick if you EATTI these! 

Bites- Loa loa, Onchocerca volvulus, 
vVuchereria bancrofti 

These get into your feet from the SANd. 

Lay LOW to avoid getting bitten. 
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Nematodes (roundworms) 
ORGANISM DISEASE TRANSMISSION 

Intestinal 

Enterobius vermicularis Causes anal pruritus (diagnosed by seeing Fecal-oral 
(pinworm) egg fi.1 via the tape test) 

Ascaris lumbricoides 
(giant roundworm) 

Strongyloides 
stercoralis 
(threadworm) 

Ancylostoma spp, 
Necator americanus 
(hookworms) 

May cause obstruction at ileocecal 
va lve, biliary obstruction, intestinal 
perforation, migrates from nose/mouth 

Autoinfection: rarely, some larvae may 
penetrate the intestinal wall to enter the 
bloodstream without leaving the body 

Cause microcytic anemia by sucking 
blood from intestinal wall 

Cutaneous larva migrans- pruritic, 
serpiginous rash walking 
barefoot on contaminated beach 

Fecal-oral; knobby-coated, 
oval eggs seen in feces 
under microscope rn 

Larvae in soil penetrate skin; 
rhabditiform larvae seen in 
feces under microscope 

Larvae penetrate skin 
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TREATMENT 

Pyrantel pamoate or 
bendazoles (because 
worms are bendy) 

Bendazoles 

lvermectin or 
bendazoles 

Bendazoles or pyrantel 
pamoate 

Trichinella spiralis Larvae enter bloodstream, encyst 
in striated muscle rn - muscle 
inAammation 

Undercooked meat (especially Bendazoles 
pork); feca l-oral (less likely) 

Trichuris trichiura 
(whipworm) 

Tissue 

Toxocara canis 

Onchocerca vo/vulus 

Loaloa 

Wuchereria bancrofti 

Trichinosis- fever, vomiting, nausea, 
periorbital edema, myalgia 

Often asymptomatic; loose stools, 
anemia, rectal prolapse in children 
(heavy infection) 

Fecal-oral 

Visceral Jarva migrans-nematodes Fecal-oral 
migrate to blood through intestinal wa ll 
- inAammation and damage. Often 
affec ts heart (myocarditis}, liver, eyes 

(visual impairment, blindness), and 
CNS (seizures, coma) 

Skin changes, loss of elastic fibers, and Female black Ay 
river blindness (black Aies, black skin 
nodules, "black sight"}; allergic reaction 
to microfilaria possible 

Swell ing in skin, worm in conjunctiva Deer Ay, horse Ay, mango Ay 

Lymphatic filariasis (elephantiasis)- Female mosqui to 
worms invade lymph nodes 
- inAammation - lymphedema 0 ; 
symptom onset after 9 mo-I yr 

Bendazoles 

Bendazoles 

Ivermectin (ivermectin 
for river blindness) 

Diethylcarbamazine 

Diethylcarbamazine 
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Cestodes (tapeworms) 
ORGANISM 

Taenia solium rJ 

Diphyllobothrium 

latum 

Echinococcus 

granulosus 

Trematodes (flukes) 
ORGANISM 

Schistosoma 

IJI 
0 

Q "')1-'Q 

o. 

Clonorchis sinensis 
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OISEASE 

Intestinal tapeworm 

Cysticercosis, 
neurocysticercosis (cystic 
CNS lesions, seizures) 1J1 

Vitamin B12 deficiency 
(tapeworm competes for B12 
in intestine) - megaloblas tic 
anemia 

Hydatid cysts [!1 ("eggshell 
calci fication") in liver (); cyst 
rupture can cause anaphylaxis 

OISEASE 

Liver and spleen enlargement 
(S mansoni, egg with 
lateral spine rJ}, fi brosis, 
inAammation, portal 
hypertension 

Chronic infection with 
S haematobium (egg with 
terminal spine llJ) can lead 
to squamous cell carcinoma 
of the bladder (painless 
hematuria) and pulmonary 
hypertension 

Biliary trac t inAammation 
- pigmented gallstones 

with 
cholangiocarcinoma 

TRANSMISSION TREATMENT 

Ingestion of larvae encysted in Praziquantel 
undercooked pork 

Ingestion of eggs in food 
contaminated with human 
feces 

Ingestion of larvae in raw 
freshwater fish 

Ingestion of eggs in food 
contaminated with dog feces 

Sheep are an intermediate host 

TRANSMISSION 

Snails are intermediate host; 
cercariae penetrate skin of 
humans in contact with 
contaminated fresh water (eg, 
swimming or bathing) 

Undercooked fish 

Praziquantel; albendazole for 
neurocysticercosis 

Praziquantel 

Albendazole 

TREATMENT 

Praziquantel 

Praziquantel 



Ectoparasites 

Sarcoptes scabiei 

Pediculus human us/ 
Phthirus pubis 

Parasite hints 
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Mite burrow into stratum corneum and cause 
scabies-prur itus (worse at n ight) and 
serpiginous burrows (lines) often between 
fi ngers a nd toes f'J. 

Blood-sucking lice that cause intense pruritus 
with associated excoriations, commonly on 
scalp and neck (head lice), wa istband and 
axi lla (body lice), or pubic and peria na l 
regions (pubic lice). 

ASSOCIATIONS 

Bi liary trac t disease, cholangiocarcinoma 

Brain cysts, seizures 

Hematuria, squamous cell bladder cancer 

Liver (hydatid) cysts 

Microcytic a nemia 

Myalgias, periorbita l edema 

Perianal pru ritus 

Porta l hypertens ion 

Vi tamin B12 deficiency 

Common in child ren, crowded popu lations 
(jai ls, nursing homes); transmission th rough 
skin-to-ski n contac t (most common) or via 
fom ites. 

Treatment: permethrin cream, wash ing/d ryi ng 
a ll clothing/bedding, treat close contacts. 

Body lice can transmit Rickettsia prowazekii 
(ep idemic typhus), Borre/ia recurrentis (relapsing 
fever), Bartone/la quintana (trench fever). 

Treatment includes pyrethroids, malathion, or 
ivermectin lotion, and n it 1J combing. Children 
with head lice can be treated at home without 
interrupting school attendance. 

ORGANISM 

Clonorchis sinensis 

Taenia solium (neurocysticercosis) 

Schistosoma haematobium 

Echinococcus granulosus 

Ancylostoma, Necator 

Trichinella spiralis 

Enterobius 

Schistosoma mansoni, Schistosoma ;apcmicum 

Diphyllobothrium latum 
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Viral structure- general features 

Nucleic 
acid 

Surface 
protein 
lipid bilayer 

Nucleic 
acid 

capsid with 
viral RNA 

Naked virus 
with icosahedral capsid 

Viral genetics 

Recombination 

Reassortment 

Enveloped virus 
with icosahedral capsid 

Enveloped virus 
with helical capsid 

Exchange of genes between 2 chromosomes by 
crossing over within regions of significant base 
sequence homology. 

• 
• 

• 

• 
AJV\ 

• 

• 
vv 

• 
• 

• 

... 
• • 

+ AJV\ 

• • .,.. 

& ., 
+ vv 

When viruses with segmented genomes (eg, 
inAuenza virus) exchange genetic material. 
For example, the 2009 novel II INI inAuenza 
A pandemic emerged via complex viral 
reassortment of genes from human, swine, and 
avian viruses. I las potential to cause antigenic 
shift. 

• AJV\ . , AJV\ • 
• • 

Complementat ion When I of 2 viruses that infect the cell has • • 
• • • • 

AJV\ + AJV\ 
• .l\IV\ • • .l\IV\ • 

• • 

Sactefiophage 

• 
" • 

AJV\ 

• • ., 

• ., • vv . AJV\ . ,.,, 

• 
• • 

AJV\ . AJV\ . 
a mutation that results in a nonfunctional 
protein, the nonmutated virus "complements" 
the mutated one by making a functional 
protein that serves both viruses. For example, 
hepatitis D vi rus requires the presence of 
replicating hepatitis B virus to supply IIBsAg, 
the envelope protein for IIDV. 

Functional Nonfunctional 
• 

Functional 

Phenotypic mixing Occurs with simultaneous infec tion of a 
cell with 2 viruses. For progeny I, genome 
of vi rus A can be partially or completely 
coated (forming pseudovirion) with the 
surface proteins of virus B. Type B protein 
coat determines the tropism (infectivity) of 
the hybrid virus. Progeny from subsequent 
infection of a cell by progeny I will have 
a type A coat that is encoded by its type A 
genetic materia l. 

• 
• • 

AJV\ . AJV\ • + 

• 
Virus A 

... .,... ., • .. • 
AJV\ • AJV\ . JVV\ .AJV\ . .,.. ., 
Virus S Progeny 1 

• 
• • 

JVV' 

•""". • 
Progeny 2 Ii?! 



DNA viral genomes 

RNA viral genomes 

Naked viral genome 
infectivity 

Viral envelopes 

DNA virus 
characteristics 
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All DNA viruses have dsDNA genomes except 
Parvovi ridae (ssDNA). 

All are linear except papi lloma-, polyoma-, and 
hepadnaviruses (circu la r). 

All RNA viruses have ssRNA genomes except 
Reovi ridae (dsRNA). 

EE> stranded RNA vi ruses: I went to a retro 
(retrovirus) toga (togavi rus) party, where 
I drank flavored (flavivirus) Corona 
(coronavirus) and ate hippie (hepevi rus) 
California (calicivirus) pickles (picornavirus). 

All are dsDNA (like our cells), except "part-of-a
virus" (parvovirus) is ssDNA. 

Parvus =small. 

All are ssRNA, except "repeato-vi rus" (reovirus) 
isdsRNA. 

Purified nucleic acids of most dsDNA viruses (except poxviruses and I IBV) and EE> strand ssRNA 
("' mRNA) viruses are infectious. Naked nucleic acids of 8 strand ssRNA and dsRNA vi ruses are 
not infectious. They require polymerases conta ined in the complete virion. 

Genera lly, enveloped viruses acquire thei r 
envelopes from plasma membrane when 
they exit from cel l. Exceptions include 
herpesvi ruses, which acqu ire envelopes from 
nuclear membrane. 

Naked (nonenveloped) vi ruses include 
Papillomavirus, Adenovirus, Parvovirus, 
Polyomavi rus, Ca licivirus, P icornavirus, 
Reovirus, and Ilepevirus. 

Some general rules- a ll DNA viruses: 

GENERAL RULE 

Are III IAPPPP y vi ruses 

Are double st randed 

Have linea r genomes 

Are icosahedra l 

Replicate in the nucleus 

DNA = PAP P; RNA = CPR and hepevirus. 
Give PAP P smears and CPR to a naked hippie 

(hepevirus). 

COMMENTS 

Ilepadna, Herpes, Adeno, Pox, Parvo, 
Papilloma, Polyoma. 

Except parvo (single stranded). 

Except papi lloma and polyoma (ci rcular, 
supercoi led) and hepadna (circular, 
incomplete). 

Except pox (complex). 

Except pox (carries own DNA-dependent RNA 
polymerase). 
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DNA viruses 

VIRAL FAMILY 

Herpes viruses 

Poxvirus 

Hepadnavirus 

Adenovirus 

Papillomavirus 

Polyomavirus 

Parvovirus 

All replicate in the nucleus (except poxvirus). "Pox is out of the box (nucleus)." 
ENVELOPE 

Yes 

Yes 

Yes 

No 

No 

No 

No 

DNA STRUCTURE 

OS and linear 

OS and linear 
(largest DNA virus) 

Partia lly OS and circular 

OS and linear 

OS and circular 

OS and circular 

SS and linear 
(smallest DNA vi rus) 

MEDICAL IMPORTANCE 

See Ilerpesviruses entry 

Smallpox eradicated world wide by use of the live
attenuated vaccine 

Cowpox ("milkmaid blisters") 
M olluscum contagiosum-Aesh-colored papule with 

central umbilication 

IIBV: 
• Acute or chronic hepatitis 
• Not a retrovirus but has reverse transcriptase 

Febri le pharyngitis fi.1- sore th roat 
Acute hemorrhagic cystitis 
Pneumonia 
Conjunctivitis- "pink eye" 
Gastroenteritis 
Myocarditis 

I IPV- warts (serotypes I, 2, 6, II), CIN, cervical 
cancer (most commonly 16, 18) 

JC virus- progressive multifoca l leukoencephalopathy 
(PML) in IJIV 

BK virus- transplant patients, commonly targets kidney 
JC: Junky Cerebrum; BK: Bad Kidney 

Bl9 virus- aplastic crises in sickle cell disease, 
"slapped cheek" rash in children (erythema 
infectiosum, or fifth disease); infects RBC precursors 
and endothelial cells 

RBC destruction in fetus leads to hydrops fetalis 
and death, in adults leads to pure RBC aplasia and 
rheumatoid arthritis- like symptoms 

Herpesviruses Enveloped, OS, and linear viruses 

VIRUS 

Herpes 

simplex 
virus-1 

Herpes 
simplex 
virus-2 

ROUTE OF TRANSMISSION 

Respiratory 
secretions, saliva 

Sexual contact, 
perinatal 

CLINICAL SIGNIFICANCE 

Gingivostomatitis, keratoconjunctivitis f'J, 
herpes labial is III, herpetic whitlow on linger, 
temporal lobe encephal itis, esophagitis, 
erythema multiforme. 

Herpes genital is l1, neonatal herpes. 

NOTES 

Most commonly latent in trigeminal 
ganglia. Most common cause of 
sporadic encephalitis, can present 
as al tered mental status, seizures, 
and/or aphasia. 

Most commonly latent in sacral 
ganglia. Vira l meningitis more 
common with HSV-2 than with 
IISV-L 



Herpesviruses (continued) 

VIRUS 

Varicella
Zoster vi rus 
(HHV-3) 

Epstein-Barr 
virus (HHV-4) 

Cytomegalo
virus (HHV-5) 

Human 
herpes
viruses 6 
and7 

Human 
herpesvirus 
8 

ROUTE OF TRANSMISSION 

Respiratory 
secretions, 
contact with Auid 
from vesicles 

Respiratory 
secretions, 
saliva; aka 
"kissing disease," 
(common in 
teens, young 
adults) 

Congenital, 
transfusion, 
sexual contact, 
saliva, urine, 
transplant 

Saliva 

Sexual contact 
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CLINICAL SIGNIFICANCE 

Varicella-zoster (chickenpox l!J, shingles I]), 
encephal itis, pneumonia. 

Most common complication of shingles is post
herpetic neuralgia. 

Mononucleosis- fever, hepatosplenomegaly [i, 
pharyngitis, and lymphadenopathy (especially 
posterior cervical nodes). Avoid contact sports 
unti l resolution due to risk of splenic rupture. 

with lymphomas (eg, endemic 
Burkitt lymphoma), nasopharyngeal 
carcinoma (especially As ian adults), 
lymphoproliferative disease in transplant 
patients. 

Mononucleosis (8 Monospot) in 
immunocompetent patients; infec tion in 
immunocompromised, especia lly pneumonia 
in transplant patients; esophagitis; AIDS 
retinitis ("sightomegalovirus"): hemorrhage, 
cotton-wool exudates, vision loss. 

Congenital CMV 

Roseola infantum (exanthem subitum): high 
fevers for several days that can cause seizures, 
followed by diffuse macular rash (starts on 
trunk then spreads to extremities) O. 

Kaposi sarcoma (neoplasm of endothelial cells). 
Seen in HIV/AIDS and transplant patients. 
Dark/v iolaceous plaques or nodules 0 
representing vascular prol iferations. 

NOTES 

Latent in dorsal root or trigeminal 
ganglia; CN V1 branch 
involvement can cause herpes 
zoster ophthalmicus. 

Infects B cells through CD21, "Must 
be 21 to drink Beer in a Barr." 

Atypical lymphocytes on peripheral 
blood smear 13- not infected B 
cells but reactive cytotoxic T cells. 

EE> Monospot test- heterophile 
antibodies detected by agglutination 
of sheep or horse RBCs. 

Use of amoxicill in in mononucleosis 
can cause characteristic 
maculopapular rash. 

Infected cells have characteristic 
"owl eye" intranuclear 
inclusions m. 

Latent in mononuclear cells. 

Roseola: fever first, Rosy (rash) later. 
lllIV-7- less common cause of 

roseola. 

Can also affect GI tract and lungs. 



1 66 SECTION II 

HSV identification 

Receptors used by 
viruses 

MICROBIOLOGY MICROBIOLOGY- VIROLOGY 

Viral culture for skin/genitalia. 
CSF PCR for herpes encepha litis. 
Tzanck test- a smear of an opened skin vesicle to detect multinucleated giant cells rJ commonly 

seen in !JSV-1, ! ISV-2, and VZV infection. PCR of skin lesions is test of choice. 
Tzanck heavens l do not have herpes. 
lntranuclear eosinophilic Cowdry A inclusions a lso seen with !ISV-1, llSV-2, VZV. 

VIRUS 

CMV 

EBV 

HIV 

Parvovi rus Bl9 

Rabies 

Rhinovirus 

RECEPTORS 

lntegrins (heparan sulfate) 

CD21 

C D4, CXCR4, CCRS 

P antigen on RBCs 

Nicotinic AChR 

ICAM-1 (Take a picture of the rhino with a 
camera) 
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RNA viruses All replicate in the cytoplasm (except retrovirus and influenza virus). "Retro flu is outta cyt (sight)." 
VIRAL FAMILY ENVELOPE RNA STRUCTURE CAPSIO SYMMETRY MEOICAL IMPORTANCE 

Reoviruses No OS linear Icosahedral COLTlvirus•- CQLorado Tick fever 
10- 12 segments (double) Rotavi rus- cause of fata l diarrhea in children 

Picornaviruses No SS<±> linear Icosahedral Poliovirus-polio-Salk/Sabin vaccines-IPV/OPV 
Echovirus- aseptic meningitis 
Rhinovirus-"common cold" 
Coxsackievi rus- aseptic meningitis; herpangina 

(mouth blisters, fever); hand, foot, and mouth 
disease; myocarditis; pericarditis 

IIAV-acute viral hepatitis PERCH 

Hepevirus No SS<±> linear Icosahedral llEV 

Caliciviruses No SS<±> linear Icosahedral Norovirus- vira l gastroenteritis 

Flaviviruses Yes SS<±> linear Icosahedral llCV 
Yellow fever" 
Dengue• 
St. Louis encephalitis• 
West Nile virus3 -meningoencephalitis, flaccid 

paralysis 
Zika virus• 

Togaviruses Yes SS<±> linear Icosahedral Toga CREW- Chikungunya virus• (co-infection 
with dengue virus can occur), Rubella, Eastern 
and Western equine encephalitis 

Retroviruses Yes SS<±> linear Icosahedral llave reverse transcriptase 
2 copies (llTLV), I ITLV-T-cell leukemia 

complex 111\1- AIDS 
and conical 
(lllV) 

Coronaviruses Yes SS<±> linear llelical "Common cold," SARS, MERS 

Orthomyxoviruses Yes SS 8 linear llelical Influenza virus 
8 segments 

Paramyxoviruses Yes SS 8 linear llelical PaRaMyxovirus: 
Nonsegmented Parainfluenza- croup 

RSV- bronchiolitis in babies 
Measles, Mumps 

Rhabdoviruses Yes SS 8 linear llelical Rabies 

Filoviruses Yes SS 8 linear llelical Ebola/Marburg hemorrhagic fever- often fatal. 

Arenaviruses Yes SS<±> and e llelical LCMV-lymphocytic choriomeningitis virus 
ci rcular Lassa fever encephalitis- spread by rodents 

2 segments 

Bunyaviruses Yes SS e circular llelical California encephalitis• 
3 segments Sandfly/Rift Valley fevers• 

Crimean-Congo hemorrhagic fever• 
I lantavirus-hemorrhagic fever, pneumonia 

Delta virus Yes SS e circular Uncertain I IDV is a "defective" virus that requires the 
presence of IJBV to replicate 

SS, single-stranded; OS, double-stranded;(±>, positive sense; 8, negative sense; 3= arbovirus, arthropod borne (mosquitoes, 
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Negative-stranded 
viruses 

Segmented viruses 

Picornavirus 

Rhinovirus 

Yellow fever virus 

Rotavirus 

MICROBIOLOGY MICROBIOLOGY- VIROLOGY 

Must transcribe 8 strand to EE>. Virion bri ngs 
its own RNA-dependent RNA polymerase. 
They include Arenaviruses, Bunyaviruses, 
Paramyxoviruses, Orthomyxoviruses, 
Filoviruses, and Rhabdoviruses. 

All are RNA viruses. They include 
Bunyaviruses (3 segments), Orthomyxoviruses 
(inAuenza vi ruses) (8 segments), Arenaviruses 
(2 segments), and Reoviruses (10-12 segments). 

Includes Poliovirus, Echovirus, Rhinovirus, 
Coxsackievirus, and IIAV. RNA is trans lated 
into I large polypeptide that is cleaved by 
vi rus-encoded proteases into functiona l viral 
proteins. Can cause aseptic (viral) meningitis 
(except rhinovirus and I IAV). All are 
enteroviruses except rhinovirus and I IAV. 

Always Bring Polymerase Or Fai l Replication. 

BOARding Aight 382 in 10-12 minutes. 

PicoRNAvi rus = small RNA virus. 
PERCH on a "peak" (pico). 

A picornavirus. Nonenveloped RNA virus. Rhino has a runny nose. 
Cause of common cold; > IOO serologic 
types. Acid labile- destroyed by stomach ac id; 
therefore, does not infect the Cl tract (unlike 
the other picornaviruses). 

A Aavivirus (also an arbovirus) transmitted by 
Aedes mosquitoes. Virus has a monkey or 
human reservoir. 

Symptoms: high fever, black vomitus, and 
jaundice. May see Councilman bodies 
(eosinophilic apoptotic globules) on liver 
biopsy. 

Segmented dsRNA virus (a reovirus) []. 
Most important global cause of infantile 
gastroenteritis. Major cause of acute diarrhea 
in the United States during winter, especially 
in day care centers, kindergartens. 

Villous destruction with atrophy leads to 
I absorption of Na+ and loss of K+. 

Flavi = yellow, jaundice. 

ROTAvirus = Right Out The Anus. 
CDC recommends routine vaccination of 

all except those with a history of 
intussusception or SCIO. 



Influenza viruses 

Genetic/antigenic 
shift 

Genetic/antigenic 
drift 

Rubella virus 

Paramyxoviruses 
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Orthomyxoviruses. Enveloped, 8 ssRNA 
vi ruses with 8-segment genome. Conta in 
hemagglutin in (binds sia lic acid and promotes 
viral entry) and neuraminidase (promotes 
progeny vi rion release) a ntigens. at 
risk for fatal bacteria l superinfection, most 
commonly S aureus, S pneumoniae, a nd 
H inf/uenzae. 

Causes pandemics. Reassortment of vira l 
genome segments, such as when segments of 
human Au A virus reassort with swine Au A 
virus. 

Causes epidemics. Minor (antigenic d ri ft) 
changes based on random mutation in 
hemagglutin in or neuraminidase genes. 

Reformulated vaccine ("the Au shot") contains 

viral strains most likely to appear during the Au 
season, due to the virus' rap id genetic change. 

Killed viral vacc ine is most frequently used. 
Live attenuated vaccine contains temperature

sensitive mutant that replicates in the nose but 
not in the lung; administered intranasally. 

Sudden shi ft is more deadly than gradual d rift. 

A togavirus. Causes rubella, once known as German (3-day) measles. Fever, postauricular and 
other lymphadenopathy, a rthralgias, a nd fine, maculopapula r rash that starts on face and spreads 
centri fuga lly to involve trunk and ex tremities f'J. 

Causes mi ld disease in child ren bu t serious congenital d isease (a To RC I IeS infection). Congenita l 
rubella findings include "blueberry muffin" appearance due to dermal ex tramedullary 
hematopoiesis . 

Paramyxoviruses cause disease in children. They include those that cause parainAuenza (croup}, 
mumps, measles, RSV, and human metapneumovirus, which causes respiratory tract infection 
(bronchiol itis, pneumonia) in infants. All conta in surface F (fusion) protein, which causes 
respiratory epithelial cells to fuse and form multi nucleated cells. Palivizumab (monoclonal 
antibody against F protein) prevents pneumonia caused by RSV infection in premature infants. 

Pa livizumab for Para myxovirus (RSV) P rophylax is in P reemies. 
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Acute Also ca lled croup. Caused by parainAuenza viruses. Virus membrane contains hemagglutinin 
laryngotracheobronchitis (binds sialic acid and promotes viral entry) and neuraminidase (promotes progeny vi rion release) 

Measles (rubeola) 

virus 

Mumps virus 

antigens. Results in a "seal-like" bark ing cough and inspiratory stridor. Narrowing of upper trachea 
and subglottis leads to characteristic steep le sign on x-ray tl Severe croup can result in pulsus 
paradoxus 2° to upper a irway obstruction. 

Usua l presentation involves prodromal fever 
with cough, coryza, and conjunctivitis, then 
eventually Koplik spots (bright red spots with 
blue-white center on buccal mucosa fl), 
followed 1-2 days later by a maculopapular 
rash El that starts at the head/neck and spreads 
downwa rd . 

Lymphadenitis with Warthin-Finke ldey g iant 
cells (fused lymphocytes) in a background of 
paracortical hyperplasia. Poss ible sequelae: 
• SSPE (subacute sclerosing panencepha litis, 

occurring yea rs later) 
• Encepha litis (1:2000) 
• Giant cell pneumonia (rare except in 

immunosuppressed) 

Uncommon due to effec tiveness of MMR 
vaccine. 

Symptoms: Parotitis fl, O rchitis (inAammation 
of testes), aseptic M eningitis, a nd Pancreatitis. 
Can cause steri lity (especially after puberty). 

4 C 's of measles: 
C ough 
C oryza 
C onjunctivitis 
"C "oplik spots 

Vitamin A supplementation can reduce 
morbid ity and morta lity from measles, 
particu larly in malnour ished c hildren. 

Pneumonia is the most common cause of 
meas les-associated death in chi ldren. 

Mumps makes your parotid g lands a nd testes as 
big as POM-Poms. 



Rabies virus 

Ebola virus 

Zikavirus 
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Bullet-shaped vi rus fJ. Negri bodies 
(cytoplasmic inclusions I]) commonly 
fou nd in Purkinje cells of cerebellum and 
in hippocampal neurons. Rabies has long 
incubation period (weeks to months) before 
symptom onset. Postexposure prophylaxis 
is wound cleaning plus immunization with 
killed vaccine and rabies immunoglobulin. 
Example of passive-active immunity. 

Travels to the CNS by migrating in a retrograde 
fashion (via dynein motors) up nerve axons 
after binding to ACh receptors. 

Progression of disease: fever, malaise 
- agitation, photophobia, hydrophobia, 
hypersalivation - paralysis, coma - death. 

A fi lovirus fJ that targets endothelial cells, 
phagocytes, hepatocytes. Following an 
incubation period of up to 21 days, presents 
with abrupt onset of Au-like symptoms, 
diarrhea/vomiting, high fever, myalgia. Can 
progress to DIC, diffuse hemorrhage, shock. 

Diagnosed with RT-PCR within 48 hr of 
symptom onset. lligh mortality rate. 

A Aavivi rus most commonly transmitted by 
Aedes mosquito bites. 

Causes conjunctivitis, low-grade pyrexia, 
and itchy rash in 203 of cases. Can lead to 
congenita l microcephaly or miscarriage if 
transmitted in utero. 

Diagnose with RT-PCR or serology. 

Infection more commonly from bat, raccoon, and 
skunk bites than from dog bites in the United 
States; aerosol transmission (eg, bat caves) also 
possible. 

Transmission requires direct contact with bodily 
Auids, fom ites (including dead bodies), infected 
bats or primates (apes/monkeys); high incidence 
of nosocomial infection. 

Supportive care, no definitive treatment. Strict 
isolation of infected individuals and barrier 
practices for health care workers are key to 
preventing transmission. 

Sexual and vertical transmission possible. 
Outbreaks more common in tropical and 
subtropical climates. Supportive care, no 
definitive treatment. 
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Hepatitis Signs and symptoms of a ll hepatitis viruses: episodes offever, jaundice, t ALT and AST. Naked viruses (HAV 
viruses and I !EV) lack an envelope and are not destroyed by the gut: the vowels hi t your bowels. 

HBV DNA polymerase has DNA- a nd RNA-dependent activities. Upon entry into nuc leus, the polymerase 
completes the partial dsDNA. ! lost RNA polymerase transcribes m RNA from viral DNA to make vira l 
proteins. The DNA polymerase then reverse tra nscribes viral RNA to DNA, which is the genome of the 
progeny virus. 

BCV lacks 3'-5' exonuclease activi ty - no proofreading ability - antigenic va riation of l!CV envelope 
proteins. Host antibody production lags behind production of new mutant strains of I !CV. 

Virus HAV HBV HCV HOV HEV 
FAMILY RNA picornavirus DNA hepadnavirus RNA Aavivirus RNA deltavirus RNA hepevirus 

TRANSMISSION Fecal-ora l (shellfish, Parenteral (Blood), Primarily blood Pa renteral, sexua l, Fecal-ora l, 
travelers, day care) sexual (Baby- (!V DU, post- perinatal especially 

making), perinatal transfusion) waterborne 
(Birthing) 

INCUBATION Short (weeks) Long (months) Long Superinfection Short 
(IIDV after 
IIBV) = short 

Coinfection (IIDV 
with I IBV) = long 

CLINICAL COURSE Asymptomatic In itially like serum May progress to Similar to IIBV Fulmina nt hepatitis 
(usua lly), Acute sickness (fever, C irrhosis or in Expectant 

arthra lgias, rash); C arcinoma (pregnant) women 
may progress to 
carcinoma 

PROGNOSIS Good Adults - mostly Majority develop Superinfection Il igh mortal ity in 
fu ll resolution; stable, C hronic - worse prognosis pregnant women 
neonates - worse hepatitis C 
prognosis 

HCC RISK No Yes Yes Yes No 

LIVER BIOPSY I lepatocyte Gra nular Lymphoid Similar to IIBV Patchy necrosis 
swelling, eosinophilic aggregates with 
monocyte "ground glass" focal areas of 
infi ltration, appearance; macrovesicular 
Councilman cytotoxic T cel ls steatosis 
bodies mediate damage 

NOTES No carr ier state Carrier state C arrier state very Defective vi rus, E nteric, Epidemic 
common common Depends on (eg, in parts of 

I IBV HBsAg coat Asia, Africa, 
for entry into Middle East), no 
hepatocytes carr ier state 
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Extra hepatic manifestations of hepatitis Band C 

Hepatitis B Hepat itis C 

HEMATOLOGIC 

RENAL 

VASCULAR 

OERMATOLOGIC 

ENDOCRINE 

Aplastic anemia Essential mixed cryoglobulinemia, t risk B-cell 
NHL, ITP, au toimmune hemolytic anemia 

Membranous CN > membranoprol iferative CN Membranoproliferative CN >membranous CN 

Polyarteritis nodosa Leukocytoclastic vasculitis 

Sporadic porphyria cutanea tarda, lichen planus 

t risk of diabetes mellitus, autoimmune 
hypothyroidism 
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Hepatitis serologic markers 

Anti-HAV (lgM) 

Anti-HAV (lgG) 

HBsAg 

Anti-HBs 

HBcAg 

Anti-HBc 

HBeAg 

Anti-HBe 

Acute HBV 

Window 

lgM a ntibody to IIAV; best test to detect acute hepatitis A. 

lgC antibody indicates prior I IAV infection and/or prior vaccination; protects aga inst reinfection. 

Antigen found on surface of I IBV; ind icates hepatitis B infection. 

Antibody to IIBsAg; indicates immunity to hepati tis B due to vaccination or recovery from 
infection. 

Antigen associated wi th core ofl IBV 

Antibody to I IBcAg; lgM = acute/recent infection; lgC = prior exposure or chronic infection. lgM 
anti-I IBc may be the sole® marker of infection during window period. 

Secreted by infected hepatocyte into circu lation. Not part of mature I IBV virion. Ind icates active 
viral replication and therefore high transmissibi lity a nd poorer prognosis. 

Antibody to IIBeAg; indicates low transmissibility. 

Important 
diagnostic 

tests 

Relative 
concentration 

of reactants 

Level of 
detection 

Months after 0 
exposure 

Incubation 
period 

HBsAq 

DNA 
polymerase 

HBV particles 

Prodrome. 
acute disease 

HBsAg 
(anti·HBc) 

Convalescence 
Early Late 

Anti· Anti· 8s 
HBc (antl·HBc) 

Anti-HBc 

! 
HBsAg 

Window period Anti-HBs 

HBeAg 

2 3 4 s 6 7 8 

Symptoms 

SGPT (ALT) 

HBsAg Anti-HBs HBeAg 

./ ./ 

Surface antigen 
HBsAg \ 

DNA \ 

DNA 

e antigen 

HBeAg--...... 

Anti -HBe 

./ 

Anti-HBc 

lgM 

lgM 

Chronic HBV (high infectivity) ./ ./ lgC 

Chronic HBV (low infectivity) ./ ./ lgG 

Recovery ./ ./ lgG 

Immunized ./ 



HIV 
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Envelope proteins 
acquired through budding from 
host cell plasma membrane 

gpUO'. 

! I p17: Matrix protein 

glycoproteon 1'J Docking /(lipid envelope 

pl4: 

p< z CapsidprOlein 

L 1 ) ttanscriptase 

Diploid genome (2 molecules of RNA). 
The 3 structural genes (protein coded for): 

• env (gpl20 and gp41): 
• Formed from cleavage of gpl60 to form 

envelope glycoproteins. 
• gp l20- attachment to host CD4+ T cell. 
• gp41- fusion and entry. 

• gag (p24 and pl7)- capsid and matrix 
proteins, respectively. 

• pol- Reverse transcriptase, lntegrase, 
P rotease; RIP "Pol" (Paul) 

Reverse transcriptase synthesizes dsDNA from 
genomic RNA; dsDNA integrates into host 
genome. 

Vi rus binds CD4 as well as a coreceptor, either 
CCR5 on macrophages (early infection) or 
CXCR4 on T cells (late infection). 

I Iomozygous CCR5 mutation = immunity. 
Ileterozygous CCR5 mutation =slower course. 

HIV diagnosis Presumptive diagnosis made with IIIV-1/2 Ag/ 
Ab immunoassays. These immunoassays 
detect viral p24 Ag capsid protein and IgC Abs 
to JJIV-1 /2 . Very h igh sensitivity/specific ity. 

Western blot tests are no longer recommended 
by the CDC for confirmatory testing. 

Viral load tests determine the amount of vira l 
RNA in the plasma. lligh vira l load associated 
with poor prognosis. Also use viral load to 
monitor effect of drug therapy. Use llIV 
genotyping to determine appropriate therapy. 

AIDS 200 CD4+ cells/mm3 

(normal: 500-1500 cells/mm3). I IIV EE> with 
AIDS-defining condition (eg, Pneumocystis 
pneumonia) or CD4+ percentage < 143 . 

I IIV-1/2 Ag/Ab testing is not recommended in 
babies with suspected IIIV due to maternally 
transferred an tibody. Use IIIV viral load 
instead. 

HIV-1/2 antibodies and p24 antigen combinatioo immunoassay 

Negative for HIV-! and HIV-2 
antibodies and p24 Ag 

HIV-1/HIV-2 antibody j ditfer;"tiation immunoasry 

HIV-! <±) HIV-! 8 HIV-! @ 
HIV-2 8 HIV-2(±) HIV-2@ 

l 
HIV-! 8 or intennediate 

HIV-28 

HIV-! antibodies HIV-2 antibodies HIV antibodies ! 
detected detected 

®indicates reactive test result 
8 indicates nonreactive test result 
NAT: nucleic acid test 

detected r HIV-! NAT ! 

HIV-! NAT<±) HIV-! NAT 8 
Acute HIV-! infection Negative for HIV-! 
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Time course of untreated HIV infection 

Window period 

1200 

1100 

"E 
.§ 
-"' 
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Qj 
v 700 
+ 
00 
a u 600 
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.;j: 
a soo 
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400 

300 

Primary 
infection 

1 2 

Months 

/ -Acute HIV infection 
Viral dissemination 
Seeding of lymphoid organs Clinical latency 

Anti-envelope antibody (gp120) 

Dashed lines on C D4+ count ax is ind icate moderate immunocompromise 
(< 400 C D4+ cells/mm'} and when AIDS-defi n ing illnesses emerge(< 200 
C D4+ cells/mm'). 

Most patients who do not receive treatment eventua lly d ie of complications of 
IIIV infection. 

Skin and mucous 
membrane 
infections 

Systemic immuno· 
deficiency/AIDS· 
defining illnesses 

107 

10' 

Four stages of untreated infection: 
L F lu-like (acute) 
2. Feel ing fine (latent) 
3. Fa ll ing count 
4. F ina l crisis 

;i;; 
< 
"' z 
> 
" 0 
"O 
;;;-

3 
r-

During clinical latency phase, virus replicates 
in lymph nodes 
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Common diseases of 
HIV-positive adults 

I CD4+ cell count - reactivation of past infec tions (eg, TB, !ISV, shingles), dissemination of 
bacterial infections and fungal infections (eg, coccidioidomycosis), and non-llodgkin lymphomas. 

PATHOGEN PRESENTATION 

CD4+ cell count < SOO/mm3 

Candidaalbicans Oral th rush 

EBV 
HHV-8 

Oral hairy leukoplakia 

Kaposi sarcoma 

HPV Squamous cell carcinoma, commonly of anus 
(men who have sex with men) or cervix 

CD4+ cell count < 200/mm3 

Histoplasma 

capsulatum 

HIV 

JC virus (reactivation) 

Fever, weight loss, fatigue, cough, dyspnea, 
nausea, vomiting, diarrhea 

Dementia 

Progress ive multifocal leukoencephalopathy 

Pneumocystis jirovecii Pneumocystis pneumonia 

CD4+ cell count < 100/ mm3 

Aspergil/us fumigatus 

Bartone/la spp 

Candida albicans 

CMV 

Cryptococcus 
neoformans 

Cryptosporidium spp 

EBV 

Mycobacterium 

avium-intracellulare, 

Mycobacterium avium 

complex 

I Iemoptys is, pleuritic pain 

Bacillary angiomatosis 

Esophagitis 

Retinitis, esophagitis, colitis, pneumonitis, 
encephalitis 

Meningitis 

Chronic, watery diarrhea 

B-cell lymphoma (eg, non-Hodgkin lymphoma, 
CNS lymphoma) 

Nonspecific systemic symptoms (fever, night 
sweats, weight loss) or focal lymphadenitis 

Toxop/asma gondii Brain abscesses 

FINDINGS 

Scrapable white plaque, pseudohyphae on 
microscopy 

Unscrapable whi te plaque on lateral tongue 

Biopsy with lymphocytic inAammation 

Oval yeast cells within macrophages 

Nonenhancing areas of demyelination on MRI 

"Ground-glass" opacities on chest imaging 

Cavitation or infiltrates on chest imaging 

Biopsy with neutrophilic inAammation 

White plaques on endoscopy; yeast and 
pseudohyphae on biopsy 

Linear ulcers on endoscopy, cotton-wool spots 
on fu ndoscopy 

Biopsy reveals cells with intranudear (owl eye) 
inclusion bodies 

Encapsulated yeast on India ink stain or 
capsular antigen Et> 

Acid-fast oocysts in stool 

CNS lymphoma- ring enhancing, may be 
solitary (vs Toxoplasma) 

Multiple ring-enhancing lesions on MRI 
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Prions 

MICROBIOLOGY MICROBIOLOGY- SYSTEM S 

Pri<m diseases are caused by the conversion of a normal (predominantly et-helica l) protein termed 
prion prote in (Prf'C) to a form (PrPsc}, which is transmissible via CNS-related tissue 
(iatrogenic CJD) or food contaminated by BSE-infected an imal products (va ria nt CJD). Pr!>S< 
resists protease degradation and faci litates the conversion of still more Prf'C to Prrsc. Res istant to 
standard ster ilizing procedures, including standard autoclaving. Accumulation of PrP'< results in 
spongiform encepha lopathy and dementia, atax ia, and death. 

Creutzfeldt-Jakob disease- rap id ly progress ive dementia, typically sporadic (some fami lia l forms). 

Bovine spongiform encephalopathy- a lso known as "mad cow d isease." 

Kuru- acquired prion disease noted in triba l populations practicing human cannibalism. 

Normal flora: 
dominant 

Bugs causing food
borne illness 

Neonates delivered by C -section have no Aora but are rapidly colonized after birth. 

LOCATION 

Skin 

Nose 

Oropharynx 

Denta l plaque 

Colon 

Vagina 

MICROORGANISM 

S epidermidis 

S epidermidis; colonized by S aureus 

Vi ridans group streptococci 

S mutans 

B fragilis > E coli 

Lactobacillus; colonized by E coli and group B 
strep 

S aureus and B cereus food poisoning starts quickly and ends quickly. 

MICROORGANISM 

B cereus 

C botulinum 

C perfringens 

E coli 0 157:117 

L 111011ocytoge11es 

Salmonella 

S aureus 

V parahaemolyticus and V vulnificus" 

SOURCE Of INFECTION 

Reheated rice. "Food poisoning from reheated 
ri ce? Be serious!" (B cereus) 

Improperly canned foods (toxins}, raw honey 
(spores) 

Reheated meat 

Undercooked meat 

Deli meats, soft cheeses 

Poultry, meat, and eggs 

Meats, mayonnaise, custa rd; preformed toxin 

Contaminated seafood 

•v vulnificus can a lso cause wound infections from contact with contaminated water or shellfish. 
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Bugs causing diarrhea 

Bloody diarrhea 

Campylobacter 

E histolytica 

Enterohemorrhagic 
Ecoli 

Enteroinvasive E coli 

Salmonella (non

typhoidal) 

Shi gel/a 

Y enterocolitica 

I Watery diarrhea 

C difficile 

C perfringens 

Enterotoxigenic E coli 

Protozoa 

V cholerae 

Viruses 

Comma- or S-shaped organisms; growth at 42°C 

Protozoan; amebic dysentery; liver abscess 

0157:117; can cause IIUS; makes Shiga-like tox in 

Invades colonic mucosa 

Lactose 8; Aagellar moti lity; has a nimal reservoir, especia lly poultry a nd eggs 

Lactose 8; very low 10 50; produces Shiga toxin; human reservoir on ly; bacillary dysentery 

Day care outbreaks; pseudoappendici tis 

Pseudomembra nous colitis; associated with antibiotics and PPis; occasionally bloody diarrhea 

Also causes gas gangrene 

Travelers' d ia rrhea; produces heat-labile (LT ) and heat-stable (ST) tox ins 

Ciardia, Cryptosporidium 

Comma-shaped organisms; rice-water diarrhea; often from infected seafood 

Rotavirus, norovirus, enter ic adenovirus 

Common causes of pneumonia 

NEONATES(< 4 WK) CHI LOREN (4 WK-18 YR) ADULTS (18-40 YR) ADULTS (40-65 YR) ELDERLY 

C roup B streptococci Vi ruses (RSV) Mycoplasma 
C pneumoniae 
S pneumoniae 

S p11eu111011iae 
H influenwe 
Anaerobes 
Vi ruses 
Mycoplasma 

S pneumcm iae 
lnAuenza virus 
Anaerobes 

E coli Mycoplasma 

Special groups 

Alcoholic 

IV drug users 

Aspirat ion 

Atypica l 

Cystic fibrosis 

Im mu nocompromised 

Nosocomial (hospital 
acquired) 

Postviral 

C trachomatis 
(infants- 3 yr) 

C pneumcmiae 
(school-aged 
children) 

S p11eu111011iae 
Runts May C ough 

C hunky Sputum 

Viruses (eg, inAuenza) H influen;zae 
C ram8rods 

Klebsiella, anaerobes usually due to aspiration (eg, Peptostreptococcus, Fusobacterium, Prevotella, 
Bacteroides) 

S p11eu111011iae, S aureus 

Anaerobes 

Mycoplasma, Chlamydophila, Legionella, viruses (RSV, CMV, inAuenza, adenovirus) 

Pseudomcmas, S aureus, S p11eu111011iae, Burkholderia cepacia 

S aureus, e nteric gram 8 rods, fungi, viruses, P iirovecii (with J llV) 

S aureus, Pseudomcmas, other enteric gram 8 rods 

S p11eu111011iae, S aureus, If influen;zae 
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Common causes of meningitis 
NEWBORN (()-6 MO) CHI LOREN (6 M0-6 YR) 6-60YR 60YR+ 

C roup B streptococci 
E coli 
Listeria 

S pneumoniae 
N meningitidis 
H inf/uenwe type b 
Enterovi ruses 

S pneumoniae 
N meningitidis (ltl in teens) 
Enteroviruses 
HSV 

S pneumoniae 
Cram 8 rods 
Listeria 

Give ceftriaxone and vancomycin empi ri cally (add ampicill in if Listeria is suspected). 
Viral causes of meningitis: enteroviruses (especially coxsackievi rus), HSV-2 (IISV-1 = encephalitis), llIV, West Nile virus (a lso 

causes encepha litis), VZV. 
In IIIV: Cryptococcus spp. 
Note: Inc idence of /1 inf/uen:zae meningitis has l great ly due to conjugate /1 inf/uen:zae vaccinations. Today, cases a re usually 

seen in unimmunized children. 

Cerebrospinal fluid findings in meningitis 

Bacterial 

Fungal/TB 

Viral 

Infections causing 
brain abscess 

Osteomyelitis 

OPENING PRESSURE 

Norma lit 

CELLTYPE 

t PMNs 

t lymphocytes 

t lymphocytes 

PROTEIN GLUCOSE 

Norma lit Normal 

Most commonly viridans streptococci and Staphylococcus aureus. If denta l infection or extraction 
precedes abscess, oral anaerobes commonly involved. 

Multiple abscesses are usually from bacteremia; single les ions from contiguous sites: otitis media 
and mastoid itis - temporal lobe and cerebellum; sinusitis or dental in fection - fronta l lobe. 

Toxoplasma reac tivation in AIDS. 

RISK FACTOR 

if no other information is ava ilable 

Sexually active 

Sickle cell d isease 

Prosthetic joint replacement 

Vertebra l involvement 

Cat and dog bites 

JV drug abuse 

Elevated ESR and CRP sensitive but not specific. 

ASSOCIATED INFECTION 

S aureus (most common overall) 

Neisseria gonorrhoeae (rare), septic arthritis more 
common 

Salmonella and S aureus 

S aureus and S epidermidis 

S aureus, M tuberculosis (Pott disease) 

Pasteurella multocida 

S aureus; a lso Pseudomonas, Candida 

Radiographs are insensitive early but can be usefu l in chronic osteomyel itis (f,J, left). MRI is best 
for detecting acute infection and detai ling anatomic involvement (fJ, right). 



Urinary tract 
infections 

SPECIES 

Escherichia coli 

Staphylococcus 

saprophyticus 

Klebsiella pneumoniae 

Serratia marcescens 

Enterococcus 

Proteus mirabilis 

Pseudom onas 

aeruginosa 
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Cysti tis presents with dysuria, frequency, urgency, suprapubic pain, and WBCs (but not WBC 
casts) in ur ine. Primarily caused by ascension of microbes from urethra to bladder. Ascension to 
kid ney resu lts in pyelonephritis, which presents with fever, chi lls, Aank pain, costovertebral angle 
tenderness, hematuria, and WBC casts. 

Ten times more common in women (shorter urethras colonized by feca l Aora). 
Risk factors: obstruction (eg, kidney stones, enlarged prostate), kidney surgery, catheterization, 

congenita l CU malformation (eg, ves icouretera l reAux), diabetes, pregnancy. 

FEATURES 

Leading cause of UTI. Colonies show strong 
pink lactose-fermentation on MacConkey 
aga r. 

2nd leading cause of UTI in sexually active 
\VOmen. 

3rd leading cause of UTI. Large mucoid capsule 
and viscous colonies. 

Some strains produce a red pigment; often 
nosocomia l and drug resistant. 

Often nosocomial and drug resistant. 

Motility causes "swarming" on agar; associated 
with struvi te stones. 

Blue-green pigment and frui ty odor; usually 
nosocomia l and drug resistant. 

COMMENTS 

Diagnostic markers: 
EE> Leukocyte esterase = evidence of WBC 

activity. 
EE> Nitrite test = reduction of urinary n itrates 

by gram 8 bacterial species (eg, E coli). 
EE> Urease test = urease-produc ing bugs (eg, 

S saprophyticus, Proteus, Klebsiella). 

Common vaginal infections 

SIGNS AND SYMPTOMS 

LAB FINDINGS 

TREATMENT 

Bacterial vaginosis 

No inAammation 
Thin, white discharge rJ with 

fishy odor 

Clue cells 
p l l >4.5 

Metronidazole or cl indamycin 

Trichomonas vaginit is 

InAammation ("strawberry 
cervix") 

Frothy, yellow-g reen, foul
smell ing d ischarge 

Moti le pea r-shaped 
tri chomonads a 

pll > 4.5 

Metronidazole 
Treat sexual partner(s) 

\f 

Candida vulvovaginitis 

InAammation 
Thick, white, "cottage cheese" 

d ischarge B 

Pseudohyphae 
pll normal (4.0-4.5) 

Azoles 
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ToRCHeS infections Microbes that may pass from mother to fetus. Transmission is transplacen ta l in most cases, or via 
delivery (especially I ISV-2). Nonspecific signs common to many ToRCileS infections include 
hepatosplenomegaly, jaundice, thrombocytopenia, and growth retardation. 

Other important infectious agents include Streptococcus agalactiae (group B streptococci), E coli, 

and Listeria monocytogenes- all causes of meningitis in neonates . Parvovi rus Bl9 causes hydrops 
feta l is. 

AGENT 

Toxoplasma gondii 

MODES Of MATERNAL TRANSMISSION 

Cat feces or ingestion of 
undercooked meat 

Rubella Respiratory droplets 

Cytomegalovirus Sexual contact, organ 
transplants 

HIV Sexual contact, need lestick 

He rpes s implex virus-2 Skin or mucous membrane 
contact 

Syphilis Sexual contact 

MATERNAL MANIFESTATIONS 

Usually asymptomatic; 
lymphadenopathy (rare ly) 

Rash, lymphadenopathy, 
polyarthritis, polyarth ralgia 

Usually asymptomatic; 
mononucleosis-like illness 

Variable presentation depending 
on CD4+ cell count 

Usually asymptomatic; herpetic 
(vesicular) lesions 

Chancre (1°) and d isseminated 
rash (2°) are the two stages 
likely to result in feta l infection 

NEONATAL MANIFESTATIONS 

Classic t riad: chorioretin itis, 
hydrocephalus, and 
intracrania l ca lcifications, 
+I- "blueberry muffin" rash rJ 

Classic t riad: abnormalities 
of eye (cataracts [1J) and ear 
(deafness) and congenital heart 
disease (PDA); ± "blueberry 
muffin" rash. "I (eye) • ruby 
(rubella) earrings" 

Hearing loss, seizures, petechia l 
rash, "blueberry muffin" rash, 
chorioretin itis, periventricular 
ca lcifications &:!I 

Recurrent infections, chronic 
diarrhea 

Meningoencephalitis, herpetic 
(ves icular) lesions 

Often results in stillbi rth, 
hydrops feta lis; if chi ld 
survives, presents wi th facial 
abnormalities (eg, notched 
teeth, sadd le nose, short 
maxilla), saber shins, CN VIII 
deafness 



Red rashes of childhood 
AGENT 

Coxsackievirus type A 
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ASSOCIATED SYNDROME/DISEASE 

Hand-foot-mouth disease 

CLINICAL PRESENTATION 

Oval-shaped ves icles on palms and soles !J; 
vesicles and ulcers in oral mucosa 

Human herpesvirus 6 Roseola (exanthem subitum) Asymptomatic rose-colored macules appear 
on body after several days of high fever; can 
present with febrile seizures; usually affects 
infants 

Measles virus Measles (rubeola) ConAuent rash beginning at head and 
moving down; preceded by cough, coryza, 
conjunctivitis, and blue-white (Koplik) 
on buccal mucosa 

Parvovirus 819 Erythema infectiosum (fifth disease) "Slapped cheek" rash on face I] (can cause 
hydrops feta lis in pregnant women) 

Rubella virus Rubella Pink macules and papules begin at head 
and move down, remain discrete - fine 
desquamating truncal rash; postauricular 
lymphadenopathy 

Streptococcus pyogenes Scarlet fever Flushed cheeks and circumoral pallor B on face; 
erythematous, sandpaper-like rash from neck to 
trunk and extremities; fever and sore throat 

Varicella-Zoster virus Chickenpox Vesicular rash begins on trunk; spreads to face 
1!J and extremities with lesions of different 
stages 

Neonatal conjunctivitis 
ETIOLOGY 

Chemical 

Gonorrhea 

Chlamydia 

HSV 

Also ca lled ophthalmia neonatorum. 
TIMING ANO SYMPTOMS 

1-2 days. Nonpurulent watery discharge. Irritation from antibiotic ointment. 

2-5+ days. I lyperacute conjunctivitis, marked conjunctiva! injection, lid swell ing, profuse 
purulent discharge. Rapid corneal involvement may be blinding. May disseminate. 

5-14 days. Most common etiology. Mild to severe hyperemia, thick mucopurulent discharge, 
possibly bloody. 

Days to 6 weeks. Conjunctiva! injection, nonpurulent discharge; keratitis, vesicular skin 
lesions, disseminated infection. 
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Sexually transmitted infections 
DISEASE 

AIDS 

Chancroid 

Chlamydia 

Condylomata 

acuminata 

Genital herpes 

Gonorrhea 

Granuloma inguinale 

(Donovanosis) 

Hepat itis B 

Lymphogranuloma 
venereum 

Primary syphilis 

Secondary syphilis 

Tertiary syphilis 

Trichomoniasis 

CLINICAL FEATURES 

Opportun istic infections, Kaposi sarcoma, 
lymphoma 

Painful genita l u lcer with exudate, inguina l 
adenopathy 

Urethr itis, cervicitis, epid idymitis, 
conjunctivitis, reactive arthritis, PIO 

Genital wa rts, koilocytes 

Painful penile, vu Ivar, or cervica l vesic les and 
ulcers; can cause systemic symptoms such as 
fever, headache, myalgia 

Urethr itis, cervicitis, PIO, prostatitis, 
epididymitis, arthr itis, creamy purulent 
d ischarge 

Pain less, beefy red u lcer that bleeds read ily on 
contact r.i.1 

Uncommon in US 

Jaundice 

Infection of lymphatics; pain less genital ulcers, 
painful lymphadenopathy (ie, buboes) 

Pain less chancre 

Fever, lymphadenopathy, skin rashes, 
condylomata lata 

Cummas, tabes dorsal is, genera l paresis, aortitis, 
Argyll Robertson pupi I 

Vaginitis, strawberry cervix, motile in wet prep 

ORGANISM 

IIIV 

Haenwphilus ducreyi (it's so painful, you "do 
cry") 

Chlamydia trachomatis (D-K) 

IIPV-6 and -11 

IISV-2, less commonly IISV-1 

Neisseria gonorrhoeae 

Klebsiella (Calymmatobacterium) granulomatis; 
cytoplasmic Donovan bodies (bipolar staining) 
seen on microscopy 

IIBV 

C trachomatis (Ll-U) 

Treponema pallidum 

Trichomonas vagina/is 



Pelvic inflammatory 
disease 
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Top bugs- Chlamydia trachomatis (subacute, 
often undiagnosed), Neisseria go11orrhoeae 
(acute). 

C trachomatis-most common bacterial STI in 
the United States. 

Signs include cervical motion tenderness, 
adnexal tenderness, purulent cervical 
discharge !J. 

PID may include salpingitis, endometritis, 
hydrosalpinx, and tuba-ovarian abscess. 

Salpingitis is a risk factor for ectopic pregnancy, 
inferti lity, chronic pelvic pain, and adhes ions. 

Can lead to perihepatitis (Fitz-Hugh-Curtis 
syndrome)- infection and inAammation of 
liver capsule and "viol in string" adhesions of 
peritoneum to liver rn. 

Nosocomial infections E coli (UTI) and S aureus (wound infection) are the two most common causes. 
RISK FACTOR 

Antibiotic use 

Aspirat ion (2° to 

altered mental status, 
old age) 

Decubitus ulcers, 

surgical wounds, 
drains 

lntravascular catheters 

Mechanical ventilation, 

endotracheal 

intubat ion 

Renal dialysis unit, 
needlestick 

Urinary catheterizat ion 

Water aerosols 

PATHOGEN 

Clostridium difficile 

Polymicrobial, gram 8 bacteria, often 
anaerobes 

S aureus (including MRSA), gram 8 anaerobes 
(Bacteroides, Prevotella, Fusobacterium) 

S aureus (including MRSA), S epidermidis (long 
term), E11terobacter 

Late onset: P aerugi11osa, Klebsiella, 
Aci11etobacter, S aureus 

HBV, I ICV 

Proteus spp, E coli, K/ebsiella (infections in your 
PEcKer) 

Legio11ella 

UNIQUE SIGNS/SYMPTOMS 

Watery diarrhea, leukocytosis 

Right lower lobe infi ltrate or right upper/ 
middle lobe (patient recumbent); purulent 
malodorous sputum 

Erythema, tenderness, induration, dra inage 
from surgical wound sites 

Erythema, induration, tenderness, dra inage 
from access sites 

New infi ltrate on CXR, t sputum production; 
sweet odor (Pseudomo11as) 

Dysuria, leukocytosis, Aank pain or 
costovertebral angle tenderness 

Signs of pneumonia, CI symptoms (diarrhea, 
nausea, vomiting), neurologic abnormalities 
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Bugs affecting unvaccinated children 
CLINICAL PRESENTATION 

Dermatologic 

Rash 

Neurologic 

Meningitis 

Tetanus 

Respiratory 

Epiglottitis 

Pertussis 

Pharyngitis 

Bug hints 

FINDINGS/LABS 

Beginning at head and moving down with 
postauricular lymphadenopathy 

PATHOGEN 

Rubella virus 

Beginning at head and moving down; preceded by Meas les virus 
cough, cory-La, conjunctivitis, and Koplik spots 

Microbe colonizes nasopha rynx H influenzae type b 

Can also lead to myalg ia and para lysis Poliovirus 

Muscle spasms and spastic paralysis (eg, lockjaw, Clostridium tetani 
opisthotonus) 

Fever with dysphagia, drooling, and difficulty 
breathing due to edematous "cherry red" 
epiglottis; "thumbprint sign" on x-ray 

Low-grade fevers, coryza - whooping cough, 
post-tussive vomiting - gradua l recovery 

Grayish pseudomembranes (may obstruct airways) 

CHARACTERISTIC 

Asplenic patients 

Branching rods in oral infection, sul fur granules 

Chronic granu lomatous disease 

"Currant jelly" sputum 

Dog or cat bite 

Facial nerve palsy (typ ically bilateral) 

Sinus/CNS infection in d iabetics 

Neutropenic patients 

Organ transp lant recipient 

PAS® 

Pediatric infection 

Pneumonia in cystic fibrosis, burn infection 

Puncture wound, lockjaw 

Pus, empyema, abscess 

Rash on hands and feet 

Sepsis/meningitis in newborn 

Surgica l wound 

Traumatic open wound 

H influenzae type b (also capable of causing 
epiglottitis in fully immunized children) 

Bordetella pertussis 

Corynebacterium diphtheriae 

ORGANISM 

Encapsulated microbes, especia lly SlliN 
(S pneumoniae >> II influenzae type b > 
N meningitidis) 

Actinomyces israelii 

Catalase ® m icrobes, especia lly S aureus 

Klebsiella 

Pasteurella multocida 

Borrelia burgdorferi (Lyme disease) 

J\llucor or Rhizopus spp. 

Candida albicans (systemic), Aspergillus 

CMV 

Tropheryma whipplei (Whipple disease) 

Haemophilus influenzae (includ ing epig lottitis) 

Pseudomonas aeruginosa 

Clostridium tetani 

S aureus 

Coxsackie A virus, T pallidum, R rickettsii 

Croup B st rep 

S aureus 

Clostridium per{ringens 



MICROBIOLOGY SECTION II 18 7 

Antimicrobial therapy 

FOUC ACID SYNTHESIS 
AND REDUCTION 
(DNA methylat1on) 

Sulfonamides 
Sulfamethoxazole 
Sulfisoxazole 
Sulfadiazine 

Trimethoprim 

Daptomycin (gram$) 
Polymyxins (gram 9J 

PEPTIDOGL YCAN SYNTHESIS 

Glycopeptides 
Vancomycin 
Bacitracin 

DNA IHTIGRITY 
(via free radicals) 

Metronidazole 

THF 

O'RNA SYNTHESIS 

Rifampin 

BACTERIAL CELL 

GYRASE 

Fluoroquinolones 
Ciprofloxacin 
Levofloxacin, etc 

PROTEIN SYNTHESIS 

SOS SUBUNIT 

Chloramphenicol 
Clindamycin 
Linezotid 

Macrolides 
Azithromycin 
Clarithromycin 
Erythromycin 

PEPTIDOGL YCAN CROSS-LINKING 

Streptogramins 
Quinupri!Jin 
Dalfopristin 

Penicimnase·sensitive penicilUns 
Penicillin G, V 

Antipseudomonal 
Ticarcillin 
Piperacillin 

Carbapenems 
lmipenem 
Meropenem 
Ertapenem 
Doripenem 

305 SUBUNIT 

Aminoglycosides 
Gentamicin 
Neomycin 
Amikacin 
Tobramycin 
Sueptomycin 

Glycytcycline 
Tigecycline Ampicillin 

Amoxicillin 

PenicilLinase·resistant penicillins 
Oxacillin 

Cephalosporins (I-VJ 
lst-Cefazolin, etc 
2nd-Cefoxitin, etc 
3rd-Ceftriaxone, etc 
4th-Cefepime 
Sth-Ceftaroline 

Monobactams 
Aztreonam 

Tetracyclines 
T etracyctine 
Doxycyctine 
Minocycline Nafcillin 

Dicloxacillin 

Penicillin G, V 

MECHANISM 

CLINKAL USE 

ADVERSE EFFECTS 

RESISTANCE 

Penicill in C (IV and IM form), penicill in V (oral). Prototype antibiotics. 

D-Ala-D-Ala structura l ana log. Bind penicillin-binding proteins (transpeptidases). 
Block transpeptidase cross-linking of peptidoglycan in cell wal l. 
Activate autolytic enzymes. 

Mostly used for gram EE> organisms (S pneumoniae, S pyogenes, l\ctinomyces). Also used for gram 8 
cocci (mainly N meningitidis) and spirochetes (mainly T pallidum). Bactericidal for gram EE> cocci, 
gram EE> rods, gram e cocci, and spi rochetes. sensitive. 

Hypersensi tivity reactions, d irect Coombs EE> hemolytic anemia, d rug-induced interst itia l nephritis. 

cleaves the ring. Mutations in PBPs. 
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Penicillinase-sensitive 
penicillins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Penicillinase-resistant 
penicillins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Antipseudomonal 
penicillins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

Amoxicill in, ampicill in; aminopenicillins. 

Same as penici llin. Wider spectrum; 
penic ill inase sensitive. Also combine with 
clavulanic acid to protect against destruction 
by 

Extended-spectrum penic ill in - II influenzae, 
II pylori, E coli, Listeria monocytogenes, 
Proteus mirabilis, Sa/111011ella, Shigella, 
enterococci. 

Hypersensi tivity reactions, rash, 
pseudomembranous colitis. 

Penicill inase (a type of cleaves 
ring. 

Dicloxacill in, nafcillin, oxaci ll in. 

Same as penici ll in. Narrow spectrum; 
penic ill inase resistant because bulky R group 
blocks access of to ri ng. 

AMinoPenici ll ins are AMPed-up penicill in. 
AmOxicill in has greater O ra l bioavailability 

than ampici ll in. 

Coverage: ampic ill in/amoxicill in I II IELPSS 
kill enterococci. 

S aureus (except MRSA). "Use naf (nafcill in) for staph." 

Hypersensi tivity reactions, interstitia l nephritis. 

MRSA has a ltered penicill in-binding prote in 
target site. 

Piperacill in, ticarc ill in. 

Same as penici ll in. Extended spectrum. Penici ll inase sens itive; use with inhibitors. 

Pseudomonas spp. and gram 8 rods. 

Hypersensi tivity reactions. 
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Cephalosporins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

drugs that inhibit cell wall synthesis 
but are less susceptible to penicill inases. 
Bactericidal. 

!st generation (cefazolin, cephalexin)- gram <±> 
cocci, Proteus mirabilis, E coli, Klebsiella 
pneumoniae. Cefazolin used prior to surgery to 
prevent S aureus wound infections. 

2nd generation (cefaclor, cefox itin, cefuroxime, 
cefotetan)- gram <±>cocci, H inf/uen;zae, 
Enterobacter aerogenes, Neisseria spp., Serratia 
marcescens, Proteus mirabilis, E coli, Klebsiella 
pneumoniae. 

3rd generation (ceftri axone, cefotaxime, 
cefpodoxime, ceftazidime)- serious gram e 
infections resistant to other 

4th generation (cefepime)- gram e organisms, 
with t activity against Pseudomonas and gram 
<±> organisms. 

5th generation (cefta rol ine) - broad gram<±> and 
gram e organism coverage; un like 1st-4 th 
generation cephalosporins, ceftaroline covers 
MRSA, and Enterococcus faecalis- does not 
cover Pseudomonas. 

Hypersensi tivity reactions, autoimmune 
hemolytic anemia, disu lfiram-like reaction, 
vitamin K deficiency. Low rate of cross
reactivity even in penic ill in-a llergic patients. 
t nephrotoxicity of aminoglycosides. 

Inactivated by cephalosporinases (a type of 
Structural change in penicill in

binding proteins (transpeptidases). 

p-lactamase inhibitors Include C lavu lanic acid, Avibactam, 
Su lbactam, Tazobactam. Often added to 
penic ill in antibiotics to pwtect the antibiotic 
from destruction by 

Organisms typica lly not covered by 1st- 4th 
generation cephalospori ns are LAME: 
Listeria, Atypicals (Chlamydia, Mycoplasma), 
M RSA, and Enterococci. 

!st generation- <±> P EcK. 

2nd graders wear fake fox fur to tea parties. 
2nd generation- HENS P EcK. 

Can cross blood-brain barrier. 
Ceftriaxone- meningitis, gonorrhea, 

d isseminated Lyme d isease. 
Ceftazid ime- Pseudomonas. 

CAST (eg, amoxicillin-clavulanate, 
ceftazidime-avibactam, ampicillin-sulbactam, 
piperaci 11 i n-tazobactam). 
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Carbapenems 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Monobactams 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Va neomycin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

D oripenem, lmipenem, M eropenem, E rtapenem (DIME antibiotics are given when there is a 
10/IO (life-threatening] infection). 

lmipenem is a broad-spectrum, 
resistant carbapenem. Always administered 
with cilastatin (inh ibitor of renal 
dehydropeptidase I) to I inactivation of drug 
in renal tubu les. 

Cram ® cocci, gram 8 rods, and anaerobes. 
Wide spec trum and significant side e ffects 
limit use to life-threatening infections or 
after other drugs have fa iled. Meropenem 
has a I risk of se izures and is stable to 
dehydropeptidase I. 

CI distress, rash, and CNS toxicity (seizures) at 
high plasma levels. 

Inactivated by carbapenemases produced by, 
eg, K pneumoniae, E coli, E aerogenes. 

Aztreonam 

With im ipenem, "the kill is lastin' with 
ci lastatin." 

Newer carbapenems include ertapenem (limited 
Pseudomonas coverage) and doripenem. 

Less susceptible to Prevents peptidoglycan c ross-link ing by binding to penicillin
binding protein 3. Synergistic with aminoglycosides. No cross-allergenicity with penicillins. 

Cram 8 rods only- no activity aga inst gram® rods or a naerobes. For penicill in-allergic patients 
and those with re na l insufficiency who cannot tolerate aminoglycos ides. 

Usua lly nontoxic; occasional C I upset. 

Inhibits cell wa ll peptidoglycan formation by binding 0 -Ala-0 -Ala portion of cell wall precursors. 
Bactericidal aga inst most bacteria (bacteriostatic against C difficile}. Not susceptible to 

Cram® bugs only- for serious, multidrug-resistant organisms, including MRSA, S epidennidis, 
sensitive Enterococcus species, and Clostridium difficile (oral dose for pseudomembranous colitis). 

Well tolerated in general-but NOT trouble free. Nephrotoxicity, O totoxicity, T hrombophlebitis, 
d iffuse Aush ing- red man syndrome fJ (largely preventable by pretreatment with antihistamines 
and slow infusion rate), drug reaction with eos inophilia and systemic symptoms (DRESS 
syndrome). 

Occurs in bacteria (eg, Enterococcus) via amino acid modification of 0 -Ala-0 -Ala to D-Ala-0 -Lac. 
"If you Lack a D-Ala (dollar), you can't ride the van (vancomycin}." 
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Protein synthesis inhibitors 
( Aminoglyco<i<les (30S) }-e--1 Initiation complex formation 

,. 

sos 
705 

.J_ 
Initiator tRNA X 

,,;_ U II d 11 
mRNA u c E PA. 

,. 

I 
, • l1iiblil d d a 11 ,. 

E P A " 
\ Peptidyl Chloramphenicol 

(SOS) 

.,lo i Elongation fr 
+, - -JtT XE •.. ,. ' ' 

Terminition E P A .......____.., E P A . 

Translocation 

Aminoglycosides G entamicin, Neomycin, Amikacin, 
Tobramycin, Streptomycin. 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Bactericidal; irreversible inh ibition of in itiation 
complex through binding of the 30S subuni t. 
Can cause misreading of mRNA. Also block 
translocation. Require 0 2 for uptake; therefore 
ineffective aga inst a naerobes. 

Severe gram 8 rod infections. Synergistic with 
antibiotics. 

Neomycin for bowel surgery. 

Nephrotoxici ty, Neuromuscular blockade 
(absolute contraindication with myasthenia 
gravis}, O totoxicity (especially with loop 
d iuretics), Teratogenicity. 

Bacteria l transferase enzymes inactivate the 
drug by acetylation, phosphorylation, or 
adenylation. 

Specifically target smaller bacteri al ribosome 
(70S, made of 30S and 50S subun its}, leaving 
human ribosome (SOS) unaffected. 

All are bacter iostatic, except aminoglycos ides 
(bactericida l) and linezolid (va riable). 

305 inhibitors 

Aminoglycosides 
Tetracycl ines 

505 inhibitors 

C hlora mphenicol, C lindamycin 
E rythromycin (macrolides) 
L inezo lid 

"Buy AT 30, CCEL (se ll) at 50." 

"Mean" (aminoglycoside) GNATS caNNOT 
kill anaerobes. 
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Tetracyclines 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Glycylcyclines 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Chloramphenicol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Clindamycin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

Tetracycl ine, doxycycl ine, minocyd ine. 

Bacteriostatic; bind to 30S a nd prevent attachment of aminoacyl-tRNA. Lim ited CNS penetration. 
Doxycycline is fecally e liminated and can be used in patients with renal fai lure. Do not take 
tetracyclines with m ilk (Ca2+), antacids (eg, Ca2+ or Mg2+), or iron-containing preparations 

because divalent cations in hibit drugs' absorption in the gut. 

Borrelia burgdorferi, M pneumoniae. D rugs' ability to accumulate intracellularly makes them very 
effective against Rickettsia and Chlamydia. Also used to treat acne. Doxycydine effect ive against 
community-acquired MRSA. 

CI dis tress, d iscoloration of teeth and inh ibition of bone growth in children, photosensitivity. 
Contraind icated in pregna ncy. 

I uptake or t efAux out of bacterial cells by plasmid-encoded transport pumps. 

T igecycl ine. 

Tetracycl ine der ivative. Binds to 30S, inh ibiting protein synthesis. Generally bacteriostatic. 

Broad-spectrum anaerobic, gram 8 , and gram EE> coverage. Multidrug-resistant organisms (MRSA, 
VRE} or infections requir ing deep tissue penetration. 

CI symptoms: nausea, vomiting. 

Blocks peptidyl transferase at SOS ri bosomal subun it. Bacteriostatic. 

Mening itis (Haemophilus influenzae, Neisseria meningitidis, Streptococcus pneumoniae} and 
rickettsia l diseases (eg, Rocky Mounta in spotted fever [Rickettsia rickettsii}}. 

Limited use due to toxicity but often still used in developing countries because of low cost. 

Anemia (dose dependent), aplastic anemia (dose independent}, gray baby syndrome (in premature 
infants because they lack liver UDP-glucuronosyltransferase). 

Plasmid-encoded acetyltransferase inactivates the drug. 

Blocks peptide transfer (translocation} at SOS 
ribosomal subunit. Bacteriostatic. 

Anaerobic infections (eg, Bacteroides spp., 
Clostridium perfringens} in aspiration 
pneumonia, lung abscesses, and ora l 
infections. Also effective aga inst invasive 
group A streptococcal infection. 

Pseudomembra nous colitis (C difficile 
overgrowth}, fever, diarrhea. 

Treats anaerobic infections above the diaphragm 
vs metronidazole (anaerobic infections below 
d iaphragm}. 



Oxazolidinones 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Macrolides 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Polymyxins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Linezol id. 

Inhibit protein syn thesis by binding to 50S subunit and preventing formation of the in itiation 
complex. 

Cram® species including MRSA and VRE. 

Bone marrow suppression (especia lly thrombocytopenia), peripheral neuropathy, serotonin 
syndrome (due to part ia l MAO inhibition). 

Point mutation of ribosomal RNA. 

Azithromycin, clarithromycin, erythromycin. 

Inhibit protein syn thesis by blocking translocation ("macroslides"); bind to the 23S rRNA of the 
50S ribosomal subunit. Bacteriostatic. 

Atypical pneumonias (Mycoplasma, Chlamydia, Legionella), STls (Chlamydia), gram® cocci 
(streptococcal infections in patients allerg ic to penic ill in), and B pertussis. 

MACRO : Gastrointestina l Moti lity issues, Arrhythmia caused by prolonged QT interval, acute 
C holestatic hepatitis, Rash, eOsinophi lia. Increases serum concentration of theophyll ine, ora l 
anticoagulants. C larithromycin and erythromycin inhibit cytochrome P-450. 

Methylation of 23S rRNA-binding si te prevents binding of d rug. 

Colistin (polymyxin E), polymyxin B. 

Cation polypeptides that bind to phospholipids on cell membrane of gram 8 bacteria. Disrupt cell 
membrane integrity - leakage of cellu lar components - cell death. 

Salvage therapy for multidrug-resistant gram 8 bacteria (eg, P aeruginosa, E coli, K pneumoniae). 
Polymyxin B is a component of a triple antibiotic ointment used for superficia l skin infections. 

Nephrotoxicity, neurotoxicity (eg, slurred speech, weakness, paresthesias), resp iratory fa ilure. 
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Sulfonamides 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Dapsone 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Trimethoprim 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

Sulfamethoxazole (SMX), sulfisoxazole, 
su lfad iazine. 

Inhibit dihydropteroate synthase, thus inh ibiting 
folate synthesis. Bacteriostatic (bactericidal 
when combined with trimethoprim). 

Cram ®,gram 8, Nocardia. TMP-SMX for 
simple UTI. 

Hypersensi tivity reactions, hemolysis if C6PD 
deficient, nephrotox ici ty (tubulointerstitial 
nephritis), photosensitivity, Stevens-Johnson 
syndrome, kern icterus in infants, displace 
other drugs from a lbumin (eg, warfarin). 

Altered enzyme (bacteria l d ihydropteroate 
synthase), I uptake, or t PABA synthesis. 

Similar to sulfonamides, bu t structurally distinct 
agent. 

Leprosy (lepromatous and tuberculoid), 
Pneumocystis iirovecii prophylaxis, or treatment 
when used in combination with TMP. 

Hemolys is if C6PD deficient, 
methemoglobinemia, agranu locytosis. 

Inhibits bac teria l d ihyd rofolate reductase. 
Bacteriostatic. 

Used in combination with su lfonam ides 
(trimethoprim-sulfamethoxazole (TMP
SMX)), causing sequentia l block of folate 
synthesis. Combination used for UTls, 
Shigella, Salmonella, Pneumocystis iirovecii 
pneumonia treatment and prophylax is, 
toxoplasmosis prophylaxis. 

Hyperka lemia (h igh doses), megaloblastic 
anemia, leukopenia, granulocytopenia, which 
may be avoided with coadmin ist ration of 
leucovorin (fo linic acid). TMP Treats Marrow 
Poorly 

PABA + Pteridine 

D1hydropteroate 11-0-- Sulfonamides. 
synthase dapsone 

Dihydropteroic acid 

Dihydrofolic acid 

D1hydrofolate 11-0-- Trimethoprim. 
reductase pyrimethamine 

Tetrahydrofolic acid 

/ 1 "'-
Purines Thymidine Methionine 

1 1 1 
DNA.RNA DNA Protein 



Fluoroquinolones 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Daptomycin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Metronidazole 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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CiproAoxacin, enoxacin, norAoxacin, oAoxacin; respiratory Auoroquinolones- gemiAoxacin, 
levoAoxacin, moxiAoxacin. 

Inhibit prokaryotic enzymes topoisomerase 
II (DNA gyrase) and topoisomerase JV. 
Bactericidal. Must not be taken wi th antacids. 

Cram 8 rods of urina ry and CI tracts (including 
Pseudomonas), some gram EE> organisms, otitis 
externa. 

CI upset, superinfections, skin rashes, 
headache, dizziness. Less commonly, can 
cause leg cramps and myalgias. 

Contraind icated in pregna nt women, nursing 
mothers, and children< 18 years old clue 
to poss ible damage to carti lage. Some may 
prolong QT interva l. 

May cause tendonitis or tendon rupture in 
people> 60 years old and in patients tak ing 
predn isone. CiproAoxacin inhibits cytochrome 
P-450. 

Chromosome-encoclecl mutation in DNA 
gyrase, plasmicl-mecl iatecl resistance, efAux 
pumps. 

Lipopepticle that d isrupts cell membranes of 
gram EE> cocci by c reating transmembrane 
channels. 

S aureus skin infections (especially MRSA), 
bacteremia, enclocarditis, VRE . 

Myopathy, rhabclomyolysis. 

Forms toxic free radical metabolites in the 
bacter ia l cell that damage DNA. Bactericidal, 
antiprotozoal. 

Treats C iardia, Entamoeba, Trichomonas, 
Gardnerella vagina/is, Anaerobes (Bacteroides, 
C difficile). Can be used in p lace of amoxicill in 
in H pylori "triple therapy" in case of penicill in 
allergy. 

Disulfiram-like reaction (severe Aushing, 
tachycardia, hypotens ion) with a lcohol; 
headache, metallic taste. 

Fluoroquinolones hurt attachments to your 
bones. 

Not used for pneumonia (avidly binds to and is 
inactivated by surfactant). 

GET GAP on the Metro with metron idazo le! 
Treats anaerobic infection below the d iaphragm 

vs c linclamycin (anaerobic infections above 
d iaphragm). 
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Antimycobacterial drugs 
BACTERIUM PROPHYLAXIS 

M tuberculosis lsoniazid 

M ovium-intracellulare Azithromycin, rifabutin 

Mleprae NIA 

MYCOBACTERIAL CELL 

lolYCOLIC ACID 
SYNTHESIS 

C•ll wall 

I/ 
11 '! 0. .... 

Plasma 
membrane 

)-e----------'-F=--lsoniazid 

ARAllNOGAlACTAN 
SYNTHESIS 

(arabinosyl translerase) 

Rifamycins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

--
Rifampin, rifabutin. 

Inhibit DNA-dependent RNA polymerase. 

Mycobacterium tuberculosis; delay resistance 
to dapsone when used for leprosy. Used 
for meningococcal prophylaxis a nd 
chemoprophylax is in contacts of children with 
H inf/uenzae type b. 

Minor hepatotoxicity and drug interactions 
(t cytochrome P-450); orange body fluids 
(nonhazardous side effect). Ri fabutin favored 
over rifampin in patients with lllV infection 
due to less cytochrome P-450 stimulation. 

Mutations reduce drug bind ing to RNA 
polymerase. Monotherapy rapid ly leads to 
resistance. 

TREATMENT 

Rifampin, lsoniazid, Pyrazinamide, 
E thambutol (RIPE for treatment) 

Azith romycin or clarith romycin + ethambutol. 
Can add rifabutin or ciprofloxacin . 

Long-term treatment with dapsone and rifampin 
for tuberculoid form. Add d ofazimine for 
lepromatous form. 

Interior of cell 

Rilabutin 
Rifampin 

Pyrazinamide 

Rifampin's 4 R's: 

RNA polymerase in hibitor 
Ramps up microsomal cytochrome P-450 
Red/orange body flu ids 
Rapid resistance if used a lone 

Rifampin ramps up cytochrome P-450, but 
ri fabutin does not. 



lsoniazid 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Pyrazinamide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Ethambutol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Streptomycin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MICROBIOLOGY 

I synthesis of mycolic ac ids. Bacterial cata lase
peroxidase (encoded by KatC) needed to 
convert !NII to active metabolite. 
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Mycobacterium tuberculosis. The only agent Different !NH ha lf-lives in fast vs slow 
used as solo prophylaxis aga inst TB. Also used acetylators. 
as monotherapy for latent TB. 

Hepatotoxicity, P-450 inhibition, drug-induced IN II Injures Neurons and llepatocytes. 
SLE, anion gap metabolic acidosis, vitamin 
B6 defic iency (periphera l neuropathy, 
sideroblastic a nemia), seizures (in h igh doses, 
refrac tory to benzodiazep ines). Admin ister 
with pyridoxine (B6). 

Mutations leading to underexpression of KatC . 

Mechanism uncertain. Pyrazinamide is a prodrug that is converted to the active compound 
pyrazinoic acid. Works best at acid ic pll (eg, in host phagolysosomes). 

Mycobacterium tuberculosis. 

Hyperur icemia, hepatotoxicity. 

I carbohydrate polymerization of mycobacterium ce ll wa ll by blocking arabinosyltransferase. 

Mycobacterium tuberculosis. 

Optic neuropathy (red-green color blindness, may be reversible). Pronounce "eyethambutol." 

Interferes with 30S component of ribosome. 

Mycobacterium tuberculosis (2nd line). 

T innitus, vert igo, ataxia, nephrotoxicity. 
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Antimicrobial 
prophylaxis 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

CLINICAL SCENARIO 

Exposure to meningococcal infection 

High risk for endocard itis a nd undergoing 
surgical or denta l procedures 

History of recurrent UTis 

Malaria prophylaxis for travelers 

Pregnant woman carryi ng group B strep 

Prevention of gonococcal conjunctivitis in 
newborn 

Prevention of postsurgica l infection due to 
S aureus 

Prophylax is of strep pharyngitis in chi ld with 
prior rheumatic fever 

MEDICATION 

Ceftriaxone, ciproAoxacin, or rifampin 

Amoxici ll in 

TMP-SMX 

Atovaquone-proguan il, meAoquine, doxycycl ine, 
primaquine, or chloroquine (for areas with 
sensitive species) 

lntrapartum penicill in C or ampic ill in 

Erythromycin ointment on eyes 

Cefazol in 

Benzath ine penici ll in C or ora l penici ll in V 

Prophylaxis in HIV/AIDS patients 
CELL COUNT 

CD4 < 200 cells/mm3 

CD4 < 100 cells/mm3 

CD4 < 50 cells/mm3 

Treatment of highly 
resistant bacteria 

Antifungal therapy 

LANOSTEROL SYNTHESIS 

Terbinatine 

Azoles 
Clotrimazole 
F!uconazole 
ltraconazole 
Ketoconazole 
Miconazole 
Voriconazole 

PROPHYLAXIS 

TMP-SMX 

TMP-SMX 

Azith romycin or clarith romycin 

INFECTION 

P11eumocystis pneumonia 

P11eumocystis pneumonia and toxoplasmosis 

Mycobacterium avium complex 

MRSA: vancomycin, daptomycin, linezolid, tigecycl ine, ceftaroline, doxycycline. 
VRE: linezolid, t igecycl ine, and streptogramins (quinupristin, dalfopristi n). 
Multidrug-res istant P aerugi11osa, multidrug-resistant Aci11etobacter bau111am1ii: polymyxins Band 

E (colistin). 

... . 

FUNGAL CELL 

Squalene 

X alene epoxldase 

Squalene epoxide 

I 
lanosterol 

4-o.-demethylase 

' Ergosterol 

1 

au WALL SYNTHESIS 

Echinocandins 
• Anidulafungin • I c_aspotungin 

L icafungin 

Ergosterol 

CEU MUolBlll.NE INTEGRtTY 

Polyenes 
Amphotericin B 
Nystatin 

NUCLEIC ACID SYNTHESIS 



Amphotericin B 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Nystatin 

MECHANISM 

CLINICAL USE 

Flucytosine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Azoles 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Terbinafine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Binds ergosterol (unique to fungi); forms 
membrane pores that allow leakage of 
electrolytes. 

Serious, systemic mycoses. Cryptococcus 
(amphotericin B with/wi thout Aucytosine 
for cryptococcal meningitis), Blastomyces, 
Coccidioides, llistoplasma, Candida, 
J\llucor. lntrathecally for funga l meningitis. 
Supplement K+ and Mg2+ because of altered 
renal tubule permeability. 

Fever/chills ("shake and bake"), hypotension, 
nephrotoxici ty, arrhythmias, anemia, IV 
phlebitis ("amphoterrible"). llydration 
I nephrotoxicity. Liposomal amphotericin 
I toxicity. 

Amphotericin "tears" holes in the fungal 
membrane by forming pores. 

Same as amphotericin B. Topical use only as too toxic for systemic use. 

"Swish and swallow" for oral candidiasis (thrush); topical for diaper rash or vaginal candidiasis. 

Inhibits DNA and RNA biosynthesis by conversion to 5-Auorouracil by cytosine deaminase. 

Systemic funga l infections (especia lly meningitis caused by Cryptococcus) in combination with 
amphotericin B. 

Bone marrow suppression. 

Clotrimazole, Auconazole, isavuconazole, itraconazole, ketoconazole, miconazole, voriconazole. 

Inhibit fungal sterol (ergosterol) synthesis by inhibiting the cytochrome P-450 enzyme that 
lanosterol to ergosterol. 

Local and less serious systemic mycoses. Fluconazole for chronic suppression of cryptococcal 
meningitis in AIDS patients and candidal infections of all types. ltraconazole may be used for 
Blastomyces, Coccidioides, Histoplasma, Sporothrix schenckii. Clotrimazole and miconazole for 
topical fungal infections. Voriconazole for Aspergillus and some Candida. lsavuconazole for 
serious Aspergillus and Mucor infections. 

Testosterone synthesis inhibition (gynecomastia, especially with ketoconazole), liver dysfunction 
(inhibits cytochrome P-450). 

Inhibits the fungal enzyme squalene epoxidase. 

Dermatophytoses (especia lly onychomycosis- funga l infection of finger or toe nai ls). 

CI upset, headaches, hepatotoxicity, taste disturbance. 
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Echinocandins 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Griseofulvin 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

Anidulafungin, caspofungin, m icafungin. 

Inhibit cell wall synthesis by inhibiting synthesis 

Invasive aspergi llosis, Candida. 

CI upset, Aushing (by h istamine release). 

MECHANISM Interferes with microtubu le function; disrupts mi tosis. Deposits in keratin-containing tissues (eg, 
nai ls}. 

CLINICAL USE Oral treatment of superficia l infections; inhibits growth of dermatophytes (t inea, ringworm). 

ADVERSE EFFECTS Teratogenic, carcinogen ic, confusion, headaches, d isulfiram-like reaction, t cytochrome P-450 and 
warfari n metabolism. 

Antiprotozoal therapy Pyrimethamine (toxoplasmosis), suramin and melarsoprol (Trypanosoma brucei), n ifurtimox 

Anti-mite/louse 

therapy 

Chloroquine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Antihelminthic 
therapy 

(T cru::i}, sodium stibogluconate (leishmaniasis}. 

Permethrin (inh ibits Na+ c hanne l deactivation 

- neurona l membrane depolarization}, 
ma lath ion (acetylchol i nesterase inhibitor}, 
lindane (blocks CABA channels 
- neurotoxicity}. Used to t reat scabies 
(Sarcoptes scabiei} and lice (Pediculus and 
Pthirus}. 

Treat PML (Pesty M ites and Lice} with PML 
(Permethrin, Ma lathion, Lindane}, because 
they NAG you (Na, AChE, GABA blockade}. 

Blocks detoxification of heme into hemozoin. Ileme accumulates and is tox ic to plasmodia. 

Treatment of plasmodia l species other than P falciparum (frequency of resistance in P falciparum 
is too high). Res istance due to membrane pump that l intracellu lar concentration of drug. T reat 
P falciparum with artemether/lumefantri ne or atovaquone/proguani l. For life-th reatening malaria, 
use qu inid ine in US (quinine elsewhere} or a rtesunate. 

Reti nopathy; pruritus (especially in dark-skinned individuals). 

P yrantel pamoate, lvermectin, Mebendazole (microtubule inhibitor}, P raziquantel (t Ca2+ 
permeability, t vacuolization}, D iethylcarbamazine. I Ielminths get PIMP'D. 



Antiviral therapy 

-ATIACHMENT 

MICROBIOLOGY 

HIV ANTIVIRAL 
THERAPY 

OTHER ANTIVIRAL 
THERAPY 
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,,--o 
Maraviroc REVERSE 

TRAHSCRIPTASE 
• Receptor 

binding 

PENETRATION 

Ml/i,jp(ji 

Transcription ) 

NRTls 
Abacovir (ABCI 
Didanosine (ddl) 
Emtricitabine (FTCI 
Lamivudine 
Stavudine (d4T) 
Tenofovir (TDF) 
Zidovudine (ZDV. 
formerly AZn 

Interferon-a 

WiPl<P ... 
' • 

"'\ . . 

QF;ji 
':,...•' 

Replication j 
Protein / "-

Guanosine analogs 
Acyclovir. etc (HSV. VZV) 
Ganciclovir (CMVI Dolutegravir 

Elvitegravir 
R.iltegravir l \. ..... ,------ \ ,• 

NNRTls 
Delavirdine 
Efavirenz 
Nevirapine synt/ 

Virlon 

Viral DNA polymerase 
inhibitors 

Cidofovir} HSV'. 

Atazanavir 
Oarunavir 
Fosamprenavir 
lndinavir 
Lopinavir 
Ritonavir 
Saquinavir 

Oseltamivir, zanamivir 

MECHANISM 

CLINICAL USE 

CD4+ T CELL 

assembl1 

6 
w 

Foscarnet CMV 

Guanine nucleotide 
synthesis 

Ribavirin (RSV. HCV) 

•Acyclovir-resistant 

RELEASE Of PROGENY VIRUS 

J h.___ _. '-N-eu-ra_m_i-ni-da-se_i_n-hi-bi-to-rs __ _, 

13 

Oseltamivir} I ft A. B Zanamivir n uenza 

Inhibit inAuenza neuraminidase - l release of progeny virus. 

Treatment and prevention of both inAuenza A a nd B. Beginning therapy within 48 hours of 
symptom onset may shorten duration of illness. 

Acyclovir, famciclovir, valacyclovir 

MECHANISM C ua nosine ana logs. Monophosphorylated by llSV/VZV thymidine kinase and not phosphorylated 
in un infec ted cells - few adverse effects. Triphosphate formed by cellu lar enzymes. Preferentially 
inhibit vira l DNA polymerase by chain termination. 

CLINICAL USE HSV and VZV. Weak activity against EBV. No activity aga inst CMV. Used for llSV-
induced mucocu taneous and genita l lesions as we ll as for encephal itis. Prophylaxis in 
immunocompromised patients. No effect on latent forms of I ISV and VZV. Valacyclovi r, a 
prodrug of acyclovir, has better ora l bioavailability. 

For herpes zoster, use famc iclovir. 

ADVERSE EFFECTS Obstructive crystall ine nephropathy and acute kidney injury if not adequately hydrated. 

MECHANISM OF RESISTANCE Mutated viral thymid ine kinase. 
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Ganciclovir 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Foscarnet 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MECHANISM Of RESISTANCE 

Cidofovir 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

5'-monophosphate formed by a CMV viral kinase. Cuanosine analog. Triphosphate formed by 
cellular kinases. Preferentially in hibits viral DNA polymerase. 

CMV, especia lly in immunocompromised patients. Va lganciclovi r, a prodrug of ganciclovi r, has 
better ora l bioavailability. 

Bone marrow suppression (leukopen ia, neutropenia, thrombocytopen ia), renal toxicity. More tox ic 
to host enzymes than acyc lovir. 

Mutated viral kinase. 

Viral DNA/RNA polymerase inhibitor and Foscarnet = pyrofosphate a na log. 
HIV reverse transcriptase inhibitor. Binds to 
pyrophosphate-bind ing site of enzyme. Does 
not require any ki nase activation. 

CMV retinitis in immunocompromised patients 
when gancidovir fa ils; acyclovi r-resistant HSV. 

Nephrotoxicity, electrolyte abnormal ities 
(hypo- or hypercalcemia, hypo- or 
hyperphosphatemia, hypoka lemia, 
hypomagnesemia) can lead to seizures. 

Mutated DNA polymerase. 

Preferentially inhibits viral DNA polymerase. Does not require phosphorylation by vira l kinase. 

CMV retinitis in immunocompromised patients; acyclovi r-resis tant !ISV. Long ha lf-life. 

Nephrotoxicity (coadmin ister with probenecid and IV sa line to l toxicity). 



HIV therapy 

DRUG 

NRTls 

Abacavir (ABC) 
Didanosine (ddl) 

Emtricitabine (FTC) 

Lamivudine (3TC) 
Stavudine (d4T) 

Tenofovir (TDF) 

Zidovudine (ZDV, 
formerly AZT) 

NNRTls 

Delavirdine 

Efavirenz 
Nevirapine 

Protease inhibitors 

Atazanavir 
Darunavir 

Fosamprenavir 
lndinavir 

Lopinavir 

Ritonavir 
Saquinavir 

lntegrase inhibitors 

Dolutegravir 
Elvitegravir 

Raltegravir 

Fusion inhibitors 

Enfuvirtide 

Maraviroc 
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Antiretrovira l therapy (ART): often initiated at the t ime of I JJV diagnosis. 
Strongest indication for patients presenting with AIDS-defin ing illness, low CD4+ cell counts 

(< 500 cells/mm'}, or high vira l load. Regimen consists of 3 drugs to prevent resistance: 
2 N RTis and preferably an integrase inhibitor. 

All ARTs are active against IIIV-1 and lIIV-2 with the exception of NNRTls. 

MECHANISM 

Competitive ly inh ibit nucleotide binding to 
reverse transcriptase and terminate the DNA 
chain (lack a 3' OJ I group). Tenofovi r is a 
nucleoT ide; the others are nucleosides. All 
need to be phosphorylated to be active. 

ZDV can be used for genera l prophylaxis and 
during pregnancy to I risk of fetal transmission. 

l lave you dined (vudine) wi th my nuclear 
(nucleosides) fami ly? 

Bind to reverse transcriptase at site d ifferent 
from NRTis. Do not require phosphorylation 
to be ac tive or compete with nucleotides. 

Assembly of virions depends on l IIV-1 protease 
(pol gene), which cleaves the polypeptide 
products of Ill\/ mRNA into thei r functional 
parts. Thus, protease in hibitors prevent 
maturation of new vi ruses. 

Ritonavir can "boost" other drug concentrations 
by in hibiting cytochrome P-450. 

Navir (never) tease a protease. 

In hibits IIIV genome integration into host cell 
chromosome by reversibly inh ib iting IIIV 
in tegrase. 

Binds gp41, inhibiting vira l entry. 

Binds CCR-5 on surface ofT cells/monocytes, 
inhibiting interaction with gpl 20. 

TOXICITY 

Bone marrow suppression (can be reversed with 
granulocyte colony-stimulating factor [G-CSF] 
and erythropoietin), peripheral neuropathy, 
lactic acidosis (nucleosides), anemia (ZDV), 
pancreatitis (d idanosine). 

Abacavir contraindicated if patient has 
I!LA-B'570l mu tation due to t risk of 
hypersensitivity. 

Rash and hepatotoxicity are common to all 
NNRT is. Vivid dreams and CNS symptoms 
are common with efavirenz. 

I lyperglycemia, C l intolerance (nausea, 
diarrhea), lipodystrophy (Cushing-like 
syndrome). 

Nephropathy, hematuria, thrombocytopenia 
(indinavi r). 

Ri fampin (potent CYP/UGT inducer) reduces 
protease inhibitor concentrations; use rifabutin 
instead. 

t c reatine kinase. 

Skin reaction at injection sites. 
Enfuvirt ide inhibi ts fusion. 

Maraviroc inhibits docking. 
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Hepatitis C therapy 

DRUG 

NSSA inhibitors 

Ledipasvir 

Ombitasvir 

NSSB inhib itors 

Sofosbuvi r 
Dasabuvir 

NS3/4A inhibitors 

Grazoprevir 
Simeprevir 

Alte rnative drugs 

Ribavirin 

MICROBIOLOGY MICROBIOLOGY- ANTIMICROBIALS 

Chronic I ICV infection is treated with d ifferent combinations of the following drugs; none 
is approved as monotherapy. Developed based on understanding of IICV replication cycle. 
Examples of d rugs are provided. 

MECHANISM TOXICITY 

Inhibits NS5A, a vira l phosphoprotein that plays I Jeadache, diarrhea. 
a key rnle in RNA replication, unknown exact 
mechanism. 

Inhibits NS5B, an RNA-dependent RNA 
polymerase acting as a cha in terminator. 
Prevents viral RNA replication. 

Inhibits NS3/4A, a vira l prntease, preventing 
viral replication. 

Inhibits synthesis of guanine nucleotides by 
competitively inhibiting IMP dehydrogenase. 
Used as adjunct in cases refractory to newer 
medications 

Fatigue, headache. 

Crazoprevi r: Photosensitivity reactions, rash. 
Simeprevir: Headache, fatigue. 

I Iemolytic anemia, severe teratogen. 

Dis infection and Coals include the reduction of pathogenic organism counts to safe levels (d isinfection) and the 
sterilization inactivation of all microbes including spores (sterilization). 

Autoclave Pressurized steam at > 120°C. Sporicidal. May not reliably inactivate prions. 

Alcohols Denature prote ins and disrupt cell membranes. Not sporicida l. 

Chlo rhexidine Denatures proteins and disrupts cell membranes. Not sporicida l. 

Chlo rine Oxidizes and denatures prnteins. Sporicidal. 

Ethylene oxide Alkylating agent. Sporicida l. 

Hydrogen peroxide Free radical oxidation. Sporicida l. 

Iodine and iodophors Halogenation of DNA, RNA, and proteins. May be sporic idal. 

Quaternary amines Impai r permeabi lity of cell membranes. Not sporic idal. 

Antimicro b ials to 
avoid in pregnancy 

ANTIMICROBIAL 

Sulfonamides 

Aminoglycosides 

F luoroqu inolones 

C larithromycin 

Tetracyclines 

R ibavi ri n 

G riseofu lvin 

C h loramphenicol 

SAFe C hild ren Ta ke Rea lly G ood C are. 

ADVERSE EFFECT 

Kern icterus 

Ototoxic ity 

Cartilage damage 

Embryotox ic 

Discolored teeth, inhibition of bone grnwth 

Teratogenic 

Teratogenic 

Cray baby syndrnme 



H IGH- YI EL D PRI NCI PL ES I N 

Pathology 

"Digressions, objections, delight in mockery, carefree mistrust are signs of 
health; everything unconditional belongs in pathology." 

-Friedrich Nietzsche 

"You cannot separate passion from pathology any more than you can 
separate a person's spirit from his body." 

-Richard Selzer 

The fundamental principles of pathology are key to understanding 
diseases in all organ systems. Major topics such as inflammation and 
neoplasia appear frequently in questions across different organ systems, 

and such topics are definitely high yield. For example, the concepts of 
cell injury and inflammation are key to understanding the inflammatory 
response that follows myocardial infarction, a very common subject of 

board questions. Similarly, a familiarity with the early cellular changes 
that culmina te in the development of neoplasias-for example, 
esophageal or colon cancer- is cri tical. Finally, make sure you 

recognize the major tumor-associated genes and are comfortable with 
key cancer concepts such as tumor staging and metastasis. 
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INJURY 

Cellular adaptations 

Hypertrophy 

Hyperplasia 

Atrophy 

Metaplasia 

Dysplasia 

Reversible changes that can be physiologic (eg, uterine enlargement during pregnancy) or pathologic 
(eg, myocardial hypertrophy 2° to systemic I ITN). If stress is excessive or persistent, adaptations 
can progress to cell injury (eg, significant LV hypertrophy - injury to myofibri ls - I IF). 

t structural proteins and organelles - t in size of cells. 

Controlled proliferation of stem cells and differentiated cells - t in number of cells. Excessive 
stimulation - pathologic hyperplasia (eg, endometrial hyperplasia), which may progress to 
dysplasia and cancer. 

I in tissue mass due to I in size (t cytoskeleton degradation via ubiquitin-proteasome pathway 
and autophagy; I protein synthesis) and/or number of cells (apoptosis). Causes include disuse, 
denervation, loss of blood supply, loss of hormonal stimulation, poor nutri tion. 

Reprogramming of stem cells - replacement of one cell type by another that can adapt to a 
new stress. Usually due to exposure to an irritant, such as gastric acid (- Barrett esophagus) <>r 
cigarette smoke (- respiratory ci liated columnar epi thelium replaced by stratified squamous 
epithelium). May progress to dysplasia - malignant transformation with persistent insu lt (eg, 
Barrett esophagus - esophageal adenocarcinoma). Metaplasia of connective tissue can also occur 
(eg, myositis ossificans, the formation of bone within muscle after trauma). 

Disordered, precancerous epithelia l cell growth; not considered a true adaptive response. 
Characteri zed by loss of uniformity of cell size and shape (pleomorphism); loss of tissue 
orientation; nuclear changes (eg, t nuclear:cytoplasmic ratio and clumped chromatin). Mild and 
moderate dysplasias (ie, do not involve entire thickness of epi thelium) may regress with alleviation 
of inciting cause. Severe dysplasia often becomes irreversible and progresses to carcinoma in situ. 
Usually preceded by persistent metaplasia or pathologic hyperplasia. 

• 

Hyperplasia \ Chan_ge in cell 
size or 
number -• Reversible 

Hypertrophy I 
Atrophy Sevete stress 

or injury 

Inability 
to adapt 

/ 
Irreversible 
injury - necrosis 
oc apoptosis 

Change in cell 
type and 
structure • • • 
Generally 

Nonnatcells irreversible 

\...... 

Reversible 

Change in 
cell structure 

Dysptasia 

Change in 
cell type 

Metaptasia 
If chronic irritant 

persists 

Irreversible 



Cell inj ury 

Reversible cell injury 

Irreversible cell injury 

Normal cell 
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• I AT P - I activity of Ca2+ and Na+/K+ pumps - cellular swell ing (earliest morphologic 
manifestation), mitochondrial swell ing 

• Ribosomal/polysomal detachment - I protein synthesis 
• Plasma membrane changes (eg, blebbing) 
• Nuclear changes (eg, chromatin clumping) 
• Rapid loss of fu nction (eg, myocard ial cells are noncontracti le after 1-2 minutes of ischemia) 

• Breakdown of plasma membrane - cytosolic enzymes (eg, troponin) leak into serum, influx of 
Cal+ - activation of degradative enzymes 

• Mitochondrial damage/dysfunction - loss of electron transport chain - I ATP 
• Rupture of lysosomes - autolysis 
• Nuclear degradation: pyknosis (nuclear condensation) - karyorrhexis (nuclear fragmentation 

caused by endonuclease-mediated cleavage) - karyolysis (nuclear dissolution) 

Plasma membrane 
/ damage 

Reversible Irreversible 

injury 

Cell death 

(necrosis) 
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Apoptosis 

Intrinsic 

(mitochondrial) 

pathway 

ATP-dependent programmed cell death. 
Intrinsic and extri nsic pathways; both pathways activate caspases (cytosolic proteases) - cellular 

breakdown including cell shrinkage, chromatin condensation, membrane blebbing, and 
formation of apoptotic bodies, which are then phagocytosed. 

Characterized by deeply eosinophilic cytoplasm and basophi lic nucleus, pyknosis, and karyorrhexis. 
Cell membrane typically remains intact without significant inAammation (unlike necrosis). 
DNA laddering (fragments in multiples of 180 bp) is a sensi tive indicator of apoptosis. 

Involved in tissue remodel ing in embryogenesis. Occurs when a regulating factor is withdrawn 
from a proliferating cell population (eg, I IL-2 after a completed immunologic reaction 
- apoptosis of proliferati ng effector cells). Also occurs after exposure to injurious stimuli (eg, 
rad iation, toxins, hypoxia). 

Regulated by Bd-2 family of proteins. BAX and BAK are proapoptotic, whi le Bcl-2 and Bcl-xL are 
antiapoptotic. 

BAX and BAK form pores in the mitochondrial membrane - release of cytochrome C from inner 
mitochondrial membrane into the cytoplasm - activation of caspases. 

Bcl-2 keeps the mitochondrial membrane impermeable, thereby preventing cytochrome C release. 
Bcl-2 overexpression (eg, follicular lymphoma t[l4;18)) - I caspase activation - tumorigenesis. 

Extrinsic (death 

receptor) pathway 
2 pathways: 

• Ligand receptor interactions (FasL binding to Fas [CD95] or TNF-et binding to its receptor) 
• Immune cell (cytotoxic T-cell release of perforin and granzyme B) 

Fas-FasL interaction is necessary in thymic medullary negative selection. Mutations in Fas 
t numbers of ci rculating self-reacting lymphocytes due to failure of clonal deletion. 

Defective Fas-FasL interactions cause autoimmune lymphoproliferative syndrome. 

Intrinsic Extrinsic 
(mitochondriaO pathway : (death receptor) pathway 

l FasLO Cytotoxic T cell 

Radiation. ROS. toxins : FasO' , TNFR Granzyme B • V 
Misfoldedproteins : I _ 
Hypoxia 1 lnitialor Perfoon (-[

DNAdamage : .H . TNF-a c_ 

I •• 
p53activation ! / spases ----• ••P 

J C Executioner / Nuctear. 
BAXIBAK -"" j "e.._Bcl-Z caspases '--....? 

Initiator___/) 
caspases ( <=> Q 

C}'tOSJfefetat dis.persion"\ 

'L:?a"1) 
Cytoplasmic • 

bleb ' ------
Apoptotic 
body 

Macrophage 



Necrosis 

TYPE 

Coagulative 

liquefactive 

Caseous 

Fat 

Fibrinoid 

Gangrenous 
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Exogenous injury - plasma membrane damage - cell undergoes enzymatic degradation and protein 
denaturation, intracellu lar components leak - local inAammatory reaction (unl ike apoptosis). 

SEEN IN 

lschemia/infa rcts in 
most tissues (except 
bra in} 

Bacteria l abscesses, 
bra in infarcts 

TB, systemic fu ngi 
(eg, llistoplasma 

capsulatum}, Nocardia 

Enzymatic: acute 
pancreatitis 
(saponification of 
peripancreatic fat) 

Nonenzymatic: 
traumatic (eg, injury to 
breast tissue} 

Immune vascu lar 
reactions (eg, PAN} 

Nonimmune 
vascu lar reactions 
(eg, hypertensive 
emergency, 
preeclampsia) 

Dista l extremity and 
CI tract, after chronic 
ischemia 

OUETO 

lschemia or infa rction; 
injury denatures 
enzymes - proteolysis 
blocked 

Neutrophils release 
lysosomal enzymes that 
d igest the tissue I] 

Macrophages wa ll off the 
infecting microorganism 
- granu lar debris B 

Damaged pancreatic 
cells release I ipase, 
which breaks down 
triglycerides; liberated 
fatty ac ids bind ca lcium 
- saponification (chalky
white appearance) 

Immune complex 
deposition (type Ill 
hypersensitivity reaction) 
and/or plasma protein 
(eg, fibrin} leakage from 
damaged vessel 

Dry: ischemia 0 
Wet: superi nfection 

HISTOLOGY 

Preserved cellular architecture (cell 
outl ines seen}, but nuclei disappear; 
t cytoplasmic bind ing of eos in stain 
(- t eosinophilia; red/pin k color} rJ 

Early: cellular debris and macrophages 
Late: cystic spaces and cavitation (brain} 
Neutrophils and cell debris seen with 

bacteria l infection 

Fragmented ce lls and debris surrounded 
by lymphocytes and macrophages 
(granuloma) 

Out lines of dead fat cells without 
periphera l nuclei; saponification of fat 
(combined with Ca2+} appears da rk blue 
on ll&E stain I!] 

Vessel walls are th ick and pink I] 

Coagulative 

Liquefactive superimposed on coagulative 
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lschemia 

Types of infarcts 

Red infarct 

Pale infarct 

Free radical injury 

PATHOLOGY INJURY 

Inadequate blood supply to meet demand. Mechanisms include I arterial perfusion (eg, 
atherosclerosis), I venous dra inage (eg, testicular torsion, Budd-Chiari syndrome), and shock. 

Regions most vu lnerable to hypoxia/ischemia and subsequent infa rction: 

ORGAN 

Brain 

Heart 

Kidney 

Liver 

REGION 

ACA/MCA/PCA boundary areasa.b 

Subendocardium (LV) f'J 
Straight segment of proximal tubu le (medu lla) 
Thick ascending limb (medulla) 

Area around centra l vein (zone III) 

Colon Sp lenic Aexure,3 rectum• 

"Watershed a reas (border zones) receive blood supply from most dista l branches of 2 arteries with 
limited co llatera l vascu la rity. T hese areas are susceptible to ischemia from hypoperfusion. 

hNeurons most vulnerable to hypoxic-ischemic insu lts include Purkinje cells of the cerebellum and 
pyramidal cel ls of the hippocampus and neocortex (zones 3, 5, 6). 

Occurs in venous occlusion and tissues with 
multiple blood supplies (eg, liver, lung f'J, 
intestine, testes), and wi th reperfusion (eg, 
after ang ioplasty). Reperfusion injury is due to 
damage by free radica ls. Red = reperfus ion 

Occurs in sol id organs wi th a single (end
arterial) blood supply ( eg, heart, kidney rm 

Free radicals damage cells via membrane lipid peroxidation, protein modification, DNA breakage. 
Initiated via rad iation exposure (eg, cancer therapy), metabolism of drugs (phase I), redox 
reactions, n itri c oxide (eg, inAammation), trans ition metals, W BC (eg, neutrophils, macrophages) 
oxidative burst. 

Free radicals can be el im inated by scavenging enzymes (eg, catalase, superoxide d ismutase, 
glutath ione peroxidase), spontaneous decay, a ntioxidants (eg, vi tamins A, C, E), and certain meta l 
carrier proteins (eg, transferrin, ceruloplasmin). 

Examples: 
• Oxygen toxicity: reti nopathy of prematurity (abnormal vascu larization), bronchopulmonary 

dysplasia, reperfus ion injury after th rombolytic therapy 
• Drug/chemical tox ic ity: acetaminophen overdose (hepatotoxic ity), carbon tetrachloride 

(converted by cytochrome P-450 into CCl3 free radica l - fatty liver [cell injury 
- I apolipoprote in synthesis - fatty cha nge], centrilobu lar necrosis) 

• Meta l storage d iseases: hemochromatosis (iron) and Wilson disease (copper) 



Types of calcification 

CAl• DEPOSITION 

EXTENT 

ASSOCIATED CONDITIONS 

ETIOLOGY 

SERUM CA2' LEVELS 

Lipofuscin 
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Calcium deposits appear deeply basophilic (white star in rJ) on II&E stain. 
Dystrophic calcification 

In abnormal (Diseased) tissues 

Tends to be localized (eg, calcific aortic stenosis) 

T B (lung and pericard ium) and other 
granulomatous infections, liquefactive necrosis 
of chronic abscesses, fat necrosis, infarcts, 
thrombi, schistosomiasis, congenital CMV, 
toxoplasmosis, rubella, psammoma bodies, 
CREST syndrome, atherosclerotic plaques can 
become calci fied 

2° to injury or necrosis 

Normal 

Metastatic calcification 

In normal tissues 

Widespread (ie, diffuse, metastatic) 

Predominantly in interstitia l tissues of kidney, 
lung, and gastric mucosa (these tissues lose 
acid quickly; t pll favors Ca2+ deposition) 

Nephrocalcinosis of collec ting ducts may lead 
to nephrogenic diabetes insipidus and renal 
fai lure 

2° to hypercalcemia (eg, 1° hyperparathyroidism, 
sarcoidosis, hypervitaminosis D) or high 
calcium-phosphate product levels (eg, chronic 
kidney disease with 2° hyperparathyroidism, 
long-term dialysis, calciphylaxis, multiple 
myeloma) 

Usually abnormal 

A yel low-brown "wear and tear" pigment rJ associated with normal aging. 
Formed by oxidation and polymerization of autophagocytosed organellar membranes. 
Autopsy of elderly person wi ll reveal deposits in heart, colon, liver, kidney, eye, and other organs. 
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Amyloidosis 

COMMON TYPES 

Systemic 

Primary amyloidosis 

Secondary 
amyloidosis 

Dialysis-related 
amyloidosis 

Localized 

Alzheimer disease 

Type 2 diabetes 
mell itus 

Medullary thyroid 
cancer 

Isolated atrial 
amyloidosis 

Systemic senile (age
related) amyloidosis 

Hereditary 

Familia l amyloid 
cardiomyopathy 

Familia l amyloid 
polyneuropathies 

PATHOLOGY INJURY 

Abnormal aggregation of proteins (or their fragm ents) into linear sheets - insoluble 
fibrils - cellular damage and apoptosis. Amyloid deposits visualized by Congo reel stain fJ, 
polarizecl light (apple-green birefringence)[], ancl I I&E stain (B shows cleposits in glomerular 
mesangial areas [white arrows], tubular basement membranes [black arrows]). 

FIBRIL PROTEIN 

AL (from lg Light chains) 

Serum Amyloicl A 
(AA) 

protein 

Islet amyloicl polypepticle 
(JAPP) 

Calcitonin (A Cal) 

ANP 

Normal (wi lcl-type) 
transthyretin (TTR) 

Mutatecl transthyretin 
(ATTR) 

Mutatecl transthyretin 
(ATTR) 

DESCRIPTION 

Seen in Plasma cell cl isorders 
(eg, multiple myeloma) 

Seen in chronic inAammatory 
conditions, (eg, rheumatoicl 
arthritis, IBD, fam ilial 
Mecl iterranean fever, protrac tecl 
infection) 

Seen in patients with ESRD 
ancl/or on long-term clialysis 

Cleavecl from amyloicl precursor 
protein (APP) 

Causecl by deposition of amyl in 
in pancreatic islets 

Common in normal aging 
t risk of atrial fibrillation 

Seen preclominantly in carcliac 
ventricles 

Ventricular enclomyocarcl ium 
deposition - restri ctive 
carcliomyopathy, arrhythmias 

Due to transthyretin gene 
mutation 

Manifestations include: 
• Carcl iac (eg, restri ctive 

carcl iomyopathy, 
arrhythmia) 

• GI (eg, macroglossia, 
hepatomegaly) 

• Renal (eg, nephrotic 
syndrome) 

• Ilematologic (eg, easy 
bruising, splenomegaly) 

• Neurologic (eg, neuropathy) 
• Musculoskeletal (eg, carpal 

tunnel syndrome) 

Carcl iac clysfunction more 
insiclious than in AL 
amyloiclosis 

5% of African Americans are 
carriers of mutant allele 
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PATHO LOGY-INFLAMMATION 

Inflammation Response to e liminate in itial cause of cell injury, to remove necrotic cells result ing from the 
original insult, and to initiate tissue repai r. Divided into acute and chronic. The inAammatory 
response itself can be harmful to the host if the reaction is excessive (eg, septic shock), prolonged 
(eg, persistent infections such as TB), or inappropriate (eg, au toimmune d iseases such as SLE). 

Cardinal signs 

SIGN 

Rubor (redness), calor 
(warmth) 

Tumor (swelling) 

Dolor (pain) 

Fu nctio laesa (loss of 
function) 

MECHANISM 

Vasodi lation (relaxation of arteriolar smooth 
muscle) - t blood Aow. 

Endothe lial contrac tion/disruption (eg, from 
tissue damage) - t vascular permeability 
- leakage of protein-rich Auid from 
postcapillary venules into interstitial space 
(exudate) - t interstitia l oncotic pressure. 

Sensitization of sensory nerve end ings. 

Cardina l signs above impair function (eg, 
inability to make fist with hand that has 
cellulitis). 

Systemic manifestations (acute-phase reaction) 

Fever Pyrogens (eg, LPS) induce macrophages to 
release IL-I and TNF - t COX ac tivity in 
perivascular cells of hypotha lamus - t PCE2 
- t temperature set point. 

Leukocytosis Elevation of WBC count. Type of cell that 
is predominant ly elevated depends on 
the inciting agent or injury (eg, bacter ia 
- t neutroph ils). 

t plasma acute-phase Factors whose serum concentrations change 
prote ins significantly in response to inAammation. 

Produced by the liver in both acute and 
chronic inAammatory states. 

Acute phase reactants More FFiSII in the C (sea). 
POSITIVE (UPREGULATEO) 

MEDIATORS 

Ilistamine, prostaglandins, bradykinin, NO 

Endothe lial contraction: leukotri enes (C4, 0 4, 

E4), histamine, serotonin. 

Bradykin in, PCE2, histamine. 

Notably induced by IL-6 . 

Fe rrit in Binds and sequesters iron to inhibit microbial iron scavenging. 

Fibrinogen Coagulation fac tor; promotes endothelia l repair; correlates with ESR. 

Serum amyloid A Prolonged e levation can lead to amyloidosis. 

Hepcidin I iron absorption (by degrading ferroportin) and I iron re lease (from macrophages) - anemia of 
chronic d isease. 

( -reactive p rotein Opsonin; fixes complement and facilitates phagocytosis. 
Measured cl inically as a nonspeci fic sign of ongoing inAammation. 

NEGATIVE (OOWNREGULATED) 

Albumin Reduction conserves amino acids for pos itive reactants. 

Transfe rrin Internalized by macrophages to sequester iron. 
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Erythrocyte 
sedimentation rate 

Exudate vs transudate 

Light criteria 

PATHOLOGY PATHO LOGY-INFLAMMATION 

RBCs normally remain separated via 8 charges. Products of inAammation (eg, fi brinogen) coat 
RBCs - I 8 charge - t RBC aggregation. Denser RBC aggregates fall at a faster rate within a 
pipette tube - t ESR Often co-tested with CRP (more specific marker of inAammation). 

t ESR 

Most anemias 
Infections 
InAammation (eg, giant cell [temporal] arteritis, 

polymyalgia rheumatica) 
Cancer (eg, metastases, multiple myeloma) 
Renal disease (end-stage or nephrotic syndrome) 
Pregnancy 

Exudate 

Cellular (cloudy) 

t protein (> 2.9 g/dL) 

Due to: 
• Lymphatic obstruction (chylous) 
• InAammation/infection 
• Malignancy 

I ESR 

Sickle cell anemia (altered shape) 
Polycythemia (t RBCs "di lute" aggregation 

factors) 
IIF 
Microcytosis 
I lypofibrinogenemia 

Transudate 

Ilypocellular (dear) 

I protein (< 2.5 g/dL) 

Due to: 
• t hydrostatic pressure (eg, l IF, Na+ retention) 
• I oncotic pressure (eg, ci rrhosis, nephrotic 

syndrome) 

Pleural Auid is exudative if<: I of the following criteria is met: 
• Pleural Auid protein/serum protein ratio> 0.5 
• Pleural Auid LDll/serum LOii ratio> 0.6 
• Pleural Au id LD! l > Yi of the upper limit of normal for serum LD! I 

Exudate = Excess protein and LOI I 



Acute inflammation 

STIMULI 

MEDIATORS 

COMPONENTS 

OUTCOMES 
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Transient and early response to injury or infection. C haracterized by neutrophils in tissue fJ, 
often with associated edema. Rapid onset (seconds to m inutes) and short duration (minu tes to 
days). Represents a reaction of the innate immune system (ie, less specific response than chronic 
inflammation). 

Infections, trauma, necrosis, foreign bodies. 

Toll-like receptors, arach idonic acid metabolites, 
neutrophils, eosinophi ls, a ntibodies (pre
existing), mast cells, basophi ls, complement, 
Hageman factor (factor XII). 

• Vascular: vasodilation (- t blood flow a nd 
stasis) and t e ndothe lial permeabil ity 

• Cellular: extravasation of leukocytes (main ly 
neutrophils) from postcapillary venules and 
accumulation in the focus of injury followed 
by leukocyte ac tivation 

• Resolution and hea ling (IL-10, 
• Persistent acu te inflammation (IL-8) 
• Abscess (acute inflammation walled off by 

fi brosis) 
• Chronic in flammation (antigen presentation 

by macrophages and other APCs 
- activation of CD4+ T h cells) 

• Scarring 

lnflammasome- Cytoplasmic protein complex 
that recognizes products of dead cells, 
microbial products, and crysta ls (eg, uric acid 
crystals) - activation of IL-I a nd inflammatory 
response. 

To bri ng cells and proteins to site of injury or 
infection. 

Leukocyte extravasation has 4 steps: margination 
and rolling, adhesion, transmigration, and 
migration (chemoattraction). 

Macrophages predominate in the late stages of 
acu te inflammation (peak 2- 3 days after onset) 
and influence outcome by secreting cytokines. 
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Leukocyte 
extravasation 

PATHOLOGY PATHO LOGY-INFLAMMATION 

Extravasation predominantly occurs at postcapillary venules. 
WBCs exit from blood vessels at sites of tissue injury and inAammation in 4 steps: 

STEP 

0 Margination and roll ing
defective in leukocyte adhesion 
deficiency type 2 (I Sialyl 
LewisX) 

@ Tight binding (adhesion)
defective in leukocyte adhesion 
deficiency type I (I CDl8 
integrin subunit) 

E) Diapedesis (transmigration)
WBC travels between 
endothelia l cells and exits blood 
vessel 

0 Migration- WBC travels 
through interstitium to site of 
injury or infection guided by 
chemotactic signals 

Vessel 
lumen 

0 Margination & rolling 

Endothelium 

lnterstitium 

VASCULATURE/STROMA 

E-selectin (upregulated by TNF and 
IL-I) 

P-selectin (released from Weibel
Palade bodies) 

C lyCAM-1, CD34 

ICAM-1 (CD54) 

VCAM-1 (CDI06) 

PECAM-1 (CD31) 

LEUKOCYTE 

Sia lyl LewisX 

Sia lyl LewisX 

L-se lectin 

CDll/18 integrins 
(LFA-1, Mac-I) 

VLA-4 integrin 

PECAM-1 (CD31) 

Chemotactic factors: C5a, IL-8, Various 
LTB4, ka ll ikrein, plate let-ac tivating 
factor 

a Tight binding E) Diapedesis 0 Migration 
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Chronic inflammation Prolonged inAammation characterized by mononuclea r in fi ltration (macrophages, lymphocytes, 
plasma cells), which leads to simultaneous t issue destruction a nd repair (i nclud ing angiogenesis 
and fibrosis). May be preceded by acute inAammation. 

STIMULI Persistent infections (eg, TB, T pallidum, certa in fu ng i and viruses) - type IV hypersensitivity, 
autoimmune diseases, prolonged exposure to tox ic agents (eg, sil ica) and foreign materia l. 

MEDIATORS Macrophages are the dominant cells. Ch ronic inAammation is the result of their interaction with 
T lymphocytes. 
• Thi cells secrete IFN-y - macrophage classical activation (proinAammatory) 
• Th2 cells secrete IL-4 and IL-13 - macrophage a lternative activation (repai r and anti

inAammatory) 

OUTCOMES Scarring, amyloidosis, and neoplastic transformation (eg, chronic HCV infection - chronic 
inAammation - hepatocellular carcinoma; Helicobacter pylori infection - chronic gastritis 
- gastric adenocarcinoma). 

Wound healing 

Tissue mediators MEDIATOR 

FCF 

VECF 

PDCF 

Metalloprotei nases 

ECF 

PHASE OF WO UNO HEALING EFFECTOR CELLS 

Inflammatory (up to Platelets, neutrophils, macrophages 
3 days after wound) 

Proliferative Fibroblasts, myofibroblasts, endothel ia l cells, 
(day 3-weeks after keratinocytes, macrophages 
wound) 

Remodeling Fibroblasts 
(1 week- 6+ months 
after wound) 

ROLE 

Stimulates angiogenesis 

Angiogenes is, fibrosis 

Stimulates angiogenesis 

Secreted by activated platelets and macrophages 
Induces vascula r remodeling and smooth 

muscle cell migration 
Stimulates fibroblast growth for collagen 

synthesis 

Tissue remodeling 

Stimulates cel l growth via tyrosine kinases (eg, 
EGFR/ErbBl) 

CHARACTERISTICS 

Clot formation, t vessel permeability and 
neutrophil m igration into tissue; macrophages 
clear debris 2 days later 

Deposition of granulation tissue and type 
III collagen, a ngiogenesis, epithe lial cell 
proliferation, dissolution of c lot, and wound 
contraction (mediated by myofibroblasts) 

Delayed second phase of wound healing in 
vitamin C and copper deficiency 

Type III collagen rep laced by type I co llagen, 
t tensi le strength of tissue 

Collagenases (require zinc to fu nction) break 
down type III collagen 

Z inc deficiency - delayed wound hea ling 
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Granulomatous 
inflammation 

HISTOLOGY 

MECHANISM 

ETIOLOGIES 

PATHOLOGY PATHO LOGY-INFLAMMATION 

A pattern of chronic inAammation. Can be induced by persistent T-cel l response to certain 
infections (eg, T B), immune-mediated diseases, and foreign bodies. Cranulomas "wall 
off" a resistant st imulus without completely eradicating or degrading it - persistent 
inAammation- fibrosis, organ damage. 

Focus of epithelioid cells (activated macrophages with abundant pink cytoplasm) surrounded by 
lymphocytes and multinucleatecl giant cells (formed by fusion of severa l activated macrophages). 
Two types: 

Caseating: associated with centra l necrosis. Seen with infectious e tiologies (eg, TB, fungal). 
Noncaseating rJ: no centra l necrosis. Seen with autoimmune d iseases (eg, sarcoiclosis, Crohn 

d isease). 

0 APCs present antigens to CD4+ T h cells and secrete IL-12 - CD4+ Th cells d ifferentiate 
into Th I cells 

E) Th I secretes IFN-r - macrophage activation 
E> Macrophages t cytokine secre tion (eg, TNF) - formation of epithelioid macrophages and 

g ia nt cells. 
Anti-T NF therapy can cause sequestering gra nulomas to break down - d isseminated d isease. 

Always test for latent TB before starting anti-TNF therapy. 
with hypercalcemia clue to t la -hyclroxylase-mecl iatecl vitamin D activation in 

macrophages. 

.z;.APC 
l IL-12 

0 
Antigen 

Thi ). 

0 

INFECTIOUS 

• Bacteria l: Mycobacteria (tuberculosis, 
leprosy), Bartone/la henselae (cat scratch 
d isease; stellate necrotizing granulomas), 
Listeria monocytogenes (granu lomatosis 
infantiseptica), Treponema pallidum 
(3° syphilis) 

• Fungal: endemic mycoses (eg, 
h istoplasmosis) 

• Parasitic: schistosomiasis 

Fibroblast 

. .. 

1' 
Granuloma !ill 

NONINFECTIOUS 

• lmmune-mecl iatecl : sarcoiclosis, Crohn 
d isease, 1° biliary cholangitis, subacute (de 
Querva in/granulomatous) thyroiditis 

• Vasculitis: granulomatosis with polyangi itis 
(Wegener), eosinophilic gra nulomatosis 
with polyangiitis (Churg-Strauss), giant cell 
(tempora l) a rteritis, Takayasu a rteritis 

• Foreign materia l: beryll iosis, ta lcosis, 
hypersensitivity pneumonitis 

• Chronic granulomatous d isease 



Scar formation 

SCAR TYPE 

COLLAGEN SYNTHESIS 

COLLAGEN ORGANIZATION 

EXTENT Of SCAR 

RECURRENCE 

PREDISPOSITION 
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Occurs when repair cannot be accomplished by cell regeneration alone. Nonregenerated cells (2° 
to severe acute or chronic injury} are rep laced by connective tissue. 70- 80% of tensi le strength 
regained at 3 months; little tensile strength regained thereafter. Associated with excess 

Hypert rophic t1 Keloid 111 
t (type III collagen} tt t (types I and III collagen) 

Para llel 

Confined to borders of origina l wound 

Infrequent 

None 

Disorganized 

Extends beyond borders of original wound with 
"claw-like" projections typically on earlobes, 
face, upper extremi ties 

Frequent 

t incidence in ethnic groups with darker skin 
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PATHOLOGY-NEOPLASIA 

Neoplasia and Unconrrolled, monoclonal proliferation of cells. Can be benign or ma lignant. Any neoplastic 
neoplastic progression growth has two components: parenchyma (neoplastic cells) a nd supporting stroma (non

neoplastic; eg, blood vessels, connective tissue). 

Epithelial 

[

cell layer Basement 

O { membrane 

I 
Blood or lymphatic 
vessel 

Normal cells 

Dysplasia 

Carcinoma in sit u/ 

preinvasive 

Invasive carcinoma 

Metastasis 

0 Normal cells with basal - apica l polarity. See cervica l example !J, which shows normal cells 
and spectrum of dysplas ia, as discussed below. 

0 Loss of uniform ity in cell size and shape (pleomorph ism); loss of tissue orientation; nuclear 
changes (eg, t nuclear:cytoplasmic ratio) fJ. 

€) Irrevers ible severe dysplasia that involves the entire thickness of ep ithe lium but does not 
penetrate the intact basement membrane !J. 

0 Cells have invaded basement membrane using collagenases and hyd rolases (metalloproteinases). 
Cell-cell contacts lost by inactivation of E-cadherin. 

Normal Mild dysplasia Moderate dysplasia Severe dysplasia/ 
carcinoma in situ 



Tumor nomenclature 

CELL TYPE 

Epithelium 

Mesenchyme 

Blood cell s 

Blood vessels 

Smooth muscle 

Striated muscle 

Connective tissue 

Bone 

Fat 

Melanocyte 

Tumor grade vs stage 

Grade 

Stage 
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Carcinoma impl ies epithel ia l origin, whereas sarcom a denotes mesenchymal origin. Both terms 
generally imply malignancy. 

Benign tumors are usually well-di fferentiated and well-demarcated, with low mitotic activity, no 
metastases, and no necrosis. 

Malignant tumors (cancers) may show poor d ifferentiation, erratic growth, local invasion, 
metastasis, and I apoptosis. 

Terms for non-neoplas tic malformations include hamartoma (disorganized overgrowth of tissues in 
the ir native location, eg, Peutz-Jeghers polyps) and choristoma (normal tissue in a foreign location, 
eg, gastric tissue located in distal ileum in Meckel diverticu lum). 

BENIGN 

Adenoma, papilloma 

Hemangioma 

Leiomyoma 

Rhabdomyoma 

Fibroma 

Osteoma 

Lipoma 

Nevus/mole 

MALIGNANT 

Adenocarcinoma, papi lla ry carcinoma 

Leukemia, lymphoma 

Angiosarcoma 

Leiomyosarcoma 

Rhabdomyosarcoma 

Fibrosarcoma 

Osteosarcoma 

Liposarcoma 

Melanoma 

Differentiation- degree to which a tumor resembles its tissue of origin. Well-d ifferentiated tumors 
(often less aggress ive) closely resemble their tissue of origin, whereas poorly d ifferentiated tumors 
(often more aggressive) do not. 

Anaplasia - comple te lack of di fferentiation of cells in a malignant neoplasm. 

Degree of cellula r di fferentiation and mitotic activity on histology. Ranges from low grade (we ll
d ifferentiated) to h igh grade (poorly di fferentiated, und ifferentiated, or a naplas tic). 

Degree of localization/spread based on site and size of 1° lesion, spread to regiona l lymph nodes, 
presence of metastases. Based on clinical (c) <>r pathologic (p) findings. Stage genera lly has more 
prognostic va lue than grade (eg, a high-stage yet low-grade tumor is usually worse than a low
stage yet h igh-grade tumor). Stage determines Surviva l. 

TNM staging system (Stage = Spread): T = Tumor size/invasiveness, N = Node invo lvement, 
M = Metastases, eg, cT3NIMO. Each TNM factor has independent prognostic value; N a nd M 
are often most important. 
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Hallmarks of cancer 

HALLMARK 

Growth signal 
self-sufficiency 

Anti-growth signal 

insensitivity 

Evasion of apoptosis 

Limitless replicative 

potential 

Sustained 

angiogenesis 

Tissue invasion 

Metastasis 

Warburg effect 

PATHOLOGY PATHO LOGY-NEOPLASIA 

Cancer is caused by (mostly acqu ired) DNA mutations that affect fundamenta l cellula r processes 
(eg, growth, DNA repair, survival). Accumulation of mutations g ives rise to hallmarks of cancer. 

MECHANISM 

Mutations in genes encoding: 
• Proto-oncogenes - t growth factors - autocri ne loop (eg, t PDCF in bra in tumors) 
• G rowth factor receptors - constitutive signall ing (eg, 1lER2/neu in breast cancer) 
• Signaling molecules (eg, RAS} 
• Transcription factors (eg, MYC) 
• Cell cycle regulators (eg, cydins, CDKs) 

• Mutations in tumor suppressor genes (eg, Rb} 
• Loss of E-cadherin function - loss of contac t inhibition (eg, NP2 mutations} 

Mutations in genes that regulate apoptosis (eg, TP53, BCL2 - foll icu la r B cell lymphoma). 

Reactivation of telomerase - maintenance and lengthening of telomeres - prevention of 
chromosome shortening and cel l aging. 

t pro-angiogenic factors (eg, VECF} or I inhibitory factors. Factors may be produced by tumor or 
stromal cel ls. Vessels can sprout from existing capillaries (neoangiogenesis} or endothelial cells are 
recruited from bone marrow (vasculogenesis). Vessels may be leaky and/or d ilated. 

Loss of E-cadherin function - loosening of intercellu lar junctions - metalloproteinases degrade 
basement membrane and ECM - cells attach to ECM proteins (eg, lamin in, fibronectin} - cells 
migrate through degraded ECM (" locomotion"} - vascula r dissemination. 

Tumor cells or emboli spread via lymphatics or blood - adhesion to endothelium - extravasation 
and homing. Site of metastasis can be predicted by site of primary tumor, as the target organ 
is often the first-encountered capillary bed ("seed and soi l" theory). Some cancers show organ 
tropism (eg, lung cancers commonly metastasize to ad renals). 

Shift of glucose metabolism away from mitochondrial oxidative phosphorylation toward glycolysis. 



Immune evasion in 
cancer 

Immune checkpoint 
interactions 

Cancer epidemiology 

Cancer incidence 

Cancer mortality 
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Immune cells can recognize and attack tumor cel ls. For successful tumorigenesis, tumor cells must 
evade the immune system. Multiple escape mechanisms exist: 
• I Ml IC class I expression by tumor cells - cytotoxic T cells are unable to recognize tumor 

cells. 
• Tumor cells secrete immunosuppressive factors (eg, and recruit regulatory T cells to 

down-regulate immune response. 
• Tumor cells up-regu late immune checkpoint molecules, which inh ibit immune response. 

Signals that modulate T cell activation and function - I immune response against tumor cells. 
Targeted by several cancer immunotherapies. Examples include: 
• Interaction be tween PD-I (on T cells) and PD-Ll/2 (on tumor cel ls or immune cells in tumor 

microenvironment) - T cell dysfunction (exhaustion). Inhibited by antibodies against PD-I (eg, 
pembrolizumab, n ivolumab) or PD-LI (eg, atezolizumab, durvalumab, avelumab). 

• CTLA-4 on T cells outcompetes CD28 for B7 on APCs - loss ofT cell costimulatory signal. 
Inhibited by ipilimumab (anti-CTLA-4 antibody). 

..).... lpilimumab 

\ Atezolizumab 
......_ Durvalumab 

Avelumab 

..).... Nivolumab 
Pembrolizumab 

Tcell \ 

TceuazvatJOn -@-1 

'&.__ ----·· .. • -c( • PD·ll/2 

/ 

Tumor cell 

APC 

Skin cancer (basal > squamous>> melanoma) is the most common cancer (not included below). 
MEN WOMEN CHILDREN (AGE IH4) NOTES 

I. Prostate I. Breast I. Leukemia Lung cancer inc idence has I in 
2.Lung 2. Lung 2. CNS men, but has not changed 
3. Colon/rectum 3. Colon/rectum 3. Neuroblastoma significantly in women. 

I. Lung I. Lung I. Leukemia Cancer is the 2nd leading cause 
2. Prostate 2. Breast 2. CNS of death in the United States 
3. Colon/rectum 3. Colon/rectum 3. Neuroblastoma (heart disease is !st). 
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Common metastases 

SITE Of METASTASIS 

Brain 

Liver 

Bone 

PATHOLOGY PATHO LOGY-NEOPLASIA 

Most sarcomas spread hematogenously; most carcinomas spread via lymphatics. I Iowever, Four 
C arcinomas Route Ilematogenously: Foll icular thyroid carcinoma, C horiocarcinoma, Renal cell 
carcinoma, and Ilepatocellular carcinoma. 

l•TUMOR 

Lung> breast > melanoma, colon, kidney. 

C olon >> Stomach > Pancreas (Ca ncer 
Sometimes Penetrates liver). 

P rostate, Breast> Kidney, T hyroid, Lung 
(Painfu l Bones Kill T he Lungs). 

NOTES 

503 of brain tumors are from metastases a I]. 
Commonly seen as multiple well-circumscribed 

tumors at gray/white matter junction. 

Liver B 1!J a nd lung are the most common sites 
of metastasis a fter the regiona l lymph nodes. 

Bone metastas is U I] >> I 0 bone tumors (eg, 
multiple myeloma). Predi lection for ax ia l 
skeleton m. Bone metastasis can be: 
• Lytic (eg, thyroid, kidney, non-small cel l 

lung cancer) 
• Elastic (eg, prostate, small cell lung cancer) 
• Mixed (eg, breast) 



Oncogenes 

GENE 

ALK 

BCR-ABL 

BCL-2 

BRAF 

c-K/T 

c-MYC 

HER2/neu (c-erb82) 

JAK2 

KRAS 

MYCL7 

N-myc (MYCN) 

RET 

Tumor suppressor 

genes 

GENE 

APC 

BRCA1/ BRCA2 

CDKN2A 

DCC 

SMAD4 (DPC4) 

MEN7 

NF7 

NF2 

PTEN 

Rb 

TP53 

TSC7 

TSC2 

VHL 

WT7 
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Cain of function mutation converts proto-oncogene (normal gene) to oncogene - t cancer risk. 
Requires damage to only one allele of a proto-oncogene. 

GENE PRODUCT 

Receptor tyrosine Kinase 

Non-receptor tyros ine kinase 

Antiapoptotic molecule (inh ibits apoptosis) 

Seri ne/threonine ki nase 

C ytoKlne receptor 

Tra nscription factor 

Receptor tyrosine kinase 

Tyrosine kinase 

CTPase 

Tra nscription factor 

Tra nscription factor 

Receptor tyrosine kinase 

ASSOCIATED NEOPLASM 

Lung Adenocarcinoma (Adenocarcinoma of the 
Lung Kinase) 

CML,ALL 

Foll icular and di ffuse large B C ell Lymphomas 

Melanoma, 11011-llodgkin lymphoma, papi lla ry 
thyroid carcinoma, hai ry ce ll leukemia 

Gastrointestina l stromal tumor (GIST ) 

Burkitt lymphoma 

Breast and gastric carc inomas 

Chronic myeloproliferative disorders 

Colon cancer, lung cancer, pancreatic cancer 

Lung tumor 

Neuroblastoma 

MEN 2A and ZB, papi llary thyroid carc inoma 

Loss of fu nction - t cancer risk; both (two) alleles of a tumor suppressor gene must be lost for 
expression of cl isease. 

GENE PRODUCT 

Negative regulator of pathway 

DNA repa ir protein 

p16, blocks cl - s phase 

DCC- Deleted in C olon C ancer 

DPC- De leted in Pancreatic C ancer 

Men in 

Neurofibromin (Ras CTPase activating protein) 

Merlin (schwannomin) protein 

Negative regulator of PJ3k/AKT pathway 

Inhibits E2 F; blocks C 1 - S phase 

p53, activates p21, blocks C 1 - S phase 

Hamartin protein 

Tuberin protein 

Inhibits hypoxia-induc ible factor la 

Tra nscription factor that regulates urogen ita l 
development 

ASSOCIATED CONDITION 

Colorectal cancer (associated with FAP) 

Breast, ovarian, and pancreatic cancer 

Melanoma, pancreatic cancer 

Colon cancer 

Pancreatic cancer 

M ultip le E ndocrine Neoplasia I 

Neurofibromatos is type 1 

Neurofibromatosis type 2 

Breast, prostate, and endometrial cancer 

Retinoblastoma, osteosarcoma (bone cancer) 

Most human cancers, Li-Fraumeni syndrome 
(multiple malignancies at early age, aka, SBLA 
cancer syndrome: Sarcoma, Breast, Leukemia, 
Adrenal gland) 

Tuberous scleros is 

Tuberous sclerosis 

von Ilippel-Lindau disease 

Wilms tumor (nephroblastoma) 
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Oncogenic microbes 

Carcinogens 

TOXIN 

Aflatoxins (Aspergillus) 

Alkylating agents 

Aromatic a mines 
(eg, benzidine, 
2-naphthylamine) 

Arsenic 

Asbestos 

Cigarette smoke 

Ethanol 

Ionizing radiation 

Nitrosamines 

Radon 

Vinyl chloride 

PATHOLOGY PATHO LOGY-NEOPLASIA 

Microbe 

EBV 

HBV, I ICV 

HllV-8 

HPV 

H pylori 

HTLV-1 

Liver Auke (Clonorchis sinensis) 

Schistosoma haematobium 

EXPOSURE 

Stored grains and nuts 

Oncologic chemotherapy 

Textile industry (dyes), 
cigarette smoke 
(2-naphthylamine) 

Herbicides (vineyard workers), 
metal smelting 

O ld roofing materia l, shipya rd 
workers 

Smoked foods 

By-product of uranium decay, 
accumulates in basements 

Used to make PVC pipes 
(plumbers) 

ORGAN 

Liver 

Blood 

Bladder 

Liver 
Lung 
Skin 

Lung 

Bladder 
Cervix 
Esophagus 

Kidney 
Larynx 
Lung 

Pancreas 

Esophagus 
Liver 

Thyrnid 

Stomach 

Lung 

Liver 

Associated cancer 

Burkitt lymphoma, I lodgkin lymphoma, 
nasopharyngeal carcinoma, I ° CNS 
lymphoma (in immunocompromised patients) 

I lepatocellu lar carcinoma 

Kapos i sarcoma 

Cervical and peni le/ana l carcinoma (types 16, 
18), head and neck cancer 

Gastric adenocarcinoma and MALT lymphoma 

Adult T-cell leukemia/lymphoma 

Cholangiocarcinoma 

Squamous cel l bladder cancer 

IMPACT 

Hepatocellular carcinoma 

Leukemia/lymphoma 

Tra nsitiona l cell carcinoma 

Angiosarcoma 
Lung cancer 
Squamous cell carcinoma 

Bronchogenic carcinoma> 
mesothel ioma 

Tra nsitiona l cell carcinoma 
Squamous cell carcinoma 
Squamous cell carcinoma/ 

adenocarcinoma 
Renal cell carcinoma 
Squamous cell carcinoma 
Squamous cell and small cell 

carcinoma 
Pancreatic adenocarcinoma 

Squamous cell carcinoma 
Hepatocellular carcinoma 

Papillary thyroid carcinoma, 
leukemias 

Gastric cancer 

Lung cancer (2nd leading 
cause after cigarette smoke) 

Angiosarcoma 
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Serum tumor markers Tumor markers should not be used as the 1° tool for cancer diagnosis or screening. They may be 
used to moni tor tumor recurrence and response to therapy, but definitive diagnosis is made via 
biopsy. Some can be associated with Mn-neoplastic conditions. 

MARKER IMPORTANT ASSOCIATIONS NOTES 

Alkaline phosphatase Metastases to bone or liver, Paget disease of Exclude hepatic origin by checking LFTs and 

a -fetoprotein 

hCG 

CA 15-3/CA27-29 

CA 19-9 

CA 125 

Calcitonin 

CEA 

Chromogranin 

LOH 

Neuron-specific 
enolase 

PSA 

bone, seminoma (placental ALP). CCT levels. 

llepatocellu lar carcinoma, E ndodermal sinus 
(yolk sac) tumor, M ixed germ cell tumor, 
Ataxia-telangiectasia, Neural tube defects. 
(IIE-MAN is the alpha male!) 

llydatid iform moles and C horiocarcinomas 
(G estationa l trophoblastic d isease), testicular 
cancer, mixed germ cell tumor. 

Breast cancer. 

Pancreatic adenocarcinoma. 

Ovarian cancer. 

Medulla ry thyroid carcinoma (a lone and in 
MEN2A, MEN2B). 

Major associations: colorecta l and pancreatic 
cancers. 

Minor associations: gastric, breast, and 
medullary thyroid carcinomas. 

Neuroendocrine tumors. 

Testicular germ cell tumors, ovarian 
dysgerm inoma, other cancers. 

Neuroendocrine tumors (eg, small cell lung 
cancer, carcinoid tumor, neuroblastoma) 

Prostate cancer. 

Normally made by fetus. Transiently e levated in 
pregnancy. Iligh levels associated with neural 
tube and abdominal wa ll defects, low levels 
associated with Down syndrome. 

Produced by syncytiotrophoblasts of the 
placenta. 

C arcinoembryonic antigen. Very nonspecific. 

Can be used as an indicator of tumor burden. 

P rostate-specific antigen. 
Can a lso be e levated in BPII and prostatitis. 

Questionable risk/benefit for screening. Marker 
for recurrence after treatment. 
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Important Determine primary site of origin for me tastatic tumors and characterize tumors that are d ifficu lt to 
immunohistochemical classify. Can have prognostic and predictive value. 
stains 

STAIN 

Chromogranin and 
synaptophysin 

Cytokeratin 

DesMin 

GFAP 

Neurofilament 

PSA 

S-100 

TRAP 

Vimentin 

P-glycoprotein 

Psammoma bodies 

Cachexia 

TARGET 

Neuroendocrine cells 

Epithelial cells 

M uscle 

NeuroG lia (eg, astrocytes, Schwann cells, 
oligodendrocytes) 

Neurons 

Prostatic epithel ium 

Neura l crest cells 

Tartrate-resistant ac id phosphatase 

Mesenchymal tissue (eg, fibroblasts, endothelial 
cells, macrophages) 

TUMORS IOENTIFIEO 

Small cell carcinoma of the lung, carcinoid 
tumor 

Epithelial tumors (eg, squamous cell carcinoma) 

M uscle tumors (eg, rhabdomyosarcoma) 

Astrocytoma, G lioblastoma 

Neuronal tumors (eg, neuroblastoma) 

Prostate cancer 

Melanoma, schwannoma, Langerhans cel l 
h istiocytosis 

Ilairy cell leukemia 

Mesenchymal tumors (eg, sarcoma), but also 
many other tumors (eg, endometrial carcinoma, 
rena l cell carcinoma, meningioma) 

Also known as multidrug res istance protein I (MORI). C lassica lly seen in ad renocortical 
carcinoma but a lso expressed by other cancer cells (eg, colon, liver). Used to pump out tox ins, 
including chemotherapeutic agents (one mechanism of I responsiveness or resistance to 
chemotherapy over time). 

Laminated, concentric spherules with dystrophic calcification (J, PSaMMOMa bodies a re seen in: 
• Papillary carcinoma of thyroid 
• Somatostatinoma 
• M eningioma 
• Malignant Mesothelioma 
• O varian serous papilla ry cystadenocarcinoma 
• Prolactinoma (Milk) 

Weight loss, muscle atrophy, and fatigue that occur in chronic disease (eg, cancer, AIDS, heart 
fai lure, COPD). Mediated by TNF-et, IFN-y, IL-I, and IL-6. 
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Paraneoplastic syndromes 
MANIFESTATION OE SCRI PTI 0 N/MEC HAN I SM 

Musculoskeletal and cutaneous 

Dermatomyositis 

Acanthosis nigricans 

Sign of Leser-Trelat 

Hypertrophic 
osteoarthropathy 

Endocrine 

Hypercalcemia 

Cushing syndrome 

Hyponatremia (SIADH) 

Hematologic 

Polycythemia 

Pure red cell aplasia 

Good syndrome 

Trousseau syndrome 

Nonbacterial 
thrombotic (marantic) 

endocarditis 

Neuromuscular 

Progressive proximal muscle weakness, Gottron 
papules, heliotrope rash 

Hyperpigmented velvety plaques in axilla and 
neck 

Sudden onset of multiple seborrheic keratoses 

Abnormal pro liferation of skin and bone at 
d ista l ex tremities - clubbing, arth ralgia, joint 
effusions, periostosis of tubular bones 

PTIIrP 

t 1,25-(0 11)2 vitamin D3 (calc itriol) 

t ACTll 

t ADH 

t Erythropoietin 
Paraneoplastic r ise to h igh hematocrit levels 

Anemia with low re ticulocytes 

Hypogammaglobulinemia 

Migratory superficial thrombophlebitis 

Deposition of sterile platelet thrombi on heart 
va lves 

Anti-NMDA receptor Psychiatric d isturbance, memory deficits, 
encephal itis seizures, dyskinesias, autonomic instability, 

language dysfunction 

Opsoclonus- "Dancing eyes, dancing feet" 
myoclonus ataxia 
syndrome 

Paraneoplastic Antibodies aga inst antigens in Purkinje ce lls 
cerebella r 
degeneration 

Paraneoplastic Antibodies aga inst llu antigens in neurons 
encephalomyelitis 

Lambert-Eaton Antibodies aga inst presynaptic (P/Q-type) Ca2+ 

myasthenicsyndrome channels at NMJ 

Myasthenia gravis Antibodies aga inst postsynaptic ACh receptors 
atNMJ 

MOST COMMONLY ASSOCIATED TUMOR(S) 

Adenocarcinomas, especially ovarian 

Gastric adenocarcinoma and other viscera l 
malignancies 

G I adenocarcinomas and other visceral 
malignancies 

Adenocarcinoma of the lung 

Squamous cell carcinomas of lung, head, and 
neck; renal, bladder, breast, and ovarian 
carcinomas 

Lymphoma 

Small cell lung cancer 

P heochromocytoma, renal ce ll carcinoma, 
nee, hemangioblastoma, leiomyoma 

Thymoma 

Adenocarcinomas, especially pancreatic 

Ovarian teratoma 

Neuroblastoma (children), small ce ll lung 
cancer (adu lts) 

Sma ll cell lung cancer (anti-llu), gynecologic 
and breast cancers (anti-Yo), and Hodgkin 
lymphoma (anti-Tr) 

Sma ll cell lung cancer 

Thymoma 
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NOTES 



H IGH- YI EL D PRINC I PL ES I N 

Pharmacology 

"Take me, I am the dnig; take me, I am hallucinogenic." 
- Salvador Dali 

"I was under medication when I made the decision not to bum the tapes." 

- Richard Nixon 

"I wondher why ye can always read a doctor's bill an' ye niver can read his 
purscription." 

- Finley Peter Dunne 

"One of the first duties of the physician is to educate the masses not to 
take medicine." 

- William Osler 

Preparation for pharmacology questions is straightforward. Know all the 
mechanisms, clinical use, and important adverse effects of key drugs and 
their major variants. Obscure derivatives are low-yield. Learn their classic 
and distinguishing toxicities as well as major drug-drug interactions. 
Reviewing associated biochemistry, physiology, and microbiology 
concepts can be useful while studying pharmacology. The exam has a 
strong emphasis on ANS, C IS, antimicrobial, and cardiovascular agents 
as well as on SA!Ds, which are covered throughout the text. Specific 
drug dosages or trade names are generally not testable. The exam may 
use graphs to test various pharmacology content, so make sure you are 
comfortable interpreting them. 

Administrator
Typewriter
Leaked by : www.VladLectures.Rocks
& www.USMLEDatabase.host
Join our group for all 2019 vids & pdf ebooks:
https://www.facebook.com/groups/458274188038799
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PHARMACOLOGY- PHARMACOKINETICS AND PHARMACODYNAM ICS 

Enzyme kinetics 

Michaelis-Menten 
kinet ics 

Km is inversely related to the affinity of the 
enzyme for its substrate. 

vmax is direct ly proportional to the enzyme 
concentration. 

Most enzymatic reactions follow a hyperbolic 
curve (ie, Michaelis-Menten kinetics); 
however, enzymatic reactions that exhibit a 
sigmoid curve usually indicate cooperative 
kinetics (eg, hemoglobin). 

Lineweaver-Burk plot t y-intercept, I Vmax· 
The further to the right the x-intercept (ie, 

closer to zero), the greater the K
111 

and the 
lower the affinity. 

Competitive inhibitors cross each other, 
whereas noncompetitive inhibitors do not. 

Kompetitive inhibitors increase Km. 

Competitive 
inhibitors, 
reversible 

Resemble substrate Yes 

Overcome by t [SJ Yes 

Bind active site Yes 

Effect on V rrrax Unchanged 

Effect on Km t 

Pha rmacodynamics l potency 

[SJ = concentration of substrate; V = velocity. 

C
Saturation 

v ,,,. -
·g YzV K. =(SJ at l/zV_ -

K. ISi 

Effects of enzyme inhibition 

v _ petitive inhibitor (reversible! 
.2 l/zV 

'!t - competitive inhibitOC' 

K. ISi Ii?! 

I 

-K. \ 

1 
v 

Uninhibited 

I v_ 
- v_ 

1 
ISi 

Effects of enzyme inhibition 

I 

-K. \ 

Competit ive 
inhibitors, 
irreversible 

Yes 

No 

Yes 

Unchanged 

l efficacy 

1 
iSi 

Noncompetitive inhibita< 

Competitive inhibitor (reversible! 

Uninhibited 

Noncompetitive 

inhibitors 

No 

No 

No 

Unchanged 

I efficacy 
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Pharmacokinetics 

Bioavai labil ity (F) 

Volume of distribution 
(Vd) 

Clearance (CL) 

Half-l ife (t112) 

Dosage calculations 

Fraction of administered drug reaching systemic circulation unchanged. For an IV dose, F = 1003. 
Orally: F typically< 1003 due to incomplete absorption and first-pass metabolism. 

Theoretical volume occupied by the tota l amount of drug in the body relative to its plasma 
concentration. Apparent Vd of plasma protein-bound drugs can be altered by liver and kidney 
disease (I protein binding, t Vd). Drugs may distribute in more than one compartment. 

V =amount of drug in the body 
d plasma drug concentration 

Low 

Medium 

COMPARTMENT 

Intravascular 

ECF 

DRUG TYPES 

Large/charged molecules; plasma protein bound 

Small hydrophi lic molecules 

High All tissues including Small lipophi lic molecules, especially if bound 
fat to tissue protein 

The volume of plasma cleared of drug per unit time. Clearance may be impaired with defects in 
card iac, hepatic, or renal function. 

CL 
rate of elimination of drug \ ! K ( 1. . . ) 

= . = d x e 1m111ahon constant 
plasma drug concentrahon e 

The time required to change the amount of drug in the body by ){ during elimination. 
In fi rst-order kinetics, a drug infused at a constant rate takes 4- 5 half-lives to reach steady state. It 

takes 3.3 half-lives to reach 903 of the steady-state level. 

o.7 x vd . fi d i · . . t117 = 111 rst-or er e 1m111ahon 
- CL 

CPxV" 
Loading dose= F 

C xCLxi: 
Maintenance dose= P F 

cp = target plasma concentration at steady state 
i: = dosage interval (time between doses), if not 

administered continuously 

If of half-lives I 2 3 4 

3 remaining 503 253 12.53 6.253 

In renal or liver disease, maintenance dose I and 
loading dose is usually unchanged. 

T ime to steady state depends primarily on 
t112 and is independent of dose and dosing 
frequency. 

Types of drug interactions 

TERM DEFINITION EXAMPLE 

Addit ive Effect of substance A and B together is equal to Aspirin and acetaminophen 
the sum of their individual effects 

Permissive Presence of substance A is required for the full Cortisol on catecholamine responsiveness 
effects of substance B 

Synergistic Effect of substance A and B together is greater Clopidogrel with aspirin 
than the sum of their individual effects 

Tachyphylactic Acute decrease in response to a drug after Nitrates, niacin, phenylephrine, LSD, MOMA 
initial/repeated administration 
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Receptor binding 

., 
E 
::> 
E 

100 

50 
E 
0 
c ., 

competttive 
antagonist 

100 

[

Effect of 

antagonist 

Cnist plus 
noncompetitive 
antagonist 

., 
E 
::> 
E 

100 

so 
E 
0 
c ., 

0.1 10 10 
Agonist dose 

100 1000 0.1 1.0 10 
Agonist dose 

100 1000 0.1 1.0 10 
Agonist dose 

100 1000 

AGONISTWITH 

0 Competitive 
antagonist 

0 Noncompetitive 
antagonist 

POTENCY EFFICACY REMARKS 

No change Can be overcome by 
t agonist concentration 

EXAMPLE 

Diazepam (agonist) + Aumazenil 
(competitive antagonist) on CABAA 
receptor. 

Cannot be overcome by Norepinephrine (agonist) + 
t agonist concentration phenoxybenzamine (noncompetitive 

antagonist) on a-receptors. 

13 

agonist 
(alone) 

Independent Acts at same site as full Morphine (fu ll agonist) vs buprenorphine 
agonist (partial agonist) at opioid µ -receptors. 

Elimination of drugs 

Zero-order Rate of e lim ination is constant regard less of CP 
elimination (ie, constant amount of drug eliminated per 

un it time). CP I linearly wi th time. Examples 
of drugs- P henytoin, E thanol, and Aspirin (at 
high or toxic concentrations). 

First-o rder el imination Rate of F irst-order el imination is d irectly 
proportiona l to the drug concentration (ie, 
constant Fraction of drug e liminated per unit 
time). CP I exponentia lly with time. Applies to 
most drugs. 

c: 
0 .e 
c g 
8 
"' E 
lS 
Q. 

g 
0 

Zero-order elimination 

Elim1natJOn rate (=slope) 

Time (h) 

Time of tlll ,J, as 
concentration ,J, 

Capacity-limited elimination. 
P EA (a pea is round, shaped like the "O" in 

zero-order). 

F low-dependent elimination. 

c: 
0 e 
c g 
8 
"' E 
lS 
Q. 

g 
0 

First-order elimination 

nme of tu2 is constant 
as concentration ,J, 

Time(h) 
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Urine pH and drug 
elimination 

Weak acids 

Weak bases 

Drug metabolism 

Phase I 

Phase II 

Ionized species are trapped in urine and c leared quickly. Neutra l forms can be reabsorbed. 

Examples: phenobarbita l, methotrexate, aspi rin (sa licylates). Trapped in basic environments. Treat 
overdose with sodium bicarbonate to a lkalin ize urine. 

RCOOI I RCOO- + J J+ 
(lipid soluble) (trapped) 

Examples: TCAs, amphetamines. Trapped in acid ic environments. Treat overdose with ammonium 
chloride to acidify ur ine. 

RNIJ,+ RNil2 + JJ+ 
(trapped) (lipid soluble) 

TCA tox icity is genera lly treated wi th sodium bicarbonate to overcome the sodium channel
blocking activity ofTCAs, but not for accelerating drug e limination. 

Reduction, Oxidation, Hydrolysis with 
cytochrome P-450 usually yield sl ightly polar, 
water-soluble metabolites (often still active). 

Conjugation (Methylation, G lucuronidation, 
Acetylation, Su lfation) usually yields very polar, 
inactive metabolites (rena lly excreted). 

Geriatric patien ts lose phase I fi rst. 
R-OII 

Geriatric patien ts retain 2 (too) M uch GAS. 
Patients who are slow acetylators have t side 

effec ts from certain d rugs because of I rate of 
metabolism (eg, isoniaz id). 
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Efficacy vs potency 

Efficacy 

Potency 

Therapeutic index 

PHARMACOLOGY PHARMACO LOGY- PHARMACOKINETICS AND PHARMACODYNAMICS 

Maximal effect a drug can produce. Represented by the y-value (V
1113

J. t y-value = t Vmax = 
t efficacy. Unrelated to potency (ie, efficacious drugs can have high or low potency). Partial 
agonists have less efficacy than fu ll agonists. 

RELATIVE EFFICACY 

100 

., 
'° E 50 
·;;; 

x 

0 

l og (drug dose) 

Amount of drug needed for a given effect. Represented by the x-va lue (EC5o). Left shifting= 
I EC50 = t potency= I drug needed. Unrelated to efficacy (ie, potent drugs can have high or low 
efficacy). 

100 

., 
50 

x 

Measurement of drug safety. 

T D50 _ median toxic dose 
ED50 - median effective dose 

RELATIVE POTENCY 

Log (drug dose) 

EC = Effective 
concentration 

TITE: Therapeutic Index = T D50 I ED50· 

Therapeutic window-dosage range that can 
safely and effectively treat disease. 

Safer drugs have higher T I values. Drugs with 
lower T I va lues frequently require monitoring 
(eg, Warfarin, T heophylline, Oigoxin, 
Antiepileptic drugs, Lithium; Warning! T hese 
Drugs Are Letha l!). 

100 

"' c: 
'6 
c: 
0 
Q. 

50 
c: ., 
Q. 

0 
x 

0 

Efficacy 

1050 (lethal median dose) often replaces TD50 
in animal studies. 

Toxicity 

ED = Effective dose 
TD = Toxic do.e 

Log (drug concentration) 
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PHARMACOLOGY-AUTONOMIC DR UGS 

Autonomic receptors 

Acetylcholine 
receptors 

A 
u 
T 
0 
N 
0 
M 
I 
c 

Parasympathetic 

Sympathetic 

SOMATIC 

Pre (short) 

Smooth muscle. gland 
cells. nerve terminals. 
cardiac muscle 

Renal vasculature 
smooth muscle 

Cardiac muscle. vessels 

Pelvic splanchnic nerves a nd CNs III, VII, IX and X are pa rt of the parasympathetic nervous system. 
Adrena l medu lla is di rectly innervated by pregangl ionic sympathetic fi bers. 
Sweat g lands a re part of the sympathetic pathway but are innervated by cholinergic fibers. 

Nicotinic ACh receptors are ligand-gated Na+/K+ cha nnels. Two subtypes: NN (found in autonomic 
ganglia, adrenal medu lla) a nd NM (found in neuromuscular junction of skeleta l muscle). 

Muscarinic ACh receptors are G-protein- coupled receptors that usually act th rough 2nd 
messengers. 5 subtypes: M1_5 found in heart, smooth muscle, brain, exocrine g lands, and on sweat 
glands (cholinergic sympathetic). 
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G-protein- linked second messengers 
RECEPTOR G·PROTEIN CLASS 

Sympathetic 

Parasympathetic 

M, 

Mi 

M3 

Dopamine 

o, 
D2 

j Histamine 

H, 

Vasopressin 

v, 

s 

s 

s 

q 

q 

s 

q 

s 

q 

s 

MAJOR FUNCTIONS 

t vascular smooth muscle con!Taction, t pupillary dilator muscle contraction 
(mydriasis}, t intestinal and bladder sphincter muscle contraction 

l sympathetic (adrenergic) outAow, l insulin release, l lipolysis, t platelet 
aggregation, I aqueous humor production 

t heart rate, t contracti lity (one heart), t renin release, t lipolysis 

Vasodilation, bronchodilation (two lungs}, t lipolysis, t insulin release, 
t glycogenolysis, l uterine tone (tocolysis), t aqueous humor production, 
t cellular K+ uptake 

t lipolysis, t thermogenesis in skeletal muscle, t bladder relaxation 

Mediates higher cogni tive functions, stimulates enteric nervous system 

l heart rate and contractil ity of atria 

t exocrine gland secretions (eg, lacrimal, sweat, sa liva ry, gastric acid), 
t gut peristalsis, t bladder contraction, bronchoconstriction, t pupi llary 
sphincter muscle contraction (miosis}, cil iary muscle contraction 
(accommodation}, t insulin release, endothelium-mediated vasodilation 

Relaxes renal vascular smooth muscle, activates direct pathway of striatum 

Modulates transmitter release, especially in brain, inhibits indirect 
pathway of slTiatum 

t nasal and bronchial mucus production, t vascular permeability, 
bronchoconstriction, pruritus, pain 

t gastric acid secretion 

t vascular smooth muscle contraction 

t 1120 permeability and reabsorption via upregulating aquaporin-2 in 
collecting twobules (tubules) of kidney, t release of vWF 

=-oJ 

"After qisses (kisses), you get a qiq (kick) out of siq (sick) sqs (super qinky sex)." 

c. 
Receptor -. Phosphotipase C 

lipids 

Receptor 

Adenytyt cyclase y 
Receptor 

DAG -+ Protein HAVe 1 M&M. 
1 / kinase C 

-+ 4 
IP3 -+ t (Ca2•J;n-+ Smooth muscle contraction 

ATP 

cAMP Protein kinase A / 
t (Ca2•1., (heart) 

'8y Myosin light-chain 
kinase (smooth 
muscle) 

People who are 2 (too) MAD inhibi t themselves. 



Autonomic drugs 

ACh 
receptor 

Choline 

I 
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Release of norepinephrine from a sympathetic nerve ending is modulated by NE itself, acting on 
presynaptic etz-autoreceptors - negative feedback. 

Amphetamines use the NE transporter (NET) to enter the presynaptic terminal, where they utilize 
the vesicular monoamine transporter (VMAT) to enter neurosecretory vesicles. This displaces NE 
from the ves icles. Once NE reaches a concentration threshold with in the presynaptic term inal, 
the action of NET is reversed, and NE is expelled into the synaptic cleft, contributing to the 
characteristics and effects of t NE observed in patients taking amphetamines. 

CHOLINERGIC 

AXON 

AChE inhibitors 

AChE 

Amphetamine, 
ephedrine 

Tyrosine 

Cocaine, TCAs, 
amphetamine 

NORADRENERGIC 

AXON 

Tyrosine 

i 

NEQ 

Diffusion, 
metabolism 

Adrenoreceptors ex or J3 

POSTSYNAPTIC MEMBRANE POSTSYNAPTIC MEMBRANE 

9 reptesents transporters. 
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Cholinomimetic 
agents 

DRUG 

I Direct agonists 

Bethanechol 

Carbachol 

Methacholine 

Pilocarpine 

PHARMACOLOGY PHARMACO LOGY- AUTONOMIC DRUGS 

Watch for exacerbation of COPD, asthma, and peptic ulcers in susceptible patients. 

ACTION 

Activates b ladder smooth muscle; resistant to 
AChE. No n icotinic activity. "Bethany, call 
me to activate your bladder." 

Carbon copy of acetylchol ine (but resistant to 
AChE). 

Stimulates musca rin ic receptors in airway when 
inha led. 

Contracts ciliary muscle of eye (open-angle 
glaucoma), pupi llary sphincter (closed-angle 
glaucoma); resistant to ACh E, can cross blood
bra in barrier (ter tiary amine). "You cry, drool, 
and sweat on your 'pilow."' 

APPLICATIONS 

Urinary retention. 

Constri cts pupil and re lieves intraocu lar 
pressure in open-a ngle glaucoma. 

Challenge test for diagnosis of asthma. 

Potent stimulator of sweat, tea rs, and saliva 
Open-angle and closed-angle glaucoma, 

xerostomia (Sjogren syndrome). 

Indirect agonists (anticholinesterases) 

Done pezil, t ACh. lst line for Alzheimer disease (Dona Riva 
dances at the gala). rivastigmine, 

galantamine 

Edrophonium 

Neostigmine 

Physostigmine 

Pyridostigmine 

Anticholinesterase 

poisoning 

Muscarinic effects 

Nicotinic effects 

CNS effect s 

t ACh. 

t ACh. 
Neo CNS= No CNS penetration (quaternary 

amine). 

t ACh. Phreely (free ly) crosses blood-brain 
barri er - CNS (tertia ry amine). 

t ACh; t muscle st rength. Used with 
glycopyrrolate, hyoscyamine, or propanthel ine 
to control pyridostigmine side effects. 
Pyridostigmine gets r id of myasthenia gravis. 

I l istorically used to d iagnose myasthenia gravis; 
rep laced by anti-AChR Ab (anti-acetylcholine 
receptor antibody) test. 

Postoperative and neurogenic ileus a nd 
urinary retention, myasthenia gravis, 
reversa l of neuromuscular junction blockade 
(postoperative). 

Antidote for antichol inergic toxicity; 
physostigmine "phyxes" atropine overdose. 

Myasthenia gravis (long acting); does not 
penetrate CNS (quaternary amine). 

Often due to organophosphates (eg, parath ion) that irreversibly inhibit AChE. Organophosphates 
commonly used as insecticides; poisoning usua lly seen in farmers. 

D iarrhea, Urination, M iosis, Bronchospasm, 
Bradycardia, E mesis, Lacrimation, Sweating, 
Sa livation. 

Neuromuscular blockade (mechanism simi lar to 
succinylcho line). 

Respiratory depression, letha rgy, seizures, coma. 

DUMBBELSS. 
Reversed by atropine, a competitive inhibitor. 
Atrop ine can cross BBB to relieve CNS 

symptoms. 

Reversed by pra lidoxime, regenerates AChE if 
given early. 

Pra lidoxime (quaternary amine) does not read ily 
cross BBB. 



PHARMACOLOGY PHARMACOLOGY- AUTONOM IC DRUGS SECTION II 241 

Muscarinic antagonists 
DRUGS ORGAN SYSTEMS 

Atropine, Eye 

homatropine, 
tropicamide 

Benztropine, 
trihexyphenidyl 

Glycopyrrolate 

Hyoscyamine, 
dicyclomine 

lpratropium, 

t iot ropium 

Oxybutynin, 
solifenacin, 
tolterodine 

Scopolamine 

CNS 

C I, respiratory 

C I 

Respiratory 

Genitourinary 

CNS 

APPLICATIONS 

Produce myd riasis and cycloplegia . 

Parkinson disease ("park my Benz"). 
Acu te dystonia. 

Parentera l: preoperative use to reduce airway 
secretions. 

Oral: drooling, peptic ulcer. 

Antispasmodics for irritable bowel syndrome. 

COPD, asthma ("I pray I can breathe soon!"). 

Red uce bladder spasms a nd urge urinary 
incontinence (overactive bladder). 

Motion sickness. 

Atropine Muscarinic antagonist. Used to treat bradycardia and for ophthalmic applications. 

ORGAN SYSTEM 

Eye 

Airway 

Stomach 

Gut 

Bladder 

ADVERSE EFFECTS 

ACTION 

t pupil dilation, cycloplegia 

Bronchodi lation, l secretions 

l acid secretion 

l moti lity 

l urgency in cystitis 

t body temperature (due to l sweating); t llR; 
dry mouth; dry, flushed skin; cycloplegia; 
constipation; disorientation 

Can cause acute angle-closure glaucoma in 
elderly (due to mydriasis), urinary retention 
in men with prostatic hyperplasia, a nd 
hyperthermia in infants. 

NOTES 

Blocks muscarinic effects (DUMBBeLSS) 
of anticholinesterases, but not the nicotinic 
effects. 

Side effects: 
llot as a hare 
Dry as a bone 
Red as a beet 
Blind as a bat 
Mad as a hatter 
F ull as a flask 

Jimsonweed (Datura) - gardener's pupil 
(mydri as is due to plant alka loids) 
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Sympathomimetics 
DRUG ACTION 

Direct sympathomimetics 

Albuterol, salmeterol, > 
terbutaline 

Dobutamine > a 

Dopamine D1 = D2 > > a 

Epinephrine > a 

Fenoldopam D1 

lsoproterenol = 

Midodrine a 1 

Mirabegron 

Norepinephrine a 1 > a2 > 

Phenylephrine a 1 > a2 

Indirect sympathomimetics 

APPLICATIONS 

Albuterol for Acute as thma/COPD. Salmeterol 
for Serial (long-term) asthma/COPD. 
Terbuta line for acute bronchospasm in as thma 
and tocolys is. 

Ileart fai lure (IIF), ca rdiogenic shock (inotropic 
> chronotropic), cardiac stress testing. 

Unstable bradycard ia, l IF, shock; inotropic a nd 
chronotropic effects at lower doses due to 
effec ts; vasoconstriction at high doses due to a 
effects. 

Anaphylax is, asthma, open-a ngle glaucoma; 
a effects predominate at h igh doses. 
Significantly stronger effect at than 
norepineph ri ne. 

Postoperative hypertension, hypertensive crisis. 
Vasodilator (coronary, peripheral, renal, and 
splanchnic). Promotes natr iuresis. Can cause 
hypotension and tachycardia. 

Elec trophysiologic evaluation of 
tachyarrhythmias. Can worsen ischemia. 

II as neg I igible a effect. 

Autonomic insufficiency and postura l 
hypotension. May exacerbate supine 
hypertension. 

Urinary urge incontinence or overactive bladder. 

I lypotension, septic shock. 

I lypotension (vasoconstrictor), ocula r procedures 
(myd riatic), rh in itis (decongestant), ischemic 
priapism. 

Amphetamine Indirect genera l agonist, reuptake inhibitor, a lso Narcolepsy, obesity, ADI ID. 

Cocaine 

Ephedrine 

releases stored catecholamines 

Indirect genera l agonist, reuptake inhibitor 

Indirect genera l agonist, releases stored 
catecholamines 

Causes vasoconstriction and local anesthesia. 
Caution when giving if cocaine 

intoxication is suspected (can lead to 
unopposed a 1 activation - ex treme 
hypertension, coronary vasospasm). 

Nasa l decongestion (pseudoephedrine), ur inary 
incontinence, hypotension. 



Norepinephrine vs 
isoproterenol 
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NE t systolic and diastolic pressures as a result of a 1-mediated vasoconstriction - t mean a rterial 
pressure - reflex bradycardia. I lowever, isoproterenol (rarely used) has little a effect but causes 

vasodilation, resulting in l mean arteria l pressure and t heart rate through and 
reflex activity. 

Norepinephrine (ex > 131 Epinephrine (ex" 131 . 
I 
I 

lsoproterenol (J3 >ex) 

I 

/ \____/ 
: 

J3 .. reflex tachycardia 

Reftex btadyc.ardia I 

co ....... 
HR J. 
MAP 1'1' 
pp 1' 

co 1' 
HR 1' 
MAP 1' 
pp 1' 

I 

' 

Unopposed 13, 

co ft 
HR ft 
MAP J. 
pp 1'1' 

Sympatholytics (a
2
-agonists) 

DRUG APPLICATIONS 

Clonidine, guanfacine Hypertensive urgency (limited situations), 
ADI ID, Tourette syndrome, symptom control 
in opioid withdrawal 

a-methyldopa Hypertension in pregnancy 

Tizanid ine Relief of spasticity 

ADVERSE EFFECTS 

CNS depression, bradycardia, hypotension, 
respiratory depression, miosis, rebound 
hypertension with abrupt cessation 

Direct Coombs EE> hemolysis, drug-induced 
lupus 

I lypotension, weakness, xerostomia 
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a-blockers 

DRUG APPLICATIONS ADVERSE EFFECTS 

Nonselective 

Phenoxybenzamine 

Phentolamine 

a.
1 

selective (-osin ending) 

Irreversible. Pheochromocytoma (used 
preoperatively) to prevent catecholamine 
(hypertensive) crisis 

Reversible. Given to patients on MAO inhibitors 
who eat tyramine-containing foods and for 
severe cocaine-induced hypertension (2nd line) 

Orthostatic hypotension, reflex tachycard ia 

Prazosin, terazosin, Urinary symptoms of BPI I; PTSD (prazosin); !st-dose orthostatic hypotension, dizziness, 
headache doxazosin, hypertension (except tamsulosin) 

tamsulosin 

a.
2 

selective 

Mirtazapine Depression 

Epinephrine 
Before a-blockade After a-blockade 

' ' ' ' ' 

' ' 
' 

Time 

Epinephrine response exhibits reversa l of mean arteria l 
pressure from a net increase (the a. response) to a net 
decrease (the response). 

Sedation, t serum cholesterol, t appetite 

Phenytephrine 
Before a-blockade Alter a-blockade 

i 
1 Suppression of 
: pres.sor effect 

' ' 
' ' ' ' ' : 
I 

I Reflex bractycarcia : 

' ' ' ' 
Time 

Phenylephri ne response is suppressed but not reversed 
because it is a "pure" a.-agonist (lacks 
properties). 



P,.blockers 

APPLICATION 

Angina pectoris 

Glaucoma 

Heart failure 

Hypertension 

Hyperthyroidism 

Hypertrophic 
cardiomyopathy 

Myocardial infarction 

Supraventricu lar 

tachycardia 

Varicea l bleeding 

ADVERSE EFFECTS 

SELECTIVITY 
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Acebutolol, atenolol, betaxolol, bisoprolol, carvedi lol, esmolol, labeta lol, metoprolol, nadolol, 
nebivolol, pindolol, propranolol, timolol. 

ACTIONS 

I heart rate and contractility, resulting in I 0 2 
consumption 

I production of aqueous humor 

I morta lity 

I cardiac output, I renin secretion (due to j31-

receptor blockade on JC cells) 

Symptom control (I heart rate, I tremor), 
thyroid storm 

I heart rate - t fill ing time, relieving 
obstruction 

I 0 2 demand (short-term), I mortality (long
term) 

I AV conduction ve locity (class II 
antiarrhythmic) 

I hepatic venous pressure gradient and portal 
hypertension (prophylactic use) 

Erectile dysfunction, cardiovascular 
(bradycardia, AV block, llF), CNS (seizures, 
sleep alterations), dyslipidemia (metoprolol), 
and asthma/COPD exacerbations 

j31-selective antagonists (j31 > j32)- acebutolol 
(partial agonist), atenolol, betaxolol, bisoprolol, 
esmolol, metoprolol 

Nonselective antagonists (j31 = J3z)- nadolol, 
pindolol (partia l agonist), propranolol, timolol 

Nonselective a- and j3-antagonists- carvedilol, 
la beta Joi 

Nebivolol combines cardiac-selective 
j31-adrenergic blockade with stimulation of 
J3,-receptors (activate nitric oxide synthase in 
the vasculature and I SVR) 

NOTES/EXAMPLES 

T imolol 

Bisoprolol, Carvedilol, Metoprolol (j3-blockers 
Curb Mortality) 

Propranolol 

Metoprolol, esmolol 

Nadolol, propranolol, carvedilol 

Use of j3-blockers for acute cocaine-associated 
chest pain remains controversial due to 
unsubstantiated concern for unopposed 
a -adrenergic stimulation. 

Selective antagonists most ly go from A to M (j31 
with 1st half of alphabet) 

NonZelective antagonists mostly go from N to Z 
(J3i with 2nd half of alphabet) 

Nonselective a- and j3-antagonists have modified 
suffixes (instead of"-olol") 

Nebivolol increases NO 
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Ingested seafood Toxin actions include H istamine release, Tota l block of Na+ channels, or opening of Na+ channels to 
toxins C ause depolarization. 

TOXIN 

Histamine 
(scombroid 
poisoning) 

Tetrodotoxin 

Ciguatoxin 

Beers criteria 

SOURCE 

Spoiled da rk-meat fish 
such as tuna, ma hi
mahi, mackerel, a nd 
bonito. 

Pufferfish. 

Reef fish such as 
barracuda, snapper, 
and moray eel. 

ACTION 

Bacter ia l h istid ine 
decarboxylase converts 
h ist idine to h istamine. 

Frequently 
misdiagnosed as fish 
a llergy. 

Ilighly potent toxin; 
binds fast voltage
gated Na+ channels 

in card iac/nerve 
tissue, preventing 
depolarization. 

Opens Na+ 
channels, causing 
depolarization. 

SYMPTOMS 

Mimics anaphylaxis: 
acute burn ing 
sensation of mouth, 
flush ing off ace, 
e rythema, urticaria, 
itching. May progress 
to bronchospasm, 
a ngioedema, 
hypotension . 

Nausea, d ia rrhea, 
paresthesias, 
weakness, dizziness, 
loss of reflexes. 

Nausea, vomiting, 
d iarrhea; perioral 
numbness; 
reversal of hot and 
cold sensations; 
bradycard ia, hea rt 
block, hypotension. 

TREATMENT 

Antihistamines. 
Albuterol and 
epineph rine if needed. 

Supportive. 

Supportive. 

Wide ly used criteria deve loped to reduce potentially inappropriate prescribing and harmfu l 
polypharmacy in the ger iatric population. Inc ludes> 50 med ications that should be avoided in 
elderly patients due to I efficacy and/or t risk of adverse events. Examples include: 
• a -blockers (t risk of hypotension) 
• Anticholinergics, ant idepressants, ant ih istamines, opioids (t risk of delirium, sedation, fa lls, 

constipation, ur inary retention) 
• Benzodiazepines (t risk of deli rium, sedation, fa lls) 
• NSA!Ds (t risk of C I bleeding, especially with concomitant anticoagulation) 
• PP!s (t risk of C diffic ile infection) 
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AND SIDE EFFECTS 

Specific toxicity 
treatments 

TOXIN 

Acetaminophen 

AChE inhibitors, organophosphates 

Antimuscarinic, anticholinergic agents 

Arsenic 

Benzodiazepines 

Carbon monoxide 

Copper 

Cyanide 

Digitalis (digoxin) 

Heparin 

Iron (Fe) 

Lead 

Mercury 

Methanol, e thylene glycol (a ntifreeze) 

Methemoglobin 

O piO ids 

Salicylates 

Warfarin 

TREATMENT 

N-acetylcys teine (rep lenishes g lutathione) 

Atrop ine> pral idoxime 

Physostigmine, control hyperthermia 

Oin1ercaprol,succin1er 

Flumazenil 

Atrop ine, glucagon, sal ine 

1003 0 2, hyperbaric 0 2 

"Penny"cillamine (penicillamine), trientine 
(copper penny x 3) 

Nitrite + thiosulfate, hydroxocobalamin 

Oigoxin-specific a ntibody fragments 

Protamine sul fate 

Deferoxamine, deferasi rox, deferiprone 

Calcium disodium EDTA, dimercaprol, 
succimer, penic illamine 

Oimercaprol, succimer 

Fomepizole >ethanol, d ia lysis 

Methylene blue, vitamin C (reducing agent) 

NalO xO ne 

NaIIC03 (a lkalin ize urine), dialysis 

NaIIC03 (stab ilizes cardiac cell membrane) 

Vitamin K (delayed effect), PCC/FFP 
(immediate effect) 

Drug reactions- cardiovascular 
DRUG REACTION 

Coronary vasospasm 

Cutaneous flush ing 

Dilated 
cardiomyopathy 

Torsades de pointes 

CAUSAL AGENTS 

C ocaine, Amphetamines, Sumatriptan, E rgot alkaloids (CASE) 

Va ncomycin, Adenosine, N iacin, Ca2+ channel blockers, E chinocandins, Nitrates (flushed from 
VANCEN (dancing]) 

Red man syndrome-rate-dependent infusion reaction to vancomycin causing widespread prurit ic 
erythema. Manage with d iphenhydramine, slower infusion rate. 

Anthracycl ines (eg, D oxorubicin, Daunorubicin); prevent wi th Dexrazoxane 

Agents that prolong QT interval: antiArrhythmics (class IA, 111), antiBiotics (eg, macrolides), 
anti"C "ychotics (eg, haloperidol), antiDepressants (eg, TCAs), antiE metics (eg, ondansetron) 
(ABCDE) 
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Drug reactions- endocrine/reproductive 
DRUG REACTION 

Adrenocortica l 

insufficiency 

Diabetes insipidus 

Hot flashes 

Hyperglycemia 

Hyperprolactinemia 

Hyperthyroidism 

Hypothyroidism 

SIADH 

CAUSAL AGENTS 

HPA suppression 2° to glucocorticoid 
withdrawal 

Lithium, demeclocycl ine 

SERMs (eg, tamoxifen, clomiphene, ra loxifene) 

Tacrolimus, P rotease inh ibitors, N iacin, IICTZ, 
C orticosteroids 

Typical antipsychotics (eg, ha loperidol), 
atyp ical antipsychotics (eg, quetiapine), 
metoclopramide, methyldopa, reserpine 

Amiodarone, thyroid replacement therapy, 
iodine 

AM iodarone, SUifonamides, L ithium 

C arbamazepine, C yclophosphamide, SSR!s 

Drug reactions- gastrointestinal 
DRUG REACTION 

Acute cholestatic 
hepat it is, jaundice 

Diarrhea 

Focal to massive 

hepat ic necrosis 

Hepatitis 

Pancreatitis 

Pill-induced 

esophagit is 

Pseudomembranous 

colit is 

CAUSAL AGENTS 

Macrolides (eg, erythromycin} 

Acamprosate, antid iabetic agents (acarbose, 
metformin, pramlintide}, colchicine, 
cholinesterase inh ibitors, lipid-lowering 
agents (eg, ezetimibe, orl istat), macrolides (eg, 
erythromycin}, SSR!s 

llalotha ne, Amanita phalloides (death cap 
mushroom}, Valproic acid, Acetaminophen 

Rifampin, isoniazid, pyrazinamide, statins, 
fibrates 

D idanosine, C orticosteroids, Alcohol, Va lproic 
acid, Azath ioprine, D iuretics (eg, furosemide, 
HCTZ} 

Bisphosphonates, ferrous sulfate, NSA!Ds, 
potassium chloride, tetracycl ines 

Ampicill in, cepha losporins, clindamycin, 
Auoroqu i nolones 

NOTES 

T he People Need llard C andies 

Presents with hypogonadism (eg, inferti lity, 
amenorrhea, erectile dysfunction) and 
galactorrhea 

I AM SUddenly Lethargic 

C an't C oncentrate Serum Sodium 

NOTES 

Liver "IIAVAc" 

D rugs C aus ing A Violent Abdominal D istress 

Caustic effect m in imized wi th upright posture 
and adequate water ingestion 

Antibiotics pred ispose to superinfection by 
resistant C difficile 
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Drug reactions- hematologic 
DRUG REACTION 

Agranulocytosis 

Aplastic anemia 

Direct Coombs

posit ive hemolyt ic 

anemia 

Drug reaction with 

eosinophilia and 
systemic symptoms 

(DRESS) 

Gray baby syndrome 

Hemolysis in G6PD 

deficiency 

Megaloblastic anemia 

Thrombocytopenia 

Thrombot ic 

complicat ions 

CAUSAL AGENTS 

Dapsone, C lozapine, C arbamazepine, 
P ropylthiouraci l, Methimazole, C olchicine, 
G anciclovir 

C arbamazepine, Methimazole, NSA!Ds, 
Benzene, C hloramphenicol, P ropylthiouracil 

Penic ill in, methylDopa, C ephalosporins 

Al lopurino l, anticonvulsants, antibiotics, sulfa 
drugs 

Chloramphenicol 

NOTES 

D rugs C an C ause P retty Major C ollapse of 
G ranu locytes 

C an't Make New Blood C ells P roperly 

P D iddy C oombs 

DRESS is a potentially fata l delayed hypersen
si tivity reaction. Latency period (2- 8 weeks) 
followed by fever, morbilliform skin rash, and 
frequent multiorgan involvement. Treatment: 
withdrawal of offending drug, corticosteroids 

lsoniazid, Sulfonam ides, Dapsone, P rimaquine, Jlemolys is IS D PAIN 
Aspi rin, Ibuprofen, N itrofurantoin 

HydrOX)'Urea, Phenytoin, Methotrexate, Sulfa drugs You're having a mega blast with PMS 

Heparin, Vancomycin, Linezol id Help! Very Low plate lets 

Combined oral contraceptives, hormone Estrogen-mediated side effect 
replacement therapy, SERMs (eg, tamoxifen, 
raloxifene, clomiphene) 

Drug reactions- musculoskeletal/skin/connective tissue 
DRUG REACTION 

Drug-induced lupus 

Fat redistribution 

Gingival hyperplasia 

Hyperuricemia (gout) 

Myopathy 

Osteoporosis 

Photosensitivity 

Rash (Stevens-Johnson 

syndrome) 

Teeth discoloration 

Tendon and cartilage 

damage 

CAUSAL AGENTS 

Methyldopa, M inocydine, 1 lydralazine, 
lsoniazid, P henytoin, Sulfa drugs, E tanercept, 
P roca inamide 

P rotease inhibitors, G lucocorticoids 

C yclosporine, Ca2+ channel blockers, 

P henytoin 

P yrazinamide, T hiazides, Furosemide, N iacin, 
C yclosporine 

Statins, fibrates, niacin, colchicine, daptomycin, 
hydroxychloroquine, interferon-a, 
penic illamine, g lucocorticoids 

Corticosteroids, depot medroxyprogesterone 
acetate, GnRII agonists, a romatase inhibitors, 
anticonvulsants, heparin, PP!s 

Sulfonam ides, Amiodarone, Tetracycl ines, 5-F U 

Anti-epileptic drugs (especially lamotrigine), 
allopurinol, sulfa drugs, penicillin 

Tetracyclines 

F luoroqu ino lones 

NOTES 

Lupus Makes My HIPS Extremely Painfu l 

FatPiG 

C an Cause P uffy gums 

Painfu l Tophi and Feet Need C are 

SAT For P hoto 

Steven Johnson has epileptic allergy to sulfa 
drugs and penicillin 

Teethracydines 
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Drug reactions- neurologic 
DRUG REACTION 

Cinchonism 

Parkinson-l ike 
syndrome 

Peripheral neuropathy 

Id iopathic intracranial 
hypertension 

CAUSAL AGENTS 

Quin id ine, quinine 

Antipsychotics, Reserpine, Metoclopramide 

lsoniazid, phenytoin, platinum agents (eg, 
cisplatin), vincristine 

G rowth hormones, tetracycl ines, vitamin A 

NOTES 

Can present with t innitus, heari ng/vision loss, 
psychosis, and cognitive impairment 

Cogwheel rigidity of ARM 

Seizures lsoniazid (vitamin B6 de ficiency), Buprop ion, With seizures, I BITE my tongue 
lmipenem/ci lastatin, Tramadol, E nAurane 

Antipsychotics, metoclopramide Tard ive dyskinesia 

Visua I dis tu rba nee Topiramate (blurred vision/diplopia, haloes), T hese D rugs I rritate Very P recious Eyes 
D igoxin (yellow-tinged vision), lsoniaz id (optic 
neuropathy/color vision changes), Vigabatrin 
(bi lateral visua l field defects), PD E-5 inhibitors 
(blue-tinged vision), E thambutol (color vision 
changes) 

Drug reactions- renal/genitourinary 
DRUG REACTION 

Fanconi syndrome 

Hemorrhagic cystitis 

Inte rstit ia l nephrit is 

CAUSAL AGENTS 

Cisplatin, ifosfamide, expired tetracyclines, 
tenofovir 

Cyclophosphamide, ifosfamide 

Diuretics (Pee), NSAIDs (Pain-free), Penic ill ins 
and cephalosporins, P Pls, rifamP in, and su lfa 
drugs 

Drug reactions- respiratory 
DRUG REACTION 

Dry cough 

Pulmonary fibrosis 

CAUSAL AGENTS 

ACE inh ibitors 

M ethotrexate, N itrofurantoin, Ca rmustine, 
Bleomycin, Busulfan, Amiodarone 

Drug reactions- multiorgan 
DRUG REACTION CAUSAL AGENTS 

Antimuscarinic Atropine, TCAs, 111-blockers, antipsychotics 

Disulfiram-li ke reaction !st-generation Su lfonylureas, P rocarbazine, 
certa in Cepha losporins, Griseofulvin, 
M etronidazole 

Nephrotoxicity/ Loop diuretics, Aminoglycosides, cisP latin, 
ototoxicity Va ncomycin, amphoTERicin B 

NOTES 

Prevent by coadministering with mesna 

Remember the 5 P 's 

NOTES 

My Nose Cannot Breathe Bad Air 

NOTES 

Sorry Pa ls, Can't C o M ingle 

L isten And Pee Very TERri Bly 
Cisplatin toxicity may respond to amifos tine 
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Drugs affecting pupil size 

t pupi l size 

Anticholinergics (atropine, TCAs, tropicamide, 
scopolamine, antih istamines) 

Drugs of abuse (eg, amphetamines, cocaine, 
LSD) 

Sympathomimetics 

Cytochrome P-450 interactions (selected) 

Inducers(+) 

Modafin il 
Chronic alcohol use 
St. John's wort 
Phenytoin 
Phenobarbital 
Nevi rapine 
Rifampin 
Griseofulvin 
Carbamazepine 

Substrates 

Warfarin 
Anti-epileptics 
Theophyl Ii ne 
OCPs 

I pupi l size 

Sympatholytics (eg, exz-agonists) 

Drugs of abuse (eg, heroin/opioids) 

Parasympathomimetics (eg, pilocarpine}, 
organophosphates 

Inhibitors(-) 

Sodium va lproate 
lsoniazid 
C imetidine 
Ketoconazole 
F luconazole 
Acute alcohol abuse 
C hloramphenicol 
E rythromycin/clarith romycin 
Sulfonamides 
C iproAoxacin 
Omeprazole 
M etronidazole 
Amiodarone 
Grapefruit juice 

Most chronic alcohol ics War Against The OCPs SICKFACES.COM (when 
I Am drink ing Grapefruit 
juice) 

Sulfa drugs 

Steal Phen-Phen and Never 
Refuse Creasy Carbs 

Sulfonamide antibiotics, Sulfasa laz ine, 
P robenecid, Furosemide, Acetazolamide, 
C elecoxib, T hiaz ides, Sulfonylureas. 

Patients with sulfa allergies may develop 
fever, urina ry tract infection, Stevens
Johnson syndrome, hemolytic anemia, 
thrombocytopenia, agranulocytosis, acute 
interstitia l nephritis, and urticaria (hives). 

Scary Sul fa P harm FACTS 
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Drug names 
ENDING 

Antimicrobial 

-bendazole 

-cillin 

-conazole 

-cycline 

-ivir 

-navir 

-ovir 

-tegravir 

-thromycin 

CNS 

-apine, -idone 

-azine 

-barbital 

-ipramine, -triptyline 

-t riptan 

-zepam, -zolam 

Autonomic 

-chol 

-olol 

-stigmine 

-terol 

-zosin 

Cardiovascular 

-afi l 

-dipine 

-pril 

-sartan 

-xaban 

Metabolic 

-glitlozin 

-glinide 

-gliptin 

-glitazone 

-glutide 

CATEGORY 

A ntipa rasi tic/anti helm i nth ic 

Transpeptidase inhibitor 

Ergosterol synthesis inhibitor 

Protein synthesis inhibitor 

Neuraminidase inhibitor 

Protease inhibitor 

Viral DNA polymerase inhibitor 

lntegrase inhibitor 

Macrol ide antibiotic 

Atypical antipsychotic 

Typical antipsychotic 

Barbiturate 

TCA 

5-IITIB/JD agonist 

Benzodiazepine 

Cholinergic agonist 

AChE inhibitor 

ist 

<X1-blocker 

PDE-5 inhibitor 

Dihydropyridine Ca2+ channel blocker 

ACE inhibitor 

Angiotensin-11 receptor blocker 

Direct factor Xa inhibitor 

SCLT-2 inhibitor 

Meglitin ide 

DPP-4 inhibitor 

PPAR-r activator 

CLP-I analog 

EXAMPLE 

Mebendazole 

Ampicillin 

Ketoconazole 

Tetracycline 

Oseltamivir 

Ritonavi r 

Acyclovi r 

Elvitegravir, raltegravir 

Azithromycin 

Quetiapine, risperidone 

Thioridazine 

Phenobarbital 

lmipramine, amitriptyline 

Sumatriptan 

Diazepam, alprazolam 

Bethanechol, carbachol 

Propranolol 

Neostigmine 

Albuterol 

Prazosin 

Sildenafil 

Amlodipine 

Captopril 

Losartan 

Apixaban, edoxaban, rivaroxaban 

DapagliAozin, canagliAozin 

Repagl inide, nateglinide 

Sitagliptin 

Rosiglitazone 

Liraglutide, albiglutide 
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Drug names (continued) 

ENDING 

Other 

-dronate 

-Ii mus 

-prazole 

-prost 

-sentan 

-tid ine 

-vaptan 

Biologic agents 
ENDING 

CATEGORY 

Bisphosphonate 

mTOR inhibitor 

Proton pump inhibitor 

Prostaglandin analog 

Endothelin receptor antagonist 

Hz-antagonist 

ADii antagonist 

CATEGORY 

EXAMPLE 

Alendronate 

Everolimus, si rolimus 

Omeprazole 

Latanoprost 

Bosentan 

Cimetidine 

Tolvaptan 

EXAMPLE 

Monoclonal antibodies (-mab)- target overexpressed cell surface receptors 

-ximab 

-zumab 

-umab 

Chimeric human-mouse monoclonal Ab 

Humanized mouse monoclonal Ab 

Human monoclonal Ab 

Small molecule inhibitors (-ib)- ta rget intracellular molecules 

-tinib 

-zomib 

Tyrosine kinase inhibitor 

Proteasome inhibitor 

-ciclib Cyclin-dependent kinase inhibitor 

Receptor fusion pro te ins (-cept) 

-cept TNF-a antagonist 

Ritux imab 

Bevacizumab 

Denosumab 

lmatinib 

Bortezomib 

Palbocidib 

Etanercept 

Interleukin receptor modulators (-kin)- agonists and antagonists of interleukin receptors 

-leukin IL-2 agonist/analog Aldesleukin 

-kinra Interleukin receptor antagonist Anakinra 
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NOTES 



H IGH - YIE LD PRI NC I PL ES I N 

Public Health Sciences 

"Medicine is a science of uncertainty and an art of probability." 
- William Osler 

"There are two kinds of statistics: the kind you look up and the kind you 
makeup." 

-Rex Stout 

"On a long enough timeline, the survival rate for everyone drops to zero." 

- Chuck Palahniuk 

"There are three kinds of lies: lies, damned lies, and statistics." 
- Mark Twain 

A heterogenous mix of epidemiology, biostatistics, eth ics, law, healthcare 
delivery, patient safety, quality improvement, and more falls under the 
heading of public health sciences. Biostatistics and epidemiology are the 
foundations of evidence-based medicine and are very high yield. Make 
sure you can qu ickly apply biostatistical equations such as sensitivity, 
specifici ty, and predictive values in a problem-solving format. Also, know 
how to set up your own 2x2 tables. Quality improvement and patient 
safety topics were introduced a few years ago on the exam and represent 
trends in health system science. Medical ethics questions often require 
application of principles. Typically, you are presented with a patient 
scenario and then asked how you would respond. 
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HEALTH SC IENCES-EPIDEMIOLOGY AND BIOSTATIST ICS 

Observational studies 
STUDYTYPE 

Cross-sectional study 

Case-control study 

Cohort study 

Crossover study 

Twin concordance 
study 

Adoption study 

Clinical trial 

DRUG TRIALS 

Phase I 

Phase II 

Phase Ill 

Phase IV 

DESIGN 

Frequency of d isease and frequency of risk
related factors are assessed in the present. 

A5ks, "What is happen ing?" 

Compares a group of people with disease to a 
group without disease. 

Looks to see if odds of prior exposure or risk 
factor differ by disease state. 

A5ks, "What happened?" 

Compares a group with a g iven exposure or risk 
factor to a grnup without such exposure. 

Looks to see if exposure <>r risk factor is 
associated with later development of d isease. 

Can be prospective (asks, "Who wi ll 
develop disease?") or retrospective (asks, 
"Who developed the disease [exposed vs 
nonexposed]?"). 

Compares the effect of a series of 2 or more 
treatments on a participant. 

Order in which participants receive treatments 
is randomized. Washout period occurs 
between each treatment. 

Compares the frequency wi th which both 
monozygotic twins vs both dizygotic twins 
develop the same d isease. 

Compares siblings raised by biological vs 
adoptive parents. 

MEASURES/EXAMPLE 

Disease prevalence. 
Can show risk factor association with d isease, but 

does not establish causality. 

Odds ratio (O R). 
Patients with COPD had h igher odds of a 

smoking h istory than those without COPD. 

Relative risk (RR). 
Smokers had a higher risk of deve loping COPD 

than nonsmokers. 
Cohort = re lative risk. 

Allows participants to serve as their own 
controls. 

Measures heritabi lity and inAuence of 
environmenta l factors ("nature vs nurture"). 

Measures heritabi lity and inAuence of 
environmenta l factors. 

Experimental study involving humans. Compares therapeutic benefits of 2 or more treatments, 
or of treatment and p lacebo. Study qual ity improves when study is randomized, controlled, and 
double-bl inded (ie, neither patient nor doctor knows whether the patient is in the treatment or 
control group). Triple-blind refers to the additional bl inding of the researchers analyzing the data. 

Four phases ("Does the drug SWIM?"). 

TYPICAL STUDY SAMPLE 

Small number of healthy volunteers or patients 
with disease of interest. 

Moderate number of patients with disease of 
interest. 

Large number of patients randomly assigned 
ei ther to the treatment under investigation or 
to the standard of care (or p lacebo). 

Postmarketing surveillance of patients after 
treatment is approved. 

PURPOSE 

"Is it Safe?" A5sesses safety, tox icity, 
pharmacokinetics, and pharmacodynamics. 

"Does it Work?" Assesses treatment efficacy, 
optimal dosing, and adverse effects. 

"Is it as good or better?" Compares the new 
treatment to the current standard of care (any 
Improvement?). 

"Can it stay?" Detects rare or long-term adverse 
effects (eg, black box warning). Can result in 
treatment being withdrawn from Market. 
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Evaluation of 
diagnostic tests 

Sensit ivity (true

positive rate) 

Specificity (true

negative rate) 

Positive predictive 
value 

Negat ive predictive 

value 

Likelihood ratio 

Sensitivity and specificity are fixed properties 
of a test. PPV and NPV vary depending on 
d isease prevalence in population being tested. 

Proportion of a ll people with disease who test 
positive, or the probability that when the 
d isease is present, the test is positive. 

Va lue approaching !003 is desirable for ruling 
out disease and indicates a low fa lse-negative 
rate. 

Proportion of a ll people without d isease who 
test negative, or the probability that when the 
d isease is absent, the test is negative. 

Va lue approaching !003 is desirable for ruling 
in disease and ind icates a low false-positive 
rate. 

Probabil ity that a person who has a positive test 
result actually has the disease. 

Probabil ity that a person with a negative test 
result actually does not have the d isease. 

Likelihood that a given test result would be 
expected in a patient with the target disorder 
compared to the like lihood that the same result 
would be expected in a patient without the 
target disorder. 

LR+> lO and/or LR-< 0.1 ind icate a very usefu l 

d iagnostic test. 
LRs can be multiplied with pretest odds of 

d isease to estimate posttest odds. 

Disease 
® e 
TP FP 

PPV 
= TP/(TP + FP) 

FN TN 
NPV 

= TN/(TN + FN) 
- -
Sensitivity Specificity Prevalence 

TP<t-FN 
= TP/fTP + fN) = TN/(TN + FP} CW+ft.l+R'+-llO 

= TP I (TP + FN) 
= I - FN rate 
SN-N-OUT = highly SeNsitive test, when 

Negative, ru les OUT disease 
Iligh sensitivity test used for screening. 

=TN / (TN+ FP) 
= I - FP rate 
SP-P-IN = highly SPeci fic test, when Positive, 

rules IN d isease 
I Iigh specificity test used for confi rmation a fter a 

positive screening test. 

PPV = TP I (TP + FP) 
PPV varies d irectly with pretest probabil ity 

(basel ine risk, such as prevalence of disease): 
high pretest probabi lity - h igh PPV 

NPV = TN I (TN + FN) 
NPV varies inversely with prevalence or pretest 

probabi lity 

POSSIBLE CUTOFF VALUES 
A = 100% sensitivity cutoff value 
8 = practical compromise between specificity and sensitivity 
C = 100% specificity cutoff value 

Lowering the cutoff point: t Sensitivity t NPV 
8 >A(iFP .J,FN) .J,Speciticity.J, PPV 

Raising the cutoff point: t Specificity t PPV 
8 > C ( t FN .J, FP) .J, Sensitivity .J, NPV 

LR+ = sensitivity 
I - specificity 

LR- = I - sensitivity 
specificity 

TP rate 
FP rate 

FN rate 
TN rate 
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Quantifying risk Definitions and formulas are based on the classic 
2 x 2 or contingency table. 

TERM DEFINITION 

Odds ratio Typically used in case-control 
studies. Depicts the odds of 
a certain outcome given an 
exposure (eg, disease; a/c) vs 
the odds of the outcome in the 
absence of that exposure (eg, no 
disease; b/d). 

Relative risk Typica lly used in cohort studies. 
Risk of developing disease in the 
exposed group divided by risk in 
the unexposed group. 

RR = I - no association between 
exposure and disease. 

RR > I - exposure associated with 
t disease occurrence. 

RR < I - exposure associated with 
l disease occurrence. 

Relative risk The proportion of risk reduction 
reduction attributable to the intervention as 

compared to a control. 

Attributable The difference in risk between 
risk 

Absolute 
risk 
reduction 

exposed and unexposed groups. 

The difference in risk (not the 
proportion) attributable to the 
intervention as compared to a 
control. 

Number Number of patients who need to 
needed to be treated for I patient to benefit. 
treat Lower number = better treatment. 

Number Number of patients who need to 
needed to be exposed to a risk factor for I 
harm patient to be harmed. I Iigher 

number = safer exposure. 

Case fatal ity Percentage of deaths that occur 
rate over the disease course. 

EXAMPLE 

If in a case-control study, 20/30 lung 
cancer patients and 5/25 healthy 
individuals report smoking, the OR 
is 8; so the lung cancer patients are 8 
times more likely to have a history of 
smoking. 

If 5/10 people exposed to rad iation are 
diagnosed with cancer, and I/JO people 
not exposed to radiation are diagnosed 
with cancer, the RR is 5; so people 
exposed to radiation have a 5 times 
greater risk of developing cancer. 

For rare diseases (low prevalence), OR 
approximates RR. 

If 2% of patients who receive a Au 
shot develop the Au, whi le 8% of 
unvaccinated patients develop the Au, 
then RR= 2/8 = 0.25, and RRR = 0.75. 

If risk of lung cancer in smokers is 21% 
and risk in nonsmokers is 1%, then the 
attributable risk is 20%. 

If 8% of people who receive a placebo 
vaccine develop the Au vs 2% of people 
who receive a Au vaccine, then ARR = 
83 -2% = 6% = 0.06. 

If 4 patients die after JO cases of 
meningitis, case fata lity rate is 40%. 

Outcome 

<±> e 

FORMULA 

OR= a/c = ad 
b/d be 

0 b 
20 

c <I 

; 

10 20 

RR= a/(a + b) 
c/(c + d) 

0 b 
s 

c <I 
I 

; 

9 

RRR= I -RR 

a c AR=--
a + b c + d 

RR - I 
AR% = RR x 100 

c a ARR=--
c + d a + b 

NNT= I/ARR 

NNII =I/AR 

CFR"' deaths . 
00 • 10 =---x l 

cases 
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Incidence vs 
prevalence 

Precision vs accuracy 

Precision (rel iabi lity) 

Accuracy (val idity) 

I 
.cl II of new cases nc1 ence = -------

11 of people at risk 

P I 
II of existing cases reva ence = 
Total II of people 
in a population 

(per un it of time) 

(at a point in 
time) 

Prevalence 
I - prevalence 

I 
.d average duration 

nc1 ence rate x f cl . 
o 1sease 

Prevalence= incidence for short duration disease 
(eg, common cold). 

Incidence looks at new cases (incidents). 

Prevalence looks at all current cases. 

Prevalence - pretest probability 
t prevalence - t PPV and I NPV. 

Prevalence> incidence for chronic diseases, due to 
large II of existing cases (eg, diabetes). 

SITUATION 

t survival time 

t mortality 

T herapy initiation 

Faster recovery time 

Extensive vaccine administration 

I risk factors 

The consistency and reproducibility of a test. 
The absence of random variation in a test. 

The trueness of test measurements. 
The absence of systematic error or bias in a test. 

High 

••• •• 
High 

••• •• 
Low 

High 

'----Precision----' 

I NCI OEN CE PREVALENCE 

Random error I precision in a test. 
t precision - I standard deviation. 
t precision - t statistical power (I - P). 

Systematic error I accuracy in a test. 

High 

• • 
• • • 

Low 

Low 

• • • • • 
Low 

'----Precision----' 
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Bias and study errors 
TYPE 

Recruiting participants 

Selection bias 

Performing study 

Recall bias 

Measurement bias 

Procedure bias 

Observer-expectancy 
bias 

Interpreting results 

Confounding bias 

lead-time bias 

length-time bias 

PUBLIC HEALTH SCIENCES HEALTH SCIENCES-EPIDEMIOLOGY AND BIOSTATISTICS 

DEFINITION 

Nonrandom sampling 
or treatment allocation 
of subjects such that 
study population is not 
representative of target 
popu lation. Most commonly a 
sampling bias. 

Awareness of d isorder alters 
recall by subjects; common in 
retrospective studies. 

Information is gathered in a 
systemically distorted manner. 

Subjects in d ifferent groups are 
not treated the same. 

Researcher's belief in the 
efficacy of a treatment changes 
the outcome of that treatment 
(a ka, Pygmalion effect). 

Factor re lated to both exposure 
and outcome (but not on 
causal path) distorts effect 
of exposure on outcome (vs 
effect modification, in which 
the exposure leads to different 
outcomes in subgroups 
stratified by the factor). 

Early detection is confused 
with t survival. 

Screening test detects d iseases 
with long latency period, 
while those with shorter 
latency period become 
symptomatic earlier. 

EXAMPLES 

Berkson bias- cases and/ 
or controls selected from 
hospita ls are less healthy and 
have different exposures than 
general population 

Attrition bias- participants lost 
to follow up have a d ifferent 
prognosis than those who 
complete the study 

Patients with disease reca ll 
exposure after lea rning of 
simila r cases 

Using a fau lty automatic 
sphygmomanometer to 
measure BP 

Hawthorne effect- participants 
change behavior upon 
awareness of being observed 

Patients in treatment group 
spend more time in h ighly 
specia lized hospita l units 

An observer expecting 
treatment group to show signs 
of recovery is more likely to 
document positive outcomes 

An uncontrolled study shows 
an association between 
dri nk ing coffee and lung 
cancer. I lowever, coffee 
dri nkers a lso smoke more, 
which can account for the 
association. 

Early detection makes it seem 
like survival has increased, 
but the disease's natura l 
history has not changed 

A slowly progressive cancer 
is more likely detected by a 
screening test than a rapid ly 
progressive cancer 

STRATEGIES TO REDUCE BIAS 

Randomization 
Ensure the choice of the right 

comparison/reference group 

Decrease time from exposure 
to follow-up 

Use objective, standardized, 
and previously tes ted methods 
of data collection that are 
planned ahead of time 

Use placebo group 

Bl inding (masking) and 
use of placebo reduce 
in Auence of participants and 
researchers on procedures and 
interpretation of outcomes 
as neither are aware of group 
assignments 

Multiple/repeated studies 
Crossover stud ies (subjects act 

as their own controls) 
Matching (patients with 

simila r characteristics in both 
treatment and control groups) 

Measure "back-end" survival 

(adjust surviva l accord ing to 
the severity of disease at the 
time of diagnosis) 

A randomized contrnlled trial 
assigning subjects to the 
screening program or to no 
screening 
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Statistical distribution 

Measures of central 

tendency 

Measures of 

dispersion 

Normal distribution 

Nonnormal distributions 

Bimodal 

Positive skew 

Negative skew 

Statistical hypotheses 

Null (H
0

) 

Alternative (H1) 

Mean = (sum of va lues)/(total number of va lues). 

Median= middle va lue of a list of data sorted 
from least to greatest. 

Mode = most common value. 

Standard deviation = how much variabi lity 
exists in a set of va lues, around the mean of 
these values. 

Standard error = an es timate of how much 
variability exists in a (theoretical) se t of sample 
means around the true population mean. 

Gaussian, also called bell-shaped. 
Mean = median = mode. 

Suggests two different populations (eg, 
metabolic polymorphism such as fast vs 
slow acetylators; age at onset of l lodgkin 
lymphoma; suicide rate by age). 

Typically, mean > median > mode. 
Asymmetry with longer tail on right. 

Typically, mean < median < mode. 
Asymmetry with longer tail on left. 

Most affected by outliers (extreme va lues). 

If there is an even number of values, the median 
wi ll be the average of the middle two values. 

Least affected by outliers. 

cr = SD; n = sample size. 
Va riance = (SD)2. 
SE= cr/..fu. 
SE I as n t. 

-2 2a 

-3a +3o-..__.,_, 

99.7% 

Hypothesis of no difference or relationship (eg, there is no association between the disease and the 
risk factor in the population). 

Hypothesis of some di fference or relationship (eg, there is some association between the disease 
and the risk factor in the population). 
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Outcomes of statistical hypothesis testing 

Correct result 

Incorrect result 

Type I error (<X) 

Type II error !Pl 

Confidence interval 

Stating that there is an effect or difference when 
one exists (null hypothesis rejected in favor of 
alternative hypothesis). 

Stating that there is no effect or difference when 
none exis ts (null hypothesis not rejected). 

Stating that there is an effect or difference 
when none exists (null hypothesis incorrectly 
rejected in favor of alternative hypothesis). 

<X is the probability of making a type I error. p is 
judged against a preset <X level of significance 
(usually 0.05). If p < 0.05 for a study outcome, 
the probability of obtaining that result purely 
by chance is< 53. 

Statistical significance* clinical significance. 

Stating that there is not an effect or difference 
when one exists (null hypothesis is not rejected 
when it is in fact fa lse). 

Pis the probability of making a type II error. P 
is related to statistical power (I - P), which is 
the probability of rejecting the null hypothesis 
when it is false. 

t power and l P by: 
• t sample size 
• t expected effect size 
• t precision of measurement 

Range of va lues within which the true mean 
of the population is expected to fall, with a 
specified probability. 

CI for sample mean = x ± Z(SE) 
The 953 CI (corresponding to <X = .05) is often 

used. 
For the 953 CI, Z = 1.96. 
For the 993 CI, Z = 2.58. 

Reality 
H1 H0 

Power <X 
Study rejects H0 

(1 Type I error 

Study does not reject H0 Correct 
Type II error 

Also known as false-positive error. 

<X =you accused an innocent man. 
You can never "prove" the alternate hypothesis, 

but you can reject the null hypothesis as being 
very unlikely. 

Also known as false-negative error. 

P =you blindly let the gui lty man go free. 
If you t sample size, you t power. There is power 

in numbers. 

If the 95% CI for a mean di fference between 2 
variables includes 0, then there is no significant 
difference and II0 is not rejected. 

If the 95% CI for odds ratio or relative risk 
includes I, 110 is not rejected. 

If the Cis between 2 groups do not overlap 
- statistically significant difference exists. 

If the Cis between 2 groups overlap - usually 
no significant difference exists. 
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Meta-analysis 

Common statistical tests 

t-test 

AN OVA 

Chi-square (X2
) 

Pearson correlation 
coefficient 

A method of statistica l ana lysis that pools summary data (eg, means, RRs) from multiple stud ies 
for a more precise estimate of the size of an effect. Also estimates heterogeneity of effec t sizes 
between studies. 

Improves strength of evidence a nd genera lizabi lity of study find ings. Limited by qual ity of 
individual studies and bias in study selection. 

Checks di fferences between means of 2 groups. Tea is meant for 2. 

Checks differences between means of 3 or more 
groups. 

Checks differences between 2 or more 
percentages or proportions of categorical 
outcomes (not mean values). 

Example: comparing the mean blood pressure 
between men and women. 

3 words: ANalysis O f VAriance. 
Example: comparing the mean blood pressure 

between members of 3 di fferent ethn ic groups. 

Pronounce Chi-tegorical. 
Example: comparing the percentage of members 

of 3 different ethn ic groups who have essential 
hypertension. 

r is always between - I and +I. The closer the abso lute va lue of r is to I, the stronger the linear 
correlation between the 2 variables. 

Positiver va lue - positive correlation (as one variable t, the other variable t). 
Negative r value - negative correlation (as one variable t, the other variable 1). 
Coeffic ient of determination= r1 (amount of variance in one variable that can be expla ined by 

variance in a nother variable). 

r = -0.8 

• • e-'e--+--f---1 

• • . . .. . ._. 
•• 

Strong negative 
correlation 

r = -0.4 

• 
• • • • . 

• • 
Weak negative 

correlation 

r = 0 

No correlation 

r = +0.4 

• • 
Weak positive 

correlation 

r = +0.8 

... 
t •• ..... 

•• 
Strong positive 

correlation 13 



264 SECTION II PUBLIC HEALTH SCIENCES HEALTH SCIENCES-ETHICS 

HEALTH SC IENCES-ETHICS 

Core ethical principles 

Autonomy 

Benefi cence 

Nonmaleficence 

Justice 

Informed consent 

Consent for minors 

Obligation to respect patients as individuals (truth-tell ing, confidentia lity), to create conditions 
necessary for autonomous choice (informed consent), and to honor thei r preference in accepting 
or not accepting medica l care. 

Physicians have a special ethical (fiduciary) duty to act in the patient's best interest. May confl ict 
with autonomy (an informed patient has the right to decide) or what is best for society (eg, 
mandatory T B treatment). Traditionally, patient interest supersedes. 

"Do no harm." Must be balanced against beneficence; if the benefits outweigh the risks, a patien t 
may make an informed decision to proceed (most surgeries and medications fall into th is 
category). 

To treat persons fa irly and equitably. This does not a lways imply equally (eg, triage). 

A process (not just a document/s ignature) that 
requires: 
• Disclosure: discussion of pertinent 

in formation (using medical interpreter, if 
needed) 

• Understanding: ability to comprehend 
• Capacity: abi lity to reason a nd make one's 

own decisions (distinc t from competence, a 
legal determination) 

• Voluntariness: freedom from coercion and 
manipulation 

Patients must have an intelligent understanding 
of their diagnosis and the risks/benefits of 
proposed treatment a nd alternative options, 
including no treatment. 

Patient must be informed that he or she can 
revoke written consent at any time, even ora lly. 

A minor is genera lly any person < 18 years old. 
Parental consent laws in re lation to healthcare 
vary by state. In general, parental consent 
should be obtained, but exceptions exist for 
emergency treatment (eg, blood tra nsfusions) 
or if minor is legally emancipated (eg, married, 
self supporting, or in the mi litary). 

Exceptions to informed consent (WIPE it away): 
• Waiver- patient expl icitly waives the right of 

informed consent 
• Legally Incompetent- patient lacks decision

making capacity (obta in consent from legal 
su rrogate) 

• Therapeutic P rivi lege- withhold ing 
information when disclosure would severely 
ha rm the patient or undermine informed 
decision-making capacity 

• E mergency situation- implied consent may 
apply 

Situations in which parental consent is usua lly 
not required: 
• Sex (contraception, STls, pregna ncy) 
• Drugs (substance abuse) 
• Rock and roll (emergency/trauma) 

Physicians should always encourage healthy 
minor-guardian communication. 

Physician should seek a minor's assent even if 
the ir consent is not required. 



Decision-making 
capacity 

Advance directives 

Oral advance directive 

Written advance 
directive 

Medical power of 

attorney 

Do not resuscitate 

order 

Surrogate decision
maker 
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Physician must determine whether the patient is psychologically and legally capable of making a 
particular hea lthcare dec ision. Note that decisions made wi th capacity cannot be revoked simply 
if the patient later loses capaci ty. 

Capacity is determined by a physician for a specific healthca re-related decision (eg, to refuse 
medica l ca re). Competency is determined by a judge and usually refers to more global categories 
of decision making (eg, legally unable to make any hea lthcare-re lated decision). 

Components (think CIEMSA): 
• Decision is consistent with patient's values and C oals 
• Patient is Informed (knows and understands) 
• Patient Expresses a choice 
• Decision is not a result of a ltered Menta l status (eg, del irium, psychosis, intoxication), Mood 

d isorder 
• Decision remains Stable over time 
• Patient is 2: 18 years of Age or otherwise legally emancipated 

Instructions given by a patient in anticipation of the need for a medical decision. Details vary per 
state law. 

Incapacitated patient's prior ora l statements commonly used as guide. Problems arise from variance 
in interpretation. If patient was informed, d irective was specific, patient made a choice, and 
decision was repeated over time to multip le people, then the ora l di rective is more va lid. 

Specifies specific hea lthcare interventions that a patient antic ipates he or she would accept or reject 
during treatment for a c ritica l or life-threatening ill ness. A living wi ll is an example. 

Patient designates an agent to make medical decisions in the event that he/she loses decision
making capacity. Patient may a lso specify decisions in clinical situations. Can be revoked by 
patient if decision-making capacity is intact. More flexible than a living will. 

DNR order prohibits cardiopulmonary resuscitation (CPR). Other resuscitative measures that may 
follow (eg, feed ing tube) are a lso typica lly avoided. 

If a patient loses decision-making capacity and has not prepared an advance di rective, ind ividuals 
(surrogates) who know the patient must determ ine what the patient would have done. Priority of 
surrogates: spouse - adult Chi ldren - Parents - Siblings - other relatives (the spouse ChiPS 
in). 
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Ethical situations 
SITUATION 

Patient is not adherent. 

Patient desires an u nnecessary 
procedure. 

Patient has d ifficu lty taking 
medications. 

Family members ask for information 
about patient's prognosis. 

A patient's family member asks you 
not to disclose the results of a test 
if the prognosis is poor because 
the patient wi ll be "unable to 
ha nd le it." 

A 17-yea r-old gi rl is pregnant and 
requests an abortion. 

A 15-year-old gi rl is pregnant and 
wants to keep the child. Her 
parents wan t you to tell her to give 
the child up for adoption. 

A termina lly ill patient requests 
physician assistance in end ing his/ 
her own Ii fe. 

Patient is su icidal. 

Patient states that he/she finds you 
attractive. 

A woman who had a mastectomy 
says she now feels "ugly." 

Patient is angry about the long time 
he/she spent in the waiti ng room. 

Patient is upset with the way he/she 
was treated by another doctor. 

An invasive test is performed on the 
wrong patient. 

A patient requires a treatment not 
covered by h is/her insurance. 

APPROPRIATE RESPONSE 

Attempt to identify the reason for nonadherence and determine his/her wi ll ingness to 
change; do not coerce the patient into adhering a nd do not refer him/her to another 
physic ian. 

Attempt to understand why the patient wants the procedure and add ress underlying 
concerns. Do not re fuse to see the patient and do not refer h im/her to another 
physic ian. Avoid performing unnecessary procedures. 

Provide written instruc tions; attempt to simplify treatment regimens; use teach-back 
method (ask patient to repeat regimen back to physicia n) to ensure comprehension. 

Avoid discussing issues with relatives withou t the patient's perm ission. 

Attempt to identify why the fam ily member believes such information would be 
detrimenta l to the patient's condi tion. Explain that as long as the patient has decision
making capacity a nd does not indicate otherwise, communication of information 
concerning his/her care will not be withhe ld. I lowever, if you believe the patient 
might seriously harm himself or others if informed, then you may invoke therapeutic 
privilege and withhold the information. 

Many states requ ire parenta l noti fication or consent for m inors for an abort ion. Unless 
there are specific medical risks associated with pregna ncy, a physician should not 
sway the patient's decision for, or aga inst, an elective abortion (regardless of materna l 
age or fetal cond ition). 

T he patient retains the right to make decisions regarding her ch ild, even if her pa rents 
disagree. Provide information to the teenager about the practica l issues of caring for 
a baby. Discuss the options, if requested. Encourage discussion between the teenager 
and her parents to reach the best decision. 

Overwhelm ing majority of states refuse involvement in any form of phys ician-assisted 
suicide. Physicians may, however, prescribe medically appropriate analgesics even if 
they shorten the patient's life. 

Assess the seriousness of the threat. If it is serious, suggest that the patient remain in the 
hospita l voluntarily; patient can be hospitalized involuntarily if he/she refuses. 

Ask di rect, c losed-e nded questions and use a chaperone if necessary. Romantic 
relationships with patients are never appropriate. It may be necessa ry to trans ition care 
to a nother physician. 

Find out why the patient feels th is way. Do not offer fa lse ly reassuring statements (eg, 
"You sti ll look good"). 

Acknowledge the patient's anger, but do not take a patient's anger personally. Apologize 
for any inconvenience. Stay away from e fforts to expla in the delay. 

Suggest that the patient speak d irectly to that physician regarding h is/her concerns. If 
the problem is with a member of the office staff, tel l the patient you wi ll speak to that 
person. 

Regardless of the outcome, a phys ician is eth ically obligated to in form a patient that a 
mistake has been made. 

Never limit or deny care because of the expense in time or money. Discuss all 
treatment options with patients, even if some are not covered by their insurance 
companies. 
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Ethical situations (continued) 

SITUATION 

A 7-yea r-old boy loses a sister to 
cancer and now feels responsible. 

Patient is victim of intimate partner 
violence. 

Patient wants to try a lternative or 
hol istic medicine. 

Physician colleague presents to 
work impaired. 

Patient is offi cia lly determined to 
suffer bra in death. Patient's fami ly 
ins ists on maintain ing life support 
indefin itely because patient is still 
moving when touched. 

A pharmaceutica l company offers 
you a sponsorship in excha nge for 
advertising its new drug. 

Patient requests a nonemergent 
procedure that is aga inst your 
persona l or re ligious beliefs. 

Mother and 15-year-old daughter 
are unresponsive following a 
car accident and are bleeding 
internally. Father says do not 
transfuse because they are 
Jehovah's Witnesses. 

A chi ld presents with 
injuries inconsistent with parenta l 
story. 

APPROPRIATE RESPONSE 

At ages 5- 7, children begin to understand that death is permanent, that all li fe 
functions end completely at death, and that everything that is a live eventua lly 
dies. Provide a d irect, concrete description of h is sister's death . Avoid cliches and 
e uphemisms. Reassure the boy that he is not responsible. Identify and normalize fea rs 
and fee lings. Encourage play and hea lthy coping behaviors (eg, remembering her in 
h is own way). 

Ask if patient is safe and has an emergency plan. Do not necessari ly pressure patient to 
leave his or her pa rtner, or d isclose the incident to the authorities (unless required by 
state law). 

Explore a ny underlying reasons with the patient in a support ive, nonjudgmental 
manner. Advise the patient of known benefits and risks of treatment, including 
adverse effects, con traind ications, and medication interactions. 

If impai red or incompetent, colleague is a threat to patient safety. Report the situation 
to loca l supervisory personne l. Should the organization fa il to take action, alert the 
state licensing board. 

Gent ly explain to family that there is no c hance of recovery, and that brain death is 
equivalent to death. Movement is due to sp inal arc reAex and is not voluntary. Bring 
case to appropriate ethics board regarding fu ti lity of care and withdrawal of life 
support. 

Reject this offer. Generally, decl ine gifts and sponsorships to avoid any appearance of 
conAict of interest. The AMA Code of Ethics does make exceptions for g ifts di rec tly 
benefitting patients; gifts of minimal value; specia l fund ing for medical education 
of students, residents, fel lows; grants whose recipien ts are chosen by independent 
institutional criteria; and fu nds that are d istributed withou t attribution to sponsors. 

Provide accurate and unbiased information so patients can make an informed decision. 
Expla in to the patient that you do not perform the procedure but offer to refer h im/ 
her to another physician. 

Transfuse daughter, but do not transfuse mother. Emergent ca re can be refused by the 
hea lthcare proxy for a n adult, particu larly when patient preferences are known or 
reasonably inferred, but not for a m inor based solely on faith. 

Contact child protective services and ensure chi ld is in a safe location. Physicians a re 
required by law to report any reasonable susp icion of chi ld abuse or endangerment. 
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Confidentiality 

PUBLIC HEALTH SCIENCES HEALTH SCIENCES-THE WELL PATIENT 

Confidentia lity respects patient privacy a nd autonomy. If the patient is incapacitated or the 
si tuation is emergent, d isc losing information to fami ly and friends should be g uided by 
professional judgment of patient's best interest. The patient may voluntarily waive the right to 
confidentia lity (eg, insurance company request). 

Genera l principles for exceptions to confidentia lity: 
• Potentia l physical harm to others is serious and imminent 
• Alternative means to warn or protect those at risk is not possible 
• Self-harm is likely 
• Steps can be taken to prevent harm 

Examples of exceptions to patient confidential ity (many are state-speci fic) include the fo llowing 
("The physician's good judgment SAVED the day"): 
• Suicidal/homicidal patients 
• Abuse (children, elderly, and/or prisoners) 
• Duty to protect- State-speci fic laws that sometimes allow physician to inform or somehow 

protect potentia l Victim from harm. 
• E pileptic patients and other impaired automobile drivers. 
• Reportable D iseases (eg, STis, hepatitis, food poisoning); physicians may have a duty to warn 

public offic ia ls, who wi ll then noti fy people at risk. Dangerous communicable diseases, such as 
T B or Ebola, may require invo luntary treatment. 

HEALTH SC IENCES-THE WELL PATIENT 

Changes in the 
elderly 

Sexual changes: 
• Men- slower erection/ejaculation, longer refrac tory period. 
• Women- vaginal shortening, thinning, and d ryness . 

Sleep patterns: I REM and slow-wave sleep; t sleep onset latency; t early awakenings. 
t suicide rate. 
I vision and hearing. 
I immune response. 
I renal, pu lmonary, and C I function. 
I muscle mass, t fat. 
Inte ll igence does not decrease. 
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HEALTH SC IENCES-HEALTHCARE DEL IVERY 

Disease prevention 

Primary d isease 
prevention 

Secondary disease 
prevention 

Tertiary disease 
prevention 

Quaternary disease 
prevention 

P revent d isease before it occurs (eg, I IPV vaccination) 

Screen early for and manage existing but asymptomatic d isease (eg, Pap smear for cervica l cancer) 

Treatment to reduce complications from disease that is ongoing or has long-term effects 
(eg, chemotherapy) 

Identifying patients at risk of unnecessary treatment, protecting from the harm of new interventions 
(eg, electronic sharing of patient records to avoid duplicating recent imaging studies) 

Major medical insurance plans 
PLAN 

Exclusive provider 
organization 

Health maintenance 
organization 

Point o f service 

Preferred p rovider 
organization 

Accountable care 
organization 

PROVIDERS 

Restricted to limited pane l 
(except emergenc ies) 

Restricted to limited pane l 
(except emergenc ies) 

Patient can see providers 
outside network 

Patient can see providers 
outside network 

Providers voluntarily enroll 

PAYMENTS 

Denied for any service that 
does not meet established, 
evidence-based guidel ines 

Iligher copays and 
deductibles for ou t-of
network services 

Iligher copays and 
deductibles for al I services 

Medicare 

SPECIALIST CARE 

No referral required 

Requires referra l from 
pri mary care provider 

Requires referra l from 
pri mary care provider 

No referral required 

Specia lists volunta rily enroll 

Healthcare payment mode ls 

Bundled payment Healthcare organization receives a set amount per service, regardless of u ltimate cost, to be divided 

Capitation 

Discounted fee-for
service 

Fee-for-service 

Global payment 

among all providers and fac ilities involved . 

Physicians receive a set amount per patient assigned to them per period of time, regardless of how 
much the patient uses the healthcare system. Used by some IIMOs. 

Patient pays for each individua l service at a d iscounted rate predetermined by providers a nd payers 
(eg, PPOs). 

Patient pays for each individua l service. 

Patient pays for all expenses associated with a single incident of care with a single payment. Most 
commonly used during e lective surgeries, as it covers the cost of surgery as well as the necessary 
pre- a nd postoperative visits. 
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Medicare and 
Medicaid 

Hospice care 

PUBLIC HEALTH SCIENCES HEALTH SCIENCES-HEALTHCARE DELIVERY 

Medicare and Medicaid-federal socia l 
healthcare programs that originated from 
amendments to the Social Security Ac t. 

Medicare is ava ilable to 65 years old, 
< 65 with certain disabi lities, and those with 
end-stage renal d isease. 

Medica id is joint federal and state health 
assistance for people with lim ited income and/ 
or resources. 

Med icarE is for E lderly. 
Med ica iD is for D estitu te. 

The 4 parts of Medicare: 
• Part A: llospitAI insurance, home hospice 

care 
• Part B: Basic medical bills (eg, doctor's fees, 

d iagnostic testing} 
• Part C: (parts A+ B = C ombo} de livered by 

approved private companies 
• Part D : Prescription D rugs 

Med ica l ca re focused on providing comfort and pall iation instead of defin itive cure. Available to 
patien ts on Medicare or Medicaid and in most private insurance plans whose life expectancy is 
< 6 months. 

During end-of-life care, priority is g iven to improving the patient's comfort and relieving pain 
(often inc ludes opioid, sedative, or anx iolytic med ications). Faci litati ng comfort is pr ioritized 
over potentia l side effec ts (eg, resp iratory depression). This prioritization of pos itive effects over 
negative effects is known as the principle of double effect. 

Common causes of death (US) by age 

<lYR 

#1 Congenital 
malformations 

#2 Preterm birth 

#3 SIDS 

Conditions with 
frequent hospital 
readmissions 

#1 

#2 

#3 

1-14 YR 1S-l4YR JS-44 YR 4S-64YR 6S+YR 

Unintentional Unintentiona l Unintentional Cancer I lea rt disease 
1111ury 1111ury 111JlHY 

Cancer Suicide Cancer lleart disease Cancer 

Congenita l llomicide lleart disease Unintentional C hronic 
malformations 1111ury respiratory 

disease 

Readmissions may be reduced by discharge planning a nd outpatient follow-up appointments. T he 
table be low is based on readmission for any reason with in 30 days of d ischarge. 

MEDICARE 

Congestive HF 

Septicemia 

Pneumonia 

MEDICAID 

Mood d isorders 

Schizophrenia/ 
psychotic disorders 

Diabetes mell itus with 
comp I ications 

PRIVATE INSURANCE 

Maintenance of 
chemotherapy or 
rad iotherapy 

Mood disorders 

Complications of 
surgical procedures 
or medical ca re 

UNINSURED 

Mood d isorders 

Alcohol-related 
disorders 

D iabetes mell itus with 
complications 
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HEALTH SC IENCES-QUALITY AND SAFETY 

Safety culture 

Human factors design 

PDSA cycle 

Quality measurements 

Structura l 

Process 

Outcome 

Balancing 

Swiss cheese model 

Organizational environment in which everyone 
can freely bring up safety concerns withou t 
fea r of censure. Faci litates error identification. 

Forcing functions (those that prevent 
undesirable actions [eg, connecting feeding 
syringe to IV tubing]) a re the most effective. 

Standardization improves process reliabi lity (eg, 
cl inica l pathways, guidelines, checkl ists). 

Simplification reduces wastefu l ac tivities (eg, 
consolidating e lectronic medica l records). 

Process improvement model to test changes in 
rea l cl in ical setting. Impact on patients: 
• P lan- define problem and solution 
• D o- test new process 
• Study- measure and analyze data 
• Act- integrate new process into workAow 

MEASURE 

Physical equipment, resources, fac ilities 

Performance of system as planned 

Impact on patients 

Impact on other systems/outcomes 

Focuses on systems and conditions rather than 
an individual's error. The risk of a threat 
becoming a rea lity is m itigated by d iffer ing 
layers and types of defenses. Patient ha rm can 
occur despite multiple safeguards when "the 
holes in the cheese line up." 

Event reporting systems collect data on errors for 
interna l a nd externa l monitoring. 

Deficient designs hinder workAow and lead to 
staff workarounds that bypass safety features 
(eg, patient ID barcodes affixed to computers 
due to unreadable wristbands). 

EXAMPLE 

Number of diabetes ed ucators 

Percentage of diabetic patients whose I lbA1c was 
measured in the past 6 months 

Average HbA1c of patients with diabetes 

Incidence of hypoglycemia among patients who 
tri ed an intervention to lower I lbA1c 
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Types of medical 
errors 

Active error 

Latent error 

Medical error analysis 

Root cause analysis 

Failure mode and 
effects analysis 

PUBLIC HEALTH SCIENCES HEALTH SCIENCES-QUALITY AND SAFETY 

May involve patient identification, diagnosis, monitor ing, nosocomial infection, medications, 
procedures, devices, documentation, handoffs . Medical errors should be disclosed to patients, 
independent of immediate outcome (ha rmful or not). 

Occurs at level of frontline operator (eg, wrong 
JV pump dose progra mmed). 

Occurs in processes indirect from operator but 
impacts patient care (eg, different types ofIV 
pumps used with in same hospital). 

DESIGN 

Re trospective approach. Applied a fter fai lure 
event to prevent recurrence. 

Forward-looking approach. Applied before 
process implementation to prevent fai lure 
occurrence. 

Immediate impact. 

Accident waiting to happen. 

METHODS 

Uses records and participant interviews to identify 
all the underlying problems (eg, process, 
people, environment, equipment, materi als, 
management) that led to an error. 

Uses inductive reasoning to identify all the ways 
a process might fa il and prioritizes them by 
the ir probabi lity of occurrence and impact on 
patients. 



SECT IO N Il l 

High-Yield 
Organ Systems 

"Symptoms, then, are in reality nothing but the cry from suffering organs." 
- Jean-Martin Charcot 

"Man is an intelligence in servitude to his organs." 

- Aldous I luxley 

"When every part of the machine is correctly adjusted and in perfect 
harmony, health will hold dominion over the human organism by laws as 

natural and immutable as the laws of gravity." 
- Andrew T Sti ll 
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THE ORGAN SYSTEMS 

In this section, we have divided the High-Yield Facts into the major O rgan 
Systems. Within each Organ System are several subsections, including 
Embryology, Anatomy, Physio logy, Pathology, and P harmacology. A5 
you progress through each Organ System, refer back to information in 
the previous subsections to organize these basic science subsections into a 
"vertically integrated" framework for learning. Below is some general advice 
for studying the organ systems by these subsections. 

Embryology 

Relevant embryology is included in each organ system subsection. Embryology 
tends to correspond well with the relevant anatomy, especially with regard to 
congenital malformations. 

Anatomy 

Several topics fall under this heading, including gross anatomy, h istology, 
and neuroanatomy. Do not memorize all the small details; however, do 
not ignore anatomy altogether. Review what you have already learned 
and what you wish you had learned. Many questions require two or more 
steps. The first step is to identify a structure on anatomic cross section, 
electron micrograph, or photomicrograph. The second step may require an 
understanding of the cl inical significance of the structure. 

When studying, stress cl inically important material. For example, be familiar 
with gross anatomy and radiologic anatomy related to specific diseases 
(eg, Pancoast tumor, Homer syndrome), traumatic injuries (eg, fractures, 
sensory and motor nerve deficits), procedures (eg, lumbar puncture), and 
common surgeries (eg, cholecystectomy). There are also many questions on 
the exam involving x-rays, CT scans, and neuro MRI scans. Many students 
suggest browsing through a general radiology atlas, pathology atlas, and 
histology atlas. Focus on learning basic anatomy at key levels in the body (eg, 
sagi ttal brain MRI; axial CT of the midthorax, abdomen, and pelvis). Basic 
neuroanatomy (especially pathways, blood supply, and functional anatomy), 
associated neuropathology, and neurophysiology have good yield. Please 
note that many of the photographic images in this book are for illustrative 
purposes and are not necessarily reflective of Step I emphasis. 

Physiology 

The portion of the examination dealing with physiology is broad and 
concept oriented and thus does not lend itself as well to fact-based review. 
Diagrams are often the best study aids, especially given the increasing 
number of questions requiring the interpretation of diagrams. Learn to 
apply basic physiologic relationships in a variety of ways (eg, the Fick 
equation, clearance equations). You are seldom asked to perform complex 
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calculations. Hormones are the focus of many questions, so learn their sites 
of production and action as well as their regulatory mechanisms. 

A large portion of the physiology tested on the USMLE Step I is clinically 
relevant and involves understanding physiologic changes associated with 
pathologic processes (eg, changes in pulmonary function with COPD). 
Thus, it is worthwhile to review the physiologic changes that are found with 
common pathologies of the major organ systems (eg, heart, lungs, kidneys, 
G I tract) and endocrine glands. 

Pathology 

Questions dealing with this discipline are difficult to prepare for because 
of the sheer volume of material involved. Review the basic principles and 
hallmark characteristics of the key diseases. G iven the cl inical orientation of 
Step I, it is no longer sufficient to know only the "buzzword" associations of 
certa in diseases (eg, cafe-au-lait macules and neurofibromatosis); you must 
also know the clinical descriptions of these findings. 

Given the cl inical slant of the USMLE Step I, it is also important to 
review the classic presenting signs and symptoms of diseases as well as 
their associated laboratory findings. Delve into the signs, symptoms, and 
pathophysiology of major diseases that have a high prevalence in the United 
States (eg, alcoholism, diabetes, hypertension, heart failure, ischemic heart 
disease, infectious disease). Be prepared to th ink one step beyond the simple 
diagnosis to treatment or complications. 

The examination includes a number of color photomicrographs and 
photographs of gross specimens that are presented in the setting of a brief 
clinical history. However, read the question and the choices carefully before 
looking at the illustration, because the h istory will help you identify the 
pathologic process. Flip through an illustrated pathology textbook, color 
atlases, and appropriate Web sites in order to look at the pictures in the days 
before the exam. Pay attention to potential clues such as age, sex, ethnicity, 
occupation, recent activities and exposures, and specialized lab tests. 

Pharmacology 

Preparation for questions on pharmacology is straightforward. Leaming all 
the key drugs and their characteristics (eg, mechanisms, cl inical use, and 
important side effects) is high yield. Focus on understanding the prototype 
drugs in each class. Avoid memorizing obscure derivatives. Learn the 
"classic" and distinguishing toxicities of the major drugs. Do not bother with 
drug dosages or trade names. Reviewing associated biochemistry, physiology, 
and microbiology can be useful while studying pharmacology. There is a 
strong emphasis on ANS, CNS, antimicrobial, and cardiovascular agents as 
well as NSAIDs. Much of the material is cl inically relevant. Newer drugs on 
the market are also fa ir game. 

SECTION Ill 275 
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NOTES 
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Cardiovascular 

"As for me, except for an occasional heart attack, I feel as young as I ever 
did." 

-Robert Benchley 

"Hearts will never be practical until they are made unbreakable." 

- The Wizard of Oz 

"As the arteries grow hard, the heart grows soft." 
- II. L. Mencken 

"Nobody has ever measured, not even poets, how nmch the heart can 
hold." 

-Zelda Fitzgerald 

"Only from the heart can you touch the sky." 
-Ru mi 

"It is not the size of the man but the size of his heart that matters." 
-Evander Holyfield 

The cardiovascular system is one of the highest yield areas for the 
boards and, for some students, may be the most challenging. Focusing 
on understanding the mechanisms instead of memorizing the details 
can make a big difference, especially for th is topic. Pathophysiology of 
atherosclerosis and heart fa ilure, MOA of drugs (particular physiology 
interactions) and their adverse effects, ECGs of heart blocks, the cardiac 
cycle, and the Starling curve are some of the more high-yield topics. 
Differentiating between systolic and diastolic dysfunction is also very 
important. Heart murmurs and maneuvers that affect these murmurs 
have also been high yield and may be asked in a multimedia format. 
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Heart embryology 

Heart morphogenesis 

Cardiac looping 

EMBRYONIC STRUCTURE 

Bulbus cordis 

Endocardia l cushion 

Left horn of sinus venosus 

Posterior, subcard inal, and supraca rdina l veins 

Primitive atri um 

Primitive pu lmonary vein 

Primitive ventricle 

Right common cardina l vein and right anterior 
cardinal vein 

Right horn of sinus venosus 

Truncus arteriosus 

GIVES RISE TO 

Smooth parts (outAow tract) of left and right 
ventricles 

Atrial septum, membranous interventricular 
septum; AV and semi lunar valves 

Coronary sinus 

Inferior vena cava (IVC) 

Trabecu lated part of left and right atria 

Smooth part of left atrium 

Trabecu lated part of left and right ventricles 

Superior vena cava (SVC) 

Smooth part of right atrium (sinus venarum) 

aorta and pulmonary trunk 

First functional organ in vertebrate embryos; beats spontaneously by week 4 of development. 

Primary heart tube loops to establish left-right D efect in left-right Dynein (involved in L/R 
pola rity; begins in week 4 of gestation. asymmetry) can lead to Dextrocard ia, as 

seen in Kartagener syndrome (1° c iliary 
D ysk inesia). 

Septation of the chambers 

Atria 0 Septum primum grows toward endocardia l 
cushions, narrowing foramen primum. 

E) Foramen secundum forms in septum 
primum (foramen primum d isappears). 

E> Septum secundum develops as foramen 
secundum mainta ins right-to-left shunt. 

0 Septum secundum expands and covers most 
of the foramen secundum. The residual 
foramen is the foramen ovale. 

0 Remain ing port ion of septum primum forms 
va lve of foramen ova le. 

Focamen 
secundum 

prim um 

Septum -----:A_ O _ ,c---Foramen 
secundum secundum 

Foramen _17C"' Septum 
ovate pnmum 

Septum 
secundum 

6. (Not shown) Septum secundum and septum 
primum fuse to form the atria l septum. 

7. (Not shown) Foramen ovale usually closes 
soon after birth because of t LA pressure and 
l RA pressure. 

Patent fora men ovale - caused by fa ilure of 
septum primum and septum secundum 
to fuse after birth; most are left u ntreated. 
Can lead to paradoxical emboli (venous 
thromboemboli that enter systemic a rterial 
ci rculation), similar to those resu lting from 
anASD. 
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Heart morphogenesis (continued) 

Ventricles 

Outflow t ract 
formation 

Valve development 

0 Muscular interventricular septum forms. 
Opening is ca lled interventricular foramen. 

6 Aorticopulmonary septum rotates and fuses 
with muscu la r ventricular septum to form 
membranous interventricula r septum, closing 
interventricula r foramen. 

E) G rowth of endocard ial cushions separates 
atria from ventricles and contributes to both 
atrial septation and membranous port ion of 
the interventricu lar septum. 

Neura l crest and endocardia l cell migrations 
- trunca l and bu lbar ridges that spira l 
and fuse to form aort icopulmonary septum 
- ascending aorta and pulmonary trunk. 

Aortic/pulmonary: derived from endocardial 
cushions of outflow tract. 

Mitral/tri cuspid: derived from fused endocardial 
cushions of the AV canal. 

Ventricular septa) defect- most common 

congenita l card iac anomaly, usually occurs in 
membranous septum. 

Membranous 
interventricular 
septum 

Conotruncal abnormalities associated with 
fai lure of neural crest cells to m igrate: 
• Transposition of great vessels. 
• Tetra logy of Fallot. 
• Pers istent truncus arteriosus. 

Va lvular anomalies may be stenotic, regurgitant, 
atretic (eg, tricuspid atresia), or displaced (eg, 
Ebstein anomaly). 



280 SECTION Ill CARDIOVASCULAR 

Fetal ci rculation 

venosus 

Internal iliac artery 

• HighO, 

• Moderate 02 

• LowO, 

• Very low01 

Fetal-postnatal derivatives 
FETAL STRUCTURE 

Allantois - urachus 

Ductus arteriosus 

Ductus venosus 

Foramen ovale 

Notochord 

Umbil ical art eries 

Umbilical vein 

POSTNATAL DERIVATIVE 

Median umbilica l ligament 

Ligamentum arteriosum 

Ligamentum venosum 

Fossa ova lis 

N ucleus pulposus 

Medial umbi lical ligaments 

Ligamentum teres hepatis (round ligament) 

Blood in umbilical vein has a Po2 of"' 30 mm I lg 
and is"' 80% saturated with 0 2. Umbi lica l 
arteries have low 0 2 saturation. 

3 important shunts: 
0 Blood entering fetus th rough the 

umbil ica l vein is conducted via the ductus 
venosus into the IVC, bypassing hepatic 
circulation. 

@ Most of the highly Oxygenated blood 
reaching the heart via the IVC is d irected 
th rough the foramen Ovale and pumped 
into the aorta to supply the head and body. 

€) D eoxygenated blood from the SVC 
passes th rough the RA - RV - main 
pulmonary a rtery - D uctus arteriosus 
- D escending aorta; shunt is due to h igh 
feta l pulmonary artery resistance (due 
partly to low 0 2 tension). 

At bi rth, infant takes a breath - I resistance 
in pulmonary vascu lature - t left atrial 
pressure vs right atrial pressure- foramen 
ovale doses (now called fossa oval is); t in 0 2 
(from respiration) and I in prostagland ins 
(from placenta l separation) - closure of ductus 
arteriosus. 

lndomethacin helps close PDA - ligamentum 
arteriosum (remnant of ductus arteriosus). 

Prostagland ins E 1 and E 2 kEE p PDA open. 

NOTES 

Urachus is part of allantoic duct between 
bladder and umbil icus. 

Near the left recurrent laryngea l nerve. 

Contained in falciform ligament. 



CARDIOVASCULAR SECTION Ill 281 

Anatomy of the heart 

LA is the most posterior part of the heart fJ; enlargement can cause dysphagia (due to compress ion 
of the esophagus) or hoarseness (due to compression of the left recurrent laryngea l nerve, a 
branch of the vagus nerve). 

RV is the most anterior part of the heart and most commonly injured in trauma 

Pericardium 

Coronary blood 
supply 

Key: 
AMA =Acute marginal artery 

Consists of 3 layers (from outer to inner): 
• Fibrous pericardium 
• Parietal layer of serous pericardium 
• Visceral layer of serous pericardium 

Pericardia) cavity lies between pa rietal and 

visceral layers. 
Pericardium innervated by phrenic nerve. 

LAD and its branches supply anterior 2/3 of 
interventricula r septum, anterolateral papillary 
muscle. 

LAD supplies anterior of interventTicular 
septum, a nterolatera l papillary muscle, and 
anterior surface of LV. Most commonly 
occluded. 

PDA supplies AV node (dependent on 
dominance), posterior 1/3 of interventricu lar 
septum, posterior 2/3 walls of ventr icles, and 
posteromedial papillary muscle. Right (acute) 
marginal artery supplies RV. 

RCA supplies SA node (blood supply 
independent of dominance). Infarc t may cause 
nodal dysfu nction (bradycardia or heart block). 

LAD = Left anterior descending artery 
LCA = Left coronary artery 
LCX = Left circumflex artery 
OMA= Obtuse marginal artery 
PDA = Posterior descending artery 
PT = Pulmonary trunk 
PV = Pulmonary vein 
RCA = Right coronary artery 

LV 

Anterior view 

Pericarditis can cause referred pain to the neck, 
arms, or one or both shoulders (often left). 

Dominance: 
• Right-dominant circu lation (853) = PDA 

arises from RCA. 
• Left-dominant ci rculation (83 ) = PDA a rises 

from LCX. 
• Codominant circu lation (73) = PDA arises 

from both LCX and RCA. 
Coronary blood flow peaks in early diastole. 

Posterior view 
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Cardiac output variables 

Stroke volume Stroke Volume affected by Contractil ity, 

Contract il ity 

Preload 

Afterload 

Myocardial oxygen 

demand 

Afterload, and Preload. 
t SVwith: 

• t Contractility (eg, anxiety, exercise) 
• t Preload (eg, early pregnancy) 
• I Afterload 

Contractility (and SV) t with: 
• Catecholamine stimulation via receptor: 

• Ca2+ channels phosphorylated - t Ca2+ 
entry - t Ca2+_induced Ca2+ release and 
t Ca2+ storage in sarcoplasmic reticulum 

• Phospholamban phosphorylation - active 
Ca2+ ATPase - t Ca2+ storage in 
sarcoplasmic reticulum 

• t intracellular Ca2+ 
• I extracellular Na+ (I activity of Na+/Ca2+ 

exchanger) 
• Digitalis (blocks Na+/K+ pump 

- t intracellular Na+ - I Na+/Ca2+ 
exchanger activity - t intracellu lar Ca2+) 

Pre load appT(lximated by ventricular EDV; 
depends on venous tone and ci rculating blood 
volume. 

Afterload appT(lximated by MAP. 
t afterload - t pressure - t wall tension per 

Laplace's law. 

LV compensates for t afterload by th ickening 
(hypertT(lphy) in order to I wa ll tension. 

Myocardial 0 2 demand is t by: 
• t Contractility 
• t Afterload (pT(lpOrtional to arterial pressure) 
• t heart Rate 
• t Diameter of ventricle (t wa ll tension) 

SVCAP. 
A fa iling heart has I SV (systolic and/or diastolic 

dysfunction) 

Contractility (and SV) I with: 
• (I cAMP) 
• HF with systolic dysfunction 
• Acidos is 
• Hypoxia/hypercapnia (I Poz!t Pco2) 
• Non-dihydropyridine Ca2+ channel blockers 

Venous vasodilators (eg, nitT(lglycerin) I preload. 

Arterial vasodilators (eg, hydralazine) 
I Afterload. 

ACE inhibitors and ARBs I both preload and 
afterload. 

Chronic hypertension (t MAP) - LV 
hypertT(lphy. 

Wall tension follows Laplace's law: 

Wall tension =pressure x radius 

W II pressure x rad ius 
a stress= · . 

2 x wall thickness 
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Cardiac output equations 
EQUATIONS 

Stroke volume SV= EDV - ESV 

Ejection fraction EF = SV = EDV - ESV 
EDV EDV 

Cardiac output CO = SV x I IR 

Fick principle: 

CO = rate of 0 2 consumption 
(a rterial 0 2 content - venous 0 2 content) 

Pulse p ressure PP = SBP - DBP 

Mean arterial pressure MAP = CO x TPR 

Starling curve 

Ventricular EDV (preload) 

NOTES 

EF is an index of ventricula r contracti lity (I in 
systol ic IIF; usua lly normal in diastolic HF). 

In early stages of exercise, CO maintained by 
t I IR and t SV In later stages, CO mainta ined 
by t IIR on ly (SV plateaus). 

Diastole is shortened with t t I IR (eg, ventricular 
tachycardia) - I diastolic fi ll ing time - I SV 
- j co. 

PP d irectly proportiona l to SV and inversely 
proportiona l to arterial complia nce. 

t PP in hyperthyroidism, aortic regurgitation, 
aortic stiffening (isolated systolic hypertension 
in e lderly), obstructive sleep apnea 
(t sympathetic tone), anemia, exercise 
(transient). 

I PP in aortic stenosis, ca rd iogenic shock, 
cardiac tamponade, advanced I IF. 

MAP (at resti ng IIR) = 2/3 DBP + l/3 SBP = 
DBP+ 1/ 3 PP 

Force of contraction is prnportional to end
d iastolic length of card iac muscle fi ber 
(pre load). 

t contractility with catecholamines, pos itive 
inotrnpes (eg, digoxin). 

I contractility with loss of myocardium (eg, Ml), 
(acutely), non-d ihydropyridine Ca2+ 

channel blockers, dilated card iomyopathy. 
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Resistance, pressure, 
flow 

CARDIOVASCULAR 

t.P= Q x R 
Similar to Ohm's law: t.V =IR 

Capi lla ries have highest tota l cross-sectional 
area and lowest flow velocity. 

Volumetric flow rate (Q) = flow velocity (v) x 
cross-sectional area (A) 

Resistance 

Pressure gradient d rives flow from h igh pressure 
to low pressure. 

_driving pressure (t.P) _ 811 (v iscos ity) x length 
- Q 7tr4 

Tota l resistance of vessels in series: 
R,. = R1 + R2 + R3 . . . 

Tota l resistance of vessels in parallel: 
I I I I 

RT= R
1 

+ R
2 

+ R
3 
.. . 

Cardiac and vascular function curves 

5 

a 
-s 
0 
v 

·"' 
v 

tinotropy -------

Cardiac function curve 

RAP 

E 
E 
l!! 

" 0 
c 

" Q. 

-s 
0 
v 

·"' 
"' v 

€) 

tvolume. veoous tone -------
···, €) 

·-·--.. ! ' . 

venous tone 

RAP 

Arterioles account for most of TPR. Veins 
provide most of blood storage capac ity. 

Viscosity depends mostly on hematocrit. 
Viscosity t in hyperproteinemic states (eg, 

multiple myeloma), polycythemia. 
Viscosity I in anemia. 
Compliance= t.V/t.P. 

E 
E 
l!! 

5 
c 

" Q. -s 
0 
v 

·"' 
"' v . 

@ RAP Ii! 

Intersection of curves = operating point of heart (ie, venous return and CO a re equal, as circulatory system is a closed system). 

GRAPH 

e lnotropy 

€) Venous return 

peripheral 
resistance 

EFFECT 

Changes in contractility - al tered SV - a ltered 
CO/VR and RA pressure (RAP). 

Changes in ci rculating volume - altered RAP 
- a ltered SV - change in CO. 

Changes in TPR - altered CO. C hange in 
RAP unpredictable. 

EXAMPLES 

0 Catecholamines, digoxin, exercise EE> 

6 HF with reduced EF, narcotic overdose, 
sympathetic inhibition e 

€) Fluid infusion, sympathetic activity EE> 

0 Acute hemorrhage, spinal anesthesia 8 

0 Vasopressors EE> 

(;) Exercise, AV shunt 8 

Changes often occur in tandem, and may be reinforci ng (eg, exercise t inotropy and I TPR to maximize CO) or 
compensatory (eg, I IF I inotropy - fluid re tention to t preload to mainta in CO). 
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Pressure-volume loops and cardiac cycle 

140 
t Contractility 

120 
I SV 
I EF 

a 
:I: I ESV 
E 100 ..s 
I!! 
" 80 

Stroke 
volume " 60 -E) (EDV-ESV) 

E 

:§ 40 Mitral 

20 
$3 

ESV Left ventricular volume 

Diastole 

120 

100 
¥ 

80 E ..s 
I!! 60 
;! 
i!l 40 

Q. 

20 

0 

Heart 
sounds 

Ventricular 
volume 

Right 
atrial 
pressure x 
curve 
(aka J.V.P) 

ECG 

0 0.1 0.2 0.3 0.4 0.5 
Time(sec) 

EDV 

t Afterload 
I Aortic pressure 
I SV 
I ESV 

tsv 

p 

0.6 0.7 0.8 

The black loop represents norma l ca rd iac 
physiology. 

Phases- left ventricle: 
0 Isovolumetric contraction-period 

between mitra l valve closing and aortic 
va lve opening; period of highest 0 2 
consumption 

@ Systolic ejection-period between aortic 
va lve opening and dosing 

E) Isovolumetric relaxation- period between 
aortic valve closing and m itral valve 
opening 

0 Rapid fill ing- period just after mitra l 
va lve opening 

0 Reduced fill ing- period just before mitra l 
va lve closing 

I lea rt sounds: 
Sl-mitra l and t ricuspid valve closure. Loudest 

at m itral area. 
S2- aortic and pulmonary va lve closure. 

Loudest at left upper sternal border. 
S3- in early diastole during rapid ventri cular 

filling phase. Associated with t fill ing 
pressures (eg, m itral regurgitation, l IF) and 
more common in di lated ventricles (but can 
be normal in children, young adults, and 
pregnant women). 

S4-in late diastole ("atria l kick"). Best hea rd 
at apex with patient in left lateral decubitus 
posi tion. Iligh atrial pressure. Associated with 
ventricu lar noncompliance (eg, hypertrophy). 
Left atrium must push aga inst st iff LV wal I. 
Consider abnormal, regard less of patient age. 

Jugular venous pulse (JVP): 
a wave- atrial contraction. Absent in atrial 

fibrillation (AF). 
c wave-RV contraction (closed tricuspid valve 

bu lging into atrium). 
x descent-downward displacement of closed 

tricuspid valve during rapid ventricular 
ejection phase. Reduced or absent in tricuspid 
regurgitation and right I IF because pressure 
gradients are reduced. 

v wave- t right atria l pressure due to fi lling 
("vill ing") against dosed tri cuspid valve. 

y descent-RA emptying into RV. Prominent 
in constrictive pericarditis, absent in cardiac 
tamponade. 
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Physiologic changes in valvular disease 

Aortic stenosis 200 t LV pressure 

i' 

dJ 
i' 120 t ESV 
E No change in EDV .s 

I SV , 
" so K K 
"' Ven tricular hypertrophy - I ventricular 

0 0 compliance - t EDP for g iven EDV 
100 200 

LV '°'""'e lmll 
lime(RR intenraQ 

13 

Mitra! regurgitation 200 No true isovolumetric phase 

i' 
I ESV due to I resistance and 

[I) 
t regurgitation into LA dur ing systole 

t EDV due to t LA volume/pressure from 
regurgitation - t ventricular filling 15. 

;:; 
t SV 

0 
100 200 

lV«>lume(mO lime <RR intfrvaO 
13 

Aortic regurgitation 200 No true isovolumetric phase 

i' i' 120 t EDV 

! w 
E t SV .s 

;100 
so 

""" 
t pulse pressure 

" K 15. 

"' 
0 0 

100 200 rme lAA l\1erva0 
lVvobJme(m() Iii 

Mitral stenosis 200 t LA pressure 
.,. i' 120 I EDV because of impai red ventricula r 
:c 
E E fill ing E 

OJ 
.s 

j lOO a I ESV 
K !!! so 

I SV "' ;:; "§ 
"' 0 

100 200 
Time CRR incervaQ LVvolume [mO 13 



Splitting 

Normal splitting 

Wide splitting 

Fixed splitting 

Paradoxical splitting 
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Inspiration - drop in intrathoracic pressure 
- t venous return - t RV fi lling - t RV 
stroke volume - t RV ejection time 
- delayed closure of pulmonic va lve. 
I pulmonary impedance (t capacity of the 
pulmonary circulation) also occurs during 
inspiration, which contributes to delayed 
closure of pulmonic valve. 

Seen in conditions that de lay RV emptying (eg, 
pulmonic stenosis, right bundle branch block). 
Causes delayed pulmonic sound (especially 
on inspiration). An exaggeration of normal 
splitting. 

Heard in ASD. ASD - left-to-right shunt 
- t RA and RV volumes - t Aow through 
pulmonic va lve such that, regardless of breath, 
pulmonic closure is greatly delayed. 

Heard in conditions that delay aortic va lve 
closure (eg, aortic stenosis, left bundle 
branch block). Normal order of valve closure 
is reversed so that P2 sound occurs before 
delayed A2 sound. Therefore on inspiration, 
P2 closes later and moves closer to A2, thereby 
"paradoxically" eliminating the split (usually 
heard in expiration). 

I 11 
SI A2 P2 

I l,__,I 
Normal delay 13 

E = Expiration 
1 = Inspiration 

I I I 
SI A2 P2 

I I I 
t---i 

Abnormal delay !ill 

,___, 

I I I 
SI A2 P2 

I I I 
t--i 

13 

I I I 
SI P2 A2 

I II 13 
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Auscultation of the heart 

Where to listen: APT M 

Aortic area: 
Systolic murmur 

A0<1Jc stenosis 
flow murmur 

phys10log1C murmur] 
Aortic valve sclerosis 

BEDSIDE MANEUVER 

Inspiration (t venous return to right atrium) 

Hand grip (t afterload) 

Va Isa Iva (phase II), stand ing up (I pre load) 

Rapid squatting (t venous return, t preload, t afterload) 

EFFECT 

t intensity of right heart sounds 

Putmonic area: 
Systolic ejection murmur 

Pulmonic stenosis 
Atnal septal defect 
flow murmur 

t intensity of MR, AR, and VSD murmurs 

I hypertroph ic cardiomyopathy and AS murmurs 

MVP: later onset of cl ick/murmur 

I intensity of most murmurs (includ ing AS) 

t intensity of hypertrophic cardiomyopathy murmur 

MVP: earlier onset of dick/murmur 

I intensity of hypertrophic cardiomyopathy murmur 
t intensity of MR, AR, and VSD murmurs 

MVP: later onset of click/murmur 

Systolic hea rt sounds include the murmurs of aortic/pulmonic stenosis, mitral/tricuspid regurgitation, VSD, MVP, 

hypertrophic cardiomyopathy. 

Diastolic heart sounds include the murmurs of aortic/pu lmonic regurgitation, mitral/tricuspid stenosis. 



Heart murmurs 

Systolic 

Aortic stenosis 

Sl S2 

Mitral/tricuspid regurg itation 

Sl S2 

Mitral valve prolapse 

Sl MC S2 

I LMwvl 

Ventricular septal defect 

Sl S2 

Diastolic 

Aortic regurgitation 

Sl S2 

I lwm .... 
Mitral stenosis 

SI S2 OS 

CARDIOVASCULAR SECTION Ill 289 

Crescendo-decrescendo systolic ejection murmur and soft S2 (ejection click may 
be present). LV >>aortic pressure during systole. Loudest at hea rt base; radiates to 
carotids. "Pulsus parvus et tardus" - pulses are weak with a delayed peak. Can lead 
to Syncope, Angina, and Dyspnea on exertion (SAD). Most commonly due to age
related calc ification in older patients (> 60 yea rs old) or in younger patients with 
early-onset ca lc ification of bicuspid aortic valve. 

l lolosystolic, h igh-pitched "blowing murmu r." 
Mitra I- loudest at apex and radiates toward axilla. MR is often due to ischemic heart 

disease (post-Ml), MVP, LV d ilatation. 
Tricuspid- loudest at tricuspid area. TR commonly caused by RV di latation. 
Rheumatic fever and infective endocard itis can cause either MR or TR. 

Late systolic crescendo murmur with midsystolic c lick (MC) due to sudden tensing 
of chordae tend ineae (C hordae cause C rescendo with C lick). Most frequent 
valvu lar lesion. Best heard over apex. Loudest just before S2. Usually benign. Can 
predispose to infective endocard itis. Can be caused by myxomatous degeneration 
(I 0 or 2° to connective tissue disease such as Marfan or Ehlers-Danlos syndrome), 
rheumatic fever, chordae rupture. 

l lolosystolic, harsh-sounding murmur. Loudest at tricuspid area. 

Iligh-pitched "blowing" early diastolic decrescendo murmur. Long diastolic 
murmur, hyperdynamic pulse, and head bobbing when severe and chronic. Wide 
pulse pressure. Often due to aortic root di lation, bicuspid aortic va lve, endocarditis, 
rheumatic fever. Progresses to left l IF. 

I I L ....... 1111 

Follows opening snap (OS; due to abrupt halt in leaflet motion in diasto le, after 
rapid opening due to fusion at leaflet t ips). Delayed rumbling m id-to-late diastolic 
murmur (I interva l between S2 and OS correlates with t severity). LA>> LV 
pressure during diastole. 

Continuous 

Patent ductus arteriosus 

Sl S2 

Often a late (and h ighly specific) sequela of rheumatic fever. C hronic MS can 
resu lt in LA d ilatation - dysphagia/hoarseness via compression of esophagus/left 
recurrent laryngeal nerve, respectively. 

Continuous machine-like murmur. Best hea rd at left infraclavicula r area. Loudes t at 
S2. Often due to congeni ta l rubella or prematurity. 

"PDA's (P ublic D isplays of Affection) a re continuously annoying." 
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Myocardial action 
potential 

K' K' 

CARDIOVASCULAR 

K' 

Phase 0 = rapid upstroke and depolarization
voltage-gated Na+ channels open. 

Phase 1 = initial repolarization- inactivation of 
voltage-gated Na+ channels. Voltage-gated K+ 
channels begin to open. 

Phase 2 = plateau-Cal+ inAux through voltage
gated Ca2+ channels balances K+ efflux. Ca2+ 
inAux triggers Ca2+ release from sarcoplasmic 
reticulum and myocyte contraction. 

•1•t. • Extracellular 

Intracellular 

Phase 3 = rapid repolarization- massive K+ 
efflux due to opening of voltage-gated slow K+ 
channels and closure of voltage-gated Ca2+ 
channels. 

Pacemaker action 

potential 

Na' Myocyte 

In contrast to skeletal muscle: 

Phase 4 = resting potential-high K+ 
permeability th rough K+ channels. 

Also occurs in bundle of His and Purki nje 
fibers. 

• Cardiac muscle action potential has a plateau, which is due to Ca2+ inAux and K+ efAux. 
• Cardiac muscle contraction requires Ca2+ inAux from ECF to induce Ca2+ release from 

sarcoplasmic reticulum (Ca2+-induced Ca2+ release). 
• Cardiac myocytes are electrica lly coupled to each other by gap junctions. 

Occurs in the SA and AV nodes. Key differences from the ventricular action potential include: 

Phase 0 = upstroke- opening of voltage-gated Ca2+ channels. Fast voltage-gated Na+ channels are 
permanently inactivated because of the negative resting potentia l of these cells. Results in a slow 
conduction ve locity that is used by the AV node to prolong transmission from the atria to ventricles. 

Phases I and 2 are absent. 

Phase 3 = repolarization-inactivation of the Ca2+ channels and t activation of K+ channels - t 
K+ efflux. 

Phase 4 =slow spontaneous diastolic depolarization due to Ir ("funny current"). Ir channels 
responsible for a slow, mixed Na+/K+ inward current; different from IN

3 
in phase 0 of ventricular 

action potentia l. Accounts for automaticity of SA and AV nodes. T he slope of phase 4 in the SA 
node determines I IR. ACh/adenosine I the rate of diastolic depolarization and I HR, whi le 
catecholamines t depolarization and t I IR. Sympathetic stimulation t the chance that Ir channels 
are open and thus t IIR. 

0 

- 20 

J - 40 

- 60 

-80 

Ph.ast4 

lr(Nat and K•) 
>-----< 

lOOmsec 



Electrocardiogram 

Bundle of His 

Right bundle 
branch 

Purkinje fibers 

CARDIOVASCULAR SECTION Ill 291 

Conduction pathway: SA node - atri a 
- AV node - bundle ofll is - right and 
left bundle branches - Purkinje fi bers 
- ventricles; left bundle branch divides into 
left anterior and posterior fascicles. 

SA node- located at junction of RA and SVC; 
"pacemaker" inherent dominance with slow 

phase of upstroke. 
AV node-located in posteroinferior part of 

interatria l septum. Blood supply usually 
from RCA. 100-msec delay a llows time for 
ventricular fi ll ing. 

Pacemaker rates: SA> AV> bundle of ll is/ 
Purkinje/ventricles. 

Speed of conduction: Purkinje >atria > 
ventricles> bundle ofllis >AV node. 

Left bundle 
branch 

Left anteti0< 
fascicle 

Left posterior 
fascicle 

P wave- atria l depo lari zation. Atria l 
repolarization is masked by Q RS complex. 

PR interval-time from sta rt of atrial 
depolarization to start of ventricula r 
depolarization (normally < 200 msec). 

QRS complex- ventri cular depolarization 
(normally< 120 msec). 

QT interval - ventricula r depola ri zation, 
mechanica l contraction of the ventric les, 
ventricu la r repola ri zation. 

T wave- ventricular repolarization. T-wave 
inversion may indicate ischemia or recent Ml. 

J point- junction between end of QRS complex 
and start of ST segment. 

ST segment- isoelectric, ventricles depolarized. 
U wave- prominent in hypokalemia (think 

hyp"U"kalemia), bradycardia. 

R 

P-R 
segment 

s 
P·R OftS 

interval lnttrYat 

T T-1 - v-----

S-T 
segment 

0-T interval 

Smm 
..... -+l.O 

u _.-..._ 

+O.S 

0 mV 
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Torsades de pointes 

Congenital long QT 
syndrome 

Ill 

Polymorph ic ventricula r tachycardia, 
characterized by shifti ng sinusoidal waveforms 
on ECG; can progress to ventricular 
fibri llation (VF). Long QT interval 
predisposes to torsades de pointes. Caused 
b)' druus l K+ I M«2+ l Ca2+ congenita l b' 1 , C> 1 , 

abnormalities. Treatment includes magnesium 
sulfate. 

Inherited d isorder of myocardial repolarization, 
typically due to ion channel defects; t risk of 
sudden cardiac death (SCD) due to torsades de 
pointes. Includes: 
• Roma no-Ward syndrome-autosomal 

dominant, pure cardiac phenotype (no 
deafness). 

• Jervell and Lange-Nielsen syndrome

autosomal recessive, sensorineura l deafness. 

Drug-induced long QT (ABCDE): 
AntiArrhythmics (class IA, III) 
AntiBiotics (eg, macrol ides) 
Anti"C "ychotics (eg, haloperidol) 
AntiDepressants (eg, T CAs) 
AntiE metics (eg, ondansetron) 

Torsades de pointes = twisting of the points 

Brugada syndrome Autosomal dominant disorder most common in Asian males. ECG pattern of pseudo-right bund le 
branch block and ST elevations in Vi-V,_ t risk of ventricular tachyarrhythmias and SCD. Prevent 
SCD with implantable cardioverter-defibrillator (JCD). 

Wolff-Parkinson-White Most common type of ventricular pre-
syndrome excitation syndrome. Abnormal fast accessory 

conduction pathway from atria to ventric le 
(bundle of Kent) bypasses the rate-slowing 
AV node - ventricles begin to partially 
depolarize earlier - characteristic delta wave 
with widened QRS complex and shortened PR 
interva l on ECG. May result in reentry circuit 
- supraventr icular tachyca rdia. PR intervat 

1-1 Shorlened PR tnterval 
,__ _ _, Noimal PR interval 



ECG tracings 

RHYTHM 

Atria l fibrillation 

Atria l flutter 

Ventricular 

fibrillation 

AV block 

First-degree 

AV block 

Second-degree 

AV block 

Mobitz type I 
(Wenckebach) 

Mobitz type II 

Third-degree 

(complete) 

AV block 

CARDIOVASCULAR 

DESCRIPTION 

Chaotic and erratic baseline with no discrete P waves in between 
irregularly spaced QRS complexes. Irregularly irregular 
heartbeat. Most common risk factors include hypertension 
and coronary artery disease (CAD). Occasionally seen after 
binge drinking ("holiday heart syndrome"). Can lead to 
thromboembolic events, particularly stroke. 

Treatment includes anticoagulation, rate control, rhythm control, 
and/or cardioversion. 

A rapid succession of identical, back-to-back atrial depolarization 
waves. The identical appearance accounts for the "sawtooth" 
appearance of the Autter waves. 

Treat like atrial fibrillation. Definitive treatment is catheter 
ablation. 

A completely erratic rhythm with no identifiable waves. Fatal 
arrhythmia wi thout immediate CPR and defibrillation. 

The PR interval is prolonged (> 200 msec). Benign and 
asymptomatic. No treatment required. 

EXAMPLE 

SECTION Ill 293 

lrregu\ar baseline !absent P waves) 

4:1 sawtooth pattem 

No discernible rhythm 

Progressive lengthening of PR interval unti l a beat is "dropped" 
(a P wave not followed by a QRS complex). Usually 
asymptomatic. Variable RR interval wi th a pattern (regularly 
irregular). 

.____, 

Dropped beats that are not preceded by a change in the length of 
the PR interva l (as in type I). 

May progress to 3rd-degree block. Often treated with pacemaker. 

PR, 

'-' 
PR, 

PR1 < 

'-' 
PR, 

PR, Pwave, absent ORS li1 

.____, 
P wave, absent ORS CJ 

The atria and ventricles beat independently of each other. P waves and QRS complexes not rhythmically 
associated. Atrial rate > ventricular rate. Usually treated with pacemaker. Can be caused by Lyme 
disease. 

PPS = PP, 0 
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Atrial natriuretic 
peptide 

8-type (brain) 

natriuretic peptide 

CARDIOVASCULAR 

Released from atrial myocytes in response to t blood volume and atria l pressure. Acts via cGMP. 
Causes vasodilation and I Na+ reabsorption at the renal collecting tubule. D ilates afferent renal 
arterioles and constricts efferent arterioles, promoting diuresis and contributing to "aldosterone 
escape" mechanism. 

Released from ventricular myocytes in response to t tension. Similar physiologic action to ANP, 
with longer half-life. BNP blood test used for diagnosing IJF (very good negative predictive va lue). 
Ava ilable in recombinant form (nesiritide) for treatment of l IF. 

Baroreceptors and chemoreceptors Receptors: 

AFFERENT 

IX: 
Glossopharyngeal 

nerve 

Vagus 
netve 

Aortic--t::o::lll' 
chemoreceptor 

Aortic 
baroteceptor 

SAnode7 
AV 

EFFERENT 

/ Sympathetic 
chain 

I 
Parasympathetic 

vagus nerve 

Sympathetic 
nerves 

Aortic a rch transmits via vagus nerve to solitary nucleus of 
medu lla (responds to changes in BP). 
Carotid sinus (dilated region at carotid bifurcation) transmi ts via 
g lossopharyngeal nerve to solitary nucleus of medulla (responds 
to I and t in BP). 

Baro receptors: 
Ilypotension-1 arteria l pressure - I stretch - I afferent 
baroreceptor firing - t efferent sympathe tic firing and 
I efferent parasympathetic stimulation - vasoconstriction, 
t HR, t contracti lity, t BP. Important in the response to severe 
hemorrhage. 
Carotid massage-t pressure on carotid sinus - t stretch 
- t afferent baroreceptor firing - t AV node refrac tory period 

- j IJR. 
Component of C ushing reflex (triad of hypertension, 
bradycardia, and respiratory depression)- t intracra nia l 
pressure constricts arterioles - cerebra l ischemia - t pC02 
and I pl I - central reflex sympathetic t in perfusion pressure 
(hypertension) - t stretch - peripheral reflex baroreceptor
induced bradycard ia. 

Chemoreceptors: 
Peripheral- carotid and aortic bodies are stimulated by I Po2 
(< 60 mm Ilg), t Pco2, and I p ll of blood. 
Central-are stimulated by changes in pll and Pco2 of brain 
interstitia l flu id, which in tu rn a re influenced by arterial C02. 

Do not directly respond to Po2. 



Normal cardiac 
pressures 

Autoregulation 

ORGAN 

Heart 

Brain 

Kidneys 

Lungs 

Skeletal muscle 

Skin 

Capillary fluid 
exchange 

CARDIOVASCULAR 

Pulmonary capillary wedge pressure (PCWP; 
in mm Hg) is a good approximation of left 
atrial pressure. In mitral stenosis, PCWP > 
LV end diastol ic pressure. PCWP is measured 
with pulmonary artery catheter (Swan-Ganz 
cathe ter). 

SECTION Ill 295 

How blood Aow to an organ remains constant over a wide range of perfusion pressures. 

FACTORS OETERMINING AUTO REGULATION 

Local metabolites (vasodi latory): adenosine, 
NO, C02, I 0 2 

Local metabolites (vasodi latory): C02 (pII) 

Myogenic and tubuloglomerular feedback 

Hypoxia causes vasoconstriction 

Local metabolites during exercise: C0 2, IJ+, 
Adenosine, Lactate, K+ 

At rest: sympathetic tone 

Sympathetic stimulation most important 
mechanism for temperature control 

The pulmonary vasculature is unique in that 
alveolar hypoxia causes vasoconstriction so 
that only well-ventilated areas are perfused . In 
other organs, hypoxia causes vasodilation. 

C IIALK. 

Starling forces determine Au id movement through capi llary membranes: 
• Pc= capillary pressure- pushes Auid out of capi llary 
• P; =interstitial Auid pressure- pushes Auid into capillary 
• nc =plasma colloid osmotic (oncotic) pressure- pulls Au id into capillary 
• 1t; = interstitial Auid colloid osmotic pressure- pulls Auid out of capi llary 

Jv = net Au id Aow =Kr ((Pc - P;) - cr(nc - Tt;)) 
Kr= capillary permeability to Auid 
cr = reAection coefficient (measure of capillary permeability to protein) 
Edema- excess Auid outAow into interstitium commonly caused by: 

• t capillary pressure (t Pc; eg, IIF) 
• t capillary permeability (t Kr; eg, toxins, infections, burns) 
• t intersti tial Auid colloid osmotic pressure (t 1t;; eg, lymphatic blockage) 
• I plasma proteins (I 7tc; eg, nephrotic syndrome, liver fai lure, protein malnutrition) 

lntetstitium 

lntetstitium Net flow out 
of capillary 

Netftow into 
capillary 



296 SECTION Ill CARDIOVASCULAR 

Congenital heart diseases 

RIGHT-TO-LEFT SHUNTS 

Persistent truncus 
arteriosus 

D-transposit ion of 
great vessels 

Tricuspid atresia 

Tetra logy of Fallot 

Total anomalous 
pulmonary venous 
return 

Ebstein anomaly 

Early cyanosis-"blue babies." Often diagnosed 
prenatally or become evident immediately 
after birth. Usually requi re urgent surgical 
treatment and/or maintenance of a PDA. 

Truncus arteriosus fa ils to divide into 
pulmonary trunk and aorta due to fa ilure of 
aorticopulmonary septum formation; most 
patients have accompanying VSD. 

Aorta leaves RV (anterior) and pulmonary trunk 
leaves LV (posterior) - separation of systemic 
and pulmonary circulations. Not compatible 
with life unless a shunt is present to allow 
mixing of blood (eg, VSD, PDA, or patent 
foramen ovale). 

Due to fa ilure of the aorticopulmonary septum 
to spiral. 

Without surgical intervention, most infants die 
within the first few months of life. 

Absence of tri cuspid valve and hypoplastic RV; 
requires both ASD and VSD for viabi lity. 

Caused by anterosuperior displacement of the 
infundibular septum. Most common cause of 
early chi ldhood cyanosis. 

0 Pulmonary infundibular stenosis (most 
important determinant for prognosis) 

E) Right ventricular hypertrophy (RVI !) -
boot-shaped heart on CXR fi.1 

€) Overriding aorta 
o vso 
Pulmonary stenosis forces right-to-left flow 

across VSD - RVI I, "tet spel Is" (often 
caused by crying, fever, and exercise due to 
exacerbation of RV outflow obstruction). 

Pulmonary veins drain into right heart 
ci rculation (SVC, coronary sinus, etc); 
associated with ASD and sometimes PDA to 
allow for right-to-left shunting to maintain CO. 

Characterized by displacement of tricuspid 
va lve leaflets downward into RV, artificially 
"atria lizing" the ventricle. Associated with 
tricuspid regurgitation, accessory conduction 
pathways, and right-sided I IF. Can be caused 
by lithium exposure in utero. 

The 5 T's: 
1. Truncus arteriosus (1 vessel) 
2. Transposi tion (2 switched vessels) 
3. Tricuspid atresia (3 =Tri) 
4. Tetra logy of Fallot (4 =Tetra) 
5. TAPVR (5 letters in the name) 

Right 
ventricle 

Ventricular 
septum 

PROVe. 

left 
ventricle 

Squatting: t SVR, l right-to-left shunt, improves 
cyanosis. 

Associated with DiGeorge syndrome. 
Treatment: early surgical correction. 
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Congenital heart diseases (continued) 

LEFT-TO-RIGHT SHUNTS 

Ventricular septal 
defect 

Atria l septal defect 

Patent ductus 
arteriosus 

Eisenmenger 
syndrome 

OTHER ANOMALIES 

Coarctation of the 
aorta 

Acyanotic at presentation; cyanosis may occur 
years later. 

Most common congenita l cardiac defect (lJ. 
A5ymptomatic at birth, may manifest weeks 
later or remain asymptomatic throughout life_ 
Most se lf resolve; larger lesions may lead to LV 
overload and IIF. 

Defect in interatria l wide, fixed spl it 
S2. Ostium secundum defects most common 
and usually an isolated finding; ostium 
primum defects rarer and usua lly occur 
with other cardiac anomalies. Symptoms 
range from none to l IF. Dist inct from patent 
foramen ovale in that septa are missing tissue 
rather than unfused. 

In feta l period, shunt is righ t to left (normal). 
In neonatal period, I pulmonary vascular 
resistance - shunt becomes left to right 
- progressive RVII and/or LV!l and IIF 

A5sociated with a continuous, "machine-like" 
murmur. Patency is mainta ined by PGE 
synthesis and low Oz tension. Uncorrected 
PDA [!J can eventually result in late cyanosis 
in the lower extremities (d ifferential cyanosis). 

Uncorrected left-to-right shunt (VSD, ASD, 
PDA) - t pulmonary blood Aow - pathologic 
remodel ing of vasculature - pulmonary 
arteria l hypertension. RV! I occurs to 
compensate - shunt becomes right to 
left. Causes late cyanosis, clubbing 0 , and 
polycythemia. Age of onset varies. 

Right-to-Left shunts: eaRLy cyanosis. 
Left-to-Right shunts: "LateR" cyanosis. 

Oz saturation t in RV and pulmonary artery 
Frequency: VSD > ASD > PDA. 

Oz saturation t in RA, RV, and pulmonary 
artery. May lead to paradoxical emboli 
(systemic venous emboli use ASD to bypass 
lungs and become systemic arteria l emboli). 

A5sociated with Down syndrome. 

"Endomethacin" (indomethacin) ends patency 
of PDA; PG E keeps ductus G oing (may be 
necessary to susta in life in conditions such as 
transposition of the great vesse ls). 

PDA is normal in utero and normally closes only 
after birth . 

Aortic narrowing I] near insertion of ductus arteriosus ("juxtaductal"). A5sociated wi th bicuspid 
aortic va lve, other hea rt defects, and Turner syndrome. I lypertension in upper extremities and 
weak, delayed pulse in lower extremi ties (brachia I-femoral delay). With age, intercosta l a rteries 
enlarge due to collateral c ircu lation; arteries erode ribs - notched appearance on CXR. 

Complications include I IF, t risk of cerebra l hemorrhage (berry aneurysms), aortic rupture, and 
possible endocarditis. 



298 SECTION Ill 

Congenital cardiac 
defect associations 

Hypertension 

RISK FACTORS 

FEATURES 

PREDISPOSES TD 

CARDIOVASCULAR 

DISORDER 

Alcohol exposure in utero (feta l a lcohol 
syndrome) 

Congenita l rubella 

Down syndrome 

Infant of diabetic mother 

Marfan syndrome 

Prenatal lithium exposure 

Turner syndrome 

Will iams syndrome 

22q 11 syndromes 

DEFECT 

VSD, PDA, ASD, tetra logy ofFallot 

PDA, pulmonary artery stenosis, septa l defects 

AV septa! defect (endocard ia l cushion defect), 
VSD,ASD 

Transposition of great vessels, VSD 

MVP, thoracic aortic aneurysm and d issection, 
aortic regurgitation 

Ebstein anomaly 

Bicuspid aortic va lve, coarctation of aorta 

Supravalvula r aortic stenosis 

Truncus arteriosus, tetra logy of Fallot 

Persistent systolic BP > 130 mm Ilg and/or d iastolic BP > 80 mm Ilg. 

t age, obesity, diabetes, physical inactivity, excess salt intake, excess alcohol intake, c iga rette 
smoking, fam ily h istory; African American> Caucasian> Asian. 

903 of hypertension is 1° (essential) and related to t CO or t TPR. Remaining 103 mostly 2° 
to renal/renovascular diseases such as fibromuscu lar dysplasia (charac teristic "string of beads" 
appearance of renal artery r;J, usua lly seen in women of chi ld-bearing age) and atherosclerotic 
rena l artery stenosis or to 1° hypera ldosteronism. 

Hypert ensive 120 mm Ilg) hypertension without acute end-organ 
damage. 

Hypert ensive emergency- severe hypertension with evidence of acute end-organ damage (eg, 
encephalopathy, stroke, retinal hemorrhages and exudates, papilledema, Ml, IIF, aortic dissection, 
kidney injury, microangiopathic hemolytic anemia, eclampsia). 

CAD, LV! I, IIF, atria l fibrillation; aortic dissection, aortic aneurysm; stroke; CKD (hypertensive 
nephropathy); retinopathy. 



Hyperlipidemia signs 

Xanthomas 

Tendinous xanthoma 

Corneal arcus 

Arteriosclerosis 

Arteriolosclerosis 

Monckeberg sclerosis 
(medial calcific 
sclerosis) 

CARDIOVASCULAR CARDIOVASC ULAR-PATHOLOGY SECTION Ill 299 

Plaques or nodules composed of lipid-laden his tiocytes in skin f.i), especially the eyelids 
(xan thelasma CiJ). 

Lipid deposit in especially Achilles. 

Lipid deposit in cornea. Common in elderly (arcus seni lis [!]), but appears earlier in life with 
hypercholesterolemia. 

Hardening of arteries, wi th arterial wall th ickening and loss of elasticity. 
- . 

Common. Affects small arteries and arterioles. Two types: hyal ine (th ickening of vesse l walls in 
essential hypertension or diabetes mell itus a) and hyperplastic ("onion skinning" in severe 
hypertension a with proliferation of smooth muscle cells). 

Uncommon. Affects medium-sized arteries. Calcification of internal elastic lamina and media of 
arteries - vascular stiffening without obstruction. "Pipestem" appearance on x-ray Does not 
obstruct blood Aow; intima not involved. 
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Atherosclerosis 

LOCATION 

RISK FACTORS 

SYMPTOMS 

PROGRESSION 

COMPLICATIONS 

Aortic aneurysm 

Abdominal aortic 

aneurysm 

:Ai 
.. , . 

I 

\ Liver Sp-

' 

t '.r-_ .• / ...., _ 

Thoracic aortic 

aneurysm 

Traumatic aortic 
rupture 

'l< 

CARDIOVASCULAR 

Very common. D isease of elastic arteries and large- and med ium-sized muscular arteries; a form of 
arteriosclerosis caused by bui ldup of cholesterol plaques. 

Abdomina l aorta> coronary a rtery> poplitea l a rtery> carotid artery fl. 
"After I workout my abs, I grab a Corona and pop my collar up to my carotid." 

Modifiable: smoking, hypertension, dyslipidemia (t LDL, I I IDL}, d iabetes. Non-modifiable: age, 
sex (t in men and postmenopausal women), fam ily history. 

Angina, claudication, but can be asymptomatic. 

Inflammation important in pathogenesis: endothe lial cell dysfunction - macrophage and LDL 
accumulation - foam cell formation - fatty streaks - smooth muscle cell m igration (involves 
PDCF and FCF}, proliferation, and extracellu lar matrix deposition - fibrous plaque - complex 
atheromas Cl 

Aneurysms, ischemia, infa rcts, periphera l vascu lar d isease, th rombus, emboli. 

Localized pathologic d ilatation of the aorta . May cause abdomina l and/or back pain, which is a 
sign of leaking, d issection, or imminent rupture. 

. . 

with atherosclerosis. Risk factors include history of tobacco use, t age, male sex, fami ly 
history. May present as pa lpable pulsati le abdominal mass (arrows in fl point to outer d ilated 
calci fied aortic wall, with partial crescent-shaped non-opacification of aorta due to Rap/clot). Most 
often infrarenal (dista l to origin of renal arteries). 

with cystic media l degeneration. Risk factors include hypertension, bicusp id aortic 
va lve, connec tive tissue disease (eg, Marfan syndrome). Also associated with 3° syphi lis 
(obliterative e ndarteritis of the vasa vasorum). Aortic root di latation may lead to aortic va lve 
regurgitation. 

Due to trauma and/or deceleration injury, most commonly at aortic isth mus (proximal descend ing 
aorta just d istal to origin of left subclavian artery). X-ray may reveal widened medias tinum. 



Aortic dissection 
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Longitudinal intimal tear form ing a fa lse lumen. As.5ociated with hypertension, bicuspid aortic 
va lve, inherited connective tis.sue disorders (eg, Marfan syndrome). Can present with tea ri ng, 
sudden-onset chest pain radiating to the back +/- marked ly unequa l BP in arms. CXR can show 
mediastinal widening. Can result in organ ischemia, aortic rupture, death. Two types: 
• Stanford type A (proximal): involves Ascending aorta (red arrow in a). May extend to aortic 

arch or descend ing aorta (blue arrow in r;J). May resu lt in acute aortic regurgitation or card iac 
tamponade. T reatment: surgery. 

• Stanford type B (d ista l): involves only descend ing aorta (Below left subclavian artery). Treat 
medica lly with then vasodilators. 

lsche mic heart disease manifestations 

Angina 

Coro na ry steal 
syndrome 

Sudden cardiac death 

Chronic ischemic 
heart d isease 

Myocardial infarction 

Chest pain due to ischemic myocard ium 2° to coronary a rtery narrowing or spasm; no myocyte 
necrosis. 
• Stable-usually 2° to 703 occlusion); exertional chest pain in classic 

d istribution (usually with ST depression on ECG), resolving with rest or n itroglycerin. 
• Vasospastic (a lso known as Prinzmeta l or Variant)- occurs at rest 2° to coronary artery 

spasm; tra nsient ST elevation on ECG. Smoking is a risk factor; hypertension a nd 
hypercholesternlemia are not. Triggers inc lude cocaine, a lcohol, and triptans. T reat with Ca2+ 

channel blockers, nitrates, and smoking cessation (if applicable). 
• Unstable- th rombosis with incomplete coronary artery occlusion; +/- ST depression and/or 

T-wave inversion on ECG but no cardiac biomarker elevation (un like NSTEMI); t in frequency 
or intensity of chest pa in or any chest pain at rest. 

Dista l to cornnary stenosis, vessels are maximally d ilated at basel ine. Administration of vasodilators 
(eg, dipyridamole, regadenoson) di lates normal ves.5els - blood is shunted toward well-perfused 
areas - ischemia in myocardium perfused by stenosed vessels. Principle behind pharmacologic 
stress tests with coronary vasodilators. 

Death from cardiac causes with in I hour of onset of symptoms, most commonly due to a lethal 
arrhythmia (eg, VF). A5sociated wi th CAD (up to 703 of cases), card iomyopathy (hypertrophic, 
d ilated), and hereditary ion channelopathies (eg, long QT syndrome, Brugada syndrome). Prevent 
with !CD. 

Progressive onset of I IF over many years due to chron ic ischemic myocardia l damage. 

Most often due to rupture of cor<>nary artery atherosclerotic plaque - acute thrombosis. t cardiac 
biomarkers (CK-MB, troponins) are diagnostic. 

No n-ST-segment elevation Ml (NSTEMI) ST-segment elevation Ml (STEMI) 

Subendocard ial infarcts 
Subendocard ium (inner Yi) especially 

vu lnerable to ischemia 
ST depression on ECG 

Tra nsmural infarcts 
Full thickness of myocard ial wa ll involved 

ST elevation, Q waves on ECG 
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Evolution of 
myocardial infarction 

TIME 

0-24 hr 

1-3 days 

3-14 days 

2 weeks to several 
months 

CARDIOVASCULAR 

Commonly occluded coronary arteries: LAD> RCA> ci rcumAex. 
Symptoms: d iaphoresis, nausea, vomiting, severe retrosterna l pa in, pain in left a rm and/or jaw, 

shortness of breath, fatigue. 

GROSS 

None 

-T--Recanalized 
artery 

Gray-white 
scar 

LIGHT MICROSCOPE 

Early coagulative necrosis, 
release of necrotic eel I 
contents into blood; edema, 
hemorrhage, wavy fibers. 
Neutroph ils appea r. 

Reperfusion injury, 
associated with generation 
of free rad ica Is, leads to 
hypercontraction of myofibrils 
through t free calcium in Aux. 

COMPLICATIONS 

Ventricular arrhythmia, ! IF, 
cardiogenic shock. 

Extensive coagulative necrosis. Postinfarction fi brinous 
Tissue surround ing infarct pericard itis. 

shows acute in Aammation 
with neutrophils. -

Macrophages, then granu lation 
tissue at margins. 

Contracted scar complete. 

Free wall rupture - tamponade; 
papillary muscle rupture 
- m itral regurgitation; 
interventricular septal rupture 
due to macrophage-mediated 
structural degradation. 

LV pseudoaneurysm (risk of 
rupture). 

Dressler syndrome, HF, 
arrhythmias, true ventricular 
aneurysm (risk of mural 
thrombus). 



Diagnosis of 
myocardial infarction 

ECG localization of 
STEMI 
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In the first 6 hours, ECG is the gold standard. 
Cardiac troponin I rises after 4 hours (peaks 

at 24 hr) and is t for 7- 10 days; more specific 
tha n other protein markers. 

CK-MB rises after 6- 12 hours (peaks at 
16- 24 hr) and is predominantly found 
in myocard ium but can a lso be released 
from skeletal muscle. Usefu l in d iagnosing 
reinfarction following acu te Ml because levels 
return to normal after 48 hours. 

Large Mis lead to greater e levations in troponin 
I and CK-MB. Exact curves vary with testing 
procedure. 

ECG changes can include ST elevation 
(STEMI, transmura l infa rct), ST depression 
(NSTEMI, subendocardial infarct), 
hyperacute (peaked) T waves, T-wave 
invers ion, new left bundle branch block, and 
pathologic Q waves or poor R wave progression 
(evolving or old transmura l infarct). 

INFARCTLOCATION 

Anteroseptal (LAD) 

Anteroapical (distal LAD) 

Anterolatera l (LAD or LCX) 

Lateral (LCX) 

lnFerior (RCA) 

Posterior (PDA) 

2345678 
Days alter Ml onset Ii! 

LEA OS WITH ST ELEVATIONS OR Q WAVES 

Vt- Vz 

V3- V4 

VS- \16 

I, aVL 

II, Ill, aVF 

V1 V9, ST depression in V1- V3 with ta ll R waves 
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Myocardial infarction complications 

Cardiac arrhythmia Occurs within the fi rst few days after MI. Important cause of death before reach ing the hospital 

Postinfarction 
fibrinous pericarditis 

Papillary muscle 
rupture 

lnterventricular septal 
rupture 

Ventricular 
pseudoaneurysm 
formation 

Ventricular free wall 
rupture 

True ventricular 
aneurysm 

Dressler syndrome 

LV failure and 

pulmonary edema 

Acute coronary 
syndrome treatments 

and with in the fi rst 24 hours post-MI. 

1- 3 days: friction rub. 

2- 7 days: posteromedial papi llary muscle rupture rJ t risk due to single blood supply from pos terior 
descending artery. Can result in severe mi tral regurgitation. 

3- 5 days: macrophage-mediated degradation - VSD - t 0 2 saturation and pressure in RV. 

3- 14 days: free wall rupture conta ined by adherent pericardium or scar tissue I]; l CO, risk of 
arrhythmia, embolus from mura l th rombus. 

5- 14 days: free wall rupture B - card iac tamponade. LV hypertrophy and previous MI protect 
against free wall rupture. Acute form usually leads to sudden death. 

2 weeks to severa l months: outward bu lge with contraction ("dyskinesia"), associated with fibrosis. 

Severa l weeks: autoimmune phenomenon resu lting in fibrinous pericarditis. 

Can occur 2° to LV infarction, VSD, free wall rupture, papillary muscle rupture with m itral 
regurgitation. 

Unstable angina/ NSTEMl - Anticoagulation (eg, heparin), antiplate let therapy (eg, aspirin) 
+ADP receptor inhibitors (eg, dopidogrel), ACE inh ibitors, stati ns. Symptom control 
with n itroglycerin and morphine. 

STEMl-In add ition to above, reperfusion therapy most important (percutaneous coronary 
intervention preferred over fi brinolysis). 
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Cardiomyopathies 

Dilated 
cardiomyopathy 

Hypertrophic 
obstructive 
cardiomyopathy 

Restrictive/infi ltrative 
cardiomyopathy 
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Most common cardiomyopathy (90% of cases). 
Often idiopathic or fami lia l. Other etiologies 
include chronic Alcohol abuse, wet Beriberi, 
Coxsackie B viral myocarditis, chronic 
Cocaine use, C hagas disease, Doxorubicin 
toxicity, hemochromatosis, sarcoidosis, 
thyrotoxicosis, peripartum cardiomyopathy. 

Findings: IIF, S3, systolic regurgi tant murmur, 
dilated heart on echocardiogram, balloon 
appearance of heart on CXR. 

Treatment: Na+ restriction, ACE inhibitors, 
diuretics, digoxin, ICD, heart 

transplant. 

60- 70% of cases are fami lia l, autosomal 
dominant (most commonly due to mutations 
in genes encoding sarcomeric proteins, such 
as myosin binding protein C and 
heavy chain). Causes syncope during exercise 
and may lead to sudden death (eg, in young 
ath letes) due to ventricular arrhythmia. 

Findings: S4, systolic murmu r. May see mitral 
regurgitation due to impaired mitral va lve 
closure. 

Treatment: cessation of high-intensi ty ath letics, 
use of or non-dihydropyridine Ca2+ 
channel blockers (eg, verapamil). ICD if 
patient is high risk. 

Postrad iation fibrosis, LofAer endocarditis, 
Endocardial fibroelastosis (thick fi broelastic 
tissue in endocardium of young children), 
Amyloidosis, Sarcoidosis, Ilemochromatosis 
(although di lated cardiomyopathy is more 
common) (Puppy LEASH). 

Leads to systolic dysfunction. 
Dilated cardiomyopathy Pl displays eccentric 

hypertrophy (sarcomeres added in series). 
ABCCCD. 
Takotsubo cardiomyopathy: broken heart 

syndrome- ventricular apical ballooning likely 
due to increased sympathetic stimulation (eg, 
stressful situations). 

Diastolic dysfunction ensues. 
Marked ventricular concentric hypertrophy 

(sarcomeres added in parallel) 11'1, often septal 
predominance. Myofibrillar disarray and 
fi brosis. 

Physiology of l IOCM- asymmetric septa I 
hypertrophy and sys tolic anterior motion of 
mitra l valve - outAow obstruction - dyspnea, 
possible syncope. 

Other causes of concentric LV hypertrophy: 
chronic I!TN, Friedreich ataxia. 

Diastolic dysfunction ensues. Can have low
voltage ECG despite thick myocardium 
(especially in amyloidosis). 

Loffier endocarditis- associated with 
hypereosinophilic syndrome; histology shows 
eosinophil ic infiltrates in myocardium. 



306 SECTION Ill 

Heart failure 

Left heart failure 

Orthopnea 

Paroxysmal 
nocturnal dyspnea 

Pulmonary edema 

Right heart fa ilure 

Hepatomegaly 
(nutmeg liver) 

Jugular venous 
distention 

Peripheral edema 

HFrEF 

HFpEF 

Volume(ml ) 

CARDIOVASCULAR 

Clinical syndrome of cardiac pump dysfunction - congestion and low perfus ion. Symptoms 
include dyspnea, orthopnea, fatigue; signs include S3 hea rt sound, rales, jugular venous distention 
(JVD), pitting edema f'J. 

Systolic dysfunction- reduced EF, t EDV; I contracti lity often 2° to ischemia/MI or di lated 
card iomyopathy. 

Diastolic dysfunction- preserved EF, norma l EDV; I compliance (t EDP) often 2° to myocard ia l 
hypertrophy. 

Right I IF most often results from left I IF. Cor pulmonale refers to isolated right l IF due to 
pu lmonary cause. 

ACE inh ibitors or angiotensin lI receptor blockers, (except in acute decompensated I IF), 
and sp ironolactone I mortality. Thiazide or loop diuretics are used main ly for symptomatic relief. 
Hydra lazine with n itrate therapy improves both symptoms a nd morta lity in select patients. 

Shortness of breath when sup ine: t venous return from redistribu tion of blood (immediate gravity 
effect) exacerbates pu lmonary vascu lar congestion. 

Breathless awakening from sleep: t venous return from redistribution of blood, reabsorption of 
periphera l edema, e tc. 

t pulmonary venous pressure - pulmona ry venous distention and transudation of Au id. Presence 
of hemosiderin-laden macrophages ("llF" cells) in lungs. 

t centra l venous pressure - t resistance to porta l Aow. Rarely, leads to "card iac cirrhosis." 

t venous pressure. 

t venous pressure - Auid transudation. 

Impaired gas 
exchange 

Pulmonary venous 
congestion 

l 
,--

Pulmonary 
edema 

Pefipheral 
edema 

.I. LV contractitity 

.I. RV output 

r 
t systemic 

venous 
pressure 

.I. cardiac 
output 

! 
t RAAS 

i 
1 t renal Na• 

+-I and H20 
reabsorption 

t preload 

j 
+- t sympathetic activity 

l 
t LV contractility 

L t cardiac output 
(compensation) 

J 



Shock 

Hypovolemic shock 

Cardiogenic shock 

Obstructive shock 

Distributive shock 

Bacterial endocarditis 
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Inadequate organ perfusion and delivery of nutrients necessary for normal t issue and cellular 
function. Initially may be reversible but life threatening if not treated promptly. 

PCWP SVR 

CAUSED BY SKIN (PRELOAO) co (AFTERLOAO) TREATMENT 

Hemorrhage, dehydration, Cold, II IVAuids 
burns clammy 

Acute Ml, IIF, va lvu lar lnotropes, diures is 
dysfunction, arrhythmia 

Cold, 
t od 11 

Cardiac tamponade, clammy 

pu lmonary embolism, 
tension pneumothorax 

Sepsis, anaphylaxis Warm 

CNS injury Dry 

Acute- S aureus (h igh viru lence). Large 
vegetations on previously normal va lves a. 
Rapid onset. 

Subacute- viridans streptococci (low 
vi rulence). Smaller vegetations on congenitally 
abnormal or d iseased va lves. Sequela of denta l 
procedures. Gradual onset. 

Symptoms: fever (most common), new murmur, 
Roth spots (round white spots on retina 
surrounded by hemorrhage ti), Osler nodes 
(tender ra ised lesions on fi nger or toe 
due to immune complex deposition), Janeway 
lesions (small, painless, erythematous lesions 
on palm or sole) [!J, spl inter hemorrhages 0 
on nail bed. 

A5sociated with glomerulonephritis, septic 
arteria l or pulmonary emboli. 

May be nonbacterial (marantic/thrombotic) 2° 
to malignancy, hypercoagulable state, or lupus. 

II 
II 

'I Bacteria FROM JANE 'I: 
Fever 
Roth spots 
Osler nodes 
M urmur 
Janeway lesions 
Anemia 
Na il-bed hemorrhage 
E mboli 

Relieve obstruction 

IV Au ids, pressors, 
epinephrine 
(anaphylaxis) 

Req uires multiple blood cultures for d iagnosis. 
If culture 8, most likely Coxiella bumetti, 

Bartone/la spp, I IACEK (l laemophilus, 
Aggregatibacter [formerly Actinobaci//us], 
Cardiobacterium, Eikenella, Kingella). 

Mitra l valve is most frequently involved. 
Tricuspid va lve endocard itis is associated with 

IV drug abuse (don't "tri" drugs). A5sociated 
with S aureus, Pseudomonas, and Candida. 

S bovis (gallolyticus) is present in colon cancer, 
S epidermidis on prosthetic valves. 
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Rheumatic fever 

Acute pericarditis 

CARDIOVASCULAR 

A consequence of pharyngeal infection with 
group A st reptococci. Late 
sequelae include rheumatic heart disease, 
which affects heart valves- m itral > aortic>> 
t ricuspid (high-pressure valves affected most). 
Early lesion is mitra l valve regurg itation; late 
lesion is mitra l stenosis. 

with Aschoff bodies (granuloma with 
giant cells [blue a rrows in rJ]), Anitschkow 
cells (en larged macrophages with ovoid, wavy, 
rod-like nucleus (red arrow in rJ]), t anti
streptolysi n 0 (ASO) titers. 

Immune mediated (type II hypersensitivity); 
not a d irect effect of bacteria. Antibodies 
to M protein cross-reac t with self antigens 
(Molecular M imicry). 

Treatment/prophylaxis: penici II in . 

J¥NES (major criteria): 
Joint (migratory polyarthritis) 
• (carditis) 
Nodules in ski n (subcutaneous) 
E rythema marg inatum (evanescent rash with 

ri ng margin) 
Sydenham chorea 

Inflammation of the pericardium [rJ, red arrows]. Commonly presen ts with sharp pain, aggravated 
by inspiration, and relieved by sitti ng up and leaning forward. Often complicated by peri card ia I 
effusion [between yellow arrows in aJ. Presents with friction rub. ECG changes include 
widespread ST-segment elevation a nd/or PR depress ion. 

Causes inc lude idiopathic (most common; presumed vira l), confirmed infection (eg, 
coxsackievirus B), neoplasia, autoimmune (eg, SLE, rheumatoid arthritis), uremia, ca rdiovascular 
(acute STEMI or Dressler synd rome), radiation therapy. 

Treatment: NSAIDs, colchicine, and/or glucocorticoids. 
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Myocarditis 

Cardiac tamponade 

Syphilitic heart 
disease 
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Inflammation of myocard ium - global enlargement of heart and dilation of all chambers. Major 
cause of SCD in adu lts< 40 years old. 

Presentation h ighly variable, can include dyspnea, chest pa in, fever, arrhythmias (persistent 
tachycardia ou t of proportion to fever is characteristic). 

Multiple causes: 
• Viral (eg, adenovirus, coxsackie B, pa rvovirus Bl9, HIV, IIHV-6); lymphocytic infi ltrate with 

focal necrosis h ighly indicative of viral myocard itis. 
• Parasitic (eg, Trypanosoma cru:zi, Toxoplasma gondii) 
• Bacteria l (eg, Borrelia burgdorferi, Mycoplasma pneumoniae) 
• Toxins (eg, carbon monoxide, black widow venom) 
• Rheumatic fever 
• Drugs (eg, doxorubicin, cocaine) 
• Autoimmune (eg, Kawasa ki disease, sa rcoidosis, SLE, polymyositis/dermatomyositis) 

Complications include sudden death, arrhythmias, heart block, d ilated cardiomyopathy, HF, mural 
thrombus with systemic emboli. 

Compress ion of the heart by flu id (eg, blood, effusions [arrows in r.JJ in pericardia I space) - I CO. 
Equilibration of d iastolic pressures in all 4 chambers. 
Findings: Beck tr iad (hypotension, d istended neck veins, d istant heart sounds), t HR, pulsus 

paradoxus. ECG shows low-voltage QRS and electrical a lternans [lJ (due to "swinging" movement 
of heart in large effusion). 

Pulsus paradoxus- 1 in ampl itude of systolic BP by> lO mm Ilg during inspiration. Seen in 
card iac tamponade, asthma, obstructive sleep apnea, pericarditis, croup. 

3° syph ilis d isrupts the vasa vasorum of the 
aorta wi th consequent atrophy of vessel wall 
and d ilatation of aorta a nd va lve ring. 

May see calci fication of aortic root, ascending 
aortic arch, and thoracic aorta. Leads to " tree 
bark" appearance of aorta. 

Can result in aneurysm of ascending aorta or 
aortic arch, aortic insufficiency. 
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Vasculitides 

Large-vessel vasculitis 

Giant ce ll (temporal) 

arterit is 

Takayasu art erit is 

Medium-vessel vasculitis 

Buerger disease 
(thromboangiit is 

obliterans) 

Kawasaki disease 
(mucocutaneous 

lymph node 
syndrome) 

Polyarterit is nodosa 

Small-vessel vasculitis 

syndrome 

Cutaneous small

vessel vascul itis 

CARDIOVASCULAR 

EPIOEMIOLOGY/PRESENTATION 

Usua lly elderly females. 
Unilatera l headache, possible temporal artery 

tenderness, jaw claudication. 
May lead to irreversible blind ness due to 

ophthalmic artery occlusion. 
A5sociated with polymyalgia rheumatica. 

Usua lly As ian fema les< 40 years old. 
"Pulse less disease" (weak upper extremity 

pu lses}, fever, night sweal5, arthritis, myalgias, 
sk in nodu les, ocu lar disturbances. 

Heavy smokers, males < 40 years old. 
Interm ittent c laud ication. May lead to 

autoamputation of digits, 
superficia l nodu lar phlebitis. 

Raynaud phenomenon is often present. 

A5ian children< 4 yea rs o ld. 
C onjunctiva! injection, Rash (polymorphous 

- desquamating), Adenopathy (cervical), 
Strawberry tongue (ora l mucositis) l!J, Ila nd
foot changes (edema, erythema}, fever. 

Usua lly middle-aged men. 
Hepatitis B seropositivity in 303 of patients. 
Fever, weight loss, malaise, headache. 
CI: abdomina l pa in, melena. 
Hypertension, neurologic dysfunction, 

cutaneous eruptions, renal damage. 

High incidence in people ofTurkish and eastern 
Mediterranean descent. 

Recurrent aphthous u lcers, genital u lcerations, 
uve itis, erythema nodosum. Can be 
precipitated by I ISV or parvovirus. F lares last 
1- 4 weeks. 

Occurs 7-10 days after certa in medications 
(penicill in, cepha losporins, phenytoin, 
allopurinol) or infections (eg, llCV, lllV). 

Palpable purpura, no visceral involvement. 

PATHOLOGY/LABS 

Most commonly affects branches of carotid 
artery. 

Focal granulomatous in Aammation f'J. 
t ESR. 
Treat wi th h igh-dose corticosteroids prior to 

tempora l artery biopsy to prevent blindness. 

Cranulomatous th ickening and narrowing of 
aortic arch and prox imal great vessels a. 

t ESR. 
Treat with corticosteroids. 

Segmental th rombosing vascu litis with vein and 
nerve involvement. 

Treat wi th smoking cessation. 

CRASH and burn. 
May develop coronary artery aneurysms 0 ; 

thrombosis or rupture can cause death. 
Treat wi th IV immunoglobulin and aspirin. 

Typically invo lves renal a nd viscera l vesse ls, not 
pu lmonary arteries. 

Tra nsmural inAammation of the arteria l wall 
with libri no id necros is. 

Different stages of in Aammation may coexist in 
d ifferent vessels. 

Innumerable renal microaneurysms Ii and spasms 
on arteriogram. 

Treat wi th corticosteroids, cyclophosphamide. 

Immune complex vascu litis. 
A5sociated with l ILA-BS L 

Immune complex- mediated leukocytoclastic 
vasculitis; late involvement ind icates systemic 
vasculitis. 



CARDIOVASCULAR CARDIOVASC ULAR-PATHOLOGY SECTION Ill 311 

Vasculit ides (continued) 

EPIDEMIOLOGY/PRESENTATION 

Small-vessel vasculitis (continued) 

Eosinophil ic 

granulomatosis with 
polyangiitis (Churg
Strauss) 

Granulomatosis 
with polyangiitis 
(Wegener) 

lmmunoglobulin A 
vascul itis 

Microscopic 
polyangiitis 

Mixed 
cryoglobul inemia 

Asthma, sinusi tis, skin nodu les or purpura, 
periphera l neuropathy (eg, wrist/foot drop). 

Can also involve heart, C I, kid neys (pauci
immune glomerulonephritis). 

Upper respiratory tract: perforation of nasal 
septum, chronic sinusitis, otitis media, 
mastoid it is. 

Lower respiratory trac t: hemoptysis, cough, 
dyspnea. 

Renal: hematuria, red cell casts. 

Also known as llenoch-Schiinlein purpura. 
Most common childhood systemic vascu litis. 
Often follows URL 
Classic triad: 

• Skin: pa lpable purpura on buttocks/legs D 
• Arth ralgias 
• C l: abdomina l pa in (associated with 

intussusception) 

Necrotizing vasculitis commonly involving 
lung, kidneys, a nd skin with pauci-immune 
glomerulonephritis and palpable purpura . 
Presentation sim ilar to granu lomatosis with 
polyang iitis but without nasopharyngeal 
involvement. 

Often due to vira l infections, especia lly llCV. 
Triad of pa lpable purpura, weakness, a rth ra lgias. 
May a lso have peripheral neuropathy and renal 

d isease (eg, glomerulonephritis). 

PATHOLOGY/LABS 

Cranulomatous, necrotizing vasculitis with 
eosinophil ia l!I. 

MPO-ANCA/p-ANCA, t lgE level. 

Triad: 
• Focal necrotizing vascu litis 
• Necrotizing granu lomas in lu ng a nd upper 

ai rway 
• Necrotizing glomeru lonephritis 

PR3-ANCA/c-ANCA m (anti-proteinase 3). 
CXR: large nodu lar densities. 
Treat with cyclophosphamide, corticosteroids. 

Vasculitis 2° to IgA immu ne complex 
deposition. 

Associated wi th lgA nephropathy (Buerger 
d isease). 

No granu lomas. 
MPO-ANCA/p-ANCA 0 (anti

myeloperoxidase). 
Treat with cyclophosphamide, corticosteroids. 

Cryoglobulins are immu noglobu lins that 
precipitate in the cold. 

Vasculitis due to mixed lgC and IgA immune 
complex deposition. 
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Cardiac tumors 

Myxomas 

Al 
'C' RV 

RA LV 
(. LA 

• '4 Ao 

Rhabdomyomas 

Kussmaul sign 

Hereditary 
hemorrhagic 
telangiectasia 

' 

'l< 

CARDIOVASCULAR 

Most common heart tumor is a metastasis (eg, melanoma). 

Most common I 0 cardiac tumor in adults (arrows in rJ). 903 occur in the atria (mostly left atrium). 
Myxomas are usually described as a "ball va lve" obstruction in the left atrium (associated wi th 
multiple syncopal episodes). IL-6 production by tumor - constitutional symptoms (eg, fever, 
weight loss). May auscultate early diastolic "tumor plop" sound. I listology: gelatinous material, 
myxoma cells immersed in glycosaminoglycans. 

Most frequent 1° cardiac tumor in children (associated with tuberous sclerosis). I listology: 
hamartomatous growths. 

t in JVP on inspiration instead of a normal 1. 
Inspiration - negative intrathoracic pressure not transmitted to heart - impaired fill ing of right 

ventricle - blood backs up into vena cava - JVD. May be seen with constrictive pericarditis, 
restrictive cardiomyopathies, right atrial or ventricular tumors. 

Also known as Osler-Weber-Rendu syndrome. Autosomal dominant disorder of blood vesse ls. 
Findings: blanching lesions (te langiectasias) on skin and mucous membranes, recurrent epistaxis, 
skin discolorations, arteriovenous malformations (AVMs), CI bleeding, hematuria. 

Hypertension treatment 

Primary (essential) 
hypertension 

Hypertension with 
heart fai lure 

Hypertension with 
diabetes mell itus 

Hypertension in 
asthma 

Hypertension in 
pregnancy 

Thiazide diuretics, ACE inhibitors, angiotensin 
II receptor blockers (ARBs), dihydropyridine 
Ca2+ channel blockers. 

Diuretics, ACE inhibitors/ARBs, 
(compensated HF), aldosterone antagonists. 

ACE inhibitors/ARBs, Ca2+ channel blockers, 
th iazide diuretics, 

ARBs, Ca2+ channel blockers, th iazide diuretics, 
cardioselective 

llydralazine, labetalol, methyldopa, n ifedipine. 

must be used cautiously in 
decompensated I IF and are contraindicated in 
cardiogenic shock. 

In HF, ARBs may be combined with the 
neprilysin inhibitor sacubitri l. 

ACE inhibitors/ARBs are protective against 
diabetic nephropathy. 

can mask hypoglycemia symptoms; 
use with caution. 

Avoid nonselective to prevent 
bronchoconstriction. 

Avoid ACE inhibitors to prevent confusion 
between drug or asthma-related cough. 

"lie likes my neonate." 



Calcium channel 
blockers 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Hydralazine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Hypertensive 
emergency 

Nitroprusside 

Fenoldopam 

Nitrates 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Amlodipine, clevidipine, n icardipine, nifedipine, n imodipine (dihydropyridines, act on vascular 
smooth muscle); d iltiazem, verapami l (non-dihyd ropyrid ines, act on hea rt). 

Block voltage-dependent L-type calcium channels of card iac and smooth muscle - I muscle 
contractility. 

Vascu lar smooth muscle- a mlodipine = n ifed ipine > d iltiazem > verapamil. 
Heart-verapami l > diltiazem > amlodipine = ni fedipine (verapami l = ventricle). 

Dihydropyrid ines (except n imodipine): hypertension, angina (including vasospastic type), Raynaud 
phenomenon. 

Nimodipine: subarachnoid hemorrhage (prevents cerebra l vasospasm). 
Nicardipine, clevid ipine: hypertensive urgency or emergency. 
Non-dihydropyridines: hypertension, ang ina, atria l fibri llation/Autter. 

Cingival hyperp lasia. 
Dihydropyrid ine: periphera l edema, Aushing, di zziness. 
Non-dihydropyridine: cardiac depression, AV block, hyperprolactinemia (verapamil), constipation. 

t cCMP - smooth muscle relaxation. Vasodi lates arterioles> veins; a fterload reduction. 

Severe hypertension (particu la rly acute), I IF (with organic n itrate). Safe to use during pregnancy. 
Frequently coadmin istered with a to prevent reAex tachycard ia. 

Compensatory tachycard ia (contra indicated in angina/CAD), Au id retention, headache, angina. 
SLE-like syndrome. 

Treat wi th clevid ipine, fenoldopam, labeta lol, n icardipine, or nitroprusside. 

Short acting; t cCMP via di rect re lease of NO. Can cause cyanide toxicity (releases cyanide). 

Dopamine D1 receptor agonist- coronary, peripheral, renal, and spla nchnic vasodilation. I BP, 
t natriuresis. Also used postoperatively as an antihypertensive. Can cause hypotension and 
tachycardia. 

Nitroglycerin, isosorbide d in itrate, isosorbide mononitrate. 

Vasodilate by t NO in vascular smooth muscle - tin cCMP and smooth muscle relaxation. 
Di late veins>> arteries. I preload. 

Angina, acute coronary syndrome, pulmonary edema. 

ReAex tachycard ia (treat with hypotension, Aushing, headache, "Monday d isease" in 
industrial exposure: development of tolerance for the vasodi lating action during the work week 
and loss of tolerance over the weekend - tachycardia, di zziness, headache upon reexposure. 
Contraind icated in right ventri cular in farction. 
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Antianginal therapy 

COMPONENT 

End-diastolic volume 

Blood pressure 

Contractility 

Heart rate 

Ejection time 

MV02 

CARDIOVASCULAR 

Coal is reduction of myocardial 0 2 consumption (MV02) by I I or more of the determ inants of 
MV02: end-d iastolic volume, BP, IIR, contractil ity. 

NITRATES 

t (reAex response) 

j 

fl· BLOCKERS 

No e ffect or t 

NITRATES + fl-BLOCKERS 

No effect or I 

Little/no effect 

No e ffect or I 

Little/no e ffect 

j j 

Verapamil is similar to in effect. 
Pindolol and acebutolol are partia l that should be used with caution in ang ina. 

Ranolazine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Milrinone 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Sacubitril 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Inhibits the late phase of sodium current thereby reducing d iastolic wall tension and oxygen 
consumption. Does not affect heart rate or blood pressure. 

Angina refractory to other medical therapies. 

Constipation, dizziness, headache, nausea. 

Selective PDE-3 inhibitor. In cardiomyocytes: t cAMP accumulation - t Ca2+ inAux - t inotropy 
and chronotropy. In vascular smooth muscle: t cAMP accumulation - inh ibition of MLCK 
activity - genera l vasodilation. 

Short-term use in acute decompensated IIF. 

Arrhythmias, hypotension. 

Prevents degradation of natriuretic peptides, angiotens in II, and substance P by nepri lysin; 
t vasodilation, I ECF volume. 

Used in combination with an ARB (valsartan) for treatment of l lFrEF. 

Hypotension, hyperka lemia, cough, dizziness; contraind icated with ACE inhibitors 
due to angioedema. 



Lipid-lowering agents 
DRUG 

HMG-CoA reductase 
inhibitors 
(eg, lovastatin, 
pravastatin) 

Bi le acid resins 
Cholestyramine, 
colestipol, 
colesevelam 

Ezetimibe 

Fibrates 
Gemfibrozil, 
bezafibrate, 
fenofibrate 

Niacin (vitamin B3) 

PCSK9 inhibitors 
Alirocumab, 
evolocumab 

Fish o il and marine 
omega-3 fatty acids 
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LDL HDL 

j j j 

j j t slightly 

j j t/-

j j tt 

j j j 

t slightly t slightly 

liver 

PCSK9 inhibitors 
Alirocumab 
EvdoaJmab 

TRIGLYCERIDES 

t slightly 

11-

j j j 

I at high 
doses 

MECHANISMS OF ACTION 

Inhibit conversion of HMC
CoA to mevalonate, a 
cholesterol precursor; 
I morta lity in CAD patients 

Prevent intestina l 
reabsorption of bile acids; 
liver must use cholesterol to 
make more 

Prevent cholesterol 
absorption at small intestine 
brush border 

Upregulate LPL - t TC 
clearance 

Activates PPAR-a to induce 
HDL synthesis 

Inhibits lipolysis (hormone
sensitive lipase) in adipose 
tissue; reduces hepatic 
VLDL synthesis 

Inactivation of LDL-receptor 
degradation, increasing 
amount of LDL removed 
from bloodstream 

Believed to decrease FFA 
delivery to liver a nd 
decrease activity ofTC
synthesizing enzymes 

Blood Enterocyte 

ADVERSE EFFECTS/PROBLEMS 

I lepatotoxicity (t LFTs), 
myopathy (esp. when 
used with fibrates or 
niacin) 

C I upset, I absorption of 
other drugs and fat
soluble vitamins 

Rare t LFTs, diarrhea 

Myopathy (t risk with 
statins), cholesterol 
gallstones (via 
inhibition of cholesterol 
7a -hydroxylase) 

Red, flushed face, which is 
I by NSAIDs or long
term use 

I lyperglycemia 
I lyperuricemia 

Myalg ias, deli rium, 
dementia, other 
neurocogn itive 

Nausea, fish-l ike taste 

lntestin;d lumen 

F Cholesterol iµ_Ctdesterd 

lC IPOS£ .Ol ""SK 

FFA FFA 

Bile acids 

Bile acid resiis 
Ctdestyramine 

Colesew4am 
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Cardiac glycosides 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

ANTIDOTE 

CARDIOVASCULAR 

Digoxin. 

Direct inhibition of Na+/K+ ATPase 
- indirect inhibition ofNa+/Ca2+ exchanger. 
t [Ca2+]; - positive inotropy. Stimulates vagus 
nerve - I IIR. 

Digoxin 

J:£"( 
Ca Na' K' 

'"- 11'ca2•- trncea
2
• ... r cardiac 

binding cootraction 

HF (t contracti lity}; atrial fibrillation (I conduction at AV node and depression of SA node}. 

Cholinergic effects (nausea, vomiting, diarrhea), blurry yellow vision (think van Gogh}, 
arrhythmias, AV block. 

Can lead to hyperkalemia, which indicates poor prognosis. 

Ii.!! 

Factors predisposing to toxicity: renal fai lure (I excretion}, hypokalemia (permissive for digoxin 
binding at K+-binding site on Na+/K+ ATPase}, drugs that displace digoxin from tissue-binding 
si tes, and I clearance (eg, verapamil, amiodarone, quinidine}. 

Slowly normalize K+, cardiac pacer, anti-digoxin Fab fragments, Mg2+. 



Antiarrhythmics
sodium channel 
blockers (class I) 

Class IA 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Class IB 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Class IC 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Slow or block (I) conduction (especia lly in depolarized cells). I slope of phase 0 depolarization. Are 
state dependent (selective ly depress tissue that is frequently depolarized [eg, tachycard ia]). 

Q uinid ine, P rocainamide, D isopyramide. 
"The Q ueen P roclaims D iso's pyramid." 

Moderate Na+ channel blockade. 

t AP duration, t effective refractory period 
(ERP) in ventricular action potentia l, t QT 
interva l, some potassium channel blocking 
effects. 

Both atria l and ventricula r arrhythmias, 
especia lly re-entrant and ectopic SVT and VT. 

Cinchonism (headache, t innitus with 
qu in id ine), reversible SLE-like syndrome 
(procainamide), ! IF (d isopyramide), 
thrombocytopenia, torsades de pointes due to 
t QT interva l. 

Lidocaine, MexileT ine. 
''I'd Buy Liddy's Mexican Tacos." 

Weak Na+ channel blockade. 
I AP duration. Preferentially affect ischemic or 
depolarized Purkinje and ventricular tissue. 
Phenytoin can a lso fa ll into the IB category. 

Acu te ventricular arrhythmias (especia lly post
Ml), digitalis-induced arrhythmias. 
IB is Best post-ML 

CNS stimulation/depression, cardiovascular 
depression. 

F lecainide, P ropafenone. 
"C an I have Fries, P lease." 

Str<>ng Na+ channel blockade. 

Significantly prolongs E RP in AV node and 
accessory bypass tracts. No effect on ERP in 
Purkinje and ventricular tissue. 

Min imal effect on AP duration. 

SVTs, inc lud ing atria l fibri llation. Only as a last 
resort in refrac tory VT. 

Proarrhythmic, especially post-MI 
(contra indicated). IC is C ontra ind icated in 
structural and ischemic heart disease. 

Class IA 

Slope of 
phase 0 

IN, 

Class IB 

Slopeof 
phase 0 

IN, 

Class IC 

Slope of 
phase 0 

IN, 
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Antiarrhythmics
p-blockers (class II ) 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Antiarrhythmics
potassium channel 
blockers (class Ill ) 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

CARDIOVASCULAR 

Metoprolol, prnpranolol, esmolol, atenolol, timolol, carved ilol. 

Decrease SA and AV noda l activity by I cAMP, I Ca2+ currents. Suppress abnormal pacemakers by 
I slope of phase 4. 

AV node particularly sensitive-t PR interva l. Esmolol very short acting. 

SVT, ventricular rate control for atria l fibrillation a nd atr ial Autter. 

Impotence, exacerbation of COPD and asthma, cardiovascular effec ts (bradycardia, AV block, I IF), 
CNS effects (sedation, sleep alterations). May mask the signs of hypoglycemia . 

Metoprolol can cause dys lipidemia. Propranolol can exacerbate vasospasm in vasospastic angina. 
(except the nonselective a- and carvedi Joi and labetalol) cause unopposed 

a 1-agonism if given alone for pheochrnmocytoma or cocaine toxicity. Treat overdose with 
sal ine, atropine, glucagon. 

> 60 
.s 30 
c .. 0 &. 

Class II 

Decrease slope 
of phase 4 
depolarization 

Prolonged 
repolarization 
latAVoodeJ 

I 

100 200 300 400 500 600 700 
Timelmsl 

Pacemaker cell action potential 

Amiodarone, l bu tilide, Dofeti lide, Sota lol. 

t AP duration, t ERP, t QT interva l. 

Atrial fibrillation, atria l Autter; ventricular 
tachycardia (amiodarone, sota lol). 

Sotalol- torsades de pointes, excessive 
blockade. 

lbuti lide- torsades de pointes. 
Amioda rone- pulmona ry fibrosis, 

hepatotoxicity, hypothyroidism or 
hyperthyroidism (amioda rone is 403 iodine by 
weight), acts as hapten (corneal deposi ts, blue/ 
gray skin deposits resu lting in photodermatitis), 
neurologic effects, constipation, cardiovascula r 
effects (bradycard ia, heart block, II F). 

Class Ill 

AIDS. 

Remember to c heck PFTs, LFTs, and TFTs when 
using amiodarone. 

Amioda rone is lipoph ilic and has class I, II, Ill, 
and IV effects. 

Cell action potential 



Antiarrhythmics
calcium channel 
blockers (class IV) 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Other antiarrhythmics 

Adenosine 

Mg2+ 

lvabradine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Verapamil, di ltiazem. 

I conduction velocity, t ERP, t PR interval. 

Prevention of nodal arrhythmias (eg, SVf), rate contro l in atr ia l fibrillation. 

Constipation, flushing, edema, cardiovascular effec ts (HF, AV block, sinus node depression). 

Class IV 

" 60 
.§. 30 :;;; 
c 

0 
8. 

Slow rise of 
actioo potential Prolonged 

repolarization 
(at AV node) 

/ 
-30 

1? Threshold 
-60 

:E 

0 100 200 300 400 soo 600 700 
Time(ms) 

t K+ out of cells - hyperpolarizing the cell and I le a• decreasing AV node conduction. Drug of 
choice in diagnosing/terminating certa in forms of SVT. Very short acting (- 15 sec). Effects 
blunted by theophyll ine and caffeine (both are adenosine receptor antagonists). Adverse effects 
include flushing, hypotension, chest pain, sense of impending doom, bronchospasm. 

Effective in torsades de pointes a nd d igoxin toxicity. 

IVabradine prolongs slow depolarization (phase "IV") by selectively inhibit ing "funny" sodium 
channels (I,). 

Chronic stable angina in patients who cannot take Chronic IIFrEF. 

Luminous phenomena/visua l brightness, hypertension, bradycard ia. 
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NOTES 



H IGH - YI EL D SYSTE M S 

Endocrine 

"If you skew the endocrine system, you lose the pathways to self" 
- Hi lary Mantel 

"We have teamed that there is an endocrinology of elation and despair, a 
chemistry of mystical insight, and, in relation to the autonomic nervous 
system, a meteorology and even . . . an astro-physics of changing moods." 

- Aldous (Leonard) I luxley 

"Chocolate causes certain endocrine glands to secrete hormones that affect 
your feelings and behavior by making you happy." 

- Elaine Sherman, Book of Divine Indulgences 

The endocrine system comprises widely distributed organs that work in a 
highly integrated manner to orchestrate a state of hormonal equilibrium 
within the body. Generally speaking, endocrine diseases can be 
classified either as diseases of underproduction or overproduction, 
or as conditions involving the development of mass lesions-which 
themselves may be associated with underproduction or overproduction 
of hormones. Therefore, study the endocrine system first by learning the 
glands, their hormones, and their regulation, and then by integrating 
disease manifestations with diagnosis and management. Take time to 
learn the multisystem connections. 
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Thyroid development Thyroid diverticulum arises from Aoor of 
primitive pharynx and descends into neck. 
Connected to tongue by thyroglossal duct, 
which normally disappears but may persist 
as cysts or the pyramidal lobe of thyroid. 
Foramen cecum is normal remnant of 
thyroglossal duct. 

Most common ectopic thyroid tissue site is the 
tongue (l ingual thyroid). Removal may resu lt 
in hypothyroidism if it is the only thyroid 
tissue present. 

Thyroglossal duct cyst rJ presents as an anterior 
midl ine neck mass that moves with swallowing 
or protrusion of the tongue (vs persistent 
cervical sinus leading to pharyngeal cleft cyst 
in lateral neck). 

Thyroid follicular cells and parafoll icular cells 
(aka, C cells, produce Calcitonin) are derived 
from endoderm. 

Focamen cecum------,, 

Adrenal cortex and 
medulla 

Adrenal cortex (derived from mesoderm) and medulla (derived from neural crest). 

ANATOMY 

Adrenal gland 

HISTOLOGY 

Zona Glomerulosa 

Zona Fasciculala 

Zona Reticularis 

MEDULLA Chromaffin cells 

HORMONE r HORMONE 
r REGULATION BY CLASS PRODUCED 

Angiotensin II Mineralocorticoids Aldosterone 

ACTH, CRH 

ACTH, CRH 

Preganglionic 
sympathetic fiber> 

Glucocorticoids 

Androgens 

Catecholamines 

Cortisol 

DHEA 

Epi, NE 

CFR corresponds with Salt (mineralocorticoids), Sugar (glucocorticoids), and Sex (androgens). 
"The deeper you go, the sweeter it gets." 



Pituitary gland 

Anterior pitu itary 
(adenohypophysis) 

Posterior pituitary 
(neurohypophysis) 

Endocrine pancreas 
cell types 
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Secretes FSII, LI I, ACTH, TSII, prolactin, 
G il, and Melanotropin (MSII) 
secreted from intermediate lobe of pituitary. 
Derived from ora l ectoderm (Rathke pouch). 
• Ct subunit- hormone subunit common to 

TSII, Li l, FSII, and hCC 
• hormone speci ficity. 

Stores and releases vasopressin (antidiuretic 
hormone, or ADI I) and oxytocin, both 
made in the hypotha lamus (supraoptic and 
paraventricular nuclei) and transported to 
posterior pituitary via neurophysins (carr ier 
proteins). Derived from neuroectoderm. 

Islets of Langerhans are collections of et, and 
li endocrine cells. Islets arise from pancreatic 
buds. 
• et = glucetgon (peripheral) 
• (central) 
• li = somatostatin (interspersed) 

Proopiomelanocortin 
ACTll, and M SI I. Co pro wi th a BAM! 

FLAT PiG: FSll, Lil, ACTH, TSII, PRL, G I I. 
B-FLAT: Basophils- FSH, LH, ACTII, TSII 
Acidophils: Gii, PRL. 

cells) ins ide. 
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Insulin 

SYNTHESIS 

(}-chain 

FUNCTION 

REGULATION 

Preproinsulin (synthesized in RER of cells) - cleavage of"presignal" - proinsulin 
(stored in secretory granules) - cleavage of proinsul in - exocytosis of insulin and C-peptide 
equally. Insulin and C-peptide are t in insulinoma and sulfonylurea use, whereas exogenous insulin 
lacks C-peptide. 

Binds insulin receptors (tyrosine kinase 
activity 0 ), inducing glucose uptake (carrier
mediated transport) into insulin-dependent 
tissue a and gene transcription. 

Anabolic effects of insulin: 
• t glucose transport in skeletal muscle and 

adipose tissue 
• t glycogen synthesis and storage 
• t triglyceride synthesis 
• t Na+ retention (kidneys) 
• t protein synthesis (muscles) 
• t cellular uptake of K+ and amino acids 
• I glucagon release 
• I lipolysis in adipose tissue 

Unlike glucose, insulin does not cross placenta. 

Insulin-dependent glucose transporters: 
• CLUT4: adipose tissue, striated muscle 

(exercise can also t CLUT4 expression) 
I nsu I in-independent transporters: 

• GLUT!: RBCs, brain, cornea, placenta 
• CLUT2 (bidi rectional): cells, liver, 

kidney, CI tract (th ink 2-way street) 
• CLUT3: brain, placenta 
• CLUT5 (Fructose): spermatocytes, CI tract 
• SCLTl/SCLT2 (Na+-gJucose cotransporters): 

kidney, small intestine 
Brain util izes glucose for metabol ism but ketone 

bodies during starvation. RBCs utilize glucose, as 
they lack mitochondria for aerobic metabolism. 

BRICK LIPS (insulin-independent glucose 
uptake): Brain, RBCs, Intestine, Cornea, Kidney, 
Liver, cells, Placenta, Sperrnatocytes. 

Glucose is the major regulator of insulin release. t insulin response with oral vs JV glucose due 
to incretins (eg, glucagon-like peptide I [CLP-I), glucose-dependent insulinotropic polypeptide 
[GIP)), which are released after meals and t sensitivity to glucose. Release I by exz, t by l3i 
stimulation (2 = regulates insulin) 

Glucose cells E) - t ATP generated from glucose metabolism 0 closes K+ channels (target 
of sulfonylureas) 0 and cell membrane 0 . Voltage-gated Ca2+ channels open 
- Ca2+ inAux 0 and stimulation of insulin exocytosis 0 . 

lnsu6n 

Gib 
Tyrosine 0 

Phosphomosrtide-3 RAS/MAP 
k11ase pathway kinase 

} pathjway 

0- Glycogen, 
t: protein 
'-.. syntheSIS * 0 Vesicles Cell growth. 

contammg DNA 
GLUT4 synthesis 

Insulin-dependent glucose uptake 

0 
ATP-sensitive K• 

K h Is I Voltage-gated 
• c anne c ose ' (aJ• channels 

,,. open 
ATP \:I I \I B O Depolarization <;;::'.3 

o o • 
f ATP/ADP ratio f Intracellular • • e 

(iycotysis .. • Ins!.• 
of nsul·n 

Glucose 1 1 

granules ® 
@ 

• • 
• 

@ :·. 

Stood 
vrnel 

Insulin secretion by pancreatic ti cells 



Glucagon 

SOURCE 

FUNCTION 

REGULATION 
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Made by a cells of pancreas. 

Promotes glycogenolysis, gluconeogenesis, lipolysis, ketogenesis. Elevates blood sugar levels to 
mainta in homeostasis when bloodstream glucose levels fa ll too low (ie, fasting state). 

Secreted in response to hypoglycemia. Inh ibited by insu lin, hyperglycemia, and somatostatin. 

Hypothalamic-pituitary hormones 

HORMONE 

ADH 

CRH 

Dopamine 

GHRH 

GnRH 

MSH 

Oxytocin 

Prolactin 

Somatostatin 

TRH 

FUNCTION 

t water permeability of dista l convoluted tubu le 
and collecting duct cel ls in kidney to t water 
reabsorption 

t ACTll, MSH, 

I prolactin, TSll 

t Gii 

t FSll, Lii 

t melanogenesis by melanocytes 

Causes uterine contractions during labor. 
Responsible for m ilk letdown reflex in response 

to suckl ing. 

I GnRH 

I Gii, TSII 

t TSll, prolactin 

Hypothalamus 

Anterior 

Basophils (basophilic) 

CLINICAL NOTES 

Stimulus for secretion is t plasma osmolal ity, 
except in SIADll, in which ADH is elevated 
despite I plasma osmolality. 

I in chronic exogenous steroid use. 

Also ca lled prolactin-inhibiti ng factor. 
Dopamine a ntagonists (eg, a ntipsychotics) can 

cause galac torrhea due to hyperprolactinemia. 

Analog (tesamorelin) used to treat 
I UV-associated lipodystrophy. 

Suppressed by hyperprolactinemia. 
Tonic GnRH suppresses IIPG axis. 
Pulsatile GnRII leads to puberty, ferti lity. 

Causes hyperpigmentation in Cushing disease, 
as MSI I and ACTI I share the same precursor 
molecule, proopiomelanocortin. 

Modulates fear, anx iety, social bonding, mood, 
and depress ion. Analogs used to induce labor, 
strengthen uteri ne contractions a nd control 
postpartum hemorrhage. 

Pi tuitary prolactinoma - amenorrhea, 
osteoporosis, hypogonadism, ga lactorrhea. 

Breastfeeding - t prolactin - I G nRI I 
- delayed postpartum ovulation (natural 
contraception). 

Analogs used to treat acromegaly. 

t T RH (eg, in 1°/2° hypothyroidism) may 
increase prolactin secretion - ga lactorrhea. 
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Pro lactin 

SOURCE 

FUNCTION 

REGULATION 

ENDOCRINE 

Secreted mainly by anterior pitu itary. 

Stimulates m ilk production in breast; in hibits 

ovulation in fema les and spermatogenesis 

in males by inh ibiting C nRI I synthesis and 
release. 

Prolac tin secret ion from anterior pitu itary 
is ton ically in hibited by dopamine from 

tuberoinfundibular pathway of hypotha lamus. 

Prolac tin in turn inhibits its own secretion 
by t dopamine synthesis and secret ion from 

hypotha lamus. TRII t prolactin secretion (eg, 

in 1° or 2° hypothyroid ism). 

Structurally homologous to growth hormone. 

Excessive amounts of prolactin associated with 

I libido. 

Dopamine agonists (eg, bromocriptine) inhibit 
prolactin secretion and can be used in 

treatment of prolactinoma. 

Dopamine a ntagon ists (eg, most antipsychotics) 
and est rogens (eg, OCPs, pregnancy) st imulate 

prolactin secret ion. 

Sight/cry of baby -----<-+)----. Higher cortical centers 

Medications 
Chest wall injury (via ANS) 
Nipple stimulation 

Reduced prolactin 
elimination 

I Renal failure 

<i? 
Hypothalamus 

Anterior 
pituitary 

e ® 
TRH 

Posterior 
x pituitary 

/+-----<©-{ Estrogen J +---{i}-----Pregnancy 

. FSH} Ovulatioo 
Prolactm "'1RH LH Spermatogenesis 

- Milk production 
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Growth hormone 

'---=== Growth 

oor: n• 

A'1f"r&> 
I Arrmacidupoke IGF-1 ICJucoseupoi. 
t Protein synthesis t Protein synthesis t lipolysis 
t ONAand RNA synthesis 
t ChoodrcWtin sulfate 
t Collagen 
t CeUsizeandnumber lf!I 

Appetite regulation 

Also ca lled somatotropin. Secreted by anterior 
pituitary. 

Stimulates linear growth and muscle mass 
th rough ICF-1 (somatomedin C) secretion by 
liver. t insu lin res istance (diabetogenic). 

Released in pulses in response to growth 
hormone-re leasing hormone (C IIRH). 
Secretion t during exerc ise, deep sleep, 
puberty, hypoglycemia. Secretion inhibited 
by g lucose, somatostatin, and somatomed in 
(regulatory molecule secreted by liver in 
response to CH acting on target tissues). 

Excess secretion of C I I (eg, pituitary adenoma) 
may cause acromegaly (adults) or g igantism 
(children). Treat with somatostatin a na logs (eg, 
octreotide) or surgery. 

Ghrelin Stimulates hunger (orexigenic effect) and CH release (via C I I secretagogue receptor). Produced by 
stomach. Sleep deprivation or Prader-W ill i syndrome - t gh relin production. 

Chre lin makes you hunghre and ghrow. Acts on lateral area of hypothalamus (hunger center) to 
t appetite. 

Leptin Satiety hormone. Produced by adipose tissue. Mutation of leptin gene - congenita l obesity. Sleep 
deprivation or starvation - I leptin production. 

Leptin keeps you th in. Acts on ventromedial area of hypotha lamus (satiety center) to I appetite. 

Endocannabinoids Act at cannabinoid receptors in hypotha la mus and nucleus accumbens, two key brain areas for the 
homeostatic and hedon ic control of food intake - t appetite. 

Exogenous cannabinoids cause " the munchies." 

Antidiuretic hormone Also called vasopressin. 

SOURCE Synthesized in hypothalamus (supraoptic and 

FUNCTION 

REGULATION 

paraventricular nuclei), stored and secreted by 
posterior p ituitary. 

Regulates serum osmolality (Vz-receptors) 
and blood pressure (\11-receptors). Primary 
function is serum osmolal ity regulation (ADI I 
I serum osmolality, t urine osmolality) via 
regulation of aquapori n channel insertion in 
principal cells of renal collecting duct. 

Plasma osmola lity (1°); hypovolemia. 

ADii level is I in centra l d iabetes insipidus (DI), 
norma l or t in nephrogen ic DI. 

Nephrogenic DI can be caused by mutation in 
V z-receptor. 

Desmopressin (ADii analog) is a treatment for 
centra l DI and noc turnal enuresis. 
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Adrenal stero ids and congenital adrenal hyperplasias 

ACTH Ketoconazole (blocks several steps in steroidogenesis) 

+ T r Cholesterol (via StAR•) l 
3tHydroxyste 01d 
dehydrog•:iase 

A dosterone syrthase 

+-Angiotensin II 

•Rate-limiting step. 

I Pregnenolone ---'--"'----+-• 

1 
17a-hydroxylase 

Progesterone 

11-deoxycO<ticosterone 

l I Corticosterone 

I 
Aldosterone 

ZONA GLOMERULOSA 
Mineralocorticoids 

Adrenal cortex 

17a-hyd 
17-hydroxypregnenolone 

1 17a-hydr 
17-hydroxyprogestetOne 

11-deoxycortisol 

11-0-- Metyrapone 

Cortisol 

11-0-- Glycyrrhetinic acid 

Cortisone 

ZONA FASCICULATA 
Glucocorticoids 

ENZYME DEFICIENCY MINERALOCORTICOIDS CORTISOL 
SEX 
HORMONES BP 

0 17cx-hydroxylase• 

@21-hydroxylase• 

11 l a ldosterone 
t 11-deoxycorti
costerone 
(results in 
t BP) 

Anastrozole. letrozole. exemestane 

lase 
Oehydroepiandrostet0ne (DHEA) 

laJ 
Androstenedione Estrone 

l 1 
Testosterone Aromatase Estradiol 

Sa-reductase 
Dihydrotestosterone 
(DHD 

Finasteride 

ZONA RETICULARIS 
Androgens Estrogens, OHT 

[!(') LABS PRESENTATION 

l I and rostenedione A.'Y: ambiguous 
genita lia, 
undescended testes 

XX: lacks 2° sexua l 
development 

t ren in activity 
t 17-hydroxy

progesterone 

I renin activity 

Most common 
Presents in infancy (sa lt 

wasting) or chi Id hood 
(precocious puberty) 

XX: vi rilization 

XX: vir ilization 

•All congenital adrenal enzyme defic iencies are autosomal recessive disorders and most are characterized by skin 
hyperpigmentation (due to t MSII production, which is coproduced and secreted with ACTII) and bilatera l adrenal gland 
enlargement (due to t ACTll stimulation). 

If deficient enzyme starts wi th I, it causes hypertension; if deficient enzyme e nds with I, it causes virilization in females. 



Cortisol 

SOURCE 

FUNCTION 

REGULATION 

Calcium homeostasis 
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Ad rena l zona fasciculata. 

t Appetite 
t Blood pressure: 

• Upregulates cx1-receptors on arterioles 
- t sensitivity to norep inephrine and 
epinephrine (permissive action) 

• At high concentrations, can bind to 
mineralocorticoid (a ldosterone) receptors 

t Insu lin resistance (diabetogenic) 
t G luconeogenesis, lipolysis, and proteolysis 
(I glucose uti lization) 

I F ibroblast activity (poor wound healing, 
I collagen synthesis, t st riae) 

I lnAammatory and Immune responses: 
• Inhibits produc tion of leukotrienes and 

prostagla nd ins 
• Inhibits WBC adhesion - neutroph ilia 
• Blocks h istamine release from mast cells 
• Eosinopenia, lymphopenia 
• Blocks IL-2 production 

I Bone formation (I osteoblast activity) 

C RI I (hypothalamus) stimulates ACTI I release 
(pituitary) - cortisol production in adrenal 
zona fasciculata. Excess cortisol I C RI I, 
ACTH, and cortisol secretion. 

Plasma Ca2+ exists in three forms: 

• Ionized/free (- 453, active form) 
• Bound to a lbumin (- 403) 
• Bound to anions (- 153) 

Bound to corticosteroid-binding globu lin. 

Cortisol is A BIG FIB. 
Exogenous corticosteroids can cause 

reactivation of TB and candidiasis (blocks IL-2 
prod uction). 

r cortisol l 
L tunctJon J 13 

Chron ic stress induces prolonged secretion. 

t pll (less JJ+) - a lbumin binds more 
Cal+ - I ionized Ca2+ (eg, cramps, pa in, 

paresthes ias, carpopeda l spasm) - t PTII. 
I pll (more H+) - albumin binds less Ca2+ 

- t ionized Ca2+ - I PT II. 
Ionized/free Ca2+ is 1° regulator of PTll; 

changes in p l l alter PT ll secretion, whereas 
changes in a lbumin concentration do not. 
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Parathyroid hormone 

SOURCE 

FUNCTION 

REGULATION 

ENDOCRINE 

Chief cells of parathyroid. 

t bone resorption of Ca2+ and P04 >-. 
t kidney reabsorption of Ca2+ in dista l 

convoluted tubule. 
I reabsorption of P04 

3- in proximal convolutecl 
tubu le. 

t l,25-(0II)2 0 3 (calcitriol) procluction by 
stimulating kidney la-hyclroxylase in proximal 
convoluted tubule. 

I serum Ca2+ - t PTI I secretion. 
t serum PO/- - t PTII secretion. 
I serum Mg2+ - t PTI I secretion. 
I I serum Mg2+ - I PTI I secretion. 
Common causes of I Mg2+ include cl iarrhea, 

aminoglycos icles, cliuretics, alcohol abuse. 

PTH activity 

i ionized Ca''. t PO,'" . or i 1.25·(0H)2 o, 

thyroid 
glands 

PTH released 
into circulation 

tl.25-(0H)2 D, l 

t 1.25-(0HI, o, synthesis 
Reabsorption: t Ca''. i PO." 
Urine i Ca''. t PO}" 

I 
and J. PO.J-

PTII t serum Ca2+, I serum P04
3-, t urine 

P04
3-, t urine cAMP 

t RANK-L (receptor activator of NF-KB ligand) 
secretecl by osteoblasts ancl osteocytes. Binds 
RANK (receptor) on osteoclasts a ncl thei r 
precursors to stimulate osteodasts a ncl t Ca2+ 
- bone resorption. Intermittent PT! I release 
can also stimulate bone formation. 

P T II = Phosphate-Trashing Hormone. 
PTil-relatecl peptide (PTHrP) functions 

like PTII a ncl is commonly increased in 
malignancies (eg, squamous cell carcinoma of 
the lung, renal cell ca rcinoma). 

+ 

Vitamin D activity 

25-0H D, 

+---©----- l PO," 

la·hydroxylase 

1,25-(0H)1 D, 

Bone Intestines 

'\s • 
t Ca" and t PO}' t absorption of 

released from y Ca" and PO}' 

t Ca" and t PO." 



Calcitonin 

SOURCE 

FUNCTION 

REGULATION 

Thyroid hormones 
(T/ T4) 

SOURCE 

FUNCTION 

REGULATION 
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Parafoll icular cells (C cells) of thyroid. 

I bone resorption of Caz+. 

Calcitonin opposes actions of PT! I Not 
important in norma l Caz+ homeostasis. 

t serum Ca2+ - ca lcitonin secretion. 
Calcitonin tones down serum Ca2+ levels and 

keeps it in bones. 

Iodine-conta in ing hormones that control the body's metabolic rate. 

Foll icles of thyroid. 5'-deiodinase converts T4 (the major thyroid product) to T 3 in periphera l tissue (5, 
4, 3). Periphera l conversion is inhibited by glucocorticoids, and propylth iouracil (PTU). 

Functions of thyroid peroxidase include oxidation, organification of iodide and coupling of 
monoiodotyrosine (MIT ) and di iodotyrosine (DIT). Inhibited by PT U and methimazole. DIT + 
DIT = T4. DIT +MIT = T ,_ Wolff-Chaikoff effect- excess iodine tempora ri ly turns off thyroid 
peroxidase - I T 3rT4 production (protective autoregulatory effect). 

Only free hormone is active. T 3 binds nuclear receptor with greater affinity tha n T4. T 3 fu nctions 
- 6B's: 

• Brain maturation 
• Bone growth (synerg ism with C I l) 
• e ffects. t receptors in heart - t CO, llR, SV, contractility; a lleviate 

adrenergic symptoms in thyr<>toxicosis 
• Basa l metabolic rate t (via Na+fK+-ATPase activity - t Oz consumption, RR, body temperature) 
• Blood sugar (t g lycogenolysis, gluconeogenesis) 
• Break down lipids (t lipolysis) 

T RI I ® T SI I release - ce lls. T hyroid-stimulating immunoglobulin (TSI) 
foll icular cells in C raves disease. 

Negative feedback primarily by free T 3ff4: 

• Anterior pitu itary - I sensitivity to T RH 
• I lypothalamus - I T RI I secretion 

Thyroxine-binding globu lin (T BC) binds most T 3ff4 in blood. Bound T 3ff4 = inactive. 
• t TBC in pregnancy, OCP use (estrogen - t T BC) - t tota l T 3ff4 
• I TBC in hepatic fa ilure, steroid use, nephrotic syndrome 

Hypothalamus 

l 

t 
Anterior pituitary t-----<l-)-----t 

i "B-s · TSH omatostatin 

+ Thyroid follicular cells 

! '®_TSI 
Tt.. T4------" 

+ Effector organs 

Peripheral tissue Blood Thyroid follicular epithelial cell follicular lumen 

r----
Na·----. 

,,.- TG ----- TG 

'-.'\ Thyroglobulin 
+ 

.....,,,_----. r Oxidation 12 

Thyroid L-.1 Organificatioo 
thyroid 

function Deiodinase peroxidase MIT 

J 
PTU. ( TG 
melhimazote ..... orr 

Thyroid 
peroxidase reaction 

T, ;.·::::::::..._ T_, T, _______ _.;;:_ TG TG 

(tocirculationJ Proteases '""i! Endocytosis 

PTU 
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Signaling pathways of endocrine hormones 

cAMP FSll, Li l, ACTII, TSll, C RH, hCG, ADii F LAT C hAMP 
(Vz-receptor), MSll, PT !!, calcitonin, Gl !Rll, 
glucagon, histamine (112-receptor) 

cGMP BNP, ANP, ED RF (NO) BAD GraMPa 
Think vasodilators 

Intracellular receptor 

Receptor tyrosine 
kinase 

Nonreceptor tyrosine 
kinase 

G nRH, Oxytocin, ADii (V1-receptor), T Rll, 
H istamine (111-receptor), Angiotensin ll, 
G astrin 

P rogesterone, Estrogen, Testosterone, C ortisol, 
Aldosterone, T ,rr4, Vitamin D 

Insulin, IGF-1, FGF, PDGF, EGF 

Prolactin, l mmunomodulators (eg, cytokines 
IL-2, IL-6, !FN), C H, G -CSF, E rythropoietin, 
T hrombopoietin 

Signaling pathways of steroid hormones 

Binding to recepta< 
located in nucleus Hormone 
orincytoplar 

Transfa<mation of R Recepta< 

Cytoplasm 

Protein 

/ 
\ 

Response 

G OAT IIAG 

PET CAT on TV 

M AP kinase pathway 
Think G rowth Factors (G et Found In the MAP) 

JAK/STAT pathway 
Think ac idophils and cytokines 
PIGG LET 

Steroid hormones are lipophilic and therefore 
must circulate bound to specific bind ing 
globulins, which t thei r solubi lity. 

In men, t sex hormone- binding globulin 
(SllBG) lowers free testosterone 
- gynecomastia. 

In women, I Sl !BG raises free testosterone 
- hirsutism. 

OCPs, pregnancy - t SIIBG. 
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Cushing syndrome 

ETIOLOGY 

FINDINGS 

DIAGNOSIS 

Nelson syndrome 

t cortiso l due to a variety of causes: 
• Exogenous corticosteroids - I ACTII - bi latera l adrenal atrophy. Most common cause. 
• Primary ad renal adenoma, hyperplasia, or carcinoma- resu lts in I ACTJ I - atrophy of 

un involved adrenal gland. 
• ACTil-secreting pituitary adenoma (C ushing d isease); paraneoplastic ACTII secretion (eg, 

small cell lung cancer, bronchial carcinoids)- bilatera l adrenal hyperplasia. C ushing disease is 
responsible for the majority of endogenous cases of C ushing syndrome. 

Hypertension, weight ga in, moon fac ies [J, truncal obesity, buffalo hump, skin changes (eg, 
thinn ing, striae l'.ll), h irsutism, osteoporosis, hyperglycemia (insulin resistance), amenorrhea, 
immunosuppression. Can also present with pseudohyperaldosteronism. 

Screening tests include: t free cortisol on 24-h r urina lysis, t late night sa livary cortiso l, a nd no 
suppression with overnight low-dose dexamethasone test. 

Suppressed 

i 
ACTH· independent 
Cushing syndrome 

l 
Exogenous glucocorticoids 

or adrenal tumor 
!consider adrenal CT to confirmi 

t 24·hr urine free cortisol t late night salivary cortisol and/or 
inadequate suppression on 1 mg overnight dexamelhasone test 

Measure serum ACTH 

High·dose dexamelhasone 
suppression test 

I 

Elevated 

i 
ACTH-dependent 

Cushing syndrome 
I 

CRH stimulation test 

I 

No suppression 
EctopkACTH 

secretion 

Adequate 
suppression 

Cushing disease 

tACTHan<I cortisol 
Cushing dise.ase 

Not in ACTH 
an<I cortisol 
Ectopic ACTH 

secretion 

i 
CT of the chesllabdomen/pelvis MRI of the CT of the chesllabdomen/pelvis 

!!.'I 

Removal of cortisol feedback mechanism a fter bilatera l adrenalectomy for refractory Cushing 
d isease - enlargement of existing ACTil-secreting pituitary adenoma. Presents with 
hyperpigmentation, headaches, bitemporal hemia nopia. 

Treatment: pituita ry irrad iation or surgical resection. 
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Adrenal insufficiency Inabi lity of adrenal glands to generate enough glucocorticoids +/- minera locorticoids for the body's 

Primary adrenal 
insufficiency 

Secondary adrenal 
insufficiency 

Tertiary adrenal 

insufficiency 

Hyperaldosteronism 

Primary 
hyperaldosteronism 

Secondary 
hyperaldosteronism 

needs. Symptoms include weakness, fatigue, orthostatic hypotension, muscle aches, weight loss, CI 
disturbances, sugar and/or salt cravings. Treatment: glucocorticoid/minera locorticoid replacement. 

Check AM or random cortisol, 
or ACTH stimulation test 

Metyrapone stimulation test 
!0 corwersion of 

11-deoxycortisol to cortisoO 

1 

Indeterminate 
cortisol results 

I ACTH I ACTH I ACTH 
I 11-deoxycorbsol t 11-<feoxycortisol I 11-<feoxycortisol 

Normal response 
to l cortisol 

1° adrenal 
msutfloency 

Deficiency of aldosterone and cortisol 
production due to loss of gland function 
- hypotension (hyponatremic volume 
contraction), hyperka lemia, metabolic 
acidosis, skin/mucosa! hyperpigmentation 
rJ (t melanin synthesis due to t MSI I, a 
byproduct of ACTI I production from POMC). 
• Acute - sudden onset (eg, due to massive 

hemorrhage). May present with shock in 
acute adrenal crisis. 

• C hronic-Addison disease. Due to 
ad renal atrophy or destruction by disease 
(autoimmune destruction most common in 
the Western world; TB most common in the 
developing world). 

' AM or random 
cortisol, or ACTH 

stimulation test with 
I peak cortisol 

! 

Measure random 
serum ACTH 

! 
i 

I ACTH t ACTH 

r 
2'W adrenal 1° adrenal 
msufflciency insufficiency 

13 

P rimary P igments the skin/mucosa. 
Associated with autoimmune polyglandu lar 

syndromes. 
Waterhouse-Friderichsen syndrome- acute 

1° adrenal insufficiency due to adrenal 
hemorrhage associated with septicemia 
(usually Neisseria meningitidis), DIC, 
endotoxic shock. 

Seen with I pitu itary ACT H production. No Secondary Spares the skin/mucosa. 
sk in/mucosa! hyperp igmentation (ACT H is 
not elevated), no hyperka lemia (aldosterone 
synthesis preserved due to functioning adrenal 
gland, intact RAAS). 

Seen in patients with chronic exogenous Tertiary from Treatment. 
steroid use, precipi tated by abrupt withdrawal. 
Aldosterone synthesis unaffected. 

Increased secretion of a ldosterone from adrenal gland. C linical features include hypertension, 
I or normal K+, metabolic alka losis. 1° hypera ldosteronism does not d irect ly cause edema due 
to a ldosterone escape mechanism. I Iowever, certain 2° causes of hyperaldosteronism (eg, hea rt 
fai lure) impair the a ldosterone escape mechanism, leading to worsening of edema. 

- . 

Seen with adrenal adenoma (Conn syndrome) or bi lateral ad renal hyperplasia. t a ldosterone, 
I ren in. Leads to treatment-resistant hypertens ion. 

Seen in patients with renovascu lar hypertension, juxtaglomerular cell tumors (ren in-producing), 
and edema (eg, cirrhosis, hea rt failure, nephrotic syndrome). 



Neuroendocrine 
tumors 

Neuroblastoma 

Carcinoid syndrome 
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Heterogeneous g roup of neoplasms originating from neuroendocrine cells (which has traits similar 
to nerve cel ls and hormone-producing cells). 

Most neoplasms occur in the GI system (eg, carcinoid, gastrinoma), pancreas (eg, insu linoma, 
glucagonoma), and lungs (eg, small cell carcinoma). Also in thyroid (eg, medullary carcinoma) 
and adrenals (eg, pheochromocytoma). 

Characteristics d iffer depend ing on anatomical site, cell(s) of origin (eg, enterochromaffin cells, 
enterochromaffin-like cells, pancreatic and secretory products (eg, chromogranin A, 
neuron-specific enolase [NSE], serotonin, histamine, calcitonin). Cells conta in amine precursor 
uptake decarboxylase (APUD). 

Most common tumor of the ad renal medu lla rJ in child ren, usually< 4 years old. O riginates from 
Neural crest cells. Occurs anywhere a long the sympathetic chain. 

Most common presentation is abdominal dis tension and a firm, irregu lar mass that can cross the 
midline (vs Wi lms tumor, which is smooth and un ilatera l). Less likely to develop hypertens ion 
tha n with pheochromocytoma (Neuroblastoma is Normotens ive). Can a lso present with 
opsoclonus-myoclonus syndrome ("danc ing eyes-dancing feet"). 

t IJVA and VMA (catecholamine metabolites) in urine. I lomer-Wright rosettes llJ characteristic of 
neuroblastoma and medulloblastoma. Bombesin and NSE Et>. with amplification of 
N-myc oncogene. C lassified as an APUD tumor. 

Rare syndrome caused by carcinoid tumors 
(neuroendocrine cells rJ; note prominent 
rosettes [arrow)), especia lly metastatic small 
bowel tumors, which secrete h igh levels 
of serotonin (5 -IIT). Not seen if tumor is 
limited to GI tract (5-IIT undergoes first-pass 
metabolism in liver). 

Resu lts in recurrent diarrhea, cutaneous 
Aushing, asthmatic wheezing, right-
sided va lvular heart disease (eg, tricuspid 
regurgitation, pulmonic stenosis) due to lung 
MAO-A enzymatic breakdown of 5-1 IT before 
left heart return. t 5-hydroxyindoleacetic acid 
(5-HIAA) in urine, n iacin deficiency (pellagra). 

with neuroendocrine tumor 
markers chromogran in A and synaptophysin. 

Treatment: surgical resection (liver metastasis), 
somatostatin ana log (eg, octreotide), te lotristat 
for symptom control. 

Rule of l/3s: 
113 metastasize 
113 present with 2nd malignancy 
113 are multiple 

Carcinoid tumors most commonly arise in small 
intestine and lung. 
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Pheochromocytoma 

ETIOLOGY 

SYMPTOMS 

FINDINGS 

TREATMENT 

lnsulinoma 

Glucagonoma 

Somatostatinoma 

Zollinger-Ellison 

syndrome 

ENDOCRINE 

Most common tumor of the ad renal medu lla in 
rJ. Deri ved from chromaffin cells (a rise 

from neural crest). 
May be associated with germline mutations (eg, 

NF-1, VHL, RET [MEN 2A, 2BJ). 

Most tumors secrete epinephrine, 
norepinephri ne, and dopamine, which can 
cause episodic hypertension. May a lso secrete 
EPO - polycythemia. 

Symptoms occur in "spells" - relapse and remit. 

t catecholamines and the ir metabolites (eg, 
metanephrines) in urine and plasma. 

Irreversible a -antagonists (eg, 
phenoxybenzamine) followed by 
prior to tumor resection. a -blockade must be 
achieved before giving to avoid a 
hypertensive c risis. A before B. 

Rule of lO's: 

103 malignant 
103 bilateral 
103 ex tra-ad rena l (eg, bladder wall, organ of 

Zuckerkandl) 
103 calcify 
103 kids 

Episodic hyperadrenergic symptoms (5 P 's): 
P ressure (t BP) 
Pain (headache) 
Perspiration 
Pa lpitations (tachycard ia) 
Pallor 

P henoxybenzamine (16 letters) is g iven for 
pheochrnmocytoma (also 16 letters). 

Tumor of cells - overproduction of insulin - hypoglycemia. May see Whipple triad: 
low blood glucose, symptoms of hypoglycemia (eg, lethargy, syncope, diplopia), and resolution of 
symptoms after normalization of glucose levels. Symptomatic patients have I blood g lucose and 
t C-peptide levels (vs exogenous insul in use). - 10% of cases assoc iated with MEN I syndrome. 
Treatment: surgical resection. 

Tumor of pancreatic a cells - overproduction of glucagon. Presents with 5D's: D ermatitis 
(necrolytic migratory erythema), D iabetes (hyperglycemia), DVT, Decl in ing weight, D epression. 
Treatment: octreotide, surgery. 

Tumor of pancreatic li cells - overproduction of somatostatin - I secretion of secretin, 
cholecystokinin, glucagon, insu lin, gastrin, gastric inhibitory peptide (GIP). May present with 
d iabetes/glucose intolerance, steatorrhea, gallstones, achlorhydria. Treatment: surgical resection; 
somatostatin ana logs (eg, octreotide) for symptom control. 

Castrin-secreting tumor (gastri noma) of pancreas or duodenum. Acid hypersecretion causes 
recurrent ulcers in duodenum and jejunum. Presents with abdominal pain (peptic ulcer disease, 
d ista l u lcers), diarrhea (malabsorption). Positive secretin stimulation test: gastrin levels remain 
e levated after administration of secretin, which normally inhibits gastrin release. May be 
associated with MEN L 



VI Poma 
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Rare neuroendocrine tumor that secretes vasoactive intestina l peptide (VIP). Most commonly arises 
in pancreas. Associated with MEN I. Primary symptom is secretory d iarrhea. Associated with 
WDIIA (Watery D iarrhea, llypokalemia, Achlorhyd ria) syndrome. 

Hypothyroidism vs hyperthyroidism 

FINDINGS Hypothyroidism 

METABOLIC 

SKIN/HAIR 

OCULAR 

GASTROINTESTINAL 

MUSCULOSKELETAL 

REPRODUCTIVE 

NEUROPSYCHIATRIC 

CARDIOVASCULAR 

LABS 

Cold intolerance, I sweating, weight gain 
(I basal metabolic rate - I calorigenesis), 
hyponatremia (I free water clearance) 

Dry, cool sk in (due to I blood flow); coarse, 
brittle hair; diffuse a lopecia; brittle na ils; 
puffy facies and genera lized nonpitting edema 
(myxedema) due to t CACs in interstitia l 
spaces - t osmotic pressure - water retention 

Periorbita l edema 

Constipation (I C I motility), I appetite 

Hypothyroid myopathy (proximal weakness, 
t CK), carpal tunnel synd rome, myoedema 
(small lump rising on the surface of a muscle 
when struck with a hammer) 

Abnormal uterine bleeding, I libido, infert ility 

Hypoactivity, lethargy, fatigue, weakness, 
depressed mood, I reflexes (delayed/slow 
relaxing) 

Bradycardia, dyspnea on exertion (I cardiac 
output) 

t TSll (if 1°) 
I free T 3 and T4 
Hypercholesterolemia (due to I LDL receptor 

expression) 

Hyperthyroidism 

lleat intolerance, t sweating, weight loss 
(t synthesis of Na+-K+ ATPase - t basal 
metabolic rate - t calorigenesis) 

Warm, moist skin (due to vasodi lation); fine 
ha ir; onycholysis (blue bracket regions in rJ); 
pretibia l myxedema in Craves d isease 

Ophtha lmopathy in Craves disease (includ ing 
periorbita l edema, exophtha lmos), lid lag/ 
retrac tion (t sympathetic stimulation of levator 
palpebrae superioris) 

llyperdefecation/d iarrhea (t CI motility), 
t appetite 

Thyrotoxic myopathy (prox imal weakness, 
normal CK), osteoporosis/I fracture rate (T 3 
d irectly stimulates bone resorption) 

Abnormal uterine bleeding, gynecomastia, 
I libido, inferti lity 

llyperactivity, restlessness, anxiety, insomnia, 
fine tremors (due to t activity), 
t reflexes (brisk) 

Tachycardia, pa lp itations, dyspnea, arrhythmias 
(eg, atria l fibrillation), chest pa in and systolic 
I ITN due to t number a nd sensitivity of 

receptors, t expression of cardiac 
sarcolemmal ATPase and I expression of 
phospholamban 

I TSll (if I 0 ) 

t free T 3 and T4 
I LDL, IIDL, and tota l cholesterol 
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Hypothyroidism 

Hashimoto thyroid it is 

Postpartum thyroiditis 

Congenital 
hypothyroidism 

(cretinism) 

Subacute 
granulomatous 

thyroiditis (de 
Quervain) 

Riedel thyroidit is 

Other causes 

ENDOCRINE 

Most common cause of hypothyro id ism in iodine-sufficient regions; an auto immune d isorder 
with antithyroid peroxidase (antimicrosomal) a nd antithyroglobu lin antibodies. Associated with 
HLA-DR3, I ILA-DR5, t risk of non-Hodgkin lymphoma (typically ofB-cell or igin). 

May be hyperthyroid early in course due to thyrotoxicosis dur ing foll icular rupture. 
Histology: I li.irth le cells f'J, lymphoid aggregates with germina l centers. 
Findings: moderate ly e nlarged, nontender thyroid. 

Self-limited thyro id itis arising up to I year after del ivery. Presents as tra nsient hyperthyroidism, 
hypothyroidism, or hyperthyroidism followed by hypothyro id ism. Majority of women a re 
euthyroid following resolu tion. Thyroid usua lly pain less and normal in size. 

Histology: lymphocytic infiltrate wi th occasiona l germ inal center formation. 

Severe feta l hypothyroid ism due to a ntibody-mediated maternal hypothyroidism, thyroid 
dysgenesis (most common cause in US; eg, agenesis, ectopy, hypoplasia), iodine de ficiency, 
dyshormonogenetic goiter. 

Findings (6 P 's}: Pot-bellied, Pa le, P uffy-faced child [jJ with P rotrud ing umbilicus, P rotuberant 
and Poor bra in deve lopment. 

Self-limited d isease often following a flu-like illness (eg, viral infection). 
May be hyperthyroid early in course, followed by hypothyroidism (permanent in - 15% of cases). 
Histology: gra nulomatous in flammation. 
Findings: t ESR, jaw pain, very tender thyroid . (de Quervain is associated with pain.) 

Thyroid rep laced by fibrous tissue with inflammatory infi ltrate l!J. Fibrosis may extend to local 
structures (eg, trachea, esophagus}, mimicking anaplastic carcinoma. Y1 are hypothyroid. 

Considered a manifestation oflgC4-related systemic d isease (eg, autoimmune pancreatitis, 
retroperitonea l fibrosis, noninfectious aort itis). 

Findings: fixed, ha rd (rock-like), painless goiter. 

Iod ine deficiency (with goiter I]}, goitrogens (eg, amiodarone, lith ium), Wolff-Chaikoff effect 
(thyroid gland downregulation in response to t iodide). 



Hyperthyroidism 

Graves disease 

Toxic multinodular 
goiter 

Thyroid storm 

Jod-Basedow 
phenomenon 

Causes of goiter 

Radiation-induced 
damage to thyroid 
gland 
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Most common cause of hyperthyroidism. T hyroid-stimulating immunoglobu lin (lgC; type II 
hypersensitivity) stimulates TS! I receptors on thyrnid (hyperthyroidism, di ffuse goiter), dermal 
fibroblasts (pretibial myxedema), and orbita l fibroblasts (Craves orbitopathy). Activation ofT-ce lls 
- lymphocytic infi ltration of retroorbital space - t cytokines (eg, TNF-<X, IFN-r ) - t fibroblast 
secretion of hydrophilic CACs - t osmotic muscle swelling, muscle inAammation, and adipocyte 
count - exophthalmos rJ. O ften presents during stres.5 (eg, pregnancy). Associated with I ILA
DR3 a nd llLA-B8. 

Histology: tall, crowded follicu lar epithelia l cells; sca lloped colloid I]). 

Focal patches of hyperfunctioning foll icular cells distended with colloid working independent ly 
ofTSII (due to TSII receptor mutations in 603 of cases). t re lease ofT, a nd T4. llot nodu les are 
rarely malignant. 

Uncommon but serious complication that occurs when hyperthyroidism is incomplete ly treated/ 
untreated and then significantly worsens in the setting of acute stress such as infection, trauma, 
surgery. Presents wi th agitation, deli rium, fever, d ia rrhea, coma, a nd tachyarrhythmia (cause 
of death). May see t LFTs. Treat with the 4 P 's: (eg, P ropranolol), P ropylthiouracil, 
corticosteroids (eg, Prednisolone), Potas.sium iodide (Lugol iodine). Iod ide load - I T4 synthesis 
- Wolff-Chaikoff effect. 

Iod ine-induced hyperthyroidism. Occurs when a patient with iod ine deficiency and partia lly 
autonomous thyroid tissue (eg, autonomous nodu le) is made iodine replete. Can happen after 
iodine IV contrast or amiodarnne use. Opposite to Wolff-Chaikoff effect. 

Smooth/diffuse 

Craves disease 
Hashimoto thyroid itis 
Iod ine deficiency 

• ...,..., 

TS! I-secret ing p ituitary adenoma 

Nodular 

Toxic multinodu lar goi ter 
Thyroid adenoma 
Thyroid cancer 
Thyroid cyst 

Exposure to radiation during nuclear accidents, ionizing radiation (eg, head and neck radiation to 
treat other maligna ncy) - t risk of hypothyroidism, thyroid nodu le formation, and thyroid cancer 
(mostly papillary) later in life, especia lly among people exposed to radiation as a child. 

In the event of a nuclea r accident (- re lease of rad ioactive iodine in the a ir), prevent by 
administering potassium iodide, which saturates the thyroid g land with stable (nonradioactive) 
iodine. 
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Thyroid adenoma Benign sol itary growth of the thyroid. Most a re nonfunctiona l ("cold"), can rarely cause 
hyperthyroidism via autonomous thyroid hormone production ("hot" or " toxic"). Most common 
histology is follicu la r t'I; absence of capsular or vascu lar invasion (unlike follicu la r ca rcinoma). 

Thyroid cancer Typically diagnosed with fine need le aspiration; treated with thyroidec tomy. Complications of 
surgery include hypocalcemia (due to remova l of parathyroid glands), transec tion of recurrent 
laryngeal nerve during ligation of inferior thyroid artery (leads to dysphagia and dysphonia 
[hoarseness]), and injury to the external branch of the superior la ryngea l nerve during ligation of 
superior thyroid vascu lar pedicle (may lead to loss of tenor usually noticeable in professional voice 
users). 

Papillary carcinoma Most common, excel lent prognosis. Empty-appearing nuclei with central c learing ("Orphan 
Annie" eyes) rJ, psamMoma bodies, nuclear grooves (Papi and Moma adopted Orphan Annie). 
t risk wi th RET/PTC rearrangements and BRAF mutations, childhood irradiation. 

Follicular carcinoma Good prognosis. Invades thyroid capsule and vascu lature (unlike follicu la r adenoma), uniform 
follicles; hematogenous spread is common. Associated with RAS mutation and PAX8-PPAR-y 
translocations. 

Medullary carcinoma From parafollicular "C cells"; produces ca lcitonin, sheets of cells in an amyloid stroma llJ (sta ins 
with C ongo red). A5sociated with MEN 2A and 2B (RET mutations). 

Undifferentiated/ O lder patients; presents with rap id ly enlarging neck mass - compressive symptoms (eg, dyspnea, 
anaplastic carcinoma dysphagia); very poor prognosis. Associated with TP53 mutation. 



Diagnosing 
parathyroid d isease 

Hypoparathyroidism 
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2' hyperpa;athyroidism ! 
(vitamin D deficiehcy. J. Ca2' 

chronic kidney disease) : 

1' hypoparathyroidism ' 
(surgical resection. · 

autoitnmune) 

Nornlal 

. . 
1' hyperparathyrQidism 
(hyperplasia. aderioma. 

: carcinoma) i 

: : . . 
PlH·independknt 

. . . . ............ . . 

; hypercalcemla ; 
: (excess Ca''jntake. cancet.'1 vitamin D) . . . . 

2 '------r----+------+----+----r------T----+-----i 
4 6 8 10 12 

Ca" (mg/dl ) 

14 16 18 20 

li1I 

Due to injury to parathyroid glands or their blood supply (usually during surgery), autoimmune 
destruction, or DiCeorge syndrome. Find ings: tetany, hypocalcemia, hyperphosphatemia. 

Chvostek sign- tapping of facial nerve (tap the Cheek) - contraction of facial muscles. 
Trousseau sign- occlusion of brachia I artery wi th BP cuff (cuff the Triceps) - carpal spasm. 

Pseudohypoparathyro id ism type 1A- autosomal dominant. Due to inactive C, protein 
et-subunit causing end-organ (kidney and bone) resistance to PTI I. Unresponsiveness of kidney 
to PTII - hypoca lcemia despite t PT II levels. Presents as a constellation of physical fi nd ings 
known as Albright hereditary osteodystrophy: shortened 4th /5th d igits fJ, short stature, obesity, 
developmental delay. Defect must be inherited from mother due to imprinting. 

Pseudopseudohypoparathyroidism- autosomal dominant. Phys ical exam features of Albright 
hered itary osteodystrophy but without end-organ PTH resistance (PTIJ level normal) and normal 
calcium levels. Occurs when defective C , protein et-subunit is inherited from father. Normal 
maternal a llele maintains responsiveness of kidney to PTH. 
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Hyperparathyroidism 

Primary 
hyperparathyroidism 

Secondary 
hyperparathyroidism 

Tertiary 
hyperparathyroidism 

Familial hypocalciuric 
hypercalcemia 

ENDOCRINE 

Usua lly due to parathyroid adenoma or 
hyperplasia. Hypercalcemia, hypercalciuria 
(renal stones), polyuria (thrones), 
hypophosphatemia, t PTII, t ALP, t urinary 
cAM P. Most often asymptomatic. May present 
with weakness and constipation ("groans"), 
abdominal/flank pain (kidney stones, acute 
pancreatitis), neuropsychiatric disturbances 
(.. h. . ") psyc 1atnc overtones . 

2° hyperp lasia d ue to I Ca2+ absorption 
and/or t P04 >-, most often in chronic 

kidney disease (causes hypovitaminosis D 
and hyperphosphatemia - I Ca2+). 
Hypocalcemia, hyperphosphatemia in 
chronic kidney d isease (vs hypophosphatemia 
with most other causes), t ALP, t PT! I. 

Refractory (autonomous) hyperparathyroidism 
resulting from chronic kidney disease. 
t t PT II, t Ca2+. 

Osteitis fibrosa cystica- cystic bone spaces 
filled with brown fibrous tissue rJ ("brown 
tumor" consisting of osteoclasts and depos ited 
hemosiderin from hemorrhages; causes 
bone pain). Due to t PTII, classically 
associated with 1° (but a lso seen with 2°) 
hyperparathyroidism. 

"Stones, thrones, bones, groans, and 
psychiatric overtones." 

Renal osteodystrophy-renal d isease - 2° and 
3° hyperparathyroidism - bone lesions. 

Defective G-coupled Ca2+-sensing receptors in multip le tissues (eg, parathyroids, kidneys). Higher 
than normal Ca2+ levels required to suppress PTH. Excessive renal Ca2+ reabsorption - m ild 
hypercalcemia and hypocalciur ia with normal to t PTII levels. 



Hypopituitarism 

Acromegaly 

FINDINGS 

DIAGNOSIS 

TREATMENT 

Laron syndrome 
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Undersecretion of pitui tary hormones due to: 
• Nonsecreting pitu itary adenoma, craniopharyngioma 
• Sheehan syndrome- ischemic infarct of p ituitary following postpartum bleeding; pregnancy

induced pitu itary growth - t susceptibility to hypoperfus ion. Usua lly presents with fai lure to 
lactate, absent menstruation, cold intolerance 

• Empty sella syndrome- atrophy or compression of pitu itary (which lies in the sel la turcica), 
often idiopathic, common in obese women; associated with id iopathic intracran ia l hypertension 

• Pituitary a poplexy- sudden hemorrhage of pitu itary gland, often in the presence of an existing 
pituitary adenoma. Usua lly presents wi th sudden onset severe headache, visual impairment (eg, 
bitempora l hemianopia, diplopia due to CN III pa lsy), and features of hypopituitarism. 

• Brain injury 
• Radiation 

Treatment: hormone replacement therapy (corticosteroids, thyroxine, sex steroids, human growth 
hormone). 

Excess G il in adults. Typically caused by pituita ry adenoma. 

Large tongue with deep furrows, deep voice, t Gi i in children - gigantism (t linea r bone 
large hands and feet, coarsening of facial growth). I IF most common cause of death. 
features with aging rJ, fronta l bossing, 
d iaphoresis (excessive sweating), impaired 
glucose tolerance (insu lin resis tance), 
hypertension. t risk of colorectal polyps a nd 
cancer. 

t serum IGF-1; fa ilure to suppress serum G I I 
following ora l glucose tolerance test; pituitary 
mass seen on bra in M RI. 

Pi tuitary adenoma resection. If not cured, 
treat with oc treotide (somatostatin ana log) 
or pegvisomant (CH receptor antagonist), 
dopamine agonists (eg, cabergoline). 

Autosomal recessive. Defective CH receptors - I linear growth. t CH, I IGF-1. C lin ical features: 
short stature (dwarfism), small head ci rcumference, characteristic facies with sadd le nose and 
prominent forehead, delayed skeletal maturation, small genita lia. 
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Syndrome of 
inappropriate 

antidiuretic 
hormone secretion 

Diabetes insipid us 

ETIOLOGY 

FINDINGS 

WATER DEPRIVATION TEST' 

TREATMENT 

ENDOCRINE 

Characterized by: 
• Excessive free water re tention 
• Euvolemic hyponatremia with continued 

uri nary Na+ excretion 

• Urine osmola lity >serum osmolality 
Body responds to water retention with 

I a ldosterone and t ANP and BNP 
- t urina ry Na+ secre tion - normalization 
of extracellular Au id volume - euvolemic 
hyponatremia. Very low serum Na+ levels 
can lead to cerebral edema, seizures. Correct 
slowly to prevent osmotic demyelination 
syndrome (formerly known as central pontine 
myelinolysis). 

SIADH causes include: 
• Ectopic ADii (eg, small cell lung cancer) 
• CNS disorders/head trauma 
• Pulmonary d isease 
• Drugs (eg, cyclophosphamide) 

T reatment: Auid restriction (first line), salt 
tablets, JV hypertonic saline, diuretics, 
ADI I antagonists (eg, conivaptan, tolvaptan, 
demeclocycl ine). 

Characterized by intense th irst a nd polyuria with inability to concentrate urine due to lack of ADH 
(central) or failure of response to circulating ADI I (neph rogenic). 

Central DI Nephrogenic DI 

Pi tuitary tumor, autoimmune, trauma, surgery, 
ischemic encephalopathy, id iopathic 

Ilereditary (ADlI receptor mutation), 2° 
to hypercalcemia, hypokalemia, lith ium, 
demeclocycl ine (ADH antagonist) 

I ADH Normal or t ADH levels 

Urine specific gravity< 1.006 
Urine osmolality < 300 mOsm/kg 
Serum osmolality > 290 mOsm/kg 
I lyperosmotic volume contrac tion 

> 503 t in urine osmolality only after Min imal change in uri ne osmola lity, even after 
administration of ADii ana log administration of ADii ana log 

Desmopressin 
Hydration 

IICTZ, indomethacin, amilor ide 
I I yd ration, dieta ry sa lt restriction, avoidance of 

offending agent 
3 No water intake for 2- 3 hr followed by hourly measurements of urine volume and osmola lity as well as plasma Na+ 

concentration and osmolality. ADI I analog (desmopressin) is admin istered if serum osmolality > 295- 300 mOsm/kg, plasma 
Na+ 2: 145 mEq/L, or urine osmolality does not rise despite a rising plasma osmolality. 



Diabetes mellitus 

ACUTE MANIFESTATIONS 

CHRONIC COMPLICATIONS 

OIAGNOSIS 

J, tissue glucose 
uptake 

! 
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Polydipsia, polyuria, polyphagia, weight loss, OKA (type I), hyperosmolar hyperglycemic state 
(type 2). 

Rarely, can be caused by unopposed secretion of CH and epinephrine. Also seen in patients on 
glucocorticoid therapy (steroid d iabetes). 

Nonenzymatic glycation: 
• Small vessel disease (d iffuse thickening of basement membrane) - retinopathy (hemorrhage, 

exudates, m icroaneurysms, vessel proliferation), glaucoma, nephropathy. Nodular 
glomerulosclerosis (a ka Kimmelstiel-Wi lson nodules) - progressive proteinuria (in itially 
microalbuminuria; ACE inhibitors and ARBs a re renoprotective) and arteriolosclerosis (causing 
hypertension) - chronic kidney d isease. 

• Large vessel atherosclerosis, CAD, periphera l vascu lar occlus ive d isease, gangrene - limb loss, 
cerebrovascula r disease. MI most common cause of death. 

Osmotic damage (sorbitol accumulation in organs with a l dose reductase and l or absent sorbitol 
dehydrogenase): 
• Neuropathy (motor, sensory [g love and stocki ng d istribution], and autonomic degeneration) 
• Cataracts 

Fasting plasma glucose 
2-hour ora l glucose tolerance test 

DIAGNOSTIC CUTOFF 

:<:6.5% 

:<: 126 mg/dL 
:<: 200 mg/dL 

NOTES 

ReAects average blood glucose 
over prior 3 months 

Fasting for > 8 hours 
2 hours after consumption of 75 g 

of glucose in water 

Insulin deficiency or severe insulin insensitivity 

1' glycogenotysis 

Hyperglycemia. 
glycosuria 

I 

1' gluconeogenesis 

l 

1' proteolysis 

J. muscle mass. 
weight loss 

1' lipolysis 

! 
1' plasma 

free fatty acids 

1' plasma osmolality Osmotic diuresis 

1' thirst Loss of water. 
Nat. and Kt 

Hypovolemia 

Circulation failure. 
J. tissue perfusion 

Coma/death 

----ir Vomiting 

Hyperventilation/ 
Kussmaul respiration 

1' serum lactate 

-
-

1' ketogenesis. 
ketooemia. ketonuria 

Anion gap 
metabolic acidosis 
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Type 1 vs type 2 diabetes mellitus 

Type 1 Type2 

l' OEFECT 

INSULIN NECESSARY IN TREATMENT 

AGE (EXCEPTIONS COMMONLY 
OCCUR) 

ASSOCIATION WITH OBESITY 

GENETIC PREDISPOSITION 

ASSOCIATION WITH HLA SYSTEM 

GLUCOSE INTOLERANCE 

INSULIN SENSITIVITY 

KETOACIOOSIS 

NUMBERS IN THE ISLETS 

SERUM INSULIN LEVEL 

Autoimmune destruction cells (eg, due 
to presence of glutamic acid decarboxylase 
antibodies) 

Always 

< 30 yr 

No 

Relatively weak (503 concordance in identical 
twins), polygenic 

Yes, IILA-DR4 and -DR3 (4 - 3 =type I) 

Severe 

High 

Common 

t resistance to insulin, progressive pancreatic 
fa ilure 

Sometimes 

> 40 yr 

Yes 

Relatively strong (903 concordance in identical 
twins), polygenic 

No 

Mi Id to moderate 

Low 

Rare 

Va riable (with amyloid deposits) 

Va riable 

CLASSIC SYMPTOMS Of POLYURIA, Common Sometimes 
POLYDIPSIA, POLYPHAGIA, WEIGHT 

LOSS 

HISTOLOGY Islet leukocytic infiltrate Islet amyloid polypeptide (JAPP) deposits 

Diabetic ketoacidosis 

SIGNS/SYMPTOMS 

LABS 

COMPLICATIONS 

TREATMENT 

Hyperosmolar 
hyperglycemic state 

One of the most feared complications of diabetes. Usually due to insulin noncompliance or 
t insulin requirements from t stress (eg, infection). Excess fat breakdown and t ketogenesis from 
t free fatty acids, which are then made into ketone bodies > acetoacetate). 
Usually occurs in type I diabetes, as endogenous insulin in type 2 diabetes usually prevents 
lipolysis and ketogenesis. 

DKA is Deadly: Del irium/psychosis, Kussmaul respirations (rapid, deep breathing}, Abdominal 
pain/nausea/vomiting, Dehydration. Fruity breath odor (due to exhaled acetone). 

Hyperglycemia, t IJ+, I IIC03- (t anion gap metabolic ac idos is}, t urine and blood ketone levels, 
leukocytosis. I lyperkalemia, but depleted intracellular K+ due to transcellular shift from I insulin 
and acidosis. Osmotic diuresis - t K+ loss in urine - total body K+ depletion. 

Life-threatening mucormycosis (usually caused by Rhizopus infection), cerebral edema, cardiac 
arrhythmias, heart failure. 

IV Au ids, IV insulin, and K+ (to replete intracellular stores); glucose if necessary to prevent 
hypoglycemia. 

State of profound hyperglycemia-induced dehydration and t serum osmolal ity, classically seen in 
elderly type 2 diabetics with limited ability to drink. Hyperglycemia - excessive osmotic diuresis 
- dehydration - eventual onset of I II IS. Symptoms: th irst, polyuria, lethargy, foca l neurological 
defi cits (eg, seizures), can progress to coma and death if left untreated. Labs: hyperglycemia (often 
> 600 mg/dL), t serum osmolality (> 320 mOsm/kg), no acidosis (pH normal), ketone production 
inhibited by presence of insulin). Treatment: aggressive IV Au ids, insulin therapy. 



Multiple endocrine 
neoplasias 

SUBTYPE 

MEN 1 

MEN2A 

MEN2B 
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All MEN syndromes have autosomal dominant inheritance. 
"All MEN a re dominant" (or so they th ink). 

CHARACTERISTICS 

P ituitary tumors (prolactin or C l I) 
Pancreatic endocrine tumors - Zoll inger

Ellison syndrome, insu linomas, VIPomas, 
glucagonomas (ra re) 

Parathyroid adenomas 
A5sociatecl with mutation of MENJ (men in, 

a tumor suppressor, chromosome II), 
angiofibromas, collagenomas, meningiomas 

Parathyroid hyperplasia 
Meclu lla ry thyroid carcinoma- neoplasm of 

parafoll icular C cells; secretes calcitonin; 
prophylactic thyroidectomy requ ired 

P heochromocytoma (secretes catecholamines) 
A5sociatecl with mutation in RET (codes for 

receptor tyrosine ki nase) 

Meclu lla ry thyroid carcinoma 
P heochromocytoma 
Mucosa I neuromas rJ (ora l/i ntestina l 

ganglioneuromatosis) 
A5sociatecl with marfano id habitus; mutation in 

RETgene 

COMMENTS 

Parathyroids 

Ii! 

l\ 1E1\ I = 3 P 's: P ituitary, Parathyroid, and 
Pancreas 

l\ !Et\ 2A = 2 P 's: Parathyroid and 
P heoch romocytoma 

l\1E'\ 2B = 1 P: Pheochromocytoma 
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Diabetes mellitus 
management 

DRUG CLASS 

lnjectables 

Insulin preparations 
Rapid acting (1-hr 
peak): Lispro, Aspart, 
Glulisine (no LAG) 

Short acting (2-3 h r 
peak): regula r 

Inte rmediate act ing 
(4-10 hr peak): NPH 

Long acting (no real 
peak): detemir, 

glargine 

Amylin analogs 
Praml intide 

GLP-1 analogs 
Exenatide, liraglutide 

Ora l drugs 

Biguanides 
Metformin 

Sulfonylureas 
1st generation: 
chlo rpropamide, 
to lbutamide 

2nd generation: 
glimepiride, glipizide, 
glyburide 

Meglitinides 
Nateglinide, 
repaglinide 

All patients wi th diabetes mellitus should receive education on diet, exercise, blood glucose 
monitoring, and complication management. Treatment differs based on the type of diabetes and 
glycemic control: 
• Type I OM-insulin replacement 
• Type 2 OM-ora l agents (metformin is first line), non-insu lin injectables, insulin replacement; 

weigh t loss particula rly he lpfu l in lowering blood glucose 
• Gestational OM-insu lin replacement if nutr ition therapy a nd exercise a lone fa il 

Regular (short-acting) insulin is preferred for OKA (IV), hyperkalemia (+ glucose), stress 
hyperglycemia. 

MECHANISM 

Bind insu lin receptor (tyrosine kinase activity). 
Liver: t glucose stored as glycogen. 
Muscle: t glycogen, protein synthes is. 
Fat: t TC storage. 
Cell membrane: t K+ uptake. 

I glucagon release, I gastric emptying, t satiety. 

I glucagon release, I gastric emptying, 
t glucose-dependent insu lin release. 

Inhibit hepatic gluconeogenesis a nd the action 
of glucagon, by inhibiting mCPO. 

t glycolys is, periphera l glucose uptake (t insu lin 
sensitivity). 

Close K+ channel in pancreatic cell 
membrane - cell depolarizes - insulin 
release via t Ca2+ influx. 

ADVERSE EFFECTS 

I lypoglycemia, lipodystrophy, hypersensitivity 
reactions (rare), weight ga in. 

D 2 4 6 8 W ll M IB 
Hours llJ 

I lypoglycemia (in setting of mistimed prandial 
insu lin), nausea. 

Nausea, vomiting, pancreatitis. 
Promote weight loss (often desired). 
t satiety (often desired effect). 

CI upset, lactic acidosis (use with caution in 
renal insufficiency), B12 de ficiency. 

Promote weight loss (often desired). 

Hypoglycemia (t risk wi th renal failure), weight 
gain. 

!st-generation sulfonylureas: d isulfiram-like 
reactions. 

2nd-generation sulfonylureas: hypoglycemia. 
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Diabetes mellitus management (continued) 

DRUG CLASS 

Oral drugs (continued) 

DPP-4 inhibitors 
Li nag liptin, saxag liptin, 
sitag liptin 

Gl itazones/ 
thiazolidined iones 
Piog litazone, 
rosiglitazone 

Sodium-glucose co
t ransporter 2 (SGLT2) 

inhib itors 
Canagliflozin, 
dapagliflozin, 
empagliflozin 

a -g lucosidase 

inhib itors 
Acarbose, miglito l 

Thionamides 

MECHANISM 

(LINICAL USE 

ADVERSE EFFECTS 

MECHANISM 

Inhibit DPP-4 enzyme that deactivates CLP-I. 
I glucagon release, gastric emptying. 
t glucose-dependent insu lin release, satiety. 

Activate PPAR-y (a nuclear receptor) - t insu lin 
sensitivity a nd levels of adiponectin 
- regulation of g lucose metabolism and fatty 
acid storage. 

Block reabsorption of glucose in proximal 
convoluted tubule. 

Inhibit intestina l brush-border a -glucosidases 
- delayed carbohydrate hydrolysis and glucose 
absorption - I postprandial hyperg lycemia. 

Propylthiouraci l, meth imazole. 

ADVERSE EFFECTS 

Mi ld urinary or respiratory infections, weight 
neutra l. 

Weight gain, edema, I IF, t risk of fractures. 
Delayed onset of action (several weeks). 

C lucosuria, UTis, vaginal yeast infections, 
hyperka lemia, dehydration (orthostatic 
hypotension), weight loss. Not recommended 
if kidney function is impaired (I efficacy with 
I CFR). 

CI upset. 
Not recommended if kidney function is impaired. 

Block thyroid peroxidase, inhibiting the oxidation of iodide as well as the organ ification and 
coupl ing of iodine - inh ibition of thyroid hormone synthesis. PT U also blocks 5'-deiodinase 
- I Periphera l conversion ofT4 to T,_ 

Hyperthyroidism. PTU used in first trimester of pregnancy (due to methimazole teratogenicity); 
meth imazole used in second and thi rd trimesters of pregnancy (due to risk of PTU-induced 
hepatotoxicity). Not used to treat Craves ophthalmopathy (treated with corticosteroids). 

Skin rash, agranu locytosis (rare), aplastic anemia, hepatotoxicity. 
Methimazole is a possible teratogen (can cause aplasia cutis). 

Levothyroxine (T 4 ), liothyronine (T 
3

) 

MECHANISM 

(LINICAL USE 

ADVERSE EFFECTS 

Thyroid hormone rep lacement. 

Hypothyroid ism, myxedema. May be abused for weigh t loss. Distinguish exogenous 
hyperthyroidism from endogenous hyperthyroidism using a combination ofTSII receptor 
antibodies, rad ioactive iodine uptake, and/or measurement of thyroid blood Aow on ultrasound. 

Tachyca rdia, heat intolera nce, tremors, arrhythmias. 
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Hypothalamic/pituitary drugs 
DRUG 

ADH antagonists 

(conivaptan, 
tolvaptan) 

Desmopressin 

GH 

Oxytocin 

Somatostatin 
(octreotide) 

Demeclocycline 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Fludrocortisone 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Cinacalcet 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Sevelamer 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

CLINICAL USE 

SIAD! I (block action of ADI I at V z-receptor). 

Central DI, von Willebrand disease, sleep enuresis, hemophilia A. 

CI I deficiency, Turner syndrome. 

Labor induction (stimulates uterine contractions), controls uterine hemorrhage. 

Acromegaly, carcinoid syndrome, gastrinoma, glucagonoma, esophageal varices. 

ADI I antagonist (member of tetracycline fam ily). 

SIADII. 

Nephrogenic DI, photosensitivity, abnormalities of bone and teeth. 

Synthetic analog of aldosterone wi th little glucocorticoid effects. 

Mineralocorticoid replacement in I0 adrenal insufficiency 

Similar to glucocorticoids; also edema, exacerbation of heart fai lure, hyperpigmentation. 

Sensitizes Ca2+_sensing receptor (CaSR) in parathyroid gland to circulating Ca2+ - l PTII. 

2° hyperparathyroidism in CKD, hypercalcemia in 1° hyperparathyroidism (if parathyroidectomy 
fai ls) or in parathyroid carcinoma. 

Hypocalcemia. 

Nonabsorbable phosphate binder that prevents phosphate absorption from the CI tract. 

Hyperphosphatemia in CKD. 

Hypophosphatemia, CI upset. 



H IGH - YI EL D SYS T EMS 

Gastrointestinal 

"A good set of bowels is worth more to a man than any quantity of brains." 
- Josh Billings 

"Man should strive to have his intestines relaxed all the days of his life." 
- Moses Maimonides 

"Is life worth living? It all depends on the liver." 
- William James 

\.\!hen studying the gastrointestinal system, be sure to understand the 
normal embryology, anatomy, and physiology and how it is affected in 
the various pathologic diseases. Study not only what a disease entails, 
but also its specific findings, so that you can differentiate between two 
similar diseases. For example, what specifically makes ulcerative colitis 
different than Crohn disease? Also, it is important to understand bile 
metabolism and which lab values increase or decrease depending on the 
disease process. Be comfortable with basic in terpretation of abdominal 
x-rays, CT scans, and endoscopic images. 
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Normal 
gastrointestinal 

embryology 

Ventral wall defects 

ETIOLOGY 

COVERAGE 

ASSOCIATIONS 

Congenital umbilical 
hernia 

Foregut- esophagus to upper duodenum. 
Midgut- lower duodenum to proximal 2/i of transverse colon. 
Hindgut-distal 11; of transverse colon to a na l canal above pectinate line. 
Midgut development: 

• 6th week- physiologic m idgut herniates through umbilica l ring 
• 10th week-returns to abdominal cavi ty + rotates around superior mesenteric ar tery (SMA), 

tota l 270° counterclockwise 

Developmental defects due to fai lure of rostra l fold closure (eg, sternal defects [ectopia cord is)), 
lateral fold closure (eg, omphalocele, gastroschisis), or caudal fo ld closure (eg, bladder exstrophy). 

Gast roschisis 

Extrus ion of abdomina l contents through 
abdominal folds (typically right of umbi licus) 

Not covered by peritoneum or amnion fl; "the 
abdominal contents are coming out of the G " 

Not associated with chromosome abnormalities 

Omphalocele 

Failure of latera l walls to migrate at umbilica l 
ring - persistent m id line herniation of 
abdominal contents into umbilical cord 

Surrounded by peritoneum I] (light gray shiny 
sac); "abdominal contents are sealed in the 0 " 

Associated with congenital anomalies (eg, 
trisomies 13 and 18, Beckwith-Wiedemann 
syndrome) and other structural abnormalities 
(eg, cardiac, CU, neural tube) 

Failure of umbilica l ring to close a fter physiologic herniation of the intestines. Small defects 
usua lly close spontaneously. 



Tracheoesophageal 
anomalies 

Intestinal atresia 

Hypertrophic pyloric 
stenosis 
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Esophageal atresia (EA) with distal tracheoesophageal fistula (TEF) is the most common (853) 
and often presents as polyhydramnios in utero (due to inability of fetus to swallow amniotic Auid). 
Neonates drool, choke, and vomit with first feed ing. TEFs allow air to enter stomach (visible on 
CXR). Cyanosis is 2° to laryngospasm (to avoid reAux-related aspiration). Clinical test: fa ilure to 
pass nasogastric tube into stomach. 

In II-type, the fistula resembles the letter II. In pure EA, CXR shows gasless abdomen. 

Normal anatomy 

1 
Pure EA 

(atresia or stenosis) 
Pure HF 
(H-type) 

Tracheoesophageal 
tistula 

Esophageal 
atresia 

EA with distal HF 
(most common) 

Presents with bilious vomiting and abdominal distension within first 1- 2 days of life. 
Duodenal atresia- failure to recanalize. Abdominal x-ray rJ shows "double bubble" (dilated 

stomach, proximal duodenum). Associated with Down syndrome. 
Jejunal and ileal atresia-disruption of mesenteric vessels (typically SMA) - ischemic necrosis 

of feta l intestine - segmental resorption: bowel becomes discontinuous or assumes a spiral 
configuration (apple peel). X-ray shows dilated loops of small bowel with air-Auid levels. 

Most common cause of gastric outlet obstruction in infants (1:600). Palpable olive-shaped mass in 
epigastric region, visible peristaltic waves, and nonbilious projecti le vomiting at - 2- 6 weeks old. 
More common in firstborn males; associated with exposure to macrolides. 

Results in hypokalemic hypochloremic metabolic alkalos is (2° to vomiting of gastric acid and 
subsequent volume contraction). 

Ultrasound shows th ickened and lengthened pylorus rJ. 
Treatment is surgical incision (pyloromyotomy). 
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Pancreas and spleen 
embryology 

GASTROINTESTINAL GASTROINTESTINAL -ANATOMY 

Pancreas-derived from foregut. Ventra l pancreatic bud contributes to uncinate process and main 
pancreatic duc t. The dorsal pancreatic bud a lone becomes the body, ta il, isthmus, and accessory 
pancreatic duc t. Both the ventral and dorsal buds contr ibute to pancreatic head. 

Annular pancreas- abnormal rotation of ventra l pancreatic bud forms a ring of pancreatic tissue 
- enci rcles 2nd part of duodenum; may cause duodena l narrowing (arrows in fJ) and vomiting. 

Pancreas d ivisum- ventra l and dorsa l parts fai l to fuse at 8 weeks. Common anomaly; mostly 
asymptomatic, but may cause chronic abdominal pain and/or pancreatitis. 

Spleen- arises in mesentery of stomach (hence is mesodermal) but has foregut supply (celiac trunk 
- splenic artery). 

VentralY 
pancreatic bud 

pancreatic bud 
Uncinate process 

Retroperitoneal 

structures 
Retroperitonea l structures fJ are posterior to 

(and outside of) the peritoneal cavity. Injuries 
to retroperitoneal structures can cause blood 
or gas accumulation in retroperitoneal space. 

SAD PUCKER 
Suprare na l (adrenal) glands [not shown] 
Aorta a nd JVC 
D uodenum (2nd through 4th parts) 
Pancreas (except tail) 
Ureters [not shown] 
C olon (descend ing and ascending) 
Kid neys 
E sophagus (thoracic portion) [not shown] 
Rectum (partially) [not shown] 
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Important gastrointestinal ligaments 

Portal triad (within n bile duct -E 
Proper hepatic artery 

hepatoduodenal 
ligament) Portal vem 

LIGAMENT 

Falciform ligament 

Hepatoduodenal 
ligament 

Gastrohepatic 
ligament 

Gastrocolic ligament 
(not shown) 

Gastrosplenic 
ligament 

Splenorenal ligament 

CONNECTS 

Liver 

Omental foramen 
(epiploic foramen 

of Winslow) 

Greater 
sac 

Liver to anterior abdominal 
wall 

Liver to duodenum 

Liver to lesser curvature of 
stomach 

G reater c urvature and 
transverse colon 

G reater c urvature and spleen 

Sp leen to posterior abdominal 
wall 

STRUCTURES CONTAINED NOTES 

Ligamentum teres hepatis Derivative of ventra I mesentery 
(derivative offeta l umbilica l 
vein), patent paraumbilical 
veins 

Porta l triad: proper hepatic Pringle maneuver- ligament 
artery, porta l vein, common may be compressed between 
bi le duct thumb and index finger 

placed in omental foramen to 
contro l bleeding 

Borders the omental foramen, 
which connects the greater 
and lesser sacs 

Part of lesser omen tum 

Gastric vessels Separates greater a nd lesser sacs 
on the right 

May be cut during surgery to 
access lesser sac 

Part of lesser omen tum 

Gastroepiploic arteries Part of greater omentum 

Short gastrics, left Separates greater a nd lesser sacs 
gastroepiploic vessels on the left 

Part of greater omentum 

Splenic artery and vein, ta il of 
pancreas 
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Digestive t ract 
anatomy 

Digestive t ract histology 

Esophagus 

Stomach 

Duodenum 

Jejunum 

Ileum 

Colon 

GASTROINTESTINAL GASTROINTESTINAL -ANATOMY 

Layers of gut wall (inside to outside- MSMS): 
• Mucosa- epithel ium, lamina propria, muscularis mucosa 
• Submucosa- inc ludes Submucosal nerve plexus (Meissner), Secretes Au id 
• M uscularis externa - inc ludes Myenteric nerve plexus (Auerbach), Moti lity 
• Serosa (when intraperitoneal), adventitia (when retroperitoneal) 

Ulcers can ex tend into submucosa, inner or outer muscula r layer. Erosions are in mucosa only. 

Frequencies of basal electric rhythm (slow waves): 
• Stomach- 3 waves/min 
• Duodenum-12 waves/min 
• Jleum- 8- 9 waves/min 

}-Tunica muscularis 
externa 

Mesentery-

Vein 
Artery 

Lymph vessel 

----Myenteric nerve plexus 
(Auerbach) 

""'-t;-' Tunica serosa 
Enlarged view (peritoneum) 
cross-section 

Mucosa 
:-----Epithelium 
---:.---lamina propria 

---''---Muscularis mucosa 

Submuco1<1 
Submucosal gland 

Nonkeratinized stratified squamous epithel ium. Upper 1/i, striated muscle; midd le and lower 2h 
smooth muscle, with some overlap at the trans ition. 

Gastric g lands fl. 
Villi and m icrovill i t absorptive surface ll). Brunner glands (!IC03- -secreting cells of submucosa) 

and crypts of Lieberkiihn (contain stem cells that replace enterocytes/goblet cells and Paneth cells 
that secrete defensins, lysozyme, and TNF). 

Villi, crypts of Lieberkiihn, and plicae ci rculares (a lso present in distal duodenum) m. 
Peyer patches 111 (lymphoid aggregates in lamina propria, submucosa), plicae circulares (proximal 

ileum), and crypts ofLieberkiihn. Largest number of goblet cells in the small intestine. 

Crypts of Lieberkiihn with abundant goblet eel Is, but no vi Ii i I]. 
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Abdominal aorta and branches 

Right 

T12 

uj 

L3 ] 

L4 ] 

Right external 
iliac 

IVC AORTA 

iliac 

Gastrointestinal blood supply and innervation 
EMBRYONIC 
GUT REGION 

Foregut 

Mid gut 

Hind gut 

ARTERY 

Celiac 

SMA 

IMA 

PARASYMPATHETIC 
INNERVATION 

Vagus 

Vagus 

Pelvic 

left 

Superior supra renal 

Inferior suprarenal 

Left external 
itiac Ii!! 

VERTEBRAL 
LEVEL 

T l2/LI 

LI 

L3 

Arteries supplying CI structures a re single and 
branch anteriorly. 

Arteries supplying non-C I struc tures are paired 
and branch laterally and posteriorly. 

Superior mesenteric artery syndrome
characteri zed by intermittent intestina l 
obstruction symptoms (primari ly postprandial 
pain) when SMA and aorta compress 
transverse (third) portion of duodenum. 
Typically occurs in conditions associated 
with dimin ished mesenteric fat (eg, low body 
weight/malnu trition). 

Nutcracke r syndrome- compression of left 
rena l vein between superior mesenteric artery 
and aorta. C haracterized by abdominal (Aank) 
pain and gross hematuria (from rupture of 
thin-walled renal varicos ities). 

Two areas of the colon have dua l blood supply 
from d ista l a rteria l branches ("watershed 
regions") - susceptible in colonic ischemia: 
• Splenic Aexure - SMA and IMA 
• Rectosigmoid junction-the last sigmoid 

arteria l branch from the IMA and superior 
rec ta l artery 

STRUCTURES SUPPLIED 

Pharynx (vagus nerve only) and lower esophagus 
(celiac artery only) to proximal duodenum; 
liver, gallbladder, pancreas, spleen (mesoderm) 

Distal duodenum to proximal 21; of tra nsverse 
colon 

Distal 1/ ; of transverse colon to upper portion of 
rec tum 
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Celiac trunk Branches of celiac trunk: common hepatic, splenic, and left gastric. These constitute the main 
blood supply of the forcg11t. 

Strong anastomoses between: 

left hepatic 

Left and right gastrocpiploics 
Left and right 

Cystic - ,_ __ _ 

Proper hepatic 

Ante<1or Sllperior pancreaticoduodenal 

Postenot superior pancreaticoduodenat 

Left 

Areas suppLied by: 

left gastric artery 

Splenic artery 

Common hepatic artery 1:1 



Portosystemic 
anastomoses 
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;.;,------Superior mesenteric vein 

11------1nterior mesenteric vein 

Colon 

Superior rectal vein 
(superior hemorrhoidal vein) 

Middle rectal vein 
f -1'"'-- -'-'----- Inferior rectal vein 

SITE Of ANASTOMOSIS 

0 Esophagus 

@ Umbilicus 

E) Rectum 

CLINICAL SIGN 

Esophageal varices 

Caput medusae 

Anorecta l varices 

- Pathologic blood in portal HTN 

=:> Flow through TIPS. re-establishing 
nonnal flow direction 

- Normal venous drainage 

• Systemic venous system 
• Portal venous system 

PORTAL H SYSTEMIC 

Left gastric H azygos 

Paraumbilica l H small 
epigastri c veins of the a nterior 
abdominal wall. 

Superior recta l H middle and 
inferior recta l 

Va rices of gut, butt, a nd caput (medusae) are commonly seen with portal hypertension. 

(i) Treatment with a t ransjugular intrahepatic portosystemic shunt (TIPS) between the porta l vein 
and hepatic vein relieves porta l hypertens ion by shunting blood to the systemic ci rcu lation, 
bypass ing the liver. Can precipitate hepatic encephalopathy. 
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Pectinate line 

Nerves 
V&etal innervation 

Somatic innervation 

Also ca lled dentate line. Formed where endoderm (h indgut) meets ectoderm. 

Art tries 
Superior rectal 
artery (branch 

of IMA) 

Inferior rectal artery 
(branch of internal 
pudenda! artery) 

Veins 
Superior rectal vein 
- &MV - splenic 
vein - portal vein 

lnfe1ior rectal vein 
- internal pudendal 
vein - internal mac 

vein - common iliac 
vein - IVC 

Lymphatics 
Drain to internal 

mac LN 

Drain to superficial 
inguinal LN 

Above pectinate line: interna l hemorrhoids, 
adenocarcinoma. 

Internal hemorrhoids receive visceral 
innervation and are therefore not painful. 

Below pectinate line: external hemorrhoids, 
anal fissures, squamous cell carcinoma. 

External hemorrho ids receive somatic 
innervation (inferior recta l branch of 
pudenda! nerve) and a re therefore painful if 
th rombosed. 

Anal fissu re -tear in anal mucosa below 
Pectinate line. Pain whi le Pooping; blood on 
toilet Paper. Located Posteriorly because this 
area is Poorly Perfused. Assoc iated with low
fiber diets and constipation. 



Liver tissue 
architecture 
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The functional un it of the liver is made up of 
hexagonally arranged lobu les surrounding the 
centra l vein with porta l triads on the edges 
(consisting of a porta l vein, hepatic artery, bi le 
ducts, as well as lymphatics) a. 

Apical surface of hepatocytes faces bile 
canaliculi. Basolateral surface faces sinusoids. 

Kupffer cells, which are specialized 
macrophages, a re located in the sinusoids 
(black a rrows in (lJ; yellow arrows show 
hepatic venule). 

Hepatic stellate (Ito) cells in space of O isse 
store vitamin A (when quiescent) and produce 
extracellula r matri x (when activated). 
Responsible for hepatic fibros is. 

Endothelial 
cells 

Branch of 
hepatic artery 

portal vein 

Portal triad 

Zone 1- periporta l zone: 
• Affected 1st by vira l hepatitis 
• Best oxygenated, most res istant to circulatory 

compromise 
• Ingested tox ins (eg, cocaine) 

Zone II - intermediate zone: 
• Yellow fever 

Zone III - pericentral vein (centri lobular) zone: 
• Affected 1st by ischemia (least oxygenated) 
• High concentration of cytochrome P-450 
• Most sens itive to metabolic toxins (eg, 

ethanol, CCl4, ha lothane, rifampin) 
• Site of alcoholic hepatitis 

---"'= ;..-central vein 
(to hepatic vein and 
systemic circulation) 

I 
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Biliary structures 

Femoral region 

ORGANIZATION 

Femoral triangle 

Femoral sheath 

GASTROINTESTINAL GASTROINTESTINAL -ANATOMY 

Gallstones that reach the conAuence of the common bi le and pancreatic ducts at the ampulla of 
Vater can block both the common bile and pancreatic ducts (double duct sign), causing both 
cholangitis and pancreatitis, respectively. 

Tumors that arise in head of pancreas (usua lly ductal adenocarcinoma) can cause obstruction of 
common bile duct - enlarged ga llbladder with painless jaund ice (Courvoisier sign). 

Cholangiography shows fi ll ing defects in ga llbladder (blue arrow) and cystic duct (red arrow) rJ. 

Common bile duct 

Main pancreatic duct 

Lateral to media l: N erve-Artery-Vein-
Lymphatics. 

Contains femora l nerve, artery, ve in. 

Fascia! tube 3- 4 cm below inguina l ligament. 
Contains femora l vein, artery, and canal (deep 

inguina l lymph nodes) but not femoral nerve. 

fascia 

Inguinal 
ligament 

You go from lateral to medial to find your 
NAVeL. 

Venous near the penis. 

Lymphatics 

Femoral ring-site of 
femoral hernia 



Inguinal canal 
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Superficial (external) 
inguinal ring 

Medial umbilical ligament 

Median umbilical ligament 

lntemal spermatic fascia Cremasteric muscle and fascia External speonatic fascia 
(transversalis fascia) (internal oblique) (external oblique) Ii?! 
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Hernias Protrusion of peritoneum through an opening, usually at a site of weakness. Contents may be at 
risk for incarceration (not reducible back into abdomen/pelvis) and strangulation (ischemia and 
necrosis). Complicated hernias can present with tenderness, erythema, fever. 

Diaphragmatic hernia Abdominal structures enter the thorax fJ; may occur due to congeni tal defect of pleuroperitoneal 

Indirect inguinal 

hernia 

Direct inguinal hernia 

Femoral hernia 

membrane or from trauma. Commonly occurs on left side due to relative protection of right 
hemidiaphragm by liver. 

Most commonly a hiatal hernia, in which stomach herniates upward through the esophageal hiatus 
of the diaphragm. 

Sliding hiata l hernia- gastroesophageal 
junction is displaced upward as gastric cardia 
slides into hiatus; "hourglass stomach." Most 
common type. 

Paraesophageal hiata l hernia
gastroesophageal junction is usually normal 
but gastric fu ndus protrudes into the thorax. 

Goes through the internal (deep) inguinal ring, 
external (superficial) inguinal ri ng, and into 
the scrotum. Enters internal inguinal ring 
lateral to inferior epigastric vessels. Caused 
by failure of processus vaginal is to close (can 
form hydrocele). May be noticed in infants or 
discovered in adulthood. Much more common 
in males rn. 

Protrudes through the inguinal (Ilesselbach) 
triangle. Bulges directly through parietal 
peritoneum medial to the inferior epigastric 
vessels but lateral to the rectus abdominis. 
Goes through the external (superficial) 
inguinal ring only. Covered by external 
spermatic fascia. Usually occurs in older 
men due to an acquired weakness in the 
transversalis fascia. 

Protrudes below inguinal ligament through 
femoral canal below and lateral to pubic 
tubercle. More common in females, but 
overall inguinal hern ias are the most common. 

Inferior epigastric vessels 
(superolateral border) 

:y-Herniated 
_,,,.. gastric cardia 

Sliding hiatal hernia 

; I gastric fundus 

Paraesophageal hiatal hernia 11,1 

An indirect inguinal hernia fo llows the path of 
descent of the testes. Covered by all 3 layers of 
spermatic fascia. 

MDs don't Lie: 
Medial to inferior epigastric vesse ls= Direct 

hern ia. 
Lateral to inferior epigastric vessels= Indirect 

hern ia. 

More likely to present with incarceration or 
strangulation than inguinal hernias. 

Inguinal ligament ____,, 

/ 
(inferior border) 

Indirect 

........---Rectus abdominis muscle 
(medial border) 

Inguinal (Ilesselbach) triangle: 
• Inferior epigastric vessels 

inguinal hernia 

vessels----(/. 

----Inguinal (Hesselbach) 
triangle 
Direct inguinal hernia 

----Femoral hernia 

• Lateral border of rectus abdominis 
• Inguinal ligament 
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Gastrointestinal reg u latory substances 
REGULATORY SUBSTANCE SOURCE ACTION REGULATION NOTES 

Gastrin C cells (antrum gastric H+ secretion by stomach t by chronic PPI use. 
of stomach, growth of gastric mucosa d istention/ t in chronic atrophic gastritis 
duodenum) gastric motility a lka linization, (eg, l l pylori). 

amino acids, t t in Zollinger-Ellison 
peptides, vaga l syndrome (gastrinoma). 
stimulation via 
gastrin-releasing 
peptide (C RP) 

lbypll < L5 

Somatostat in D cells gastric acid and t by ac id secretion of various 
(pancreatic islets, pepsinogen secretion • byvagal hormones (encourages 
C I mucosa) pancreatic a nd small stimulation somato-stasis). Octreotide 

intestine Auid secretion is an analog used to treat 
gallbladder contraction acromegaly, carcinoid 
insu lin a nd g lucagon syndrome, and va riceal 
re lease bleeding. 

Cholecystokin in I cells (duodenum, pancreatic secretion by fatty acids, Acts on neura l muscarinic 
jejunum) gall bladder contraction amino acids pathways to cause pancreatic 

gastric emptying secretion. 
t sphincter of Oddi 

re laxation 

Secretin S cells pancreatic IIC03- by ac id, fatty t I IC03- neutra lizes gastric 
(duodenum) secretion acids in lumen acid in duodenum, allowing 

gas tric acid secretion of duodenum pancreatic enzymes to 
bile secretion function. 

Glucose- K cells Exocrine: by fatty acids, Also known as gastric inhibitory 
dependent (duodenum, I gastric H+ secretion amino acids, peptide (GIP). 
insulinotro pic jejunum) Endocrine: oral glucose Ora I g lucose load leads to 
peptide t insu lin release t insu lin compared to JV 

equiva lent due to GIP 
secretion. 

Motilin Small intestine Produces m igrating motor t in fasting state Moti lin receptor agonists (eg, 
complexes (MMCs) erythromycin) are used to 

stimulate intestinal peristalsis. 

Vasoactive Parasympathetic intestinal water and by d istention VIPoma-non-a, 
intestina l ganglia in electrolyte secretion and vaga l is let ce ll pancreatic tumor 
polypeptide sphincters, re laxation of intestinal stimulation that secre tes VIP. Watery 

gall bladder, smooth muscle and by ad renergic D iarrhea, Ilypoka lemia, 
small intestine sphincters input and Achlorhydria (WDIIA 

syndrome). 

Nitric oxide smooth muscle Loss of NO secretion is 
re laxation, including implicated in t LES tone of 
lower esophagea l acha lasia. 
sphincter (LES) 

Ghrelin Stomach appetite in fasting state t in Prader-Willi syndrome. 
by food I after gastric bypass surgery. 
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Gastrointestinal secretory products 

PROOUCT SOURCE 

Intrinsic factor 

Gastric acid 

Pepsin 

Parieta l cells 
(stomach) 

Parieta l cells 
(stomach) 

C hief cells 
(stomach) 

ACTION 

Vitamin B1z-binding 
protein (req uired for B12 
uptake in terminal ileum) 

I stomach pII 

Protein digestion 

Bicarbonate M ucosal cells Neutra lizes acid 
(stomach, 
duodenum, 
sa livary glands, 
pancreas) and 
Brunner g lands 
(duodenum) 

REGULATION 

by histamine, 
vagal 
stimulation 
(ACh), gastrin 
by somatostatin, 
GIP, 
prostagla nd in, 
secret in 

byvagal 
stimulation 
(ACh), local 
acid 

by pancreatic 
and biliary 
secretion wi th 
secret in 

NOTES 

Autoimmune destruction 
of parietal cells - chronic 
gastritis and pernicious 
anemia. 

Pepsinogen (inactive) is 
converted to pepsin (active) in 
the presence of JJ+. 

Trapped in mucus that covers 
the gastric epithe lium. 
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Locations of gastrointestinal secretory cells 

sphincter "-. 

CCK 

lce11s@
1 

Vagus nerve 

)

1
1 Cardia 

ACh \ 

-:-A Ch ' 

\ 

1 
Pepsinogen 

' ,;"> Chief + V' cells Somato· Antrum 
statin 

Mucus 

Histamine 

J 
\ 00 

GRP / _ / ECLcells 
_.% 

Secretin Duodenum 

Kcells 

Mucous 
cells 

G lls-_ Gastrin 
ce (to circulation) 

Castrin t acid secretion primari ly through its effects on enterochromaffin-like (ECL) cells (leading 
to histamine release) rather than through its d irect effect on parietal cells. 

Pancreatic secretions Isotonic Auid; low Aow - high C J-, h igh Aow - h igh IIC03-

ENZYME 

a-amylase 

Li pases 

Proteases 

Trypsinogen 

Carbohydrate 
absorption 

ROLE 

Starch d igestion 

Fat d igestion 

Protein digestion 

Converted to active enzyme trypsin 
- activation of other proenzymes and cleaving 
of add itional trypsinogen molecules into active 
trypsin (positive feedback loop) 

Nat/Kt 

\ £ ATP;r;, 

:::: Na• --. 3Na•i;: ·-• ( Glucose or e
0 =:J galactose 2 K• 

• "----. . [ GWT-2 

. J-.frutose ...__ :::=:..::> o __ 
Basolateral 

membrane membrane It) 

NOTES 

Secreted in active form 

Includes tryps in, chymotrypsin, e lastase, 
carboxypeptidases 

Secreted as proenzymes a lso known as 
zymogens 

Converted to trypsin by enterokinase/ 
enteropeptidase, a brush-border enzyme on 
duodenal and jejuna! mucosa 

Only monosaccharides (glucose, galactose, 
fructose) are absorbed by enterocytes. G lucose 
and ga lactose are taken up by SCLTI (Na+ 
dependent). F ructose is taken up via Facilitated 
d iffusion by CLUT5. All a re transported to 
blood by CLUTZ. 

o-xylose absorption test: simple sugar that 
requ ires intact mucosa for absorption, but 
does not require digestive enzymes. Helps 
d ist inguish C I mucosa! damage from other 
causes of malabsorption. 
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Vitamin/mineral absorption 

Iron 

Folate 

812 

Peyer patches 

Bile 

Absorbed as Fe2+ in duodenum. 

Absorbed in small bowel. 

Absorbed in terminal ileum along with bi le 
salts, requires intrinsic factor. 

Unencapsulated lymphoid tissue fi.l found in 
lamina propria and submucosa of ileum. 
Contain special ized M cells that sample and 
present antigens to iMmune cells. 

B cells stimulated in germinal centers of Peyer 
patches differentiate into IgA-secreting plasma 
cells, which ultimately reside in lamina 
propria. IgA receives protective secretory 
component and is then transported across the 
epithelium to the gut to deal with intraluminal 
antigen. 

Composed of bile salts (bi le acids conjugated to 
glycine or taur ine, making them water soluble), 
phospholipids, cholesterol, bilirubin, water, 
and ions. Cholesterol 7a -hydroxylase catalyzes 
rate-limiting step of bile acid synthesis. 

Functions: 
• Digestion and absorption of lipids and fat

soluble vitamins 
• Cholesterol excretion (body's 1° means of 

eliminating cholesterol) 
• Antimicrobial activity (via membrane 

disruption) 

Iron Fist, Bro 
Clinically relevant in patients with small bowel 

disease or after resection. 

Think of lgA, the Intra-gut Antibody And 
always say "secretory IgA." 

I absorption of enteric bile salts at distal ileum 
(as in short bowel syndrome, Crohn disease) 
prevents nor ma I fat absorption. 

Calcium, which normally binds oxalate, binds 
fat instead, so free oxalate is absorbed by gut 
- t frequency of calcium oxalate kidney 
stones. 



Bilirubin 

RBCs 
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Heme is metabolized by heme oxygenase to biliverdin, which is subsequently reduced to bilirubin. 
Unconjugated bilirubin is removed from blood by liver, conjugated with glucuronate, and excreted 
in bile. 

Di rec t bilirubin-conjugated with glucuronic ac id; water soluble. 
Ind irect bilirubin-unconjugated; water insoluble. 

Excreted in urine as 
urobilin (-4yellow color) Kidney 

90% 10% ---Enterohepatic 
/ circulation 

20% 
Macrophages Bloodstream Liver Gut 

Heme Unconjugated 
bilirubin 

Indirect bilirubin 
(water insoluble) 

Albumin 

Unconjugated bilirubin
atbumin complex 

--+ 
Conjugated 

bitirubin 
UDP
gtucuronosyt
transferase 

Direct bitirubin 
(water soluble) 

Gut bacteria 

Urobilinogeii 

80% 

Excreted in feces as 
stercobilin (-4 brown 
color of stool) 
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Sialolithiasis 

Achalasia 

Stone(s) in sal ivary gland duct f'J. Can occur in 3 
major sal ivary glands (parotid, submandibular, 
sublingual). Single stone more common in 
submandibular gland (Wharton duct). 

Presents as recurrent pre-/periprandial pain and 
swelling in affected gland. 

Caused by dehydration or trauma. 
Treat conservatively with NSAIDs, gland 

massage, warm compresses, sour candies (to 
promote sa I ivary Aow). 

Sialadenitis- inAammation of salivary gland due 
to obstruction, infection, or immune-mediated 
mechanisms. 

Most are benign and commonly affect parotid gland (80-853). Nearly half of all submandibular 
gland neoplasms and most sublingual and minor salivary gland tumors are malignant. Typically 
present as painless mass/swelling. CN VII signs (ie, fac ial paralysis or pain) suggest malignant 
involvement. 
• Pleomorphic adenoma (benign mixed tumor)- most common saliva ry gland tumor f'J. 

Composed of chondromyxoid stroma and epithelium and recurs if incompletely excised or 
ruptured intraoperatively. May undergo malignant transformation. 

• Mucoepidermoid carcinoma- most common malignant tumor, has mucinous and squamous 
components. 

• Warthin tumor (papi llary cystadenoma lymphomatosum)-benign cystic tumor with germinal 
centers. Typically found in smokers. Bilateral in !03 ; multifocal in !03 . "Warriors from 
Germany love smoking." 

Failure of LES to relax due to loss of myenteric 
(Auerbach) plexus due to loss of postganglionic 
inhibitory neurons (which contain NO and 
VIP). 

Manometry find ings include uncoordinated 
or absent peristalsis with high LES resting 
pressure - progressive dysphagia to sol ids and 
liquids (vs obstruction-solids only). Bari um 
swallow shows dilated esophagus with an area 
of distal stenosis ("bird's beak" fJ). 

with t risk of esophageal cancer. 

A-chalasia = absence of relaxation. 
2° achalasia (pseudoachalasia) may arise 

from Chagas disease (T cruzi infection) or 
extraesophageal malignancies (mass effect or 
paraneoplastic). 



Esophageal pathologies 

Diffuse esophageal 

spasm 

Eosinophilic 
esophagitis 

Esophageal 

perforation 

Esophageal strictures 

Esophageal varices 

Esophagitis 

Gastroesophageal 

reflux disease 

Mallory-Weiss 
syndrome 

Plummer-Vinson 

syndrome 

Schatzki rings 

Sclerodermal 
esophageal 

dysmotil ity 
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Spontaneous, nonperistal tic (u ncoordinated) contractions of the esophagus with normal LES 
pressure. Presents with dysphagia and angina-like chest pain . Barium swallow reveals "corkscrew" 
esophagus. Manometry is diagnostic. Treatment includes nitrates and CCBs. 

Infiltration of eosinophils in the esophagus often in atopic patients. Food allergens - dysphagia, 
food impaction. Esophagea l r ings a nd linear furrows often seen on endoscopy. Typica lly 
unresponsive to GERO therapy. 

Most commonly iatrogenic following esophagea l instrumentation. Noniatrogenic causes include 
spontaneous rupture, foreign body ingestion, trauma, malignancy. 

May present with pneumomediastinum (arrows in fJ). Subcutaneous emphysema may be due to 
d issecting a ir (signs include crepitus in the neck region or chest wall). 

Bo erhaave syndrome- transmura l, usually d ista l esophagea l rupture due to violent retching. 

with caustic ingest ion, acid reflux, a nd esophagitis. 

Di lated submucosal veins (red arrows in I] mJ in lower 1/i of esophagus 2° to porta l 
hypertension. Common in cirrhotics, may be source of life-threatening hematemesis. 

with reflux, infection in immunocompromised (Candida: white pseudomembra ne [!]; 
HSV-1: punched-out u lcers; CMV: linear u lcers), caustic ingestion, or pill-induced esophagitis 
(eg, bisphosphonates, tetracycl ine, NSAIDs, iron, and potassium chloride). 

Commonly presents as heartburn, regurgitation, dysphagia. May a lso present as chronic cough, 
hoarseness (laryngopharyngea l reflux). Associated with asthma. Transient decreases in LES tone. 

Partia l th ickness, longitudinal lacerations of gastroesophageal junction, confined to mucosa/ 
submucosa, due to severe vomiting. Often presents with hematemesis. Usually found in alcoholics 
and bulimics. 

Tr iad of Dysphagia, Iron deficiency a nemia, and Esophageal webs. May be associated with 
glossitis. Increased risk of esophageal squamous cell carcinoma ("Plumbers DIE"). 

Rings formed at gastroesophageal junction, typica lly due to chronic ac id reflux. Can present with 
dysphagia. 

Esophagea l smooth muscle atrophy - I LES pressure and dysmotility - acid reflux and dysphagia 
- str icture, Barrett esophagus, and aspiration. Part of CREST syndrome. 

New 
i1nage 
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Barrett esophagus 

Esophageal cancer 

CANCER 

Squamous cell 
carcinoma 

Adenocarcinoma 

GASTROINTESTINAL 

Specialized intestinal metaplasia El- replacement of nonkeratinized stratified squamous 
epithelium with intestinal epithelium (nonciliated columnar with goblet cells [stained blue in Ill]) 
in distal esophagus. Due to chronic gastroesophageal reAux disease (GERD). Associated with 
t risk of esophageal adenocarcinoma. 

Squamocolumnar 
(epithelial) junction 

(SCJ or Z line) 

Typically presents with progressive dysphagia (first solids, then liquids) and weight loss. Aggress ive 
course due to lack of serosa in esophageal wall, allowing rapid extension. Poor prognosis due to 
advanced disease at presentation. 

PART Of ESOPHAGUS AFFECTED RISK FACTORS PREVALENCE 

Upper 2/3 Alcohol, hot liquids, caustic More common worldwide 
strictures, smoking, achalasia 

Lower 1/3 Chronic GERD, Barrett More common in America 
esophagus, obesity, smoking, 
achalasia 



Gastritis 

Acute gastritis 

Chronic gastritis 

Hpylori 

Autoimmune 

Menetrier disease 

Gastric cancer 
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Erosions can be caused by: 
• NSAIDs-1 PCE2 - I gastric mucosa 

protection 
• Bums (Curl ing ulcer}-hypovolemia 

- mucosal ischemia 
• Brain injury (C ushing ulcer)- t vagal 

stimulation - t ACh - t l J+ production 

Mucosa I inAammation, often leading to atrophy 
(hypochlorhydria - hypergastri nemia) and 
intestinal metaplasia (t risk of gastric cancers). 

Most common. t risk of peptic ulcer d isease, 
MALT lymphoma. 

Autoantibodies to the I [+/K+ ATPase on pa rie tal 

cells and to intrinsic factor. t risk of pernicious 
anemia. 

Especially common among alcoholics and 
patients taking da ily NSA!Ds (eg, patients with 
rheumatoid arth ritis). 

Burned by the Curling iron. 

Always Cushion the brain. 

Affects antrum first and spreads to body of 
stomach. 

Affects body/fundus of stomach. 

Hyperplasia of gastric mucosa - hypertrophied rugae (look like brain gyri fJ). Causes excess 
mucus production with resu ltant prote in loss and parietal cell atrophy with I ac id production. 

Precancerous. 
Presents with Weight loss, Anorex ia, Vomiting, Epigastric pain, Edema (due to protein loss) 

(WAVEE). 

Most commonly gastric adenocarcinoma; 
lymphoma, CI stromal tumor, carcino id (rare). 
Early aggressive local spread with node/liver 
metastases. Often presents late, with weight 
loss, abdomina l pa in, early satiety, a nd in some 
cases acanthosis n igricans or Leser-Trela! sign. 

with blood type A. 
• Intestinal - associated wi th If pylori, dietary 

nitrosamines (smoked foods), tobacco 
smoking, ach lorhydria, chronic gastritis. 
Commonly on lesser c urvature; looks like 
ulcer with raised margins. 

• Diffuse-not associated with If pylori; signet 
ri ng cells (mucin-filled cells with peripheral 
nuclei) fJ; stomach wall gross ly th ickened 
and leathery (linitis plastica). 

Virchow node-involvement of left 
supraclavicular node by metastasis from 
stomach. 

Krukenberg tumor-bilateral metastases to 
ovaries. Abundant mucin-secreting, signet ring 
cells. 

Sister Mary Joseph nodule - subcutaneous 
periumbilica l metastasis. 

Blumer shelf- palpable mass on digital recta l 
exam suggesting metastasis to pouch of 
Douglas. 
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Peptic ulcer disease 

PAIN 

ff PYLORI INFECTION 

MECHANISM 

OTHER CAUSES 

RISK Of CARCINOMA 

OTHER 

Ulcer complications 

Hemorrhage 

Obstruction 

Perforation 

GASTROINTESTINAL 

Gastric ulcer 

Can be G reater with meals-weight loss 

-70% 

I mucosa! protection against gastric acid 

NSAIDs 

Biopsy margins to ru le out malignancy 

Duodenal ulcer 

Decreases with meals-weight gain 

-90% 

I mucosa! protection or t gastric acid secretion 

Zollinger-Ellison syndrome 

Genera lly benign 

I lypertrophy of Brunner glands 

Gastric, duodenal (posterior > anterior). Most common complication. 
Ruptured gastric ulcer on the lesser curvature of stomach - bleeding from left gastric artery. 
An u lcer on the posterior wall of duodenum - bleeding from gastroduodenal artery. 

Pyloric channel, duodena l. 

Duodenal (a nterior> posterior). 
Anterior duodena l ulcers can perforate into the anterior abdominal cavi ty, potentially leading to 

pneumoperitoneum. 
May see free ai r under d iaphragm (pneumoperitoneum) rJ with referred pain to the shoulder via 

irritation of phrenic nerve. 



Malabsorption 
syndromes 

Celiac disease 

Lactose intolerance 

Pancreatic 
insufficiency 

Tropical sprue 

Whipple disease 
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Can cause diarrhea, steatorrhea, we ight loss, vitamin and minera l deficiencies. Screen for 
feca l fat (eg, Sudan sta in). 

G luten-sensitive enteropathy, celiac sprue. 
Autoimmune-mediated intolerance of 
gliadin (gluten protein found in wheat) 
- malabsorption and steatorrhea. 
with IILA-DQ2, IILA-DQ8, northern 
European descent, dermatitis herpetiformis, 
I bone density. 

Findings: lgA anti-tissue transglutaminase 
(IgA tTC), anti-e ndomysia l, anti-deamidated 
gliadin peptide antibodies; vi llous atrophy, 
crypt hyperplasia rJ, and intraep ithe lial 
lymphocytos is. Moderately t risk of 
malignancy (eg, T-cell lymphoma). 

Lactase deficiency. Normal-appearing vi lli, 
except when 2° to injury at tips of vill i (eg, viral 
enteritis). Osmotic diarrhea with I stool pH 
(colonic bacteria ferment lactose). 

Due to c hronic pancreatitis, cystic fibwsis, 
obstructing cancer. Causes malabsorption of 
fat and fat-soluble vitamins (A, D, E, K) as well 
as vitamin B12. 

Similar findings as ce liac sprue (affects small 
bowel), but responds to antibiotics. Cause is 
unknown, but seen in residents of or recent 
vis itors to tropics. 

Infection wi th Tropheryma whipplei 
(intracellu lar gram EE>); PAS EE> foamy 
macrophages in intestina l lamina propria 
Ill mesenteric nodes. C ard iac symptoms, 
Arthra lgias, and Neurologic symptoms are 
common. D iarrhea/steatorrhea occur later in 
d isease course. Most common in older men. 

I mucosa! absorption primarily affec ts distal 
duodenum and/or proximal jejunum. 

o-xylose test: passively absorbed in pwximal 
smal I intestine; blood and urine levels I with 
mucosa defects or bacter ia l overgrowth, 
normal in pancreatic insufficiency. 

Treatment: g luten-free d iet. 

Lactose hyd rogen breath test: EE> for lactose 
malabsorption if post-lactose breath hydrogen 
va lue rises> 20 ppm compared with basel ine. 

I duodenal bicarbonate (and pl I) and fecal 
e lastase. 

I mucosa! absorption affecting duodenum and 
jejunum but can invo lve ileum with time. 
Associated with megaloblastic anemia due to 
folate deficiency and, later, B12 deficiency. 

PAS the foamy Whipped cream in a CAN. 
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Inflammatory bowel d iseases 

LOCATION 

GROSS MORPHOLOGY 

MICROSCOPIC MORPHOLOGY 

COMPLICATIONS 

INTESTINAL MANIFESTATION 

Crohn disease 

Any portion of the CI tract, usually the termina l 
ileum and colon. Skip lesions, rectal sparing. 

Tra nsmural inAammation - fistu las. 
Cobblestone mucosa, creeping fat, bowel wall 
thickening ("stri ng sign" on barium swallow 
x-ray '3), linear u lcers, fissures. 

Ulcerative colitis 

Colitis= colon inAammation. Continuous 
colonic lesions, always with recta l involvement. 

Mucosa! and submucosal inAammation only. 
Friable mucosa with superfi cia l and/or 
deep u lcerations (compare normal rn with 

Loss of haustra - " lead pipe" 
appearance on imaging. 

Noncaseating granu lomas and lymphoid Crypt abscesses a nd ulcers, bleeding, no 
aggregates. T h i mediated. granu lomas. T h2 mediated. 

Malabsorption/malnutrition, colorecta l cancer (t risk with pancolitis). 

Fistulas (eg, enterovesical fistulae, which can 
cause recurrent UTI and pneumaturia), 
ph legmon/abscess, strictures (causing 
obstruction), peria na l disease. 

Diarrhea that may or may not be bloody. 

Fulm inant colitis, tox ic megacolon, perforation. 

Bloody diarrhea. 

EXTRAINTESTINALMANIFESTATIONS Rash (pyoderma gangrenosum, erythema nodosum), eye inAammation (episcleritis, uveitis), oral 
ulcerations (aphthous stomatitis), arth ritis (periphera l, spondylitis). 

TREATMENT 

Kidney stones (usually calcium oxalate), 
gallstones. May be EE> for anti-Saccharomyces 
cerevisiae antibodies (ASCA). 

Corticosteroids, azathiopri ne, a ntibiotics (eg, 
ciproAoxacin, metronidazole), biologics (eg, 
inAiximab, ada limumab). 

For Crohn, think of a fat granny a nd an old 
crone skipp ing down a cobblestone road away 
from the wreck (rectal spa ri ng). 

Stones a re more common in Crohns. 

I 0 sclerosing cholangitis. with 
p-ANCA. 

5-aminosalicylic preparations (eg, mesa lamine), 
6-mercaptopurine, inAiximab, colectomy. 

Ulcerative colitis causes ULCCCERS: 
U lcers 
La rge intestine 
C ontinuous, C olorectal carcinoma, C rypt 

abscesses 
Extends proximally 
Red diarrhea 
Sclerosing cholangitis 



Irritable bowel 
syndrome 

Appendicitis 
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Recurrent abdominal pain associated with 2: 2 of the following: 
• Related to defecation 
• Change in stool frequency 
• Change in form (consistency) of stool 

No structural abnormal ities. Most common in midd le-aged women. Chronic symptoms may be 
d ia rrhea-predominant, constipation-predominant, or mixed. Pathophysio logy is multifaceted. 

First-line treatment is lifestyle modifi cation and dietary changes. 

Acu te inAammation of the appendix (yellow a rrows in !J), can be due to obstruction by feca lith 
(red arrow in rJ) (in adu lts) or lymphoid hyperplasia (in children). 

Proxima l obstruction of appendiceal lu men produces closed-loop obstruction - t intraluminal 
pressure - stimu lation of visceral afferent nerve fibers at TS-TIO - in itial d iffuse periumbil ica l 
pain - inAammation extends to serosa and irritates par ietal peritoneum. Pain localized to RLQ/ 
McBurney point (1/i the d istance from right anterior superior iliac spine to um bilicus). Nausea, 
fever; may perforate - peritonitis; may elicit psoas, obturator, and Rovsing signs, guard ing and 
rebound tenderness on exam. 

Differentia l: diverticu litis (elderly), ectopic pregnancy (use hCC to ru le out), pseudoappendicitis. 
Treatment: appendectomy. 

Diverticula of the GI tract 

Diverticulum 

Diverticulosis 

Diverticulit is 

Blind pouch rJ protrud ing from the a limentary 
tract that communicates with the lumen of 
the gut. Most diverticu la (esophagus, stomach, 
duodenum, colon) are acquired and a re 
termed "fa lse diverticula." 

Many false diverticula of the colon [l], 
commonly sigmoid. Common (in - 50% of 
people> 60 yea rs). Caused by t intra lumina l 
pressure and foca l weakness in colonic wall. 

with obesity and d iets low in fi ber, 
high in tota l fat/red meat. 

In Aammation of d iverticula with wa ll 
th ickening [!t classica lly causing LLQ pain, 
fever, leukocytosis. Treat wi th a ntibiotics. 

"True• divert iculum- a ll gut wa ll layers 

outpouch (eg, Meckel). 
"False" diverticulum or pseudodiverticulum

on ly mucosa a nd submucosa outpouch. 
Occur especially where vasa recta perforate 
mus cu laris externa. 

Often asymptomatic or associated with vague 
d iscomfort. 

Complications include diverticular bleeding 
(painless hematochezia), d iverticulitis. 

Complications: abscess, fistu la (colovesical 
fistu la - pneumaturia), obstruction 
(in Aammatory stenosis), perforation (whi te 
arrows in [!t) (- peritonitis). 
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Zenker diverticulum 

Meckel diverticulum 

Hirschsprung disease 

,----
' 

Collapsed 
_/ Nonerves 

rectum Ii!! 

GASTROINTESTINAL 

Pharyngoesophageal false diverticulum rJ. 
Esophageal dysmotility causes herniation of 
mucosa! tissue at Killian triangle between the 
thyropharyngea l and cricopharyngeal parts of 
the inferior pharyngea l constrictor. Presenting 
symptoms: dysphagia, obstruc tion, gurgling, 
aspiration, fou l breath, neck mass. Most 
common in e lderly males. 

True diverticu lum. Persistence of the vi tel line 
(omphalomesenteric) duc t. May contain 
ectopic acid-secreting gastric mucosa and/or 
pancreatic tissue. Most common congenital 
anomaly of GI tract. Can cause hematochezia/ 
melena (less commonly), RLQ pain, 
intussusception, volvu lus, or obstruction near 
termina l ileum. 

Contrast with omphalomesenteric cyst= cystic 
d ilation of vitell ine duct. 

Diagnosis: 99n1fc-pertechnetate scan (aka 

Meckel scan) for uptake by heterotopic gas tric 
mucosa. 

Congenita l megacolon characterized by lack 
of gang I ion ce lls/enteric nervous plexuses 
(Auerbach and Meissner plexuses) in d ista l 
segment of colon. Due to fai lure of neura l crest 
cell m igration. Assoc iated with loss of function 
mutations in RET. 

Presents with bilious emesis, abdominal 
d istention, and fai lure to pass meconium 
within 48 hours - chronic constipation. 
Normal portion of the colon proximal to the 
aganglion ic segment is di lated, resulting in a 
0 transi tion zone." 

E lder M IKE has bad breath. 
E lderly 
M ales 
Inferior pharyngeal constrictor 
Kill ian triangle 
E sophagea l dysmoti lity 
Halitosis 

The ru le of 2's: 
2 times as likely in males. 
2 inches long. 
2 feet from the ileocecal va lve. 
23 of population. 
Commonly presents in first 2 years of life. 
May have 2 types of epithelia (gas tric/ 

pancreatic). 

Risk t with Down syndrome. 
Explosive expulsion of feces (squi rt sign) 

- empty rectum on digita l exam. 
Diagnosed by absence of ganglionic cells on 

rec ta l suction biopsy. 
Treatment: resection. 
RET mutation in the REcTum. 



Mal rotation 

lntussusception 
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Anomaly of m idgut rotation during fetal 
development - improper posi tioning of bowel 
(small bowel clumped on the right side) a 
formation of fibrous bands (Ladd bands). 

Can lead to volvu lus, duodenal obstruction. 

Telescoping rJ of proximal bowel segment into 
a d ista l segment, commonly at the ileocecal 
ju nction. 

Compromised blood supply - interm ittent, 
severe, abdomina l pain often with "currant 
jelly" dark red stools. 

Majority of cases in children, u nusua l in adu lts. 
Often due to a lead point but can be idiopathic. 

Most common pathologic lead point: 
C hildren-Meckel diverticulum 
Adults- intra lumina l mass/tumor 

O n physical exam, patient may draw their legs 
to chest to ease pa in, sausage shaped mass on 
palpation. 

Imaging- Ultrasound/CT may show " target 
sign." 111 

May be associated with IgA vascu litis (I ISP), 
recent vira l infection (eg, adenovirus; Peyer patch 
hypertrophy creates lead point). 
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Volvulus 

GASTROINTESTINAL 

Twisting of portion of bowel around its 
mesentery; can lead to obstruction and 
infarction. Can occur throughout the GI tract. 
• Midgut volvulus more common in infants 

and chi ldren 
• Sigmoid volvulus (coffee bean sign on x-ray 

rJ) more common in elderly 

+ 

Other intestinal disorders 

Acute mesenteric 

ischemia 

Adhesion 

Angiodysplasia 

Chronic mesenteric 

ischemia 

Colonic ischemia 

lie us 

Meconium ileus 

Necrotizing 

enterocolitis 

Critical blockage of intestinal blood flow (often embolic occlusion ofSMA) - small bowel 
necrosis rJ - abdominal pain out of proportion to phys ical findings. May see red "currant jelly" 
stools. 

Fibrous band of scar tissue; commonly forms after surgery. Most common cause of small bowel 
obstruction, demonstrated by multiple dilated small bowel loops on x-ray (arrows in [l). 

Tortuous dilation of - hematochezia. Most often found in the right-sided colon. More 
common in older patients. Confirmed by angiography. Associated with aortic stenosis and von 
Wi llebrand disease. 

"Intestinal angina": atherosclerosis of celiac artery, SMA, or IMA - intestinal hypoperfusion 
- postprandial epigastric pain - food avers ion and weight loss. 

Reduction in intestinal blood flow causes ischemia. Crampy abdominal pain followed by 
hematochezia. Commonly occurs at watershed areas (splenic flexure, distal colon). Typically 
affec ts elderly. Thumbprint sign on imaging due to mucosa! edema/hemorrhage. 

Intestinal hypomotility wi thout obstruction - constipation and I flatus; distended/tympanic 
abdomen with I bowel sounds. A5sociated wi th abdominal surgeri es, opiates, hypokalemia, sepsis. 
Treatment: bowel rest, electrolyte correction, cholinergic drugs (stimulate intestinal moti lity). 

Meconium plug obstructs intestine, prevents stool passage at birth. A5sociated with cystic fibrosis. 

Seen in premature, formula-fed infants with immature immune system. Necrosis of intestinal 
mucosa (most commonly terminal ileum and proximal colon) with possible perforation, which 
can lead to pneumatosis intestinal is [!], pneumoperitoneum, portal venous gas. 
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Colonic polyps G rowths of tissue with in the colon fJ. C rossly characterized as Aat, sess ile, or pedunculated (on a 
stalk) on the basis of protrusion into colonic lumen. Generally c lassified by histo logic type. 

HISTOLOGIC TYPE CHARACTERISTICS 

l Generally non-neoplastic 

Hamartomatous 
polyps 

Hyperplastic polyps 

Inflammatory 
pseudopolyps 

Mucosa! polyps 

Submucosal polyps 

Malignant potentia l 

Solitary lesions do not have significant risk of transformation. Growths of normal colonic tissue 
with distorted architecture. Associated wi th Peu tz-Jeghers syndrome and juvenile polyposis. 

Most common; generally smaller and predominantly located in rectosigmoid region. Occasionally 
evolves into serrated polyps and more advanced les ions. 

Due to mucosa! erosion in inAammatory bowel d isease. 

Small, usually< 5 mm. Look similar to normal mucosa. Clinically insignificant. 

May include lipomas, leiomyomas, fi bromas, and other lesions. 

Adenomatous polyps Neoplastic, via chromosomal instability pathway with mutations in APC and KRAS. Tubu lar 
a histology has less malignant potentia l than vi llous m ("villous h istology is villa inous"); 
tubu lovillous has intermediate malignan t potential. Usua lly asymptomatic; may present with 
occult bleeding. 

Serrated polyps Neoplastic. Characterized by CpC island methylator phenotype (CIMP; cytos ine base followed 

Polyposis syndromes 

Familia l adenomatous 
polyposis 

Gardner syndrome 

Turcot syndrome 

Peutz-Jeghers 

syndrome 

Juveni le polyposis 
syndrome 

by g uan ine, linked by a phosphodiester bond). Defect may silence MMR gene (DNA mismatch 
repai r) expression. Mutations lead to m icrosate ll ite instabi lity a nd mutations in BRAF. "Saw
tooth" pattern of crypts on biopsy. Up to 203 of cases of sporadic CRC. 

t\ii'\rul I " I " ' a 

Autosomal dominant mutation of APC tumor suppressor gene on chromosome 5q22. 2-h it 
hypothesis. Thousands of polyps a rise starting after puberty; pancolonic; a lways involves rectum. 
Prophylactic colectomy or e lse 1003 progress to C RC. 

FAP +osseous and soft tissue tumors (eg, osteomas of skull or mandible), congenita l hypertrophy of 
retinal pigment epithel ium, impacted/supernumerary teeth. 

FAP or Lynch syndrome+ malignant CNS tumor (eg, medulloblastoma, glioma). Turco!= Turban. 

Autosomal dominant syndrome featuring numerous hamartomas throughout Cl tract, along with 
hyperpigmented macules on mouth, lips, hands, genitalia. A5sociated wi th t risk of breast a nd Cl 
cancers (eg, colorec tal, stomach, small bowel, pancreatic). 

Autosomal dominant syndrome in children (typica lly< 5 years old) featuring numerous 
hamartomatous polyps in the colon, stomach, small bowel. Assoc iated with t risk of CRC. 

J 
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Lynch syndrome 

Colorectal cancer 

DIAGNOSIS 

EPIDEMIOLOGY 

PRESENTATION 

RISK FACTORS 

GASTROINTESTINAL 

Previously known as hereditary nonpolyposis colorectal cancer (I INPCC). Autosomal dominant 
mutation of DNA mismatch repa ir genes with subsequent microsatell ite instability. - 803 
progress to CRC . Proximal colon is a lways involved. Associated with endometrial, ovarian, and 
skin cancers. 

Iron deficiency anemia in ma les (especia lly> 50 years old) and postmenopausal females raises 
suspicion. 

Screen low-risk patients starti ng at age 50 wi th colonoscopy fJ; a lternatives include Aexible 
sigmoidoscopy, feca l occult blood testing (FOBT ), feca l immunochemical testing (FIT ), and CT 
colonography. Patients wi th a fi rst-degree re lative who has colon cancer should be screened via 
colonoscopy at age 40, <>r start ing JO years prior to their relative's presentation. Patients with IBD 
have a d istinct screening protocol. 

"Apple core" les ion seen on barium enema x-ray (lJ. 
CEA tumor marker: good for monitoring recurrence, should not be used for screening. 

Most patients a re> 50 years old. - 253 have a family h istory. 

Rectosigmoid >ascending> descending. 
mass, iron deficiency anemia, weight loss. 

Descend ing- in fi ltrating mass, partia l obstruction, colicky pain, hematochezia. 
Can present with S bovis (gallolyticus) bacteremia/endocard itis or as an episode of diverticulitis . 
Right side bleeds; left side obstructs (narrower lumen). 

Adenomatous and serrated polyps, familia l cancer syndromes, IBD, tobacco use, diet of processed 
meat with low fiber. 



Molecular 
pathogenesis of 
colorectal cancer 
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Chromosomal instabi lity pathway: mutations in ; \PC cause FAP and most sporadic CRC (via 
adenoma-carcinoma sequence; (firing order of events is "AK-53"). 

Microsatell ite instabi lity pathway: mutations or methylation of m ismatch repair genes (eg, MLHJ) 
cause Lynch syndrome and some sporadic CRC (via serrated polyp pathway). 

Overexpression of COX-2 has been linked to colorectal cancer, NSAIDs may be chemopreventive. 

Chromosomal instability pathway 

Loss of APC gene KRAS mutalion 
loss of tumor suppressor 

gene(s) ITP53. DCCJ 
Normal colon Colon at risk Ade no ma Carcinoma 

l intercellular adhesion Unregulated t tumorigenesis 
intracellular 

t proliferation signaling 

Cirrhosis and portal hypertension 

Cirrhosis-diffuse bridging fibrosis (via stellate cells) a nd regenerative nodu les (red arrows in fl; 
white arrows show splenomegaly) d isrupt normal arch itecture of liver; t risk for hepatocellular 
carcinoma (white arrow in CiJ). Etiologies include a lcohol, nona lcoholic steatohepatitis, chronic 
viral hepatitis, autoimmune hepatitis, bi liary d isease, genetic/metabolic d isorders. 

Portal hypertension-t pressure in porta l venous system. Etiologies include ci rrhosis (most 
common cause in Western countries), vascula r obstruction (eg, portal vein thrombosis, Budd
Chia ri syndrome), schistosomiasis. 

lntegumentary ,/"" Neurologic 
Jaundice----- ; ,/' Hepatic encephalopathy 

Spider angiomas Asterixis ("flapping tremor') 
Palmar erytllema \ 

etec iae Anorexia P 
Purphura 

Nausea. vomiting 
Effects of port.ll Dull abdominal pain 

hyperten!lon ----=-.:----- hepaticus 
Esophageal varices 

(- hemalernesis) 
Gastric varices---' ' 

(- melena) 

Anorectal varices 

Reproductive 
Testicular atrophy 

Gynecomaslia 
Amenorrhea 

--Hematologic 
Thrombocytopenia 

\

Anemia 
Coagulation 
Splenomegaly 

Renal 
Hepal()(enal syndrome 

Metabolic 
Hyperbilirubinemia 
Hyponatrernia 

Cardiovascular 
Cardiomyopathy 

.-----Peripheral edema 
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Spontaneous bacterial 
peritonitis 

GASTROINTESTINAL 

Also known as I 0 bacterial peritonitis. Common and potentia lly fata l bacterial infection in patients 
with cirrhosis and ascites. Often asymptomatic, but can cause fevers, chills, abdomina l pa in, 
ileus, or worsening e ncepha lopathy. Commonly caused by aerobic gram 8 organisms (eg, E coli, 
Klebsiella) or less commonly gram EE> Streptococcus. 

Diagnosis: paracentesis with ascitic flu id abso lute neutrophil count (ANC) > 250 cells/mm>. 
Empir ic fi rst-line treatment is 3rd generation cephalosporin (eg, cefotaxime). 

Serum markers of liver pathology 
ENZYMES RELEASED IN LIVER DAMAGE 

Aspartate 
aminotransferase 
and alanine 
aminotransferase 

Alkaline phosphatase 

y-glutamyl 
transpeptidase 

FUNCTIONAL LIVER MARKERS 

Bilirubin 

Albumin 

Prothrombin time 

Platelets 

Reye syndrome 

t in most liver disease: ALT> AST 
t in a lcoholic liver disease: AST> ALT (AST usua lly will not exceed 500 U/L in alcoholic 

hepatitis) 
AST> ALT in nona lcohol ic liver disease suggests progress ion to advanced fibrosis or ci rrhosis 
t t t aminotra nsferases (>1000 U/L): d ifferential includes drug-induced liver injury (eg, 
acetaminophen toxicity), ischemic hepatitis, acute viral hepatitis 

t in choles tasis (eg, bi liary obstruction}, infiltrative d isorders, bone disease 

t in various liver and biliary diseases (just as ALP can}, but not in bone disease; associated with 
a lcohol use 

t in various liver d iseases (eg, bi liary obstruction, alcoholic or vira l hepati tis, cirrhosis), hemolysis 

I in adva nced liver disease (marker of liver's biosynthetic fu nction) 

t in adva nced liver disease (I production of clotting factors, thereby measuring the liver's 
biosynthetic function) 

I in adva nced liver disease (I thrombopoie tin, liver sequestration) a nd portal hypertension 
(splenomegaly/sp lenic sequestration) 

Rare, often fata l chi ldhood hepatic 
encephalopathy. 

with vira l infection (especia lly VZV 
and influenza) that has been treated with 
aspirin. Aspirin metabolites I 
by reversible inhibition of mitochondrial 
enzymes. 

Findings: mitochondrial abnormalities, 
fatty liver (microvesicular fatty changes), 
hypoglycemia, vomiti ng, hepatomegaly, coma. 

Avoid aspirin in c hi ldren, except in those with 
Kawasaki disease. 

Salicylates aren't a ray (Reye) of sunSIIIN E for 
kids: 
Steatosis of liver/hepatocytes 
l lypoglycemia/l lepatomegaly 
Infection (VZV, influenza) 
Not awake (coma) 
E ncephalopathy 



Alcoholic liver disease 

Hepatic steatosis 

Alcoholic hepatitis 

Alcoholic ci rrhosis 

Nonalcoholic fatty 
liver disease 

Hepatic 
encephalopathy 
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Macrovesicular fatty change rJ that may be 
reversible with alcohol cessation. 

Requires sustained, long-term consumption. 
Swollen and necrotic hepatocytes wi th 
neutrophilic infi ltration. Mallory bodies 11) 
(intracytoplasmic eosinophilic inclus ions of 
damaged keratin fi laments). 

Final and usua lly irreversible form . Sclerosis 
around central vein (arrows may be 
seen in early disease. Regenerative nodules 
surrounded by fibrous bands in response to 
chronic liver injury - portal hypertension and 
end-stage liver disease. 

Make a toAST with alcohol: 
AST > ALT (ratio usually> 2:1). 

Metabolic syndrome (insulin resistance); ALT> AST (Lipids) 
obesity - fatty infi ltration of hepatocytes rJ 
- cellular "ballooning" and eventual necrosis. 
May cause cirrhosis and I ICC. Independent of 
alcohol use. 

Cirrhosis - portosystemic shunts - l NH3 metabolism - neuropsychiatric dysfunction. 
Reversible neuropsychiatric dysfunction ranging from disorientation/asterix is (mild) to difficult 
arousal or coma (severe). 

Triggers: 
• t NII3 production and absorption (due to GI bleed, constipation, infection). 
• l NII3 removal (due to renal fa ilure, diuretics, bypassed hepatic blood Aow post-TIPS). 

Treatment: lactulose (t NI 14 +generation) and rifax imin or neomycin (l NI I,-producing gut 
bacteria). 



386 SECTION Ill 

Hepatocellular 
carcinoma/hepatoma 

Other liver tumors 

Angiosarcoma 

Cavernous 

hemangioma 

Hepatic adenoma 

Metastases 

Budd-Chiari syndrome 

a1-antitrypsin 
deficiency 

GASTROINTESTINAL 

Most common 1° malignant tumor of 
liver in adults ri,J. with IIBV 
(+/- cirrhosis) and all other causes of 
ci rrhosis (including IICV, alcoholic and 
nonalcoholic fatty liver disease, autoimmune 
disease, hemochromatosis, Wilson disease, 
et1-an titrypsin deficiency) and specific 
carcinogens (eg, aAatoxin from Aspergillus). 
May lead to Budd-Chiari syndrome. 

Findings: jaundice, tender hepatomegaly, 
ascites, polycythemia, anorexia. Spreads 
hematogenously. 

Diagnosis: t et-fetoprotein; ultrasound or 
contrast CT/MRI (lJ, biopsy. 

Malignant tumor of endothelial origin; associated with exposure to arsenic, vinyl chloride. 

Most common benign liver tumor (venous malformation) !J; typically occurs at age 30- 50 years. 
Biopsy contraindicated because of risk of hemorrhage. 

Rare, benign liver tumor, often related to oral contraceptive or anabolic steroid use; may regress 
spontaneously or rupture (abdominal pain and shock). 

CI malignancies, breast and lung cancer. Most common overall; metastases are rarely solitary. 

Thrombosis or compression of hepatic veins wi th centrilobular congestion and necrosis 
- congestive liver disease (hepatomegaly, ascites, varices, abdominal pain, liver fai lure). Absence 
of JVD. Associated with hypercoagulable states, polycythemia vera, postpartum state, I ICC. May 
cause nutmeg liver (mott led appearance). 

Misfolded gene product protein aggregates in 
hepatocellular ER - cirrhos is with 
PAS® globules rJ in liver. Codominant tra it. 

Often presents in young patients with liver 
damage and dyspnea without a history of 
smoking. 

In lungs, I et1-antitrypsin - uninhibited elastase 
in alveoli - I elastic tissue - panacinar 
emphysema. 



Jaundice 

Conjugated (direct) 
hyperbilirubinemia 

Unconjugated 
(indirect) 
hyperbilirubinemia 

Mixed (direct 
and indirect) 
hyperbilirubinemia 

Physiologic 
neonatal jaundice 

Biliary atresia 
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Abnormal yel lowing of the skin 
and/or sclera rJ due to bilirubin deposition. 
Hyperbilirubinemia 2° to t production 

IIOT Liver- common causes of t bilirubin 
level: 

or I clearance (impai red hepatic uptake, 
conjugation, excretion). 

llemolysis 
Obstruction 
Tumor 
Liver disease 

Biliary trac t obstruction: ga llstones, cholangiocarcinoma, pancreatic or liver cancer, liver Auke. 
Biliary trac t disease: 

• I 0 sclerosing cholangitis 
• 1° biliary cholangitis 

Excretion defect: Dubin-Johnson syndrome, Rotor syndrome. 

Hemolytic, physiologic (newborns), Crigler-Najjar, Gilbert syndrome. 

Hepatitis, cirrhosis. 

At birth, immature UDP-glucuronosyltransferase - unconjugated hyperbilirubinemia - jaundice/ 
kernicterus (deposition of unconjugated, lipid-soluble bilirubin in the brain, particularly basal 
ganglia). 

Occurs after fi rst 24 hours of life and usually resolves without treatment in 1- 2 weeks. 
Treatment: phototherapy (non-UV) isomerizes unconjugated bilirubin to water-soluble form . 

Most common reason for pediatric liver transplantation. 
Fibro-obliterative destruction of extrahepatic bile ducts - cholestasis. 
Often presents as a newborn wi th persistent jaundice after 2 weeks of life, darkening urine, acholic 

stools, hepatomegaly. 
Labs demonstrate t direct bilirubin and CCT. 
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Hereditary 
hyperbilirubinemias 

0 Gilbert syndrome 

E) Crigler-Najjar 

syndrome, type I 

E) Dubin-Johnson 

syndrome 

GASTROINTESTINAL 

All autosomal recessive. 

Mildly l UDP-glucuronosyltransferase 
conjugation and impai red bil irubin uptake. 

or mild jaundice usually with 
stress, illness, or fasti ng. t unconjugated 
bi lirubin without overt hemolysis. 

Absent UDP-glucuronosyltransferase. Presents 
early in life, but some patients may not have 
neurologic signs unti l later in life. 

Findings: jaundice, kernicterus (bi lirubin 
deposition in brain), t unconjugated bilirubin. 

Treatment: plasmapheresis and phototherapy 
(does not conjugate UCB; but does t polarity 
and t water solubi lity to allow excretion). Liver 
transplant is curative. 

Conjugated hyperbilirubinemia due to defective 
liver excretion. Crossly black (Dark) liver. 
Benign. 

Relatively common, benign condition. 

Type II is less severe and responds to 
phenobarbita l, which t liver enzyme synthesis. 

0 Rotor syndrome is simi lar, but milder 
in presentation without black (Regular) 
liver. Due to impaired hepatic uptake and 
excretion. 

HEPATIC SINUSOID 

Circulating bilirubin - Hemoglobin 
(albumin bound. unconJugated. water 1nsolublel 

Space ofDisse 

Unconjugated bilirubin 

h[ 0 CONJUGATION 
"Ii c. 
!l 

Conjugated bilirubin 
(b I rub n d1glucuronode. water soluble) 



Wilson d isease 

Hemochromatosis 

Biliary t ract d isease 

Primary sclerosing 

cholangitis 

Primary bi liary 
cholangitis 

Secondary biliary 
cholangitis 
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Also known as hepatolenticu lar degeneration. Autosomal recessive mutations in hepatocyte 
copper-transporting ATPase (J\TP7B gene; chromosome 13) - I copper incorporation into 
apoceru loplasmin and excretion into bi le - I serum ceruloplasmin. Copper accumulates, 
especia lly in liver, brain, cornea, kidneys; t urine copper. 

Presents before age 40 with liver disease (eg, hepatitis, acute liver fai lure, ci rrhosis), neurologic 
d isease (eg, dysarth ria, dystonia, tremor, park insonism), psychiatric disease, Kayser-Fleischer rings 
(deposits in Descemet membrane of cornea) f'J, hemolytic anemia, renal d isease (eg, Fanconi 
syndrome). 

Treatment: chelation with penic illamine or trientine, ora l zinc. Liver transplant in acu te liver 
fai lure related to Wi lson disease. 

Autosomal recessive. C282Y mutation > H63D mutation on HFE gene, located on chromosome 6; 
associated with l lLA-A3. Leads to abnormal iron sens ing and t intestina l absorption (t ferritin, 
t iron, I T IBC - t transferrin saturation). Iron overload can a lso be 2° to chronic transfusion 
therapy (eg, major). Iron accumulates, especia lly in liver, pancreas, sk in, heart, 
pituitary, joints. Hemosiderin (i ron) can be identifi ed on liver MRI or biopsy with Prussia n blue 
stain f'J. 

Presents after age 40 when total body iron> 20 g; iron loss through menstruation slows progression 
in women. Classic triad of ci rrhosis, d iabetes mell itus, skin p igmentation ("bronze diabetes"). Also 
causes restrictive cardiomyopathy (classic) or di lated cardiomyopathy (reversible), hypogonad ism, 
arth ropathy (calcium pyrophosphate deposition; especia lly metacarpophalangeal joints). HCC is 
common cause of death . 

Treatment: repeated phlebotomy, iron (Fe) chelation with deferasirox, deferoxamine, deferiprone. 

May present with pruritus, jaundice, dark urine, light-colored stool, hepatosplenomegaly. Typically 
with cholestatic pattern of LFTs (t conjugated bilirubin, t cholesterol, t ALP). 

PATHOLOGY 

Unknown cause of concentri c 
"onion skin" bile duct 
fi brosis - a lternating 
strictures and d ilation with 
"beading" of intra- and 
extrahepatic bile ducts on 
ERCP, magnetic resona nce 
cholangiopancreatography 
(MRCP). 

Autoimmune reaction 
- lymphocytic infi ltrate 
+ granulomas - destruction 
of lobu lar bile ducts. 

Extrahepatic bi liary obstruct ion 
- t pressure in intra hepatic 
ducts - injury/ fibrosis and 
bile stasis. 

EPIOEMIOLOGY 

Classica lly in midd le-aged men 
with IBO. 

Classica lly in midd le-aged 
women. 

Patients with known 
obstructive lesions (gallstones, 
bilia ry strictures, pancreatic 
carcinoma). 

ADDITIONAL FEATURES 

A5sociated wi th ulcerative 
colitis. p-ANCA <±>. t lgM. 
Can lead to 2° bil ia ry 
cholangitis. t risk of 
cholangiocarcinoma and 
gallbladder cancer. 

Anti-mitochondria l antibody<±>, 
t lgM. Associated with other 
autoimmune conditions 
(eg, llash imoto thyroid itis, 
rheumatoid arth ritis, celiac 
d isease). 

Treatment: ursod iol. 

May be complicated by 
ascending cholangi tis. 
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Cholelithiasis 

GASTROINTESTINAL 

t cholesterol and/or bilirubin, l bile sa lts, and 
gallbladder stasis a ll cause stones. 

2 types of stones: 
• Cholesterol stones (radiolucent with I0- 20% 

opaque due to calcifications)- 80% of stones. 
A5sociated with obesity, Crohn disease, 
advanced age, estrogen therapy, multiparity, 
rapid weight loss, Native American orig in. 

• Pigment stones rJ (black= radiopaque, Ca2+ 
bilirubinate, hemolysis; brown = rad iolucent, 
infection). Associated with Crohn disease, 
chronic hemolysis, a lcohol ic cirrhosis, 
advanced age, bil ia ry infections, tota l 
parentera l nutrition (TPN). 

Risk factors (4 F 's): 
I. Female 
2. Fat 
3. Fertile (multiparity) 
4. Forty 

Most common complication is cholecystitis; 
can also cause acute pancreatitis, ascending 
cholangitis. 

Diagnose with ultrasound. T reat with elective 
cholecystectomy if symptomatic. 

RELATED PATHOLOGIES CHARACTERISTICS 

Biliary colic A5sociated with nausea/vomiting and du ll RUQ pain. Neurohormona l activation (eg, by CCK after 
a fatty meal) triggers contraction of ga llbladder, forci ng stone into cystic duct. Labs are normal, 
ultrasound shows cholel ith ias is. 

Choledocholithiasis Presence of gallstone(s) in common bile duct, often leading to e levated ALP, CCT, d irect bilirubin, 
and/or AST/ALT. 

Cholecystitis Acute or chronic inAammation of ga llbladder. 
Calculous cholecystitis- most common type; due to ga llstone impaction in the cystic duct resulting 

in inAammation and gallbladder wall th ickening (arrows in llJ); can produce 2° infection. 
Acalculous cholecystitis-due to gallbladder stasis, hypoperfusion, or infection (CMV); seen in 

critica lly ill patients. 
Murphy sign: inspiratory arrest on RUQ palpation due to pain. Pain may radiate to right shoulder 

(due to irritation of phrenic nerve). t ALP if bi le duct becomes involved (eg, ascending 
chola ngitis). 

Diagnose with ultrasound or cholescintigraphy ( I IIDA scan). Fai lure to visua lize ga llbladder on 
HIDA scan suggests obstruction. 

Gallstone ileus- fistu la between ga llbladder and CI tract - stone enters CI lumen - obstructs at 
ileocecal va lve (narrowest point); can see a ir in biliary tree (pneumobilia). 

Porcelain gallbladder Calcified gallbladder due to chronic cholecystitis; usually found incidentally on 
Treatment: prophylactic cholecystectomy genera lly recommended due to t risk of gallbladder 
cancer (mostly adenocarcinoma). 

Ascending cholangitis Infection of biliary tree usua lly due to obstruction that leads to stasis/bacteria l overgrowth. 
Charcot triad of cholangitis includes jaundice, fever, RUQ pain. 
Reynolds pentad is Charcot tr iad plus a ltered mental status and shock (hypotension). 



Acute pancreatitis 

' ..... _ . 
... 

1' • . Y' . ... / 

Chronic pancreatitis 

Pancreatic 
adenocarcinoma 
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Autodigestion of pancreas by pancreatic enzymes (f'J shows pancreas [yellow arrows] surrounded by 
edema [red arrows]). 

Causes: Idiopath ic, Gallstones, E thano l, Trauma, Steroids, Mumps, Autoimmune disease, 
Scorpion sting, Ilypercalcemia/llypertriglyceridemia (> 1000 mg/dL), ERCP, D rugs (eg, su lfa 
drugs, NRTis, protease inh ibitors). I GET SMASHED. 

Diagnosis by 2 of 3 criteria: acute epigastric pa in often radiating to the back, t serum amylase or 
lipase (more speci fic) to 3x upper limit of normal, or characteristic imaging fi ndings. 

Complications: pseudocyst Ill (lined by granulation tissue, not epithelium), abscess, necros is, 
hemorrhage, infection, organ fa ilure (ALI/ARDS, shock, renal fa ilure), hypocalcemia 
(precipitation of Ca2+ soaps). 

Chronic in flammation, atrophy, ca lc ification of the pancreas f'J. Major causes include alcohol 
abuse a nd gene tic predisposition (ie, cystic fibrosis); can be idiopathic. Complications include 
pancreatic insufficiency and pseudocysts. 

Pancreatic insufficiency (typica lly when <103 pancreatic fu nction) may manifest with steatorrhea, 
fat-soluble vitamin deficiency, d iabetes mell itus. 

Amylase and lipase may or may not be e levated (a lmost a lways elevated in acute pancreatitis). 

Very aggressive tumor arising from pancreatic ducts (disorganized glandular structure with cel lular 
in fi ltration rJ); often metastatic at presentation, with average survival - I year a fter d iagnosis. 
Tumors more common in pancreatic head I] (- obstructive jaundice). A5sociated with CA 19-9 
tumor marker (a lso CEA, less speci fic). 

Risk factors: 
• Tobacco use 
• Chronic pancreatitis (especially> 20 years) 
• Diabetes 
• Age> 50 years 
• Jewish and African-American males 

Often presents with: 
• Abdominal pain radiating to back 
• Weight loss (due to malabsorption and anorexia) 
• Migratory thrombophlebitis - redness and tenderness on palpation of extremities (Trousseau 

syndrome) 
• Obstructive jaundice with palpable, nontender gallbladder (Courvoisier sign) 

Treatment: Whipple procedure (pancreaticoduodenectomy), chemotherapy, rad iation therapy. 
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GASTRO INTESTINAL -PHARMACOLOGY 

Acid suppression therapy 

Ach 

Atropine -G-1 ' 

M3receptor 
C K 

Cl" 

Somatostatin 

. . ' 

HCol-.. + H' 
·alkaline tide· -1' blood pH t ----___ lP, /Ca" t 

(eg. alter meals. vomiting) H,CO, '', + + CJ" 
alter gastric acid secretion - , \\ 

t Carbonic anhydrase \ 

CO,+H,0 

Gastric 
parietal 

cell 

Histamine-2 blockers 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

K' 

Cimetidine, ranitidine, famotidine, nizatidine. Take 112 blockers before you dine. T hink "table 
for 2" to remember 112. 

Reversible block of histamine Hz-receptors - l JJ+ secretion by parieta l cells. 

Peptic ulcer, gastritis, mild esophageal reAux. 

Cimetidine is a potent inhibitor of cytochrome P-450 (multiple drug interactions); it also has 
antiandrogenic effects (prolactin release, gynecomastia, impotence, I libido in males); can 
cross blood-brain barrier (confusion, dizziness, headaches) and placenta. Both cimetidine and 
ranitidine l renal excretion of creatinine. Other I 12 blockers are relatively free of these effects. 

Proton pump inhibitors Omeprazole, lansoprazole, esomeprazole, pantoprazole, dexlansoprazole. 

MECHANISM Irreversibly inhibit H+/K+ ATPase in stomach parietal cells. 

CLINICAL USE 

ADVERSE EFFECTS 

Peptic ulcer, gastritis, esophageal reAux, Zollinger-Ellison syndrnme, component of therapy for 
H pylori, stress ulcer prophylaxis. 

t risk of C difficile infection, pneumonia, acute interstitial nephritis. I serum Mg2+ with long-term 
use; l serum Mg2+ and l Ca2+ absorption (potentia lly leading to increased fracture risk in elderly). 



Antacids 
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Can affect absorption, bioavailability, or urina ry excretion of other drugs by al tering gastric and 
urinary pll (>T by delaying gas tric emptying. 

All can cause hypoka lemia. 
Overuse can also cause the following problems: 

Aluminum hydroxide C onstipation, Ilypophosphatemia, Aluminimum amount of feces. 
O steodystrophy, P roximal muscle weakness, 
Seizures. 

CHOPS 

Calcium carbonate Hypercalcemia (milk-alkal i synd rome), rebound Can chelate and I effectiveness of other drugs 
(eg, tetracycl ine). acid t 

Magnesium hydroxide Diarrhea, hyporeAexia, hypotension, ca rdiac 
arrest 

Mg2+ = M ust go to the bathroom. 

Bismuth, sucralfate 

MECHANISM 

CLINICAL USE 

Misoprostol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Octreotide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Sulfasalazine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Loperamide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Bind to ulcer base, providing phys ical protection a nd allowing I ICO,- secretion to reestablish pl I 
grad ient in the mucous layer. Sucra lfate requires acid ic environment, not given with PPis/IJ2 
blockers. 

t u lcer heal ing, travelers' diarrhea (bismuth). Bismuth also used in quadruple therapy for H pylori 
gastritis. 

PCE1 a na log. t production and secretion of gast ri c mucous barrier, I acid production. 

Prevention ofNSAID-induced peptic u lcers (NSAIDs block PCE1 production). Also used off-labe l 
for induction of labor (ripens cervix). 

Diarrhea. Contraind icated in women of chi ldbearing potential (abortifacient). 

Long-acting somatostatin analog; inhibits secretion of various splanchnic vasodi latory hormones. 

Acu te variceal bleeds, acromegaly, VIPoma, carcinoid tumors. 

Nausea, cramps, steatorrhea. t risk of cholelithiasis due to CCK inhibition. 

A combination of sulfapyridine (antibacterial) and 5-aminosalicylic acid (anti-inAammatory). 
Activated by colonic bacteria. 

Ulcerative colitis, Crohn d isease (col itis component). 

Mala ise, nausea, su lfonamide toxicity, reversible oligospermia. 

Agonist at µ -opioid receptors; slows gut motility. Poor CNS penetration (low add ictive potential). 

Diarrhea. 

Constipation, nausea. 
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Ondansetron 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Metoclopramide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Orlistat 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Laxatives 

GASTROINTESTINAL GASTROINTESTINAL -PHARMACOLOGY 

5-IIT3 antagonist; I vaga l stimulation. Powerful centra l-acting antiemetic. 

Contro l vomiting postoperatively and in patients undergoing cancer chemotherapy. 

Headache, constipation, QT interval prolongation, serotonin syndrome. 

D2 receptor antagon ist. t resting tone, contractility, LES tone, motility, promotes gas tric emptying. 
Does not influence colon transport time. 

Diabetic and postoperative gas tropa res is, antiemetic, persistent GERD. 

t parkinsonian effects, tardive dyskinesia. Restlessness, drowsiness, fatigue, depression, d iarrhea. 
Drug interaction with digoxin and diabetic agents. Contra indicated in patients with small bowel 
obstruction or Parkinson disease (due to Dz-receptor blockade). 

Inhibits gastric and pancreatic lipase - I breakdown and absorption of dietary fats. 

Weigh t loss. 

Abdominal pain, flatu lence, bowel urgency/frequent bowel movements, steatorrhea; I absorption of 
fat-soluble vitamins. 

Indicated for constipation or patients on opiates requiring a bowel regimen. 
EXAMPLES MECHANISM ADVERSE EFFECTS 

Bulk-forming laxatives Psyllium, methylcellu lose Soluble fibers draw water Bloating 

Osmotic laxatives 

Stimulants 

Emollients 

Aprepitant 

MECHANISM 

CLINICAL USE 

Magnesium hydroxide, 
magnesium citrate, 
polyethylene glycol, lactu lose 

Senna 

Docusate 

into gu t lumen, form ing a 
viscous liquid that promotes 
peristalsis 

Provides osmotic load to draw 
water into GI lumen 

Lactu lose a lso treats hepatic 
encephalopathy: gut flora 
degrade lactu lose into 
metabolites (lactic acid, 
acetic ac id) that promote 
nitrogen excretion as NH4 + 

Enteric nerve stimulation 
- colonic contraction 

Promotes incorporation of 
water and fat into stool 

Diarrhea, dehydration; may be 
abused by bulimics 

Diarrhea, melanosis coli 

Diarrhea 

Substance P antagonist. Blocks NK1 (neurokinin-1) receptors in bra in. 

Antiemetic for chemotherapy-induced nausea and vomiting. 



H IGH - YI ELD SYS T EMS 

Hematology 
and Oncology 

"You're always somebody's type! (blood type, that is)" 

"All the soarings of my mind begin in my blood." 

- BloodLink 

-Rainer Maria Rilke 

"The best blood will at some time get into a fool or a mosquito." 
- Austin O 'Malley 

\.\!hen studying hematology, pay close attention to the many cross 
connections to immunology. Make sure you master the different types 
of anemias. Be comfortable in terpreting blood smears. When reviewing 
oncologic drugs, focus on mechanisms and adverse effects rather than 
details of cl inical uses, which may be lower yield. 

Please note that solid tumors are covered in their respective organ 
system chapters. 
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Fetal erythropoiesis 

Hemoglobin 
development 

Feta l eryth ropoiesis occurs in: 
• Yolk sac (3- 8 weeks) 
• L iver (6 weeks- birth) 
• Sp leen (10- 28 weeks) 
• Bone marrow (18 weeks to adu lt) 

Embryonic globins: I:, and e. 
Feta l hemoglobin ( llbF) = O.fYz

Adult hemoglobin ( llbA1) = exzP2. 

HbF has h igher affin ity for 0 2 due to less avid 
binding of 2,3-BPG, allowing llbF to extract 
0 2 from materna l hemoglobin (llbA1 and 
HbA2) across the p lacenta. I lbA2 (a.23z) is a 
form of adu lt hemoglobin present in sma ll 
amounts. 

Site of [ 
erythropoiesis 

50 

40 

%of total 30 
globin synthesis 

20 

10 

Young Liver Synthesizes Blood. 

From fetal to adult hemoglobin: 
Alpha Always; G amma Goes, Becomes Beta. 

BI RTH 

Weeks:6 12 18 24 30 36 6 12 18 24 30 36 42 » 

FETUS (weeks) POSTNATAL {months) ADULT» 
Ii!! 
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Blood groups 

RBC type 

Group antigens on 
RBC surface 

Antibodies in plasma 

Clinical relevance 

Hemolytic disease of 
the newborn 

INTERACTION 

MECHANISM 

PRESENTATION 

TREAT ME NT /PREVENTIO ff 

ABO classification 

A B AB 

* * * 
A 8 A&B ... • .... 

Anti·B Anti·A 

NOHE 

--f}- -1't-
lgM lgM 

Receive 8 or AB Receive A or AB Universal recipient 
-> hemolytic -> hemolytic of RBCs; universal 
reaction reaction donor of plasma 

Also known as eryth roblastosis feta l is. 

Rh hemolytic disease of t he newborn 

Rh 8 mother; Rh ® fetus. 

First pregnancy: mother exposed to feta l 
blood (often dur ing delivery) - formation of 
maternal anti-0 IgC. 

Rh classification 

0 Rh® Rh8 

e x e 
NONE Rh (O) • NONE 

Anti-A Anti·B Anti·O 

.).,, 'II',,( NOHE y -f 
lgM, lgG lgG 

Receive any non-0 Can receive either Treat mother with 
-> hemolytic Rh(!;) or Rh6 blood anti-0 lgG during and 
reaction after each 
Universal donor to prevent anti-0 lg 
ot RBCs; universal formation 
recipient of plasma Ii.'! 

ABO hemolytic disease of the newborn 

Type 0 mother; type A <>r B fetus. 

Pre-existing materna l a nti-A and/or anti-B IgC 
antibod ies cross placenta - HON in the fetus. 

Subsequent pregnancies: anti-0 IgC crosses the 
placenta - IJDN in the fetus. 

Jaundice shortly after birth, kern icterus, hydrops 
feta l is. 

Prevent by administration of anti-0 IgC to Rh 
e pregnant women during th ird trimester 
and early postpartum period (if fetus Rh ®). 
Prevents maternal anti-0 IgC production. 

Mild jaundice in the neonate with in 24 hours of 
birth. Unl ike Rh IIDN, can occur in firstborn 
babies and is usua lly less severe. 

Treat newborn with phototherapy <>r exchange 
transfusion. 
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Hematopoiesis 

Multipotent stem cell 

t: .. 
E 

"' c 

Erythropoiesis Thrombopoiesis 

Erythroblast Megalcary<lblast 

Myeloid stem cell 

Granulocytopoiesis 

Myeloblast 

Monocytopoiesis 

Monoblast 

lymphoid stem cell 

I 
lymphopoiesis 

Lymphoblast 

• l 

. ---T------T------- ---- ----l-------
] o a · 
m 

Erythrocyte 

Neutrophils 

Platelets Eosinophil Basophil Ne<ltropM 

Acute inAammatory response cells. Numbers 
t in bacterial infec tions. Phagocytic. 
Multi lobed nucleus f'i.1. Specific granules 
contain leukocyte alka line phosphatase 
(LAP), collagenase, lysozyme, and 
lactoferrin. Azurophilic granules (lysosomes) 
contain proteinases, ac id phosphatase, 
myeloperoxidase, and 

Monocyte Bceu Tceu NKcell 

1 

Macrophage Plasma cell T-helper T-cytotoxic 
cell cell 

Ilypersegmented neutrophils (nucleus has 6+ 
lobes) a re seen in vitamin B1zl folate deficiency. 

A left shift with t band cells (immature 
neutrophi ls) reAects states of t myeloid 
proliferation (eg, bacteria l infections, CML). 

Important neutrophi l chemotactic agents: C5a, 
IL-8, LTB4, kallikrein, platelet-activating 
factor. 
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Erythrocytes 

Thrombocytes 
(platelets) 

Monocytes 

Macrophages 

Carry 0 2 to tissues and C02 to lungs. Anucleate 
and lack organelles; biconcave rJ, wi th large 
surface a rea-to-volume ratio for rapid gas 
exchange. Life span of 120 clays. Source of 
energy is glucose (90% used in glycolysis, 10% 
used in I IMP shunt). Membranes contain 
CJ-/IIC03- antiporter, which allow RBCs to 

export I IC03- and transport C02 from the 
periphery to the lungs for e limination. 

Involved in 1° hemostasis. Small cytoplasmic 
fragments rJ derived from megakaryocytes. 
Life span of 8- 10 clays. W hen activated by 
endothel ia l injury, aggregate wi th other 
platelets and interact with fibrinogen to form 
platelet plug. Contain dense granu les (ADP, 
Ca2+) and a granules (vWF, fibrinogen, 
fibronectin, platelet factor 4). Approximately Yi 
of p latelet pool is stored in the spleen. 

Found in blood, differentiate into macrophages 
in tissues. 

Large, kidney-shaped nucleus rJ. Extensive 
"frosted glass" cytoplasm. 

Phagocytose bacteria, cellular debris, and 
senescent RBCs. Long life in tissues. 
Differentiate from circulating blood 
monocytes (J. Activated by y-interferon. 
Can function as antigen-presenting cell via 
Ml IC II. Important cellu la r component of 
granu lomas (eg, TB, sarcoiclosis). 

Eryth = red; cyte = cell. 

Erythrocytosis = polycythemia = t I let. 
Anisocytosis = varying sizes. 
Poikilocytosis =varyi ng shapes. 

Reticulocyte = immature RBC; reAects 
eryth roid pro I iferation. 

Bluish color (polychromasia) on Wright-Giemsa 
stain of reticulocytes represents residua l 
ri bosomal RNA. 

Thrombocytopenia or l platelet function results 
in petechiae. 

vWF receptor: Gplb. 
Fibri nogen receptor: Gpllb/ llla. 
Thrombopoietin st imulates megakaryocyte 

pro Ii feration. 
Alfa granules contain vWF, fibri nogen, 

fibronectin, platelet factor 4. 

Mono = one (nucleus); cyte = cell. 

Macro = large; phage = eater. 
Name differs in each tissue type (eg, Kupffer 

cells in liver, h ist iocytes in connective tissue, 
Langerhans cells [type of macrophage] in skin, 
osteoclasts in bone, microglia l cells in brain). 

Lipid A from bacterial LPS binds CDl4 on 
macrophages to initiate septic shock. 
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Eosinophils 

Basophils 

Mast cells 

Dendritic cells 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY-ANATOMY 

Defend against helm inth ic infections (major 
basic protein). Bilobate nucleus. Packed 
with large eosinophi lic gra nu les of un iform 
size f'i.l I Iighly phagocytic for an tigen
antibody complexes. 

Produce h istaminase, major basic prote in (MBP, 
a helm inthotoxin), eosinophi l peroxidase, 
eosinophil cationic prote in, and eosinophil
derived neurotoxin. 

Mediate a llergic reaction. Densely basophi lic 
granu les f'J contain hepari n (a nticoagulant) 
and h istamine (vasodilator). Leukotrienes 
synthesized and released on demand. 

Mediate local tissue a llergic reactions. Contain 
basophilic granu les f'J. Originate from same 
precursor as basophi ls but a re not the same 
cell type. Can bind the Fe portion of IgE to 
membrane. Activated by tissue trauma, C3a 
and C5a, surface IgE cross-linking by antigen 
(IgE receptor aggregation) - degranulation 
- release of h istamine, hepari n, tryptase, a nd 
eosinophil chemotactic factors. 

Eosin = pink dye; phi/ic = loving. 
Causes of eosinophilia = PACCMAN: 

Parasites 
Asthma 
C hurg-Strauss syndrome 
C hronic adrenal insufficiency 
Myeloprol iferative d isorders 
Allergic processes 
Neoplasia (eg, Hodgkin lymphoma) 

Basophilic- sta ins readi ly with basic sta ins. 
Basophilia is uncommon, but can be a sign of 

myeloproliferative disorders, particularly CML. 

Involved in type I hypersensitivity reactions. 
Cromolyn sodium prevents mast cell 

degranu lation (used for asthma prophylaxis). 
Vancomycin, opioids, and rad iocontrast dye can 

elicit IgE-independent mast cell degranulation. 

Highly phagocytic antigen-presenting cells (APCs) f'J. Function as link between innate and 
adaptive immune systems. Express MI IC class II and Fe receptors on surface. 



HEMATOLOGY AND ONCOLOGY AND ONCOLOGY- ANATOMY SECTION Ill 401 

Lymphocytes 

Natural killer cells 

CDS6 
• C016(fcR) 

Lytic -\ ' granules -e::;: • 

B cells 

Tcells 

. . . .. . 

Plasma cells 

Refer to B cells, T cells, and NK cells. B cells and T cells mediate adaptive immunity. NK cells are 
part of the innate immune response. Round, densely staining nucleus with small amount of pale 
cytoplasm f'J. 

Important in innate immunity, especially against intracellular pathogens. Larger than Band T 
cells, with distinctive cytoplasmic lytic granules (containing perforin and granzymes) that, when 
released, act on target cells to induce apoptosis. Distinguish between healthy and infected cells 
by identifying cell surface proteins (induced by stress, malignant transformation, or microbial 
infections) . 

Mediate 11llmOral immune response. Originate 
from stem cells in bone marrow and matures in 
marrow. Migrate to peripheral lymphoid tissue 
(foll icles of lymph nodes, white pulp of spleen, 
unencapsulated lymphoid tissue). When antigen 
is encountered, B cells differentiate into plasma 
cells (which produce antibodies) and memory 
cells. Can function as an APC. 

Mediate cellular immune response. Originate 
from stem cells in the bone marrow, but mature 
in the thymus. Differentiate into cytotoxic 
T cells (express CDS, recognize MHC I), 
helper T cells (express CD4, recognize Ml IC 
II}, and regulatory T cells. CD2S (costimulatory 
signal) necessary for T-cell activation. Most 
circulating lymphocytes are T cells (SO%). 

Produce large amounts of antibody specific to 
a particular antigen. "Clock-face" chromatin 
distribution and eccentric nucleus, abundant 
RER, and well-developed Colgi apparatus 
(arrows in ri.]). Found in bone marrow and 
normally do not circulate in peripheral blood. 

B = Bone marrow. 

T = T hymus. 
CD4+ helper T cells are the primary target of 

lllV. 

Rule of S: MIIC II x CD4 = S; 
MIIC I x CDS = S. 

Multiple myeloma is a plasma cell dyscrasia. 
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Hemoglobin electrophoresis 

Li=- -: : 
I i I I I 

AA- Normal adult 

AF - Normal newborn 

ci= 
: 

I r AS - Sickle cell trait --
I i 

: : • : w= : 

=t: ' I i . . : ' 

: ' : : u= ··-·· e 
Cathode 

: : : 
C S F A 

A: normal hemoglobin II chain (HbA. adultl 
F: normal hemoglobin y chain (HbF. fetal) 
S: sickle cell hemoglobin II chain (HbS) 
C: hemoglobin C II chain (HbC) 

I SS - Sickle cell disease 

J AC- Hb C trait 

J cc- Hb C disease 

-
SC - Hb SC disease 

Et> 
Anode 

On a gel, hemoglobin migrates from the 
negatively charged cathode to the positively 
charged anode. I lbA migrates the farthest, 
followed by I lbF, IlbS, and I lbC. T his is 
because the missense mutations in I IbS and 
I!bC replace g lutamic acid 8 with va line 
(neutra l) and lysine Et>, respectively, making 
I IbC and I IbS more positively charged than 
IlbA . 

A Fat Santa C laus can' t go far. 
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Platelet plug formation (primary hemostasis) 

0 
INJURY 
Endothelial damage 
- transient 
vasoconstriction via 
neural sb:mulation reflex 
and endothelin (released 
from damaged celO 

Thrombogenesis 

EXPOSURE ADHESION 
vWF binds to exposed Platelets bmd vWF via Gplb 

.. collagen 4 receptor at the site of injury 
vWF is from Weibel-Palade only (specific) -> platelets 
bodies of endothelial undergo confOfmational 

ACTIVATION AGGREGATION 
AOP b1ndmg to P2Y 12 • F1brmogen binds Gpttbntta receplors and lmks plalelels 
receptor induces Gpllb/llla Balance between 
expression at p&atelet 
surface Pro-aggregation factors: Anti-aggregation factors: 

cells and a-granules of change 
latelets 

Platelets release AOP and 
Ca2• (necessary for 
coagulaboo cascade). TXA2 

J 
TXA2 (released 
by platelets) 
J: blood flow 
t platelel aggregation 

PGl2 and NO (released 
by endothelial cells) 
r blood flow 
J. plalelet aggregalion 

Clopidogrel. p<asugrel 
ticlopidine 

ADP helps plaletets alllere 
to endothelium 

Platelet 

Asprin C> fibrinogen 

Temporary plug stops bleeding; unslable. easily 

C. Coagulation cascade 
(secondary hemostasis) 

Ii! 

Formation of insoluble fibri n mesh. 
Aspirin irreversibly inhibits cydooxygenase, 

thereby inhibiting T XA2 synthesis. 
Clopidogrel, prasugrel, and t id opidine inh ibit 

ADP-induced expression of Cpllb/llla by 
irreversibly blocking P2Y12 receptor. 

Abc iximab, eptifibatide, and tirofiban inh ibit 
Cpllb/llla d irectly. 

Ristocetin activates vWF to bind Cplb. Failure 
of aggregation with ristocetin assay occurs in 
von Willebrand disease and Bernard-Soulier 
syndrome. 

vWF carries/protects factor VIII; volksWagen 
Factories make gr8 cars. t 

Inside IXJ vWF 

' 
ADP(P2Y ul receptor ""'- Arachidonic TXAz 

.._., acid 

collagen 

y 

---Deficiency Glanzmannthrombasthenia 
Gpllb/llla 

Abciximab, Thrombin-

AcllVated 
Protein C protel"I C 

ins.ertion eptifibatide.. thrombomodulin "-.__/ 
tirofiban complex 

/ von 
/ Wiltebrand 

vWF disease 
/ 

/ Vascular endomelial 

Inside {ti.I (YWf + facta< VIII) 
endothelial thromboplastin 

cells tPA. PGlz 
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Coagulation and kinin pathways 

Contact 
activation 
(intrinsic: 
pathway 

Hemophilia A: deficiency of factor VIII (XR) 
Hemophilia 8: deficiency of factor IX (XR) 
Hemophilia C: deficiency of factor XI (AR) 

_J Combined l 
_pa_t_hw_a,.Y ______ - rxrrr Fibrinolytic system 

Note: Kamkrein activates bradykinin: ACE inactivates bradykinin _ -...;;;,_ 
• =require Ca" .phospholipid _ --C-------"-----+ fibrin degradation 
• =inhibited by vitamin Kantagonist warfarin - products (eg. D-dimer) 
• =cofactor 
• • • • • = activates but not part of coagulation cascade 
LMWH =low-molecular-weight heparin 

fibrin mesh stabitizes 
platelet plug 
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Vitamin K- dependent coagulation components 

Procoagulation 

Procoagulation 
Reduced 
vitamin K 

(actlvt) 

Warfarin. Epoxide 
liver failure --0--t reductase 

Liver 

Oxidized 
vitamin K 
(inactivd 

Ina. Clive II, VII, IX,(, s 
utamyl carboxylase 
am1n K-dependentl 

' ' ' 

Mature. carboxylated 

TT 
Clotting Anti· 
factors coagulants 

' ' 

' ' ' ' 

Fibrinogen ---' -_. Fibrin 

l Anticoagulation 

Anticoagulation • Thrombin 

molecule""\ 
(e-t'NncesATlll actiWly> __ 

Antithrombin Ill, Thrombin· 
thrombomodulin 
complex 
(endothelial cells) 

I Inhibits thrombin I L (and VIia. IXa. Xa, Xia. Xlla) j 
! 

Protein C -----+Activated protein C 

1 
Requires 
protein S 

Cleaves and 
inactivates Va. VIi ia 

Vitamin K deficiency: I synthesis of factors II, 

VII, IX, X, protein C, prote in S. 

Warfarin inhibits vitamin K epoxide reductase. 
Vitamin K admin istration can potentially 

reverse in hibitory effect of warfarin on clotting 

factor synthesis (delayed). FFP or PCC 
administration reverses action of warfarin 

immediately and can be given with vitamin K 

in cases of severe bleeding. 
Neonates lack enteric bacteria, which produce 

vitamin K. Early admin istration of vitamin K 

overcomes neonata l deficiency/coagulopathy. 
Factor VII (Seven)- Shortest half life. 

Factor II (Two)- Longest (Tallest) ha lf life. 

Antithrombin inhibits th rombin (factor Ila) and 

factors Vila, !Xa, Xa, Xia, Xlla. 

I leparin enhances the activi ty of antithrombin. 
Princ ipal targets of antithrombin: th rombin and 

factor Xa. 

Factor V Leiden mutation produces a factor V 
resistant to inhibition by activated protein C . 

tPA is used clinically as a thrombolytic. 
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Pathologic RBC forms 
TYPE 

Acanthocytes 
("spur cells") fl 

Dacrocytes 
("teardrop cells") rn 

Degmacytes 
("bite 

Echinocytes 
("burr cells") rn 

Elliptocytes U 

Macro-ova locytes Ii 

EXAMPLE ASSOCIATED PATHOLOGY 

Liver d isease, 
abetalipoproteinemia (states of 
cholesterol dysregulation). 

Bone marrow in fi ltration (eg, 
myelofibrosis), thalassemias. 

C6PD deficiency. 

End-stage renal disease, liver 
d isease, pyruvate kinase 
defi ciency. 

Hereditary ell iptocytosis, usua lly 
asymptomatic; caused by 
mutation in genes encoding RBC 
membrane proteins (eg, spectrin). 

Megaloblastic anemia (a lso 
hypersegmented PMNs). 

NOTES 

Acantho = spiny. 

RBC "sheds a tear" because it's 

mechanica lly squeezed out of its 
home in the bone marrow. 

Due to removal of lleinz bodies by 
macrophages in the spleen. 

Different from acanthocyte; its 
projections are more uniform and 
smaller. 
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Pathologic RBC forms (continued) 

TYPE EXAMPLE 

Ringed sideroblasts [!! 

Schistocytes GJ 

Sickle cells D 

Spherocytes D 

Target cells 13 

ASSOCIATED PATHOLOGY 

Sideroblastic anemia. Excess iron 
in mitochondria (perinuc lear 
ri ng). 

Microangiopathic hemolytic 
anemias, including DIC, TIP/ 
HUS, I IELLP syndrome, 
mechanica l hemolysis (eg, heart 
va lve prosthesis). 

Sickle cell anemia. 

Hereditary spherocytosis, drug- and 
infection-induced hemolytic 
anemia. 

llbC disease, Asplenia, Liver 
d isease, T halassemia. 

NOTES 

Seen inside bone marrow smear 
with special stain ing (Prussian 
blue), vs basophilic stippling in 
periphera l smear. 

Fragmented RBCs (eg, he lmet 
cells). 

Sickl ing occurs with dehydration, 
deoxygenation, and at high 
a ltitude. 

Small, spherical cells without 
centra l pallor. 

"HALT," sa id the hunter to his 
target. 
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RBC inclusions 
TYPE EXAMPLE 

Basophil ic stippling fJ 

Heinz bodies El El. 

Howell-Jolly 

Pappenheimer 
bodies [!J 

• 

ASSOCIATED PATHOLOGY 

Sideroblastic anemias (eg, lead 
poisoning, myelodysplastic 
syndromes), thalassemias. 

Seen in C6PD deficiency. 

Seen in patients with functional 
hyposplenia or asplenia. 

Siderocytes containing basophilic 
granules of iron in sideroblastic 
anemias. 

NOTES 

Seen primarily in peripheral smear, 
vs ringed sidernblasts seen in 
bone marrow. 

Aggregation of ribosomal precipitates. 
Do not contain ir<>n (in contrast to 
Pappenheimer bodies). 

Oxidative - lib denatures 
and precipitates (Ileinz bodies). 
Phagocytic removal of Heinz 
bodies - bite cells . 

Basophilic nuclear remnants fou nd 
in RBCs. 

I Jowell-Jolly bodies are removed 
from RB Cs by splen ic 
macrophages. 

Distinct from basophilic stippling 
(formed from ribosomal 
precipitates/no iron) and I Jeinz 
bodies (contain iron/denatured 
hemoglobin). 
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r 
Microcytic 

(MCV<80 fU 

J 
Hemoglobin affected (TAIL) 

Defective globin chain: 
• Thalassemias 
Defective heme synthesis: 
•Anemia of chronic disease 
•lroo deficiency 
•l ead poisoning 

Nonhemolytic 
(reticulocyte 2%) 

•Iron deficiency (early) 
•Anetnia of chronic disease 
•Aplastic anemia 
•Chrooic kidney disease 

Normocytic 
(MCV 80-100 fl ) 

DNA affected 

Defective DNA synthesis 
•Folate deficiency 
•Vitamin Bu deficiency 
•Orotic aciduria 
Defective DNA repair 
•fanconi anemia 

Hemolytic 
(reticulocyte index > 2%) 

Intrinsic 

Metnbrane defects 
•Hereditary spherocytosis 
•Paroxysmal nocturnal 
hemoglobinuria 

Enzyme deficiencies 
·G6PD deficiency 
• Pyruvate kinase deficiency 
Hemoglobinopathies 
•Sickle ceU anemia 
•HbC disease 

I 

Extrinsic 

•Autoimmune 
•Microangiopathic 
•Macroangiopathic 
•Infections 

SECTION Ill 409 

• Diamond-81ackfan anemia 
•Livet disease 
•Alcoholism 
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Microcytic, 
hypochromic anemias 

Iron deficiency 

a:-thalassemia 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PATHOLOGY 

MCV<80fL. 

I iron due to chronic bleeding (eg, CI loss, menorrhagia), malnutrition, absorption disorders, CI 
surgery (eg, gastrectomy), or t demand (eg, pregnancy) - I final step in heme synthesis. 

Labs: I iron, t TIBC, I ferritin, t free erythrocyte protoporphyrin, t RDW. Microcytosis and 
hypochromasia (t central pallor) r:i). 

Symptoms: fatigue, conjunctival pallor [lJ, pica (persistent craving and compulsive eating of 
nonfood substances), spoon nails (koi lonychia). 

May manifest as glossitis, cheilosis, Plummer-Vinson syndrome (triad of iron deficiency anemia, 
esophageal webs, and dysphagia). 

a -globin gene deletions - I a -globin synthesis. cis deletion (deletions occur on same chromosome) 
prevalent in As ian populations; trans deletion (deletions occur on separate chromosomes) 
prevalent in African populations. Normal is aalaa. 

NUMBER OF o.-GLOBIN GENES DELETED 

I (a ala-) 

2 (a - la - ; trans) or 
(a al- -; cis) 

3 (- - /-a) 

4 (- - /- - ) 

DISEASE 

a -thalassemia minima 

a -thalassemia minor 

Hemoglobin 11 disease (Hbl I); 
excess forms 

Hemoglobin Barts disease; 
no a -globin, excess y-globin 
forms y4 

CLINICAL OUTCOME 

No anemia (silent carrier) 

Mild microcytic, hypochromic 
anemia; cis deletion may 
worsen outcome for the 
carrier's offspring 

Moderate to severe microcytic 
hypochromic anemia 

Hydrops fetalis; incompatible 
with life 

Point mutations in splice sites and promoter sequences - I synthesis. Prevalent in 
Mediterranean populations. 

fl-tha lassemia minor (heterozygote): is underproduced. Usually asymptomatic. Diagnosis 
confirmed by t llbA2 (> 3.53) on electrophoresis. 

fl-tha lassemia major (homozygote): is absent - severe microcytic, hypochromic 
anemia with target cells and increased anisopoiki locytosis blood transfusion (2° 
hemochromatosis). Marrow expansion ("crew cut" on skull x-ray) - skeletal deformi ties (eg, 
"chipmunk" facies). Extramedullary hematopoiesis - hepatosplenomegaly. t risk of parvovirus 
Bl9-induced aplastic crisis. t I IbF (a 2y2), I lbA2 (a 20_). I IbF is protective in the infant and disease 
becomes symptomatic only after 6 months, when fetal hemoglobin declines. 

HbS/fl-thalassemia heterozygote: mi ld to moderate sickle cell disease depending on amount of 
production. 
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Microcytic, hypochromic anemias (continued) 

Lead poisoning Lead inh ibits ferrochelatase and ALA dehydratase - I heme synthesis and t RBC protoporphyrin. 

Sideroblastic anemia 

Also inhibits rRNA degradation - RBCs retain aggregates of rRNA (basoph ilic stipp ling). 
Symptoms of LE AD poisoning: 
• Lead L ines on gingivae (Burton lines) and on metaphyses of long bones 1EJ on x-ray. 
• E ncephalopathy and E rythrocyte basoph ilic stipp ling. 
• Abdomina l colic and sideroblastic Anemia . 
• D rops- wrist and foot drop. D imercaprol and EDTA are 1st line of treatment. 
Succimer used for chelation for kids (It "sucks" to be a kid who eats lead). 
Exposure risk t in old houses with chipped paint. 

Causes: genetic (eg, X-linked defect in ALA synthase gene), acquired (myelodysplastic syndromes), 
and reversible (alcohol is most common; a lso lead, vitamin B6 de ficiency, copper deficiency, drugs 
[eg, isoniazid, linezol id]). 

Lab find ings: t iron, normal/I T IBC, t ferriti n. Ringed sideroblasts (with iron-laden, Prussian 
blue- sta ined mitochondria) seen in bone marrow 0 . Periphera l blood smear: basophil ic stippling 
of RBCs. 

Treatment: pyridoxine (B6, cofactor for ALA synthase). 
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Macrocytic anemias 

Megaloblastic anemia 

Folate deficiency 

Vitamin B
12 

(cobala min) 
deficiency 

Orotic aciduria 

Nonmegaloblastic 
anemia 

Diamond-Blackfan 
anemia 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PATHOLOGY 

MCV> IOOfL. 
DESCRIPTION 

Impaired DNA synthesis - maturation of 
nucleus of precursor cells in bone marrow 
delayed relative to maturation of cytoplasm. 

Causes: malnutrition (eg, alcoholics), 
malabsorption, drugs (eg, methotrexate, 
trimethoprim, phenytoin), t requirement (eg, 
hemolytic anemia, pregnancy). 

Causes: pernicious anemia, malabsorption 
(eg, Crohn disease), pancreatic insufficiency, 
gastrectomy, insufficient intake (eg, veganism), 
Diphylfobothrium latum (fish tapeworm). 

Inability to convert orotic acid to UMP 
(de novo pyrimidine synthesis pathway) 
because of defect in UMP synthase. 
Autosomal recessive. Presents in children as 
fai lure to thrive, developmental delay, and 
megaloblastic anemia refractory to folate 
and B12. No hyperammonemia (vs ornithine 
transcarbamylase deficiency- t orotic acid 
with hyperammonemia). 

Macrocytic anemia in which DNA synthesis is 
normal. 

Causes: alcoholism, liver disease. 

Rapid-onset anemia within 1st year of life due to 
intrinsic defect in erythroid progenitor cells. 

FINDINGS 

RBC macrocytosis, hypersegmented neutrophi ls 
(arrow in t'J), glossitis. 

t homocysteine, normal methylmalonic acid. 
No neurnlogic symptoms (vs B12 deficiency). 

t homocysteine, t methylmalonic acid. 
Neurologic symptoms: reversible dementia, 

subacute combined degeneration (due to 
involvement of B12 in fatty ac id pathways and 
myel in synthes is): spinocerebellar tract, lateral 
corticospinal tract, dorsal column dysfunction. 

I listorically diagnosed with the Schilling test, 
a 4-stage test that determines if the cause is 
dietary insuffic iency vs malabsorption. 

Anemia 2° to insuffic ient intake may take several 
years to develop due to liver's ability to store B12 
(as opposed to folate deficiency). 

Orotic acid in urine. 
Treatment: uridine monophosphate or uridine 

triacetate to bypass mutated enzyme. 

RBC macrocytosis without hypersegmented 
neutroph i Is. 

t 3 llbF (but I tota l lib). 
Short stature, craniofacial abnormalities, and 

upper ex tremity malformations (triphalangeal 
thumbs) in up to 503 of cases. 
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Normocytic, 
normochromic 
anemias 

lntravascular 
hemolysis 

Extravascular 
hemolysis 

Normocytic, normochromic anemias are classi fi ed as nonhemolytic or hemolytic. T he hemolytic 
anemias are further classified according to the cause of the hemolysis (intrinsic vs extrinsic to the 
RBC) and by the location of the hemolysis (intravascular vs extra vascular). I Iemolysis can lead to 
increases in LOii, reticulocytes, unconjugated bilirubin, pigmented gallstones, and urobilinogen 
in urine. 

Findings: I haptoglobin, t schistocytes on blood smear. Characteristic hemoglobinuria, 
hemosiderinuria, and urobilinogen in urine. Notable causes are mechanical hemolysis (eg, 
prosthetic valve), paroxysmal nocturnal hemoglobinuria, microangiopathic hemolytic anemias. 

Findings: macrophages in spleen clear RBCs. Spherocytes in peripheral smear (most 
commonly hereditary spherocytosis and autoimmune hemolytic anemia), no hemoglobinuria/ 
hemosiderinuria. Can present with urobilinogen in urine. 

Nonhemolytic, normocytic anemias 

Anemia of chronic 
disease 

Aplastic anemia 

DESCRIPTION 

Inflammation (eg, t IL-6) - t hepcidin 
(released by liver, binds ferroportin on 
intestinal mucosal cells and macrophages, 
thus inhibiting iron transport) - I release of 
iron from macrophages and I iron absorption 
from gut. Associated with conditions such 
as chronic infections, neoplastic disorders, 
chronic kidney disease, and au toimmune 
diseases (eg, SLE, rheumatoid arthritis). 

Caused by fai lure or destruction of 
hematopoietic stem cells due to: 
• Radiation and drugs (eg, benzene, 

chloramphenicol, alkylating agents, 
antimetabolites) 

• Viral agents (EBV, I IIV, hepatitis viruses) 
• Fanconi anemia (DNA repair defect 

causing bone marrow fai lure; normocytosis 
or macrocytosis may be seen on CBC); 
also short stature, t incidence of tumors/ 
leukemia, cafe-au-lai t spots, thumb/radial 
defects 

• Idiopathic (immune mediated, I 0 stem cell 
defect); may follow acute hepatitis 

FINDINGS 

I iron, I TIBC, t ferritin. 
Normocytic, but can become microcytic. 
Treatment: address underlying cause of 

inflammation, judicious use of blood 
transfusion, consider erythropoies is
stimulating agents such as EPO (eg, in chronic 
kidney disease). 

I reticulocyte count, t EPO. 
Pancytopenia characterized by anemia, 

leukopenia, and thrombocytopenia (not to be 
confused with aplastic crisis, which causes 
anemia only). Normal cell morphology, 
but hypocellular bone marrow with fatty 
infiltration fJ (dry bone marrow tap). 

Symptoms: fatigue, malaise, pallor, purpura, 
mucosal bleeding, petechiae, infection. 

Treatment: withdrawal of offending 
agent, immunosuppressive regimens (eg, 
anti thymocyte globulin, cyclosporine), bone 
marrow allograft, REC/plate let transfusion, 
bone marrow stimulation (eg, CM-CSF). 
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Intrinsic hemolytic anemias 

Hereditary 
spherocytosis 

G6PD deficiency 

Pyruvate kinase 
deficiency 

Paroxysmal nocturnal 
hemoglobinuria 

Sickle cell anemia 

HbC disease 

DESCRIPTION 

Extravascular hemolysis due to defect in 
proteins interacting with RBC membra ne 
skeleton and plasma membrane (eg, ankyrin, 
band 3, prote in 4.2, spectrin). Mostly 
autosomal dominant inheritance. 

Results in small , round RBCs with less surface 
area a nd no centra l pallor (t MCllC) 
- premature removal by spleen. 

Defect in C6PD - I NADPII - I reduced 
glutath ione - t RBC susceptibility to oxidant 
stress (eg, su lfa drugs, antimala ria ls, infections, 
fava beans) - hemolysis . 

Causes extravascu lar and intravascular 
hemolysis. X-linked recessive. 

Autosomal recessive. Pyruvate kinase defect 
- I AT P - rigid RBCs - extravascular 
hemolysis. Increases levels of 2,3-BPC 
- I hemoglobin affinity for 0 2. 

t complement-mediated intravascular RBC lysis 
(acqu ired mutation in PICA gene - impaired 
synthesis of CPI anchor for decay-accelerating 
factor [DAF/CD55] and membrane inh ibitor 
of reactive lysis [MIRL/CD59] that protects 
RBC membrane from complement). Acquired 
mutation in a hematopoietic stem cell. 
t incidence of acute leukemias. 

HbS point mutation causes a single amino 
acid rep lacement in (substitution 
of glutamic acid with valine). Causes 
extravascula r and intravascular hemolysis. 

Pathogenesis: low 0 2, h igh a ltitude, or acidosis 
precipitates sickling (deoxygenated I IbS 
polymeri zes) - anemia, \'llSo-occlusive disease. 

Newborns a re initia lly asymptomatic because of 
t IlbF and I llbS. 

Heterozygotes (sickle ce ll trait) have resistance 
to mala ria . 

8% of African Americans carry an I IbS a llele. 
Sickle cells are crescent-shaped RBCs !J. 
"Crew cut" on sku ll x-ray due to marrow 

expansion from t e ryth ropoiesis (a lso seen in 
tha lassemias). 

C lutamic acid-to-lyC ine (lysine) mutation in 
Causes extravascula r hemolysis . 

FINDINGS 

Splenomegaly, aplastic crisis (parvovirus Bl9 
infection). 

Labs: I mean Auorescence of RBCs in eosin 
5-male imide (EMA) binding test, t fragility in 
osmotic fragility test. Normal to I MCV with 
abundance of RBCs. 

Treatment: splenectomy. 

Back pain, hemoglobinuria a few days after 
oxidant stress. 

Labs: blood smear shows RBCs with Heinz 
bodies and bite cells. 

"Stress makes me eat bites of fava beans with 
Heinz ketchup." 

I lemolytic anemia in a newborn. 

with aplastic anemia. 
Triad: Coombs 8 hemolytic anemia, 

pancytopenia, venous thrombosis (eg, Budd
Chia ri syndrome). 

Patients may report red or pink urine. 
Labs: C D 55/59 8 RBCs on Aow cytometry. 
Treatment: eculizumab (targets terminal 

complement protein C5). 

Complications in sickle ce ll disease: 
• Aplastic cris is (transient a rres t of 

erythropoiesis due to parvovirus Bl9). 
• Autosplenec tomy (Howell-Jolly bodies) 

- t risk of infection by encapsulated 
organisms (eg, S pneumoniae). 

• Splenic infarct/sequestration crisis. 
• Salmonella osteomyeli tis. 
• Painfu l vaso-occlusive crises: dactyl itis 

(painfu l swell ing of hands/feet), priapism, 
acu te chest syndrome (resp iratory d istress, 
new pu lmonary in fi ltrates on CXR, common 
cause of death), avascu lar necros is, stroke. 

• Sickl ing in renal medu lla (I Po2) - renal 
papilla ry necrosis - hematuria . 

Diagnosis: hemoglobin electrophoresis. 
Treatment: hydroxyurea (t HbF), hydration. 

Patients with I IbSC ( I of each mutant gene) have 
milder d isease than llbSS patients. 

Blood smear in homozygotes: hemoglobin 
C rysta ls ins ide RBCs, target cells. 
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Extrinsic hemolytic anemias 

Autoimmune 
hemolytic anemia 

Microangiopathic 
anemia 

DESCRIPTION 

Warm (lgG)- chronic anemia seen in SLE 
and CLL and with certain drugs (eg, 
<X-methyldopa) ("warm weather is Great"). 

Cold (lgM and complement)- acute 
anemia triggered by cold; seen in CLL, 
Mycoplasma pneumoniae infections, and 
infectious Mononucleosis ("cold weather is 
MMMiserable"). RBC agglutinates t1 may 
cause painfu l, blue fingers and toes with cold 
exposure. 

Many warm and cold All IAs are idiopathic. 
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Patient component 

RBCs +/- anti·RBC Ab 

Patient serum+/
anti-donor RBC Ab 

Reagent(s} 

Anti-human globulin 
(Coombs reagent) 

• 
Donor blood 

Anti-human globulin 
(Coombs reagent} 

Pathogenesis: RBCs are damaged when pass ing 
th rough obstructed or narrowed vessel lumina. 

Seen in DIC, TTP/IIUS, SLE, IIELLP 
syndrome, hypertensive emergency. 

FINDINGS 

Autoimmune hemolytic anemias a re usua lly 
Coombs®. 

Direct Coombs test-anti-lg antibody (Coombs 
reagent) added to patient's RBCs. RBCs 
agglu tinate if RBCs a re coated with lg. 

Indirect Coombs test- normal RBCs added to 
patient's serum. If serum has anti-RBC surface 
lg, RBCs agglutinate when Coombs reagent 
added. 

<±> Result 
(agglutination} 

<±>Result 
Anti·RBC Ab present 

8 Result 
(no agglutination} 

>-• ..l. . 
. )" •" 

8 Result 
Anti·RBC Ab absent 

>. . 
• >-
r 

® Result 8 Result 
Anti-donor RBC Ab present Anti-donor RBC Ab absent 

Schistocytes (eg, "helmet cells") a re seen on 
periphera l blood smear due to mechanical 
destruction (schisto =to split) of RBCs. 

Macroangiopathic 

anemia 
Prosthetic heart valves and aortic stenosis may Schistocytes on peripheral blood smear. 

a lso cause hemolytic anemia 2° to mechanical 
destruction of RBCs. 

Infections t destruction of RBCs (eg, malaria, Babesia). 
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Interpretation of iron studies 

Iron 

deficiency 

Chronic 

disease Hemochromatosis 
Pregnancy/ 

OCPuse 

Serum iron 

Transferrin or TIBC 

Ferritin 

% transferrin saturation I I 
(serum iron/TIBC) 

t I = 1° d isturbance. 
Transferrin - transports iron in blood. 
TIBC- ind irectly measures transferrin. 
Ferritin - 1° iron storage protein of body. 

tt 

•Evolutionary reasoning-pathogens use circulating iron to thrive. The body has adapted a system in which iron is stored 
within the cells of the body and prevents pathogens from acqui ring ci rculating iron. 

Leukopenias 
CELL TYPE 

Neutropenia 

Lymphopenia 

Eosinopenia 

CELL COUNT 

Absolute neutrophi I count< 1500 cells/mm 3 

Severe infections typical when < 500 cells/mm3 

Absolute lymphocyte count < 1500 eel ls/mm l 
(< 3000 cells/mm3 in children) 

Absolute eosinoph il count < 30 ce lls/mm3 

CAUSES 

Sepsis/postinfection, drugs (including 
chemotherapy), aplastic anemia, SLE, 
rad iation 

I IIV, DiCeorge syndrome, SCIO, SLE, 
corticosteroids•, rad iation, sepsis, postoperative 

Cushing syndrome, corticosteroids• 

•Corticosteroids cause neutrophi lia, despite causing eosinopenia and lymphopenia. Corticosteroids I activation of neutrophil 
adhesion molecules, impai ring migration ou t of the vascu lature to sites of inAammation. In contrast, corticosteroids sequester 
eosinoph ils in lymph nodes a nd cause apoptosis of lymphocytes. 

Neutrophil left shift t neutrophil precursors, such as band cells A left shift is a sh ift to a more immature cell in 
and me tamyelocytes, in periphera l blood. the maturation process. 
Usua lly seen with neutrophi lia in the acute 
response to infection or inAammation. Called 
leukoerythroblast ic reaction when left shi ft is 
seen with immature RBCs. Occurs with severe 
anemia (physiologic response) or marrow 
response (eg, fibrosis, tumor tak ing up space in 
marrow). 
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Heme synthesis, 
porphyrias, and lead 
poisoning 

CONDITION 

Lead poisoning 

Acute intermittent 
porp hyria 

Porphyria cutanea 
ta rda 

l ocation 

Mitochondria 

Cytoplasm 

Mitochondria 

The porphyrias are hered itary or acquired conditions of defective heme synthesis that lead to the 
accumulation of heme precursors. Lead inhibits specific enzymes needed in heme synthesis, 
leading to a simila r condition. 

AFFECTED ENZYME ACCUMULATED SUBSTRATE PRESENTING SYMPTOMS 

Ferroche latase and 
ALA dehydratase 

Protoporphyrin, ALA 
(blood) 

Microcytic a nemia (basophilic stippling in 
periphera l smear rJ, ringed sideroblasts in 
bone marrow), CI and kidney d isease. 

Children- exposure to lead paint - menta l 
deterioration. 

Adults- environmental exposure (eg, batteries, 
ammunition) - headache, memory loss, 
demyel i nation. 

Porphobi linogen 
deaminase, 
previously known as 
uroporphyrinogen I 
synthase (autosomal 
dominant mutation) 

Porphobilinogen, ALA Symptoms (5 P 's): 
• Painfu l abdomen 
• Port wine- colored urine 
• Polyneuropathy 
• Psychological d isturbances 
• P recipitated by drugs (eg, cytochrome P-450 

inducers), alcohol, starvation 
Treatment: hemin and g lucose. 

Uroporphyri nogen 
decarboxylase 
(autosomal dominant 
mutation) 

Uroporphyrin (tea
colored urine) 

Bl istering cutaneous photosensitivity and 
hyperpigmentation [l 

Intermediates 

Glycine + succinyl-CoA 

B, l 1--0---Gtucose. hemin 

Aminolevulinic acid 

l---
Porphobilinogen 

i---
Hydroxymethylbilane 

i 
Uroporphyrinogen Ill 

l---
Coproporphyrinogen Ill 

l 
Protoporphyrin 

Fe''i ---------
Heme 

Most common porphyria. Exacerbated with 
a lcohol consumption. 

with hepatitis C. 
Treatment: phlebotomy, sun avoidance, 

antimala ria ls (eg, hydroxychloroquine). 

Enzymes 

Aminolevulinic acid 
synthase (rate-limiting step) 

Aminolevulinic acid 
dehydratase 

Porphobilinogen 
deaminase 

Uroporphyrinogen 
decarboxytase 

ferrochelatase 

Diseases 

Sideroblastic anemia (X-linked) 

Lead poisoning 

Acute intemiittent porphyria 

Porphyria cutanea tarda 

Lead poisoning 

.!. heme -> t ALA synthase activity 
t heme -> J. ALA synthase activity 
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Iron poisoning 

FINDINGS 

MECHANISM 

SYMPTOMS/SIGNS 

TREATMENT 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PATHOLOGY 

Acute 

High morta lity rate associated with accidental 

ingestion by chi ldren (adu lt iron tablets may 

look like candy). 

Cell death due to formation of free radica ls and 

peroxidation of membrane lipids. 

Abdominal pain, vomiti ng, CI bleeding. 

Radiopaque pill seen on x-ray. May progress to 

an ion gap metabolic acidosis and multiorgan 
fai lure. Leads to scarring with CI obstruction. 

Chelation (eg, deferoxamine, deferasirox), 
gastric lavage. 

Chronic 

Seen in patients with 1° (hereditary) or 2° (eg, 

chronic blood tra nsfusions for thalassemia or 

sickle cell cl isease) hemoch romatosis. 

Arth ropathy, cirrhosis, cardiomyopathy, diabetes 

mell itus, hypogonadism. 

Phlebotomy (patients without a nemia) or 
chelation. 

Coagulation disorders PT-tests function of common a nd extrinsic pathway (factors I, II, V, VII, a nd X). Defect - t PT 

DISORDER 

Hemophilia A, B, or C 

Vitamin K deficiency 

(P lay Tennis outside (extrinsic pathway]). 

INR (international normalized ratio) - calculated from PT. I =normal,> I =prolonged. Most 
common test used to follow patients on warfarin, which prolongs JNR. 

PTT- tes ts fu nc tion of common and intrinsic pathway (all factors except VII and XIII). Defect 

- t PIT (P lay Table Tennis inside). 
Coagulation d isorders can be due to c lotting factor deficiencies or acqui red inhibitors. Diagnosed 

with a m ixing study, in which normal plasma is added to patient's plasma. C lotting factor 

deficiencies should correct (the PT or PTT returns to with in the appropriate normal range), 
whereas factor inhibitors will not correct. 

PT PTT MECHANISM AND COMMENTS 

Intrinsic pathway coagulation defect (t PIT). 
• A: deficiency of factor VIII; X-linked recessive. 

• B: defic iency of factor IX; X-linked recessive. 

• C: defic iency of factor XI; autosomal recessive. 
I Iemorrhage in hemophilia - hemarthroses (bleeding into joints, eg, knee f'J), 

easy bruising, bleeding after trauma or surgery (eg, denta l procedures). 

Treatment: desmopressin + factor VIII concentrate (A); factor IX concentrate 
(B); factor XI concentrate (C). 

General coagulation defect. Bleeding time normal. 

I activity offactors II, VII, IX, X, protein C, prote in S. 
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Platelet disorders 

DISOROER 

Bernard-Soulier 

syndrome 

Glanzmann 
thrombasthenia 

Immune 
thrombocytopenia 

Thrombotic 
thrombocytopenic 
purpura and 
hemolytic-uremic 

syndrome 

All platelet disorders have t bleeding time (BT), mucous membrane bleeding, and 
micwhemorrhages (eg, petechiae, ep istaxis). Platelet count (PC) is usually low, but may be 
normal in qua litative disorders. 

PC BT 

-fl 

NOTES 

Defect in adhesion. l C plb - l platelet-to-vWF adhesion. 
Labs: abnormal ristocetin test, la rge platelets. 

Defect in aggregation. I Cpllbnlla (l integrin et111,J33) - l platelet-to-platelet 
aggregation and defective platelet plug formation. 

Labs: blood smear shows no platelet clumping. 

Destruction of platelets in sp leen. Anti-Cpllb/ Illa antibodies - splenic 
macrophages phagocytose p late lets. May be id iopathic or 2° to autoimmune 
disorders (eg, SLE), vira l illness (eg, I IIV, I !CV), malignancy (eg, CLL), or 
drug reactions. 

Labs: t megakaryocytes on bone marrow biopsy, I platelet count. 
Treatment: stewids, !VIC, ritux imab, TPO receptor agonists (eg, eltrombopag, 

romiplostim), or splenectomy for refractory ITP. 

D isorders overlap significantly in symptomatology. 
Pathophysiology: 

• TTP: inhibition or deficiency of ADAMTSI 3 (a vWF metallopwtease) 
- I degradation of vWF multimers - t la rge vWF multimers - t platelet 
adhesion and aggregation (microthrnmbi formation). 

• IIUS: commonly caused by shiga-like toxin from E IIEC (serotype 0157:Il7) 
infection. Atypica l form (a!IUS) is caused by complement gene mutations 
or autoimmune response. 

Presentation: t riad of thrombocytopenia, microangiopathic hemolytic anemia, 
acute kidney injury. Also: 
• TTP: pentad (t ri ad + fever + neurologic symptoms). 
• IIUS: history of bloody diarrhea. 

Epidemiology: 
• TTP, typica lly in females. 
• IIUS, typ ically in children. 

Labs: I platelet count, hemolytic anemia (eg, schistocytes, t LOH). Normal PT/ 
PTT helps d istinguish I !US and TTP (coagulation pathway is not activated) 
from DIC (coagulation pathway is activated). 

Treatment: p lasmapheresis, steroids, rituximab. 
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Mixed platelet and coagulation disorders 
DISORDER 

von Wi llebrand 
disease 

Disseminated 
intravascular 
coagulation 

PC BT PT PTT 

- I t 

NOTES 

Intrinsic pathway coagulation defect: I vWF 
- t PTT (vWF acts to carry/protect factor 
VIII). 

Defect in platelet plug formation: I vWF 
- defec t in platelet-to-vWF adhesion. 

Au tosomal dominant. Mi ld bu t most common 
inherited bleeding disorder. No platelet 
aggregation with ristocetin cofactor assay. 
Treatment: desmopressin, which releases 
vWF stored in endothelium. 

Widespread activation of clotting - deficiency 
in clotting factors - bleeding state. 

Causes: Sna ke bites, Sepsis (gram 8 ), 
Trauma, O bstetric complications, acute 
Pancreatitis, Ma ligna ncy, Nephrotic 
syndrome, Transfusion (SSTOP Making 
New T hrombi). 

Labs: schistocytes, t fibrin degradation 
products (o -d imers), I fibri nogen, I factors V 
and VIII. 

Hereditary thrombosis syndromes leading to hypercoagulabi lity 
DISEASE 

Antithrombin 
deficiency 

Factor V Leiden 

Protein C or S 
deficiency 

Prothrombin gene 
mutation 

DESCRIPTION 

Inherited defic iency of antithrombin: has no direct effect on the PT, PTT, or thrombin t ime but 
d iminishes the increase in PTT following heparin administration. 

Can also be acquired: rena l fai lure/nephrotic syndrome - antithrombin loss in ur ine 
- I inh ibition of factors Ila and Xa. 

Production of mutant factor V (guanine - adenine DNA point mutation - Arg506Cln mutation 
near the c leavage site) that is resistant to degradation by activated protein C . Most common 
cause of inherited hypercoagulability in Caucasians. Complications include DVT, cerebral ve in 
thrombosis, recurrent pregnancy loss. 

I ability to inactivate factors Va and VIiia. t risk of th rombotic skin necrosis with hemorrhage 
after admin istration of warfarin . If this occurs, think protein C deficiency. Together, protein C 
C ancels, and protein S Stops, coagu lation. 

Mutation in 3' untranslated region - t production of prothrombin - t plasma levels and venous 
clots. 
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Blood transfusion therapy 
COMPONENT 

Packed RBCs 

Platelets 

Fresh frozen 
plasma/prothrombin 
complex concentrate 

Cryoprecipitate 

DOSAGE EFFECT 

t l lb and 0 2 carrying capacity 

t plate let count (t - 5000/mml/unit) 

t coagulation factor levels; FFP contains a ll 
coagulation fac tors and plasma proteins; PCC 
generally contains factors II, VII, IX, and X, as 
well as protein C and S 

Contains fibri nogen, factor VIII, factor XIII, 
vWF, and fi bronecti n 

CLINICAL USE 

Acute blood loss, severe anemia 

Stop significant bleeding (thrombocytopenia, 
qualitative platelet defects) 

Ci rrhosis, immediate anticoagulation reversa l 

Coagulation factor deficienc ies involving 
fibrinogen and factor VIII 

Blood transfusion risks include infection transmission (low), transfusion reactions, iron overload (may lead to 2° 
hemochromatosis), hypoca lcemia (citrate is a Ca2+ chelator), and hyperkalemia (RBCs may lyse in old blood un its). 

Leukemia vs lymphoma 

Leukemia 

Lymphoma 

Hodgkin vs 
non-Hodgkin 

lymphoma 

Hodgkin lymphoma 

Lymphoid or myeloid neoplasm with widespread involvement of bone marrow. Tumor cells are 
usua lly found in peripheral blood. 

Discrete tumor mass arising from lymph nodes. Presentations often blur definitions. 

Hodgkin Non-Hodgkin 

Both may present with constitutional ("B") signs/symptoms: low-grade fever, n ight sweats, weight 
loss. 

Localized, single group of nodes; contiguous 
spread (stage is strongest predictor of 
prognosis). Overall prognosis better than that 
of non-! lodgkin lymphoma. 

Characteri zed by Reed-Sternberg cells. 

Bimodal distribution- young adu lthood and 
> 55 years; more common in men except for 
nodular sclerosing type. 

A5sociated with EBV. 

Multiple lymph nodes involved; extranoda l 
involvement common; noncontiguous spread. 

Majority involve B cells; a few a re ofT-cell 
lineage. 

Can occur in children and adu lts. 

May be associated with autoimmune diseases 
and vira l infections (eg, HIV, EBV, IITLV). 

Contains Reed-Sternberg cells: d istinctive tumor giant cells; binucleate or bi lobed with the 2 halves as 
mi rror images ("owl eyes" rJ). RS cells are CD15+ and CD30+ B-cell origin. 2 owl eyes x 15 = 30. 

SUBTYPE 

Nodular sclerosis 

Lymphocyte ri ch 

Mixed cellula rity 

Lymphocyte depleted 

NOTES 

Most common 

Best prognosis 

Eosinophilia, seen in immunocompromised 
patients 

Seen in immunocompromised patients 
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Non-Hodgkin lymphoma 
TYPE OCCURS IN 

Neoplasms of mature B cells 

Burkitt lymphoma 

Diffuse large B-cell 
lymphoma 

Follicular lymphoma 

Mantle cell lymphoma 

Marginal zone 
lymphoma 

Primary central 
nervous system 
lymphoma 

Adolescents or young 
adu lts 

Usua lly older adu lts, 
but 203 in children 

Adults 

Adult males >> adu lt 
fema les 

Adults 

Adults 

Neoplasms of mature T cells 

AdultT-cell lymphoma Adults 

Mycosis fungoides/ 

Sezary syndrome 
Adults 

GENETICS 

t(8;14)- translocation 
of c-myc (8) and 
heavy-cha in lg (14) 

Alterations in BCL-2, 
BCL-6 

t(l4; 18)-translocation 
of heavy-cha in lg (14) 
and BCL-2 (18) 

t(l 1;14)- translocation 
of cycl in DI (11) and 
heavy-cha in lg (14), 
CD5+ 

t(l l;l8) 

Most commonly 
associated with 111\1/ 
AIDS; pathogenesis 
involves EBV 
infection 

Caused by I ITLV 
(associated with IV 
drug abuse) 

COMMENTS 

"Starry sky" appearance, sheets of lymphocytes 
with interspersed " tingible body" macrophages 
(arrows in fil). A5sociated with EBV. 

Jaw les ion llJ in endemic form in Africa; pelvis 
or abdomen in sporadic form. 

Most common type of non-1 lodgkin lymphoma 
in adu lts. 

Indolent course; Bcl-2 inhibits apoptosis. 
Presents with painless "waxing and waning" 
lymphadenopathy. 

Very aggressive, patients typically present with 
late-stage d isease. 

Associated with chronic inAammation (eg, 
Sjogren syndrome, chronic gas tritis [MALT 
lymphoma]). 

Considered an AIDS-defining ill ness. Variable 
presentation: confusion, memory loss, seizures. 
Mass les ion(s) (may be ring-enhancing in 
immunocompromised patient) on MRI B, 
needs to be d istinguished from toxoplasmosis 
via CSF analysis or other lab tests. 

Adults present with c utaneous lesions; common 
in Japan (T-cell in Tokyo), West Africa, and the 
Caribbean. 

Lytic bone lesions, hypercalcemia. 

Mycosis fungoides: skin patches and plaques [!] 
(cutaneous T-cell lymphoma), characterized by 
atyp ical CD4+ cel ls with "cerebriform" nuclei 
and intraepidermal neoplastic cel l aggregates 
(Pautrier microabscess). May progress to Sezary 
syndrome (T-cell leukemia). 
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Multiple myeloma 

M spike-{ 

/ 

y 

Myelodysplastic 
syndromes 

Monoclonal plasma cell (" fried egg" 
appearance) cancer that arises in the marrow 
and produces large amounts of IgG (553) or 
IgA (253). Bone marrow> IO% monoclonal 
plasma cells. Most common 1° tumor arising 
within bone in people> 40- 50 years old. 

with: 
• t susceptibi lity to infection 
• Primary amyloidos is (AL) 
• Punchecl-out lytic bone lesions on x-ray rJ 
• M spike on serum protein electrophoresis 
• lg light chains in urine (Bence Jones 

protein), urine <lips tick is negative (only 
detects albumin) 

• Rouleaux formation I] (RBCs stacked like 
poker chips in blood smear) 

Numerous plasma cells (!I with "clock-face" 
chromatin and intracytoplasmic inclusions 
containing immunoglobulin. 

Monoclonal gammopathy of undetermined 
significance (MGUS)- monoclonal expansion 
of plasma cells (bone marrow < IO% 
monoclonal plasma cells), asymptomatic, may 
lead to multiple myeloma. No CRAB findings. 
Patients with MGUS develop multiple 
myeloma at a rate of 1- 23 per year. 

Stem cell disorders involving ineffective 
hematopoiesis - defects in cell maturation 
of nonlymphoid lineages. Caused by de novo 
mutations or environmental exposure (eg, 
rad iation, benzene, chemotherapy). Risk of 
transformation to AML. 

Think CRAB: 
HyperCalcemia 
Renal involvement 
Anemia 
Bone lytic lesions/Back pain 

Multiple Myeloma: Monoclonal M protein 
spike 

Distinguish from Waldenstrom 
macroglobulinemia - M spike = IgM 
- hyperviscosity syndrome (eg, blurrecl vision, 
Raynaud phenomenon); no CRAB findings. 

• 0 o· 
• 

Pseudo-Pelger-Huet anomaly- neutrophils 
with bi lobed ("duet") nuclei rJ. Typically seen 
after chemotherapy. 
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Leukemias 

TYPE 

Lymphoid neoplasms 

Acute lymphoblastic 

leukemia/lymphoma 

Chronic lymphocytic 

leukemia/small 
lymphocytic 
lymphoma 

Hairy cell leukemia 

j Myeloid neoplasms 

Acute myelogenous 

leukemia 

Chronic myelogenous 

leukemia 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PATHOLOGY 

Unregulated growth and differentiation ofWBCs in bone marrow - marrow failure - anemia 
(I RBCs), infec tions (I mature WBCs), and hemorrhage (I platelets). Usua lly presents with 
t circu lating WBCs (mal ignant leukocytes in blood); ra re cases present with normal/I WBCs. 

Leukemic cell infi ltration of liver, spleen, lymph nodes, and skin (leukemia cutis) poss ible. 
NOTES 

Most frequently occurs in chi ld ren; less common in adu lts (worse prognosis). T-cell ALL can 
present as mediastina l mass (presenting as SVC-like syndrome). Associated with Down syndrome. 

Periphera l blood and bone marrow have t t t lymphoblasts !J. 
TdT+ (marker of pre-T and pre-B cells), CDIO+ (marker of pre-B cells). 
Most responsive to therapy. 
May spread to CNS and testes. 
t( l2;21) - better prognosis. 

Age> 60 years. Most common adu lt leukemia. C DZO+, C D23+, C DS+ B-cell neoplasm. Often 
asymptomatic, progresses slowly; smudge cells rn in periphera l blood smear; autoimmune 
hemolytic anemia. C LL = C rushed L ittle Lymphocytes (smudge cells). 

Richter transformation- CLL/SLL tra nsformation into an aggressive lymphoma, most commonly 
d iffuse la rge B-cell lymphoma (DLBCL). 

Adult males. Mature B-cell tumor. Cells have fi lamentous, hai r-like projections 
(fuzzy appearing on LM m). Periphera l lymphadenopathy is uncommon. 

Causes marrow fibrosis - d ry tap on aspiration. Patients usually present with massive splenomegaly 
and pancytopenia . 

Sta ins T RAP (tartrate-resistant acid phosphatase)® (trapped in a hairy situation) . T RAP stain 
largely replaced with Aow cytometry. Assoc iated with BRAF mutations. 

Treatment: cladri bine, pentostatin. 

J 
Median onset 65 yea rs. Auer rods [!J; myeloperoxidase ®cytoplasmic inclusions seen mostly in 

APL (formerly M3 AML); t t t ci rculating myeloblasts on periphera l smear. 
Risk factors: prior exposure to alkylating chemotherapy, radiation, myeloproli ferative disorders, 

Down syndrome. APL: t(l 5;17), responds to all-trans retinoic acid (vitamin A) a nd arsen ic, which 
induce differentiation of promyelocytes; D IC is a common presentation. 

Occurs across the age spectrum with peak incidence 45- 85 years, median age at diagnosis 64 years. 
Defined by the Philadelphia c hromosome (t[9;22), BCR-ABL) and myeloid stem cell proliferation. 
Presents with dysregulated production of mature and maturing granulocytes (eg, neutroph ils, 
metamyelocytes, myelocytes, basophils 0) and splenomegaly. May accelerate and transform to 
AML or ALL ("blast cris is"). 

Very low leukocyte a lkaline phosphatase (LAP) as a result of low activity in malignant neutrophils, 
vs benign neutrophilia (leukemoid reaction) in which LAP is t due to t leukocyte count with 
neutrophilia in response to stressors (eg, infections, medications, severe hemorrhage). 

Responds to bcr-abl tyrosine ki nase inh ibitors (eg, imatin ib, dasatinib). 
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Chronic 
myeloproliferative 
disorders 

Polycythemia vera 

Essential 

thrombocythemia 

Myelofibrosis 

Polycythemia vera 

Essential 
thrombocythemia 

Myelofibrosis 

CML 

Polycythemia 

Relative 

Appropriate absolute 

Inappropriate absolute 

Polycythemia vera 

t I = 1° disturbance 

The myeloprol iferative disorders (polycythemia vera, essential thrombocythemia, myelofibrosis, and 
CML) are malignant hematopoietic neoplasms wi th varying impacts on WBCs and myeloid cell 
lines. 

Primary polycythemia. Disorder of t RBCs. May present as intense itching after hot shower. Rare 
but classic symptom is erythromelalgia (severe, burning pain and red-blue coloration) due to 
episodic blood clots in vessels of the extremities f.i.l 

I EPO (vs 2° polycythemia, which presents with endogenous or artific ially t EPO). 
Treatment: phlebotomy, hydroxyurea, ruxolitinib (JAKl/2 inhibitor). 

Characterized by massive proliferation of megakaryocytes and platelets. Symptoms include 
bleeding and thrombosis. Blood smear shows markedly increased number of plate lets, which may 
be large or otherwise abnormally formed I]. Erythromelalgia may occur. . 

Obliteration of bone marrow with due tot fibroblast activity. Often associated with 
massive splenomegaly and "teardrop" RBCs [!J. "Bone marrow is crying because it's fibrosed and 
is a dry tap." 

RB Cs WBCs PLATELETS 

Va riable Variable 

PLASMA VOLUME RBCMASS 

tt 

PHILADELPHIA CHROMOSOME JAK2 MUTATIONS 

e 
e 

e 
® 

EPO LEVELS 

® 

® (30- 50%) 

® (30- 50%) 

e 

ASSOCIATIONS 

Dehydration, burns. 

Lung disease, congenital heart 
disease, high altitude. 

Exogenous EPO: athlete abuse 
("blood doping"). 

Inappropriate EPO secretion: 
malignancy (eg, renal cell 
carcinoma, hepatocellular 
carcinoma). 

EPO I in PCV due to negative 
feedback suppressing renal 
EPO production. 
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Chromosomal t ranslocations 

TRANSLOCATION 

t(8; 14) 

t(l 1;14) 

t(l 1;18) 

t(l4;18) 

t(l 5;17) 

ASSOCIATED OISOROER 

Burkitt (Burk-8) lymphoma (c-myc activation) 

Mant le cell lymphoma (cycl in DI activation) 

Marginal zone lymphoma 

Foll icular lymphoma (BCL-2 activation) 

APL (M3 type of AML; responds to a ll-trans 
retinoic acid) 

t(9;22) (Philadelphia 
chromosome) 

C M L (BCR-J\BL hybrid), ALL (less common, 
poor prognostic factor); P hiladelphia CreaML 
cheese. 

Langerhans cell 
histiocytosis 

Collective group of proliferative disorders of 
Langerhans cells. Presents in a chi Id as lytic 
bone les ions fJ and skin rash or as recurrent 
otitis media with a mass involving the mastoid 
bone. Cel ls are functionally immature and 
do not effectively stimulate pri mary T cells 
via antigen presentation. Cells express S-100 
(mesodermal origin) and CD!a. Birbeck 
granules ("tennis rackets" or rod shaped on 
EM) a re characteristic [l). 

Tumor lysis syndrome 

·•· ·' .. · ... 
Tumor cell 

lysis 

Muscle _...,., 
weakness .,. J 

tK' l 

: 

ECG changes 

ica2' J 

l --------+ Seizures. r'\ 
tetany 

Calcium 
t PO,>- --+ phosphate 

crystals '-. Acute kidney 

U . .d [l injury t uric acid --+ nc aci A ....-- · 
crystals v 

NOTES 

The lg heavy chain genes on chromosome 14 
are constitutively expressed. When other 
genes (eg, c-myc and BCL-2) are trans located 
next to th is heavy chain gene region, they are 
overexpressed. 

Oncologic emergency triggered by massive 
tumor cell lysis, most often in lymphomas/ 
leukemias. Release of K+ - hyperka lemia, 
release of PO/- - hyperphosphatemia, 
hypocalcemia due to Ca2+ sequestration 

by PO/-. t nucleic acid breakdown 
- hyperuricemia - acute kidney injury. 
Prevention and treatment include aggressive 
hydration, allopurinol, rasburicase. 
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Hemophagocytic 
lymphohistiocytosis 

Systemic overactivation of macrophages and cytotoxic T cel ls - fever, pancytopenia, 
hepatosplenomegaly. Can be inher ited or 2° to strong immunologic activation (eg, a fter EBV 
infection, malignancy). Bone marrow biopsy shows macrophages phagocytosing marrow 
elements rJ. t t t serum ferritin levels. 

AND ONCOLOGY- PHARMACO LOGY 

Heparin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

NOTES 

Direct thrombin 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Activates antithrombin, which I action of Ila (thrombin) a nd factor Xa. Short ha lf-life. 

Immediate anticoagulation for pulmona ry embolism (PE), acute corona ry syndrome, Ml, deep 
venous thrombosis (DVT). Used during pregnancy (does not cross placenta). Follow PTT. 

Bleeding, thrombocytopenia (IIIT), osteoporosis, drug-drug interactions. For rapid reversal 
(antidote), use protamine sulfate (positively charged molecule that binds negatively charged 
hepa ri n). 

Low-molecular-weight heparins (eg, enoxaparin, daltepa rin) act predominantly on factor Xa. 
Fondapari nux acts only on factor Xa. I lave better bioavailabi lity and 2-4x longer hal f life than 
un fractionated hepa ri n; can be administered subcutaneously and without laboratory monitoring. 
Not easily reversible. 

Heparin-induced thrombocytopenia (I JJT)- development of lgC antibodies against heparin
bound plate let factor 4 (PF4). Antibody-hepari n-PF4 complex activates platelets - thrombosis and 
thrombocytopenia. Ilighest risk with unfrac tionated heparin. 

Biva lirudin (related to h irudin, the anticoagulant used by leeches), Argatroban, Dabigatran (only 
oral agent in class). 

Direc tly inhibits activity of free and clot-associated thrombin. 

Venous thromboembolism, atria l fibrillation. Can be used in l llT, when heparin is BAD for the 
patient. Does not require lab monitoring. 

Bleeding; can reverse dabigatran with idarucizumab. Consider PCC and/or antifibrinolytics (eg, 
tranexamic acid) if no reversa l agent avai lable. 
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Warfarin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Heparin vs warfarin 

ROUTE OF ADMINISTRATION 

SITE OF ACTION 

ONSET OF ACTION 

MECHANISM OF ACTION 

DURATION OF ACTION 

AGENTS FOR REVERSAL 

MONITORING 

CROSSES PLACENTA 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PHARMACO LOGY 

Inhibits epoxide reductase, which interferes The EX-PresidenT went to war(fa rin). 
with y-carboxylation of vi tamin K-dependent 
clotting factors II, VII, IX, X, and proteins C, 
S. Metabolism affected by polymorphisms 
in the gene for vitamin K epoxide reductase 
complex (VKORCJ). In laboratory assay, has 
effect on EXtrinsic pathway and t PT. Long 
half-life. 

Chronic anticoagulation (eg, venous 
th romboembolism prophylaxis, and prevention 
of stroke in atrial fi brillation). Not used in 
pregnant women (because warfari n, unl ike 
hepari n, crosses placenta). Follow PT/JNR. 

Bleeding, teratogenic, skin/tissue necrosis f,J, 
drug-drug interactions. 

Initia l risk of hypercoagulation: protein C 
has a shorter half-life than factors II and X. 
Existing protein C depletes before existing 
factors II and X deplete, and before warfari n 
can reduce factors II and X production 
- hypercoagulation. Skin/tissue necrosis 
within first few days of large doses believed to 
be due to small vessel micrnthrombosis. 

Heparin 

Parenteral (IV, SC) 

Blood 

Rapid (seconds) 

Activates antithrombin, which I the action of 
Ila (thrombin) and factor Xa 

Hours 

Protamine sulfate 

PTT (intrinsic pathway) 

No 

For reversal of warfarin, give vitamin K. 
For rapid reversal, give fresh frozen plasma 

(FFP) or PCC. 
I leparin "bridging": heparin frequently used 

when starting warfarin. llepari n's activation of 
anti thrombin enables anticoagulation during 
initial, transient hypercoagulable state caused 
by warfarin. Initial heparin therapy reduces 
risk of recurrent venous thromboembolism 
and skin/tissue necrosis. 

Metabolized by cytochrome P-450. 

Warfarin 

Oral 

Liver 

Slow, limited by half-lives of normal clotting 
factors 

Impai rs synthesis of vitamin K-dependent 
clotting factors II, VII, IX, and X, and anti
clotting proteins C and S 

Days 

Vitamin K, FFP, PCC 

PT/JNR (extri nsic pathway) 

Yes (teratogenic) 
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Direct factor Xa 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Thrombolytics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

ApiXaban, ri varoXaban. 

Bind to and directly inhibit factor Xa. 

Treatment and prophylaxis for DVT and PE; stroke prophylaxis in patients with atrial fi brillation. 
Oral agents do not usually require coagulation monitori ng. 

Bleeding. Not easi ly reversib le. 

Alteplase (tPA), reteplase (rPA), streptokinase, tenecteplase (TNK-tPA). 

Directly or indirectly aid conversion of plasminogen to plasmin, which cleaves thrombin and fibrin 
clots. t PT, t PTT, no change in platelet count. 

Early Ml, early ischemic stroke, direct thrombolysis of severe PE. 

Bleeding. Contraindicated in patients with active bleeding, history of intracranial bleeding, 
recent surgery, known bleeding diatheses, or severe hypertension. Nonspecific reversal with 
antifi brinolytics (eg, aminocaproic acid, tranexamic acid), plate let transfusions, and factor 
corrections (eg, cryoprecipitate, FFP, PCC). 

ADP receptor inhibitors Clopidogrel, prasugrel, ticagrelor (reversible), ticlopidine. 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Anti platelet 
phosphodiesterase 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Glycoprotein lib/Illa 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Inhibit plate let aggregation by irreversibly blocking ADP (P2Y12) receptor. Prevent expression of 
glycoproteins IIbn lla on platelet surface. 

Acute coronary syndrome; coronary stenting. I incidence or recurrence of thrombotic stroke. 

Neutropenia (ticlopidine). TTP may be seen. 

Cilostazol, dipyridamole. 

t cAMP in platelets, resulting in inhibition of plate let aggregation; vasodilators. 

Intermittent claudication, coronary vasodilation (dipyridamole used for cardiac stress testing), 
prevention of stroke or T IAs (combined with aspirin). 

Nausea, headache, fac ial Rush ing, hypotension, abdominal pain. 

Abciximab, eptifibatide, tirofiban. 

Bind to the glycoprotein receptor llb/llla on activated plate lets, preventing aggregation. Abciximab 
is made from monoclonal antibody Fab fragments. 

Unstable angina, percutaneous coronary intervention. 

Bleeding, thrombocytopenia. 
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Cancer drugs- cell cycle 

Bleomycin 

Topoisomerase inhibitors 
Etoposide 
Teniposide 
lrinotecan 
Topotecan 

Antimetabotites 
Azathioprine 
Cladribine 
Cytarabine 
5-fluorouracil 
Hydroxyurea 
Methotrexate 
6-mercaptopurine 

Cancer drugs- targets 

,,.----Microtubule inhibitors 

Vinblastine 
Vincristine 
Eribulin 

Cell cycle-independent drugs 
Platinum agents (eg. cisplatin) 
Alkylating agents: 

Busulfan 
Cyclophosphamide 
lfosfamide 
Nitrosoureas (eg. carmustine) 

Nucleotide synthesis 

+ 
DNA RNA division 

+ 
MTX. 5-FU: 

.J. thymidine synthesis 

6-MP: 
.J. de novo purine synthesis 

Hydroxyurea: 
inhibits ribonucleotide 
reductase 

Alkylating agents. platinum agents: 
cross-link DNA 

Bleomycin: 
DNA strand breakage 

Dactinomycin. doxorubicin: 
DNA intercalat0<s 

Etoposide/teniposide: 
inhibits topoisomerase II 

lrinotecan/topolecan: 
inhibits topoisomerase I 

Vinca alkaloids: 
inhibit microtubule f0<malion 

Paclitaxel: 
inhibits m1crotubule disassembly 
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Antitumor antibiotics 
DRUG 

Bleomycin 

Dactinomycin 
(actinomycin Dl 

Doxorubicin, 
daunorubicin 

MECHANISM 

Induces free radica l formation 
- breaks in DNA strands. 

Interca lates into DNA, 
preventing RNA synthes is. 

Generate free radica ls. 
Interca late in DNA - breaks in 

DNA - I replication. 
Interferes with topoisomerase II 

enzyme. 

CUNICAL USE 

Testicular cancer, Ilodgkin 
lymphoma. 

Wilms tumor, Ewing sarcoma, 
rhabdomyosa rcoma. Used for 
childhood tumors. 

Solid tumors, leukemias, 
lymphomas. 

ADVERSE EFFECTS 

Pulmonary fibrosis, skin 
hyperpigmentation. Min imal 
myelosuppression. 

Myelosuppression. 

Cardiotoxicity (di lated 
cardiomyopathy), 
myelosuppression, a lopecia. 

Dexrazoxane (i ron chelating 
agent) used to prevent 
cardiotoxicity. 
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Anti metabolites 
DRUG 

Azathioprine, 
6-mercaptopurine 

Cladribine 

Cytarabine 
(arabinofuranosyl 
cytidine) 

5-fluorouracil 

Methotrexate 

MECHANISM' 

Purine (thiol) analogs 
- I de novo purine synthesis. 

Activated by I ICPRT 
Azath ioprine is metabolized 
into 6-MP 

Purine ana log - multiple 
mechanisms (eg, inhibition 
of DNA polymerase, DNA 
stra nd breaks). 

Pyrimidine a na log - DNA 
chain termination. At higher 
concentrations, inh ibits DNA 
polymerase. 

Pyrim idine a na log bioactivated 
to 5-FdUMP, which 
covalently complexes with 
thymidylate synthase and 
folic acid. Capeci tabine is a 
prod rug. 

This complex inh ibits 
thymidylate synthase 
- I dTMP - I DNA 
synthesis. 

Folic acid ana log that 
competitively 
d ihyd rofolate reductase 
- I dTMP - I DNA 
synthesis. 

CLINICAL USE 

Preventing organ rejection, 
rheumatoid arthritis, IBO, 
SLE; used to wean patients 
off sternids in chronic d isease 
and to treat steroid-refractory 
chronic d isease. 

Hai ry cell leukemia. 

Leukemias (AML), lymphomas. 

Colon cancer, pancreatic 
cancer, actinic keratosis, basal 
cell ca rcinoma (topical). 

Effects enhanced with the 
add ition of leucovorin. 

Cancers: leukemias 
(ALL), lymphomas, 
choriocarc inoma, sarcomas. 

Non-neoplast ic: ectopic 
pregnancy, med ica I 
abortion (with misoprnstol), 
rheumatoid arthritis, psoriasis, 
IBO, vasculitis. 

•AIJ a re S-phase speci fic except c ladribine, which is ce ll cycle nonspeci fic. 

ADVERSE EFFECTS 

Myelosuppression; C I, liver 
toxicity. 

Azathioprine and 6-MP a re 
metabolized by xanth ine 
oxidase; thus both have t risk 
of toxicity with a llopurinol or 
febuxostat. 

Myelosuppression, 
nephrotoxici ty, and 
neurotoxicity. 

Myelosuppression with 
mega loblast ic anemia. 
CYTarabine causes 
panCYTopenia. 

Myelosuppression, palmar
plantar erythrodysesthesia 
(hand-foot syndrnme). 

Myelosuppression, which is 
reversible with leucovorin 
0 rescue.t' 

Hepatotoxicity. 
Mucositis (eg, mouth ulcers). 
Pu I monary fi brosis. 
Fol ate deficiency, which 

may be teratogenic (neura l 
tube defects) wi thout 
supplementation. 

Neph rntoxicity. 
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Alkylating agents 
DRUG 

Busulfan 

Cyclophosphamide, 
ifosfamide 

Nitrosoureas 
(eg, carmustine, 
lomustine) 

Procarbazine 

Microtubule inhibitors 

MECHANISM 

Cross-lin ks DNA. 

Cross-link DNA at guanine. 
Require bioactivation by liver. 
A n itrogen musta rd . 

Require bioactivation. 
Cross blood-bra in barrier 

- CNS. Cross-link DNA. 

Cell cycle phase- nonspecific 
a lkylati ng agent, mechanism 
not yet defined. 

DRUG MECHANISM 

Paclitaxel, other Hyperstabilize polymerized 
taxanes microtubules in M phase so 

that mi totic spind le cannot 
break down (a naphase cannot 
occur). 

Vincristine, vinblastine Vinca alkaloids that bind 
and inh ibit 

its polymerization into 
microtubules - prevent 
mitotic spindle formation 
(M-phase arrest). 

Cisplatin, carboplatin, oxaliplatin 

Cross-lin k DNA. 

CUNICAL USE 

Used to ablate patient's bone 
marrow before bone marrow 
transpla ntation. 

Solid tumors, leukemia, 
lymphomas, rheumatic 
d isease (eg, SLE, 
granu lomatosis with 
polyang i itis). 

Brain tumors (including 
glioblastoma multiforme). 

Hodgkin lymphoma, bra in 
tumors. 

CUNICAL USE 

Ovarian and breast carcinomas. 

Solid tumors, leukemias, 
Hodgkin and non-Hodgkin 
lymphomas. 

MECHANISM 

CLINICAL USE Testicular, bladder, ovary, CI, and lung carc inomas. 

ADVERSE EFFECTS 

Severe myelosuppression (in 
a lmost all cases), pulmona ry 
fibrosis, hyperpigmentation. 

Myelosuppression; SIADH; 
Fanconi synd rome 
(ifosfam ide); hemorrhagic 
cystitis and bladder cancer, 
prevented with mesna 
(su lfhydryl group of mesna 
binds toxic metabolites) a nd 
adequate hydration. 

CNS tox icity (convulsions, 
d izziness, ataxia). 

Bone marrow suppression, 
pu lmonary toxicity, leukemia, 
d isulfiram-like reac tion. 

ADVERSE EFFECTS 

Myelosuppression, neuropathy, 
hypersensitivity. 

Taxes stabilize society. 

Vincristine: neurotox icity 
(areAexia, periphera l neuritis), 
constipation (including 
paralytic ileus). Crisps the 
nerves. 

Vinblastine: bone marrow 
suppression. Blasts the bone 
n1arrO\v. 

ADVERSE EFFECTS Nephrotoxicity (including Fanconi syndrome), peripheral neuropathy, ototoxicity. Prevent 
nephrotoxici ty with amifostine (free radica l scavenger) and chloride (saline) diuresis. 
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Etoposide, teniposide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

lrinotecan, topotecan 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Hydroxyurea 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Bevacizumab 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Erlotinib 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PHARMACO LOGY 

Inhibit topoisomerase II - t DNA degradation. 

Solid tumors (particularly testicu la r and small cell lung cancer), leukemias, lymphomas. 

Myelosuppression, a lopecia. 

Inhibit topoisomerase I and prevent DNA unwind ing and replication. 

Colon cancer (irinotecan); ovarian and small cell lung cancers (topotecan). 

Severe myelosuppression, diarrhea. 

Inhibits ribonucleotide reductase - I DNA Synthesis (S-phase specific). 

Myeloproliferative disorders (eg, CML, polycythemia vera), sickle cell (t HbF). 

Severe myelosuppression. 

Monoclonal antibody agains t VEGF. Inh ibits angiogenesis (BeVacizumab inhibits Blood Vessel 
formation). 

Solid tumors (eg, colorec ta l cancer, renal cell carcinoma), wet age-related macular degeneration. 

Hemorrhage, blood clots, and impaired wound healing. 

EGFR tyrosine kinase inhibitor. 

Non-small cell lung cancer. 

Rash. 

Cetuximab, panitumumab 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

lmatinib, dasatinib 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Monoclonal antibodies aga inst EGFR. 

Stage IV colorecta l cancer (wi Id-type KRJ\S), head and neck cancer. 

Rash, elevated LFTs, d ia rrhea. 

Tyrosine kinase inhibitor of bcr-abl (encoded by Phi ladelphia chromosome fus ion gene in CML) 
and c-kit (common in GI stromal tumors). 

CML, GI stromal tumors (GIST). 

F luid retention. 
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Rituximab 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Bortezomib, carfilzomib 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Tamoxifen, raloxifene 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Trastuzumab 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Monoclonal antibody against CD20, which is found on mos t B-cell neoplasms. 

Non-I Iodgkin lymphoma, CLL, ITP, rheumatoid arth ritis. 

t risk of progressive multifocal leukoencephalopathy. 

Proteasome inhibitors, induce a rrest at C2-M phase and apoptosis. 

Multiple myeloma, mantle cell lymphoma. 

Peripheral neuropathy, herpes zoster reactivation. 

Selective estrogen receptor modulators (SERMs)-receptor antagonists in breast and agonists in 
bone. Block the binding of estrogen to ER ® cells. 

Breast cancer treatment (tamoxifen only) and prevention. Raloxifene a lso usefu l to prevent 
osteoporosis. 

Tamoxifen-partial agonist in endometrium, which t the risk of endometria l cancer; "hot Aashes." 
Raloxifene-no t in endometria l carcinoma (so you can relax!), because it is an estrogen receptor 

antagonist in endometria l tissue. 
Both t risk of th romboembolic events (eg, DVT, PE). 

Monoclonal antibody against I IER-2 (c-erbB2), a tyrosine kinase receptor. Helps kill cancer cells 
that overexpress IIER-2 through inhibition ofHER-2 in itiated cellular signaling and antibody
dependent cytotoxicity. 

HER-2 ®breast cancer and gastric cancer (tras2zumab). 

Cardiotoxicity. "Ileartceptin" damages the heart. 

Dabrafenib, vemurafenib 

MECHANISM 

CLINICAL USE 

Rasburicase 

MECHANISM 

CLINICAL USE 

Small molecule inhibitors of BRJ\F oncogene® melanoma. VEmuRAF-enib is for V600E
mutated BRAF inhibition. Often co-administered with MEK inhibitors (eg, trametin ib). 

Metastatic melanoma. 

Recombinant uricase that catalyzes metabolism of uric acid to a llantoin. 

Prevention a nd t reatment of tumor lysis syndrome. 
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Key chemotoxicities 

HEMATOLOGY AND ONCOLOGY HEMATOLOGY AND ONCO LOGY- PHARMACO LOGY 

c C. isplatin/ - ototoxicity 

Vincristine - peripheral neuropathy 
leomycin, usulfan - pulmonary fibrosis 

Doxorubicin - cardiotoxicity 
Trastuzumab - cardiotoxicity 
Cisplatin/Carboplatin - nephrotoxicity 

CYclophosphamide - hemorrhagic cystitis 



H IGH- YI EL D SYS T EMS 

Musculoskeletal, Skin, 
and Connective Tissue 

"Rigid, the skeleton of habit alone upholds the human frame." 
- Virginia Woolf 

"Beauty may be skin deep, but ugly goes clear to the bone." 
- Redd Foxx 

"The function of muscle is to pull and not to push, except in the case of 
the genitals and the tongue." 

-Leonardo <la Vinci 

"To thrive in life you need three bones. A wishbone. A backbone. And a 
fttnny bone." 

- Reba McEntire 

This chapter provides information you will need to understand certain 

anatomical dysfunctions, rheumatic diseases, and dermatologic 
conditions. Be able to in terpret 30 anatomy in the context of radiologic 
imaging. For the rheumatic diseases, create instructional cases or 

personas that include the most likely presentation and symptoms: risk 
factors, gender, important markers (eg, autoantibodies), and other 
epidemiologic factors. Doing so will allow you to answer the higher 

order questions that are likely to be asked on the exam. 
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MUSCULOSK ELETAL, SKIN, AND CONNECTIVE TISSUE-ANATOMY AND PH YSIOLOGY 

Rotator cuff muscles 

Arm abduction 
DE@EE 

0°- 15° 

J 50- JOOO 

>90° 

> JOOo 

Shoulder muscles that form the rotator cuff: 
• Supraspinatus (suprascapu lar nerve)

abducts arm initia lly (before the action 
of the deltoid); most common rotator 
cuff injury (trauma or degeneration and 
impingement - tendinopathy or tear [arrow 
in rJ]), assessed by "empty/fu ll can" test. 

• l nfraspinatus (suprascapu lar nerve)
externally rotates arm; pitching injury. 

• teres m inor (axillary nerve)- adducts and 
externally rotates arm. 

• Subscapularis (upper and lower subscapular 
nerves)-internally rotates and adducts arm. 

Innervated primarily by C5-C6. 

MUSCLE 

Supraspinatus 

Deltoid 

Trapezius 

Serratus Anterior 

Sl tS (small tis for teres minor). 

NERVE 

Suprascapular 

Axi lla ry 

Accessory 

-r 

Long T horacic (SALT) 
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Wrist region 

Hand muscles 

Thenar Hypothenar 
eminence eminence 

Scaphoid, Lunate, Triquetrum, 
P is iform, Ilamate, C apitate, Trapezoid, 
Trapezium rzt. (So Long To P inky, H ere 
C omes T he T humb). 

Scaphoid (pa lpable in anatomic snuff box [lJ) 
is the most commonly fractured carpal bone, 
typically due to a fa ll on an outstretched hand. 
Complications of proximal scaphoid frac tures 
include avascu la r necrosis and nonunion due 
to retrograde blood supply from a branch of 
the radia l artery .. Fracture not always seen on 
initia l x-ray. 

Dis location of lunate may cause acute carpal 
tunnel syndrome. 

Thenar (median)-O pponens poll icis, Abductor 
pollicis brevis, F lexor pollicis brevis, superficia l 
head (deep head by ulna r nerve). 

Hypothenar (ulna r)- O pponens d igi ti m in imi, 
Abductor d igi ti m in i mi, F lexor d igiti minimi 
brevis. 

Dorsal interossei (u lnar)- abduct the fingers. 
Pal mar interossei (u lnar)-adduc t the fingers. 
Lumbricals (1st/2nd, median; 3rd/4th, u lnar)-

Aex at the MCP joint, extend PIP and DIP 
joints. 

Both gwups perform the same functions: 
O ppose, Abduct, and F lex (OAF). 

DAB = Dorsa ls ABduct. 
PAD = Pa l mars ADduct. 
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Upper extremity nerves 
NERVE 

Axillary (CS-C6) 

CAUSES Of INJURY 

Fractured surgical neck of humerus 
Anterior dislocation of humerus 

Musculocutaneous Upper trunk compression 
(CS-C7) 

Radial (CS-T1) Compression of ax illa, eg, due to crutches or 
sleeping with arm over chair ("Saturday night 
palsy") 

Midshaft fracture of humerus 
Repetitive pronation/supination of forea rm, eg, 

due to screwdriver use ("finger drop") 

Median (CS-T1) Supracondylar fracture of humerus - proximal 
lesion of the nerve 

Carpal tunnel syndrome and wrist laceration 
- distal lesion of the nerve 

Ulnar (C8-T1) Fracture of medial epicondyle of humerus 
"funny bone" (proximal lesion) 

Fractured hook of hamate (distal lesion) from 
fall on outstretched hand 

Recurrent branch of Superficial laceration of palm 
median nerve (CS-T1) 

PRESENTATION 

Flattened del toid 
Loss of arm abduction at shoulder (> 15°) 
Loss of sensation over deltoid muscle and lateral 

arm 

I biceps (C5-6) or triceps (C7) reflex 
Weakness of forearm flex ion and supination 
Loss of sensation over latera I forearm 

Wrist drop: loss of elbow, wrist, and finger 
extension 

I grip strength (wrist extension necessary for 
maximal action of Aexors) 

Loss of sensation over posterior arm/forearm and 
dorsal hand 

"Ape hand" and "Pope's blessing" 
Loss of wrist flex ion, flex ion of lateral fi ngers, 

thumb opposition, lumbricals of index and 
middle fingers 

Loss of sensation over thenar eminence and 
dorsal and pal mar aspects of lateral 3Yi fi ngers 
with proximal les ion 

"Ulnar claw" on digit extension 
Radial deviation of wrist upon Aexion (proximal 

lesion) 
Loss of wrist Aexion, Aexion of medial fi ngers, 

abduction and adduction of fi ngers (interossei), 
actions of medial 2 lumbrical muscles 

Loss of sensation over medial 11'2 fi ngers 
including hypothenar eminence 

"Ape hand" 
Loss of thenar muscle group: opposition, 

abduction, and Aexion of thumb 
No loss of sensation 

Humerus frac tures, proximally to distally, follow the ARM (Axillary - Radial - Median) 

Radial nerve 

Recurrent b<anch 
ot median nerve 

Radial nerve 

Musculocutaneous nerve 

Radial nerve 

Palm of hand 

Radial nerve 

Oorsum of hand 
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Brachia! plexus lesions 
0 Erb palsy ('waiter's tip") 
€) Klumpke palsy (claw hand) 

E) Wrist drop 

cs 

C6 

lateral 

Axillary 

Randy 
0 Musculotutaneous Travis 

D ri nks 
0 Winged scapula 
g Deltoid paralysis C7 

Posteria g 
E) O (Extensors) 

C old 
0 Median (Rexors) 

0 "Saturday night palsy" (wrist drop) 

f) Difficulty flexing elbow. variable 
sensory loss 

0 Decreased thumb function. 

C8 

"Pope's blessing" Tl 

0 Intrinsic muscles of hand. 

Lower Medial 
a 

L-,--J L-,--J L,--J 
Trunks Divisions Cords 

0 
claw hand 

long thoracic 

CONDITION 

Erb palsy ("waiter's 
tip") 

Klumpke palsy 

Thoracic outlet 
syndrome 

Winged scapula 

L,----J 
Roots 

INJURY 

Traction or tea r 
of upper trunk: 
C5-C6 roots 

Traction or tea r 
of lower trunk: 
CS-Tl roots 

Compression 
of lower trunk 
and subclavian 
vessels, most 
commonly 
with in the 
scalene triangle 

Les ion of long 
thoracic nerve, 
rnots C5-C 7 
("wings of 
heaven") 

CAUSES 

Infants- latera l 
traction on neck 
dur ing de livery 

Adults- trauma 

Infants - upward 
force on a rm 
dur ing de livery 

Adults- trauma 
(eg, grabbing a 
tree branch to 
break a fall) 

Cervical rib 
(arrnws in rzt, 
Pancoast tumor 

Axi llary node 
d issection a fter 
mastectomy, 
stab wounds 

Radial 

0 Ulnar 

Branches 

MUSCU DEFICIT 

Deltoid, 
supraspinatus 

l nfraspinatus 

Biceps brachii 
I lerb gets DIBs 

on tips 

Intrinsic hand 
muscles: 
lumbricals, 
interossei, 
thenar, 
hypothenar 

Beer 

FUNCTIONAL OEFICIT 

Abduction (arm 
ha ngs by side) 

Lateral rntation (arm 
media lly rotated) 

F lexion, supination 
(arm extended and 
pronated) 

Tota l claw ha nd: 
lumbricals normally 
Aex MCP joints and 
extend DIP and PIP 
joints 

Same as Klumpke Atrophy of intri nsic 
palsy ha nd muscles; 

ischemia, pain, 
and edema 
due to vascular 
compress ion 

Serratus anterior Inability to anchor 
scapula to thoracic 
cage - cannot 
abduct arm 
above horizontal 
position a 

PRESENTATION 

B 

\ I" J 

' I; 
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Distortions of the hand At rest, a balance exists between the extrinsic Aexors and extensors of the hand, as well as the 
intrinsic muscles of the hand- particularly the lumbrical muscles (flexion ofMCP, extension of 
DIP and PIP joints). 

SIGN 

PRESENTATION 

CONTEXT 

LOCATION OF LESION 

"Clawing" - seen best with distal lesions of median or ulnar nerves. Remaining extrinsic Aexors 
of the digi ts exaggerate the loss of the lumbricals - fingers ex tend at MCP, Aex at DIP and PIP 
joints. 

Deficits less pronounced in proximal les ions; deficits present during voluntary Aexion of the digits. 

" Ulnar claw" 

Extending fingers/at 
rest 

Distal ulnar nerve 

"Pope's blessing" 

Making a fist 

Proximal median 
nerve 

" Median claw" 

Extending fingers/at 
rest 

Distal median nerve 

"OK gesture" 

Making a fist 

Proximal ulnar nerve 

Note: Atrophy of the thenar eminence (unopposable thumb - "ape hand") can be seen in median nerve lesions, wh ile 
atrophy of the hypothenar eminence can be seen in ulnar nerve lesions. 
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Knee exam 

TEST 

Anterior drawer sign 

Posterior drawer sign 

Abnormal passive 

abduction 

Abnormal passive 

adduction 

McMurray test 

Lateral femora l condyle to anterior tibia: AC L. 
Media l femoral condyle to posterior tibia: P CL. 
LAMP. 

PROCEDURE 

Bending knee at 90° angle, t anterior glid ing 
of tibia (re lative to femur) due to ACL injury. 
Lach man test a lso tests ACL, but is more 
sensitive (t anter ior gliding of t ibia [relative to 
femur] with knee bent at 30° angle). 

Bending knee at 90° angle, t posterior glid ing of 
tibia due to PCL injury. 

Knee either extended or at - 30° angle, latera l 
(valgus) force - medial space widening of 
tibia - MCL injury. 

Knee either extended or at - 30° angle, medial 
(varus) force - latera l space widening of tibia 
- LCL injury. 

During flex ion and extension of knee with 
rotation of tibia/foot (LIME): 
• Pain, "popping" on internal rotation 

- Lateral menisca l tear (Interna l rotation 
stresses lateral meniscus) 

• Pain, "popping" on external rotation 
- M edia l meniscal tear (External rotation 
stresses medial meniscus) 

Femur 

j,r 
condyle 

f LCLJ 
\ I\ 

Fibula \ \ ) 

1 :\ 
forte 
(valgus) '? 

AcldJction I \ 1varus) 
forte p 

Internal u reunion 

-r .,, 
External 
rotation 

ACltear 

PCL tear 

MCltear 

LCltear 

Lateral tear 

Medial tear 

1'11 
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Lower extremity nerves 
NERVE 

lliohypogastric 

(T12- L1) 

Genitofemoral nerve 
(L1-L2) 

Lateral femoral 
cutaneous (L2-L3) 

Obturator (L2-L4) 

Femoral (L2-L4) 

Sciatic (L4-S3) 

Common peroneal 
(L4-S2) 

Tibial {L4-S3) 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE AND PHYSIOLOGY 

INNERVATION 

Sensory- suprapubic region 
Motor- transversus abdominis 

and interna l oblique 

Sensory- scrotum/labia 
majora, media l th igh 

Motor- cremaster 

Sensory- anterior and latera l 
th igh 

Sensory- med ia l thigh 
Motor- obturator ex ternus, 

adductor longus, adductor 
brevis, graci lis, pectineus, 
adductor magnus 

Sensory- anterior thigh, 
medial leg 

Motor- quad riceps, i liacus, 
pectineus, sartorius 

Motor- semitend inosus, 
semimembranosus, biceps 
femoris, adductor magnus 

Superficial peroneal nerve: 
• Sensory-dorsum of foot 

(except webspace between 
ha ll ux and 2nd digit) 

• Motor-pernneus longus 
and brevis 

Deep pernneal nerve: 
• Sensory- webspace 

between hallux and 2nd 
d igi t 

• Motor-tibia lis anterior 

Sensory- sole of foot 
Motor- biceps femoris (long 

head), triceps surae, plantaris, 
popliteus, Aexor muscles of 
foot 

CAUSE Of INJURY 

Abdominal surgery 

Lapar<>scopic surgery 

T ight clothing, obesi ty, 
pregnancy, pelvic prncedures 

Pelvic surgery 

Pelvic fracture 

Herniated disc, posterior hip 
d islocation 

Trauma or compression of 
lateral aspect of leg, fi bu la r 
neck fracture 

Knee trauma, Baker cyst 
(proximal les ion); tarsa l 
tunnel syndrome (d ista l 
lesion) 

PRE SENTA Tl ON/COMMENTS 

Burning or tingling pain in 
surgical incision site radiating 
to inguinal and suprapubic 
region 

I upper medial thigh a nd 
anterior thigh sensation 
beneath the inguinal 
ligament (latera l part of the 
femoral triangle); absent 
cremasteric reAex 

I th igh sensation (anterior a nd 
lateral) 

I th igh sensation (med ial) and 
adduction 

I leg extension (I patella r 
reAex) 

Splits into common peroneal 
and tibial nerves 

PED = Pernneal and 
DorsiAexes; if injured, foot 
dropP E D 

Loss of sensation on dorsum 
of foot 

Foot drop- inverted and 
plantarAexed at rest, loss of 
eversion and dorsiAexion; 
"steppage gait" 

TIP = T ibia l Inverts a nd 
P lanta rAexes; if injured, can't 
stand on TIPtoes 

Inability to curl toes and loss of 
sensation on sole; in proximal 
lesions, foot everted at rest 
with loss of inversion and 
plantar Aexion 
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Lower extremity nerves (continued) 

NERVE 

Superior gluteal 
(L4-S1) 

Trendelenburg 
Normal sign 

INNERVATION 

Motor- gluteus medius, g luteus 
min i mus, tensor fascia latae 

CAUSE OF INJURY 

Iatrogenic injury dur ing 
intramuscular injection 
to supernmed ial gluteal 
region (prevent by choosing 
supernlatera l quadrant, 
preferably anterolateral 
region) 

PR ESENTA Tl ON/COMMENTS 

Trendelenburg sign/gait
pelvis tilts because weight
bearing leg cannot maintain 
a lignment of pelvis through 
hip abduction 

Lesion is contra latera l to the 
side of the h ip that d rnps, 
ips ilatera l to extremity on 
which the patient stands 

Inferior gluteal (LS-52) Motor- gluteus maximus Posterior h ip dislocation Difficulty c limbing stairs, rising 
from seated position; loss of 
hip extension 

Pudenda! (52-54) Sensory- peri neum Stretch injury dur ing childbirth I sensation in perineum and 
genita l a rea; can cause feca l 
or urinary incontinence 

Actions of hip muscles 

ACTION 

Abductors 

Adductors 

Extensors 

Flexors 

Internal rotation 

External rotation 

Motor- external urethral and 
anal sph incters 

MUSCLES 

G luteus medius, gluteus m in imus 

Adductor magnus, adductor longus, adductor brevis 

G luteus maxi mus, semitend inosus, semimembranosus 

Il iopsoas, rectus femoris, tensor fascia lata, pectineus, sartorius 

G luteus medius, gluteus m in imus, tensor fasc ia latae 

Il iopsoas, gluteus maximus, piriform is, obturator 

Can be blocked with local 
anesthetic during childbirth 
using ischial spine as a 
landmark for injection 
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Ankle sprains 

Signs of lumbosacral 
radiculopathy 

Disc level 
herniation 
Nerve root 

affected 

Dennatome 
affected 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE AND PHYSIOLOGY 

Anterior TaloFibular ligament- most common 
ankle spra in overall, classified as a low ankle 
sprain. Due to overinversion/supination of foot. 

Anterior inferior tibiofibular ligament- most 
common high ankle sprain. 

Always Tears First. 

ligament 
Ta""ls Metatarsals Phalanges 1i?1 

Paresthesia and weakness related to specific lumbosacral spinal nerves. lntervertebral disc (nucleus 
pulposus) herniates posterolaterally through annulus fi brosus (outer ring) into central canal due to 
th in posterior longitudinal ligament and thicker anterior longitudinal ligament along mid line of 
vertebral bodies. 

Nerve affected is usually below the level of herniation. 

L3-L4 L4-L5 L5-51 

l4 L5 51 

Clinical 
findings 

Weakness of knee extension 
i pateUarreflex 

Weakness of dorsiflexion 
Difficulty in heel walking 

Weakness of plantar flexion 
Difficulty in toe walking 
i Achilles reflex 
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Neurovascular pairing Nerves and arteries are frequently named together by the bones/regions with which they are 
associated. The following are exceptions to this naming convention. 

LOCATION NERVE ARTERY 

Axi lla/lateral thorax Long thoracic Lateral thoracic 

Surgical neck of humerus Axillary Posterior circumAex 

Mid shaft of humerus Radial Deep brachia! 

Distal humerus/ cubita l fossa Median Brachia I 

Popliteal fossa Tibial Popliteal 

Posterior to medial malleolus Tibial Posterior tibial 
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Motoneuron action 
potential to muscle 
contraction 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE AND PHYSIOLOGY 

T-tubules are extensions of plasma membrane in contact with the sarcop lasmic reticulum, allowing 
for coordinated contraction of striated muscles. 

/ Myelin sheath 
0 Action potential opens presynaptic voltage

gated Ca2+ channels, inducing acetylcholine 

(ACh) release. 

0 

• 

G) ' .,,. 

Detached Crossbrid9e 

Power stroke 

I band A band I band 

Sarcomere (Z line to Z line) 

E) Postsynaptic ACh binding leads to musc le 
cell depola rization at the motor end plate. 

E) Depolarization travels over the entire 
muscle cell and deep into the muscle via the 
T-tubules. 

(i) Membrane depolarization induces 
conformationa l cha nges in the voltage
sensitive dihydropyrid ine receptor (DI IPR) 
and its mechanically coupled ryanodine 
receptor (RR) - Ca2+ release from the 
sarcoplasmic reticulum into the cytop lasm. 

0 Tropomyosin is blocking myosin-binding 
sites on the actin fi lament. Released 
Ca2+ binds to troponin C (TnC), shifti ng 

tropomyosin to expose the myosin-binding 
sites. 

0 The myosin head binds strongly to actin, 
form ing a crossbridge. P; is then released, 
initiating the power stroke. 

0 During the power stroke, force is produced 
as myosin pu lls on the thin filament fJ. 
Muscle shortening occurs, with shortening 
of II and I bands and between Z lines (IIIZ 
shri nkage). The A band remains the same 
length (A band is Always the same length). 
ADP is released at the end of the power 
stroke. 

0 Binding of new ATP molecule causes 
detachment of myosin head from actin 
fi lament. Ca2+ is resequestered. 

hydrolysis into ADP and P; resu lts 
in myosin head re turning to high-energy 
position (cocked). The myosin head can bind 
to a new site on actin to form a crossbridge if 
Ca2+ remains ava ilable. 
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Types of muscle fibers 

Type I muscle 

Type II muscle 

Slow twitch; red fibers resulting from 

t mitochondria and myoglobin concentration 
(t oxidative phosphorylation) - sustained 

contraction. Proportion t a fter endurance 

trai ning. 

Fast twitch; white fi bers resu lti ng from 

I mitochondria and myoglobin concentration 
(t anaerobic glycolysis). Proportion t after 

weight/resis tance trai ning, sprinting. 

Thin k " I slow red ox." 

Vascular smooth muscle contraction and relaxation 

Agonist Acetytcholine. 
bradykinin. etc 

Endothelial cells ' Receptor ca'· ___ ___, 

<f 
L 

. . NO synthase , NO 
·arginine 

t 
Smooth muscle cell Ni Odiffusion 

channel 
Action _,,........ 
potential - / t Ca' NOl 

+ ' t ++.,,,<•"'.if><:- t Ca- -calmodulin GTP--cGMP 

complex t 
Myosin-hghtthain ( ) 

kinase phosphatase 
(MLCK) Myosin-P (MLCP) 

+ actin 

CONTRACTION 

t Ca" - CONTRACTION 

RELAXATION 

NitricoXide - RELAXATION 
Ii! 
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Muscle proprioceptors Specialized sensory receptors that relay information about muscle dynamics. 

PROPRIOCEPTOR FUNCTION LOCATION/INNERVATION 

Muscle spindle Senses length and speed of stretch. Facilitates Body of muscle/type Ia and II sensory axons 

Golgi tendon o rgan 

Bone formation 

Endochondral 
ossification 

Membranous 
ossification 

Cell biology of bone 

muscle agonist contraction and an tagonist 
relaxation to prevent overstretching. 

t length (stre tch) - muscle resistance. 

Senses tens ion. Facilitates inhibition of muscle 
activation to reduce tension within the muscle 
and tendon. 

t tension - muscle relaxation. 

Tendons/type lb sensory axons 

Bones of ax ia l skeleton, appendicular skeleton, and base of skull. Carti laginous model of bone is 
fi rst made by chondrocytes. Osteoclasts a nd osteoblasts later replace with woven bone and then 
remodel to lamellar bone. In adu lts, woven bone occurs after fractures and in Paget d isease. 
Defective in achondroplasia. 

Bones of ca lvarium, facial bones, and clavicle. bone formed directly without cartilage. Later 
remodeled to lamellar bone. 

Osteoblast Builds bone by secreting collagen and catalyzing minera lization in a lkaline e nvirnnment via ALP. 
Differentiates from mesenchymal stem ce lls in periosteum. Osteoblastic activity measured by 
bone ALP, osteocalcin, prnpeptides of type I procollagen. 

Osteoclast Dissolves ("crushes") bone by secreting JI+ a nd collagenases. Differentiates from a fusion of 
monocyte/macrophage lineage precursors. RANK receptors on osteoclasts are stimulated by 
RANKL (RANK ligand, expressed on osteoblasts). OPC (osteoprotegerin, a RANKL decoy 
receptor) binds RANKL to prevent RANK-RANKL interaction - I osteoclast activity. 

Parathyroid hormone At low, intermittent levels, exerts anabolic effects (bu ild ing bone) on osteoblasts a nd osteoclasts 
(indirect). Chronica lly t PTI I levels (1° hyperparathyroidism) cause catabolic effects (oste itis 
fibrosa cystica). 

Estroge n Inhibits apoptos is in bone-forming osteoblasts and induces apoptosis in bone-resorbing 
osteoclasts. Causes closure of epiphysea l plate dur ing puberty. Estrogen deficiency (surgical or 
postmenopausal) - t cycles of remodeling a nd bone resorption - t risk of osteoporosis. 

Lily Violet Zhang
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MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE- PATHOLOGY 

Overuse inj uries of the elbow 

Medial epicondyl itis 
(golfer's elbow) 

Lateral epicondylitis 
(tennis elbow) 

Wrist and hand injuries 

Metacarpal neck 
fracture 

Carpal tunnel 
syndrome 

Guyon canal 
syndrome 

Repetitive Aexion (forehand shots) or idiopathic - pa in near media l epicondyle. 

Repetitive ex tension (backha nd shots) or idiopathic - pa in near lateral epicondyle. 

Also ca lled boxer's fracture. Common fracture 
caused by direct blow with a closed fist (eg, 
from punching a wa ll). Most commonly seen 
in 4th and 5th metacarpals rJ. 

Entrapment of med ian nerve in carpal tunnel 
(between transverse carpal ligament a nd carpal 
bones) - nerve compression - paresthesia, 
pain, a nd nu mbness in distri bution of media n 
nerve. T henar eminence atroph ies Ill but 
sensation spared, because palmar cutaneous 
branch enters hand externa l to carpal tunnel. 

Compress ion of u lnar nerve at wrist. C lass ically 
seen in cycl ists due to pressure from 
ha nd lebars. 

Suggested bye:> T ine! sign (percussion of wrist 
causes ti ngl ing) a nd Phalen maneuver (90° 
Aexion of wrist causes ti ngl ing). 

A5sociated with pregnancy (due to edema}, 
rheumatoid arthritis, hypothyroidism, d iabetes, 
acromegaly, d ialysis-related amyloidosis; may 
be associated with repetitive use. 

Flex0< retinaculum {transverse carpal tigamenO 

Guyon canal 

Flexor digitorum 
profundus tendons 

Cilrpal tunnel (with contents) 13 
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Common hip and knee conditions 

Trochanteric bursitis 

"Unhappy triad" 

Prepatellar bursitis 

Baker cyst 

Inflammation of the gluteal tendon a nd bursa latera l to greater trochanter of femur. Treat pain with 
NSAIDs, heat, stretching. 

Common injury in contact sports due to latera l 
force applied to a pla nted foot. Consists of 
damage to the ACL rJ, MCL, a nd medial 
meniscus (attached to MCL). I lowever, latera l 
meniscus invo lvement is more common than 
medial mensicus involvement in conjunction 
with ACL and MCL injury. Presents wi th 
acute knee pain and signs of joint injury/ 
instabil ity. 

Inflammation of the prepatellar bursa in front of 
the kneecap (red arrow in [ll). Can be caused 
by repeated trauma or pressure from excessive 
kneeling (a lso called "housemaid's knee"). 

Poplitea l flu id collection (red arrow in mJ 
in gastrocnemius-semimembranosus bursa 
commonly communicating with synovial 
space and related to chronic joint d isease (eg, 
osteoarthritis, rheumatoid arth ri tis). 

Anterior view of left knee 13 
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Common musculoskeletal conditions 

DeQuervain 
tenosynovitis 

Ganglion cyst 

lliotibial band 
syndrome 

Limb compartment 
syndrome 

Medial tibial stress 
syndrome 

Plantar fasci itis 

NoninAammatory thickening of abductor pollicis longus and extensor poll icis brevis tendons 
characteri zed by pain or tenderness at radial styloid. Et> Finkelstein tes t (pain at rad ial styloid with 
active or passive stretch of thumb tendons). t risk in new mothers, golfers, racquet sport players. 

Fluid-fi lled swelling overlying joint or tendon sheath, mos t commonly at dorsal side of wrist. Arises 
from herniation of dense connective tissue. 

Overuse injury of lateral knee that occurs primarily in runners. Pain develops 2° to friction of 
iliotibial band against lateral femoral epicondyle. 

t pressure within a fascial compartment of a limb (defined by a pressure difference of 30 mm Ilg 
or less between the tissue compartment pressure and diastolic blood pressure) - venous outAow 
obstruction and arteriolar collapse - anoxia and necrosis. Causes include significant long 
bone fractures, reperfus ion injury, animal venoms. Presents with severe pain and tense, swollen 
compartments with limb Aexion. Motor deficits are late sign of irreversible muscle and nerve 
damage. 

Also ca lled shin splints. Common cause of shin pain and diffuse tenderness in runners and milita ry 
recruits. Caused by bone resorption that outpaces bone formation in tibial cortex. 

InAammation of plantar aponeurosis characteri zed by heel pain (worse with first steps in the 
morning or after period of inactivity) and tenderness. 

Childhood musculoskeletal conditions 

Developmental 
dysplasia of the hip 

Legg-Calve-Perth es 
disease 

Osgood-Schlatter 
disease (traction 
apophysitis) 

Patellofemoral 
syndrome 

Radial head 
subluxation 

r!l 
v 

Humerus 

Slipped capital 
femoral epiphysis 

Abnormal acetabulum development in newborns. Results in hip instability/dislocation. Commonly 
tested with Ortolani and Barlow maneuvers (manipulation of newborn hip reveals a "clunk"). 
Confirmed via ultrasound (x-ray not used until -4- 6 months because cartilage is not ossified). 
Treatment: splint/harness. 

Idiopathic avascular necrosis of femora l head. Commonly presents between 5- 7 years with 
ins idious onset of hip pain that may cause child to limp. More common in males (4:1 ratio). Initia l 
x-ray often normal. 

Overuse injury caused by repetitive strain and chronic avulsion of the secondary ossification center 
of proximal tibial tubercle. Occurs in adolescents after growth spurt. Common in running and 
jumping athletes. Presents with progressive anterior knee pain. 

Overuse injury that commonly presents in young, fema le ath letes as anterior knee pain. 
Exacerbated by prolonged sitting or weight-beari ng on a Aexed knee. Treatment: NSA!Ds, thigh 
muscle strengthening. 

Also ca lled nursemaid's elbow. 
Common elbow injury in children< 5 years. Caused by a sudden pull on the arm - immature 

annular ligament slips over head of radius. Injured arm held in extended/slightly Aexed and 
pronated position. 

Classically presents in an obese - 12-year-old child with hip/knee pain and altered gait. Increased 
axial force on femoral head - epiphysis displaces relative to femoral neck (like a scoop of ice 
cream slipping off a cone). Diagnosed via x-ray. Treatment: surgery. 

Lily Violet Zhang
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Common pediatric fractures 

Greenstick fracture Incomplete fracture extend ing partway through 
width of bone rJ following bend ing stress; 
bone fails on tension side; compression side 
intact (compare to torus fracture). Bone is bent 
like a green twig. 

Torus (buckle) fracture Axia l force applied to immature bone - cortex 
buckles on compression (concave) side and 
fractures (J Tension (convex) side remains 
solid (intact). 

Achondroplasia 

Osteoporosis 

Normal Normal 
intervertebral intervertebral 

Notmat vertebrae 

Central expansion 
ol intervertebral 
disc 

Restricted 
intervertebrat 
foramen 

Mild compression fracture 

Complete fracture 

I!! 

Failure of longitudinal bone growth (endochondra l ossi fication) - short limbs. Membranous 
ossification is not affected - large head relative to limbs. Constitutive activation of fibroblast 
growth factor receptor (FGFR3) actually inhibits chondrocyte proliferation. > 853 of mutations 
occur sporadically; autosomal dominant with fu ll penetrance (homozygosi ty is lethal). Associated 
with t paternal age. Most common cause of short-limbed dwarfism. 

Trabecu lar (spongy) and cortical bone lose mass 
and interconnections despite normal bone 
mineralization and lab va lues (serum Ca2+ and 
P043-) 

Most commonly due to t bone resorption related 
to I estrogen levels and old age. Can be 2° to 
drugs (eg, steroids, alcohol, anticonvulsants, 
anticoagulants, thyroid replacement 
therapy) or other medica l conditions (eg, 
hyperparathyroidism, hyperthyroidism, 
multiple myeloma, ma labsorption syndromes). 

Diagnosed by bone minera l density 
measurement by DEXA (dual-energy X-ray 
absorptiometry) at the lumbar sp ine, tota l h ip, 
and femora l neck, wi th a T-score of s; - 2.5 or 
by a fragility fracture (eg, fall from standing 
height, minima l trauma) at hip or vertebra. 
One time screening recommended in women 
2: 65 years old. 

Prophylax is: regula r weight-bearing exercise 
and adequate Ca2+ and vitamin D intake 
throughout adulthood. 

Treatment: bisphosphonates, teriparatide, 
SERMs, rarely calcitonin; denosumab 
(monoclonal antibody aga inst RANKL). 

Can lead to vertebral compression 

fractures rJ- acute back pain, loss of height, 
kyphosis. Also can present with fractures of 
femora l neck, dista l radius (Colles fracture). 
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Osteopetrosis 

Osteomalacia/rickets 

Osteitis deformans 

Avascular necrosis of 
bone 

Failure of normal bone resorption due to defective osteodasts - thickened, dense bones that are 
prone to fracture. Mutations (eg, carbonic anhydrase II) impair abil ity of osteoclast to generate 
acidic envi ronment necessary for bone resorption. Overgrowth of cortical bone fills marrow space 
- pancytopenia, ex tramedullary hematopoiesis. Can result in crania l nerve impingement a nd 
palsies due to narrowed foramina. 

X-rays show d iffuse symmetric sc lerosis (bone-in-bone, "stone bone" t'J). Bone marrow transplant is 
potentially curative as osteoclasts are derived from monocytes. 

Defective minera lization of osteoid 
(osteomalacia) or carti laginous growth plates 
(rickets, only in children). Most commonly due 
to vitamin D deficiency. 

X-rays show osteopenia and "Looser zones" 
(pseudofractures) in osteomalacia, epiphyseal 
widening and metaphyseal cupping/fraying in 
rickets. Children with rickets have pathologic 
bow legs (genu varum a ), bead-like 
costochondra l junctions (rachitic rosary [11), 
craniotabes (soft sku ll). 

I vitamin D - I serum Ca2+ - t PTH 
secretion - I serum Po/-. 

Hyperactivity of osteoblasts - t ALP 

Also ca lled Paget d isease of bone. Common, 
localized disorder of bone remodel ing 
caused by t osteodastic activity followed by 
t osteoblastic activity that forms poor-quality 
bone. Serum Ca2+, phosphorus, and PTI I 
levels are norma l. t ALP. Mosaic pattern of 
woven and lamellar bone (osteocytes with in 
lacunae in c haotic juxtapositions); long bone 
chalk-stick fractures. t blood Aow from t 
arteriovenous shunts may cause high-output 
heart failure. t risk of osteosarcoma. 

Infarction of bone and marrow, usually very 
painfu l. Most common site is femoral 
head (watershed zone) rJ (due to insufficiency 
of media l circumAex femoral artery). Causes 
include C orticosteroids, Alcoholism, Sickle 
cell disease, Trauma, SLE, " the Bends" 

(caisson/decompress ion disease), LEgg-Calve
Perthes disease (idiopathic), Gaucher d isease, 
Slipped capita l femora l ep iphysis - CASTS 
Bend LEGS. 

I lat size can be increased due to skull 
thickening rll hearing loss is common due to 
auditory foramen narrowing. 

Stages of Paget d isease: 
• Lytic - osteodasts 
• M ixed- osteoclasts + osteoblasts 
• Sderotic- osteoblasts 
• Quiescent- min imal osteoclast/osteoblast 

activity 
Treatment: bisphosphonates. 

Branch of 
obturator artety 

Medial femoral 
circumflex 

artery (posterior) 

Lateral femoral 
circumflex 

artery (anterior) 
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Lab values in bone disorders 
DISORDER 

Osteoporosis 

Osteopetrosis 

Paget disease of bone 

Osteitis fibrosa cystica 

Primary 
hyperparathyroidism 

Secondary 
hyperparathyroidism 

Osteomalacia/rickets 

Hypervitaminosis D 

t I = 1° change. 

Primary bone tumors 

TUMOR TYPE 

Benign tumors 

Osteochondroma 

Osteoma 

Osteoid osteoma 

Osteoblastoma 

Chondroma 

Giant cell tumor 

SERUM Ca1• PO l - ALP PTH 

- 11 

COMMENTS 

I bone mass 

Dense, brittle bones. Ca2+ I in severe, 

maligna nt disease 

Abnormal "mosaic" bone archi tec ture 

"Brown tumors" due to fibrous replacement of 
bone, subperiosteal th inning 

Idiopathic or parathyroid hyperplasia, adenoma, 
carcinoma 

Often as compensation for CKD (I P04
3-

excretion and production of activated 
vitamin D) 

Soft bones; vitamin D deficiency also causes 2° 
hyperparathyroidism 

Caused by oversupplementation or 
granu lomatous disease (eg, sarcoidosis) 

Metastatic disease is more common than 1° bone tumors. Benign bone tumors that start with 0 are 
more common in boys. 

EPIDEMIOLOGY LOCATION CHARACTERISTICS 

Most common benign 
bone tumor. 

Males< 25 years old. 

Midd le age. 

Adults< 25 yea rs o ld. 
Males> females. 

Males> females. 

20- 40 years old. 

Metaphysis of long bones. 

Surface of facial bones. 

Cortex of long bones. 

Vertebrae. 

Medulla of small bones of 
hand and feet. 

Epiphysis of long bones 
(often in knee region). 

Lateral bony projection of growth 
plate (continuous with marrow space) 
covered by cartilaginous cap !i.l 

Rarely transforms to chondrosarcoma. 

Associated with Gardner syndrome. 

Presents as bone pain (worse at n ight) 
that is rel ieved by NSAIDs. 

Bony mass (< 2 cm) with radio lucent 
osteoid core 111. 

Similar h istology to osteoid osteoma. 
Larger size (> 2 cm), pain unrespons ive 

to NSAIDs. 

Benign tumor of carti lage. 

Locally aggressive benign tumor. 
Neoplastic mononuclear cells that 

express RANKL and reactive 
multinucleated giant (osteoclast-like) 
cells. "Osteoclastoma." 

"Soap bubble" appearance on X-ray a. 
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Primary bone tumors (continued) 

TUMOR TYPE 

I Malignant tumors 

Osteosarcoma 
(osteogenic sarcoma) 

Chondrosarcoma 

Ewing sarcoma 

EPIDEMIOLOGY 

Accounts for 20% of I 0 

bone cancers. 
Peak incidence of 1° 

tumor in males< 20 
years. 

Less common in 
e lderly; usually 2° to 
predispos ing factors, 
such as Page t disease 
of bone, bone infarcts, 
rad iation, fami lia l 
retinoblastoma, 
Li-Fraumeni syndrome. 

Most common in 
Caucasians. Genera lly 
boys< 15 years old. 

Simple bone cyst 

Giant cell tumor 
lill 

LOCATION 

Metaphysis of long bones 
(often in knee region) [!]. 

Medulla of pelvis, proximal 
femur and humerus. 

O iaphysis of long bones 
(especially femur), pelvic 
Aat bones. 

CHARACTERISTICS 

Pleomorphic osteoid-producing cells 
(malignant osteoblasts). 

Presents as painful enlarging mass or 
pathologic fractures. 

Cod man triangle (from elevation of 
periosteum) or sunburst pattern on 
x-ray. Think of an osteocod (bone 
fish) swimming in the sun. 

Aggressive. I 0 usually responsive to 
treatment (surgery, chemotherapy), 
poor prognosis for 2°. 

Tumor of malignant c hondrocytes. 

Anaplastic small blue cells of 
neuroectodermal origin (resemble 
lymphocytes) 0 . 

D ifferentiate from conditions with 
simi lar morphology (eg, lymphoma, 
chronic osteomyel itis) by testing for 
t(ll;22) (fusion protein EWS-FLII). 

"Onion skin" periosteal reaction in 
bone (white arrow in 0). 

Aggressive with early metastases, but 
responsive to chemotherapy. 

11 + 22 = 33 (Patri ck Ewing's jersey 
number). 
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Osteoarthritis vs rheumatoid arthritis 

Osteoarthritis 

PATHOGENESIS 

PREDISPOSING FACTORS 

PRESENTATION 

JOINT FINDINGS 

TREATMENT 

Mechanical-wear and tear clestroys articular 
carti lage (clegenerative joint cl isorder) 
- inAammation with inaclequate repair. 
Chondrocytes mediate degraclation and 
inaclequate repai r. 

Age, fema le, obesi ty, joint trauma. 

Pain in weight-bearing joints after use (eg, 
at the end of the day), improving with rest. 
Asymmetric joint involvement. Knee cartilage 
loss begins meclially ("bowlegged"). No 
systemic symptoms. 

Osteophytes (bone spurs), joint space narrowing, 
subchonclral sclerosis ancl cysts. Synovial 
Auid noninAammatory (WBC < 2000/mm'}. 
Development of lleberden nodes Ill (ll igh, 
involves DIP) ancl Boucharcl (Below, 
involves PIP), and !st CMC; not MCP. 

Activity mocl ification, acetaminophen, NSAIDs, 
i ntra-articu Jar glucocorticoicls. 

Rheumatoid arthritis 

Autoimmune-inAammation rJ incluces 
formation of pannus (proliferative granulation 
tissue), which erocles articular carti lage ancl 
bone. 

Female, IILA-DR4 (4-wallecl "rheum"), 
smoking. ® rheumatoicl factor (IgM antibody 
that targets IgC Fe region; in 803), anti-cyclic 
ci trullinatecl pepticle antibody (more specific). 

Pain, swell ing, ancl morning stiffness lasting 
> I hour, improving with use. Symmetric 
joint involvement. Systemic symptoms 
(fever, fatigue, weight loss). Extraarticular 
manifestations common.• 

Erosions, juxta-articular osteopenia, soft tissue 
swelling, subchonclral cysts, joint space 
na rrowing. Deformities: cervical subluxation, 
ulnar finger cleviation, swan neck [!J, 
boutonniere 0 . Involves MCP, PIP, wrist; not 
DIP or !st CMC. Synovial Auicl inAammatory. 

NSAIDs, glucocorticoicls, cl isease-modifying 
agents (methotrexate, sulfasalazine, 
hyclroxychloroquine, leAunomide), biologic 
agents (eg, TNF-a inhibitors). 

•Extraarticular manifestations inclucle rheumatoid noclu les (fibri noicl necrosis with palisacl ing histiocytes) in subcutaneous 
tissue ancl lung (+ pneumoconiosis - Caplan synclrome), interstitial lung disease, pleuritis, pericarclitis, anemia of chronic 
disease, neutropenia + splenomegaly (Felty syndrome), AA amyloiclosis, Sjogren syncl rome, scleritis, carpal tunnel synclrome. 

Osteoarthrit is Normal Rheumatoid 

I arthritis 

Y
Boneand 
cartilage 
erosion 

.-----increased 
synovial lluid 

....----Pannus 
formatioo 
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Gout 

FINDINGS 

SYMPTOMS 

TREATMENT 

Calcium 
pyrophosphate 
deposition disease 

Acute inAammatory monoarth ritis caused by precipitation of monosodium urate crysta ls in 
joints rJ. Risk factors: male sex, hypertension, obesity, diabetes, dysl ipidemia, alcohol use. 
Strnngest risk factor is hyperu ricemia, which can be caused by: 
• Underexcretion of uric acid (903 of patients)- largely id iopathic, potentiated by rena l fai lure; 

can be exacerbated by certain medications (eg, thiazide d iuretics). 
• Overprnduction of uric acid (103 of patients)- Lesch-Nyhan syndrnme, PRPP excess, t cell 

turnover (eg, tumor lysis syndrome), von Gierke d isease. 
Crystals are need le shaped and 8 birefringent under polari zed light (yellow under parallel light, 

blue under perpendicula r light [ll). Serum uric acid levels may be normal during a n acute gout 
attack. 

Asymmetric joint distribution. Joint is swollen, red, and painful. Classic manifestation is painfu l 
MTP joint of big toe (podagra). Tophus formation B (often on external ear, olecranon bursa, 
or Achi lles tendon). Acute attack tends to occur after a large meal with foods rich in purines 
(eg, red meat, seafood), trauma, surgery, dehydration, d iuresis, or alcohol consumption (a lcohol 
metabolites compete for same excretion sites in kidney as uric ac id - l uric acid secretion a nd 
subsequent bui ldup in blood). 

Acu te: NSAIDs (eg, indomethacin), glucocorticoids, colchicine. 
Chrnnic (preventive): xanthine oxidase inhibitors (eg, allopur inol, febuxostat). 

Previously ca lled pseudogout. Deposition of 
calcium pyrnphosphate crystals with in the 
joint space. Occurs in patients> 50 years old; 
both sexes affected equally. Usua lly id iopathic, 
sometimes associated with hemochrnmatosis, 
hyperparathyroidism, joint trauma. 

Pain and swell ing with acute inAammation 
(pseudogout) and/or c hronic degeneration 
(pseudo-osteoarthritis). Knee most commonly 
affec ted joint. 

Chondrocalcinosis (cartilage calci fication) on 
x-ray. 

Crystals are rhomboid and weakly Et> 
bi refringent under polarized light (blue when 
parallel to light) fJ. 

Acute treatment: NSAIDs, colchicine, 
glucocorticoids. 

Prophylax is: colchicine. 

T he blue P 's - blue (when Parallel), Positive 
birefringence, ca lcium Pyrophosphate, 
Pseudogout 
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Systemic juvenile 
idiopathic arthritis 

Sjogren syndrome 

Septic arthritis 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE 

Systemic arthritis seen in< 12 yea r olds. Usually presents with da ily spiking fevers, sa lmon
pink macula r rash, arthritis (common ly 2+ joints). Frequently presents with leukocytosis, 
thrombocytosis, anemia, t ESR, t CRP. Treatment: NSAIDs, steroids, methotrexate, T NF 
in hibitors. 

Autoimmune disorder characteri zed by 
dest ruction of exocrine glands (especia lly 
lacrimal and saliva ry) by lymphocytic 
infiltrates fJ. Predominantly affects women 
40- 60 years old. 

Findings: 
• lnAammatory joint pain 
• Keratoconjunctivitis sicca (I tear production 

and subsequent corneal damage) 
• Xerostomia (I sa liva production) - mucosa! 

atrophy, fissuring of the tongue a 
• Presence of antinuclear antibod ies, 

rheumatoid factor (can be positive in 
the absence of rheumatoid arthritis), 
antiribonucleoprotein an tibodies: SS-A (anti
Ro) and/or SS-B (anti-La) 

• Bi lateral parotid enlargement 
Anti-SSA and anti-SSB may also be seen in 

SLE. 

A common 1° d isorder or a 2° syndrome 
associated with other autoimmune disorders 
(eg, rheumatoid arth ritis, SLE, systemic 
sclerosis). 

Complications: dental caries; mucosa-associated 
lymphoid tissue (MALT) lymphoma (may 
present as parotid e nlargement). 

Focal lymphocytic sia ladenitis on labial salivary 
gland biopsy can confirm d iagnosis. 

S aureus, Streptococcus, and Neisseria gonorrhoeae are common causes. Affected joint is swollen fJ, 
red, and painful. Synovial Au id purulent (WBC > 50,000/mm'}. 

Gonococca l arthritis - STI that presents as either purulent arthritis (eg, knee) or triad of 
polyarthra lgia, tenosynovitis (eg, ha nd), dermatitis (eg, pustules). 
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Seronegative 
spondyloarthritis 

Psoriatic arthritis 

Ankylosing 
spondyl it is 

Inflammatory bowel 
disease 

Reactive arthritis 

Arth ritis without rheumatoid factor (no anti-IgG antibody). Strong association with IILA-B27 
(MI IC class I serotype). Subtypes (PAIR) share variable occurrence of in flammatory back 
pain (associated with morning st iffness, improves with exercise), peripheral arthritis, enthesitis 
(inflamed insertion sites of tendons, eg, Achilles), dac tyl itis ("sausage fi ngers"), uve itis. 

A5sociated with skin psoriasis and na il lesions. 
A5ymmetric and patchy involvement rJ. 
Dactylitis and "penc il-in-cup" deformity of 
DIP on x-ray Ill 

Symmetric involvement of spine and sacroi liac 
joints - ankylosis (joint fusion), uveitis, aortic 
regurgitation. 

Crohn d isease and u lcerative colitis are often 
associated with spondyloarthritis. 

Formerly known as Reiter syndrome. 
Classic triad: 

• Conjunctivitis 
• Urethritis 
• Arthritis 

Seen in fewer than 1/; of patients with psoriasis. 

Bamboo spine (vertebra l fusion) m. 
Costovertebra l and costosternal a nkylosis may 
cause restrictive lung d isease. Monitor degree of 
reduced chest wall expansion to assess disease 
severity 

More common in males. 

"Can' t see, can' t pee, can't bend my knee." 

Shigella, Yersinia, Chlamydia, C ampylobacter, 

Salmonella (ShY ChiCS). 

Lily Violet Zhang
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Systemic lupus 
erythematosus 

Mixed connect ive 
tissue disease 

Antiphospholipid 
syndrome 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE 

Systemic, remitti ng, and relapsing autoimmune disease. Organ damage primarily due to a type III 
hypersensi tivity reaction and, to a lesser degree, a type II hypersensitivity reaction. Assoc iated with 
de ficiency of ea rly complement proteins (eg, Clq, C4, CZ) - I c learance of immune complexes. 
C lassic presentation: rash, joint pa in, and fever in a female of reproductive age (especia lly of 
African-American or I l ispanic descent). 

L ibman-Sacks Endocarditis-nonbacterial, 
verrucous thrombi usually on mitra l or aortic 
va lve and can be present on either surface of 
the va lve (but usually on undersurface). LSE 
in SLE . 

Lupus nephritis (glomerular deposition of 
DNA-anti-DNA immune complexes) can be 
nephritic or nephrotic (causing hematuria or 
proteinuria). Most common and severe type is 
diffuse proliferative. 

Common causes of death in SLE: Renal disease 
(most common), Infections, C ardiovascular 
disease (accelerated CAD). 

In an anti-SSA Et> pregnant woman, t risk 
of newborn developing neonata l lupus 
- congenital heart block, periorbita l/diffuse 
rash, transaminitis, and cytopenias at birth . 

Features of SLE, sys temic sclerosis, and/or 
polymyositis. Associated with anti-Ul RNP 
antibodies (speckled ANA). 

1° or 2° autoimmune disorder (most commonly 
in SLE). 

Diagnosed based on clinical criter ia includ ing 
history of th rombosis (arteria l or venous) 
or spontaneous abortion a long with 
laboratory fi ndings of lupus anticoagulan t, 
anticardiolipin, glycoprotein I 
antibod ies. 

Treat with systemic a nticoagu lation. 

RASH OR PAIN 
Rash (malar fJ or discoid Ill) 
Arthritis (nonerosive) 
Serosi tis (eg, pleuritis, pericarditis) 
Hematologic disorders (eg, cytopenias) 
Oral/nasopharyngea l u lcers (usually painless) 
Rena l disease 
P hotosensitivity 
Antinuclear antibodies 
Immunologic disorder (anti-dsDNA, anti-Sm, 

antiphosphol ipid) 
Neurologic disorders (eg, se izures, psychosis) 

Lupus patients die with Redness In thei r 
C heeks. 

Anticardiolipin antibodies can cause false
pos itive V DRL/RPR, and lupus anticoagulant 
can cause prolonged PTT that is not corrected 
by the addition of normal plate let-free plasma. 

Polymyalgia rheumatica 

SYMPTOMS Pain and stiffness in proximal muscles (eg, shoulders, hips), often wi th fever, malaise, weight loss. 

FINDINGS 

TREATMENT 

Does not cause muscular weakness. More common in women> 50 years old; associated with 
giant cell (temporal) arteritis. 

t ESR, t C RP, normal CK. 

Rapid response to low-dose corticosteroids. 
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Fibromyalgia 

Polymyositis/ 

dermatomyositis 

Polymyosit is 

Dermatomyositis 

Most common in women 20- 50 years old. C hronic, widespread musculoskeleta l pa in associated 
with "tender points," stiffness, paresthesias, poor sleep, fatigue, cognitive disturbance ("fibro 
fog"). Treatment: regu lar exercise, a ntidepressants (T CAs, SNRis), neuropathic pain agents (eg, 
gabapentin). 

Nonspecific:® ANA, t CK. Specific:® anti-Jo-I (histidyl-tRNA synthetase), ® anti-SRP (signal 
recognition particle), ® anti-Mi-2 (helicase). 

Progressive symmetric proximal muscle weakness, characterized by endomysia l inAammation with 
CD8+ T ce lls. Most often involves shoulders. 

Clinica lly simi lar to polymyosi tis, but also involves Cottrnn papu les rJ, photodistributed facia l 
erythema (eg, he liotrope (violaceous] edema of the eyelids [lJ), "shawl a nd face" rash E!I, 
darkening and thickening of fingertips and sides resulti ng in irregular, "dirty"-appearing marks. 
t risk of occult malignancy. Perimysial inAammation and atrophy with CD4+ T cells. 

Neuromuscular junction diseases 

Myasthenia gravis Lambert-Eaton myasthenic syndrome 

Uncommon FREQUENCY 

PATHOPHYSIOLOGY 

CLINICAL 

ASSOCIATED WITH 

AChE INHIBITOR ADMINISTRATION 

Most common NMJ disorder 

Autoantibodies to postsynaptic ACh receptor 

Ptosis, d iplopia, weakness (respiratory muscle 
involvement - dyspnea, bulbar muscle 
involvement - dysphagia, difficulty chewing) 

Worsens with muscle use 

Thymoma, thymic hyperplasia 

Reverses symptoms (pyridostigmine for 
treatment) 

Autoantibodies to presynaptic Ca2+ channel 

- I ACh release 

Proximal muscle weakness, autonomic 
symptoms (dry mouth, impotence) 

Improves with muscle use 

Small cell lung cancer 

Min imal effect 
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Raynaud phenomenon I blood Aow to skin due to arteriolar (small vessel) vasospasm in response to cold or stress: 
color change from whi te (ischemia) to blue (hypoxia) to red (reperfusion). Most often in the 
fi ngers fJ and toes. Called Raynaud disease when I 0 (idiopathic), Raynaud syndrome when 2° 
to a disease process such as mixed connective tissue disease, SLE, or CREST syndrome (limited 
form of systemic sclerosis). Digital ulceration (critical ischemia) seen in 2° Raynaud syndrome. 
Treat wi th Ca2+ channel blockers. 

Scleroderma Systemic sclerosis. Triad of au toimmunity, noninAammatory vasculopathy, and collagen deposition 
with fibrosis. Commonly sclerosis of skin, manifesting as puffy, taut skin fJ without wrinkles, 
fi ngertip pitting [ll. Can involve other systems, eg, renal (scleroderma renal crisis; treat with ACE 
inhibitors}, pulmonary (interstitial fi brosis, pulmonary !!TN), GI (esophageal dysmoti lity and 
reAux), cardiovascular. 753 fema le. 2 major types: 

• Diffuse scleroderma- widespread skin involvement, rapid progression, early visceral 
involvement. Associated with anti-Scl-70 antibody (anti-DNA topoisomerase-1 antibody) and 
anti-RNA polymerase III 

• limited scleroderma- limited skin involvement confined to fingers and face . Also with 
C REST syndrome: Calcinosis cutis anti-Centromere antibody, Raynaud phenomenon, 
Esophageal dysmoti lity, Sclerodactyly, and Telangiectasia. More benign cl inical course. 
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MUSCULOSK ELETAL, SKIN, AND CONNECTIVE TISSUE-DERMATOLOGY 

Skin layers Skin has 3 layers: ep idermis, dermis, C ome, Let's G et Sun Burned. 

Epithelial cell junctions 

Apical 

Basal 

subcutaneous fat (hypodermis, subcutis). 
Epidermis layers from surface to base f'J: 

• Stratum C orneum (keratin) 
• Stratum Luc idum (most prominent in palms 

and soles) 
• Stratum G ranulosum 
• Stratum Spinosum (desmosomes) 
• Stratum Basa le (stem ce ll site) 

l_-=_J occludin 

Tight junction 

Cadherins 

Intermediate 
filaments 

lnt09rin 
fibronectin/ 
laminin 

Hemidesmosome 

Tight junctions (zonula occludens)f.i)-prevents 
paracellu lar movement of solutes; composed of 
claudins and occludins. 

Adherens junction (belt desmosome, zonula 
adherens)l'.l--forms "belt" connecting actin 
cytoskeletons of adjacent cells with CADherins 
(Ca2+_dependent adhesion proteins). Loss of 

E-cadherin promotes metastasis. 
Desmosome (spot desmosome, macula adherens) 
Ii-structural support via intermediate filament 
interactions. Autoantibodies to desmoglein I 
and/or 3 - pemphigus vu lgaris. 

Gap junction [!J-channel proteins called 
connexons permit electrica l and chemical 
communication between cells. 

Ilemidesmosome 0-connects keratin in basa l 
cells to underlying basement membrane. 
Autoantibodies - bullous pemphigoid. 
( llemidesmosomes a re down "bullow.") 

lntegrins-membrane proteins that mainta in 
integrity of basolateral membrane by binding 
to collagen, la min in, and fibronectin in 
basement membrane. 
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Dermatologic macroscopic terms 
LESION 

Macule 

Patch 
Pa pule 

Plaque 

Vesicle 

Bulla 

Pustule 

Wheal 

Scale 

Crust 

CHARACTERISTICS 

Flat lesion with well-ci rcumscribed change in 
skin color < I cm 

Macule> I cm 
Elevated solid skin lesion< I cm 
Papule> I cm 

Small Auid-containing blister< I cm 
Large Auid-containing bl ister> I cm 
Vesicle containing pus 
Transient smooth papule or plaque 
Flaking off of stratum corneum 

Dry exudate 

Dermatologic microscopic terms 
LESION 

Hyperkeratosis 

Parakeratosis 

Hypergranulosis 

Spongiosis 

Acantholysis 

Acanthosis 

CHARACTERISTICS 

t th ickness of stratum corneum 

Retention of nuclei in stratum corneum 

t th ickness of stratum granulosum 

Epidermal accumulation of edematous Auid in 
intercellular spaces 

Separation of epidermal cells 

Epidermal hyperplasia (t spinosum) 

EXAMPLES 

Freckle (ephelide), labial macule f'J 

Large birthmark (congenita l nevus) llJ 
Mole (nevus) B. acne 
Psorias is l!J 
Chickenpox (varicella), shingles (zoster) I] 
Bullous pemphigoid Ii 
Pustular psoriasis [!! 
Ilives (urticaria) Cl 
Eczema, psorias is, sec D 
lmpetigo O 

EXAMPLES 

Psorias is, calluses 

Psorias is, actinic keratosis 

Lichen planus 

Eczematous dermatitis 

Pemphigus vulgaris 

Acanthosis nigricans 
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Pigmented skin disorders 

Albinism Normal melanocyte number with l melanin production f'J due to l tyrosinase activity or defective 
tyrosine transport. t risk of skin cancer. 

Melasma (chloasma) Acquired hyperpigmentation associated with pregnancy ("mask of pregnancy" llJ) or OCP use. 
More common in women with darker complexions. 

Vitiligo Irregular patches of complete depigmentation by destruction of melanocytes (believed 
to be autoimmune). Associated with other autoimmune disorders. 

Seborrheic dermatitis Erythematous, well-demarcated plaques f'J with greasy yellow scales in areas rich in sebaceous 
glands, such as scalp, face, and periocular region. Common in both infants (cradle cap) and 
adults, associated with Parkinson disease. Sebaceous glands are not inAamed, but play a role in 
disease development. Possibly associated with Malassezia spp. Treat with topical antifungals and 
corticosteroids. 
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Common skin disorders 

Acne 

Atopic dermatitis 
(eczema) 

Allergic contact 
dermat it is 

Melanocytic nevus 

Pseudofolliculitis 

barbae 

Psoriasis 

Rosacea 

Seborrheic keratosis 

Verrucae 

Urticaria 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE 

Multi factorial etiology- t sebum/androgen production, abnormal keratinocyte desquamation, 
Cutibacterium acnes colonization of the pilosebaceous unit (comedones), and inAammation 
(papules/pustules rzt nodules, cysts). Treatment: retinoids, benzoyl peroxide, and antibiotics. 

Pruritic eruption, commonly on skin Aexures. with other atopic diseases (asthma, allergic 
rhin itis, food allergies); t serum IgE. Mutations in filaggrin gene predispose (via skin barrier dysfunc
tion). Often appears on face in infancy[lJ and then in antecubital fossa r!t in ch ildren and adults. 

Type IV hypersensitivity reaction secondary to contact allergen (eg, nickel l!J, poison ivy, neomycin 0). 

Common mole. Benign, but melanoma can arise in congenital or atypical moles. lntradermal nevi 
are papular 0 . Junctional nevi are Aat macules 13. 

foreign body inAammatory facia l skin disorder character ized by firm, hyperpigmented papules and 
pustules that are painful and pruritic. Located on cheeks, jawline, and neck. Commonly occurs as 
a result of shaving ("razor bumps"), primarily affects African-American males. 

Papules and plaques with silvery scaling m, especially on knees and elbows. Acanthosis with 
parakeratotic scaling (nuclei still in stratum corneum), Munro microabscesses. t stratum 
spinosum, I stratum granulosum. Auspitz sign (0)- pinpoint bleeding spots from exposure of 
dermal papillae when scales are scraped off. Associated with nail pitting and psoriatic arthritis. 

InAammatory facial skin disorder characteri zed by erythematous papules and pustules 0 , but n<> 
comedones. May be associated with facial Rush ing in response to external stimuli (eg, alcohol, 
heat). Phymatous rosacea can cause rhinophyma (bulbous deformation of nose). 

Flat, greasy, pigmented squamous epithelia l prol iferation of immature keratinocytes with keratin
filled cysts (horn cysts) 13. Looks "stuck on." Lesions occur on head, trunk, and extremities. 
Common benign neoplasm of older persons. Leser-Trela! sign II- rapid onset of multiple 
seborrheic keratoses, indicates possible malignancy (eg, CI adenocarcinoma). 

Warts; caused by low-risk I IPV stra ins. Soft, tan-colored, cauliAower-like papules C!J. Epidermal 
hyperplasia, hyperkeratosis, koilocytosis. Condyloma acuminatum on anus or genitals (3. 

Hives. Pruritic wheals that form after mast cell degranulation [!J. Characterized by superficial 
dermal edema and lymphatic channel di lation. 
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Vascular tumors of skin 

Angiosarcoma 

Baci llary angiomatosis 

Cherry hemangioma 

Glomus tumor 

Kaposi sarcoma 

Pyogenic granuloma 

Strawberry 
hemangioma 

Rare blood vessel malignancy typically occurring in the head, neck, and breast areas. Usually in 
elderly, on sun-exposed areas. A5sociatecl with radiation therapy and chronic postmastectomy 
lymphedema. I lepatic angiosarcoma associated with vinyl chloride and arsenic exposures. Very 
aggressive and difficu lt to resect clue to de lay in diagnosis. 

Benign capi llary skin papules f'J found in AIDS patients. Caused by Bartone/la infections. 
Frequently mistaken for Kaposi sarcoma, but has neutrophilic infi ltrate. 

Benign capi llary hemangioma (iJ commonly appeari ng in middle-aged adults. Does not regress. 
Frequency t with age. 

Benign, painful, red-blue tumor, commonly under Arises from modified smooth 
muscle cells of the thermoregulatory glomus body. 

Endothelial malignancy most commonly affecting the skin, mouth, GI tract, respiratory tract. 
Classically seen in older Eastern European males, patients with AIDS, and organ transplant 
patients. A5sociatecl wi th lll IV-8 and lllV. Rarely mistaken for baci llary angiomatosis, but has 
lymphocytic infi ltrate. 

Polypoid lobulated capi llary hemangioma 1!J that can ulcerate and bleed. Associated with trauma 
and pregnancy. 

Benign capi llary hemangioma of infancy I]. Appears in first few weeks of life (1/200 births); grows 
rapidly and regresses spontaneously by 5- 8 years old. 
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Skin infections 

Bacterial infections 

Impetigo 

Erysipelas 

Cellulitis 

Abscess 

Necrotizing fasciit is 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE 

Very superficial skin infection. Usually from S aureus or S pyogenes. I Iighly contagious. I loney
colored crusting ri.]. 

Bullous impetigo [lJ has bullae and is usually caused by S aureus. 

Infection involving upper dermis and superficial lymphatics, usually from S pyogenes. Presents with 
well-defined, raised demarcation between infec ted and normal 

Acute, painfu l, spreading infection of deeper dermis and subcutaneous tissues. Usua lly from 
S pyogenes or S aureus. Often starts with a break in skin from trauma or another infection [!J. 

Collection of pus from a walled-off infection wi thin deeper layers of skin 0 . Offending organism is 
almost always S aureus. 

Deeper tissue injury, usually from anaerobic bacteria <>r S pyogenes. Pain may be out of proportion 
to exam fi ndings. Results in crepitus from methane and C02 production. "Flesh-eating bacteria." 
Causes bullae and skin necrosis - violaceous color ofbullae, surrounding skin Ill. Surgical 
emergency. 

Staphylococcal scalded Exotoxin destroys keratinocyte attachments in stratum granulosum only (vs toxic epidermal 
skin syndrome necrolysis, which destroys epidermal-dermal junction). Characterized by fever and generalized 

erythematous rash with sloughing of the upper layers of the epidermis m that heals completely. 
EE> Nikolsky sign (separation of epidermis upon manual stroking of skin). Commonly seen in 
newborns and children/adults with renal insufficiency. 

Viral infections 

Herpes 

Molluscum 
contagiosum 

Varicella zoster virus 

Hairy leukoplakia 

Herpes virus infec tions (HSVI and IISV2) of skin can occur anywhere from mucosa! surfaces to 
normal skin. These include herpes labial is, herpes genital is, herpetic whitlow ffi (finger). 

Umbilicated papules D caused by a poxvirus. While frequently seen in children, it may be sexually 
transmitted in adults. 

Causes varicella (chickenpox) and zoster (shingles). Varicella presents with multiple crops of 
lesions in various stages from vesicles to crusts. Zoster is a reactivation of the virus in dermatomal 
distribution (unless it is disseminated). 

Irregular, white, painless plaques on lateral tongue that cannot be scraped off 0 . EBV mediated. 
Occurs in IIIV-positive patients, organ transplant recipients. Contrast with thrush (scrapable) and 
leukoplakia (precancerous). 
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Autoimmune bl istering skin disorders 

PATHOPHYSIOLOGY 

GROSS MORPHOLOGY 

IMMUNOFLUORESCENCE 

Pemphigus vulgaris 

Potentially fata l. Most commonly seen in older 
adu lts. Type II hypersensitivi ty reaction. 

IgC antibodies aga inst desmoglein-1 and/or 
desmoglein-3 (component of desmosomes, 
which connect keratinocytes in the stratum 
spinosum). 

F lacc id intraepidermal bullae rJ caused by 
acantholysis (separation of keratinocytes, "row 
of tombstones" on Il&E stain); ora l mucosa is 
involved. Nikolsky sign®· 

Reticular pattern around epidermal cells ll). 

Bullous pemphigoid 

Less severe tha n pemphigus vu lgaris. Most 
commonly seen in older adu lts. Type II 
hypersensitivity reaction. 

IgC antibodies against hemidesmosomes 
(ep idermal basement membrane; an tibodies 
are "bu llow" the epidermis). 

Tense blisters l!I conta in ing eosinophils; ora l 
mucosa spared. Nikolsky sign 8 . 

Linear pattern at epidermal-dermal junction [!J. 

Other blistering skin d isorders 

Dermatitis Pruritic papules, vesicles, and bullae (often found on e lbows, knees, buttocks) rJ. Deposits oflgA at 
herpetiformis tips of dermal pap illae. Associated with cel iac disease. Treatment: dapsone, gluten-free d iet. 

Erythema multiforme wi th infections (eg, Mycoplasma p11eumo11iae, !ISV), drugs (eg, su lfa drugs, 
phenytoin). Presents with multiple types of lesions- macules, papules, ves icles, target lesions 
(look like ta rgets with multiple rings and dusky center showing epithelia l d isruption) rn. 

Stevens-Johnson Characteri zed by fever, bullae formation and necrosis, sloughing of skin at dermal-epidermal 
syndrome junction (® Nikolsky), h igh mortality rate. Typically mucous membranes a re involved l!I [!J. 

Targetoid skin lesions may appear, as seen in erythema multiforme. Usua lly associated with 
adverse drug reaction. Toxic epidermal necrolysis (TEN) ll 61 is more severe form of SJS involving 
> 303 body surface area. 10- 303 involvement denotes SJS-T EN. 
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Miscellaneous skin disorders 

Acanthosis nigricans 

Actinic keratosis 

Erythema nodosum 

Lichen Planus 

Pityriasis rosea 

Sunburn 

Burn classification 

First-degree burn 

Second-degree burn 

Third-degree burn 

Epidermal hyperplasia causing symmetric, hyperpigmented thickening of skin, especially in axilla 
or on neck rJ (lJ. Associated with insulin resistance (eg, diabetes, obesity, Cushing syndrome, 
PCOS), visceral malignancy (eg, gastric adenocarcinoma). 

Premalignant lesions caused by sun exposure. Small, rough, erythematous or brownish papules or 
plaques m [!]. Risk of squamous cell carcinoma is proportional to degree of epithelial dysplasia. 

Painful, raised inAammatory lesions of subcutaneous fat (panniculitis), usually on anterior shins. 
Often idiopathic, but can be associated with sarcoidosis, coccidioidomycosis, histoplasmosis, TB, 
streptococcal infections I], leprosy I], inAammatory bowel disease. 

Pruritic, Purple, Polygonal Planar Papules and Plaques are the 6 P 's of lichen Plan us l:!I m. 
Mucosa I involvement manifests as Wickham striae (reticular white lines) and hypergranulosis. 
Sawtooth infi ltrate of lymphocytes at dermal-epidermal junction. Associated with hepatitis C. 

"I lerald patch" 0 followed days later by other scaly erythematous plaques, often in a "Christmas 
tree" distribution on trunk O. Multiple pink plaques with collarette scale. Self-reso lving in 6- 8 
weeks. 

Acute cutaneous inAammatory reaction due to excessive UV irradiation. Causes DNA mutations, 
inducing apoptosis of keratinocytes. UVB is dominant in sun Burn, UVA in !Anning and 
photoAging. Exposure to UVA and UVB t risk of skin cancer. 

Superficial, through epidermis (eg, common 
sunburn). 

Partia l-thickness burn through epidermis and 
dermis. 

Skin is blistered and usua lly heals without 
scarrmg. 

Full -thickness burn through epidermis, dermis, 
and hypodermis. 

Skin scars with wound healing. 

Painful, erythematous, blanching 

Painful, erythematous, blanching 

Painless, waxy or leathery appearance, 
nonblanching 
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Skin cancer 

Basal cell carcinoma 

Keratoacanthoma 

Melanoma 

Squamous cell 

carcinoma 

Basa l cell carcinoma more common on upper lip 

Squamous cell carcinoma more common on lower lip 

11?1 

Most common skin cancer. Found in sun-exposed areas of body (eg, face). Locally invasive, but 
rarely metastasizes. Waxy, pink, pearly nodu les, commonly with te langiectasias, rolled borders f'J, 
centra l c rust ing or ulceration. BCCs a lso appear as non hea ling u lcers with infiltrating growth llJ 
or as a scaling plaque (superficial BCC) 13. Basa l cell tumors have "palisading" nuclei [!J. 

Seen in middle-aged and elderly ind ividua ls. Rapidly growing, resembles squamous cell carcinoma. 
Presents as dome-shaped nodule with keratin-filled center. C rows rapidly (4-6 weeks) and may 
spontaneously regress I]. 

Common tumor with significant risk of metastasis. S-100 tumor marker. with sun light 
exposure and dysplast ic nevi; fa ir-ski nned persons are at t risk. Depth of tumor (Breslow 
thickness) correlates with risk of metastasis. Look for the ABCDEs: Asymmetry, Border 
irregularity, C olor variation, D iameter > 6 mm, and Evolution over time. At least 4 d ifferent 
types of melanoma, including superfic ia l spreading 11 nodula r (3, lentigo maligna m, and acra l 
lentiginous (h ighest prevalence in African-Americans and As ians) 0 . Often driven by activating 
mutation in BRAF kinase. Primary treatment is excision with apprnpriately wide margins. 
Metastatic or unresectable melanoma in patients with BRJ\F V600E mutation may benefit from 
vemurafenib, a BRAF kinase inhibitor. 

Second most common skin cancer. Associated with excessive exposure to sunlight, 
immunosuppression, c hrnnic non-hea ling wounds, and occasionally arsenic exposure. Commonly 
appea rs on face 0 , lower lip c.f, ears, hands. Locally invasive, may spread to lymph nodes, a nd 
wi ll rarely me tastasize. Ulcerative red lesions. I Iistopathology: keratin "pearls"(!. 

Actinic keratosis, a scaly plaque, is a precursor to squamous cell carcinoma. 
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MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE- PHARMACOLOGY 

Arachidonic acid pathways 

Zileuton 

MEMBRANE 
PHOSPHOLIPIDS 

Phospholipase A2 

ANTl·INFLAMMATORY AGENTS 

Glucocorticoids (corticosteroids) 

Arachidonic acid NF.>tB 1------8- l>tB 

ENDOPEROXIDE SYNTHESIS 
(cyclooxygenase) 

COX-2 ONLY COX-lCOX-2 

LEUKOTRIENE 
RECEPTOR 

ANTAGONISTS 

5-Lipoxygenase 

f 
COX· 2 1-1 ------ie-----{ Celecoxib Aspirin (irreversible) 

Other NSAIDs (reversible) 

Montelukast 
Zatirtukast 

LTC4 LTD4 LTE4 
1 bronchial tone 

Acetaminophen 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Diclofenac Ketorolac 
Ibuprofen Naproxen 
lndomethacin 

5-HPETE 

I 
Cyclic \ ndoperoxides \ 

Leukotrienes Prostacyd in Prostaglandins Thromboxane 

LTB4 

1 neutrophil 
chemotaxis 

PGl2 PGE1 
I platelet I vascular 

aggregation tone 
I vascular tone 

PGE2 
1 uterine 

tone 

PGF20 
l uterine 

tone 

TXA2 

1 platelet 
aggregation 

T vascular tone 

( Epoprostenol ) Alprostadil ( Dinoprostone J ( Carboprost J 

is a neutrophil chemotactic agent. 
PG I2 inhibits platelet aggregation a nd promotes 

vasodilation. 

Neutrophils arrive "B4" others. 
P latelet-Gathering Inhibitor. 

Reversibly inhibits cyclooxygenase, mostly in CNS. Inactivated peripherally 

Antipyretic, a na lges ic, but not anti-inAammatory. Used instead of aspirin to avoid Reye syndrome 
in children with vira l infection. 

Overdose produces hepatic necrosis; acetaminophen metabolite (NAPQI) depletes glutath ione and 
forms tox ic tissue byproducts in liver. N-acetylcysteine is a ntidote-regenerates glutath ione. 
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Aspirin 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Celecoxib 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Nonsteroidal 
anti-inflammatory 

drugs 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Leflunomide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Bisphosphonates 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

NSAID that irrevers ibly inhibits cyclooxygenase (both COX-I a nd COX-2) by covalent acetylation 
- I synthesis ofTXA2 and prostaglandins. t bleeding time. No effect on PT, PTT. Effect lasts 
unti l new platelets are produced. 

Low dose (< 300 mg/day): I platelet aggregation. Intermediate dose (300-2400 mg/day): antipyretic 
and a na lges ic. I Iigh dose (2400-4000 mg/day): anti-inAammatory. 

Gastric u lceration, t innitus (CN VII), a llergic reactions (especially in patients with asthma or nasa l 
polyps). C hronic use can lead to acute kidney injury, interstitia l neph ri tis, CI bleed ing. Risk of 
Reye syndrome in children treated with aspirin for vira l infec tion. Toxic doses cause respiratory 
a lka losis early, but transitions to mixed metabolic ac idos is-respiratory alka losis. 

Reversibly and selectively inh ibits the cyd ooxygenase (COX) isoform 2 ("Selecoxib"), which is 
found in inAammatory ce lls and vascu lar endothe lium and mediates inAammation and pain; 
spares COX-I, which helps maintain gastric mucosa. Thus, does not have the corrosive effects 
of other NSA!Ds on the CI lin ing. Spares platelet function as TXA2 production is dependent on 
COX-I. 

Rheumatoid a rthritis, osteoarth ritis. 

t risk of thrombosis, sulfa a llergy. 

Ibuprofen, naproxen, indomethacin, ketorolac, d iclofenac, meloxicam, pi roxicam. 

Reversibly inh ibit cyclooxygenase (both COX-I and COX-2). Block prostaglandin synthesis. 

Antipyretic, a na lges ic, anti-inAammatory. lndomethacin is used to close a PDA. 

Interstitia l nephritis, gastric u lcer (prostaglandins protect gas tric mucosa), renal ischemia 
(prostagland ins vasodi late afferent arteriole), aplastic anemia. 

Reversibly inh ibits d ihydroorotate dehydrogenase, preventing pyrimidine synthesis. Suppresses 
T-cel l pro li feration. 

Rheumatoid a rthritis, psoriatic arthritis. 

Diarrhea, hypertension, hepatotoxicity, teratogenicity. 

Alendronate, ibandronate, rised ronate, zoledronate. 

Pyrophosphate ana logs; bind hyd roxyapatite in bone, inhibiting osteoclast activity. 

Osteoporosis, hypercalcemia, Paget disease of bone, metastatic bone disease, osteogenesis 
imperfecta. 

Esophagi tis (if taken orally, patients are advised to take with water and remain upright for 30 
minutes), osteonecrosis of jaw, atypica l femora l st ress fractures. 
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Teriparatide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Gout drugs 

MUSCULOSKELETAL, SKIN, AND CONNECTIVE TISSUE 

Recombinant PTIJ a na log. t osteoblastic activity when administered in pulsati le fashion . 

Osteoporosis. Causes t bone growth compared to antiresorptive therapies (eg, bisphosphonates). 

t risk of osteosarcoma (avoid use in patients with Paget disease of the bone or unexplained 
e levation of a lkaline phosphatase). Avoid in patients who have had prior cancers or radiation 
therapy. Transient hyperca lcemia . 

Chronic gout drugs (preventive) 

Probenecid 

Allopurinol 

Pegloticase 

Febuxostat 

j Acute gout drugs 

NSAIDs 

Glucocorticoids 

Colchicine 

TNF-a inhibitors 

DRUG 

Etanercept 

lnfl iximab, 
adal imumab, 

certol izumab, 
golimumab 

Inhibits reabsorption of uric acid in proximal 
convoluted tubule (a lso inh ibits secretion of 
penic ill in). Can prec ipitate ur ic ac id calculi. 

Competitive inhibitor of xanthine oxidase 
- I conversion of hypoxanth ine and xanthine 
to urate. Also used in lymphoma and leukemia 
to prevent tumor lys is-associated urate 
nephropathy. t concentrations of xanthine 
oxidase active metabolites, azathioprine, a nd 
6-MP. 

Recombinant uricase cata lyzing uric acid to 
allantoin (a more water-soluble product). 

Inhibits xanth ine oxidase. 

Any NSAID Use salicylates with caution (may 
decrease uric acid excretion, particularly at 
low doses). 

Oral, intra-art icular, or parenteral. 

Binds and stabi lizes tubulin to inhibit 
microtubule polymerization, impairing 
neutrophi l chemotaxis and degranu lation. 

Acute and prophylactic value. GI, 
neuromyopath ic side effects. 

MECHANISM CLINICAL USE 

P revent A Pa inful F lare. 

Diet ----+- Purines -+---Nucleic acids 

1 
Hypoxanthine 

1 Xanthine 

oxidase ) 
Xanthine - Allopurinol. 

1 
- febuxostat 

Xanthine 
oxidase 

Plasma ----+ Urate crystals ----+ Gout 
uric acid deposited 

in joints 

Probenecid and 

Tubular 
reabsorption 

high-dose salicylates 
+-"1--------- Tubular 

Urine 
Diuretics and 

low-dose salicylates 

ADVERSE EFFECTS 

secretioo 

Fusion protein (decoy receptor 
for TNF-et + IgG1 Fe), 
produced by recombinant 
DNA. 

Rheumatoid a rthritis, psoriasis, 
ankylosing spondylitis Predisposition to infection, 

including reactivation of 
latent T B, since TNF is 
importan t in gra nuloma 
formation and stabilization. 

Etanercept TNF. 

Anti-TNF-et monoclonal 
antibody. 

Inflammatory bowel disease, 
rheumatoid arthritis, 
ankylosing spondylitis, 
psoriasis 

Can also lead to drug-induced 
lupus . 



H IGH- YI EL D SYS T EMS 

Neurology and 
Special Senses 

"We are all now connected by the Intemet, like neurons in a giant brain." 
- Stephen Hawking 

"Anything's possible if you've got enough nerve." 

-J.K. Rowling, Harry Potter and the Order of the Phoenix 

"I like nonsense; it wakes up the brain cells." 
- Dr. Seuss 

"I believe in an open mind, but not so open that your brains fall out." 
- Arthur Hays Sulzberger 

"The chief function of the body is to carry the brain around." 

-Thomas Edison 

"Exactly how {the brain) operates remains one of the biggest unsolved 
mysteries, and it seems the more we probe its secrets, the more surprises we 
find" 

- Nei l deCrasse Tyson 

Understand the difference between upper motor neuron (UMN) and 
lower motor neuron (LM l) findings and the underlying anatomy. 
Know the major motor, sensory, cerebellar and visual pathways and their 
respective locations in the CNS. Connect key neurological associations 
with certa in pathologies (eg, cerebellar lesions, stroke manifestations, 
Brown-Sequard syndrome). Recognize common findings on MRI/ 
CT (eg, ischemic and hemorrhagic stroke) and on neuropathology 
(eg, neurofibrillary tangles and Lewy bodies). H igh-yield medications 
include those used to treat epilepsy, Parkinson disease, m igraine, and 
pain (eg, opioids). 
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Neural development 
Neural plate 

Day IS 

Notochord induces overlying ectoderm to d ifferentiate into neuroectoderm and form neura l plate. 
Neura l plate gives rise to neura l tube and neura l crest cells. 
Notochord becomes nucleus pulposus of intervertebra l disc in adults. 

Notochord 

Neuralfold 

A - .... 
Ala r plate (dorsal): sensory J . . . 
B I I ( I) 

Same onentahon as sp111a l cord. 
asa p ate ventra : motor 

L4' Day21 

Regional specification Telencephalon is the !st part. Diencephalon is the 2nd part. T he rest are arranged alphabetica lly: 
of developing brain mesencepha lon, metencepha lon, myelencephalon. 

Three primary 
vesicles 

Telencephalon --+--

Five secondary 
vesicles 

- / 
Forebrain Diencephalon -----+--
(prosencephalon) 

Midbrain Mesencephalon ____ _,__ 
(mesencephalon) 

in 

(rhombencephalon) 

Myelencephaloo 

I 
Spinal cord 

Adult derivatives of: 
Walls Cavities 

Cetebral 
hemispheres. 
Basal ganglia 

Thalamus. 
Hypothalamus 

Midbrain 

Pons 

Cetebellum 

Medulla 

Lateral 
ventricles 

Third 
ventricle 

Cerebral 
aqueduct 

Upper part of 
fourth ventricle 

Lower part of 
fourth ventricle 

Central and peripheral Neuroepithelia in neura l tube- CNS neurons, ependymal cells (inner lin ing of ventricles, make 
nervous systems CSF), ol igodendrocytes, astrocytes. 
origins Neura l crest- PNS neurons, Schwann cells. 

Mesoderm- M icroglia (like Macrophages). 



Neural tube defects 

Spina bifida occulta 

Meningocele 

Myelomeningocele 

Myeloschisis 

Anencephaly 

Normal 

Holoprosencephaly 

Lissencephaly 

NEUROLOGY AND SPECIAL SENSES SECTIONlll 479 

Neuropores fa il to fuse (4th week) - persistent connection between amniotic cavity and spinal 
canal. Associated with maternal diabetes and folate deficiency. t a -fetoprotein (AFP) in amniotic 
Auid and maternal serum (except spina bifida occulta = normal AFP). t acetylcholinesterase 
(AChE) in amniotic Auid is a helpful confirmatory tes t. 

Failure of caudal neuropore to close, but no herniation. Usually seen at lower vertebral levels. Dura 
is intact. Associated with tuft of hai r or skin dimple at level of bony defect. 

Meninges (but no neural tissue) herniate through bony defect. 

Meninges and neural tissue (eg, cauda equina) herniate through bony defect. 

Also known as rachischisis. Exposed, unfused neural tissue without skin/meningeal covering. 

Failure of rostral neuropore to close - no forebrain, open calvarium. C linical findings: 
polyhydramnios (no swallowing center in brain). 

Spina bifida occulta Meningocele Myelomeningocele 

Failure of the embryonic forebrain (prosencephalon) to separate into 2 cerebral hemispheres; 
usually occurs during weeks 5- 6. May be related to mutations in sonic hedgehog signaling 
pathway. Moderate form has cleft lip/palate; most severe form results in cyclopia. Seen in trisomy 
13 and fetal alcohol syndrome. 

MRI reveals monoventricle ri.] and fusion of basal ganglia (star in ri.]). 

Failure of neuronal migration resulting in a "smooth brain" that lacks sulci and gyri. May be 
associated with microcephaly, ventriculomegaly. 
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Posterior fossa malformations 

Chiari I malformation 

Chiari II malformation 

Dandy-Walker 
malformation 

Syringomyelia 

Ectopia of cerebel lar tonsils inferior to foramen magnum ( l structure) r;.J. Congenital, usua lly 
asymptomatic in childhood, manifests in adu lthood with headaches and cerebe llar symptoms. 
A5sociated with sp inal cavi tations (eg, syr ingomyelia). 

Hern iation of cerebellar vermis and tonsils (2 structures) th rough foramen magnum with 
aqueductal stenosis - noncommunicating hyd rocepha lus. Usually associated with lumbosacral 
myelomeningocele (may present as para lysis/sensory loss at and below the level of the lesion). 

Agenesis of cerebellar vermis leads to cystic enlargement of 4th ven tric le (arrow in rnJ that fi lls the 
enlarged posterior fossa. Associated with noncommunicating hydrocephalus, spina bifida. 

Chlarl l 
malfonnatioo ..___,___., 

Cystic cavity (syrinx) within central canal of spina l cord (yellow a rrows in r;.J). Fibers crossing in 
anterior white commissure (spinothalamic tract) are typica lly damaged first. Results in a "cape
like," bilatera l, symmetr ical loss of pa in and temperature sensation in upper extremities (fine 
touch sensation is preserved). Associated with C hiari I malformation (red arrow shows low-lying 
cerebellar tonsils in rJ) and other congenita l malformations; acqu ired causes include trauma and 
tumors. Most common location cervical > thoracic>> lumba r. Syrin x = tube, as in "syringe." 

Dorsal 
ganglion '\. 

Expanding syrinx 
(can affect multiple 

dermatomes) 

Afferent 
Lateral spinothalamic tract 

(pain. temperature) 

,;' ..... 
/ ! 

/ 

/

Loss of pain 
and temperature 
sensation at affected 
dermatomes (CS-T 4 
shown here) 
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Tongue development !st and 2nd pharyngeal arches form anterior 21; 

(thus sensation via CN V » taste via CN VII). 
3rd and 4th pharyngeal arches form posterior 

1/ ; (thus sensation a nd taste mainly via CN IX, 
extreme posterior via CN X). 

Motor innervation is via CN XII to hyoglossus 
(retracts and depresses tongue), genioglossus 
(protrudes tongue), and styloglossus (draws 
sides of tongue upward to create a trough for 
swallowing). 

Motor innervation is via CN X to palatoglossus 
(elevates poster ior tongue dur ing swallowing). 

Taste - CN VII, IX, X (sol ita ry nucleus). 
Pain - CN v,, IX, X. 
Motor- CN X, XII. 

T he Genie comes out of the lamp in style. 

NEUROLOGY-ANATOMY AND PHYS IOLOGY 

Neurons 

Astrocytes 

Microglia 

Ependymal cells 

Signal-transmitting cells of the nervous system. Permanent cells-do not divide in adu lthood. 
Signal-relaying cells with dendrites (receive input), cell bodies, and axons (send output). Cell bodies 

and dendrites can be seen on Niss ) sta in ing (stains RER). RER is not present in the axon. 

Most common g lia l cell type in CNS Physical 
support, repa ir, ex tracellular K+ buffer, removal 
of excess neurotransmitter, component of 
blood-bra in barrier, glycogen fuel reserve 
buffer. Reactive gliosis in response to neura l 

lllJury. 

Phagocytic scavenger cells of CNS 
(mesodermal, mononuclear origin). Activation 
in response to tissue damage - release of 
inAammatory mediators (eg, n itric oxide, 
glutamate). Not readily d iscernible by Niss! 
stain. 

Derived from neuroec toderm. 
marker: GFAP. 

IIIV-infected microglia fuse to form 
multinucleated giant cells in CNS. 

Ci liated simple columnar glia l cells line the ventricles and central canal of spina l cord . Apical 
surfaces are covered in cilia (which ci rculate CSF) and m icrovill i (which help in CSF absorption). 
Special ized ependymal ce lls (choroid plexus) produce CSF. 
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Myelin 

Schwann cells 

S
Nucleus { Schwanncell 

-1----v--. 
Myehn sheath 

Ill! 

Oligodendrocytes 

Sensory receptors 
RECEPTOR TYPE 

Free nerve endings 

Meissner corpuscles 

Pacinian corpuscles 

Merkel discs 

Ruffini corpuscles 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

t conduction velocity of signals transmitted 
down axons - sa ltatory conduction of action 
potentia l at the nodes of Ra nvier, where there 
are high concentrations of Na+ cha nnels. 

In CNS (including CN II), myelin is synthesized 
by oligodendrocytes; in PNS (including CN 
111-Xll), myelin is synthes ized by Schwann 
cells. 

Promote axona l regeneration. Derived from 
neural crest. 

Myel inate axons of neurons in CNS. Each 
oligodendrocyte can myelinate many axons 
(- 30). Predominant type of glial cell in white 
matter. 

SENSORY NEURON FIBER TYPE LOCATION 

Wraps and insulates axons (arrow in f'J): t space 
constant a nd t conduction ve locity. 

COPS: C NS = O ligodendrocytes, P NS = 

Schwann cells. 

Each "Schwone" cell myel inates only 1 PNS 
axon. 

Injured in C uillain-Barre synd rome. 

Derived from neuroectoderm. 
"Fried egg" appearance h istologically. 
Injured in multiple sclerosis, progressive 

multifoca l leukoencepha lopathy (PML), 
leukodystrophies. 

SENSES 

myelinated fibers 
C - slow, unmyelinated 

All skin, epiderm is, some 
viscera 

Pain, temperature 

A D elta plane is fast, but a 
taxC is slow. 

Large, myel inated fibers; adapt C labrous (ha irless) skin 
qu ickly 

Dynamic, fi ne/light touch, 
position sense 

Large, myel inated fibers; adapt Deep skin layers, ligaments, 
qu ickly joints 

Large, myel inated fibers; adapt Finger tips, superficia l skin 
slowly 

Dendritic end ings with Finger tips, joints 
capsule; adapt slowly 

Vibration, pressure 

Pressure, deep static touch (eg, 
shapes, edges), position sense 

Pressure, slippage of objects 
a long surface of sk in, joint 
angle change 
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Peripheral nerve 

Endoneurium 

Nerve tiber 
Ii!! 

Chromatolysis 

Endoneur ium-thin, supportive connective 
tissue that ensheaths and supports individua l 
myel inated nerve fibers. 

Perineurium (blood-nerve Permeability 
barrier)- surrounds a fascicle of nerve fibers. 
Must be rejoined in m icrosurgery for limb 
reattachment. 

Epineurium-dense connective tissue that 
surrounds entire nerve (fascicles and blood 
vessels). 

Endo = inner 
Peri = around 
Epi = outer 

Reaction of neuronal cell body to axona l injury. Changes reAect t protein synthesis in effort to 
repai r the damaged axon. Characterized by: 
• Round cellular swell ing fJ 
• Displacement of the nucleus to the periphery 
• Dispersion ofNissl substance throughout cytoplasm 

Wallerian degeneration-disintegration of the axon and myel in sheath d ista l to site of axona l 
injury with macrophages removing debris. 

Proximal to the injury, the axon retracts, and the cell body sprouts new protrusions that grow 
toward other neurons for potential reinnervation. Serves as a preparation for axona l regeneration 
and functional recovery. 

Round cellular 
swelling -......... 

Displacement of 
nucleus to periphery -

of 
substance 

Myelin Microglia 
debris ( intiltration 

1 • 

Axonal retraction Walterian degeneration 

Injured neuron 

Neurotransmitter changes with disease 

Acetylcholine 

Dopamine 

GABA 

Nore pinephrine 

Serotonin 

LOCATION Of 
SYNTHESIS 

Basal nucleus 
ofMeynert 

Ventral 

tegmentum, 
SNc 

Nucleus 
accumbens 

Locus ceru leus 
(pons) 

Raphe nucleus 
(medu lla) 

ANXIETY DEPRESSION SCHIZOPHRENIA ALZHEIMER 
DISEASE 

HUNTINGTON 
DISEASE 

PARKINSON 
DISEASE 
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Meninges 

Blood-brain barrier 

AsltOCyl! foot 

:-• . , , Basement 
) metnbrane 

Vomiting center 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

Three membranes that surround and protect the 
bra in and spina l cord: 
• Dura mater- th ick ou ter layer closest to 

skull. Derived from mesoderm. 
• Arachnoid mater- middle layer, conta ins 

web-like connections. Derived from neura l 
crest. 

• Pia mater- th in, fi brous inner layer that 
firmly adheres to brain a nd spina l cord. 
Derived from neura l crest. 

Prevents c ircu lating blood substances 
(eg, bacteria, drugs) from reaching the CSF/ 
CNS. Formed by 3 structures: 
• T ight junctions between nonfenestrated 

capillary endothe lial cells 
• Basement membrane 
• foot processes 

G lucose and amino acids cross slowly by carrier
mediated transport mechanisms. 

Nonpolar/lipid-soluble substances cross rapidly 
via diffusion. 

CSF Aows in the subarachnoid space, located 
between arachnoid and pia mater. 

Epidura l space- potential space between 
the dura mater and sku ll/vertebra l column 
containing fat and blood vessels. Site of blood 
collection with m iddle meningeal artery 
1111ury. 

Ci rcumventricular organs with fenestrated 
capi llaries and no blood-bra in barrier allow 
molecules in blood to affect brain function (eg, 
area postrema- vomiting after chemo; OVLT 
[organum vasculosum lamina terminalis]
osmoreceptors) or neurosecretory products to 
enter circulation (eg, neurohypophysis - AD ll 
release). 

Infarction and/or neoplasm destroys endothelia l 
cell tight junctions - vasogenic edema. 

Other notable barriers include: 
• Blood-testis barrier 
• Maternal-fetal blood barrier of placenta 

Coordinated by nucleus tractus solitarius (NTS) in the medu lla, which receives information from 
the chemoreceptor trigger zone (CTZ, located with in area postrema in 4th ventricle), C l tract (via 
vagus nerve), vestibular system, a nd CNS. 

CTZ and adjacent vomiting center nuclei receive input from 5 major receptors: muscarinic (M1), 

dopamine (D2), h istamine (111), serotonin (5-I!T3), a nd neurokinin (NK-1) receptors. 
• 5-!IT,, D2, and NK-1 antagonists used to treat chemotherapy-induced vomiting. 
• Il1 and M1 antagonists treat motion sickness; 111 antagonists treat hyperemesis gravidarum. 
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Sleep physiology 

SLEEP STAGE (% Of TOTAL SLEEP 
TIME IN YOUNG ADULTS) 

Awake (eyes open) 

Awake (eyes closed) 

Non-REM sleep 

Stage Nl (5%) 

Stage N2 (45%) 

Stage N3 (25%) 

REM sleep (25%) 

Sleep cycle is regulated by the circadian rhythm, which is driven by suprachiasmatic nucleus (SCN) 
of hypothalamus. C ircadian rhythm controls nocturnal release of ACTII, prolactin, melatonin, 
norepinephrine: SCN - norep inephrine release - pinea l g land - t melatonin. SCN is regulated 
by envi ronment (eg, ligh t). 

Two stages: rapid-eye movement (REM) and non-REM. 
Alcohol, benzodiazepines, and barbiturates are associated with l REM sleep and delta wave sleep; 

norepinephrine also I REM sleep. 
Benzodiazepines are useful for n ight terrors and sleepwalking by l N3 and REM sleep. 

DESCRIPTION 

Alert, active mental concentration. 

Ligh t sleep. 

Deeper sleep; when bruxism ("two th" [tooth J 
gri nding) occurs. 

Deepest non-REM sleep (s low-wave sleep); 
sleepwalking, n ight terrors, a nd bedwetting 
occur (wee and flee in N3). 

Los.5 of motor tone, t bra in 0 2 use, variable 
pulse/BP, t ACh. REM is when dreaming, 
nightmares, and penile/cl itoral tumescence 
occur; may serve memory processing function. 

Extraocular movements due to activity of PPRF 
(paramedia n pontine reticular formation/ 
conjugate gaze center). 

Occurs every 90 minutes, and duration 
t through the night. 

EEG WAVEFORM AND NOTES 

Beta (h ighest frequency, lowest amplitude) 

Alpha 

T heta 

Sleep spindles and K complexes 

D elta (lowest frequency, h ighes t ampl itude) 

Beta 
At night, BATS D rink Blood 
Changes in e lderly: I REM sleep time, t REM 

latency, I N3. 
Changes in depres.sion: t REM sleep time, 

l REM latency, l N3, repeated nighttime 
awakenings, ea rly morning awakening (termina l 
insomnia). 
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Hypothalamus 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

Mainta ins homeostasis by regulating T hirst and water balance, controll ing Adenohypophysis 
(anterior pitui tary) and Neurohypophys is (posterior pitui tary) re lease of hormones produced in 
the hypotha lamus, and regu lating H unger, Autonomic nervous system, Temperature, and Sexual 
urges (TAN HATS). 

Inputs (areas not protected by blood-bra in barrier): OVLT (senses change in osmolarity), area 
postrema (found in medulla, responds to emetics). 

Lateral nucleus Hunger. Destruction - a norex ia, fa ilure Lateral injury makes you Lean. 
to thrive (infants). Stimulated by ghrelin, 
inhibited by leptin. 

Ventromedial n ucleus Satiety. Destruction (eg, craniopharyngioma) 
- hyperphagia. Stimulated by leptin. 

Anterior nucleus Cool ing, parasympathetic. 

Posterior nucleus Heating, sympathetic. 

Su p rachiasmatic Ci rcadian rhythm. 
nucleus 

Supraoptic and 
paraventricular 

nuclei 

Preoptic nucleus 

Synthesize ADii and oxytocin. 

Thermoregulation, sexual behavior. Releases 
CnRI I. Failure of CnRH-producing neurons 
to migrate from olfactory pit - Kallmann 
syndrome. 

Ventrol\iledia l injury makes you Very Massive. 

AIC = Anterior C ooling. 

Heating controlled by Posterior nucleus 
("H ot Pot"). 

SCN is a Sun-C ensing Nucleus. 

ADI I and oxytocin are carried by neurophysins 
down axons to posterior pituitary, where these 
hormones are stored and released. 

Thalamus Major relay for a ll ascending sensory information except olfac tion. 
NUCLEI INPUT SENSES DESTINATION MNEMONIC 

Ventral Spinotha lamic and dorsa l columns/ Vibration, Pa in, I 0 somatosensory 
Postero - media l lemniscus P ressure, cortex 
Lateral P roprioception, 
nucleus L ight touch, 

temperature 

Ventral Trigeminal and gustatory pathway Face sensation, I 0 somatosensory Makeup goes on 
postero- taste cortex the face 
Medial 
nucleus 

Lateral CN II, optic chiasm, optic tract Vision 1° visual cortex Lateral = L ight 
geniculate (calcarine sulcus) 
nucleus 

Medial Superior olive and inferior coll iculus of Hearing Auditory cortex of Media l = Music 
geniculate tectum temporal lobe 
nucleus 

Ventral lateral Cerebellum, basal ganglia Motor Motor cortex 
nucleus 
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Limbic system 

Dopaminergic 
pathways 

PATHWAY 

Mesocort ical 

Mesolimbic 

Nigrostriatal 

Tuberoinfundibular 

Cerebellum 

Collection of neura l structures involved in 
emotion, long-term memory, olfaction, 
behavior modulation, ANS fu nction. 

Consists of hippocampus (red arrows 
in r:i!), amygda lae, mammillary bodies, anterior 
tha lamic nuclei, cingu late gyrus (yel low arrows 
in fl), entorh inal cortex. Responsible for 
Feeding, F lee ing, F ighting, Feeling, and Sex. 

The famous 5 F 's. 

Commonly a ltered by d rugs (eg, antipsychotics) and movement disorders (eg, Parki nson disease). 

SYMPTOMS Of ALTERED ACTIVITY 

I activity - "negative" symptoms (eg, anerg ia, 
apathy, lack of spontaneity). 

t activity - "positive" symptoms (eg, delusions, 
ha llucinations). 

I activity - extrapyramidal symptoms 
(eg, dystonia, akathisia, parki nsonism, tard ive 
dysk ines ia). 

I activity - t prolactin - I libido, sexual 
dysfu nc tion, galactorrhea, gynecomastia (in 
men). 

Modulates movement; a ids in coordination and 
balance a. 

Input: 
• Contralateral cortex via middle cerebellar 

peduncle. 
• lps ilatera l proprioceptive information via 

inferior cerebellar peduncle from spina l 
cord. 

Output: 
• The only output of cerebel la r cortex= 

Purkinje cells (always inhibitory) - deep 
nuclei of cerebellum - contra lateral cortex 
via superior cerebella r peduncle. 

• Deep nuclei (latera l - media l) - D entate, 
E mboliform, G lobose, Fastigia l. 

NOTES 

Antipsychotic drugs have limited effect. 

1° therapeutic target of antipsychotic d rugs 
- I positive symptoms (eg, in schizoph renia). 

Major dopaminergic pathway in bra in. 
Significantly affected by movement d isorders 

and a ntipsychotic drugs. 

Lateral lesions- affect volunta ry movement of 
extremities (lateral structures); when injured, 
propensi ty to fa ll towa rd injured (ipsilatera l) 
side. 

Medial lesions (eg, vermis, fastigia l nuclei, 
Aocculonodu lar lobe)- truncal atax ia (wide
based cerebellar ga it), nystagmus, head ti I ti ng. 
Genera lly resu lt in bilateral motor deficits 
affecting axial and proximal limb musculature 
(medial structures). 

D on' t Eat Greasy Foods 
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Basal ganglia 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

Important in volunta ry movements and adjusting posture. 
Rece ives cort ical input, provides negative feedback to cortex to 

modulate movement. 
Striatum = putamen (motor) + caudate (cognitive). 
Lentiform = putamen + globus pall idus. 

D 1 Receptor = D lRect 
pathway. 

Indirec t (D2) = Inhibitory. 

Di rect (excitatory) pathway- SNc input to the striatum via the nigrostriatal dopaminergic pathway 
releases CABA, which inhibits CABA release from the CPi, disin hibiting the thalamus via the 
CPi (t motion). 

Indirect (inhibitory) pathway- SNc input to the striatum via the nigrostriatal dopaminergic 
pathway releases CABA that d isinhibits STN via CPe inh ibition, and STN stimulates CPi to 
in hibit the thalamus (I motion). 

Dopamine binds to D1, stimulating the excitatory pathway, and to Dz, inhibiting the inh ibitory 
pathway - t motion. 

Input from SNc 

Dopamine 

• Stimulatory 

• Inhibitory 13 

Posterior 

Frontatplane 
- tl'wou'1! brain 
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Cerebral cortex regions 

Cerebral perfusion 

Premotor Central sulcus \ 
cortex \ 

I 

Somatosemory 
association cortex 

field frontol t // 
1o1>e I 

hriml 

Prefro Cl .. -1 
c >iflJ"ft.' ,, ... .... \ 

/ ,' 
' 

' 
Temporol 

lobe 

( Occipital 
\ lobe -......._ 
,' ........._ Primary 

association area 

Relies on tight autoregulation. Primarily driven 
by Pco2 (Po2 a lso modulates perfusion in 
severe hypoxia). 

Also re lies on a pressure gradient between mean 
arteria l pressure (MAP) a nd ICP. l blood 
pressure or t ICP - I cerebral perfusion 
pressure (CPP). 

100 

visual cortex 

Primary 
auditory cortex 

Therapeutic hyperventi lation - l Pco2 
- vasoconstric tion - l cerebra l blood flow 
- l intracranial pressure (ICP). May be used 
to treat acute cere bra l edema (eg, 2° to stroke) 
unresponsive to other interventions. 

C PP = MAP - ICP. If CPP = 0, there is no 
cerebra l perfusion - brain death. 

I lypoxemia increases CPP only if Po2 
< 50 mm Ilg. 

C PP is d irectly proportiona l to Pco2 until Pco2 
>90mm Ilg. 

__.-----t-P.CO, 

0 so 100 
Pressure (mm HgJ 

ISO 200 
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Homunculus 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

Topographic representation of motor (shown) and sensory areas in the cerebral cortex. Distorted 
appearance is due to certain body regions being more richly innervated and thus having t cortical 
representation. 

Motor homunculus Sensory homunculus 

Ankle f t 
Toes\) 

Cerebral arteries- cortical distribution 

0 Anterior cerebral artery (supplies anteromediaJ surface) 

0 Middle cerebral artery (supplies lateral surface) 

0 Posterior cerebral artery (supplies posterior and inferior surfaces) 

Watershed zones Between anterior and middle cerebral arteries 
and posterior and middle cerebra l arteries 
(cortical border zones) (blue areas in rJ); or may 
a lso occur between the superficial and deep 
vascular territories of the middle cerebra l artery 
(internal border zones) (red areas in rJ). 

Anterior 

Posterior 

Infarct due to severe hypotension - proximal 
upper and lower extremity weakness ("man
in-the-barrel syndrome"), higher order visual 
dysfunction (if posterior cerebral/middle 
cerebra l cortical border zone stroke). 



NEUROLOGY AND SPECIAL SENSES NEUROLOGY-ANATOMY ANO PHYSIOLOGY SECTION Ill 491 

Circle of Willis 

D Anterior 
circulation 

0 ACA 

0 /CA 
0 MCA 

D Posterior 
circulation 

INFERIOR VIEW 

Dural venous sinuses 

System of anastomoses between anterior and posterior blood supplies to bra in. 

Optic chiasm 

H"---+-PCom 

ECA 

Brachio
cephalic -1---'-'-'IU 

OBLIQUE-LATERAL VIEW 

Large venous channels ri1 that run th rough the periosteal and meningeal layers of the dura mater. 
Dra in blood from cerebra l veins (a rrow) and receive CSF from arachnoid granulations. Empty 
into internal jugular vein. 

Venous s inus thrombosis - presents with signs/symptoms of t IC P (eg, headache, seizures, 
papilledema, focal neurologic deficits). May lead to venous hemorrhage. Associated with 
hypercoagulable states (eg, pregnancy, OCP use, factor V Leiden). 

Superior sagittal sinus 
(main location of CSF return 
via arachnoid granulations) 

Superior ophthalmic vein 
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Ventricular system 

Latmlnotridts 
/ . 

.,_;--- '\ horn 
lnterventticulair ,J ...----r) fo•am;na /'("P°''""'' 

ofMcno j ;;,.-- ) ho•n . 
L / \. -------- tnteu0< 

lnferi0<Y h0<n 

h0<n f0<amen of ofSylVlllS 
fOfarr.\a of 

Lus.c.hkallateral Fowtti Yt ntricle fOC"amina of . 
aperture Centrat canal of s.pnat cord Lusc:hka/lateral It! 

aperture 

Brain stem- ventral view 

Optic ch1asm 

Cl 

Brain stem- dorsal view (cerebellum removed) 

Pineal gland 

Inferior cerebellar 
peduncle 

>--i----Medulla 

Lateral ventricles - 3rd ventricle via right and 
left interventricula r foram ina of Monro. 

3rd ventr icle - 4th ventricle via cerebra l 
aqueduct of Sylvius. 

4th ventricle - subaradrnoid space via: 
• Foramina of Luschka = Latera l. 
• Foramen of Magendie = M edia l. 

CSF made by choroid plexuses located in 
the lateral and fourth ventricles. Travels to 
subarachnoid space via foram ina of Luschka 
and Magendie, is reabsorbed by arachnoid 
granulations, a nd then drains into dural venous 
sinuses. 

4 CN a re above pons (I, II, Ill, IV). 
4 CN exit the pons (V, VI, VII, VIII). 
4 CN a re in medulla (IX, X, XI, XII). 
4 CN nuclei are media l (Ill, JV, VI, XII). 

"Factors of 12, except I and 2." 

Pineal gland- melatonin secretion, ci rcadian 
rhythms. 

Superior coll iculi- di rect eye movements 
to stimuli (no ise/movements) or objects of 
interest. 

Inferior col I icu l i- aud itory. 
Your eyes are above your ears, and the superior 

colliculus (visual) is above the inferior 
colliculus (auditory). 
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Cranial nerve nuclei Located in tegmentum portion of brain stem 
(between dorsal and ventra l portions): 
• Midbrain-nud ei ofCN III, IV 
• Pons- nucle i ofCN V, VI, VII, VIII 
• Medulla-nuclei ofCN IX, X, XII 
• Spinal cord-nucleus of CN XI 

Cranial nerve and vessel pathways 

I 

Anterior 
cranial fossa 
(through 
ethmoid bonel 

Middlt 

Cribriform plate 

Optic canal 

cranial Iossa Superior orbital fissure 
(through 
spheooid bonel 

Posterior 
cranial fossa 
(through 
temporal or 
occipaa1 bonel 

Foramen Rotundum 
Foramen Ovale 
Foramen spinosum 

Internal auditory meatus 

Jugular foramen 

Hypoglossal canal 

Foramen magnum 

Divi.sions or CN V exit owing to Standing Room Only 

Lateral nucle i = sensory (aLar plate). 
- Sulcus limitans-
M edia l nuclei = M otor (basal plate). 

CNI 

Middle meningeal artery 

CNVll 
CNVlll 

CNIX 
CNX 
CNXI 
Jugular vein 

CNXll 
Brain stem 
Spinal root of CN XI 
Vertebral arteries 
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Cranial nerves 
NERVE CN FUNCTION TYPE MNEMONIC 

Olfactory Smell (only CN without thalamic relay to cortex) Sensory Some 

Optic II Sight Sensory Say 

Oculomotor III Eye movement (SR, IR, MR, IO), pupillary constriction Motor Marry 
(sphincter pupillae: Edinger-Westphal nucleus, muscarinic 
receptors), accommodation, eyel id opening (levator palpebrae) 

Trochlear IV Eye movement (SO) Motor Money 

Trigeminal v Mastication, facia l sensation (ophthalmic, maxi llary, mandibular Both But 
divisions), somatosensation from anterior 21l of tongue, dampening 
of loud noises (tensor tympani) 

Abducens VJ Eye movement (LR) Motor My 

Facial VII Facial movement, taste from anterior 21; of tongue (chorda tympani), Both Brother 
lacrimation, salivation (submandibular and sublingual glands are 
innervated by CN seven), eye closing (orbicularis oculi), auditory 
volume modulation (stapedius) 

Vestibulocochlear VIII Hearing, balance Sensory Says 

Glossopharyngeal IX Taste and sensation from posterior 11l of tongue, swallowing, Both Big 
salivation (parotid gland), monitoring carotid body and sinus 
chemo- and baroreceptors, and elevation of pharynx/larynx 
(stylopharyngeus) 

Vagus x from supraglottic region, swallowing, soft palate elevation, Both Brains 
midl ine uvula, talking, cough reAex, parasympathetics to 
thoracoabdominal viscera, monitoring aortic arch chemo- and 
baroreceptors 

Accessory XI Head tu rning, shoulder shrugging (SCM, trapezius) Motor Matter 

Hypoglossal XII Tongue movement Motor Most 

VagaI nuclei 
NUCLEUS FUNCTION CRANIAL NERVES 

Nucleus t ractus Visceral Sensory information (eg, taste, VII, IX, X 
Solitarius baroreceptors, gut distention) 

Nucleus aMbiguus Motor innervation of pharynx, larynx, upper IX, X, XI (cranial portion) 
esophagus (eg, swallowing, palate elevation) 

Dorsal motor nucleus Sends autonomic (parasympathetic) fibers to x 
heart, lungs, upper GI 
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Cranial nerve reflexes 

REFLEX 

Corneal 

Lacrimation 

Jaw jerk 

Pupillary 

Gag 

Mastication muscles 

Spinal nerves 

Spinal cord- lower 

extent 

AFFERENT 

V1 ophthalmic (nasoci liary branch) 

V1 (loss of reflex does not preclude emotional 
tea rs) 

V3 (sensory-muscle sp ind le from masseter) 

II 

IX 

3 muscles dose jaw: Masseter, teMporalis, 
M edia l pterygoid. I opens: Lateral pterygoid. 
All are innervated by trigemina l nerve (V3). 

EFFERENT 

Bi lateral VII (tempora l brand1- orbicularis 
oculi) 

VII 

V3 (motor-masseter) 

Ill 

x 

M 's M unch. 
Lateral Lowers (when speaking of pterygoids 

with respect to jaw motion). 
"It takes more muscle to keep your mouth shut." 

There a re 31 pairs of spinal nerves: 8 cervica l, 12 thoracic, 5 lumbar, 5 sacral, I coccygea l. 
Nerves C l-C 7 exit above the corresponding vertebrae. C8 spinal nerve exits below C7 and above 
T l. All other nerves exit below (eg, C3 exits above the 3rd cervical vertebra; L2 exits below the 
2nd lumbar vertebra). 

In adu lts, sp inal cord ends at lower border of 
Ll-L2 vertebrae. Subarachnoid Space (which 
contains the CSF) extends to lower border 
of S2 vertebra. Lumbar puncture is usually 
performed between L3- L4 or L4-L5 (level of 
cauda equina). 

Coal of lumbar puncture is to obtain sample of 
CSF without damaging spina l cord. To keep 
the cord alive, keep the spinal needle between 
L3 and L5. 

Needle passes thrnugh: 
0 skin 
f) fasc ia and fat 
€) supraspinous ligament 
0 interspinous ligament 
0 ligamentum Aavum 
(';) epidural space 

(epidura l anesthesia needle stops here) 
f) dura mater 
0 arachnoid mater 
e subarachnoid space 

(CSF collection occurs here) 

Anterior 

0--- ---
0-------/· , 



496 SECTION Ill NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

Spinal cord and 
associated tracts 

Legs (Lumbosacral) are Lateral in Lateral corticospinal, spinothalamic tracts fJ. 
Dorsal columns a re organized as you a re, wi th hands at sides. "Arms outside, legs inside." 

Posterior horn 

Anteriorwhite commissure 

DESCENDING 

Lateral corticospinal tract 
(voluntary motor) 

• Sacral----
• 

Central canal 

Dorsal column 

Intermediate horn (sympathetic) 
(Tl - L2/L3) 

corticospinal tract 

spinothalamic tract 

Anterior spinothalamic tract 
El 

ASCENDING 
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Spinal tract anatomy A5cending tracts synapse and then cross. 
and functions 

TRACT FUNCTION lST-OROER NEURON SYNAPSE 1 2NO·OROER NEURON SYNAPSE 2 + PROJECTIONS 

I Ascending tracts 

Dorsal column Pressure, Sensory nerve Nucleus Decussates 
vibration, ending - bypasses graci lis, in medulla 
fi ne touch, pseudounipolar cell nucleus - ascends 
proprioception body in dorsal root cuneatus contralaterally 

ganglion - enters (ipsi lateral as the medial 
spinal cord - ascends medulla) lemniscus 
ipsi laterally in dorsal 

VPL (thalamus) columns 

Spinothalamic tract Lateral: pain, Sensory nerve lpsilateral gray Decus.5ates 
- sensory cortex 

temperature ending (Ao and C matter (spinal in spinal 
Anter ior: fibers) - bypasses cord) cord as the 

crude touch, pseudounipolar cell anterior white 
pressure body in dorsal root commissure 

gangl ion - enters - ascends 
spinal cord contralaterally 

I Descending tract 

Lateral corticospinal Voluntary UMN: cell body in Cell body of LMN: leaves NMJ - muscle 
tract movement of I 0 motor cortex - anterior horn spinal cord fibers 

contra lateral descends ipsi laterally (spinal cord) 
limbs (through posterior 

limb of internal 
capsule), most fibers 
decussate at caudal 
medulla (pyramidal 
decus.5ation) 
- descends 
contra laterally 
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Clinical reflexes 

L3, 4 

Sl.2 

Primitive reflexes 

Moro reflex 

Rooting reflex 

Sucking reflex 

Palmar reflex 

Planta r reflex 

Galant reflex 

Landmark dermatomes 

DERMATOME 

C2 

C3 

C4 

C6 

T4 

T7 

T IO 

Ll 

L4 

S2, S3, S4 

NEUROLOGY AND SPECIAL SENSES NEU ROLOGY- ANATOMY AND PHYS IOLOGY 

ReAexes count up in order (main nerve root 
bolded): 
Achilles reflex = Sl, S2 
Patella r reflex = L3, L4 
Biceps and brachioradialis reflexes = C5, C6 
Triceps reflex = C6, C 7 

Additional reAexes: 
Cremasteric reflex = LI, L2 (" testicles move") 

Anal wink reflex = S3, S4 ("winks ga lore") 

CNS reAexes that a re present in a healthy infant, but are absent in a neurologically intact adult. 
Normally d isappear with in 1st year of life. These "primitive" reAexes are inh ibited by a mature/ 

developing frontal lobe. They may reemerge in adu lts following fronta l lobe lesions - loss of 
inhibition of these reAexes. 

"llang on for life" reAex- abduct/extend arms when startled, a nd then draw together 

Movement of head toward one side if cheek or mouth is stroked (nipple seeking} 

Sucking response when roof of mouth is touched 

Curling of fingers if palm is stroked 

DorsiAex ion of la rge toe and fan ning of other toes with plantar stimulation 
Babinsk i sign-presence of this reAex in an adu lt, which may signify a UMN les ion 

Stroking along one side of the spine while newborn is in ventral suspension (face down) causes 
lateral Aexion of lower body toward stimulated side 

CHARACTERISTICS 

Posterior hal f of sku ll 

High turtleneck shirt 
Diaphragm a nd gallbladder pain referred to the 

right shoulder via phrenic nerve 
C 3, 4, 5 keeps the d iaphragm alive 

Low-collar sh irt 

Includes thumbs 
Thumbs up sign on left hand looks like a 6 

At the nipple 
T4 at the teat pore 

At the xipho id process 

At the umbil icus (belly butten} 
Important point of referred pain in early 

appendicitis 

At the Inguina l Ligament 

Includes the kneecaps 
Down on ALL 4's 

Sensation of penile and a na l zones 
S2, 3, 4 keep the penis off the floor 
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Common brain lesions 
AREA Of LESION 

Fronta l lo be 

Frontal eye fields 

Paramedian pont ine 

reticula r formation 

Medial longitudinal 
fasciculus 

Dominant parietal 

cort ex 

Nondominant parietal 

cort e x 

Hippocampus 
(bilateral) 

Basal gangl ia 

Subthalamic nucleus 

Mammilla ry bodies 
(bilateral) 

Amygdala (bilate ral) 

Dorsal midbrain 

Reticula r activat ing 
system (midbrain) 

Cerebellar 
hemisphe re 

Red nucleus 
(midbrain) 

Cerebellar vermis 

CONSEQUENCE 

Disinhibition and de ficits in concentration, 
orientation, judgment; may have reemergence 
of primitive reflexes. 

Destructive lesion such as a n MCA stroke: 
eyes look toward the side of lesion (or at the 
hemiplegia). Irritative lesion such as seizures: 
eyes look at the shaking arm and leg. 

Eyes look toward side of hemiplegia. 

Internuclear ophthalmoplegia (impaired 
adduction of ipsilatera l eye; nystagmus of 
contralateral eye with abduction). 

Agraphia, aca lculia, finger agnosia, left-right 
d isorientation. 

Agnosia of the contralatera l side of the world. 

Anterograde amnesia-inability to make new 
memories. 

EXAMPLES/COMMENTS 

lpsilateral gaze palsy (inability to look toward 
side of lesion). 

Multiple scleros is. 

Cerstmann syndrome. 

I lemispatia l neglect syndrome. 

May result in tremor at rest, chorea, athetosis. Parkinson disease, lluntington disease. 

Contralateral hemiball ismus. 

Wernicke-Korsakoff syndro me- C onfusion, Wernicke problems come in a CANO' beer. 
Ataxia, Nystagmus, O phthalmoplegia, 
memory loss (anterograde and retrograde 
amnesia), confabulation, personality changes. 

Kluve r-Bucy syndrome-disinh ibited behavior I ISV-1 encepha litis. 
(eg, hyperphagia, hypersexuality, hyperorality). 

Parinaud syndrome- vertical gaze palsy, Stroke, hydrocephalus, pinea loma. 
pupillary light-near dissociation, lid retraction, 
convergence-retraction nystagmus. 

Reduced levels of arousal and wakefu lness 
(eg, coma). 

Intention t remor, limb ataxia, loss of balance; 
damage to cerebellum - ipsi latera l deficits; 
fall toward side of lesion. 

Decorticate (Aexor) posturing-lesion above 
red nuc leus, presents with Aexion of upper 
extremities and extension of lower extremities. 

Decerebrate (extensor) postur ing- lesion at or 
below red nucleus, presents with extension of 
upper and lower extremities. 

Truncal atax ia (wide-based, "drunken sai lor" 

gait), nystagmus. 

Cerebellar hemispheres are laterally located
affect lateral limbs. 

Worse prognosis with decerebrate posturing. 
In decorticate posturing, your hands are near 

the cor (heart). 

Vermis is centrally located-affects central body. 
Degeneration associated with chronic alcohol use. 
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lschemic brain 
disease/stroke 

lschemic stroke 

Transient ischemic 
attack 

Neonatal 
intraventricular 

hemorrhage 

NEUROLOGY AND SPECIAL SENSES 

Irreversible damage begins after 5 minutes of hypoxia. Most vulnerable: hippocampus, neocortex, 
cerebellum (Purkinje cells), watershed areas ("vulnerable hippos need pure water"). Irreversible 
neuronal injury. 

Stroke imaging: noncontrast CT to exclude hemorrhage (before tPA can be given). CT detects 
ischemic changes in 6- 24 hr. Diffusion-weighted MRI can detect ischemia within 3- 30 min. 

TIME SINCE ISCHEMIC 12-24 HOURS 24- 72 HOURS 3-S DAYS HWEEKS > 2WEEKS 
EVENT 

Histologic Eosinophilic Necrosis+ Macrophages Reactive gl iosis Glial scar 
features cytoplasm neutroph i Is (microglia) (astrocytes) 

+ pyknotic +vascular 
nuclei (red pro Ii feration 
neurons) 

Acute blockage of vessels - disruption of blood Aow and subsequent ischemia - liquefactive 
necrosis. 

3 types: 
• Thrombotic- due to a clot forming di rectly at site of infarction (commonly the MCA rJ), 

usually over a ruptured atherosclerotic plaque. 
• Embolic- embolus from another part of the body obstructs vessel. Can affect multiple vascular 

territories. Examples: atrial fibrillation, carotid artery stenosis, DVT with patent foramen ova le, 
infective endocarditis. 

• I lypoxic- due to hypoperfusion or hypoxemia. Common during cardiovascular surgeries, tends 
to affect watershed areas. 

Treatment: tPA (if wi thin 3- 4.5 hr of onset and no hemorrhage/risk of hemorrhage) and/or 
thrombectomy (if large artery occlusion). Reduce risk with medical therapy (eg, aspi ri n, 
clopidogrel); optimum control of blood pressure, blood sugars, lipids; and treat conditions that 
t risk (eg, atrial fi brillation, carotid artery stenosis). 

Brief, reversible episode of foca l neurologic dysfunction without acute infarction (8 MRI), wi th the 
majority resolving in< I 5 minutes; deficits due to foca l ischemia. 

Bleeding into ventricles (arrow in coronal transcranial ultrasound rJ shows blood in right 
intraventricular space, extending into peri ventricular white matter). Increased risk in premature 
and low-birth-weight infants. Originates in germinal matrix, a highly vascularized layer within 
the subventricular zone. Due to reduced glial fiber support and impaired autoregulation of 
BP in premature infants. Can present with altered level of consciousness, bulging fontanelle, 
hypotension, seizures, coma. 
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lntracranial hemorrhage 

Epidural hematoma 

Subdural hematoma 

Subarachnoid 
hemorrhage 

lntraparenchymal 
hemorrhage 

Rupture of middle meningeal artery (branch 

of maxillarr artery), often 2° to skull fracture 
(circle in fJ) invoking the pterion (thinnest 

area of the lateral skull). present with 

transient loss of consciousness - reco»ery 
r lucicl inlen·al") - rapid deterioration clue lo 
hemaloma expansion. 

Scalp hemaloma {arrows in fJ) and rapid 
intracranial expansion {arrows in llJ) under 

systemic arterial pressure - transtentorial 
herniation, C i Ill palsy. 

CT shows bicom·ex (lentiform), hyperclense 

blood collection rn not crossing su ture lines. 

Rupture of bridg ing veins. Can be acute 

(trau111alic, high-energy impact - hyperclense 
on CT) or cl1ro11ic (associated with mild 

trauma, cerebra l atrophy, elderly, a lcoholism 

- hypodense on CT). Also seen in shaken 

babies. Predisposing factors: brain atrophy, 
trauma. 

Cresce11t-shapecl hemorrhage (red arrows in r:!I 
and[!]) that crosses suture lines. Can cause 

mid line shift {rellow arrow in l:j), findings of 
"acute on chronic" hemorrhage (blue arrows 

in [!]). 

Bleeding I] 1J clue to trauma, or rupture of an 
aneurysm (such as a saccular aneurysm [)) 

or arteriO\·enous ma !formation. Rapid time 
course. Patients complain of .. worst headache 

of my life." Bloody or yellow (xanthochromic) 

lumbar puncture. 
Vasospasm can occur due to blood breakdown 

or rebleecl 3-10 dars after hemorrhage 

- ischemic infarct; nimodipine used 
to preve11t/reduce vasospasm. I risk of 

developing communicating and/or obstructi\•e 

hydrocepha lus. 

Most commonly caused by systemic 

hypertensio11 . Abo seen with amyloid 
angiopathy (recurrent lobar hemorrhagic 

stroke i11 elderly), vascu lilis, neoplasm. May be 
2° to reperfusion injury in ischemic stroke. 

I lypertensi\·e hemorrhages (Charcot-Bouchard 

microaneurysm) most often occur in 

putarnen of basal ganglia (lenticulostriate 
\'essels !ID. followed by thalamus, pons, and 

cerebellum CJ. 

I 

I 

SECTION Ill SQ 1 
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Effects of strokes 
ARTERY AREA Of LESION 

Anterior circulation 

Middle 
cerebral 
artery 

Anterior 
cerebral 

artery 

lenticulo
striate 
artery 

Motor and sensory cortices r;.1 - upper 
limb a nd face. 

Temporal lobe (Wernicke area); 
frontal lobe (Broca area). 

Motor and sensory cortices- lower 
limb. 

Striatum, interna l capsule. 

Posterior circulatio n 

Anterior 
spinal 
artery 

Posterior 
inferior 
cerebellar 
artery 

Anterior 
inferior 
cerebellar 
artery 

Latera l corticospinal tract. 

Media l lemniscus. 
Cauda l medu lla - hypoglossal nerve. 

Latera l medu lla: 
Nucleus ambiguus (CN IX, X, XI) 

Vestibular nuclei 
Latera l spinotha lamic tract, spina l 

trigeminal nucleus 

Sympathetic fi bers 
Inferior cerebellar peduncle 

Latera l pons: 
Facia l nucleus 

Vestibular nuclei 
Spinothalamic tract, spinal 

trigeminal nucleus 

Sympathetic fi bers 
Middle and inferior cerebellar 

peduncles 
Labyrinthine artery 

SYMPTOMS 

Contralatera l para lysis and sensory 
loss- face and upper limb. 

Aphasia if in dominant (usually 
left) hemisphere. l lemineglec t 
if lesion affects nondomina nt 
(usually right) hemisphere. 

Contralatera l para lysis and 
sensory loss- lower limb, urinary 
incontinence. 

Contralatera l para lysis. Absence 
of cortica l signs (eg, neglect, 
aphasia, visual fi eld loss). 

Contralatera l para lysis - upper and 
lower limbs. 

I contra latera l proprioception. 
lpsilatera l hypoglossal dysfunction 

(tongue deviates ipsi laterally). 

Dysphagia, hoarseness, I gag 
reflex, hiccups. 

Vomiting, vertigo, nystagmus 
I pa in and temperature sensation 

from contralateral body, 
ipsilatera l face. 

lpsilatera l I lorner syndrome. 
lpsilatera l ataxia, dysmetria. 

Paralysis of face (LMN lesion vs 
UMN lesion in cortical stroke), 
I lacrimation, I salivation, I taste 

from anterior 213 of tongue. 
Vomiting, vertigo, nystagmus 
I pa in and temperature sensation 

from contralateral body, 
ipsilatera l face. 

lpsilatera l llorner syndrome. 
lpsilatera l ataxia, dysmetria. 

lpsilatera l sensori neura l deafness, 
vertigo. 

NOTES 

Wernicke aphasia is associated 
with right superior quadra nt 
visual fie ld defect due to 
tempora l lobe invo lvement. 

Pure motor st roke. Common 
location of lacunar infarcts a, 
due to hya line arteriosclerosis 
(lipohya linosis) 2° to 
unmanaged hypertension. 

Medial medullary syndrome

caused by infarct of 
paramedian branches of ASA 
and/or vertebral arter ies. 

lateral medullary (Wallenberg) 
syndrome. 

Nucleus ambiguus effects are 
specific to PICA lesions B. 

"Don' t pick a (PI CA) horse 
(hoarseness) that can't eat 
(dysphagia)." 

Also supplies inferior cerebella r 
peduncle (part of cerebel lum). 

latera l pontine syndrome. 

Facial nucleus effects are 
specific to AICA lesions. 

"Facial droop means AICA's 
pooped." 

Also supplies middle a nd 
inferior cerebellar peduncles 
(part of cerebellum). 
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Effects of strokes (continued) 
ARTERY AREA Of LESION SYMPTOMS NOTES 

Basilar artery Pons, medulla, lower midbrain . RAS spared, therefore preserved 
consciousness. 

Locked-in synd rome (locked 
in the basement). 

Posterior 

cerebral 
artery 

Corticospina l and corticobulbar 
tracts. 

Ocular cranial nerve nuclei, 
paramedian pontine reticular 
formation. 

Occipita l lobe [!J. 

Quadrip legia; loss of voluntary 
facia l, mou th, and tongue 
movements. 

Loss of hori zonta l, but not vert ica l, 
eye movements. 

Contralatera l hemianopia with 
macular sparing; a lexia without 
agraphia (dominant hemisphere). 

Central poststroke 
pain syndrome 

Neuropath ic pain due to tha lamic lesions. Initial paresthesias followed in weeks to months by 
a llodyn ia (ord inari ly pa in less stimuli cause pain) and dysesthesia on the contra latera l side. Occurs 
in 10% of stroke patients. 

Diffuse axonal injury Caused by traumatic shearing forces during rapid acceleration and/or deceleration of the brain (eg, 
motor vehicle accident). Usually results in devastating neurologic injury, often causing coma or 
pers istent vegetative state. MRI rJ shows multiple lesions (punctate hemorrhages) invo lving the 
white matter tracts. 



504 SECTION Ill 

Aphasia 

NEUROLOGY AND SPECIAL SENSES 

Aphasia-higher-order language deficit 
(inability to understand/produce/use language 
appropriately); caused by pathology in dominant 
cerebral hemisphere (usua lly left). 

Dysarthria- motor inabi lity to produce speech 
(movement defic it). 

Fluent 
speech 

Nonfluent 
speech 

Good comprehension 

Conduction 
aphasia 

Broca 
aphasia 

T ranscortical 
motor aphasia 

Poor comprehension 

Wernicke 
aphasia 

Transcorticat 
sensory aphasia 

Transcortical 
mixed aphasia 

TYPE COMMENTS 

Broca (expressive) Broca area in inferior fronta l gyrus of fronta l lobe. Patient appea rs frustrated, insight intact. 
Broca = Broken Boca (boca = mouth in Span ish). 

Wernicke (receptive) Wernicke area in superior tempora l gyrus of temporal lobe. Patients do not have insight. 
'Wern icke is a \Vord salad and makes no sense. 

Conduction Can be caused by damage to arC uate fasc iculus. 

Global Arcuate fascicu lus; Broca and Wernicke areas affected. 

Transcortical motor Affects frontal lobe around Broca area, but Broca area is spared. 

Transcortical sensory Affects tempora l lobe around a rea, but a rea is spared. 

Transcortical mixed Broca and Wernicke areas and arcuate fasciculus remain intact; su rround ing watershed areas 
affected. 

Aneurysms Abnormal di lation of an artery due to weakening of vessel wall. 

Saccular aneurysm Also known as berry aneurysm rJ. Occurs at bifurcations in the ci rcle of Wi ll is. Most common site 
is junction of ACom and ACA. Assoc iated with ADPKD, Ehlers-Danlos syndrome. Other risk 
factors: advanced age, hypertension, smoking, race (t risk in Afr ican-Americans). 

Usua lly cl inically si lent until rupture (most common complication) - subarachnoid hemorrhage 
("worst headache of my life" or "thunderclap headache") - focal neurologic deficits. Can a lso 
cause symptoms via di rect compression of surround ing structures by growing a neurysm. 
• ACom- compression - bitemporal hemia nopia (compression of optic chiasm); visual acu ity 

deficits; rupture - ischemia in ACA distribution - contra latera l lower ex tremity hemiparesis, 
sensory defic its. 

• MCA- rupture - ischemia in MCA distribution - contralatera l upper extremity and lower 
fac ia l hemipares is, sensory deficits. 

• PCom- compression - ipsi lateral CN Ill pa lsy - mydriasis ("blown pupil"); may a lso see 
ptosis, "down and out" eye. 

Charcot-Bouchard Common, associated with chronic hypertension; affects small vessels (eg, lenticulostriate arteries 
microaneurysm in basa l ganglia, thalamus) a nd can cause hemorrhagic intraparenchymal strokes. Not visible on 

angiography. 



Seizures 

Partial (foca l) seizures 

General ized seizures 

Fever vs heat stroke 

PATHOPHYSIOLOGY 

TEMPERATURE 

COMPLICATIONS 

MANAGEMENT 
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Characterized by synchronized, h igh-frequency neuronal fi ring. Variety of forms. 

Affect single a rea of the brain. Most commonly 
originate in media l tempora l lobe. Types: 
• Simple part ia l (consciousness intact)

motor, sensory, autonomic, psychic 
• Complex partial (impaired consciousness, 

automatisms) 

Diffuse. Types: 
• Absence (petit mal) - 3 I lz spike-and-wave 

d ischarges, no posticta l confusion, blank stare 
• Myoclonic- quick, repetitive jerks 
• Tonic-clonk (grand mal)- a lternating 

stiffening and movement, postictal confusion, 
urinary incontinence, tongue biting 

• Tonic- stiffening 
• Atonic- "drop'' seizures (fa lls to Aoor}; 

commonly mistaken for fai nting 

Seizure 

Epilepsy- a disorder of recurrent, unprovoked 
seizures (febrile seizures are not epilepsy). 

Status epi lepticus- continuous 5 m in) or 
recurri ng seizures that may resu lt in bra in 
Ill Jury. 

Causes of seizures by age: 
• Children- genetic, infection (febri le), 

trauma, congenita l, metabol ic 
• Adu lts- tumor, trauma, stroke, infec tion 
• Elderly- stroke, tumor, trauma, metabolic, 

infection 

Partial (locaU seaures - Generalized seizures =::i l 
Simple partial Complex partial 

Tonic-clonk 
(grand mat) Tonic Myoclonic Atonic 

Absence 
(petit mal) 

Altenating 
stiffening and 

movement 
Stiffening 

Quick 
and repetibve 

jerks 

Drop seizure 
(falls to floor) 

Stank stare 
no postictat 
confusion 

Fever 

Cytokine activation during inAammation (eg, 
infection) 

Usua lly < 40 °C 

Febri le seizure (benign, usually self-limiting) 

Acetaminophen or ibuprofen for comfort (does 
not prevent future febrile seizures}, antibiotic 
therapy if ind icated 

Heat stroke 

Inability of body to dissipate heat (eg, exertion) 

Usua lly > 40 °C 

CNS dysfunction (eg, confusion), end-organ 
damage, acute respiratory d istress syndrome, 
rhabdomyolysis 

Rapid external cooling, rehydration and 
e lectrolyte correction 
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Headaches 

CLASSIFICATION 

Cluster• 

Migraine 

Tension 

li1l 

NEUROLOGY AND SPECIAL SENSES 

Pain due to irritation of structures such as the dura, cranial nerves, or extracran ia l structures. More 
common in females, except cluster headaches. 

LOCALIZATION DURATION DESCRIPTION 

Unilatera l 15 min-3 h r; Excruciating periorbita l pa in 

Unilatera l 

Bi lateral 

repetitive ("suicide headache") with 

4- 72 h r 

> 30min 
(typically 4- 6 
hr); cons tant 

lacrimation and rh inorrhea. 
May present with I lorner 
syndrome. More common in 
males. 

Pulsating pain with 
nausea, photophobia, or 
phonophobia. May have 
"aura." Due to irritation of 

CN V, meninges, or blood 
ves.5els (release of vasoactive 
neuropeptides [ eg, substance 
P, calcitonin gene-related 
peptide]). 

Steady, "band-like" pain . No 
photophobia or phonophobia. 
No aura. 

TREATMENT 

Acu te: sumatriptan, 1003 0 2 
Prophylax is: verapamil 

Acu te: NSAIDs, triptans, 
d i hyd roergotami ne 

Prophylax is: lifestyle changes 
(eg, sleep, exerc ise, diet), 

amitr iptyline, 
topiramate, va lproate, 
botulinum toxin injections. 

POUND - P ulsati le, O ne-day 
duration, Un ilatera l, Nausea, 
D isabling 

Acu te: ana lgesics, NSAIDs, 
acetaminophen 

Prophylax is: TCA5 (eg, 
amitriptyline), behavioral 
therapy 

O ther causes of headache include subarachnoid hemorrhage ("worst headache of my life"), meningitis, hydrocepha lus, 
neoplasia, giant cell (temporal) arteritis. 

•Compare with trigeminal neuralgia, which produces repetitive, un ilateral, shooting/shock-like pain in the d istribution of 
CN V Triggered by chewing, talking, touching certa in parts of the face. Lasts (typica lly) for seconds to minutes, but episodes 
often increase in intensity and frequency over time. Fi rst-line therapy: carbamazepine. 



Movement disorders 
OISOROER 

Akathisia 

Asterixis 

Athetosis 

Chorea 

Dystonia 

Essent ial t remor 

Hemiball ismus 

Intention tremor 

Myoclonus 

Resting tremor 

Restless legs 
syndrome 
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PRESENTATION 

Rest lessness a nd intense urge 
to move 

Extension of wrists causes 
"Aapping" motion 

CHARACTERISTIC LESION 

Slow, sna ke-like, writh ing Basal ganglia 
movements; especia lly seen in 
the fingers 

Sudden, jerky, Basal ganglia 
movements 

Sustained, involuntary muscle 
contractions 

l ligh-frequency tremor 
with susta ined posture 
(eg, outstre tched arms), 
worsened with movement or 
when anx ious 

Sudden, wi ld Aa iling of I arm 
+!- ipsilatera l leg 

Slow, zigzag motion when 
pointing/extending toward a 
target 

Sudden, bri ef, uncontrolled 
muscle contraction 

Uncontrolled movement of 
dista l appendages (most 
noticeable in hands); tremor 
a lleviated by intentional 
movement 

Worse at res t/nighttime. 
Re I ieved by movement 

Contra lateral subthalamic 
nucleus (eg, lacunar stroke) 

Cerebellar dysfunction 

Substantia nigra (Parkinson 
d isease) 

NOTES 

Can be seen with neuroleptic 
use or as a side effect of 
Parkinson treatment. 

Associated with hepatic 
encepha lopathy, Wi Ison 
disease, and other metabolic 
derangements. 

Seen in I luntington d isease. 

Chorea = da ncing. 
Seen in I luntington d isease 

a nd in acute rheumatic fever 
(Sydenham chorea). 

Writer's cramp, blepharospasm, 
torticoll is. 

Treatment: botulinum toxin. 

Often fami lia l. Patients often 
se lf-medicate with alcohol, 
which I tremor amplitude. 
Treatment: nonselective 

(eg, propranolol), 
primidone. 

Pronounce "I la If-of-body 
ba II istic." 

Contra latera l lesion. 

Jerks; h iccups; common in 
metabolic abnormalities such 
as renal and liver fa ilure. 

Occurs at rest; "pill-rolling 
tremor" of Parkinson disease. 

When you park your car, it is 
at rest. 

Assoc iated with iron deficiency, 
CKD. 

Treatment: dopamine agon ists 
(pramipexole, rop in irole). 
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Neurodegenerative 
disorders 

DISEASE 

Parkinson disease 

Huntington disease 

Alzheimer disease 

Frontotemporal 
dementia 

Lewy body dementia 

NEUROLOGY AND SPECIAL SENSES 

I in cognitive ability, memory, or function with intact consciousness. 
Must ru le out depression as cause of dementia (known as pseudodementia). Other reversible causes 

of dementia: hypothyroidism, vitamin B12 deficiency, neurosyphilis. 
DESCRIPTION HISTOLOGICIGROSS FINDINGS 

Parkinson TRAPS your body: Loss of dopaminergic neurons (ie, 
Tremor (pi ll-roll ing t remor at rest) depigmentation) of substantia nigra pars 
Rigid ity (cogwheel) compacta. 
Akinesia (or bradykinesia) Lewy bodies: composed of a -synuclein 
Postura l instability (intracellu lar eosinophi lic inclusions tl). 
ShufAing gait 

MPTP, a contaminant in illegal drugs, is 
metabolized to MPP+, which is toxic to 
substantia nigra. 

Autosomal dominant trinucleotide (CAC)0 

repeat expansion in the huntingtin (HTT) 
gene on chromosome 4 (4 letters). Symptoms 
manifest between ages 20 and 50: chorea, 
athetos is, aggress ion, depression, dementia 
(sometimes in itially mistaken for substance 
abuse). 

Antic ipation results from expansion of CAC 
repeats. C audate loses ACh and C ABA. 

Most common cause of dementia in elderly. 
Down syndrome patients have t risk of 
developing Alzheimer d isease, as APP is 
located on chromosome 21. 

I ACh. 

A5sociated with the following altered proteins: 
• ApoE-2: I risk of sporadic form 
• ApoE-4: t risk of sporadic form 
• APP, presenilin-1, preseni lin-2: fami lia l 

forms (10%) with earlier onset 

Formerly known as Pick disease. Early changes 
in persona lity and behavior (behavioral 
variant), or aphasia (pri mary progressive 
aphasia). 

May have associated movement disorders (eg, 
parkinsonism). 

Visua l hallucinations ("haLewycinations"), 
dementia with Auctuating cognition/ 
a lertness, REM sleep behavior d isorder, and 
parkinsonism. Called Lewy body dementia if 
cogni tive and motor symptom onset < I year 
apart, otherwise considered dementia 2° to 
Parkinson disease. 

Atrophy of caudate and putamen with ex vacuo 
ventriculomegaly. 

t dopamine, I CABA, I ACh in bra in. Neurona l 
death via NMDA-R binding and glutamate 
excitotoxic ity. 

Widespread cortical atrophy (normal cortex I]; 
cortex in Alzheimer especia lly 
hippocampus (a rrows in I] Narrowing 
of gyri and widening of sulci. 

Seni le p laques l!J in gray matter: extracel lular 
core; may cause amyloid angiopathy 

- intracran ia l hemorrhage; 
synthesized by cleaving amyloid precursor 
protein (APP). 

Neurofibri llary tangles I]: intracellu lar, 
hyperphosphorylated tau protein = inso luble 
cytoskeleta l elements; number of tangles 
corre lates with degree of dementia. 

Frontotemporal lobe degeneration [i. 
Inclusions of hyperphosphorylated tau (round 

Pick bodies [!:)) or ubiquitinated TDP-43. 

Intracellu lar Lewy bodies rJ primarily in cortex. 
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Neurodegenerative d isorders (continued) 

DISEASE 

Vascular dementia 

Creutzfeldt-Jakob 
disease 

Idiopathic intracranial 
hypertension 

DESCRIPTION 

Result of multiple arteria l infarcts and/or 
chronic ischemia. 

Step-wise decl ine in cognitive abi lity with late
onset memory impairment. 2nd most common 
cause of dementia in elderly. 

Rapidly progressive (weeks to months) dementia 
with myoclonus ("startle myockmus") and 
ataxia. Commonly see periodic sharp waves on 
EEC and t 14-3-3 protein in CSF'. 

HISTDLDGICIGRDSS FINDINGS 

MRI or CT shows multiple cortical and/or 
subcortical infarcts. 

Spongiform cortex. 
Prions (PrP" - Prf>SC sheet sheet 

resistant to proteases)) CJ. 

Also known as pseudotumor cerebri. t ICP with no obvious find ings on imaging. Risk factors 
include female gender, Tetracycl ines, Obesity, vitamin A excess, Danazol (female TOAD). 

Findings: headache, tinnitus, diplopia (usually from CN VJ palsy), no change in mental status. 
Impaired optic nerve axoplasmic flow - papilledema. Visual fie ld tes ting shows enlarged blind 
spot and peripheral constriction. Lumbar puncture reveals t opening pressure and provides 
temporary headache relief. 

Treatment: weight loss, acetazolamide, invasive procedures for refractory cases (eg, CSF shunt 
placement, optic nerve sheath fenes tration surgery for visual loss). 
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Hydrocephalus 

Communicating 

Communicating 

hydrocephalus 

Normal pressure 

hydrocephalus 

NEUROLOGY AND SPECIAL SENSES 

t CSF volume - ventricular d ilation +/- t ICP. 

I CSF absorption by arachnoid granulations (eg, arachnoid scarring post-meningitis) - t ICP, 
papi lledema, herniation. 

Affects the elderly; idiopathic; CSF pressure elevated only episodically; does not result in increased 
subarachnoid space volume. Expansion of ventricles fJ distorts the fibers of the corona radiata 
- triad of urinary incontinence, gait apraxia (magnetic ga it), and cognitive dysfunction. "Wet, 
wobbly, and wacky." Symptoms potentially reversible with CSF shunt placement. 

j Noncommunicating (obstructive) 

Noncommunicating 

hydrocephalus 

Hydrocephalus mimics 

Ex vacuo 

ventricu lomegaly 

Caused by structural blockage of CSF circulation within ventricular system (eg, stenos is of 
aqueduct of Sylvius, colloid cyst blocking fora men of Monro, tumor [11). 

Appearance of t CSF on imaging B, but is actua lly due to I bra in tissue and neuronal atrophy 
(eg, Alzheimer disease, advanced IIIV, Pick d isease, Huntington disease). ICP is normal; NP!! 
tr iad is not seen. 



Multiple sclerosis 

FINDINGS 

TREATMENT 
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Autoimmune inAammation and demyel ination of CNS (brain and spinal cord) with subsequent 
axona l damage. Can present with: 
• Acu te optic neuritis (painfu l u nilateral visual loss associated with Marcus Gunn pupil) 
• Brain stem/cerebella r syndromes (eg, d iplopia, atax ia, scann ing speech, intention tremor, 

nystagmus/INO [bilateral> un ilatera l)) 
• Pyramidal tract demyelination (eg, weakness, spactic ity) 
• Sp inal cord syndromes (eg, electric shock-like sensation a long cervica l spine on neck Aex ion 

[Lhermitte phenomenon], neurogen ic bladder, paraparesis, sensory manifestations affecting 
the trunk or one or more ex tremity) 

Symptoms may exacerbate with increased body temperature (eg, hot bath, exercise). Re lapsing and 
remitting is most common c linica l course. Most often affects women in their 20s and 30s; more 
common in individua ls living farther from equator. 

t IgC level and myelin basic protein in CSF. O ligoclonal bands are d iagnostic. MRI is gold 
standard. Periventricu lar plaques rJ (areas of oligodendrocyte loss a nd reactive gliosis). M u ltiple 
white matter lesions d isseminated in space and time. 

Stop relapses and ha lt/slow progression with disease-modifying therap ies (eg, 
glatiramer, nata lizumab). Treat acute Aares wi th IV steroids. Symptomatic treatment for 
neurogenic bladder (catheteri zation, muscarinic a ntagon ists), spasticity (baclofen, CABA6 
receptor agonists), pa in (TCAs, anticonvulsants). 
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Other demyelinating and dysmyelinating disorders 

Osmot ic demyelination 
syndrome 

Acute inflammatory 
demyelinating 
polyradiculopathy 

Acute disseminated 
(postinfect ious) 
encephalomyelit is 

Charcot-Marie-Tooth 

disease 

Progressive multifoca l 
leu koencephalopathy 

Other disorders 

Also known as centra l pontine myel inolysis. Massive axonal demyelination in pontine white matter 
t'J 2° to rapid osmotic changes, most commonly iatrogenic correction of hyponatremia but also 
rapid shifts of other osmolytes (eg, glucose). Acute para lysis, dysarthria, dysphagia, diplopia, loss of 
consciousness. Can cause " locked-in syndrome." 

Correcting serum Na+ too fast: 
• "From low to high, your pons wi ll die" (osmotic demyelination syndrome). 
• "From high to low, your bra ins will blow" (cerebral edema/hern iation). 

Most common subtype of Guilla in-Barre synd rome. 
Autoimmune condition that dest roys Schwann cells via inAammation and demyelination of motor 

fibers, sensory fi bers, periphera l nerves (including CN III-XII). Likely faci litated by molecular 
mim icry and triggered by inoculations or stress. Despite association with infec tions (eg, 
Campylobacter jejuni, viruses [eg, Zika]), no defi nitive causal link to any pathogen. 

Results in symmetric ascending muscle weakness/para lysis and depressed/absent DTRs beginn ing 
in lower extremities. Facia l paralysis (usually bi lateral) and respiratory fa ilure are common. May 
see autonomic dysregu lation (eg, cardiac irregu larities, hypertens ion, hypotension) or sensory 
abnormalities. Almost all patients survive; major ity recover completely after weeks to months. 

t CSF protein with normal cell count (albuminocytologic dissociation). 
Respiratory support is critical until recovery. Disease-modifying treatment: plasmapheresis or 

JV immunoglobu lins. No role for steroids. 

Multi focal inAammation and demyel ination after infection or vaccination. Presents with rapid ly 
progressive multifoca l neurologic symptoms, altered menta l status. 

Also known as hereditary motor and sensory neuropathy. Croup of progressive hereditary nerve 
d isorders related to the defective prod uction of proteins involved in the structure and function of 
periphera l nerves or the myel in sheath. Typically autosomal dominant and associated with foot 
deformities (eg, pes cavus, hammer toe), lower extremity weakness (eg, foot drop), and sensory 
defi cits. Most common type, CMTIA, is caused by PMP22 gene duplication. 

Demyelination of CNS llJ due to destruction of ol igodendrncytes (2° to reac tivation of latent 
JC virus infection). Seen in 2- 4% of patients wi th AIDS. Rapid ly progressive, usually fata l. 
Predominantly involves pari eta l a nd occipital areas; visua l symptoms are common. t r isk 
associated with nata lizumab. 

Krabbe disease, metach romatic leukodystrophy, adrenoleukodystrophy. 
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Neurocutaneous d isorders 

DISOROER 

Sturge-Weber 

syndrome 

Tuberous sclerosis 

Neurofibromatosis 

type I 

Neurofibromatosis 

type II 

von Hippel-Lindau 

disease 

GENETICS 

Congenital 
nonhereditary 
anomaly of neural 
crest derivatives. 
Somatic mosaicism of 
an activating mutation 
in one copy of the 
CNAQgene. 

AD, variable expression. 
TSCI mutation on 
chromosome 9 or 
TSC2 mutation on 
chromosome 16. 
Tumor suppressor 
genes. 

AD, !003 penetrance. 
Mutation in NFI 

tumor suppressor 
gene on chromosome 
17 (encodes 
neurofibromin, a 
negative RAS regulator) 

AD. Mutation in NF2 
tumor suppressor gene 
on chromosome 22. 

AD. Deletion ofVHL 
gene on chromosome 
3p. pVIIL 
ubiquitinates hypoxia
inducible factor la. 

PRESENTATION 

Affects capillary-sized blood vessels 
- port-wine stain fil (nevus Aammeu.5 
or non-neoplastic birthmark) in 
CN V1/V2 distribution; ipsilateral 
leptomeningeal angioma 111 - seizures/ 
epilepsy; intellectual disability; episcleral 
hemangioma - t !OP - early-onset 
glaucoma. 

Ilamartomas in CNS and ski n, 
Angiofibromas Mitra) regurgitation, 
Ash-leaf spots [!J, cardiac Rhabdomyoma, 
(Tuberous sclerosis), autosomal dOminant; 
Mental retardation (intellectual disability), 
renal Angiomyolipoma I], Seizures, 
Shagreen patches. 

Cafe-au-lait spots D, Intellectua l disability, 
Cutaneou.5 neurofibromas l!l Lisch 
nodules (pigmented iris hamartomas Cl), 
Optic gliomas, Pheochromocytomas, 
Seizures/focal neurologic Signs (often 
from meningioma), bone lesions (eg, 
sphenoid dysplasia). 

Bilateral vestibular schwannomas, juveni le 
cataracts, meningiomas, ependymomas. 

Ilemangioblastomas (high vascularity with 
hyperchromatic nuclei Dl in retina, brain 
stem, cerebellum, spine 0 ; Angiomatosis; 
bilateral Renal cell carcinomas; 
Pheochromocytomas. 

NOTES 

Also known as 
encephalotrigeminal 
angiomatosis. 

SSTURCCE-Weber: Sporadic, 
port-wine Sta in, Tram track 
calcifications (opposing gyri), 
Unilateral, intellectual disabi lity 
(Retardation), Glaucoma, 
CNAQ gene, Epilepsy. 

IIAMARTOMASS 
t incidence of subependymal 
giant cell astrocytomas and 
ungual fibromas. 

Also known as von 
Recklinghausen disease. 

17 letters in "von 
Recklinghausen." 

CI CLO PSS 

NF2 affects 2 ears, 2 eyes, and 
2 parts of the brain. 

Numerous tumors, benign and 
malignant. 

VIIL = 3 letters. 
HARP. 



514 SECTION Ill NEUROLOGY AND SPECIAL SENSES 

Adult primary brain tumors 
TUMOR 

Glioblastoma 
multiforme 

Oligodendroglioma 

Meningioma 

Hemangioblastoma 

Pituitary adenoma 

Schwannoma 

DESCRIPTION 

Grade IV astrocytoma. Common, highly 
malignant ]0 brain tumor with - I-year 
median survival. Found in cerebral 
hemispheres rJ. Can cross corpus callosum 
("butterAy gl ioma"). 

Relatively rare, slow growing. Most often in 
frontal lobes 13 

Often calcified. 

Common, typically benign. Females> males. 
Most often occurs near surfaces of brain and 
in parasagitta l region. Extra-axial (external 
to bra in parenchyma) and may have a dural 
attachment (" tai l" 11). Often asymptomatic; 
may present with seizures or foca l neurologic 
signs. Resection and/or radiosurgery. 

Most often cerebellar l!I. Associated with von 
I lippel-Lindau syndrome when found with 
retinal angiomas. Can produce erythropoietin 
- 2° polycythemia. 

May be nonfunctioning (si lent) or 
hyper functioning (hormone-producing). 
Nonfunctional tumors present with mass effect 
(eg, bitemporal hemianopia [due to pressure on 
optic chiasm, D shows normal vision above/ 
patient's perspective below]). Pituitary apoplexy 
- hyper- or hypopi tuitarism. 

Prolactinoma classically presents as galactorrhea, 
amenorrhea, I bone density due to suppress ion 
of estrogen in women and as I libido, infertility 
in men. 

Treatment: dopamine agonists (eg, 
bromocriptine, cabergoline), transsphenoidal 
resection. 

Classically at the cerebellopontine angle 13 
involving both CNs VII and VIII, but can be 
along any peripheral nerve. Often localized 
to CN \1111 in internal acoustic meatus 
- vestibular schwannoma (can present as 
hearing loss and tinnitus). Bilateral vestibular 
schwannomas found in NF-2. Resection or 
stereotactic rad iosurgery. 

HISTOLOGY 

Astrocyte origin, CFAP ®· "Pseudopalisading" 
pleomorphic tumor cells rn border central 
areas of necrosis, hemorrhage, and/or 
microvascular proliferation. 

Oligodendrocyte origin. "Fried egg" cells
round nuclei with clear cytoplasm [!J. 

"Chicken-wire" capillary pattern. 

Arachnoid cell origin. Spindle cells 
concentrically arranged in a whorled 
pattern Cl psammoma bodies (laminated 
ca lei fications). 

Blood vessel origin. Closely arranged, th in
walled capi llaries with minimal intervening 
parenchyma m. 

Ilyperplasia of only one type of endocrine cells 
found in pitu itary. Most commonly from 
lactotrophs (prolactin) 0 - hyperprolactinemia. 
Less commonly, from somatotrophs (CI I) 
- acromegaly, gigantism; corticotrophs (ACT! I) 
- Cushing disease. Rarely, from thyrotrophs 
(TS! I), gonadotrophs (FSH, LI I). 

Schwann cell origin [!, S-IOO ®· Biphasic. 
Dense, hypercellular areas containing spindle 
cells alternating with hypocellular, myxoid 
areas. 
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Adult primary brain tumors (continued) 
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Childhood primary brain tumors 
TUMOR 

Pilocytic astrocytoma 

Medulloblastoma 

Ependymoma 

Craniopharyngioma 

Pinealoma 

DESCRIPTION 

Low-grade astrocytoma. Most common 1° 
brain tumor in childhood. Usually well 
ci rcumscribecl. In chilclren, most often founcl 
in posterior fossa f'J (eg, cerebellum}. May be 
supratentorial. Benign; goocl prognosis. 

Most common malignant brain tumor in 
chilclhood. Commonly involves cerebellum 
E!I. Can compress 4th ventricle, causing 
noncommunicating hyclrocephalus 
- heaclaches, papilleclema. Can sencl "cl rop 
metastases" to spinal corcl. 

Most commonly found in 4th ventricle I]. Can 
cause hydrocephalus. Poor prognosis. 

Most common childhood supratentorial tumor. 
May be confusecl wi th pituitary adenoma 
(both cause bitemporal hemianopia). 

Tumor of pineal gland. Can cause Parinaud 
syndrome (compression of tectum -t vertical 
gaze palsy}; obstructive hydrocephalus 
(compression of cerebral aquecluct); precocious 
puberty in males (hCG production). 

HISTOLOGY 

origin, GFAP Et>. Rosenthal 
fibers-eosinoph ilic, corkscrew fibers I]. 
Cystic + sol id (gross). 

Form of primitive neuroectodermal tumor 
(PNET). I Iomer-Wright rosettes, small blue 
cells I!]. 

Ependymal cell origin. Characteristic 
perivascular pseudorosettes (i. Rod-shaped 
blepharoplasts (basal ci liary bodies} found near 
the nucleus. 

Derived from remnants of Rathke pouch 
(ectoderm}. Calcification is common 13 m. 
Cholesterol crystals found in "motor oil"-like 
Auid with in tumor. 

Similar to germ cell tumors (eg, testicular 
seminoma}. 



Herniation syndromes 

Dur et 
hemorrhage 

Motor neuron signs 
SIGN 

Weakness 

Atrophy 

Fascicu lat ions 

Reflexes 

Tone 

Babinski 

Spastic paresis 

Flaccid paralysis 

Clasp knife spast icity 
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0 Cingulate (subfa lcine) herniation under Can compress anterior cerebral artery. 
fa lx cerebri 

0 Central/downward transtentorial 
herniation 

E> Uncal transtentorial herniation 

Caudal displacement of brain stem - rupture of 
paramedian basilar artery branches - Duret 
hemorrhages. Usually fatal. 

Uncus =medial temporal lobe. Early herniation 
- ips ilateral blown pupil, contralateral 
hemiparesis. Late herniation - coma, 
Kernohan phenomenon (misleading 
contralateral blown pupil and ips ilateral 
hemiparesis due to contra lateral compression 
against Kernohan notch). 

0 Cerebellar tonsi llar herniation into the Coma and death result when these herniations 
foramen magnum compress the brain stem. 

UMN LESION LMN LESION COMMENTS 

+ + 
+ 

+ 

+ 

+ 

+ 

+ 

Lower motor neuron= everything lowered 
(less muscle mass, I muscle tone, I reflexes, 
downgoing toes). 

Upper motor neuron = everything up (tone, 
DTRs, toes). 

Fasciculations= muscle twitching. 
Positive Babinski is normal in infants. 
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Spinal cord lesions 
AREA AFFECTED 

•• 

• • • • 

Posteriof spinal Mteties 

(Sf}) 
? 

arterv 

• 

NEUROLOGY AND SPECIAL SENSES 

DISEASE 

Spinal muscula r atrophy 

Amyotro phic late ral sclerosis 
(Lou Gehrig disease) 

Complete occlusion of anterior 
spinal artery 

Tabes dorsa lis 

Syringomyelia 

Vitamin 812 deficiency 

Cauda equina syndrome 

CHARACTERISTICS 

Congenita l degeneration of anterior horns of spina l 
cord. LMN lesions only, symmetric weakness. 
"F loppy baby" with marked hypotonia (F laccid 
paralysis) and tongue Fasc iculations. Autosomal 
recessive mutation in SMNL 

SMA type I is ca lled Werdnig-Hoffmann d isease. 

Combined UMN (corticobulbar/corticospina l) and 
LMN (medullary a nd spina l cord) degeneration. 
No sensory or bowel/bladder deficits . 

Can be caused by defect in superoxide d ismutase I. 
LMN deficits due to anterior horn cell involvement 

(eg, dysarthria, dysphagia, asymmetric limb 
weakness, fascicu lations, atrophy) and UMN deficits 
(pseudobulbar palsy [eg, dysarthria, dysphagia, 
emotional !ability, spastic gait, ckmus)). Fatal. 

Treatment: "riLouzole" (ri luzole). 

Spares dorsal columns and Lissauer tract; m id
thoracic ASA territory is watershed area, as artery 
of Adamkiewicz supplies ASA below TS. Can be 
caused by aortic aneurysm repair. Presents with 
UMN defici t below the lesion (corticosp inal tract), 
LMN de ficit at the level of the lesion (anterior horn), 
and loss of pain and temperature sensation below 
the lesion (spinothalamic tract). 

Caused by 3° syphilis. Resu lts from degeneration/ 
demyel ination of dorsal columns and roots 
- progressive sensory atax ia (impaired 
proprioception - poor coord ination). 

EE> Romberg sign a nd absent DTRs. 
A5sociated with Charcot joints, shooting pain, Argyll 

Robertson pup ils. 

Syrinx expands and damages anterior white 
commissure of spinotha lamic trac t (2nd-order 
neurons) - bilatera l symmetrica l loss of pain and 
temperature sensation in cape-like d istribution. Seen 
with Chiari I malformation. Can a ffect other tracts. 

Subacute combined degeneration (SCD)
demyel ination of Spinocerebellar tracts, lateral 
C orticospinal tracts, and Dorsal columns. Ataxic 
gait, paresthes ia, impai red position/vibration sense. 

Compression of spinal roots L2 and below, often due 
to intervertebral d isc herniation or tumor. 

Radicula r pa in, absent knee and ankle reflexes, 
loss of bladder and ana l sphincter control, saddle 
anesthes ia. 

Treatment: emergent surgery and steroids. 



Poliomyelitis 

Brown-Sequa rd 
syndrome 

Lesion 13 

Friedreich ataxia 
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Caused by poliovirus (feca l-ora l transmission). Replicates in oropharynx and small intestine before 
spreading via bloodstream to CNS. Infection causes destruction of cells in anterior horn of spinal 
cord (LMN death). 

Signs of LMN lesion: asymmetric weakness, hypotonia, Aacc id paralys is, fasciculations, 
hyporeAexia, muscle atrophy. Respiratory muscle involvement leads to respiratory failure. Signs of 
infection: malaise, headache, fever, nausea, etc. 

CSF shows t WBCs (lymphocytic pleocytosis) and slight t of protein (with no change in CSF 
glucose). Virus recovered from stool or throat. 

Hemisection of spinal cord. Findings: 
0 lpsilateral loss of all sensation at level of 

lesion 
@ lpsilateral LMN signs (eg, Aaccid paralysis) at 

level of lesion 
E) I psi lateral UMN signs below level of lesion 

(due to corticospinal tract damage) 
0 lpsilateral loss of proprioception, vibration, 

light (2-point discrimination) touch, and 
tactile sense below level of lesion (due to 
dorsa l column damage). 

0 Contralateral loss of pain, temperature, and 
crude (non-discriminative) touch below level 
of lesion (due to spinotha lamic tract damage) 

If lesion occurs above Tl, patient may present 
with ipsi latera l Horner syndrome due to 
damage of oculosympathetic pathway. 

Autosomal recessive trinucleotide repeat disorder 
(GAA)

0 
on chromosome 9 in gene that 

encodes frataxin (iron-binding protein). Leads 
to impairment in mitochondrial functioning. 
Degeneration of lateral corticospinal tract 
(spastic para lysis), spinocerebellar trac t 
(ataxia), dorsal columns (I vibratory sense, 
proprioception), and dorsa l root ganglia 
(loss of DTRs). Staggering gait, frequent 
falling, nystagmus, dysarthria, pes cavus, 
hammer toes, diabetes mell itus, hypertrophic 
cardiomyopathy (cause of death). Presents in 
childhood with kyphoscoliosis t1 tl 

F riedre ich is Fratastic (frataxin): he's your 
favorite frat brother, always staggering and 
falling but has a sweet, big heart. 

Atax ic GAAit. 
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Common cranial nerve lesions 

CN V motor lesion 

CN X lesion 

CN XI lesion 

CN XII lesion 

Facial nerve lesions 

LESION LOCATION 

AFFECTEO SIDE 

MUSCLES INVOLVED 

FOREHEAD INVOLVED? 

OTHER SYMPTOMS 

Jaw deviates toward side of lesion due to unopposed force from the opposite pterygoid muscle. 

Uvula deviates away from side of lesion. Weak side collapses and uvula points away. 

Weakness turn ing head to contra lateral side of lesion (SCM). Shoulder droop on side of les ion 
(trapezius). 

The left SCM contracts to help turn the head to the right. 

LMN lesion. Tongue deviates toward side of lesion (" lick your wounds") due to weakened tongue 
muscles on affected side. 

Bell palsy is the most common cause of peripheral fac ia l pa lsy rJ. Usua lly develops a fter HSV 
reactivation. Treatment: corticosteroids± acyclovi r. Most patients gradua lly recover fu nc tion, but 
aberrant regeneration can occur. Other causes of peripheral facia l pa lsy include Lyme disease, 
herpes zoster (Ramsay I lunt syndrome), sa rcoidosis, tumors (eg, parotid gland), d iabetes mell itus. 

Upper motor neuron lesion 

Motor cortex, connection from motor cortex to 
fac ia l nucleus in pons 

Contra lateral 

Lower muscles of fac ia l expression 

Spared, due to bilateral UMN innervation 

None 

Cort1cobulbar tract 
(UMN lesion-<entral) 

Lower motor neuron lesion 

Facial nucleus, anywhere along CN VII 

I psi lateral 

Upper and lower muscles of facia l expression 

Affected 

Incomplete eye closure (dry eyes, corneal 
ulceration), hyperacusis, loss of taste sensation 
to anterior tongue 

Upper } 
division Facial 
Lower nucleus 
division 

CN Vll 
(LMN lesion- peripheral; 
cannot wrinkle forehead) 
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NEUROLOGY-OTOLOGY 

Auditory physiology 

Outer ear 

Middle ear 

Inner ear 

Diagnosing hearing loss 

Normal hearing 

Conductive hearing 

loss 

Visible portion of ear (pinna), includes auditory cana l and tympanic membrane. Transfers sound 
waves via vibration of tympanic membrane. 

Air-filled space wi th three bones ca lled the ossides (ma lleus, incus, stapes). Oss icles conduct and 
amplify sound from tympanic membrane to inner ear. 

Snai l-shaped, Au id-filled cochlea. Contains basi lar membrane that vibrates 2° to sound waves. 
Vibration transduced via specia lized hair cells - aud itory nerve signa ling - brain stem. 

Each frequency leads to vibration at specific location on bas ilar membrane (tonotopy): 
• Low frequency hea rd at apex near helicotrema (wide and Aexible). 
• I Iigh frequency heard best at base of cochlea (th in and rigid). 

WEBER TEST 

No local ization 

Localizes to affected ear 

RINNE TEST 

Normal (air > bone) 

Bone> ai r 

Sensorineural hearing Localizes to unaffected ear Reduced bilatera lly; a ir> bone 
loss 

Types of hearing loss 

Noise-induced 
hearing loss 

Presbycusis 

Cholesteatoma 

Damage to stereociliated cells in organ of Corti. Loss of h igh-freq uency hearing fi rst. Sudden 
extremely loud noises can produce hearing loss due to tympanic membra ne rupture. 

Aging-related progress ive bilateral/symmetric sensorineural hearing loss (often of higher 
frequencies) due to des truction of hair cells at the cochlear base (preserved low-frequency hearing 
at apex). 

Overgrowth of desquamated keratin debris wi thin the middle ear space (r.il a rrows); may erode 
ossicles, mastoid ai r cel ls - conductive hea ri ng loss. Often presents with pain less otorrhea. 
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Vertigo 

Peripheral vertigo 

Central vertigo 

NEUROLOGY AND SPECIAL SENSES 

Sensation of sp inning while actually stationary. Subtype of"dizziness," but d ist inct from 
"I ight headedness." 

More common. Inner ear etiology (eg, semicircular canal debris, vestibular nerve infection, 
Meniere disease [triad: sensorineural hearing loss, vertigo, tinnitus; endolymphatic hyclrops 
- t e ndolymph wi thin the inner ear], benign paroxysmal positional vertigo [BPPV]). Treatment: 
antihistamines, anticholinergics, antiemetics (symptomatic relief); low-salt cl iet ±diuretics 
(Meniere cl isease); Epley maneuver (BPPV). 

Brain stem or cerebe llar lesion (eg, st roke a ffecting vestibu la r nuclei or posterior fossa tumor). 
Findings: directiona l or purely vertical nystagmus, skew deviation (vertica l misalignment of the 
eyes), diplopia, clysmetria. Focal neurologic fi ndings. 

Normal eye anatomy 

Conjunctivitis 

Cornea (outed 

Iris lt!ll!dleJ 

Ante110< chamber 

ANTERIORSECJ.\ENT 
(antetactr chamber t posterior chamber! 

In flammation of the conjunctiva - red eye rJ. 
Allergic- itchy eyes, bilatera l. 
Bacteria l- pus; t reat with a ntibiotics. 

POSTERIOR SEGMENT 

retinal 
vein 

Optic 
nerve 

Viral - most common, often adenovirus; sparse mucous discha rge, swollen preauricular node; self
resolving. 



Refractive errors 

Hyperopia 

Myopia 

Astigmatism 

Presbyopia 

Cataract 

Aqueous humor 
pathway 
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Common cause of impaired vision, correctable with g lasses. 

Also known as "farsightedness." Eye too short for refractive power of cornea and lens - light 
focused behind reti na. Correct with convex (converging) lenses. 

Also known as "nearsightedness." Eye too long for refractive power of cornea and lens - light 
focused in front of retina. Correct wi th concave (d iverging) lens. 

Abnormal curvature of cornea - d ifferent refractive power at d ifferent axes. Correct with 
cylind rical lens. 

Aging-related impai red accommodation (focus ing on near objects), primari ly due to l lens elasticity, 
changes in lens curvature, I strength of the ciliary muscle. Patients often need "reading glasses" 
(magnifiers). 

often bilatera l, opac ification of lens rJ, often result ing in glare and I vision, especially 
at night. Acquired risk factors: t age, smoking, excessive alcohol use, sun light, 
prolonged corticosteroid use, diabetes mellitus, trauma, infec tion. Congenita l risk factors: classic 
galactosemia, galac tokinase deficiency, t risomies (I 3, 18, 21), ToRC I IeS infections (eg, rubella), 
Marfan syndrome, Alport syndrome, myotonic dystrophy, neurofibromatos is 2. 

"Angle oflhe eye 

CiUorybody 

Aqueous humor 
Procb:ed by noo pqnented on dtiary body 
! by tamotol). brimonid1net 
and carbonic an.hydrase inhibitorS (eg, acetazot.all'lld@) 

Anterior chamber 

Lens 

Vitreous chamber 

Iris 
Dilatof musde(a

1
) 

Sphincter musdt (MJ 

l ens 
Suspended from ciliary body 
by zoou1t fibers. Muscular tibeis 
in ciliaiy body affect lens shape 
and position 
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Glaucoma 

Open-angle glaucoma 

Closed- or narrow

angle glaucoma 

Uveitis 

Age-related macular 
degeneration 

NEUROLOGY AND SPECIAL SENSES 

Optic d isc atrophy with characteristic cupp ing (normal rJ versus thinn ing of ou ter rim of optic 
nerve head llJ), usua lly with elevated intraocu lar pressure (IOP) and progressive periphera l visua l 
fie ld loss if untreated. Treatment is through pha rmacologic or surgica l lowering of IO P. 

- - - -

with t age, African-American race, fam ily h istory. Pa in less, more common in US. 
Primary- cause unclear. 
Secondary- blocked trabecu la r meshwork from WBCs (eg, uve itis), RBCs (eg, vitreous 

hemorrhage), retinal elements (eg, retina l de tachment). 

Primary- enlargement or anter ior movement of lens aga inst centra l iris (pupil margin) 
- obstruction of normal aqueous Aow through pupil - Auicl bu ilds up behind iris, pushing 
periphera l iris against cornea m a ncl impeding Aow through trabecu lar meshwork. 

Secondary-hypoxia from ret inal d isease (eg, diabetes mellitus, ve in occlusion) induces 
vasoproliferation in iris that contracts angle. 

Chronic closure- often asymptomatic with damage to optic nerve and peripheral vis ion. 
Acute closure- true ophtha lmic emergency. t IO P pushes iris forward - angle closes abruptly. 

Very painfu l, reel eye l!J, suclclen vision loss, ha los around lights, frontal headache, fi xed ancl 
micl-cli lated pup il, nausea and vomiting. Mycl riatic agents contraindicated. 

ln Aammation of uvea; specific name based on location with in affected eye. Anterior uveitis: iritis; 
posterior uveitis: choroiclitis ancl /or retin itis. May have hypopyon (accumulation of pus in a nterior 
chamber rJ) or conjunctiva I redness. Associated with systemic in Aammatory clisorclers (eg, 
sarcoiclosis, rheumatoid arthritis, juven ile idiopathic arth ri tis, I ILA-B27- associatecl conditions). 

Degeneration of macula (centra l a rea of retina). Causes d istortion (metamorphopsia) ancl eventual 
loss of centra l vision (scotomas). 
• D ry (nonexuclative, > 803)- Deposition of yellowish extracellu lar materia l ("D rusen") in 

between Bruch membrane and retinal pigment epithelium rJ with gradual I in vision. Prevent 
progression with multivi tamin a ncl antioxidant supplements. 

• Wet (exuclative, 10- 153)-rapid loss of vision clue to bleeding 2° to choroiclal 
neovascu larization. Treat with anti-VEGF (vascu lar endothe lial growth factor) injections 
(eg, bevacizumab, ran ibizumab). 
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Diabetic retinopathy 

.. 

. ··t, ... .. \ 
... ·S 

' .,, '\, * 

Hypertensive 
retinopathy 

Retinal vein occlusion 

Retinal detachment 

Retinal damage due to chronic hyperglycemia. Two types: 
• Nonproliferative-damaged capillaries leak blood - lipids and flu id seep into retina 

- hemorrhages (arrows in rJ) and macular edema. Treatment: blood sugar control. 
• Prol iferative- chronic hypoxia results in new blood vesse l formation with resultant traction on 

retina. Treatment: anti-VEGF injections, peripheral retinal photocoagulation, surgery. 

Retinal damage due to chronic uncontrolled IITN. 
F lame-shaped retinal hemorrhages, arteriovenous n icking, microaneurysms, macular star (exudate, 

red arrow in rJ), cotton-wool spots (blue arrow in rJ). Presence of papi lledema requires immediate 
lowering of BP. 

with t risk of stroke, CAD, kidney d isease. 

Blockage of central or branch re tinal vein due to compression from nearby arteria l atherosclerosis. 
Retinal hemorrhage and venous engorgement ("blood a nd thunder appearance"; arrows in rJ), 
edema in affected area. 

Separation of neurosensory layer of reti na (photoreceptor layer with rods a nd cones) from 
outermost pigmented epithelium (normally shields excess light, supports retina) - degeneration 
of photoreceptors - vision loss. May be 2° to retinal breaks, d iabetic traction, inflammatory 
effusions. Visualized on fundoscopy as crinkl ing of retinal tissue rJ a nd changes in vesse l 
d irection. 

Breaks more common in with h igh myopia and/or h istory of head trauma. Often preceded 
by posterior vitreous detachment ("flashes" and "floaters") and eventual monocular loss of vision 
like a "curtain drawn down." Surgica l emergency . 
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Central retinal artery 
occlusion 

Retinitis pigmentosa 

Papilledema 

Leukocoria 

NEUROLOGY AND SPECIAL SENSES 

Acute, painless monocular vision loss. Retina cloudy with attenuated vessels and "cherry-red" spot 
at fovea (center of macula) f'J. Evaluate for embolic source (eg, carotid artery atherosclerosis, 
cardiac vegetations, patent foramen ovale). 

Inherited retinal degeneration. Painless, progressive vision loss beginning with night blindness (rods 
in peripheral vision affected first). Bone spicule-shaped deposits around macula f'J. 

Optic disc swell ing (usually bilateral) due to t ICP (eg, 2° to mass effect). Enlarged blind spot and 
elevated optic disc with blurred margins f'J. 

Loss (whitening) of the red reAex. Important causes in children include retinoblas toma f'J, 
congenita l cataract, toxocariasis . 
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Pupillary control 

Miosis 

Pupillary light reflex 

Myd riasis 

Marcus Gunn pupil 

Const ri ction, parasympathetic: 
• !st neuron: Edinger-Westpha l nucleus to ciliary ganglion via CN III 
• 2nd neuron: short ci liary nerves to sphincter pupi llae muscles 

Short ci lia ry nerves shorten the pupil d iameter. 

Light in either retina sends a signal via CN II 
to pretectal nuclei (dashed lines in image) 
in midbra in that activates bilatera l Edinger
Westphal nuc lei; pupils constrict bilaterally 
(direct and consensual reflex). 

Result: illu mination of I eye resu lts in bilateral 
pupillary const ri ction. 

D ilation, sympathetic: 

V"isuat field L eye 

nuclei 

• !st neuron: hypothalamus to c iliospinal center of Budge (C8-T2) 

Sphincter 

• 2nd neuron: exit at T l to superior cervical ganglion (trave ls a long cervica l sympathetic chain 
near lung apex, subclav ian vessels) 

• 3rd neuron: plexus a long internal carotid, through cavernous sinus; enters orbit as long c iliary 
nerve to pupillary dilator muscles. Sympathetic fibers also in nervate smooth muscle of eyelids 
(m inor retractors) and sweat gla nds of forehead and face. 

Long c iliary nerves make the pupil diameter longer. 

Also known as relative afferent pupillary defect (RAPD). W hen the light sh ines into a normal eye, 
constriction of the ipsilatera l (d irect reflex) and contra latera l eye (consensual reflex) is observed . 
When the light is then swung to the a ffected eye, both pupi ls di late instead of constrict due to 
impai red conduction of light signal a long the injured optic nerve. 
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Horner syndrome 

Ocular motility 

Superior 
rectos 

muscle 

lateral 
rectus 

muscle 

Inferior 
oblique 
muscle 

NEUROLOGY AND SPECIAL SENSES 

Sympathetic denervation of face - = 
• P tosis (slight drooping of eyelid: superior 

tarsa l muscle) 
• Anh id rosis (absence of sweating) and 

Aushing of affected side of face 
• M iosis (pupil constric tion) 

with lesions along the sympathetic 
chain: 
• !st neuron: pontine hemorrhage, latera l 

medullary syndrome, spina l cord lesion 
above T l (eg, Brown-Sequa rd syndrome, 
late-stage syringomyelia) 

• 2nd neuron: stel late ganglion compression 
by Pancoas t tumor. 

• 3rd neuron: carotid dissec tion (painful) 

Superior 
oblique 
muscle 

Trochlea 

Medial 
rectus 
muscle 

Inferior 
rectus 
muscle 

Superior 
rectus 

muscle 
Medial 
rectus 

muscle 

rectus 
muscle 

oblique 
muscle !ill 

PAM is horny (Homer). 

To sweat glands 
of forehead 

-.::: To smooth muscle of eyelid 
"""'!lo-- '-< Topupillarydilator 

- '-'i-iM =">r..10-----<To sweat glands of face 

First neuron 

Synapse is 
in lateral horn 

Superior cervical ganglion 

CN VI innervates the Latera l Rectus. 
CN IV innervates the Superior O blique. 
CN III innervates the Rest. 
The "chemical formula" LR6S04R,_ 

SR3 10 3 SR3 

so. 

O bliques go O pposite (left SO and IO tested 
with patient looking right). 

IOU: IO tested looking Up. 
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CN Ill, IV, VI palsies 

CN Ill damage 

CN Ill 

CN IV damage 

CNVldamage 

CN III has both motor (centra l) and 
parasympathetic (peripheral) components. 
Common causes include: 

Ischemia - pupil sparing (motor fibers 
affected more than parasympathetic fibers) 
Uncal herniation - coma 
PCom aneurysm - sudden-onset headache 

• Cavernous sinus thrombosis - proptos is, 
involvement of CNs IV, V1N 2, VI 
Midbra in stroke - contra lateral hemiplegia 

Motor output to ex traocular muscles- affected 
pri ma ri ly by vascular disease (eg, diabetes 
mell itus: glucose - sorbitol) due to I diffusion 
of oxygen and nutrients to the interior fibers 
from compromised vasculature that resides on 
outside of nerve. Signs: ptosis, "down-and-out" 
gaze. 

Parasympathetic output- fibers on the periphery 
are first affected by compression (eg, PCom 
aneurysm, unca l herniation). Signs: diminished 
or absent pupi llary light reflex, "blown pupil" 
often with "down-and-out" gaze rJ. 

Pupil is higher in the affected eye El 
C haracteristic head tilt to contralateral/ 
unaffected side to compensate for lack of 
intortion in affected eye. 

Can't see the floor with CN IV damage. 

Affected eye unable to abduct and is displaced 
media lly in primary position of gaze l!I. 

M otor = M iddle (centra l) 
Parasympathetic = Periphera l 
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Visual field defects 

Cavernous sinus 

NEUROLOGY AND SPECIAL SENSES 

I. Righ t anopia 
2. Bitemporal hemianopia 

(pi tuitary lesion, c hiasm) 
3. Left homonymous hemianopia 
4. Left upper quadrantanopia 

(right tempora l lesion, MCA) 
5. Left lower quadrantanopia 

(right par ietal lesion, MCA) 
6. Left hemia nopia with macular sparing 

(right occipita l lesion, PCA) 
7. Central scotoma (eg, macular degeneration) 

Meyer Loop- Lower retina; Loops around 
inferior horn of Lateral ventric le. 

Dorsal optic radiation-superior retina; takes 
shortest path via internal capsule. 

.. 
sulcus 

Oelect in visual field of 

Leye Reye 

00 
CDCD 
([)([) 

4 e) e) 
6)6) 
IT\ IT\ 

PCA nf.,ctl 6 

00 
Note: When an image hits 1° visual cortex, it is upside 
down and left-right reversed. 

Collection of venous sinuses on either side of pituitary. Blood from eye and superfic ia l cortex 
- cavernous sinus - interna l jugula r vein. 

CNs III, IV, V1, V2, and VI plus postganglionic sympathetic pupillary fibers en route to orbit all 
pass through cavernous sinus. Cavernous portion of internal carotid artery is also here. 

Cavernous sinus syndrome-presents with variable ophthalmoplegia, I corneal sensation, I lorner 
syndrome a nd occasional decreased maxi lla ry sensation. 2° to p ituitary tumor mass effect, 
carotid-cavernous fistu la, or cavernous sinus thrombosis related to infection. 

Oplic chiasma (CN II) 

Oculomotor n. (CN Ill) 

Trochlear n. (CN IV) 

Ophthalmic n. (CN v,J 

Maxillary n. (CN V1l 

Our a 
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Internuclear 
ophthalmoplegia 

Medial longitudinal fascicu lus (MLF): pair of 
tracts that allows for crosstalk between CN VI 
and CN III nuclei. Coordinates both eyes to 
move in same horizontal di rection. Ilighly 
myel inated (must communicate quickly so eyes 
move at same time). Lesions may be uni lateral 
or bilateral (latter classically seen in multiple 
sclerosis, stroke). 

Lesion in MLF = internuclear ophthalmoplegia 
(JNO), a conjugate horizontal gaze palsy. 
Lack of communication such that when 
CN VI nucleus activates ipsi lateral lateral 
rectus, contralateral CN III nucleus does not 
stimulate medial rectus to contract. Abducting 
eye displays nystagmus (CN VI overfi res to 
stimulate CN III). Convergence normal. 

Voluntary gaze 

L 
Lateral J. 
rectus-! J 

Mklbrain 

Pons 

Me<luUa 

R, 
). Medial _4 
1" rectos -'l 

MLFin MS. 
When looki ng left, the left nucleus of CN VI 

fires, which contracts the left lateral rectus and 
stimulates the contralateral (right) nucleus of 
CN III via the right MLF to contract the right 
medial rectus. 

Directional term (eg, right INO, left INO) refers 
to the eye that is unable to adduct. 

INO = lps ilateral adduction fa ilure, Nystagmus 
Opposite. 

Right INO (right MLF lesion) 

,....,.,...,:,, 

• 

Impaired adduction Nystagmus 
(convergence normaO 
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Epilepsy drugs 
GENERALIZED 

::::; 
< 

"' z = g v 
< v ,;, ;::: 
= z 
;;: 0 = MECHANISM SIDE EFFECTS NOTES < 

Benzodiazepines •• 
./ 

I CABA" action Sedation, tolerance, Also for eclampsia seizures (lst 
dependence, respiratory line is MgSO..J 
depression 

Carbamazepine ./ Blocks Na• channels Diplopia, ataxia, blood Isl line for trigeminal neuralgia 
./ dyscrasias (agra nulocytosis, 

aplastic anemia), liver 
toxicity, leralogenesis (cleft· 
lip/palate, spina bifida), 
induction of cytochrome 
P-450, SIADH, SJS 

Ethosuximide Blocks thalamic T-type Ca2• EFCHIJ- Ethosuximide Sucks to have Silent 
./ channels causes Fatigue, CJ distress, (absence) Seizures 

Headache, Itchi ng (and 
urtica ria), SJS 

Gabapentin ./ Primarily inhibits high-voltage- Sedation, ataxia Also used for periphera l 
activated Ca2• channels; neuropathy, postherpetic 
designed as CABA analog neura lgia 

lamotrigine ./ ./ ./ Blocks voltage-gated Na• SJS (must· be titrated 
channels, inhibits the release slowly), hemophagocytic 
of glutamate lymphohistiocytosis (black 

box warning) 

Levetiracetam ./ ./ Unknown; may modulate Neuropsychiatric symptoms 
GABA and glutamate release, 
in hibit voltage-gated Ca2• 

(eg, personal ity change), 
fatigue, drowsiness, 

channels headache 

Phenobarbital ./ ./ ./ I CABA" action Sedation, tolerance, Isl line in neonates 
dependence, induction ("phenobabyta l") 
of cytochrome P-450, 
cardiorespiratory depres.sion 

Phenytoin, ./ ••• Blocks Na• channels; zero- PHENYTOIN: P-450 induction, Hirsutism, Enlarged 
fosphenytoin ./ ./ order kinetics gums, Nystagmus, Yellow-brown skin, Teratogenicity (fetal 

hydantoin syndrome), Osteopenia, Inhibited folate absorption, 
Neuropathy. Rare: SJS, DRESS syndrome, SLE-li ke syndrome. 
Toxicity leads to diplopia, ataxia, sedation. 

Topiramate ./ ./ Blocks Na• channels, I CABA Sedation, slow cognition, Also used for migraine 
action kidney stones, skinny (weight prophylaxis 

loss), sight threatened 
(glaucoma), speech (word-
fi nd ing) difficulties 

Valproic acid ./ ./ I Na• channel inactivation, GI distress, rare but fatal Also used for myoclon ic seizures, 
./ I CABA concentration hepatotox icity (measure bi1>0lar disorder, migraine 

by inhibiting CABA LFT.s), pancreatil is, neural prophylaxis 
lransa1ninase tube defects, tremor, weight 

gain, contraindical'ed in 
pregnancy 

Vigabatrin ./ t CABA. Irreversible CABA Permanent visual loss (black Vision gone all bad with 
transaminase inhibitor box warn ing) Vigabatrin 

• =Common use,•• = 1st line for acute, ••• = I st· line for recu rrent seizure prophylaxis. 
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Barbiturates 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Benzodiazepines 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Nonbenzodiazepine 
hypnotics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Phenobarbita l, pentobarbita l, thiopenta l, secobarbita l. 

Facilitate GABA A action by t durat ion of CJ- channel opening, thus I neuron firing (barbidurates 
t duration). 

Sedative for anxiety, seizures, insomnia, induc tion of anesthesia (th iopental). 

Respiratory and cardiovascular depress ion (can be fatal); CNS depression (can be exacerbated by 
alcohol use); dependence; drug interactions (induces cytochrome P-450). 

Overdose treatment is supportive respiration and mainta in BP). 
Contraind icated in porphyria. 

Diazepam, lorazepam, triazolam, temazepam, oxazepam, midazolam, chlordiazepoxide, 
a lprazolam. 

Facilitate GABA A action by t frequency of C l- channel opening ("frenzodiazepines" t frequency). 
I REM sleep. Most have long half-lives and active metabolites (exceptions [ATOM]: Alprazolam, 
T riazolam, O xazepam, and M idazolam are short acting - h igher addictive potential). 

Anxiety, panic disorder, spasticity, status epilepticus (lorazepam, diazepam, m idazolam), eclampsia, 
detoxification (especially alcohol withdrawal- DTs), n ight terrors, sleepwalking, general anesthe tic 
(amnesia, muscle relaxation), hypnotic (insomnia). Lorazepam, O xazepam, and Temazepam can 
be used for those with liver disease who drink a LOT due to minimal first-pass metabolism. 

Dependence, add itive CNS depression effects with alcohol and barbiturates (all bind the GABA A 

receptor). Less risk of respiratory depression and coma than with barbiturates. Treat overdose with 
Aumazeni l (competitive antagonist at GABA benzodiazepine receptor). Can precipi tate seizures 
by causing acute benzodiazepine withdrawal. 

Zolpidem, Za leplon, esZ opiclone. "These ZZZs put you to sleep." 

Act via the BZ1 subtype of the GABA receptor. Effects reversed by Aumazenil. Sleep cycle less 
affec ted as compared with benzodiazepine hypnotics. 

Insomnia. 

Atax ia, headaches, confusion. Short duration because of rapid metabolism by liver enzymes. Unlike 
older sedative-hypnotics, cause only modest day-after psychomotor depression and few amnestic 
effects. I dependence risk than benzodiazepines. 
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Suvorexant 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Ramelteon 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Triptans 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

NEUROLOGY AND SPECIAL SENSES 

Orexin (hypocretin) receptor antagonist. 

Insomnia. 

CNS depression (somnolence), headache, 
abnormal sleep-related activities. 
Contraind ications: narcolepsy, com bi nation 
with st rong CYP3A4 inhibitors. Not 
recommended in patients with liver d isease. 
Limited physical dependence or abuse 
potentia l. 

Melatonin receptor agonist; binds MT! and 
MT2 in suprachiasmatic nucleus. 

Insomnia. 

Dizziness, nausea, fatigue, headache. No 
dependence (not a controlled substance). 

Sumatriptan 

5-l IT181m agonists. Inhibit trigeminal nerve 
activation, prevent vasoactive peptide release, 
induce vasoconstrition. 

Acute migraine, cluster headache attacks. 

Coronary vasospasm (contra indicated in 
patients with CAD or vasospastic angina), 
mi ld paresthes ia, serotonin syndrome (in 
combination with other 5-1 IT agon ists). 

Suvorexant is an orexin antagonist. 

Ramelteon is a melatonin receptor agon ist. 

A sumo wrestler trips and falls on h is head. 
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Parkinson disease 
drugs 

STRATEGY 

Dopamine agonists 

t dopamine availability 

t L-DOPA availabil it y 

Prevent dopamine 

breakdown 

Curb excess 
cho linergic activit y 

Parkinsonism is due to loss of dopaminerg ic neurons and excess cholinergic activity. 
Bromocriptine, Amantadine, Levodopa (with carbidopa), Selegi line (and COMT inhibitors), 

Antimuscarinics (BALSA). 
AGENTS 

Ergot- Bromocriptine. 
Non-ergot (preferred)- pramipexole, ropin irole; tox ic ity includes impulse control d isorder (eg, 

gambl ing), postura l hypotension, hallucinations, confusion. 

Amantadine (t dopamine release and l dopamine reuptake); toxicity = peripheral edema, livedo 
reticularis, atax ia . 

Agents prevent periphera l (pre-BBB) L-DOPA degradation - t L-DOPA entering CNS - t centra l 
L-DOPA available for conversion to dopamine. 
• Levodopa (L-DOPA)/carbidopa- carbidopa blocks periphera l conversion of L-DOPA to 

dopamine by inhibit ing DOPA decarboxylase. Also reduces side e ffects of periphera l L-DOPA 
conversion into dopamine (eg, nausea, vomiting). 

• Entacapone prevents peripheral L-DOPA degradation to 3-0 -methyldopa (3-0MD) by 
inhibiting COMT. Used in conjunction with levodopa. 

Agents ac t centrally (post-BBB) to inhibit breakdown of dopamine. 
• Selegi line, rasagiline- block conversion of dopamine into DOPAC by selectively inhibiting MAO-B. 
• Entacapone- blocks conversion of dopamine to 3-methoxytyramine (3-MT) by inhibiting 

centra l COMT. 

Benztropine, trihexyphenidyl (Antimuscari n ic; improves tremor and rigidity but has little effect on 
bradykinesia in Parkinson disease). Park your Mercedes-Benz. 

PRESYNAPTIC 
TERMINAL FROM THE 
SUBSTANTIANIGRA 

t.·OOPA , 
Dopamine 

° 0 • 
( Amantadine ) 0 

POSTSYNAPTIC [ 
TERMINAL IN 
THE STRIATUM 

3-0MO 
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Carbidopa/levodopa 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Selegiline, rasagiline 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

NEUROLOGY AND SPECIAL SENSES 

t dopamine in brain. Unlike dopamine, L-DOPA can cross blood-bra in barrier a nd is converted 
by dopa decarboxylase in the CNS to dopamine. Carbidopa, a peripheral DOPA decarboxylase 
in hibitor, is given with L-DOPA to t bioavailability of L-DOPA in the bra in and to limit peripheral 
side effects. 

Parkinson d isease. 

Nausea, hallucinations, postura l hypotension. With progressive disease, L-DOPA can lead to "on
off" phenomenon with improved mobility dur ing "on" periods, then impaired motor function 
during "off" times when patient responds poorly to L-DOPA or medication wears off. 

Selective ly inh ibit MAO-B (metabolize dopamine) - t dopamine avai labi lity. 

Adjunctive agent to L-DOPA in treatment of Parkinson d isease. 

May enhance adverse of L-DOPA. 

Neurodegenerative disease drugs 
DISEASE 

Alzheimer disease 

Amyotrophic lateral 
sclerosis 

Huntington disease 

Anesthetics- general 

principles 

AGENT 

Donepezi I, rivastigmine, 
galantamine 

Memantine 

Riluzole 

Tetrabenazine 

MECHANISM 

AChE inhibitor. 

NMDA receptor antagonist; 
he lps prevent excitotoxicity 
(mediated by Ca2+). 

I neuron glutamate 
excitotoxic ity. 

In hibit vesicu lar monoamine 
transporter (VMAT ) 
- I dopamine vesicle 
packaging and release. 

NOTES 

!st-I ine treatment. Adverse 
effects: nausea, dizziness, 
insomnia. 

Dona Riva dances at the gala. 

Used for moderate to advanced 
dementia. Adverse effects: 
d izziness, confusion, 
ha ll ucinations. 

t su rviva l. 
For Lou Gehrig d isease, give 

rilouzole. 

May be used for I lu ntington 
chorea and tard ive dysk inesia . 

CNS drugs must be lipid soluble (cross the blood-bra in barrier) or be actively transported. 
Drugs with I so lubility in blood = rapid induction and recovery times. 

Drugs with t solubility in lipids= t potency = _I_ 
MAC 

MAC = M in imum Alveolar C oncentration (of inha led a nesthetic) required to prevent 50% of 
subjects from moving in response to noxious st imulus (eg, skin incision). 

Examples: ni trous oxide (N20 ) has I blood a nd lipid solubility, and thus fast induction and low 
potency. I Ialothane, in contrast, has t lipid a nd blood solubility, and thus high potency a nd slow 
induction. 
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Inhaled anesthetics 

MECHANISM 

EFFECTS 

ADVERSE EFFECTS 

Intravenous anesthetics 
AGENT 

Thiopental 

Midazolam 

Propofol 

Ketamine 

Local anesthet ics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

DesAurane, ha lothane, e nAurane, isoAurane, sevoAurane, methoxyAurane, N20. 

Mechanism unknown. 

Myocardia l depression, respiratory depression, postoperative nausea/vomiting, t cerebra l blood Aow, 
I cerebra l metabolic demand. 

llepatotoxicity (halothane), nephrotox icity (methoxyAurane), proconvulsant (enAurane, 
epi leptogenic), expansion of trapped gas in a body cavi ty (N 20 ). 

Malig nant hype rthermia-rare, life-threatening condition in which inha led anesthetics or 
succinylcho line induce hyperthermia and severe muscle contractions. Susceptibi lity is often 
inherited as autosomal domina nt with variable penetrance. Mutations in voltage-sensitive 
ryanodine receptor (RYRJ gene) cause t Ca2+ release from sarcoplasmic reticu lum. 

Treatment: dantrolene (a ryanodine receptor antagonist). 

MECHANISM 

Facilitates CABA A 

(barbiturate). 

Facilitates CABA A 

(benzodiazepine). 

Potentiates CABAA-

NMDA receptor antagonist. 

ANESTHESIA USE 

Anesthesia induction, short 
surgical procedures. 

Procedural sedation (eg, 
endoscopy), a nesthesia 
induction. 

Rapid anesthesia induction, 
short procedures, ICU 
sedation. 

Dissociative anesthesia. 
Sympathomimetic. 

Esters - procaine, tetracaine, benzocaine, chloroprocaine. 

NOTES 

I cerebral blood Aow. lligh lipid 
solubi lity. Effect term inated by 
rapid redistribution into tissue, 
fat. 

May cause severe postoperative 
respiratory depression, I BP, 
anterograde amnesia. 

May cause respiratory 
depression, hypotension. 

t cerebra I blood Aow. 
Emergence reaction 
possible with disorientation, 
ha llucination, vivid dreams. 

Amides- lldocalne, meplvacalne, buplvacal ne, roplvacal ne (amides have 2 I's in name). 

Block Na+ channels by binding to specific receptors on inner portion of channel. Most effective in 
rapid ly firing neurons. 3° amine local anesthetics penetrate membrane in uncha rged form, then 
bind to ion channels as charged form. 

Can be given with vasoconstr ictors (usually epineph rine) to enhance local action- I bleeding, 
t anesthesia by I systemic concentration. 

In infected (ac id ic) tissue, alkal ine a nesthetics are charged and cannot penetrate membrane 
effectively - need more anesthetic. 

Order of nerve blockade: small-diameter fibers> large diameter. Myel inated fibers> unmyel inated 
fibers. Overall, size factor predominates over myelination such that small myelinated fibers 
>small unmyelinated fibers> la rge myel inated fibers> large unmyel inated fibers. 

Order of loss: ( I) pa in, (2) temperature, (3) touch, (4) pressure. 

Minor surgica l procedures, spina l anesthesia. If a llergic to esters, give amides. 

CNS excitation, severe cardiovascular tox ic ity (bupivacaine), hypertension, hypotension, 
arrhythmias (cocaine), methemoglobinemia (benzocaine). 
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Neuromuscular 
blocking drugs 

Depolarizing 
neuromuscular 
blocking drugs 

Nondepolarizing 
neuromuscular 
blocking drugs 

NEUROLOGY AND SPECIAL SENSES 

Muscle para lysis in surgery or mechanical ventilation. Selective for Nm n icotinic receptors at 
neuromuscular junction but not autonomic Nn receptors. 

Succinylcholine- strong ACh receptor agonist; produces sustained depo larization and prevents 
muscle contraction. 

Reversal of blockade: 
• Phase I (prolonged depolarization)- no antidote. Block potentiated by chol inesterase inhibitors. 
• Phase II (repola ri zed but blocked; ACh receptors are ava ilable, but desensi tized)- may be 

reversed with cholinesterase inh ibitors. 
Complications include hypercalcemia, hyperka lemia, maligna nt hyperthermia. 

Atracurium, cisatracurium, pancuronium, rocuronium, tubocurarine, vecuronium- competitive 
ACh antagonist. 

Reversal of blockade- neostigmine (must be given with atropine or glycopyrrolate to prevent 
musca rin ic effects such as bradycardia), ed rophon ium, and other cholinesterase inhibitors. 

Spasmolytics, antispasmodics 
DRUG MECHANISM CUNICAL USE NOTES 

Baclofen CABA8 receptor agonist in Muscle spastic ity, dyston ia, 
multiple sclerosis. 

Acts on the back (sp inal cord). 
spina l cord. 

Cyclobenzaprine Acts within CNS, mainly at the Muscle spastic ity. C entra lly acting. Structura lly 
related to TCAs. May cause 
anticholinergic side effects, 
sedation. 

Dantrolene 

Tizanidine 

Opioid analgesics 

MECHANISM 

EFFICACY 

CUNICAL USE 

ADVERSE EFFECTS 

bra in stem. 

Prevents release of Cal+ from 
sarcoplasmic reticulum of 
skeletal muscle by inhibiting 
the ryanodine receptor. 

Oz agonist, acts centrally. 

Malignant hyperthermia Acts D irectly on muscle. 
(tox icity of inhaled anesthetics 
and succinylcholine) and 
neuroleptic malignant 
syndrome (toxicity of 
antipsychotic drugs). 

Muscle spastic ity, multiple 
sclerosis, ALS, cerebra l pa lsy. 

Act as agon ists at opioid receptors(µ = li = enkephal in, K = dynorph in) to modulate 
synaptic transmission- dose presynaptic Ca2+ channels, open postsynaptic K• cha nnels 
- I synaptic transmission. Inhibit release of ACh, norepinephrine, 5-HT, glutamate, substance P. 

Full agonist: morph ine, heroin, meperidine, methadone, codeine. 
Partia l agonist: buprenorphine. 
Mixed agonist/antagonist: na lbuphine, pentazocine, butorphanol. 
Antagonist: naloxone, na ltrexone, methylna ltrexone. 

Moderate to severe or refractory pain, diarrhea (loperamide, diphenoxylate), acu te pulmonary 
edema, maintena nce programs for heroin addicts (methadone, buprenorph ine + naloxone). 

Nausea, vomiting, pru ri tus, addiction, respiratory depression, constipation, sphincter of Oddi 
spasm, m iosis (except meperidine - myd ri as is), add itive CNS depression with other drugs. 
Tolerance does not develop to miosis and constipation. Toxicity treated with naloxone (opioid 
receptor antagonist) and relapse prevention with naltrexone once detoxified. 
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Mixed agonist and antagonist opio id analgesics 
ORUG MECHANISM CLINICAL USE NOTES 

Pentazocine 

Butorphanol 

Tramadol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Glaucoma drugs 

ORUG CLASS 

a -agonists 

Diuretics 

Prostaglandins 

Cholinomimetics (M3) 

K-opioid receptor agonist 
and µ-opioid receptor weak 
antagonist or part ia l agon ist. 

K-Opioid receptor agonist and 
µ -op ioid receptor partial 
agon ist. 

Ana lgesia for moderate to 
severe pa in. 

Severe pain (eg, migra ine, 
labor). 

Can cause opioid withdrawal 
symptoms if patient is a lso 
taking fu ll opioid agonist 
(due to competition for opioid 
receptors). 

Causes less respiratory 
depression than full opioid 
agonists. Use with full op ioid 
agonist can precipitate 
withdrawa l. Not easily 
reversed with na loxone. 

Very weak opioid agon ist; a lso in hibits the 
re uptake of norepinephrine and serotonin. 

Tramadol is a Slight op ioid agonist, and a 
Serotonin and norepinephrine reuptake 
in hibitor. It is used for Stubborn pain, but 
can lower Seizure threshold, and may cause 
Serotonin Syndrome. 

Chronic pain . 

Sim ilar to opioids; decreases seizure threshold; 
serotonin syndrome. 

I !OP via I amount of aqueous humor (inh ibit synthesis/secretion or t drainage). 
BAD humor may not be Po litically C orrect. 
EXAMPLES 

Timolol, betaxolol, carteolol 

Epinephrine (a1}, 

apraclonidine, 
brimonidine (a 2) 

Acetazolamide 

Bimatoprost, latanoprost 

(PGF2J 

Direct: pi locarpine, carbachol 
Indi rect: physostigmine, 

echoth iophate 

MECHANISM 

I aqueous humor synthesis 

I aqueous humor synthesis via 
vasoconstric tion (epinephrine) 

I aqueous humor synthesis 
(aprad onid ine, br imonid ine) 

I aqueous humor synthesis 
via inhibition of carbonic 
anhydrase 

t outAow of aqueous humor via 
I resistance of Aow through 
uveosclera I pathway 

t outAow of aqueous humor via 
contraction of ci liary muscle 
and opening of trabecu la r 
meshwork 

Use pi locarpine in acute angle 
closure glaucoma- very 
effective at opening meshwork 
into cana l ofSchlemm 

ADVERSE EFFECTS 

No pupillary or vis ion cha nges 

Mydriasis (a1); do not use in 
closed-angle glaucoma 

Blurry vis ion, ocular 
hyperemia, foreign body 
sensation, ocular allergic 
reactions, ocular pruritus 

No pupillary or vis ion cha nges 

Darkens color of iris 
(browning), eyelash growth 

Miosis (contraction of pupillary 
sphinc ter muscles) and 
cyclospasm (contraction of 
cil ia ry muscle) 
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NOTES 



H IGH- YI EL D PRINC I PL ES I N 

Psychiatry 

"Words of comfort, skillfully administered, are the oldest therapy known to 
man. 

- Louis Nizer 

"All men should strive to leam before they die what they are running from, 
and to, and why." 

- James Thurber 

"The sorrow which has no vent in tears may make other organs weep." 
-Henry Maudsley 

"It's rzo use going back to yesterday, because I was a different person then." 
-Lewis Carroll, Alice in Wonderland 

This chapter encompasses overlapping areas in psychiatry, psychology, 
sociology, and psychopharmacology. High-yield topics include 
schizophrenia, mood disorders, eating disorders, personality disorders, 
psychosomatic/somatoform disorders, and an tipsychotic agents. Know 
the DSM-5 criteria for diagnosing common psychiatric disorders. 
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Classical conditioning 

Operant conditioning 

Reinforcement 

Punishment 

Extinction 

Learning in which a natura l response 
(sa livation) is el icited by a conditioned, 
or learned, stimulus (bell) that previous ly 
was presented in conjunc tion with an 
unconditioned stimulus (food). 

Usua lly deals with involuntary responses. 
Pavlov's classica l experiments with dogs

ri nging the bell provoked sa livation. 

Learning in which a part icular action is e licited because it produces a punishment or reward. 
Usua lly deals with voluntary responses. 

Target behavior (response) is followed by desired 
reward (positive reinforcement) or removal of 
aversive stimulus (negative reinforcement). 

Repeated application of aversive stimulus 
(positive pun ishment) or removal of desired 
reward (negative punishment) to extinguish 
unwanted behavior. 

Discontinuation of reinforcement (positive or 
negative) eventually eliminates behavior. Can 
occur in operant or classica l conditioning. 

Skinner opera nt conditioning quadrants: 

Increase behavior Decrease behavior 

"' ., 3 Positive Positive -0 :::> 
-o E reinforcement punishment < ·-s; 

"'"' ... :::> 
Negative Negative 

reinforcement punishment .., _ 
"" "' 

Transference and countertransference 

Transference 

Countertransference 

Ego defenses 

IMMATURE DEFENSES 

Acting out 

Denial 

Displacement 

Dissociation 

Patient projects feelings about formative or other important persons on to physician (eg, psychiatrist 
is seen as parent). 

Doctor projects fee lings about formative or other important persons onto patient (eg, patient 
reminds physic ian of younger sibling). 

Thoughts and behaviors (vo luntary or involunta ry) used to resolve confl ict and prevent undesirable 
feelings (eg, anxiety, depression). 

DESCRIPTION 

Subconsciously coping with stressors or 
emotional confl ict using actions rather than 
reflections or feelings. 

Avoiding the awareness of some painfu l reality. 

Redirection of emotions or impulses to a neutra l 
person or object (vs projection). 

Tempora ry, drastic cha nge in personality, 
memory, consciousness, or motor behavior to 
avoid emotiona l stress. Patient has incomplete 
or no memory of traumatic event. 

EXAMPLE 

A patient sk ips therapy appo intments a fter deep 
d iscomfort from dealing with h is past. 

A patient wi th cancer plans a full-time work 
schedule despite being warned of significant 
fatigue during chemotherapy. 

A teacher is ye lled at by the princ ipal. Instead of 
confronting the princ ipal d irectly, the teacher 
goes home and critic izes her husband's dinner 
selection. 

A vic tim of sexual abuse suddenly appea rs numb 
and detached when she is exposed to her 
abuser. 

Administrator
Typewriter
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Ego defenses (continued) 

IMMATURE DEFENSES 

Fixation 

Idealization 

Identification 

lntellectualization 

Isolation (of affect) 

Passive aggression 

Projection 

Rational ization 

React ion formation 

Regression 

Repression 

Split t ing 

MATURE DEFENSES 

Sublimation 

Altruism 

Suppression 

Humor 

PSYCHIATRY PSYCH IATRY-PSYCHOLOGY SECTION Ill 543 

DESCRIPTION 

Partially remaining at a more childish level of 
development (vs regression). 

Expressing extremely positive thoughts of self 
and others while ignoring negative thoughts. 

Largely unconscious assumption of the 
characteristics, qualities, or traits of another 
person or group. 

Using facts and logic to emotionally distance 
oneself from a stressful situation. 

Separating feelings from ideas and events. 

Demonstrating hosti le feelings in a 
nonconfrontational manner; showing indirect 
opposition. 

Attributing an unacceptable internal impulse to 
an external source (vs displacement). 

plausible explanations for events that 
actually occurred for other reasons, usually to 
avoid self-blame. 

Replacing a warded-off idea or feel ing with 
an (unconsciously derived) emphasis on its 
opposite (vs sublimation). 

Involunta ri ly turning back the maturational 
clock to earlier modes of dealing with the 
world (vs fixation). 

Involunta ri ly withholding an idea or feel ing 
from conscious awareness (vs suppression). 

Believing that people are either all good or 
all bad at different times due to intolerance 
of ambiguity. Commonly seen in borderline 
personality disorder. 

Replacing an unacceptable wish with a course 
of action that is similar to the wish but socially 
acceptable (vs reaction formation). 

Alleviating negative feelings via unsolicited 
generosity, which provides grati fication (vs 
reaction formation). 

Intentionally withholding an idea or feel ing from 
conscious awareness (vs repression); temporary. 

Lightheartedly expressing uncomfortable feelings 
to shift the internal focus away from the distress. 

Mature adults wear a SASH. 

EXAMPLE 

A surgeon throws a tantrum in the operating 
room because the last case ran very late. 

A patient boasts about his physician and his 
accomplishments while ignoring any Aaws. 

A resident starts putting his stethoscope in his 
pocket like his favorite attending, instead of 
wearing it around his neck like before. 

A patient diagnosed with cancer discusses the 
pathophysiology of the disease. 

Describing murder in graphic deta il with no 
emotional response. 

A disgruntled employee is repeatedly late to 
work, but won't admit it is a way to get back at 
the manager. 

A man who wants to cheat on his wife accuses 
his wife of being unfa ithfu l. 

After getting fired, claiming that the job was not 
important anyway. 

A patient wi th lustful thoughts enters a 
monastery. 

Seen in children under stress such as illness, 
punishment, or birth of a new sibling (eg, 
bedwetting in a previously toilet-trained child). 

A 20-year-old does not remember going to 
counseling during his parents' divorce lO years 
earlier. 

A patient says that all the nurses are cold and 
insensitive, but the doctors are warm and 
friendly. 

A teenager's aggression toward his parents 
because of their high expectations is channeled 
into excell ing in sports. 

A mafia boss makes a large donation to charity. 

Choosing to not worry about the big game until 
it is time to play. 

A nervous medical student jokes about the 
boards. 
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Infant deprivation 
effects 

Child abuse 

EVIDENCE 

ABUSER 

EPIDEMIOLOGY 

Child neglect 

Vulnerable child 

syndrome 

Long-term deprivation of affection results in: 
• Failure to thrive 

Deprivation for > 6 months can lead to 
irreversible changes. 

• Poor language/socialization ski I ls Severe deprivation can result in infant death. 
• Lack of basic trust 
• Reactive attachment disorder (infant 

withdrawn/unresponsive to comfort) 
• Disinhibited social engagement (child 

indiscriminately attaches to strangers) 

Physical abuse 

Fractures, bruises, <>r burns. 
Injuries often in different 
stages of healing or in 
patterns resembling possible 
implements of injury. 
Includes abusive head trauma 
(shaken baby syndrome), 
characteri zed by subdural 
hematomas or retinal 
hemorrhages. 

Caregivers may delay seeking 
medical attention or provide 
explanations that change or 
do not fit the chi Id's age or 
pattern of injury. 

Usually biological mother. 

403 of deaths related to chi Id 
abuse or neglect occur in 
children< I year old. 

Sexual abuse 

ST!s, UT!s, and genital, anal, 
or oral trauma. Most often, 
there are no physical signs; 
sexual abuse should not be 
excluded from a differential 
diagnosis in the absence of 
physical trauma. 

Children often exhibit sexual 
knowledge or behavior 
incongruent with thei r age. 

Known to victim, usually male. 

Peak incidence 9-12 years old. 

Emotional abuse 

Babies or young children may 
lack a bond with the caregiver 
but are overly affectionate 
with less fami liar adults. 
They may be aggressive 
toward children and animals 
or unusually anxious. 

Older children are often 
emotionally labile and prone 
to angry outbursts. T hey may 
distance themselves from 
caregivers and other children. 
They can experience vague 
somatic symptoms for which 
a medical cause cannot be 
found. 

Male <>r female caregivers. 

-803 of young adult victims of 
child emotional abuse meet 
the criteria I psychiatric 
illness by age 21. 

Failure to provide a chi ld with adequate food, shelter, supervision, education, and/or affection. 
Most common form of child maltreatment. Evidence: poor hygiene, malnutrition, withdrawal, 
impaired social/emotional development, fa ilure to thr ive. 

with child abuse, suspected child neglect must be reported to local child protective services. 

Parents perceive the child as especially susceptible to illness or injury. Usually follows a serious 
illness or life-threatening event. Can result in missed school or overuse of medical services. 
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Childhood and early-onset disorders 

Attention-deficit 
hyperactivity 
disorder 

Autism spectrum 

disorder 

Conduct disorder 

Disruptive mood 
dysregulation 
disorder 

Intellectual disability 

Oppositional defiant 
disorder 

Selective mutism 

Separation anxiety 
disorder 

Specific learning 
disorder 

Tourette syndrome 

Orientation 

Onset before age 12. 2: 6 months of limited attention span and/or poor impulse control. 
Characteri zed by hyperactivity, impulsivity, and/or inattention in multiple settings (eg, school, 
home, places of worship). Normal intell igence, but commonly coexists with d ifficu lties in 
school. Often persists into adulthood. Treatment: stimulants (eg, methylphenidate) +/- cognitive 
behavioral therapy (CBT); alternatives include atomoxetine, guanfac ine, clonidine. 

Characteri zed by poor social in teractions, communication deficits, repetitive/ritualized behaviors, 
restricted interests. Must present in early chi ldhood. May be accompanied by intellectual 
d isability; rarely accompanied by unusua l abi lities (savants). More common in boys. 
with t head/bra in size. 

Repetitive, pervasive behavior violating societa l norms or the basic rights of others (eg, aggress ion 
to people and an imals, destruction of property, theft). After age 18, often reclassified as antisocial 
personality disorder. Treatment for both: psychotherapy (eg, CBT). 

Onset before age JO. Severe, recurrent temper outbursts out of proportion to situation. Child is 
constantly angry and irritable between outbursts. Treatment: stimulants, antipsychotics. 

G lobal cognitive defic its (vs specific learning disorder) that affect reasoning, memory, abstract 
thinking, judgment, language, learning. Adaptive functioning is impaired, leading to major 
d ifficu lties with education, employment, communication, socia lization, independence. 
Treatment: comprehensive, multidisciplina ry support to improve g lobal functioning (eg, specia l 
education, psychotherapy, speech therapy, occupational therapy). 

Endur ing pattern of hostile, defiant behavior toward authority figures but without serious vio lations 
of socia l norms. Treatment: psychotherapy (eg, CBT). 

Onset before age 5. Anxiety disorder I month involving refra ining from speech in certain 
situations despite speaking in other, usua lly more comfortable situations. Development (eg, speech and 
language) not typically impaired. Interferes with social, academic, and occupational tasks. Commonly 
comorbid with socia l anxiety d isorder. Treatment: behavioral, fam ily, and play therapy; SSRis. 

Overwhelming fear of separation from home or attachment figure 4 weeks. Can be 
normal behavior up to age 3- 4. May lead to factitious phys ical complaints to avoid school. 
Treatment: CBT, play therapy, fami ly therapy. 

Onset during school-age yea rs. Inability to acqu ire or use information from a specific subject 
(eg, math, read ing, writing) near age-expected profic iency 6 months despite focused 
intervention. Genera l functioning and intelligence a re typ ically normal (vs intellectual disabi lity). 
Often comorbid with chronic illness, psychiatric conditions (eg, ADIID, autism), other learning 
d isorders. Treatment: academic support, counseling, extracurri cular activities. 

Onset before age 18. Characterized by sudden, rapid, recurrent, nonrhythmic, stereotyped motor 
and vocal tics that persist for > I year. Coprolalia (involunta ry obscene speech) found in only 403 
of patients. with OCD and ADI ID. Treatment: psychoeducation, behaviora l therapy. 
For intractable and d ist ress ing t ics, high-potency antipsychotics (eg, haloperidol, Auphenazine), 
tetrabenazine, exz-agonists (eg, guanfacine, clonidine), or atypical antipsychotics. 

Patient's ability to know who he or she is, where Order of loss: time - place - person. 
he or she is, and the date and time. 

Common causes of loss of orientation: alcohol, 
drugs, Auid/electrolyte imbalance, head 
trauma, hypoglycemia, infection, nutritional 
deficiencies, hypoxia. 
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Amnesias 

Retrograde amnesia 

Anterograde amnesia 

Korsakoff syndrome 

Dissociative disorders 

Depersonalization/ 
derealization 

disorder 

Dissociative amnesia 

Dissociative identity 

disorder 

Delirium 

PSYCHIATRY 

Inability to remember things that occurred before a CNS insu lt. 

Inability to remember things that occurred a fter a CNS insu lt (I acquisition of new memory). 

Amnesia (anterograde > retrograde) caused by vitamin B1 deficiency and assoc iated with 
destruction of mammi lla ry bodies. Seen in alcoholics as a late neuropsychiatric manifestation 
ofWernicke encephalopathy. Confabu lations are characteristic. 

Persistent feelings of detachment or estrangement from one's own body, thoughts, perceptions, 
and actions (depersonalization) or one's environment (derealization). Intact rea lity testing (vs 
psychosis). 

Inability to recall important personal information, usually subsequent to severe trauma or stress. 
May be accompanied by dissociative fugue (abrupt travel or wandering associated with traumatic 

ci rcumstances). 

Formerly known as multiple personal ity d isorder. Presence of;e: 2 distinct identities or personality 
states. More common in women. Associated with history of sexual abuse, PTSD, depression, 
substance abuse, borderline personal ity, somatoform conditions. 

"Waxing a nd waning" level of consciousness 
with acute onset; rapid I in attention span and 
level of a rousal. Characteri zed by disorganized 
thinki ng, ha llucinations (often visual), 
misperceptions (eg, illusions), disturbance 
in sleep-wake cycle, cognitive dysfunction, 
agitation. 

Usua lly 2° to other identifiable illness (eg, 
CNS disease, infection, trauma, substance 
abuse/withdrawal, metabolic/electrolyte 
d isturbances, hemorrhage, urinary/feca l 
retention). 

Most common presentation of a ltered mental 
status in inpatient setting, especially in the 
intensive care u nit and with prolonged hospita l 
stays. EEG may show di ffuse background 
rhythm slowing. 

Treatment is aimed at identifying and 
addressing underlying condition. Use 
antipsychotics acutely as needed. Avoid agents 
that may worsen de lir ium (eg, anticholinergics, 
benzod iazepines, op ioids). 

Delirium = changes in sensorium. 
May be caused by med ications (eg, 

anticho linergics), especially in the elderly. 
Reversible. 



PSYCHIATRY PSYCH IATRY-PATHOLOGY SECTION Ill 547 

Psychosis Distorted perception of reality characterized by delusions, hallucinations, and/or disorganized 
thought/speech. Can occur in patients with medical ill ness, psychiatri c illness, or both. 

Delusions False, fixed, idiosyncratic beliefs that persist despite evidence to the contrary and are not typical 
of a patient's culture or religion (eg, a patient who believes that others are read ing his thoughts). 
Types inc lude erotomanic, grandiose, jealous, persecutory, somatic, mixed, and unspecified. 

Disorganized thought Speech may be incoherent ("word sa lad"), tangential, or derai led ("loose associations"). 

Hallucinations Perceptions in the absence of externa l stimuli (eg, seeing a light that is not actua lly present). 
Contrast with misperceptions (eg, illusions) of rea l ex terna l stimuli. Types include: 
• Auditory- more commonly due to psychiatric ill ness (eg, schizophrenia) than medical ill ness. 
• Visual-more commonly due to medical illness (eg, drug intoxication) than psychiatric ill ness. 
• Tactile - common in alcohol withdrawal and stimulant use (eg, "cocaine crawlies," a type of 

delusiona l parasitosis). 
• O lfactory- often occur as an aura of tempora l lobe epi lepsy (eg, burning rubber) and in brain 

tumors. 
• G ustatory- rare, but seen in epilepsy. 
• I lypnagogic- occurs while going to sleep. Sometimes seen in narcolepsy. 
• I lypnopompic- occurs while waking from sleep ("get pomped up in the morn ing"). 

Sometimes seen in narco lepsy. 
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Schizophrenia 
spectrum disorders 

PSYCHIATRY 

Schizophrenia Chronic illness causing profound fu nctional Associated with t dopaminergic activity, 
impai rment. Symptom categories include: t serotonergic activity, a nd I dendri tic 
• Positive-hallucinations, delusions, unusual branching. Ventriculomegaly on bra in 

thought processes, d isorganized speech, imaging. Lifetime prevalence- 1.53 (males 
bizarre behavior >females). Presents earlier in men (late teens 

• Negative- Aat or blunted affect, apathy, to early 20s) than in women (late 20s to early 
anhedonia, a logia, socia l withdrawal 30s). t suicide risk. 

• Cognitive- reduced ability to understand or Frequent cannabis use is associated with 
make plans, d iminished work ing memory, psychosis/schizophren ia in teens. 
inattention Treatment: atypical antipsychotics (eg, 

Diagnosis requires 2: 2 of the following active risperidone) are fi rst line. 
symptoms, includ ing 2: I from symptoms 111- 3: Negative symptoms often persist after treatment, 

I. Delus ions despite resolution of positive symptoms. 
2. Hallucinations, often auditory 
3. Disorganized speech 
4. Disorganized or catatonic behavior 
5. Negative symptoms 

Requires 2: I month of active symptoms over 
the past 6 months; onset 2: 6 months prior to 
d iagnosis. 

Brief psychotic disorder-2: I posi tive symptom(s) lasting< I month, usually stress-re lated. 
Schizophreniform disorder- 2: 2 symptoms lasting 1- 6 months. 

Schizoaffective Sha res symptoms with both schizophren ia and mood d isorders (major depress ive or bipolar 
disorder d isorder). To d ifferentiate from a mood d isorder with psychotic features, patient must have> 2 

weeks of psychotic symptoms without a manic <>r depress ive episode. 

Delusional disorder 2: I delusion(s) lasting > I month, but without a mood d isorder or other psychotic symptoms .. Daily 
functioning, including socialization, may be impacted by the pathological, fixed belief but is otherwise 
unaffected. Can be shared by individua ls in close relationships (fo/ie a deux). 

Schizotypal personality Cluster A personality disorder that a lso falls on the schizophren ia spectrum. 
disorder 

Mood disorder 

Manic episode 

Characterized by a n abnormal range of moods or internal emotional states a nd loss of control over 
them. Severity of moods causes d istress and impairment in social and occupational fu nctioning. 
Includes major depressive, bipolar, dysthymic, and cyclothymic disorders. Episodic superimposed 
psychotic features (delusions, hallucinations, d isorganized speech/behavior) may be present. 

Distinct period of abnormally and persistently elevated, expansive, or irritable mood and 
abnormally and persistent ly t activity or energy lasting 2: I week. Diagnosis requires 
hospita lization or marked functiona l impairmen t with 2: 3 of the following (manics D IG FAST): 
• D istractibil ity • F light of ideas- racing thoughts 
• lmpulsivity/Ind iscretion- seeks pleasure • t goa l-d irected Activity/psychomotor 

without regard to consequences (hedonistic) Agitation 
• G randiosity- inAated self-esteem • I need for Sleep 

• Ta lkativeness or pressured speech 



Hypomanic episode 

Bipolar disorder 

Major depressive 

disorder 

Depression with 
atyp ical features 
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Similar to a manic episode except mood disturbance is not severe enough to cause marked 
impai rment in socia l and/or occupational functioning or to necessitate hospita lization. No 
psychotic features. Lasts 4 consecutive days. 

Bipola r 1- ;e: I manic episode+/- a hypomanic or depressive episode (may be separated by any 
length of time). 

Bipola r II - a hypomanic and a depressive episode (no history of manic episodes). 
Patient's mood and functioning usually normalize between episodes. Use of antidepressants can 

destabilize mood. I Iigh suicide risk. Treatment: mood stabi lizers (eg, lith ium, valproic ac id, 
carbamazepine, lamotrigine), atypical antipsychotics. 

Cyclothymic disorder- milder form of bipolar d isorder Auctuating between mi ld depressive and 
hypomanic symptoms. Must last ;e: 2 years with symptoms present at least ha lf of the t ime, with 
any remission lastings; 2 months. 

Episodes characterized by ;e: 5 of the 9 
d iagnostic symptoms lasting ;e: 2 weeks (must 
include patient-reported depressed mood 
or anhedonia). Screen for history of manic 
or hypomanic episodes to ru le out bipolar 
d isorder. 

Treatment: CBT and SSRis are first line. 
SNRis, mirtazap ine, bupropion can a lso be 
considered. Electroconvulsive therapy (ECT) 
in treatment-resistant patients. 

Diagnostic symptoms (SIC E CAPS): 
• Depressed mood 
• Sleep disturbance 
• Loss of Interest (anhedonia) 
• C u i It or feel ings of worthlessness 
• E nergy loss and fatigue 
• C oncentration problems 
• Appetite/weight changes 
• Psychomotor reta rdation or agitation 
• Suicidal ideation 

MOD with psychotic features- MOD 

accompanied by hallucinations or delusions. 
Psychotic features are typica lly mood 
congruent (depressive themes of inadequacy, 
guilt, pun ishment, n ih ilism, d isease, or death). 
Psychotic features occur only in the contex t of 
the major depressive episode (vs schizoaffective 
d isorder). Treatment: antidepressant with 
atypical antipsychotic, ECT. 

Persistent depressive disorder (dysthymia) 

often 2 depressive symptoms lasting 
2 years, with no more than 2 months without 

depressive symptoms. 

MOD with seasonal pattern- formerly known 
as seasonal affective d isorder. 2 years 
with 2 major depressive episodes associated 
with seasonal pattern (usually winter) and 
absence of nonseasonal episodes. 
Atypical symptoms common (eg, hypersomnia, 
hyperphagia, leaden paralysis). 

Characteri zed by mood reactivity (predominantly depression, but patients have the ability 
to experience transient mood improvement in response to pos itive events), hypersomnia, 
hyperphagia, leaden paralys is (heavy feeling in a rms and legs), long-stand ing interpersonal 
rejection sensitivity. Most common subtype of depression. Treatment: CBT and SSRis are first 
line. MAO inhibitors are effective bu t not first line because of the ir risk profile. 
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Peripartum mood 
disturbances 

Maternal 
(postpartum) blues 

MOD with peripartum 

onset 

Postpartum psychosis 

Grief 

Electroconvulsive 
therapy 

PSYCHIATRY 

O nset during pregnancy or with in 4 weeks of delivery. t risk with history of mood disorders. 

50- 853 inc idence rate. Characterized by depressed affect, tearfu lness, and fatigue starting 2- 3 
days a fter del ivery. Usua lly reso lves with in JO days. T reatment: supportive. Follow up to assess for 
possible MOD with peripartum onset. 

10- 153 incidence rate. Formerly known as postpartum depression. Characterized by depressed 
affec t, anx iety, and poor concentration 2 weeks. Treatment: C BT and SSR!s are first line. 

0.1- 0.23 incidence rate. C haracterized by mood-congruent delusions, ha llucinations, and 
thoughts of harming the baby or self Risk factors include history of bipolar or psychotic d isorder, 
fi rst pregnancy, fam ily h istory, recent discontinuation of psychotropic medication. Treatment: 
hospita lization and initiation of atypical antipsychotic; if insufficient, ECT may be used . 

The five stages of grief per the Kiibler-Ross model are denial, anger, barga in ing, depression, a nd 
acceptance (may occur in any order). O ther normal grief symptoms include shock, guilt, sadness, 
anxiety, yearning, and somatic symptoms that usua lly occur in waves. Simple ha llucinations of 
the deceased person are common (eg, hearing the deceased speaking). Any thoughts of dying a re 
limited to joining the deceased (vs complicated grief). Duration varies widely; usua lly resolves 
within 6- 12 months. 

Complicated grief is persistent and causes functiona l impairment. Can meet criteria for major 
depressive episode. 

Rapid-ac ting method to treat resistant or re fractory depression, depression with psychotic 
symptoms, catatonia, and acute suic idal ity. Induces ton ic-clonic se izure while patient under 
anesthes ia and neuromuscular blockade. Adverse effects include d isorientation, headache, partia l 
anterograde/retrograde amnesia usua lly resolving in 6 months. No absolute contra indications. 
Safe in pregnant and e lderly ind ividuals. 

Risk factors for suicide Sex (male) SAD PERSONS are more likely to complete 
suicide. completion Age (young adult or elderly) 

D epression Most common method in US is fi rearms; access 
to guns t risk of suic ide completion. 

Anxiety disorder 

P revious attempt (highest risk factor) 
E thano l or drug use 
Rational th inking loss (psychosis) 
Sickness (medical illness) 
O rganized plan 
No spouse or other social support 
Stated future intent 

Women try more often; men complete more 
often. 

Other risk factors include recent psychiatric 
hospita lization and fam ily history of completed 
suicide. 

Inappropriate experience of fear/worry and its physical manifestations incongruent with the 
magnitude of the stressor. Symptoms are not attributable to another psychiatric disorder, med ical 
cond ition (eg, hyperthyroid ism), or substance abuse. Includes panic d isorder, phobias, generalized 
anxiety disorder, a nd selective mutism. T reatment: C BT, SSRls, SNRls. 



Panic d isorder 

Phobias 

Generalized anxiety 
disorder 

Obsessive-compulsive 

disorders 

Trichotillomania 
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Recurrent panic attacks involving intense 
fea r and d iscomfort +/- a known trigger. 
Attacks typ ically peak in JO minutes 4 
of the following: Palpitations, Paresthesias, 
dePersonalization or derealization, Abdominal 
d istress or Nausea, Intense fea r of dying, 
Intense fear of losing control or "going 
crazy,'' light-headedness, C hest pain, C hi lls, 
C hoking, Sweating, Shak ing, Shortness 
of breath ("P 3AN[ICSh"). Strong genetic 
component. t risk of suicide. 

Diagnosis requires attack followed I month 
I of the following: 

• Pers istent concern of additiona l attacks 
• Worrying about consequences of attack 
• Behaviora l change related to attacks 

Symptoms are the systemic manifestations of 
fea r. 

Treatment: CBT, SSRis, and ven lafaxine are 
first line. Benzodiazepines occasionally used in 
acu te setting. 

Severe, 6 months) fear or anxiety due to presence or anticipation of a specific object or 
si tuation. Person often recognizes fear is excessive. Treatment: CBT with exposure therapy. 

Social anxiety disorder- exaggerated fear of embarrassment in social situations (eg, public 
speaking, using public restrooms). Treatment: CBT, SSRis, ven lafax ine. For performance type 
(eg, anxiety restricted to public speaking), use or benzodiazepines as needed. 

Agoraphobia- irrational fear/anxiety while fac ing or anticipating:<: 2 specific situations (eg, open/ 
closed spaces, lines, crowds, public transport). If severe, patients may refuse to leave thei r homes. 

with panic disorder. Treatment: CBT, SSRis. 

Excessive anx iety and worry about different aspects of da ily life (eg, work, school, children) for 
most days of:<: 6 months. Associated with :<: 3 of the following for adults (:<: I for kids): restlessness, 
irritability, sleep d isturbance, fatigue, muscle tension, d ifficu lty concentrating. Treatment: CBT, 
SSRis, SNRis are fi rst line. Buspirone, TCAs, benzodiazepines are second line. 

Obsess ions (recurri ng intrusive thoughts, feelings, or sensations) that cause severe distress, relieved 
in part by compulsions (performance of repetitive ac tions). Ego-dystonic: behavior inconsistent 
with one's own beliefs and attitudes (vs obsessive-compulsive personal ity disorder, ego-syntonic). 

with Tourette syndrome. Treatment: CBT and SSRls; clomipramine and venlafaxine 
are second Ii ne. 

Body dysmorphic disorder- preoccupation with minor or imagined defects in appearance. 
Causes significant emotional distress and repetitive appearance-re lated behaviors (eg, m irror 
checking, excessive grooming). Common in eating disorders. Treatment: CBT. 

Compuls ively pu ll ing out one's own ha ir. Causes significant distress and persists despite attempts to 
stop. Presents wi th a reas of thinning hair or baldness on any area of the body, most commonly the 
scalp. Incidence h ighest in childhood but spans a ll ages. Treatment: psychotherapy is first line; 
medications (eg, clomipramine) may be considered. 
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Trauma and stress-related disorders 

Adjustment disorder 

Post-traumatic stress 
disorder 

Emotional symptoms (eg, anxiety, depress ion) that occur with in 3 months of an iden tifiable 
psychosocial stressor (eg, d ivorce, illness) lasting< 6 months once the stressor has ended. If 
symptoms persist > 6 months after stressor ends, it is CAD. Symptoms do not meet criteria for 
MOD. Treatment: CBT, SSRis. 

Experiencing a potentially life-threatening situation (eg, serious injury, rape, witnessing death) 
- pers istent Ilyperarousa l, Avoidance of associated stimuli, intrus ive Re-experiencing of the 
event (eg, nightmares, Aashbacks), changes in cognition or mood (eg, fear, horror, D istress) 
(having PTSD is IIARD). Disturbance lasts> I month with significant d istress or impai red 
function ing. Treatment: CBT, SSRis, and venlafaxine are fi rst line. Prazosin can reduce 
nightmares. 

Acute stress disorde r- lasts between 3 days and I month. Treatment: CBT; pha rmacotherapy is 
usua I ly not indicated. 

Diagnostic criteria by symptom duration 

>LEEP OuUAOERS 
Narcolepsy > 3 ¢ 

CHILDHOOD DtSOROERS I ADHD >6m 

[ Oppositional defiant > 6 m 

ANXIETY DISORDERS 

Acute stress 1 m Post-traumatic stress > 1 m 

l Phobias> 6m 

Adjustment < 6 m ( Generalized anxiety > 6 m > ly 
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i Q omplicated 9riel > 6-=-> 
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of bipolar > 1 w -2::>: 

C Schizoaffe:ctive > 2 w --=>. 
t Delusional > 1 m 

Brief psychotic < 1 m Sthizophrenifonn 1-6 m Sthizophrenia > 6 m 

Tourette syn > 1 y 

2y 
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Personality 

Personality trait An enduring, repetitive pattern of perceiving, relating to, and thinking about the environment and 
oneself. 

Personality disorder lnAexible, maladaptive, and rigid ly pervasive pattern of behavior causing subjective distress and/or 
impai red functioning; person is usually not aware of problem (ego-syntonic). Usua lly presents by 
early adulthood. 

Three clusters: A, B, C ; remember as Weird, Wild, and Worried, respectively, based on symptoms. 



Cluster A personality 
disorders 

Schizoid 

Schizotypal 

Cluster B personality 
disorders 

Antisocia l 

Borderline 

Histrionic 

Narcissist ic 

Cluster C personality 
disorders 

Avoid ant 

Obsessive

Compulsive 

Dependent 
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Odd or eccentric; inabi lity to develop Cluster A: Accusatory, Aloof, Awkward. "'Veird." 
meaningfu l socia l relationships. No psychosis; 
genetic association with schizophrenia. 

Voluntary socia l withdrawal (Aloof}, limited 
emotional expression, content with social 
iso lation (vs avoidant). 

Eccentric appearance, odd bel iefs or magical 
thinking, interpersonal Awkwardness. 

Dramatic, emotional, or erratic; genetic 
association with mood disorders and substance 
abuse. 

Disregard for the rights of others with lack of 
remorse. Involves criminality, impulsivity, 
hosti lity, and manipulation. Males> fema les. 
Must be 18 years old with evidence of 
conduct d isorder onset before age 15. 
Diagnosis is conduct disorder if< 18 years old. 

Unstable mood and in terpersonal re lationships, 
fear of abandonment, impulsivity, sel f
mutilation, suicida lity, sense of emotional 
emptiness. Females> males. Splitting is a 
major defense mechanism. 

Attention-seeking, dramatic speech and 
emotional expression, sha llow a nd labi le 
emotions, sexually provocative. May use 
physical appearance to draw attention. 

Grandiosi ty, sense of entitlement; lacks empathy 
and requi res excessive admiration; often 
demands the "best" and reacts to critic ism 

with rage and/or defensiveness. Fragi le self
esteem. Often envious of others. 

Anxious or fearfu l; genetic association with 
anxiety cl isorders. 

Hypersensitive to rejection and criticism, socially 
inh ibited, timid, feelings of inadequacy, desires 
relationships with others (vs schizoid). 

Preoccupation with order, perfectionism, and 
contro l; ego-syntonic: behavior cons istent with 
one's own beliefs and attitudes (vs OCD). 

Included on the schizophrenia spectrum. 
Pronounce schizo-type-al: odd-type thoughts. 

Cluster B: Bad, Borderline, AamBoyant, must be 
the Best (corresponding alphabe tically). "Wild." 

Antisocia I = sociopath. 
Bad. 

Treatment: d ia lectical behavior therapy. 
Borderline. 

FlamBoyant. 

Must be the Best. 

Cluster C: Cowardly, obsessive-C ompuls ive, 
C lingy. "Worried." 

C owardly. 

Excessive need for support, low self-confidence. Submissive and C lingy. 
Patients often get stuck in abusive relationships. 
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Malingering 

Factitious disorders 

Factitious disorder 
imposed on self 

Factitious disorder 
imposed on another 

Somatic symptom and 
related disorders 

Somatic symptom 
disorder 

Conversion disorder 

Illness anxiety 
disorder 

PSYCHIATRY 

Symptoms are intentional , motivation is intentional. Patient consciously fakes, profoundly 
exaggerates, or claims to have a disorder in order to atta in a speci fic 2° (external) gain (eg, 
avoid ing work, obta ining compensation). Poor compliance with treatment or follow-up of 
d iagnostic tests. Compla ints cease after ga in (vs facti tious disorder). 

Symptoms are intentional , motivation is unconscious. Patient consciously creates physica l and/or 
psychological symptoms in order to assume "sick role" and to get medica l attention and sympathy 
(1° [internal] gain). 

Also known as Munchausen syndrome. Chronic factitious d isorder with predominantly physica l 
signs a nd symptoms. Charac teri zed by a history of multiple hospita l admiss ions and wi llingness to 
undergo invasive procedures. More common in women and heal thcare workers. 

Also known as Munchausen syndrome by proxy. Illness in a child or e lderly patient is caused or 
fabricated by the ca regiver. Motivation is to assume a sick role by proxy. Form of chi ld/elder abuse. 

Symptoms are unconscious, motivation is unconscious. Category of disorders characterized by 
physical symptoms causing significant d istress and impairment. Symptoms not intentiona lly 
produced or feigned. 

Variety of bodily complaints (eg, abdominal pain, fatigue) lasting months to years. Associated with 
excessive, persistent thoughts and anx iety about symptoms. May co-occur with medical illness. 
Treatment: regular office visits with the same physician in combination with psychotherapy. 

Also known as functional neurologic symptom disorder. Loss of sensory or motor function (eg, paralysis, 
blindness, mutism), often following an acute stressor; patient may be aware of but indifferent toward 
symptoms (la belle indifference); more common in females, adolescents, and young adu lts. 

Also known as hypochondriasis. Preoccupation wi th acqu iring or having a serious illness, often 
despi te medical evaluation and reassurance; few somatic symptoms. 
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Eating disorders Most common in young women. 

Anorexia nervosa Intense fear of weight gain, overvaluation of th inness, and body image distort ion leading to calorie 
restriction and severe weight loss resulti ng in inappropriately low body weight. 

Binge-eating/ purging type-recurring purging behaviors (eg, laxative or diuretic abuse, se lf
induced vomiting) or binge eating over the last 3 months. 

Restricting type- primary disordered behaviors include dieting, fas ting, and/or over-exercising. No 
recurring purging behaviors or binge eating over the last 3 months. 

Refeeding syndrome- often occurs in significantly malnourished patients with sudden t calorie 
intake. Food intake - t insu lin - hypophosphatemia, hypoka lemia, hypomagnesemia - cardiac 
complications, rhabdomyolysis, seizures. 

Bulimia nervosa Recurring episodes of binge eating with compensatory purging behaviors at least weekly over the 
last 3 months. BMI often normal or sl ightly overweight (vs anorexia). Associated with parotid gland 
hypertrophy (may see t serum amylase), enamel erosion, electrolyte disturbances (eg, hypokalemia, 
hypochloremia), metabolic alkalosis, dorsal hand calluses from induced vomiting (Russell sign). 

Treatment: psychotherapy, nutritional rehabilitation, antidepressants (eg, SSRls). Bupropion is 
contraind icated due to seizure risk. 

Binge-eating disorder Recurring episodes of binge eating without purging behaviors at least weekly over the last 
3 months. t d iabetes risk. Most common eating disorder in adu lts. 

Treatment: psychotherapy (fi rst line); SSRls; lisdexamfetamine. 

Pica Recurring episodes of eating non-food substances (eg, d irt, ha ir, paint chips) over 2: I month that 
are not cultura lly or developmentally recognized as normal. May provide temporary emotional 
relief. Common in children; a lso common during pregna ncy. Associated with malnu tr ition, 
anemia, developmental disabilities, emotional trauma. 

Treatment: varies by age and suspected cause, but typica lly includes psychotherapy and nutri tiona l 
rehabilitation (first line); SSRls (second line). 

Gender dysphoria Significant incongruence between one's experienced gender and the gender assigned at birth, 
lasting> 6 months and leading to persistent d istres.5. Individua ls may self-identi fy as another 
gender, pursue surgery or hormone treatment to rid self of pri mary/secondary sex characteristics, 
and/or live as another gender. Gender nonconformity itself is not a menta l disorder. 

Transgender- desiri ng and often making lifestyle changes to live as a d ifferent gender. Medical 
interventions (eg, hormone therapy, sex reas.signment surgery) may be uti lized during the 
transition to enable the individua l's appearance to match their gender identity. 

Transvestism-deriving pleasure from wea ri ng clothes (eg, a vest) of the opposite sex (cross
dressing). Transvestic disorder- transvestism that causes significant distress/functional 
impai rment. It is a paraphilia (psychosexual disorder), not part of gender dysphoria. 

Sexual dysfunction Includes sexual desire d isorders (hypoactive sexual desire or sexual aversion), sexual arousal 
d isorders (erecti le dys function), orgasmic disorders (anorgasmia, premature ejaculation), sexual 
pain disorders (dyspa reun ia, vagin ismus). 

Differential diagnosis includes (PENIS): 
• Psychological (if n ighttime erections still occur) 
• E ndocrine (eg, d iabetes, low testosterone) 
• Neurogenic (eg, postoperative, spinal cord injury) 
• Insufficient blood Aow (eg, atherosclerosis) 
• Substances (eg, anti hypertensives, antidepressants, etha nol) 
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Sleep terror disorder 

Enuresis 

Narcolepsy 

Substance use 
disorder 

PSYCHIATRY 

Periods of inconso lable terror with screaming in the m iddle of the night. Most common in 
children. Occurs d uring slow-wave/deep (stage N3) non-REM sleep with no memory of the 
arousa l episode, as opposed to nightmares that occur during REM sleep (remembering a scary 
dream). Triggers include emotional stress, fever, and lack of sleep. Usually self limited. 

Urinary 2 times/week 3 months in person > 5 years old. First-line treatment: 
behavioral modification (eg, scheduled voids, nighttime flu id restriction) and positive 
reinforcement. For refractory cases: bedwetting alarm, ora l desmopress in (ADI! ana log; preferred 
over imipramine due to fewer side effects). 

Excessive daytime sleepiness (despite awakening wel I-rested) with recurrent episodes of rapid-onset, 
overwhelming 3 times/week for the last 3 months. Due to l orexin (hypocretin) 
production in lateral hypotha lamus a nd dysregulated sleep-wake cycles. Associated with: 
• I lypnagogic (just before going to sleep) or hypnopompic (just before awakening; get pomped 

up in the morn ing) hallucinations. 
• Nocturnal and narcoleptic sleep ep isodes that start with REM sleep (sleep para lysis). 
• Catap lexy (loss of all muscle tone following strong emotional stimulus, such as laughter). 

Treatment: good sleep hygiene (scheduled naps, regular sleep schedule), daytime stimula nts (eg, 
amphetamines, modafin il) and/or nighttime sodium oxybate (CI IB). 

Maladaptive pattem of substance use 2 of the following in the past year: 
• Tolerance 
• Withdrawal 
• Intense, distracting cravings 
• Using more, or longer, than intended 
• Persistent desire but inability to cut down 
• T ime-consuming substance acquisition, use, or recovery 
• Impai red functioning at work, school, or home 
• Social or interpersona l conflicts 
• Reduced recreational ac tivities 
• > I episode of use involving danger (eg, unsafe sex, driving while impaired) 
• Continued use despi te awareness of harm 

Stages of change in I . Precontemplation- denying problem 
overcoming addiction 2. Contemplation- acknowledging problem, 

but unwill ing to change 
3. Preparation/determination- preparing for 

behaviora l changes 
4. Action/wil lpower- changing behaviors 
5. Maintenance- maintaining changes 
6. Relapse- (if app licable) returning to old 

behaviors and abandoning changes 

(<"'1) n 

Contemplation 

Prep••tionl \ 
d.,.nnlnation J 



Psychiatric emergencies 

Serotonin syndrome 

Hypertensive crisis 

Neuroleptic malignant 
syndrome 

Delirium t remens 

Acute dystonia 

lithium toxicity 

Tricycl ic 
antidepressant 

toxicity 
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CAUSE 

Any drug that t 5-1 IT. 
Psychiatr ic drugs: MAO 

in hibitors, SSRis, SNRis, 
TCA5, vilazodone, 
vortioxeti ne 

Nonpsychiatric drugs: 
tramadol, ondansetron, 
triptans, linezol id, MDMA, 
dextromethorphan, 
meperid ine, St. John's wort 

Eating tyramine-rich foods (eg, 
aged cheeses, c ured meats, 
wine, chocolate) while taking 
MAO inhibitor 

Antipsychotics + genetic 
predispos ition 

Alcohol withdrawal; occurs 2- 4 
days a fter last drin k 

Classica lly seen in hospital 
setting when inpatient cannot 
dri nk 

Typical antipsychotics, 
anticonvulsants (eg, 
carbamazepine), 
metoclopramide 

t lith iu m dosage, I renal 
e lim ination (eg, acute kidney 
injury), med ications a ffecting 
clearance (eg, ACE in hibitors, 
thiazide d iuretics, NSAIDs). 
Narrow therapeutic window. 

TCA overdose 

MANIFESTATION 

3 Pls: t Activity (neuromuscular; 
eg, clonus, hyperreAexia, 
hypertonia, tremor, seizure), 
Autonomic instability (eg, 
hyperthermia, diaphoresis, 
d iarrhea), Altered mental 
status 

Hypertensive crisis 
(tyramine d isplaces other 
neurotransmitters [eg, 
NE] in the synaptic cleft 
- t sympathe tic stimulation) 

M alignant F EVER: 
Myoglobinuria, Fever, 
E ncephalopathy, Vita ls 
unstable, t E nzymes (eg, 
C K}, muscle Rigidity ("lead 
pipe") 

Altered mental status, 
ha llucinations, autonomic 
hyperactivity, anxiety, 
seizures, tremors, 
psychomotor agitation, 
insomnia, nausea 

Sudden onset of muscle 
spasms, sti ffness, and/or 
oculogyric crisis occurri ng 
hours to days a fter medication 
use; can lead to laryngospasm 
requiri ng intubation 

Nausea, vomiting, slurred 
speech, hyperre Aexia, 
seizures, ataxia, nephrogen ic 
d iabetes insipidus 

Respiratory depression, 
hyperpyrexia, prolonged QT 

Tri-C yC liC 's: C onvulsions, 
C oma, C ard iotoxici ty 
(arrhythmia due to Na+ 

channel in hibition) 

TREATMENT 

Cyproheptadine (5-IIT 2 
receptor antagonist) 

Phentola mine 

Dantrolene, dopamine 
agon ist (eg, bromocriptine), 
d iscontinue causative agent 

Benzodiazepines (eg, 
chlordiazepoxide, lorazepam, 
d iazepam) 

Benztrop ine or 
d iphenhydramine 

Discontinue lithium, hyd rate 
aggressively with isotonic 
sodium chlor ide, consider 
hemodia lysis 

Support ive treatment, monitor 
ECG, NaIIC03 (prevents 
arrhythmia), activated 
charcoal 
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Psychoactive drug intoxication and withdrawal 
DRUG INTOXICATION WITHDRAWAL 

Depressants 

Nonspeci fic: mood elevation, I anxiety, sedation, Nonspecific: a nxiety, tremor, seizures, 

Alcohol 

Barbiturates 

Benzodiazepines 

Opioids 

j stimulants 

Amphetamines 

Caffeine 

Cocaine 

Nicotine 

behavioral d isinh ibition, respiratory depression. insomnia. 

Emotional lability, slurred speech, ataxia, 
coma, blackouts. Serum y-glutamylrransferase 
(CCT)- sensitive indicator of alcohol use. 
AST value is 2x ALT va lue (" toAST 2 
ALcohol"). 

Low safety margin, marked respiratory 
depression. Treatment: symptom management 
(eg, assist respiration, t BP). 

G reater safety margin. Ataxia, minor 
respiratory depression. Treatment: Aumazenil 
(benzodiazepine receptor antagonist, but 

rarely used as it can precip itate seizures). 

Euphoria, respiratory and CNS depression, 
I gag reflex, pupillary constriction (pinpoint 
pupils), seizures (overdose). Mos t common 
cause of drug overdose death. Treatment: 
na loxone. 

Nonspecific: mood e levation, I appetite, 
psychomotor agitation, insomnia, card iac 
arrhythmias, tachycardia, anxiety. 

Euphoria, grandiosity, pupillary di lation, 
prolonged wakefulness and attention, 
hypertension, paranoia, fever. Skin excoriations 
with methamphetamine use. Severe: cardiac 
arrest, seizures. Treatment: benzodiazepines for 
agitation and seizures. 

Restlessness, t diuresis, muscle twitch ing. 

Impaired judgment, pupillary d ilation, 
ha llucinations (including tactile), paranoia, 
angina, sudden card iac death . C hron ic use 
may lead to perforated nasal septum due 
to vasoconstr iction and resu lting ischemic 
necrosis. TreatTnent: benzodiazepines; 
consider mixed (eg, labeta lol) for 
hypertension and tachycardia. Pure 
usage is controversial as a first-line therapy. 

Restlessness. 

T ime from last drink: 
3- 36 hr: tremors, insomnia, CI upset, 

d iaphoresis, m ild agitation 
6- 48 hr: withdrawal seizures 
12- 48 hr: a lcohol ic ha llucinosis (usua lly visua l) 
48- 96 h r: deli rium tremens 

Treatment: benzodiazepines. 

Deli ri um, life-threatening cardiovascular 
collapse. 

Sleep disturbance, depress ion. 

Sweating, d ilated pupils, pi loerection ("cold 
turkey"), rh inorrhea, lacrimation, yawning, 
nausea, stomach cramps, d iarrhea ("Au-like" 
symptoms). T reatment: symptom management, 
methadone, buprenorph ine. 

Nonspecific: post-use "crash," including 
depression, lethargy, t appetite, sleep 
d isturbance, vivid n ightmares. 

J Jeadache, d ifficulty concentrating, Au-like 
symptoms. 

Irritability, anxiety, restlessness, d iffi cu lty 
concentrating. Treatment: nicotine patch, 
gum, or lozenges; bupropion/varenicline. 



PSYCHIATRY PSYCH IATRY-PATHOLOGY SECTION Ill 559 

Psychoactive drug intoxication and withdrawal (continued) 

DRUG 

Hallucinogens 

Lysergic acid 
diethylamide (LSD) 

Marijuana 
(cannabinoid) 

MOMA (ecstasy) 

Phencyclidine (PCP) 

Alcoholism 

Wernicke-Korsakoff 
syndrome 

INTOXICATION 

Perceptual distortion (visua l, aud itory), 
depersonalization, anxiety, paranoia, 
psychosis, Aashbacks (usua lly nondisturbing). 

Euphoria, anxiety, paranoid delusions, 
perception of slowed time, impaired judgment, 
socia l withdrawal, t appetite, d ry mouth, 
conjunctiva! injection, hallucinations. 
Pharmaceutical form is dronabinol: used 
as antiemetic (chemotherapy) and appetite 
stimulant (in AIDS). 

Hallucinogenic stimulant: euphoria, 
d isinhibition, hyperactivity, distorted 
sensory and time perception, bruxism. Life
threatening effects include hypertension, 
tachycardia, hyperthermia, hyponatremia, 
serotonin syndrome. 

Violence, impulsivity, psychomotor agitation, 
nystagmus, tachyca rdia, hypertens ion, 
analgesia, psychosis, del irium, seizures. 
Trauma is most common complication. 

WITHDRAWAL 

Irritabi lity, anxiety, depression, insomnia, 
rest lessness, I appetite. 

Depression, fatigue, change in appetite, 
d ifficu lty concentrating, anx iety. 

Physiologic tolerance and dependence on alcohol with symptoms of withdrawal when intake is 
interrupted. 

Complications: alcoholic cirrhosis, hepatitis, pancreatitis, peripheral neuropathy, testicular atrophy. 
Treatment: d isulfiram (to condition the patient to abstain from alcohol use), acamprosate, 

na ltrexone (reduces cravings). Support groups such as Alcoholics Anonymous are helpful in 
sustaining abstinence and supporting patient and fam ily. 

Caused by vi tamin B1 (thiamine) deficiency. Triad of confusion, ophtha lmoplegia, ataxia (Wernicke 
encephalopathy). May progress to irreversible memory loss, confabulation, personal ity change 
(Korsakoff syndrome). Symptoms may be prec ipitated by giving dextrose before admin istering 
vitamin B1 to a patient with a deficiency. Assoc iated with periventricular hemorrhage/necrosis of 
mammillary bodies. Treatment: JV vitamin B1 (before dextrose). 
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Preferred medications 
for selected 
psychiatric conditions 

PSYCHIATRIC CONDITION 

ADIID 

Alcohol withdrawal 

Bipolar d isorder 

Bulimia nervosa 

Depression 

Genera lized a nxiety disorder 

Obsess ive-compulsive d isorder 

Panic disorder 

PTSD 

Schizophren ia 

Social anx iety disorder 

Tourette synd rome 

PREFERRED DRUGS 

Stimulan ts (methylphenidate, amphetamines) 

Benzodiazepines (eg, chlordiazepoxide, 
lorazepam, diazepam) 

Lith ium, va lproic acid, ca rbamazepine, 
lamotrigine, atypica l a ntipsychotics 

SSRis 

SSR!s 

SSRis, SNR!s 

SSR!s, ven lafaxine, clomipra mine 

SSR!s, ven lafaxine, benzodiazepines 

SSR!s, ven lafaxine 

Atypical antipsychotics 

SSR!s, ven lafaxine 
Performance only: benzodiazepines 

Antipsychotics (eg, Auphenazine, risperidone), 
tetrabenazine 

Central nervous system Methylphenidate, dextroamphetamine, methamphetamine, lisdexamfetamine. 
stimulants 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

t catecholamines in the synaptic cleft, especially norepinephrine and dopamine . 

ADI ID, narcolepsy, binge-eating disorder. 

Nervousness, agitation, anxiety, insomnia, anorexia, tachycardia, hypertension, weight loss, t ics. 



Typical antipsychotics 

MECHANISM 

CLINICAL USE 

POTENCY 

ADVERSE EFFECTS 

Atypical 
anti psychotics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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Haloperidol, pimozide, triAuoperazine, Auphenazine, thioridazine, chlorpromazine. 

Block dopamine Dz receptor (t cAMP). 

Schizophrenia (1° positive symptoms), psychosis, bipolar d isorder, delirium, Tourette syndrome, 
Huntington disease, OCD. Use wi th caution in dementia. 

High potency: llaloperidol, TriAuoperazine, F luphenazine (Ila! Tries to F ly ll igh)-more 
neurologic side effects (eg, extrapyramidal symptoms [EPS)). 

Low potency: Chlorpromazine, Thioridazine (Cheating Thieves are low)- more anticholinergic, 
antihistamine, <Xi-blockade effects. 

Lipid soluble - stored in body fat - slow to be removed from body. 
Endocrine: dopamine receptor antagonism - hyperprolactinemia - galactorrhea, 

oligomenorrhea, gynecomastia . 
Metabolic: dyslipidemia, weigh t gain, hyperglycemia. 
Antimuscarinic: d ry mouth, constipation. 
Antih istamine: sedation. 
<Xi-blockade: orthostatic hypotens ion. 
Cardiac: QT prolongation. 
Ophtha lmologic: C hlorpromazine- C orneal deposits; T hioridazine- reT inal deposits. 
Neuroleptic malignant syndrome. 
Extrapyramida l symptoms-ADAPT: 

• I lours to days: Acute D yston ia (muscle spasm, stiffness, oculogyri c cris is). T reatment: 
benztropine, diphenhydramine. 

• Days to months: 
• Akath isia (restlessness). Treatment: benztropine, benzodiazepines. 
• Parkinsonism (bradykinesia). Treatment: benztropine, amantadine. 

• Months to years: Tard ive dyskinesia (chorea, especia lly orofacial). Treatment: atypical 
antipsychotics (eg, clozapine), valbenazine, deutetrabenazine. 

Aripiprazole, asenapine, clozapine, olanzapine, quetiapine, iloperidone, paliperidone, 
risperidone, lurasidone, ziprasidone. 

Not completely understood. Most are 5-1 IT z 
and Dz antagonists; aripiprazole is a D2 partial 
agonist. Varied effects on et and 111 receptors. 

Schizophren ia-both positive and negative 
symptoms. Also used for bipolar disorder, 
OCD, anx iety disorders, depression, mania, 
Tourette syndrome. 

All - prolonged QT, fewer EPS and 
anticholinergic side effects than typica l 
antipsychotics. 

"-apines" - metabolic syndrome (weight ga in, 
d iabetes, hyperlipidemia). 

Clozapine-agranulocytosis (monitor WBCs 
frequently) and seizures (dose related). 

Risperidone-hyperprolactinemia (amenorrhea, 
galactorrhea, gynecomastia). 

Use clozapine for treatment-resistant 
schizophrenia or schizoaffective disorder and 
for suicida lity in schizophren ia. 

O lanzapine, clO zapine - Obesity 

Must watch bone marrow clozely with clozapine. 
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Lithium 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Buspirone 

MECHANISM 

CLINICAL USE 

Antidepressants 

PSYCHIATRY 

Not established; possibly re lated to inhibition of 
phosphoinositol cascade. 

Mood stabilizer for bipola r disorder; treats acute 
manic episodes and prevents relapse. 

Tremor, thyroid abnormalities (eg, 
hypothyroidism), polyuria (causes nephrogenic 
d iabetes insipidus), teratogenesis. Causes 
Ebstein anomaly in newborn if taken by 
pregnant mother. Narrow therapeutic window 
requires close monitoring of serum levels. 
Almost exclusively excreted by kidneys; most 
is reabsorbed at PCT via Na+ channels. 
Thiazides, NSAIDs, and other drugs affecting 
clearance are implicated in lithium toxicity. 

Stimulates 5-1 IT 1A receptors. 

Genera lized anxiety disorder. Does not cause 
sedation, addiction, or tolerance. Takes 1- 2 
weeks to ta ke effect. Does not interact wi th 
alcohol (vs barbiturates, benzodiazepines). 

NORADRENERGIC 

AXON 

L iT I IIUM: 
Low T hyroid (hypothyroidism) 
Heart (Ebstein anomaly) 
l nsipidus (nephrogenic diabetes insipidus) 
Unwanted Movements (tremor) 

I get anxious if the bus doesn't arrive at one, so 
I take buspirone. 

SEROTONERGIC 

AXON 
MAOlnhibitors 

Metabolites ..,..___ MAO - MAO - Metabolites 

TCAs. SNRls. 
bupiopion 

POSTSYNAPTIC NEURON 



Selective serotonin 
reuptake inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Serotonin

norepinephrine 
reuptake inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Tricyclic 
antidepressants 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Monoamine oxidase 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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F luoxetine, fluvoxam ine, paroxetine, sertra line, escita lopram, citalopram. 

Inhibit 5-IIT reuptake. 

Depression, general ized anxiety d isorder, panic 
d isorder, OCD, bulimia, binge-eating disorder, 
socia l anxiety d isorder, PTSD, premature 
ejaculation, premenstrual dysphoric disorder. 

It norma lly takes 4- 8 weeks for antidepressants 
to show appreciable effect. 

Fewer than TCAs. Serotonin synd rome, 
CI distress, SIADII, sexual dysfunction 
(anorgasmia, I libido). 

Venlafax ine, desvenlafax ine, du loxetine, levomi lnac ipran, mi lnacipran. 

Inhibit 5-IIT and NE reuptake. 

Depression, generalized anxiety d isorder, diabetic neuropathy. Venlafaxine is a lso indicated for 
socia l anxiety d isorder, pan ic d isorder, PTSD, OCD. Duloxetine and milnacipran a re a lso 
ind icated for fibromyalgia. 

t BP, stimulant effects, sedation, nausea. 

Amitriptyline, nortriptyline, imipramine, desipramine, domipramine, doxepin, amoxapine. 

TCA5 inhibi t 5-1 IT a nd NE reuptake. 

MOD, periphera l neuropathy, chronic pain, migraine prophylaxis, OCD (clomipramine), 
nocturna l enuresis (imipramine, a lthough adverse effects may limi t use). 

Sedation, a 1-blocking e ffects including postura l hypotension, and atropine-like (antichol inergic) 
side effects (tachycardia, urina ry retention, dry mouth). 3° T CAs (amitriptyline) have more 
a nticholinergic effects than 2° TCA5 (nortriptyl ine). Can prolong QT interval. 

Tri-CyC liC 's: C onvulsions, C oma, C ard iotoxic ity (arrhythmia due to Na+ channel in hibition); 
a lso respiratory depression, hyperpyrexia. Confusion and hallucinations are more common in 
the e lderly due to anticholinerg ic side e ffects (2° amines [eg, nortriptyline] better tolerated). 
Treatment: Nal ICO; to prevent arrhythmia. 

T ranylcypromine, P henelzine, Isocarboxazid, Selegi line (selective MAO-B inhibitor). 
(MAO Ta kes P ride In Sha nghai). 

Nonselective MAO inhibit ion - t levels of amine neurotra nsmitters (norepinephrine, 5-!IT, 
dopamine). 

Atypical depression, anxiety. Parkinson disease (selegi line). 

CNS stimulation; hypertensive crisis, most notably with ingestion of tyramine. Contraindicated with 
SSRis, TCAs, St. John's wort, meperidine, dextromethorphan, linezol id (to avoid precipitating 
serotonin syndrome). 

Wait 2 weeks a fter stopp ing MAO inhibitors before start ing serotonergic drugs or stopping d ietary 
restrict ions. 
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Atypical antidepressants 

Bupropion Inhibits NE and DA reuptake. Also used for smoking cessation. Toxicity: stimulan t effects 
(tachycardia, insomnia}, headache, seizures in bul imic patients. Favorable sexual side effect 
profi le. 

Mirtazapine az-antagonist (t release of NE and 5-IIT), potent 5-IIT 2 a nd 5-IIT 3 receptor antagonist, a nd 111 
antagonist. Toxicity: sedation (which may be desirable in depressed patients with insomnia}, 
t appeti te, weight gain (which may be desirab le in underweight patients}, dry mouth. 

Trazodone Primarily blocks 5-IIT z, et1-adrenergic, and H1 receptors; a lso weakly inhibits 5-IIT reuptake. Used 
primari ly for insomnia, as high doses are needed for antidepressant effects. Toxicity: sedation, 
nausea, priapism, postura l hypotension. T hink traZZZobone due to sedative and male-specific 
side effects. 

Varenicline Nicotinic ACh receptor partia l agonist. Used for smoking cessation. Toxicity: sleep disturbance, 
depressed mood. Varenicline he lps nicotine cravings decline. 

Vilazodone Inhibits 5-IIT reuptake; 5-IIT1A receptor partia l agonist. Used for MDD. Toxicity: headache, 
d ia rrhea, nausea, anticholinergic effects. May cause serotonin syndrome if taken with other 
serotonergic agents. 

Vortioxetine Inhibits 5-IIT reuptake; 5-IIT1A receptor agonist a nd 5-HT3 receptor antagonist. Used for MDD. 
Toxicity: nausea, sexua l dysfunction, sleep d isturbances, anticholinerg ic effects. May cause 
serotonin syndrome if taken with other serotonergic agents. 

Antidepressant Acute symptoms following abrupt antidepressant dose reduction or discontinuation. May include 
discontinuation dysphoria, fatigue, GI d istress, Au-like symptoms, balance d ifficu lties. Sensory disturbance 
syndrome ("electric shock") and irritability more common with abrupt SSRI discontinuation than TCA 

d iscontinuation. Abrupt MAO inhibitor reduction may cause psychosis. T reatment: restart or 
increase dose of antidepressant, then taper gradually. 

Opioid withdrawal and Intravenous drug users at t risk for hepatitis, HIV, abscesses, bacteremia, right-heart endocarditis. 
detoxification 

Methadone 

Buprenorphine 

Naloxone 

Naltrexone 

Long-acting ora l opiate used for heroin detox ification or long-term maintenance therapy. 

Sublingual form (partial agon ist) used to prevent re lapse. 

Short-acting opioid antagonist g iven IM, JV, or as a nasal spray to treat acute opioid overdose, 
particu larly to reverse respiratory and CNS depression. 

Long-acting ora l opioid antagonist used after detox ification to prevent relapse. Use naltrexone for 
the long trex back to sobriety. 
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Renal 

"But I know all about love already. I know precious little still about 
kidneys." 

-Aldous lluxley, J\ntic flay 

"This too shall pass. Just like a kidney stone." 
- Hunter Madsen 

"I drink too much. The last time I gave a urine sample it had an olive 
in it." 

- Rodney Dangerfield 

Being able to understand and apply renal physiology will be critical 
for the exam. Importan t topics include electrolyte disorders, acid-base 
derangements, glomerular disorders (including histopathology), acute 
and chronic kidney disease, urine casts, diuretics, ACE inhibitors, 
and AT-II receptor blockers. Renal anomalies associated with various 
congenital defects are also high-yield associations to think about when 
evaluating pediatric vignettes. 
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RENAL-EMBRYOLOGY 

Kidney embryology 

Potter sequence 
(syndrome) 

Pronephros - week 4; then degenerates. 
Mesonephros- functions as interi m kidney for 

!st tri mester; later contributes to male genital 
system. 

Metanephros- permanent; fi rst appears in 5th 
week of gestation; nephrogenesis continues 
through weeks 32- 36 of gestation. 
• Ureteric bud (me taneph ri c d iverticulum)

derived from caudal end of mesonephric 
duct; gives rise to ureter, pelvises, calyces, 
collecting ducts; fully canal ized by 10th 
week 

• Metanephric mesenchyme (ie, metanephric 
blastema)- ureteric bud interacts with th is 
tissue; interaction induces d ifferentiation 
and formation of glomerulus through to 
d ista l convoluted tubu le (OCT) 

• Aberrant interaction between these 2 
tissues may resu lt in severa l congenita l 
malformations of the kidney (eg, rena l 
agenesis, multicystic dysplastic kidney) 

Ureteropelvic junction- last to cana lize - most 
common site of obstruction (can be detected 
on prenatal u ltrasound as hydronephrosis). 

O ligohydramnios - compression of 
developing fetus - limb deformities, 
fac ia l anomalies (eg, low-set ears and 
retrognathia fJ, Aattened nose), compression 
of chest and lack of amniotic Au id aspiration 
into feta l lungs - pulmonary hypoplasia 
(cause of death). 

Causes inc lude ARPKD, obstructive urnpathy 
(eg, posterior urethra l valves), bi latera l renal 
agenesis, chronic placental insufficiency. 

} 0e9eoerated 
pronephros 

Mesonephros 

Babies who can' t "Pee" in utero deve lop Potter 
sequence. 

POTTER sequence associated with: 
P u lmonary hypoplas ia 
O ligohydramnios (trigger) 
Twisted face 
Twisted skin 
E xtremity defects 
Rena l fai lure (in utero) 

Administrator
Typewriter
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Horseshoe kidney 

Congenital solitary 
functioning kidney 

Unilateral renal 
agenesis 

Multicystic dysplastic 
kidney 

Duplex collecting 
system 

Posterior urethral 
valves 

RENAL RENAL- EMBRYOLOGY 

Inferior poles of both kidneys fuse 
abnormally ril As they ascend from pelvis 
during fetal development, horseshoe kidneys 
get trapped under inferior mesenteric 
artery and remain low in the abdomen. 
Kidneys fu nc tion normally. Associated 
with hydronephrosis (eg, ureteropelvic 
junction obstruction), renal stones, infection, 
chromosomal aneup loidy syndromes (eg, 
Turner synd rome; trisomies 13, 18, 21), and 
rarely rena l cancer. 

SECTION Ill 567 

Cond ition of being born with only one functioning kidney. Majority asymptomatic with 
compensatory hypertrophy of contralatera l kidney, but anomalies in contra latera l kidney are 
common. Often diagnosed prenatally via u ltrasound. 

Ureteric bud fails to develop and induce differentiation of metanephric mesenchyme - complete 
absence ofkidney and ureter. 

Ureteric bud fails to induce d ifferentiation of metanephric mesenchyme - nonfunctional kidney 
consisting of cysts and connective tissue. Predominantly nonhereditary and usually un ilateral; 
bilateral leads to Potter sequence. 

Bifurcation of ureteric bud before it enters the metanephric blas tema creates a Y-shaped bifid 
ureter. Duplex collecting system can a lternative ly occur th rough two ureteric buds reaching and 
interacting with metanephric blastema. Strongly associated with vesicouretera l reflux a nd/or 
uretera l obstruction, t risk for UT is. 

Membrane remnant in the posterior urethra in males; its persistence can lead to urethral 
obstruction. Can be diagnosed prenatally by hydronephrosis a nd d ilated or th ick-walled bladder 
on u ltrasound. Most common cause of bladder outlet obstruction in male infants. 
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RENAL-ANATOMY 

Kidney anatomy and glomerular structure 

Cortex 

Renal 
pelvis 

Renal 
vein 

Ureter 

Efferent arteriole 

Cross-section of kidney 

•components of glomeru&ar filtration barrier. 

Arcuate 
artery 

Cross-section of gtomerulus rJ liJ 

Left kidney is taken during living donor 
transplantation because it has a longer 
renal vein. 

Afferent = Arriving. 
Efferent = Exiting. 
Renal blood Aow: renal artery - segmental 

artery - interlobar artery - arcuate artery 
- interlobular artery - afferent arteriole 
- glomerulus - efferent arteriole - vasa rectal 
peritubular capillaries - venous outAow. 

Left renal vein receives two additional veins: left 
suprarenal and left gonadal veins. 

Despite high overall renal blood Aow, renal 
medulla receives significantly less blood Aow 
than renal cortex - very sensitive to hypoxia 
- vulnerable to ischemic damage. 
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Course of ureters 

RENAL-PHYSIOLOGY 

Fluid compartments 

Course of ureter [.'): arises from renal pelvis, 
trave ls under gonadal arteries - over common 
iliac artery - under uterine artery/vas deferens 
(retroperitoneal). 

Gynecologic procedures (eg, ligation of 
uterine or ovarian vesse ls) may damage ureter 
- uretera l obstruction or leak. 

Muscle fi bers within the intramural part of the 
ureter prevent urine reAux. 

Blood supply to ureter: 
• Proximal-renal arteries 
• Midd le - gonadal artery, aorta, common and 

internal iliac arteries 
• Distal-internal iliac a nd superior vesica l 

arteries 
3 common points of uretera l obstruction: 

ureteropelvic junction, pe lvic in let, 
ureterovesical junction. 

Body mass: 70 kg 

Total body water (TBW) I Non water mass (NWM) 
60% ol body mass = 42 kg• 42 L 40% of body mass = 28 kg 

:2 !:::" 
o lnte!IDtial fluid= 75% ECF • 10.5 L • 10.S kg , 

1/3 _,.//' =.,. 
Plasma • 2SXECF" 5.SL,.lSkg 

lllC- 2.8L 

Glomerular filtration 
barrier 

]

NonnalHCT = 45% 

HCT (%) • 3x(Hb) in g/dl 

Responsible for fi ltration of plasma according to 
size and charge selectivity. 

Composed of: 
• Fenestrated capillary endothel ium 
• Basement membrane with type IV collagen 

chains and heparan sulfate 
• Visceral epithel ia l layer consisting of 

podocyte foot processes a 

Water (ureters) Aows over the iliacs and under 
the bridge (uterine artery or vas deferens). 

Utefine 
artery 

Im female) 

IIIKIN': H igh K+ INtracellu larly. 

Ureter 

Vas 
defe<ens 
(inmate) 

60- 40- 20 rule (% of body weight for average 
person): 
• 60% total body water 
• 40% ICF, mainly composed of K+, Mg2+, 

organic phosphates (eg, ATP) 
• 20% ECF, mainly composed of Na+, C l-, 

HCO,-, albumin 

Plasma volume can be measured by 
rad iolabel ing albumin. 

Extracell ular volume can be measured by inul in 
or mannitol. 

Serum osmolal ity = 285- 295 mOsm/kg 1120. 

Charge barrier-a ll 3 layers contain 8 charged 
glycoproteins that prevent entry of e charged 
molecules (eg, a lbumin). 

Size barrier-fenestrated capi llary endothelium 
(prevents entry of> JOO nm molecules/blood 
cells); podocyte foot processes interpose wi th 
basement membrane; slit diaphragm (prevents 
entry of molecules> 50- 60 nm). 
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Renal clearance 

Glomerular filtration 
rate 

Effective renal plasma 
flow 

RENAL RENAL- PHYS IOLOGY 

C, = (U,V)/Px =volume of plasma from which 
the substance is completely cleared per unit 
time. 

If Cx < CFR: net tubular reabsorption and/or 
not freely fi ltered. 

If C, > CFR: net tubular secretion ofX. 
If Cx = CFR: no net secretion or reabsorption. 

lnulin clearance can be used to calculate CFR 
because it is freely fi ltered and is neither 
reabsorbed nor secreted. 

CFR = Uinulin x V/Pinulin = Cinulin 
= Kr[(P cc - P ssl - (nee - Ttss)l 

(CC = glomerular capillary; BS = Bowman 
space; n8s normally equals zero; Kr = fi ltration 
coefficient). 

Normal CFR = IOO mL/min. 
Creatinine clearance is an approximate measure 

of CFR. Slightly overestimates CFR because 
creatinine is moderately secreted by renal 
tubules. 

Incremental reductions in CFR define the stages 
of chronic kidney disease. 

Cx = clearance ofX (mL/min). 
U, =urine concentration ofX (eg, mg/mL). 
P, = plasma concentration ofX (eg, mg/mL). 
V = urine Aow rate (mL/min). 

25 50 75 100 
Glomerular filtration rate 

(mVmin) 

125 150 

Effective renal plasma Aow (eRPF) can be estimated using para-aminohippuric acid (PAI I) 
clearance. Between fi ltration and secretion, there is nearly !00% excretion of all PAii that enters 
the kidney. 

eRPF = UPAH x V/PPAH = CPAH· 
Renal blood Aow (RBF) = RPF/(l - Hct). Usually 20- 25% of cardiac output. 
Plasma volume = TBV x (I - I Jct). 
eRPF underes timates true renal plasma Aow (RPF) slightly. 
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Filtration Filtration fraction (FF) = CFR/RPF 
Normal FF = 203 . 
Filtered load (mg/min)= CFR (mL/min) 

x plasma concentTation (mg/mL). 

[ 

Prostaglandins preferentially 
NSAIDs-0-t dilate aHerent arteriole 

( t RPF. t GFR. so no M F) 

Distal renal 
tubule 

[ 

Angiotensin II preferentially 
ACE inhibitors--0-t constricts eHerent arteriole 

( i RPF. I GFR. so t FF) 

Changes in glomerular dynamics 

Effect 

Afferent arteriole constriction 

Efferent arteriole constriction 

t plasma protein concentration 
l plasma protein concentration 

Constriction of ureter 

Dehydration 

GFR 

CFR can be estimated with creatinine 
clearance. 

RPF is best estimated with PAii clearance. 
P rostagland ins D ilate Afferent a rteriole (PDA) 
Angiotensin II C onstricts E fferent a rteriole 

(ACE) 

f --+ Excreted 

v-::..-----::::;;=l 
Reabsorbed '\ S! creted 

membrane 

RPF 

ii 

'\__ Pemubular 
capillary 

Net filtration pressure 
= (P<.<:+ Jt" ) - (Pas+ JtGC) 

FF (GFR/RPF) 



572 SECTION Ill 

Calculation of 
reabsorption and 
secretion rate 

Glucose clearance 

RENAL RENAL- PHYS IOLOGY 

Filtered loacl = GFR x P,. 
Excretion rate= V x U,. 
Reabsorption rate= fi ltered - excreted. 
Secretion rate= excreted - fi ltered. 
FeNa = fractional excretion of sodium. 

Na+ excreted 
FeNa = Na+ fi ltered 

Glucose at a normal plasma level (range 60- 120 
mg/clL} is completely reabsorbed in proximal 
convoluted tubule (PCT} by Na+/glucose 
cotransport. 

In adults, at plasma glucose of - 200 mg/clL, 
glucosuria begins (threshold). At rate of 
- 375 mg/min, all transporters are fully 
saturated (Tm}. 

Normal pregnancy is associated with t GFR. 
With t fi ltration of all substances, including 
glucose, the glucose th reshold occurs at lower 
plasma glucose concentrations - glucosuria at 
normal plasma glucose levels. 

Sodium-glucose cotransporter 2 (SGLT2} 
inhibitors (eg, -Aozin drugs} result in 
glucosuria at plasma concentrations 
< 200 mg/clL. 

Glucosuria is an important clinical clue to 
diabetes mell itus. 

Splay phenomenon-T,n for glucose is reached 
gradually rather than sharply clue to the 
heterogenei ty of nephrons (ie, different Till 
poi represented by the portion of the 
titration curve between th reshold ancl Till . 

600 

Normal 

Excreted/ 
/ 

/ 
/ Reabsorbed 

200 400 600 800 
Plasma glucose (mg/dl) 



Nephron transport physiology 

Lumen - urine lnterstitium - blood 
SGLT-2 Proximal convoluted tubule 

ATP 

+ Hco,---.-•1 
I 

+ H,co, 
of 

2K' 

Early PCT - contains brush border. Reabsorbs a ll glucose 
and amino ac ids and most HC03-, Na+, Cl-, P04l-, K+, 
H20, and uric acid. Isotonic absorp tion. Generates and 
secretes NH,, which enables the kidney to secrete more 
I·J+. 

PTH-inhibits Na+/P04l-cotransport - P04l- excretion. 
AT II-stimulates Na+/H+ exchange - t Na+, H20, and 

HC03- reabsorption (permitting contraction a lkalosis). 
65- 80% Na+ reabsorbed 

Thin descending loop of Henle- passively reabsorbs H20 
via medullary hypertonici ty ( impermeable to Na+) . 
Concentra ting segment. Makes urine hypertonic. 

Thick ascending limb 
lnterstitium - blood 

Thick ascending loop of Henle - reabsorbs Na+, K+, and 
C l- . Indi rectly induces paracel lu lar reabsorption of Mg2+ 
and Ca2+ through Et;) lumen poten tia l generated by K+ 
backleak. Impermeable to H20. Makes urine less 
concentrated as it ascends. 

10- 20% Na+ reabsorbed. 
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Lumen -urine lnterstitium - blood 
Distal convoluted tubule 

PTif 

ca
2
•-

---· c1- channel 
diffusion 

Early OCT-reabsorbs Na+, CJ- . Impermeable to H20 
Makes urine fu lly d ilute (hypotonic). 

PTH- t Ca2+fNa+ exchange - Ca2+ reabsorption. 
5- 10% Na+ reabsorbed. 

Lumen - urine lnterstttium -blood 

Amiloride 
Triamterene 

Na'---

a ·intereatatt'd cl!tl -

Aldosterone 

P,.intl!rcatated cttl 

H'-..... -

13 

Collecting tubule - reabsorbs Na+ in exchange for 
secreting K+ and H+ (regulated by aldosterone). 

Aldosterone- acts on mineralocorti coid receptor - mRNA 
- protein syn thes is. In principal cells: t apical K+ 
conductance, t Na+/K+ pump, t epi the lial Na+ channe l 
(ENaC) activity - lumen negativity - K+ secretion. In 
a -intercalated cells: lumen negativity - t H+ ATPase 
activity - t H+ secretion - t HC03- /CI- exchanger 
activity. 

ADM - acts at V2 receptor - insertion of aquaporin H20 
channels on apical side. 

3- 5% Na+ reabsorbed. 
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Renal tubular defects 

Fanconi syndrome 

Bartter syndrome 

Gitelman syndrome 

Liddle syndrome 

Syndrome of 
Apparent 
Mineralocorticoid 
Excess 

RENAL RENAL- PHYS IOLOGY 

Fanconi is first (PCT), the rest are in alphabetic 
order. 

DEFECTS 

Generalized 
reabsorption defect in 
PCT - t excretion of 
amino acids, glucose, 
HCO,-, and PQ4>-, 
and all substances 
reabsorbed by the 
PCT 

Reabsorption defect 
in thick ascending 
loop of lien le 
(affects Na+/K+12c1-
cotransporter) 

Reabsorption defect of 
NaCl in OCT 

Cain of function 
mutation - t activity 
of Na+ channel 
- t Na+ reabsorption 
in collecting tubules 

Cortisol activates 
mi neralocorticoid 
receptors. II 
converts cortisol to 
cortisone (inactive on 
these receptors) 

Hereditary 
deficiency - t cortisol 
- t mineralocorticoid 
receptor activity 

EFFECTS 

May lead to 
metabolic acidosis 
(proximal RTA), 
hypophosphatemia, 
osteopenia 

Metabolic alkalos is, 
hypokalemia, 
hypercalciuria 

Metabolic alkalosis, 
hypomagnesemia, 
hypokalemia, 
hypocalciuria 

Metabolic alkalos is, 
hypokalemia, 
hypertension, 
I aldosterone 

Metabolic alkalos is, 
hypokalemia, 
hypertension 

I serum aldosterone 
level; cortisol tries 
to be the SAME as 
aldosterone 

Fanconi 
Gitelman 
syndrome 

Bartter 

syndrome Liddle 

syndrome, 

"' SAME l1J 

CAUSES 

Hereditary defects 
(eg, Wilson disease, 
tyrosinemia, 
glycogen storage 
disease), ischemia, 
multiple myeloma, 
neph rotoxi ns/d rugs 
(eg, ifosfamide, 
cisplatin), lead 
poisoning 

Autosomal recessive 

Autosomal recessive 

Autosomal dominant 

Autosomal recessive 
Can acquire disorder 

from glycyrrhetinic 
acid (present in 
I icorice), which 
blocks activity of 
11 roxysteroid 
dehydrogenase 

NOTES 

Presents similarly to 
chronic loop diuretic 
use 

Presents similarly to 
lifelong th iazide 
diuretic use 

Less severe than Bartter 
syndrome 

Presents similarly to 
hyperaldosteronism, 
but aldosterone is 
nearly undetectable 

Treat with amiloride 

Treat with K+-sparing 
diuretics (I mineralo
corticoid effects) 
or corticosteroids 
(exogenous cortico
steroid I endogenous 
cortisol production 
- I mineralocorticoid 
receptor activation) 



Relative 
concentrations along 
proximal convoluted 

tubules 
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1.90 
ITF/PI > 1 
when solute is 1.85 
reabsorbed less quickly 1.80 
than water or when solute 
is secreted 1.75 

ITF/PI = 1 1.50 
when solute 

1.25 and water are [Tubular 
reabsorbed at the fluidl LOO 
same rate [Plasma I 

0.75 
Osmolarity. Na• 

ITF/PI < 1 
0.50 when solute 

is reabsorbed more 0.25 
quickly than water 

0.0 
0% 25% 50% 75% 100% 

% Distance along PCT length 

Tubular inu lin t in concentration (but not amount) along the PCT as a resu lt of water reabsorption. 
c1- reabsorption occurs at a slower rate than Na+ in early PCT and then matches the rate of Na+ 

reabsorption more d istally. Thus, its relative concentration t before it plateaus. 
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Renin-angiotensin-aldosterone system 

RMS Activators 
I BP (renal baroreceptors) 
I NaCl delivery 

(macula densa cells) 
I sympathetic tone 

( 131-receptors) 

l 
Angiotemin II 
receptor type I 

! 
Vasoconstriction 

! 
fBP 

Ren in 

AT II 

ANP, BNP 

ADH 

Aldosterone 

l l 
Constricts etterent t Na'/H' 

artefiole 

! ! 
f FF ( ! 

L 
PCT 

Preserves cell 
GFR(when 

RBF I l 

Na'. Hco,- . and H20 
reabsorption (permits 
contraction alkalosis) 

Angiotensinogen _ R_e_n-in- Angiotensin I 

!-------ACE 

l Angiotensin II 

Hypothalamus 

1 () 
l l 

Aldosterooe ADH (posterior 
secretion pituitary) 

J __ __ L"} ( 
L a-intercalated ;_J .. , 

cell cell cells 

! 
H' secretion Na' reabsorption H20 reabsorption 
(fH'ATPase K' secretion (via aquaporins) 

activity) ( f K' conductance. 
Na'/K' ATPase. 

and ENaC activity) 

Bradykinin 
breakdown 

Ii!! 

Secreted by JC cells in response to l renal perfusion pressure (detected by renal baroreceptors in 
afferent arteriole}, t renal sympathetic discharge effect}, and I NaCl delivery to macula densa 
cells. 

Helps mainta in blood volume and blood pressure. Affects baroreceptor fu nction; limits reflex 
bradycardia, which would normally accompany its pressor effects. 

Released from atria (ANP) and ventricles (BNP) in response to t volume; inhibits renin-angiotensin
aldosterone system; relaxes vascular smooth muscle via cCMP - t CFR, l renin. Dilates afferent 
arteriole, promotes natriuresis. 

Primarily regulates serum osmolality; also responds to low blood volume states. Stimulates 
reabsorption of water in collecting ducts. Also stimulates reabsorption of urea in collecting ducts to 
mainta in corticopapillary osmotic gradient. 

Primarily regulates ECF volume and Na+ content; responds to low blood volume states. Responds to 
hyperkalemia by t K+ excretion. 
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Juxtaglomerular 
apparatus 

Consists of mesangia l cells, JC cells (modified 
smooth muscle of afferent arteriole), and the 
macula densa (NaCl sensor, located at d ista l 
end of loop of I I en le). JC cells secrete renin 
in response to I renal blood pressure and 
t sympathetic tone Macula densa cel ls 
sense I NaCl delivery to OCT - t ren in 
release - e fferent arteriole vasoconstrict ion 
- t CFR. 

Kidney endocrine functions 

Erythropoietin 

Calciferol (vitamin D) 

Prostaglandins 

Dopamine 

Released by interstitia l cel ls in peritubular 
capillary bed in response to hypoxia. 

PCT cells convert 25-011 vitamin o, to 1,25-
(0II)z vi tamin D; (calcitriol, active form). 

Paracrine secretion vasodi lates the afferent 
arterioles to t RBF. 

Secreted by PCT cells, promotes natri uresis. At 
low doses; d ilates interlobular arteries, afferent 
arterioles, efferent arterioles - t RBF, little 
or no change in CFR. At higher doses; acts as 
vasoconstric tor. 

JCA mainta ins CFR via ren in-angiotensin
a ldosterone system. 

In add ition to vasodilatory properties, 
can decrease BP by inhibiting of 
the JCA - I renin release. 

Stimulates RBC prol iferation in bone marrow. 
Erythropoietin often supplemented in chronic 

kidney disease. Supplementation can cause 
IITN. 

25-0H 0
5 

1.25-(0Hl
2 
0

3 
l a.-hydroxylase 

+ 
PTH 

NSAIDs block rena l-protective prostaglandin 
synthesis - constriction of a fferent arteriole 
and I CFR; th is may result in acute kidney 
injury in low renal blood flow states. 
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Hormones acting on kidney 

Atrial natriuretic peptide 
Secreted in response to I atrial pressure. Causes I GfR 
and I Na' filtration with no compensatory Na• reabsorption 
in nephron. Net ettect Na' loss and volume IO<S. 

Glomerulus 

Angiotensin II 
Synthesized in response to I BP. Causes efferent arteriole 
consuiction - t GfR and t ff but with compensatory Na' 
reabsorption in proximal and distal nephron. Net ettect: 
preservation ofrenal function (I ff) in low-volume state - -
with simultaneous Na' reabsorption (both proximal 
and dis.taO to maintain circulating volume. Na' ,. 

za-

Na• 
Cl· 

Distal 
convoluted 

tubule c;-

Cortex 

Medulla 

\..lJ x· 

1-=.H· 

(.Na' 

Secreted in response to 
I blood volume (via AT II) and 
I plasma IK' 1: causes I Na' 
reabsorption. t K• secretion. 
t H* secretion. 

ADH (vasopressin) 
Secreted in response to 
I plasma osmolarity and 

Parathyroid hormone 
Secreted in response to 
I plasma ICa"I. t plasma IPO,S-1, 
or I plasma 1.25-(0Hl2 Di. 

Ascending limb. 
loop of Henle 
(permeable lO satlsl 

I blood volume. Binds to 
receptors on principal cells, 
causing t number of 
aquaporins and I HzO 
reabsorption. 

Potassium shifts 

Causes I ICa"lreabsorption (DCn, 
I IPO.'·lreabsorption (PCT), and 
I 1,2S-(0Hli ll3 production 
(I Ca" and Po,•-absorption from gut 
via vitamin 0). 

Loop of Henle 

SHIFTS K• INTO CELL (CAUSING HYPOKALEMIA) 

Hypo-osmolarity 

Alkalosis 

P-adrenergic agonist (t Na•/K+ ATPase) 

Insulin (t Na•/K+ ATPase) 

Insulin shifts K+ into cells 

Cotlecting 
duct 

SHIFTS K• OUT Of CELL (CAUSING HYPERKALEMIA) 

D igitalis (blocks Na+/K+ ATPase) 

I lyperOsmolarity 

Lysis of cells (eg, crush injury, rhabdomyolysis, 
tumor lysis syndrome) 

Acidosis 

P-blocker 

Jl igh blood Sugar (insulin deficiency) 

Succinylcholine (t risk in bums/muscle trauma) 

I Iyperkalemia? DO LAPSS 
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Electrolyte d isturbances 

ELECTROLYTE 

Sodium 

Potassium 

Calcium 

Magnesium 

Phosphate 

LOW SERUM CONCENTRATION 

Nausea, malaise, stupor, coma, seizures 

U waves and Aattened T waves on ECG, 
arrhythmias, muscle cramps, spasm, weakness 

Tetany, seizures, QT prolongation, twitch ing 
(eg, C hvostek sign), spasm (eg, T rousseau sign) 

Tetany, torsades de pointes, hypoka lemia, 
hypocalcemia (when [Mg2+J < 1.0 mEq/L) 

Bone loss, osteomalacia (adults), rickets 
(children) 

Features of renal d isorders 

CONDITION 

Bartter syndrome 

Gitelman syndrome 

Liddle syndrome, 

syndrome 
of apparent 

mineralocorticoid 

excess 

SIADH 

Primary 

hyperaldosteronism 
(Conn syndrome) 

Renin-secreting tumor 

BLOOD PRESSURE 

- I t 

t I = important d ifferentiating feature. 

PLASMA RENIN ALDOSTERONE 

HIGH SERUM CONCENTRATION 

Irritability, stupor, coma 

Wide Q RS and peaked T waves on ECG, 
arrhythmias, muscle weakness 

Stones (rena l), bones (pain), groans (abdomina l 
pain), thrones (t urinary frequency), psychiatric 
overtones (anx iety, altered menta l status) 

I DTRs, lethargy, bradycardia, hypotension, 
cardiac arrest, hypocalcemia 

Renal stones, metastatic calci fications, 
hypocalcemia 

SERUM Mgl+ URINE Cal+ 
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Acid-base physiology 

Metabolic acidosis 

Metabolic alkalosis 

Respiratory acidosis 

Respiratory alkalosis 

RENAL RENAL- PHYS IOLOGY 

pH Pco 

Key: l I = compensatory response. 

COMPENSATORY RESPONSE 

I lyperventi lation (immediate) 

I lypoventilation (immediate) 

t renal [IIC03-J reabsorption (delayed) 

I renal [IIC03-J reabsorption (delayed) 

l!enderson-llasse lbalch equation: pll = 6 .1 + log 

Predicted respiratory compensation for a simple metabolic acidosis can be calculated using the 
Winters formu la. If measured Pco2 >predicted Pco2 - concomitant respiratory acidosis; if 
measured Pco2 <predicted Pco2 - concomitant respiratory alka losis: 

Pco2 = 1.5 [Hco,-1 + 8 :!: 2 

Acidosis and a lkalosis 

Check arterial pH 

pH< 7.35 I 
Acidemia 

Pco,> 44 mm Hg I HC03- < 20mEq/l 

_C 
Respiratory 

acidosis 

I 
Hypoventilation 

Airway obstruction 
Acute lung disease 
Chronic lung disease 
Opioids, sedatives 
Weakening of respiratory 
muscles 

f Aniongap 

MUDPILES: 

Metabolic acidosis 

T 
Check anion gap 

=Na• - (Cl- + HCO;l 

> 12 mEq/L 8-12 mEq/L 

Normal anion gap 

HARDASS: 

pH> 7.45 

Alkalemia 

Pco1 < 36 mm > 28 mEq/L 

I 
Respiratory 

alkalosis 

r 
Hyperventilation 

Anxiety/panic attack 
Hypoxemia (eg, high altitude) 
Salicylates (early) 
Tumor 
Pulmonary embolism 

45 

40 

35 

30 

Respiratory 
acidosis 

Metabolic alkalosis 

H• loss/HCOi- excess 

Loop diuretics 
Vomiting 
Antacid use 
Hyperaldosteronism 

Methanol (formic acid) 
Uremia 

Hyperchloremiafhyperalimentation 
Addison disease 

s 
;;- 25 
v 

Diabetic ketoacidosis 
Propylene glycol 
Iron tablets or INH 
Lactic acidosis 
Ethylene glycol (oxalic acid) 
Salicylates (late) 

Renal tubular acidosis 
Diarrhea 
Acetazolamide 
Spironolactone 
Saline infusion 

.!! 

20 

IS 

10 Respiratory 
atkalo<is 

6.9 7.0 71 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 

pH CJ 



Renal tubular 
acidosis 

RTA TYPE 

Distal renal 
tubular acidosis 
(type 1) 

Proximal renal 
t ubular acidosis 
(type 2) 

Hyperka lemic 
tubular acidosis 
(type 4) 
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Disorder of the renal tubu les that causes normal anion gap (hyperchloremic) metabolic acidosis. 

DEFECT 

Inability of 
et-intercalated cells to 
secrete IJ+ - no new 
11co,- is generated 
- metabolic acidosis 

URINE PH 

> 5.5 

Defect in PCT < 5.5 
IICO,- reabsorption 
- t excretion of 
11co,- in urine 
- metabolic acidosis 

Urine can be ac id ified by 
et-intercalated cells in 
collecting duct, but not 
enough to overcome 
the increased excretion 
ofHCO,- - metabolic 
acidosis 

Ilypoa ldosteronism or 
a ldosterone resistance; 
hyperkalemia - I N II, 
synthesis in PCT 
- I NI I/ excretion 

< 5.5 (or 
variable) 

CAUSES 

Amphotericin B toxicity, 
ana lgesic nephropathy, 
congenital anomalies 
(obstruction) of urinary 
tract, autoimmune 
d iseases (eg, SLE) 

Fanconi syndrome, 
multiple myeloma, 
carbonic anhydrase 
inh ibitors 

I aldosterone production 
(eg, d iabetic 
hyporeninism, ACE 
inh ibitors, ARBs, 
NSA!Ds, heparin, 
cyclospori ne, adrenal 
insufficiency) or 
a ldosterone resistance 
(eg, K+-sparing 

diuretics, nephropathy 
due to obstruction, 
TMP-SMX) 

ASSOCIATIONS 

t risk for calcium 
phosphate kidney 
stones (due to t urine 
pl I and t bone 
turnover) 

t risk for 
hypophosphatemic 
rickets (in Fanconi 
syndrome) 
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RENAL-PATHOLOGY 

Casts in urine 

RBC casts fl 
WBCcasts tl 

Fatty casts ("oval fat 
bodies") 

Granular casts 

Waxy casts l!J 
Hyaline casts 0 

RENAL RENAL-PATHOLOGY 

Presence of cas ts indicates that hematuria/pyuria is of glomerular or renal tubular origin. 
Bladder cancer, kidney stones - hematuria, no casts. 
Acute cystitis - pyuria, no casts. 

C lomerulonephritis, hypertensive emergency. 

Tubulointerstitia l inAammation, acute pyelonephritis, transplant rejection. 

Nephrotic syndrome. Associated with "Maltese cross" sign. 

Acute tubular necrosis (ATN). Often "muddy brown" in appearance. 

End-stage renal disease/chronic kidney disease. 

Nonspecific, can be a normal fi nding. Form via solidification ofTamm- llorsfall mucoprotein 
(secreted by renal tubular cells). 

Nomenclature of g lomerular disorders 
TYPE 

Focal 

Diffuse 

Proliferative 

Membranous 

Primary glomerular 
disease 

Secondary glomerular 
disease 

CHARACTERISTICS 

< 503 of glomeruli are involved 

> 503 of glomeruli are involved 

Hypercellular glomeruli 

Thickening of glomerular basement membrane 
(CBM) 

1° disease of the kidney specifically impacting 
the glomeruli 

Systemic disease or disease of another organ 
system that also impacts the glomeruli 

EXAMPLE 

Focal segmental glomerulosclerosis 

Diffuse proliferative glomerulonephritis 

Membranoproliferative glomerulonephritis 

Membranous nephropathy 

Minimal change disease 

SLE, diabetic nephropathy 
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Glomerular diseases 

0.25 

Nephritic syndrome-due to GBM disruption. 
Hypertension. i BUN and creatinine. otiguria. 
hematuria. RBC casts in urine. Ptoteinuria often 
in the subnephrotic range (< 3.5 g/day) but in 
severe cases may be in nephrotic range. 

•Acute poststreptococcal glomerulonephritis 
• Rapidly progressive glomerulonephritis 
• lgA nephropathy (Berger disease) 
• Alport syndrome 
• Membranoproliferative glomerulonephritis 

Nephrotic syndrome-podocyte disruption 
--> charge barrier impaired. Massive proteinuria 
(> 3.S g/day) with hypoalbuminemia. 
hypetlipidemia. edema. May be 1• (eg. direct 
podocyte damage) or 2• (podocyte damage 
from systemic process leg. diabetes II. 
• Focal segmental glomerulosclerosis (t• or 2•1 
• Minimal change disease(!" 0< 2•1 
• Membranous nephropathy (t• or 2·1 
• Amyloidosis (2•1 
• Diabetic glomerulonephropathy (2•) 

Nephritic·nephrotic syndrome-severe nephritic syndrome 
with profound GBM damage that damages the glomerular 
filtration charge barrier-> nephrotic-range proteinuria (> 3.S 
g/day) and concomitant features of nephrotic syndrome. Can 
occur with any form of nephritic syndrome. but is most 
commonly seen wtth: 

• Diffuse proliferative glomerulonephritis 
• Membranoproliferative glomerulonephritis 

PROTEIN EXCRETED (g/day) 

3.5 > 3.5 
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Nephrotic syndrome 

Minimal change 
disease (l ipoid 
nephrosis) 

Focal segmental 
glomerulosclerosis 

Membranous 

nephropathy 

Amyloidosis 

Diabetic glomerulo

nephropathy 

RENAL RENAL- PATHO LOGY 

NephrO tic syndrome- massive prO teinur ia (> 3.5 g/day) with hypoalbuminemia, resu lting edema, 

hyperl ipidemia. Frothy uri ne with fatty casts. 

Disruption of glomerular fi ltration charge barrier may be 1° (eg, direct scler<>sis of podocytes) or 2° 
(systemic process [eg, d iabetes] secondarily damages podocytes). 

Severe nephritic synd r<>me may present with nephrotic syndrome features (nephritic-nephrotic 

syndr<>me) if damage to CBM is severe enough to damage charge barrier. 
A5sociated with hypercoagulable state due to antithrombin Ill loss in urine a nd t risk of infection 

(loss of immunoglobulins in urine and soft tissue compromise by edema). 

Most common cause of nephr<>tic syndrome in children . 
Often 1° (id iopathic) and may be triggered by recent infection, immunization, immune stimulus. 

Rarely, may be 2° to lymphoma (eg, cytokine-med iated damage). 

1° disease has excellent response to corticosteroids. 
• LM- Normal glomeruli (lipid may be seen in PCT cells) 

• IF- 8 

• EM- effacement of podocyte foot processes [.1 

Most common cause of nephr<>tic syndrome in African-Americans and llispanics. 

Can be 1° (idiopathic) or 2° to other conditions (eg, IIIV infection, sickle cel l disease, heroin abuse, 
massive obesi ty, interferon treatment, or congenita l malformations). 

1° disease has inconsistent response to steroids. May progress to CKD. 

• LM- segmental sclerosis and hya linosis llJ 
• IF- often 8 but may be® for nonspec ific foca l deposits of IgM, C3, Cl 

• EM- effacement of foot processes simi Jar to minimal change disease 

Also known as membranous glomerulonephritis. 

Can be 1° (eg, antibod ies to phosphol ipase A2 receptor) or 2° to d rugs (eg, NSAIDs, penic illamine, 

gold), infect ions (eg, IIBV, IICV, syph ilis), SLE, or solid tumors. 
1° disease has poor response to steroids. May progress to C KD. 

• LM- diffuse capillary and C BM th ickening a 
• IF- granular due to immune comp lex (IC) deposition 
• EM- "Spike and dome" appearance of subepithelia l deposits 

Kidney is the most commonly involved organ (systemic amyloidosis). Assoc iated with chronic 
cond itions that predispose to amyloid deposition (eg, AL amyloid, AA amyloid). 

• LM- Congo red sta in shows apple-green birefringence under polarized light due to amyloid 

deposition in the mesangium 

Most common cause of ESRD in the United States. 

Hyperglycemia - nonenzymatic glycation of tissue proteins - mesangial expansion; CBM 

th ickening and t permeability. I lyperfi ltration (glomerular I ITN and t CFR) - glomerular 
hypertrophy and glomerular scarring (glomerulosclerosis) leading to fu rther progression of 

neph ropathy. 

• LM- Mesangia l expansion, CBM thickening, eosinophil ic nodular glomerulosclerosis 
( Kimmelst iel-W ilson lesions, arrows in l!J) 



Nephritic syndrome 

Acute 
poststreptococcal 
glomerulo nephritis 

Rapidly p rogressive 
(crescentic) 
glo merulonephrit is 

Diffuse prolife rat ive 
glomerulo nephrit is 

lgA nephropathy 
(Berger d isease) 

Al port syndrome 

Membrano
prol iferative 
glo merulonephrit is 
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Nephritic syndrome= InAammatory process. When glomeruli are involved, leads to hematuria 
and RBC casts in urine. Assoc iated with azotemia, oliguria, hyper tension (due to salt retention}, 
proteinuria, hypercel lular/inAamed glomeruli on biopsy. 

Most frequently seen in chi ldren. - 2- 4 weeks after group A streptococcal infection of pharynx or 
sk in. Resolves spontaneously in most chi ldren; may progress to rena l insuffic iency in adu lts. Type 
III hypersensitivity reaction. Presents with peripheral and periorbital edema, tea or cola-colored 
urine, I ITN. ®strep titers/serologies, I complement levels (C3) due to consumption. 
• LM-glomeruli enlarged and hypercel lular rJ 
• IF- ("sta rry sky") granula r appearance (" lumpy-bumpy") 111 due to IgC, IgM, and C3 

deposition a long CBM and mesangium 
• EM- subepithe lial IC humps 

Poor prognosis, rapidly deteriorating renal function (days to weeks). 
• LM-crescent moon shape l!t. C rescents consist of fibrin and plasma prote ins (eg, C3b) wi th 

glomerular parieta l ce lls, monocytes, macrnphages 
Severa l disease processes may result in this pattern which may be delineated via IF pattern. 

• Linear IF due to antibodies to C BM and alveo lar basement membrane: Goodpasture 
syndrome-hematuria/hemoptysis; type II hypersensitivity reaction. Treatment: plasmapheresis 

• Negative IF/Pauci-immune (no Ig/C3 deposi tion): Granulomatosis with polyangiitis 
(Wegener)-PR3-ANCA/c-ANCA or Microscopic po lyangiitis- MPO-ANCA/p-ANCA 

• Granular IF-PSCN or DPCN 

Often due to SLE (think "wire lupus"). DPCN and MPCN often present as nephrotic syndrome 
and nephritic syndrome concurrently. 
• LM-"wire looping" of capillaries [!J 
• IF- granular; EM- subendothelial and sometimes intramembranous IgC-based !Cs often wi th 

C3 deposi tion 

Episodic hematuria that occurs concurrently with respiratory or C I tract infections (IgA is secreted 
by mucosa I linings). Renal pathology of IgA vasculitis (IISP). 
• LM-mesangia l prnli feration 
• IF- lgA-based IC deposits in mesangium; EM-mesangial IC deposition 

Mutation in type IV collagen - th inning and splitting of glomerular basement membrane. 
Most commonly X-linked dominant. Eye problems (eg, retinopathy, lens dislocation), 

glomerulonephritis, sensorineural deafness; "can't see, can' t pee, can't hear a bee." 
• EM- "Basket-weave" 

MPCN is a nephritic syndrome that often co-presents with nephrotic syndrome. 
Type I may be 2° to hepatitis B or C infection. May a lso be id iopathic. 

• Subendothelia l IC deposits with granular IF 
Type II is associated with C3 nephritic factor (IgC autoan tibody that stabilizes C3 convertase -

pers istent complement activation - I C3 levels). 
• lntramembranous deposits, a lso called dense deposit disease 

In both types, mesangia l ingrowth - C BM splitting - " tram-track" appearance on H&E and PAS 
[) stains. 
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Kidney 
stones 

CONTENT 

Calcium 

Can lead to severe complications such as hyd ronephrosis, pyelonephritis, and acute kidney injury O bstructed 
stone presents with un ilatera l Aank tenderness, colicky pain radiating to groin, hematuria. Treat and prevent 
by encouraging Auid intake. 

Most common kidney stone presentation: calcium oxalate stone in patient with hypercalciuria and 
normocalcemia . 

PRECIPITATES WITH 

Calcium 
oxalate: 
hypocitraturia 

Calcium 
phosphate: 
t pll 

X-RAY FINDINGS er FINDINGS URINE CRYSTAL 

Radiopaque Rad iopaque Shaped like 
e nve lope (J 
or dumbbell 

Rad iopaque Rad iopaque Wedge
shaped 
prism 

NOTES 

Calcium stones most common (80%); calcium 
oxalate more common than calcium 
phosphate stones. 

Can result from ethylene glycol (antifreeze) 
ingestion, vitamin C abuse, hypoci traturia 
(associated with l urine pH), malabsorption 
(eg, C rohn d isease). 

Treatment: thiazides, citrate, low-sodium d iet. 

Treatment: low-sodium d iet, th iazides. 

Ammonium t pl 1 Rad iopaque Rad iopaque Coffin lid [11 Also known as struvite; account for 15% of 
stones. Caused by infection with urease ® 
bugs (eg, Proteus mirabilis, Staphylococcus 
saprophyticus, Klebsiella) that hydrolyze 
urea to ammonia - urine a lka linization. 
Commonly form staghorn 

magnesium 

phosphate 

Uric acid 

Cyst ine 

I pll 

I pll 

Rad iolUcent Min imally 
visible 

Faintly radi
opaque 

Moderately 
rad iopaque 

Treatment: eradication of underlyi ng infection, 
surgical removal of stone. 

Rhomboid [!J About 5% of all stones. Risk factors: l urine 
or rosettes volume, arid cl imates, acidic pl I. 

Strong association with hyperuricemia 
(eg, gout). Often seen in d iseases wi th t cell 
turnover (eg, leukemia). 

Treatment: alka linization of urine, allopurinol. 

Ilexagonal I] Hereditary (autosomal recessive) condition in 
which Cystine-reabsorbing PCT transporter 
loses function, causing cystinuria . Tra nsporter 
defect a lso resu lts in poor reabsorption 
of O rn ith ine, Lysi ne, Arg inine (COLA). 
Cystine is poorly soluble, thus stones form 
in urine. Usua lly begins in chi ldhood. Can 
form staghorn calcul i. Sodium cyanide 
nitroprusside test®· 

"SIXtine" stones have SIX sides. 
Treatment: low sodium diet, a lkal in ization of 

urine, che lating agents if refractory. 



Hydronephrosis 

Renal cell carcinoma 

Renal oncocytoma 

RENAL RENAL- PATHOLOGY SECTION Ill 587 

Distention/di lation of renal pelvis and calyces [.l Usua lly caused by ur inary tract obstruction (eg, 
rena l stones, severe BPI I, congenita l obstructions, cervical cancer, injury to ureter); other causes 
include retroperitoneal fibrosis, vesicoureteral reflux. D ilation occurs proximal to site of pathology. 
Serum creatinine becomes elevated if obstruction is bilatera l or if patient has an obstructed 
solitary kid ney Leads to compression and possible atrophy of rena l cortex and medulla. 

Polygonal dear cells fl li lied with accumulated 
lipids a nd carbohydrate. Often golden-yellow 
a due to t lipid content. 

Originates from PCT - invades renal ve in 
(may develop varicocele if left sided) - IVC 
- hematogenous spread - metastasis to lung 
and bone. 

Manifesl5 with hematuria, palpable masses, 2° 
polycythemia, flank pain, fever, weight loss. 

Treatment: surgery/ablation for localized disease. 
lmmunotherapy (eg, aldes leukin) or targeted 
therapy for metastatic disease, rarely curative. 
Resistant to chemotherapy a nd rad iation 
therapy. 

Benign epithelia l cell tumor arising from 
collecting ducts (arrows in fl point to well
ci rcumscribed mass with central scar). 
Large eosinophilic cells with abundant 
mitochondria without perinuclea r clearing 
a (vs chromophobe rena l cell carcinoma). 
Presents with painless hematuria, flan k pain, 
abdominal mass. 

Often resected to exclude malignancy (eg, renal 
cell ca rcinoma). 

Most common 1° renal malignancy B . 
Most common in men 50- 70 years old, 

t incidence with smoking a nd obesity 
A5sociated with paraneoplastic syndromes, 

eg, PT ilrP, Ec topic EPO, ACTII, Renin 
("P EAR"-a neoplastic). 

Clear cel l (most common subtype) associated 
with gene deletion on chromosome 3 
(sporadic, or inherited as von Hippel-Lindau 
syndrome). 

RCC = 3 letters = chromosome 3. 
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Nephroblastoma 

Transitional cell 
carcinoma 

Squamous cell 
carcinoma of the 
bladder 

Urinary incontinence 

RENAL RENAL- PATHO LOGY 

Also ca lled Wilms tumor. Most common renal malignancy of early chi ldhood (ages 2-4). Contains 
embryonic g lomerula r structures. Presents with large, palpable, un ilatera l Aank mass rJ and/or 
hematuria and possible IITN. 

"Loss of function" mutations of tumor suppressor genes WTJ or WT2 on chromosome 11. 
May be a part of severa l syndromes: 

• WAGR complex- W ilms tumor, Anirid ia (absence of iris), Genitourinary malformations, 
menta l Retardation/intellectua l disabil ity (WTJ deletion) 

• Denys-Drash syndrome- Wilms tumor, D iffuse mesangial sclerosis (early-onset nephrotic 
syndrome), Dysgenesis of gonads (male pseudohermaphroditism}, 'NTJ mutation 

• Beckwith-Wiedemann syndrome- W'ilms tumor, macroglossia, organomegaly, 
hemihyperplasia (WT2 mutation) 

Also known as urothelia l carcinoma. Most 
common tumor of urina ry tract system (can 
occur in rena l ca lyces, rena l pelvis, ureters, 
and bladder) rJ 11J. Can be suggested by 
painless hematuria (no casts). 

A5sociated with problems in your Pee SAC: 
P henacetin, Smoking, Ani line dyes, and 
C yclophosphamide. 

Chron ic irritation of urinary bladder - squamous metaplasia - dysplasia and squamous cell 
carcinoma. 

Risk factors include Schistosoma haematobium infection (Midd le East), chronic cysti tis, smoking, 
chronic nephrol ith iasis. Presents with painless hematuria. 

Stress incont inence Outlet incompetence (urethral hypermobi lity or intrinsic sphinc teric deficiency) - leak with 
t intra-abdominal pressure (eg, sneezing, lifting). t risk with obesity, vagina l de livery, prostate 
surgery.® bladder stress test (direct ly observed leakage from urethra upon coughing or Va lsa lva 
maneuver). Treatment: pelvic Aoor musc le strengthening (Kegel) exercises, weight loss, pessaries. 

Urgency incontinence Overac tive bladder (detrusor overactivity) - leak with urge to void immediately. Associated with 
UTI. Treatment: Kegel exercises, bladder training (timed voiding, distraction or relaxation 
techniques}, antimusca rin ics (eg, Oxybutynin for O veractive bladder). 

Mixed incontinence Features of both stress and urgency incontinence. 

Overflow Incomplete emptying (detrusor underactivity or outlet obstruction) - leak with overfill ing. 
incontinence A5sociated with polyuria (eg, diabetes), bladder outlet obstruction (eg, BPI I), neurogenic bladder 

(eg, MS). t post-vo id res idual (urinary retention) on catheterization or u ltrasound. Treatment: 
cathe teri zation, re lieve obstruction (eg, IX-blockers for BPI I). 



Acute cystitis 

Pyelonephritis 

Acute pyelonephritis 

Chronic 

pyelonephritis 
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lnAammation of urinary bladder. Presents as suprapubic pain, dysuria, urinary freq uency, urgency. 
Systemic signs (eg, high fever, chills) are usually absent. 

Risk factors include female sex (short urethra), sexual intercourse ("honeymoon cystitis"), 
indwell ing catheter, diabetes mell itus, impaired bladder emptying. 

Causes: 
• E coli (most common). 
• Staphylococcus saprophyticus- seen in sexua lly active young women (E coli is still more 

common in th is group). 
• Klebsiella. 
• Proteus mirabilis-urine has ammonia scent. 

Lab find ings: ® leukocyte esterase. ®nitrites (indicate gram 8 organisms). Steri le pyuria (pyuria 
with 8 urine c ultures) suggests urethritis by Neisseria gonorrhoeae or Chlamydia trachomatis. 

Neutrophils infiltrate renal interstitium rJ. Affects cortex with relative sparing of glomeruli/vessels. 
Presents with fevers, Aank pain (costovertebra l a ngle tenderness), nausea/vomiting, chills. 

Causes inc lude ascend ing UTI (E coli is most common), hematogenous spread to kidney. Presents 
with WBCs in urine +/- WBC casts. CT would show striated parenchymal e nhancement [lJ. 

Risk factors include indwelling ur inary catheter, urinary tract obstruction, vesicoureteral reAux, 
d iabetes mell itus, pregnancy. 

Complications include chronic pyeloneph ritis, renal papillary necrosis, perinephric abscess, 
urosepsis. 

Treatment: antibiotics. 

The resu lt of recurrent or inadequately treated episodes of acute pyelonephrit is. Typ ically requires 
predispos ition to infection such as vesicoureteral reAux or chronically obstructing kidney stones. 

Coarse, asymmetric corticomedullary scarring, blunted calyx. Tubules can contain eosinophilic 
casts resembling thyroid (thyroidization of kidney). 

Xanthogranulomatous pyelonephrit is- rare; gross ly orange nodules that can mim ic tumor 
nodules; characterized by widespread kidney damage due to granu lomatous tissue containing 
foamy macrophages. Associated with Proteus infection. 
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Acute k idney injury 

Prerenal azotemia 

Intrinsic renal failu re 

Postrenal azotemia 

Consequences of renal 
failure 

RENAL RENAL- PATHO LOGY 

Formerly known as acute renal fa ilure. Acu te kidney injury is defined as an abrupt decl ine in renal 
function as measured by t creatin ine and t BUN or by oliguria/anuria. 

Due to I RBF (eg, hypotension) - I CFR. Na+/J 120 and urea reta ined by kid ney in an attempt to 
conserve vo lume - t BUN/creatin ine ratio (urea is reabsorbed, creatinine is not) a nd l FEN.-

Most commonly due to acu te tubu lar necrosis (from ischemia or tox ins); less commonly due to 
acute glomerulonephritis (eg, RPCN, hemolytic uremic syndrome) or acute interstitia l nephritis. 

In ATN, patchy necrosis - debris obstructing tubule and Auid backAow across necrotic tubu le 
- l CFR. Urine has epithelial/granula r casts. Urea reabsorption is impaired - l BUN/creatin ine 

ratio and t FENa· 

Due to outAow obstruction (stones, BPI I, neoplasia, congenita l anomal ies). Develops only with 
bilateral obs truction or in a solitary kidney. 

Prerenal 

Urine osmolality > 500 
(mOsm/ kg) 

Urine Na+ (mEq/ L) <20 

FE Na < 13 

Serum BUN/Cr > 20 

Decline in rena l fi ltration can lead to excess 
reta ined nitrogenous was te products and 
e lectrolyte disturbances. 

Consequences (MAD H UNGER): 
• Metabolic Acidosis 
• D yslipidemia (especially t triglycerides) 
• H igh potass ium 
• Uremia - c lin ica l syndrome marked by: 

• Nausea and anorexia 
• Pericarditis 
• 
• Encepha lopathy 
• Platelet dysfu nction 

• Na+/l J20 retention (I IF, pu lmonary edema, 
hypertension) 

• G rowth retardation and developmental delay 
• E rythropoietin fa ilure (anemia) 
• Rena l osteodystrophy 

Intrinsic renal Postrenal 

< 350 < 350 

>40 Varies 

>23 Varies 

< 15 Varies 

2 forms of rena l failure: acute (eg, AT N) and 
chronic (eg, hypertension, diabetes mellitus, 
congenita l anomalies). 

Renal o steodystrophy Hypocalcemia, hyperphosphatemia, and fai lure of vitamin D hydroxylation associated with chronic 
kidney d isease - 2° hyperparathyroidism - 3° hyperparathyroidism (if 2° poorly managed). 
High serum phosphate can bind with Ca2+ - tissue deposits - I serum Ca2+. l 1,25-(011)2D3 
- l intestina l Ca2+ absorption. Causes subperiosteal th inn ing of bones. 



Acute interstitial 
nephritis 
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Also called tubulointerstitial nephritis. Acute 
interstitial renal inAammation. Pyuria 
(classically eosinophils) and azotemia 
occurri ng after administration of drugs that 
act as haptens, inducing hypersensitivity 
(eg, diuretics, NSAIDs, penici ll in derivatives, 
proton pump inhibitors, rifampin, quinolones, 
sulfonamides). Less commonly may be 2° to 
other processes such as systemic infec tions 
(eg, Mycoplasma) or au toimmune diseases 
(eg, Sjogren syndrome, SLE, sarcoidosis). 

Associated with fever, rash, hematuria, pyuria, 
and costovertebral angle tenderness, but can be 
asymptomatic. 

Remember these P 's: 
• Pee (d iuretics) 
• Pain-free (NSAIDs) 
• Penicill ins and cephalosporins 
• Proton pump inhibitors 
• RifamPin 

Acute tubular necrosis Most common cause of acute kidney injury in hospitalized patients. Spontaneously resolves in 

Diffuse cortical 
necrosis 

Renal papillary 
necrosis 

many cases. Can be fatal, especially during initia l oliguric phase. t FEN.-
Key finding: granular casts (often muddy brown in appearance) rJ. 
3 stages: 

I. Inciting event 
2. Maintenance phase- oliguric; lasts 1- 3 weeks; risk ofhyperka lemia, metabolic acidosis, 

uremia 
3. Recovery phase- polyuric; BUN and serum creatinine fall; risk of hypokalemia and renal 

wasting of other electrolytes and minerals 
Can be caused by ischemic or nephrotoxic injury: 

• lschemic- 2° to l renal blood Aow (eg, hypotension, shock, sepsis, hemorrhage, !IF). Results 
in death of tubular cells that may slough into tubular lumen I] (PCT and thick ascending limb 
are highly susceptible to injury). 

• Nephrotoxic- 2° to injury resulting from tox ic substances (eg, aminoglycosides, radiocontrast 
agents, lead, cisplatin, ethylene glycol), crush injury (myoglobinuria), hemoglobinuria. Proximal 
tubules are particularly susceptible to injury. 

Acute generalized cortical infa rction of both 
kidneys. Likely due to a combination of 
vasospasm and DIC. 

Sloughing of necrotic renal papillae rJ - gross 
hematuria and proteinuria. May be triggered 
by recent infection or immune stimulus. 

Associated with obstetric catastrophes (eg, 
abruptio placentae), septic shock. 

Associated with: Sickle cell disease or tra it, 
Acute pyelonephritis, Analgesics (NSAIDs), 
D iabetes mell itus (SAAD papa with 
papillary necrosis) 
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Renovascular disease 

Renal cyst d isorders 

Autosomal dominant 
polycystic kidney 
disease 

Autosomal recessive 
polycystic kidney 
disease 

Autosomal dominant 
tubulointerstitial 
kidney disease 

Simple vs complex 
renal cysts 

RENAL RENAL- PATHO LOGY 

Renal impairment due to ischemia from renal Most common cause of 2° I ITN in adu lts. 
artery stenosis or microvascular disease. Other large vessels are often involved. 

I renal perfusion (one or both kidneys) 
- t ren in - t angiotens in - IITN. 

Main causes of rena l artery stenosis: 
• Atherosclerotic plaques- proximal I/3rd of 

renal artery, usua lly in older males, smokers. 
• Fibromuscular dysplasia - dista l 2/3rd of 

renal artery or segmental branches, usually 
young or m idd le-aged females. 

Clinically, patients can have refractory 
HTN with negative fam ily h istory of !ITN, 
asymmetric renal size, epigastric/Aank bruits. 

Numerous cysts in cortex and medulla fil causing bilatera l enla rged kidneys ultimate ly destroy 
kidney parenchyma. Presents wi th Aank pain, hematuria, hypertension, urinary infection, 
progressive renal fai lure in - 503 of individua ls. 

Mutation in PKDJ (853 of cases, chromosome 16) or PKD2 (15% of cases, chromosome 4). 
Complications include chronic kidney d isease and hypertension (caused by t ren in production). 
A5sociated with berry aneurysms, mitral va lve prolapse, benign hepatic cysts, d ivert iculosis. 

Treatment: If hypertension or prote inuria develops, treat with ACE inh ibitors or ARBs. 

Cystic dilation of collecting ducts (lJ. Often presents in infancy. A5sociated wi th congenital 
hepatic fibrosis. Significant oliguric renal fai lure in utero can lead to Potter sequence. Concerns 
beyond neonata l period include systemic hypertension, progressive renal insufficiency, and portal 
hypertension from congenita l hepatic fibros is. 

Also known as medullary cystic kidney d isease. Causes tubu lointerstitial fibrosis and progressive 
rena l insu ffic iency with inability to concentrate urine. Medullary cysts usually not visualized; 
smaller kidneys on u ltrasound. Poor prognosis. 

Simple cysts are filled with u ltrafi ltrate (anechoic on Very common and account for 
majority of all renal masses. Found incidentally and typically asymptomatic. 

Complex cysts, including those that are septated, enhanced, or have solid components on imaging 
require fo llow-up or removal due to risk of renal cell carcinoma. 



RENAL-PHARMACOLOGY 

Diuretics site of action 

Glomerulus 

0 Mannitol 

@ Acetazolamide 

e loop diuretics 

0 Thi.uide 

0 K• sparing diuretics 

Hco; 
Na' 

Proximal 
convoluted 

tubule 

Descending limb, 
loop of Henle 

(permeable to water) 

RENAL RENAL-PHARMACOLOGY 

Sugars 
Amino acids 
Na' 

Loop of Henle 

Distal 
convoluted 

-"' tubule Ca" 
Na• Y 

Ca1• 

Ascending limb, 
loop of Henle 
!permeable to salts) 

Collecting 
duct 
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Mannitol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Acetazolamide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Loop diuretics 

RENAL RENAL- PHARMACOLOGY 

Osmotic diuretic. t tubular Auid osmolarity - t urine Aow, I intracranial/intraocular pressure. 

Drug overdose, elevated intracranial/intraocular pressure. 

Pulmonary edema, dehydration, hypo- or hypernatremia. Contraindicated in anuria, HF. 

Carbonic anhydrase inhibitor. Causes self
limited NaIICO; diuresis and I tota l body 
HCO, - stores. 

Glaucoma, metabolic alka losis, altitude 
sickness, idiopathic intracranial hypertension. 
Alkalinizes ur ine. 

Proximal renal tubular acidosis, paresthesias, 
NI 1, toxicity, sulfa allergy, hypokalemia. 
Promotes calcium phosphate stone formation 
(insoluble at high pl!). 

"ACID"azolamide causes ACIDosis. 

Furosemide, bumetanide, torsemide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Et hacrynic acid 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Sulfonamide loop diuretics. Inhibit cotransport 
system (Na+/K+f2c J-) of th ick ascending limb 
of loop of Henle. Abol ish hypertonici ty of 
medulla, preventing concentration of urine. 
Stimulate PGE release (vasodilatory effect 
on afferent arteriole); inhibited by NSA!Ds. 
t Ca2+ excretion. Loops Lose Ca2+. 

Edematous states (HF, ci rrhosis, nephrotic 
syndrome, pulmonary edema), hypertension, 
hypercalcemia. 

O totoxicity, llypokalemia, llypomagnesemia, 
Dehydration, Allergy (sulfa), metabolic 
Alkalosis, Nephritis (interstitial), Gout. 

Nonsulfonamide inhibitor of cotransport system 
(Na+/K+/ZCJ-) of thick ascending limb of loop 
of Ilenle. 

Diuresis in patients allergic to sulfa drugs. 

Similar to furosemide, but more ototoxic. 

OIIII DAANG! 

Loop earrings hurt your ears. 



Thiazide diuretics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Potassium-sparing 

diuretics 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

RENAL RENAL- PHARMACOLOGY 

Hydroch loroth iazide, ch lortha I idone, 
metolazone. 

Inhibit NaCl reabsorption in early OCT 
- I di luting capacity of nephron. I Ca2+ 
excretion. 

Hypertension, HF, idiopathic hypercalciuria, 
nephrogenic diabetes insipidus, osteoporosis. 

Hypokalemic metabolic alkalosis, 
hyponatremia, hyperGlycemia, 
hyperLipidemia, hyperUricemia, 
hyperCalcemia. Sulfa allergy. 

Spironolactone, Eplerenone, Amiloride, 
Triamterene. 

Spironolactone and eplerenone are competitive 
aldosterone receptor antagonists in cortical 
collecting tubule. Triamterene and amiloride 
block Na+ channels at the same part of the 
tubule. 

Hyperaldosteronism, K+ depletion, !IF, hepatic 
ascites (spironolactone}, nephrogenic DI 
(amiloride}, antiandrogen. 

Hyperkalemia (can lead to arrhythmias), 
endocrine effects with spironolactone (eg, 
gynecomastia, antiandrogen effects). 

I lyperGLUC. 

Keep your SEAT 
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D 

Diuretics: electrolyte changes 

Urine NaCl 

Urine K+ 

Blood pH 

Urine Ca2+ 

t with all diuretics (strength varies based on potency of diuretic effect). Serum NaCl may decrease 
as a result. 

t especially with loop and th iazide diuretics. Serum K+ may decrease as a result. 

I (acidemia): carbonic anhydrase inhibitors: I HC03- reabsorption. K+ sparing: aldosterone 
blockade prevents K+ secretion and J[+ secretion. Additionally, hyperkalemia leads to K+ entering 
all cells (via I J+/K+ exchanger) in exchange for I J+ exiting cells. 

t (alkalemia): loop diuretics and th iazides cause alkalemia through several mechanisms: 
• Volume contraction - t AT II - t Na+/11+ exchange in PCT - t IIC03- reabsorption 

("contrac tion alkalosis") 
• K+ loss leads to K+ exiting all cells (via JJ+/K+ exchanger) in exchange for I J+ entering cells 
• In low K+ state, J[+ (rather than K+) is exchanged for Na+ in cortical collecting tubule 

- alka losis and "paradoxical aciduria" 

t with loop diuretics: I paracellular Ca2+ reabsorption - hypocalcemia. 
I with th iazides: enhanced Ca2+ reabsorption. 
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Angiotensin
converting enzyme 
inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

RENAL RENAL- PHARMACOLOGY 

Captopril, enalapri l, lisinopri l, ramipri l 

Inhibit ACE - l AT II - l CFR by preventing 
constri ction of efferent arterioles . t renin due 
to loss of negative feedback. Inhibition of ACE 
a lso prevents inactivation ofbradyki n in, a 
potent vasod ilator. 

Hypertension, HF (I mortal ity}, proteinuria, 
d iabetic nephropathy. Prevent unfavorable 
heart remode ling as a result of chronic 
hypertension. 

C ough, Angioedema (both due to 
t bradykinin; contra indicated in C l esterase 
inhibitor deficiency}, Teratogen (feta l renal 
malformations), t C reatin ine (l CFR), 
llyperkalemia, and llypotension. Used with 
caution in bilatera l renal artery stenosis 
because ACE inhibitors will further l CFR 
- renal failure. 

In chronic kidney disease (eg, d iabetic 
nephropathy), l intraglomerular pressure, 
slowing CBM th ickening. 

Captopril's CATCIIII . 

Angiotensin II receptor Losartan, candesartan, va lsartan. 
blockers 

MECHANISM Selective ly block binding of angiotens in II to AT1 receptor. Effects similar to ACE inhibitors, but 
ARBs do not increase bradykinin. 

CLINICAL USE Hypertension, HF, proteinuria, or chronic kidney disease (eg, d iabetic nephropathy) with 
intolerance to ACE inh ibitors (eg, cough, angioedema). 

ADVERSE EFFECTS Hyperka lemia, l CFR, hypotension; teratogen. 

Aliskiren 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Di rec t renin inhibitor, blocks conversion of angiotensinogen to angiotensin I. Aliskiren Ki lls 
Ren in. 

Hypertension. 

Hyperka lemia, l CFR, hypotension, angioedema. Relatively contraindicated in patients a lready 
tak ing ACE inhibitors or ARBs and contra indicated in pregnancy. 



H IGH - YI EL D SYS T EMS 

Reproductive 

"Artificial insemination is when the farmer does it to the cow instead of the 
bull." 

- Student essay 

Make no mistake about why these babies are here - they are here to 
replace us. 

- Jerry Seinfeld 

"Whoever called it necking was a poor judge of anatomy." 
- C roucho Marx 

"See, the problem is that God gives men a brain and a penis, and only 

enough blood to run one at a time." 
- Robin Will iams 

T he reproductive system can be intimidating at first but is manageable 
once you organize the concepts in to the pregnancy, endocrinologic, 
embryologic, and oncologic aspects of reproduction. Study the 
endocrine and reproductive c hapters together, because mastery of 
the hypothalamic-pituitary-gonadal axis is key to answering questions 
on ovulation, menstruation, disorders of sexual development, 
contraception, and many pathologies. 

Embryology is a nuanced subject that covers multiple organ systems. 
Approaching it from a clinical perspective will allow for better 
understanding. For instance, make the connection between the 
presentation of DiGeorge syndrome and the 3rd/4th pharyngeal pouch, 
and between the Mtillerian/\¥olffian systems and disorders of sexual 
development. 

As for oncology, don' t worry about remembering screening or treatment 
guidelines. It is more important to know how these cancers present (eg, 
associated labs, signs, and symptoms), their h istopathology, and their 
underlying risk factors. In addition, some of the testicular and ovarian 
cancers have distinct patterns of hCG, AFP, LH, or FSH derangements 
that serve as helpful clues in exam questions. 

Administrator
Typewriter
Leaked by : www.VladLectures.Rocks
& www.USMLEDatabase.host
Join our group for all 2019 vids & pdf ebooks:
https://www.facebook.com/groups/458274188038799
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REPRODUCTIVE-EMBRYOLOGY 

Important genes of embryogenesis 

Sonic hedgehog gene Produced at base of limbs in zone of polarizing activity. Involved in patterning along 

Wnt-lgene 

Fibroblast growth 
factor (FGF) gene 

Homeobox (Hox) 
genes 

Early fetal development 

Early embryonic 
development 

Within week 1 

Within week 2 

Within week 3 

Weeks 3-8 
(embryonic period) 

Week4 

Week6 

Weeks 

Week 10 

anteroposteri<>r ax is and CNS clevel<>pment. Mutati<>ns - hol<>prosencephaly. 

Produced at apical ect<><lermal ridge (thickened ect<><lerm at dista l encl of each clevel<>pi ng limb). 
Necessary for proper organizati<>n al<>ng d<>rsal-ventral axis. 

Produced at apical ect<><lermal ridge. Stimulates mi t<>sis of underlying meso<lerm, prnviding for 
lengthening <>f limbs. "L<)()k at that Fetus, C rowing Fingers." 

lnv<>lvecl in segmental <>rgan izati<>n <>f embry<> in a crani()cauclal directi<>n. C<><le for transcription 
fact<>rs. Mutati<>ns - appendages in wrnng l<>cati<>ns . 

N • I d chromosomei 
C • # of ctromatids/ONA copies 

hCC secreti<>n begins arnu ncl the time ()f 
implantati<>n of blastocyst. 

Bilaminar disc (epiblast, hypoblast). 

Castrulati<>n forms tri laminar embryonic disc. 
Cells from epiblast invaginate - primitive 
streak - en<l<><lerm, mes<><lerm, ecto<lerm. 
N<>t<>ch<>r<l arises fwm miclline mes<><lerm; 
overlying ectoderm bec<>mes neural plate. 

Neural tube formed by neur<>ecto<lerm and 
cl<>ses by week 4. 

Organ<>genesis. 

Heart begins t<> beat. 
Upper and l<>wer limb buds begin t() form . 

Fetal cardiac activity visible by transvaginal 
ultras<>uncl. 

Fetal m()vements start. 

Genitalia have male/female characteristics. 

Blast<>cyst "sticks" at day 6. 

2 weeks = 2 layers. 

3 weeks = 3 layers. 

Extremely susceptible t<> terat<>gens. 

4 weeks = 4 limbs and 4 heart chambers. 

Gait at week 8. 

Tenitalia. 



Embryologic derivatives 

Ectoderm 

Surface ectoderm 

Neura l tube 

Neura l crest 

Mesoderm 

Endoderm 
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Epiderm is; adenohypophysis (from Rathke 
pouch); lens of eye; epithe lia l linings of ora l 
cavity, sensory organs of ear, and olfactory 
epithelium; anal cana l below the pectinate line; 
parotid, sweat, mammary glands. 

Brain (neurohypophysis, CNS neurons, oligo
dendrocytes, astrocytes, ependymal cells, pineal 
gland), retina, spina l cord . 

Mela nocytes, Odontoblasts, Trachea l lin ing, 
E nterochromaffin cells, Leptomeninges 
(arachnoid, pia), PNS ganglia (crania l, dorsa l 
root, autonomic), Adrenal medulla, Schwann 
cells, Spira l membrane (aorticopu lmona ry 
septum), E ndocardia l cushions, Sku ll bones. 

Muscle, bone, connective tissue, serous 
lin ings of body cavities (eg, peritoneum, 
pericard ium, pleura), spleen (derived from 
foregut mesentery), ca rdiovascular structures, 
lymphatics, blood, wall of gut tube, upper 
vagina, kidneys, adrena l cortex, dermis, testes, 
ovari es . 

Notochord induces ectoderm to form 
neuroectoderm (neural plate); its only 
postnatal derivative is the nucleus pulposus of 
the intervertebral d isc. 

E xternal/outer layer 

Craniopharyngioma-benign Rathke pouch 
tumor with cholesterol crysta ls, ca lc ifications. 

Neuroectoderm-think CNS. 

MOTEL PASSES 
Neura l crest- th ink PNS a nd non-neural 

structures nearby. 

M iddlet'meat" layer. 

Mesodermal defects= VACTERL: 
Vertebra l defects 
Ana l atresia 
C ard iac defects 
Tracheo-Esophagea l fistu la 
Re na l defec ts 
L imb defects (bone a nd muscle) 

C ut tube epithelium (including anal canal "E nterna l" layer. 
above the pectinate line), most of urethra and 
lower vagina (derived from urogenital sinus), 
luminal epithelia l derivatives (eg, lungs, 
liver, gallbladder, pancreas, eustachian tube, 
thymus, parathyroid, parafo ll icular (C) cells of 
the thyroid. 

Types of errors in morphogenesis 

Agenesis 

Aplasia 

Hypoplasia 

Disruption 

Deformation 

Malformation 

Sequence 

Absent organ due to absent primordial tissue. 

Absent organ despite presence of primord ia l tissue. 

Incomplete organ development; primordial tissue present. 

2° breakdown of previously normal tissue or structure (eg, amniotic band syndrome). 

Extrinsic disruption (eg, multip le gestations - crowding - foot deformities); occurs after 
embryonic period. 

Intrinsic disruption; occurs during embryonic period (weeks 3- 8). 

Abnormalities result from a single 1° embryologic event (eg, oligohydramnios - Potter sequence). 
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Teratogens Most susceptible in 3rd- 8th weeks (embryonic period-organogenesis) of pregnancy. Before week 
3, "all-or-none" effec ts. After week 8, growth a nd function affected. 

TERATOGEN 

Medications 

ACE inhib itors 

Alkylating agents 

Aminog lycosides 

Antie pileptic d rugs 

EFFECTS ON FETUS 

Renal fai lure, oligohydramnios, hypocalvaria 

Absence of d igits, multiple anomalies 

Ototoxicity 

Neura l tube defects, cardiac defects, c left 
palate, skeleta l abnormalities (eg, pha lanx/na il 
hypoplasia, facial dysmorphism) 

Diethylstilbestrol (DES) Vagina l clear cell adenocarcinoma, congenita l 
Mi.i llerian anomalies 

Folate a ntagonists 

lsotretinoin 

Lith ium 

Met himazole 

Tetracyclines 

Tha lidomide 

Warfarin 

Substance abuse 

Alcohol 

Cocaine 

Smoking 
(nicotine, CO) 

Other 

Neura l tube defects 

Multiple severe birth defects 

Ebstein a nomaly (apica l displacement of 
tricuspid va lve) 

Aplas ia cutis congenita (congenital absence of 
skin, particularly on scalp) 

Discolored teeth, inh ibited bone growth 

Limb (phocomelia, micromelia
"Aipper" limbs) 

Bone deform ities, feta l hemorrhage, abortion, 
ophtha lmologic abnormalities 

Common cause of birth defects and intellectual 
d isability; fetal alcohol synd rome 

Low birth weight, preterm birth, IUGR, 
placental abruption 

Low birth weight (leading cause in developed 
countries), preterm labor, placental problems, 
IUGR, SIDS, ADIID 

Iodine (lack or exces.s) Congenita l goi ter or hypothyroid ism (cretinism) 

Maternal diabetes Caudal regression syndrome (anal atresia to 

Met hylmercury 

Vitamin A excess 

X-rays 

si renomelia), congenita l heart defects (eg, 
VSD, transposi tion of the great vessels), 
neural tube defec ts, macrosomia, neonatal 
hypoglycemia, polycythemia 

Neurotoxici ty 

Extremely high risk for spontaneous abortions 
and birth defects (cleft palate, ca rdiac) 

Microcephaly, intellectual disability 

NOTES 

A mean guy hit the baby in the ear. 

I Iigh-dose folate supplementation 
recommended. Most commonly va lproate, 
carbamazepine, phenytoin, phenobarbital. 

Includes trimethoprim, methotrexate, 
antiepileptic drugs. 

Contraception mandatory. IsoTERATinoin. 

"Teethracycl ines." 

Limb defects with " tha-limb-domide." 

Do not wage warfare on the baby; keep it heppy 
with heparin (does not cross placenta). 

Cocaine - vasoconst ric tion. 

Nicotine - vasoconstriction. 
CO - impaired 0 2 delivery. 

I Iighest in swordfish, sha rk, t ilefish, king 
mackerel. 

Min imized by lead shielding. 



Fetal alcohol 
syndrome 

Neonatal abstinence 
syndrome 
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One of the leading preventable causes of intellectual disability in the US. Newborns of mothers 
who consumed a lcohol during any stage of pregnancy have t incidence of congenital 
abnormalities, including pre- and postnata l developmenta l retardation, microcephaly, facial 
abnormalities fl (eg, smooth philtrum, thin verm ill ion border, small pa lpebra l fissures), limb 
d islocation, heart defects. Ileart-lung fistu las and holoprosencephaly in most severe form. One 
mechanism is due to impaired migration of neurona l and glia l ce lls. 

Complex disorder involving CNS, ANS, a nd CI systems. Secondary to maternal opiate use/abuse. 
Universa l screening for substance abuse is recommended in all pregnant patients. 
Newborns may present with uncoordinated sucking reflexes, irritab ility, high-pitched cryi ng, 

tremors, tachypnea, sneezing, d ia rrhea, and possibly seizures. 
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Twinning 

DUCTIVE REP RO DUCT! VE-EMBRYOLOGY 

Diz)'gof , ("f ic raterna l") tw· . 
(always 2 zygot ) ms anse from 2 e I Monoz ' . ... es and w 1 II have 2 se ggs t 1at are separate! ' f; . )gobc ( identical") I:\.· . parate am111otic . ) erh li zed by 2 
preg"'"'Y Th• bm ''""''"&om l&"T '"''""" ""''"" I ' '"""P""' 

determines 
• Cl ays: Sep J c 1onons) a d . 

eavage 4- 8 d . arate chorion a d . n am1110111city 

• Cl ays: shared C h . n am111on 
eavage 8- 12 d· on<m 

• Cl ays· sha d A eavage 13+ d · · re mnion 
ays: shared Bod ( 

Daygotic (fraternal) [·'Iii Y COnJOi ned) 

0 
No twinning 

l ,_ 6 b <D ,_ l ·-·-
2·ctk !tag< <D IT\ 2·cell stage \J.I 

Monozygoti (. c identical) [· '/s[ 

l 
@ 

l 
@ 

>-+ . 
W Okhorionk: 

@ - :!!!-0 -. _,_ 

I 

-B'lastocyst 

® 
fo.med 

tmbtyonic disc 

MO<Ula 

® 
Formed 

embtyonic disc 

Dictiorionic 
diarnniotic 

4-8days 

8- 12 days 

Chorionic 
cavity f V cavity 

formed 
embryonic disc 

> 13 days a .. vage .. 

(rlntr) Endometrlum 
No twinning if 
nodeavage 

Monochorionic 
di.amniotic 175%1 

Monochorionic 
monoamniotic 
(rare) 

Monochorionic 
monoamniotic 
(conjoned- rareJ 



Placenta 

Fetal component 

Cytotrophoblast 

Syncytiotrophoblast 

Maternal component 

Decidua basalis 
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I 0 site of nutr ient a nd gas excha nge between mother and fetus. 

Inner layer of chorionic vill i. 

Outer layer of chorionic vill i; synthesizes and 
secretes hormones, eg, hCC (structura lly 
simila r to LH; stimulates corpus luteum to 
secrete progesterone during first t ri mester). 

C ytotrophoblast makes C ells. 

Syncytiotrophoblast synthesizes hormones. 
Lacks MHC-1 expression - I chance of attack 

by materna l immune system. 

Derived from endometrium. Materna l blood in 
lacunae. 

Endometrial vein } Maternal 

Endometrial artery circulation 

..... · 

Decidua basatis 

Maternal circulation 
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Umbilical cord 

Urachus 

Patent urachus 

Urachal cyst 

Vesicourachal 
diverticulum 

REPRODUCTIVE REPRODUCTIVE-EMBRYOLOGY 

Two umbilical arteries return deoxygenated 
blood from fetal internal iliac arteries to 
placenta fl. 

One umbilical vein supplies oxygenated blood 
from placenta to fetus; dra ins into JVC via 
I iver or via ductus venosus. 

Amniotic epithelium 

Umbilical 
arteries 
Umbilical 
vein 

Single umbil ical artery (2-vessel cord) is 
associated with congenital and chromosomal 
anomalies. 

Umbilical arteries and vein are derived from 
allantois. 

p 
Umbilical artery Umbilical artery 

\ \ 

I 
Allantoic duct Umbilical 

-----vein 

Cord lining membrane 

I _Wharton 
·eu 

In the 3rd week the yolk sac forms the allantois, which extends into urogenital sinus. Allantois 
becomes the urachus, a duct between fetal bladder and umbilicus. Failure of urachus to involute 
can lead to anomalies that may increase risk of infection and/or mal ignancy (eg, adenocarcinoma) 
if not treated. 

Obliterated urachus is represented by the median umbilical ligament after birth, which is covered 
by median umbi lical fo ld of the peritoneum. 

Total fa ilure of urachus to obliterate - urine discharge from umbilicus. 

Partia l failure of urachus to obliterate; flu id-fi lled cavity lined with uroepithel ium, between 
umbilicus and bladder. Cyst can become infected and present as painfu l mass below umbilicus. 

Slight failure of urachus to obliterate - outpouching of bladder. 

Nonnal Patent urachus Urachal cyst Vesicourachal diverticulum li1I 

Vitelline duct 7th week- obliteration of vitell ine duct (omphalomesenteric duct), which connects yolk sac to 
midgut lumen. 

Vitelline fistu la Vi tel line duct fails to close - meconium discharge from umbilicus. 

Meckel diverticulum Partia l closure of vitelline duct, with patent portion attached to ileum (true diverticulum, white 
arrow in f'J). May have heterotopic gastric and/or pancreatic tissue - melena, hematochezia, 
abdominal pain. 

Normal Vitelline fistula Meckel divetticulum li1I 
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Aortic arch derivatives Develop into arterial system. 

1st Part of maxilla ry artery (branch of ex terna l 
carotid). 

2 nd Staped ia l artery and hyoid artery. 

3rd C ommon C arotid artery and proximal part of 
interna l Ca rotid artery. 

4th On left, aortic arch; on right, proximal part of 
right subclavian artery. 

6th Proximal part of pu lmonary arteries and (on left 

Pharyngeal apparatus 

only) ductus a rteriosus. 

Right recurrent 
laryngeal nerve 
loops around right 
subclavian artery 

6 months postnatal 

Composed of pharyngeal clefts, arches, 
pouches. 

Pharyngeal c lefts-derived from ectoderm. Also 
called pharyngeal grooves. 

Pharyngeal arches- derived from mesoderm 
(muscles, arteries) and neural crest (bones, 
carti lage). 

Pharyngeal pouches- derived from endoderm. 

!st cle ft deve lops into external auditory meatus. 

1st arch is maximal. 

Second= Stapedial. 

C is 3rd letter of a lphabet. 

4th arch (4 limbs)= systemic. 

6th arch = pulmonary and the pulmonary-to
sys temic shunt (ductus arteriosus). 

Left recurrent laryngeal nerve 
loops around aortic arch 
to ductus arteriosus 

CAP covers outside to inside: 
C lefts= ectoderm 
Arches = mesoderm + neura l crest 
Pouches = endoderm 

Clett 
Arch 
Pouch 

/ Pharyngeal floor 

1 

- ·-----._Artery 

II o• 
0 ·o 

(i) 

/ 

o; IV 

VI O,j' ' "" Ii!! 

Pharyngeal cleft 
derivatives 2nd through 4th clefts form temporary cervica l sinuses, which are obliterated by proliferation of 2nd 

arch mesenchyme. 
Persistent cervical sinus - pharyngea l cleft cyst with in lateral neck, anterior to sternocleidomastoid 

muscle. 
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Pharyngeal arch derivatives 
ARCH CARTILAGE MUSCLES NERVES' NOTES 

1st pharyngeal M axillary process M uscles of Mastication CN V, chew Pierre Robin sequence-

arch - M axilla, zygoMatic (tempora lis, Masseter, m icwgnathia, 
bone lateral and Medial glossoptosis, cleft 

M andibu lar process pterygoids}, Mylohyoid, pa late, a irway 
- M eckel cartilage anterior bel ly of d igastric, obstruction 
- Mandible, tensor tympani, anterior Treacher Collins 
M alleus and incus, ¥i of tongue, tensor vel i syndrome- autosomal 
sphenoM andibu lar palatini domina nt neura l 
ligament crest dysfunc tion 

2nd pharyngeal Reichert car t i I age: Muscles of facia l expression, CN VII (facial - craniofacial 
arch Stapes, Styloid Staped ius, Stylohyoid, expression) abnormalities (eg, 

horn platySma, poster ior belly smile zygomatic bone 
of hyoid, Stylohyoid of d igastr ic and mandibular 
ligament hypoplasia}, 

hearing loss, a irway 
compromise 

3rd pharyngeal G reater horn of hyoid Stylopharyngeus (th ink CN IX (stylo-
arch of stylopharyngeus pharyngeus) 

innervated by swallow stylish ly 
glossopharyngeal nerve) 

4th- 6th Arytenoids, C ricoid, 4th arch: most pha ryngea l 4th arch: CN Arches 3 and 4 form 
pharyngeal C orniculate, constri ctors; cricothyroid, X (superior posterior Yi of tongue; 
arches C une iform, T hyroid levator ve li palatini laryngeal branch) arch 5 n1akes 110 

(used to sing and 6th arch: all intrinsic simply swallow major developmental 
ACCCT) muscles of larynx except 6th arch: CN contributions 

cricothyroid X (recurrent/ 
inferior laryngeal 
branch) speak 

•sensory and motor nerves are not pharyngeal arch derivatives. T hey grow into the a rches and are derived from 
neuroectoderm. 

When at the restaurant of the golden arches, children tend to fi rst chew ( I}, then smile (2), then swallow styl ish ly (3) or 
simply swallow (4), and then speak (6). 
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Pharyngeal pouch derivatives 
POUCH DERIVATIVES NOTES 

1st pharyngeal pouch Middle ear cavi ty, eustachian !st pouch contributes to 
endoderm-1 i ned structures of 
ear. 

tube, mastoid ai r cells. 

2nd pharyngeal pouch Epithelial lin ing of palatine 
tonsil. 

3rd pharyngeal pouch Dorsal wings - inferior 
parathyroids. 

Ventral wings - thymus. 

3rd pouch contributes to 3 
structures (thymus, le ft and 
right inferior parathyroids}. 

3rd-pouch structures end up 
below 4 th-pouch structures. 

4th pharyngeal pouch Dorsal wings - superior 
parathyroids. 

Cleft lip and cleft 
palate ... 

' . ' -· 
,._, ' '" . 

* 

Ventral wings 
- ultimopharyngea l body 
- parafoll icular (C} cells of 
thyroid. 

Cleft lip [l- fa ilure offusion of the maxillary 
and merged media l nasa l processes (formation 
of I 0 palate}. 

Cleft palate- fai lure of fus ion of the two latera l 
palatine shelves or failure of fus ion of latera l 
palatine shelf with the nasa l septum and/or 
median palatine she lf (formation of 2° palate). 

Cleft lip and cleft palate have distinct, 
multifactoria l etiologies, but often occur 
together. 

Roof of 
mouth 

(!'palate) 

MNEMONIC 

Ear, tonsils, bottom-to-top: 
I (ear}, 
2 (tonsils), 
3 dorsal (bottom for inferior 

parathyroids}, 
3 ventral (to = thymus}, 
4 (top = superior 

parathyroids}. 

Uvula 

Oeft palate (partial) 
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Genital embryology 

Female 

Male 

Paramesonephric 
(Mullerian) duct 

Mesonephric 
(Wolffian) duct 

Default development. Mesonephric duc t 
degenerates and paramesoneph ric duct 
develops. 

SRY gene on Y chromosome-produces testis
determin ing factor - testes development. 

Sertoli cells secrete Miillerian inh ibitory 
factor (MIF also known as, antimullerian 
hormone) that suppresses development of 
paramesonephric ducts. 

Leydig cel ls secrete a ndrogens that stimulate 
development of mesonephric ducts. 

Develops into female internal structures
fallopian tubes, uterus, upper portion of vagina 
(lower portion from urogenital sinus). Male 
remna nt is appendix testis. 

Mullerian agenesis (Mayer-Rokitansky

Kuster-Hauser syndrome)- may present 

as 1° amenorrhea (due to a lack of uterine 
development) in fema les with fully deve loped 
2° sexual characteristics (fu nctional ovaries). 

Develops into male interna l structures (except 
prostate)- Seminal vesicles, Epididymis, 
E jaculatory duct, D uc tus deferens (SEED). 

Female remnant is Cartner duct. 

Sexual differentiation 

Mesonephric 
(WolffianJ duct 

Internal mate 
geritalio 

Seminal vesiclt 
Epididymcs 

Ejaculatory dUct 
Ductus defetens 

Leydig 
cets 

XY 
(SRY) 

Testes 

I 
Oihydrotestostt'l'OOe 

Extenwil malt 
genitalii 

Penis 
Scrotum 

+ Pfostate 

gonads 

I I 
Cortex 

I 

0 
Mlf 

L 

Ovaries 

Estrdol 

Extmwil lemale 
geritalio 

Clitoris 
!.>bi• 

Distal vagina 

ParamtSOMphric 
(MUl.lerian) duct 

-0--1 

Internal female 
genitJlii 

fallopian tubes 
\J\e•us 

PtoJimal vagina 

Gubernacutwn 
Paramesootptvic duct-

Urogenital wvs 

Testis-determining tactoi\ 
Androgens No androgens 

Q\i 
Urinary 
bladde• 

Oe9fnerated-
paramesonej:lwlc duct .. _/ 

Vas delerens 

'• 
' 

(")-Meunepmc v k;dney 

- Oviduct 

- ureter 

---Degenerated 
mesonephric 
duct 

0 Absence ofSertoli ce lls or lack ofl\fo llerian 
inhib itory factor - develop both male and 
female interna l genitalia and male externa l 
genitalia 

@ 5a-reductase defic iency- inability to convert 
testosterone into DHT - male interna l 
genitalia, ambiguous external genitalia until 
puberty (when t testosterone levels cause 
mascul inization) 

In the testes: 
Leydig Leads to male (internal and ex terna l) 

sexual d ifferentiation. 
Sertoli Shuts down female (internal) sexua l 

differentiation. 

lill 
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Uterine (Miillerian duct) anomalies 

Septate uterus Common anomaly vs normal uterus rJ. Incomplete resorption of septum llJ. I ferti lity and early 
miscarriage/pregnancy loss. Treat with septoplasty. 

Bicornuate uterus Incomplete fusion of Mti llerian t risk of complicated pregnancy, early pregnancy loss, 
malpresentation, prematuri ty. 

Uterus did el phys Complete fa ilure of fusion - double uterus, cervix, vagina [!]. Pregnancy possible. 

Normal 

Male/female genital homologs 

Male 
/ Glans penis 

r-Penile urethra 

...--Scrotum 

Urachus 

U . PJ:Kidney 
rrnary--........_ '-

bladdet "" 

Glans 
--./IA. 

,j ..., Ductus 
Spongy deferens 
urethra cJ' 

Septate 

Undifferentiated 
. ./Genital 

Genital tubercle 

fold --....... ..---labioscrotal 
swelling 

Urogenital ______. 
sinus 

Allantois....__ 
Vesical 
part 

_ Pelvic 
i?J part 

Phallic 
Rectum part 

Urogenital 
sinus 

8icornuate Didelphys II! 

Female 

Oitoris --....----..... 

Opening of ---
urethra 

..---Labia 
.,..-- minora 

Opening of _______... 
vagina 

..___labia 
maj0<a 

K Uterine 
tube 

Urinary"-..' 
bladder 

3--.......r---..____ovary 

Vagina 

Dihydrotestosterone Estrogen 
Glans penis Genital rubercle Gans clitoris 

Corpus c.avemosum Genital rubercle Vestibular bulbs and spongiosum 
Bulbourelhral glands 

(olCowperl Urogenital sinus Cite.at er vestibular gtands 
lof Bartholin) 

Prostate gland Urogenital sinus Urethral and paraurethral 
glands lof Skene I 

Ventral shaft of penis 
Ur09enital folds Labia minora (penile urethra) 

Scrotum l abio<ao<al swelling Labia majora Ii?! 
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Congenital penile abnormalities 

Hypospadias Abnormal opening of penile urethra on ventral I lypospadias is more common than 

Epispadias 

c.---

surface of penis due to fai lure of urethral fo lds 
to fuse. 

Abnormal opening of penile urethra on dorsal 
surface of penis due to faulty positioning of 
genital tubercle. 

epispadias. Associated with inguinal hernia, 
cryptorchidism, chordee (downward or upward 
bending of penis). 

Hypo is below. 

Exstrophy of the bladder is associated with 
Epispadias. 

When you have Epispadias, you hit your Eye 
when you pEE. 

Descent of testes and ovaries 
DESCRIPTION MALE REMNANT FEMALE REMNANT 

Gubernaculum Band of fi brous tissue. Anchors testes within scrotum. Ovarian ligament + round 
ligament of uterus. 

Processus vaginalis Evagination of peritoneum. Forms tunica vaginalis. Obliterated. 

REPRODUCTIVE-ANATOMY 

Gonadal drainage 

Venous drainage 

Lymphatic drainage 

Left ovary/testis - left gonadal vein - left renal "Left gonadal vein takes the Longest way." 
vein - IVC. 

Right ovary/testis - right gonadal vein - JVC. 
Because the left spermatic vein enters the left 

renal vein at a 90° angle, Aow is laminar 
on left than on right - left venous pressure 
> right venous pressure - va ricocele more 
common on the left. 

Ovaries/testes - para-aortic lymph nodes. 
Body of uterus/cervix/superior part of bladder 

- external iliac nodes. 
Prostate/cervix/corpus cavernosum/proximal 

vagina - internal iliac nodes. 
Distal vagina/vulva/scrotum/distal anus 

- superficial inguinal nodes. 
C lans penis - deep inguinal nodes. 
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Female reproductive anatomy 

Mesovarium 
(of broad ligament) 

Ovarian 

Uterosacral 
ligament 

Vagina 
Vagi"la Urethra 

LIGAMENT 

lnfundibulopelvic 
ligament 

Cardinal (transverse 
cervical) ligament 

Round ligament of the 
uterus 

Broad ligament 

Ovarian l igament 

Adnexal (ovarian) 
torsion 

Posterior view 

CONNECTS 

Ovaries to lateral 
pelvic wall 

Cervix to side wall of 
pelvis 

Uterine horn to labia 
majora 

Uterus, fa llopian tubes, 
and ovaries to pelvic 
side wall 

Medial pole of ovary to 
uterine horn 

STRUCTURES CONTAINED 

Ovarian vessels 

Uteri ne vessels 

Ovaries, fallopian 
tubes, round 
ligamenl5 of uterus 

Saglttal view 

NOTES 

Also called suspensory ligament of the ovary. 
Ligate vessels during oophorectomy to avoid 

bleeding. 
Ureter courses retroperitoneally, close to gonadal 

vessels - at risk of injury during ligation of 
ovarian vessels. 

Ureter at risk of injury during ligation of uterine 
vessels in hysterectomy. 

Derivative of gubernaculum. Travels through 
round inguinal canal; above the artery of 
Sampson. 

Fold of peritoneum that comprises the 
mesosalpinx, mesometrium, and mesovarium. 

Derivative of gubernaculum. 
Ovarian ligament latches to lateral uterus. 

Twisting of ovary and fallopian tube around infundibulopelvic ligament and ovarian ligament 
- compression of ovarian vessels in infundibulopelvic ligament - blockage of lymphatic and 
venous outflow. Continued arterial perfusion - ovarian edema - complete blockage of arterial 
inAow - necrosis, local hemorrhage. 

A5sociated with ovarian masses. Presents with acute pelvic pain, adnexal mass, nausea/vomiting. 
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Female reproductive 
epithelial histology 

TISSUE 

Vulva 

Vagina 

Ec tocervix 

Transformation zone 

Endocervix 

Uterus 

Fallopian tube 

Ovary, outer surface 

Male reproductive anatomy 

Glans 

Ureter 

HISTOLOGY/NOTES 

Stratified squamous epithelium 

Stratified squamous epithelium, nonkeratinized 

Stratified squamous epithelium, nonkeratinized 

Squamocolumnar junction fJ (most common 
area for cervical cancer) 

Simple columnar epithel ium 

Simple columnar epithel ium wi th long tubu lar 
glands in proliferative phase; coi led gla nds in 
secretory phase 

Simple columnar epithelium, c iliated 

Simple cuboidal epithelium (germinal 
epithelium cover ing surface of ovary) 

Bulbourethral Retetest1s 
gland (Cowper) .\ 

Seminiferous Vas deferens 
tubules \ • 

Tunica A 
albuginea__,...-

Tail of epididymis / 

Pathway of sperm during ejaculation
SEVEN UP: 
Seminiferous tubules 
E pididymis 
Vas deferens 
E jaculatory ducts 
(Nothing) 
Urethra 
Penis 



Urethral injury 

PARTOF URETHRA 

MECHANISM 

LOCATION Of URINE LEAK/BLOOD 

ACCUMULATION 

PRESENTATION 

Autonomic 
innervation of male 
sexual response 
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Occurs a lmost exclusively in men. Suspect if blood seen at urethra l meatus. Urethra l 
cathe terization is relatively contra indicated. 

Anterior urethral injury 

Bulbar (spongy) urethra 

Perinea! straddle injury 

Blood accumulates in scrotum 
If Buck fascia is torn, ur ine escapes into perinea I 

space 

Blood at urethra l meatus and scrotal hematoma 

Deep penile 
(Buck) fascia 

Erection- Parasympathetic nervous system 
(pelvic spla nchnic nerves, S2-S4): 
• NO - t cCMP - smooth muscle 

relaxation - vasodilation - proerecti le. 
• Norepinephrine - t [Ca2+];11 - smooth 

muscle contrac tion - vasoconstriction 
- antierecti le. 

Emission- Sympathetic nervous system 
(hypogastric nerve, T l l -L2). 

Expulsion- viscera l and Somatic nerves 
(pudenda! nerve). 

Posterior urethral injury 

Membranous urethra 

Pelvic fracture 

Urine leaks in to retropubic space 

Blood at ureth ra l meatus and high-riding 
prostate 

extravasation 

Point, Squeeze, and Shoot. 
PDE-5 inhibitors (eg, sildenafil) I cCMP 

breakdown. 
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Seminiferous tubules 

CELL 

Spermatogonia 

Sertoli cells 

Leydig cells 

HYPOTHALAMUS 

GnR!l 

Amerio( 
plru1tary 

FUNCTION 

Mainta in germ cel l pool and produce 1° 
spermatocytes. 

Secrete inhibin B - inhibit FS!I. 
Secrete androgen-binding protein - mainta in 

local levels of testosterone. 
Produce MlF. 
Tight junctions between adjacent Sertoli cells 

form blood-test is barrier - isolate gametes 
from autoimmune attack. 

Support and nourish deve loping spermatozoa. 
Regu late spermatogenesis. 
Temperature sensitive; I sperm production and 

I inh ibin B with t temperature. 

Secrete testosterone in the presence of LI l; 
testosterone production unaffected by 
temperature. 

t----<.->--1 ( t--€>-- lnhib;n B 

' fSH Senoli cell 
LH 

t.eydlgceft J 
Capiltary -6 

SMoJlcell 

SPERMATOGENESIS 

LOCATION/NOTES 

Line seminiferous tubu les rJ 
Germ cells 

Line seminiferous tubu les 
Non-germ cells 
Convert testosterone and androstenedione to 

estrogens via aromatase 
Sertoli cells Support Sperm Synthesis and 

inhibit FSII 
I lomolog of female granulosa cells 

t temperature seen in varicocele, 
cryptorchidism 

lnterstitium 
Endocrine cells 
I lomolog of female theca intema cells 
Leyd ies (ladies) dig testosterone 

a SOmlnlferous ....... 
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REPRODUCTIVE-PHYSIOLOGY 

Spermatogenesis 

Spermatogonium 
Diploid 
(2N. 2() 

Blood-testis 
barrier 

Replication 
(interphase) 

Begins at puberty with spermatogonia. Full 
development takes 2 months. Occurs in 
seminiferous tubu les. Produces spermatids 
that undergo sperm iogenesis (loss of 
cytoplasmic contents, gain of acrosomal cap) 
to form mature spermatozoa. 

"Conium" is going to be a sperm; "Zoon" is 
"Zooming" to egg. 

1• spemiatocyte 
Diploid 
(2N, 4C) 

2' spermatocyte 
Haploid 
(1N.2Cl 

Meiosis I 

Spermatid 
Haploid 
(lN.lC) 

Sperm 

N = ploidy 
C = # of chromatids 

Spermiogenesis 

- ------• Mature spermatozoon 
Haploid 
(lN. lC) 

Note: Impaired tail mobility can lead to 
infertility (seen in ciliary 
dyskinesia/Kartagener syndrome). 
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Estrogen 

SOURCE 

FUNCTION 

Progesterone 

SOURCE 

FUNCTION 

REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY 

Ovary placenta (estr iol), adipose 
tissue (estrone via a romatization). 

Development of genita lia a nd breast, fema le fat 
d istribution. 

G rowth of follicle, endometrial proliferation, 
t myometria l excitability. 

Upregulation of estrogen, LI I, and progesterone 
receptors; feedback inhibition ofFSII and 
LH, then LI I surge; stimulation of prolactin 
secretion. 

t transport proteins, SI IBC; t I IDL; I LDL. 

Theca cells 

LH 

Potency: estradiol > estrone > estriol. 

Pregnancy: 
• 50-fold t in estradiol a nd estrone 
• !000-fold t in estrio l (indicator offetal well

being) 
Estrogen receptors expressed in cytoplasm; 

translocate to nucleus when bound by 
estrogen. 

Cholesterol 

T 
Androstenedtone 

cAMP /' Estrone -. ' ) 
Estradiot • 

FSHR i: 
"-... Estrogen Follicle 

Corpus luteum, placenta, ad rena l cortex, testes. 

During lutea l phase, prepares uterus for 
impla ntation offertil ized egg: 
• Stimulation of endometria l glandular 

secretions and spiral artery development 
• Production of thick cervical mucus 

- inhibits sperm entry into uterus 
• Prevention of endometrial hyperplasia 
• t body temperature 
• I estrogen receptor expression 
• I gonadotropin (Lii, FSll) secretion 

During pregnancy: 
• Maintenance of pregnancy 
• I myometria l excitability - I contraction 

frequency a nd intens ity 
• I prolactin action on breasts 

FSH It! 

Fall in progesterone after delivery disinhibits 
prolactin - lactation. t progesterone is 
indicative of ovulation. 

P rngesterone is prn-gestation. 
P rolactin is pro-lactation. 



Oogenesis 

Ovulation 
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1° oocytes begin meiosis I during fetal life and complete meiosis I just prior to ovu lation. 

Meiosis I is arrested in prO phase I for years until O vulation (1° oocytes). 

Meiosis II is arrested in metaphase II until ferti lization (2° oocytes). "An egg met a sperm." 

If fertilization does not occur wi thin I day, the 2° oocyte degenerates. 

Oogooium 
Diploid 
(2N.2C) 

Replication 
(interphase) 

!' oocyte 
Diploid 
(2N,4C) 

t estrogen, t C nRII receptors on anterior 
pi tuitary. Estrogen surge then stimulates LI I 
release - ovulation (rupture of foll icle). 

t temperature (progesterone induced). 

Arrested in 
prophase l 

until ovulation 

Meiosis I 

2' oocyte 
Haploid 
(IN. 2C) 

N = ploidy 
C = # of chromatids 

Arrested in 
metaphase ll 

Ovum 
Haploid 
(IN, I () 

until fertilization 

Polar body 
(can degenerate 
or give rise to 2 
polar bodies) Polar body 

Meiosis ll 

Mitte lschmerz- transient mid-cycle ovulatory 
pain ("Middle hurts"); c lassically associated 
with peritonea l irritation (eg, foll icular 
swelling/rupture, fallopian tube contraction). 
Can mimic appendicitis. 
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Menstrual cycle Follicular phase can vary in length. Luteal phase is 14 days. Ovulation day+ 14 days = 
menstruation. 

Follicular growth is fastest during 2nd week of the follicular phase. 
Estrogen stimulates endometrial prol iferation. 
Progesterone maintains endometrium to support implantation. 
l progesterone - l ferti lity. 

PHASES OF OVARIAN CYCLE: 

·····• FSH 
......... LH 

Primordial 
fot6cles 

• • . 

PHASES OF UTERINE CYCLE: 

FOLLICULAR PHASE 

FSH 

ij 
Developing 

follicle 

@@ 

Menses Proliferative c 
0 

" > 
0 

LUTEAL PHASE 

Corpus 
luteum 

-
ProduC!S 

Secretory 

Corpus 
albteans 



Abnormal uterine 
bleeding 

Pregnancy 

REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY SECTION Ill 619 

Characterized as either heavy menstrua l 
bleeding (AUB/IIMB) or intermenstrua l 
bleeding (AUB/IMB). 

These are further subcategorized by PALM
COEIN: 
• Structural causes (PALM): Polyp, 

Adenomyosis, Leiomyoma, or M alignancy/ 
hyperplasia 

• Non-structural causes (COEIN): 
C oagulopathy, O vulatory, E ndometria l, 
Iatrogenic, Not yet classified 

Fertilization most commonly occurs in upper 
end of fa llopian tube (the ampu lla). Occurs 
within I day ofovulation. 

Implan tation with in the wall of the 
uterus occurs 6 days a fter fertilization. 
Syncytiotrophoblasts secrete hCC, which is 
detectable in blood I week a fter conception 
and on home test in urine 2 weeks after 
conception. 

Gestationa l age- calculated from date of last 
menstrual period. 

Embryonic age- calculated from date of 
conception (gestational age minus 2 weeks). 

Physiologic adaptations in pregnancy: 
• t cardiac output (t preload, I a fterload, 

t I IR - t placenta l a nd uterus perfusion) 
• Anemia (t t plasma, t RBCs) 
• llypercoagulability (to I blood loss at 

delivery) 
• llyperventi lation (el iminate feta l C02) 

• t lipolysis and fat utilization (due to 
maternal hypoglycemia and insu lin 
resistance) - preserves glucose and amino 
acids for uti lization by the fetus. 

Terms such as dysfunctiona l uterine bleeding, 
menorrhagia, oligomenorrhea are no longer 
recommended. 

Human placental 
lactogen 
Protactm 
Progesterone 

Estrogens 

7 14 21 28 35 42 
Weeks of pregnancy Ii!! 

Placenta l hormone secretion genera lly increases 
over the course of pregnancy, but hCC peaks at 
8- IO weeks. 

Human chorionic gonadotropin 

SOURCE Syncytiotrophoblast of placenta. 

FUNCTION Mainta ins corpus luteum (and thus progesterone) for first 8- IO weeks of pregnancy by acting like 
LI I (otherwise no luteal cell stimulation - abortion). After 8- IO weeks, placenta synthes izes its 
own estriol and proges terone and corpus luteum degenerates. 

Used to detect pregnancy because it appears early in urine (see above). 
Has identica l a subun it as LI I, FSI I, TSI I (states of t hCC can cause hyperthyroid ism). 

is un ique (pregnancy tests subun it). hCC is t in multiple gestations, hydatidiform 
moles, choriocarc inomas, and Down syndrome; hCC is I in ectopic/failing pregnancy, Edwards 
syndrome, a nd Patau syndrome. 
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Human placental 
lactogen 

SOURCE 

FUNCTION 

Apgar score 

A ppearance 

P ulse 

G rimace 

A ctivity 

Respiration 

REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY 

Also known as chorionic somatomammotropin. 

Syncytiotrophoblast of placenta. 

Stimulates insu lin production; overall t insu lin resistance. Gestationa l diabetes can occur if 
maternal pancreatic function cannot overcome the insulin resistance. 

Score 2 Score 1 

* * Pink Extlemities blue 

100 bpm < 100 bpm 

Cries and Grimaces or 
pulls away weak cry 

' 

Active movement Arms. legs flexed 

Strong cry Slow, irregular 

Score 0 

* Pale or blue 

No pulse 

No response to 
stimulation 

No movement 

No breathing 

Assessment of newborn vi ta l signs following 
de livery via a JO-point scale evaluated at I 
minute and 5 minutes. Apgar score is based 
on Appearance, Pu lse, Grimace, Activity, and 
Respiration. Apgar scores< 7 requi re further 
evaluation. If Apgar score remains low at later 
time points, there is t risk the child will develop 
long-term neurologic damage. 



Infant and child 
development 

AGE 

I infant 

0-12 mo 

Toddler 

12-36mo 

Preschool 

3-5 yr 

Low birth weight 

REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY SECTION Ill 621 

Milestone dates are ranges that have been approximated a nd vary by source. C hildren not meeting 
milestones may need assessment for potentia l developmental delay. 

MOTOR 

Parents 

P rimitive reAexes d isappear
Mor<> (by 3 mo}, r<>oti ng (by 
4 mo}, palmar (by 6 mo), 
Babinsk i (by 12 mo) 

Posture - lifts head up pr<>ne (by 
I mo), rolls and sits (by 6 mo), 
crawls (by 8 mo), stands (by 
JO mo), walks (by 12-18 mo) 

P icks- passes toys hand to 
ha nd (by 6 mo), P incer grasp 
(by JO mo) 

Points to objects (by 12 mo) 

Child 

C ruises, takes first steps (by 
12 mo) 

C limbs stai rs (by 18 mo) 
C ubes stacked-number 

=age (yr) x 3 
C utlery- feeds self with fork 

and spoon (by 20 mo) 
Kicks ba ll (by 24 mo) 

Don't 

Drive-tricycle (3 wheels at 
3 yr) 

D rawings- copies line or 
ci rcle, stick figure (by 4 yr) 

Dexterity-hops on one foot 
(by 4 yr), uses buttons or 
zippers, grooms self (by 5 yr) 

SOCIAL 

Start 

Social smile (by 2 mo) 
Stranger anxiety (by 6 mo) 
Separation anx iety (by 9 mo) 

Rearing 

Recreation-para llel play (by 
24-36 mo) 

Rapprochement- moves away 
from and returns to mother 
(by 24 mo) 

Realization- core gender 
identity formed (by 36 mo) 

Forget, they're still 

F reedom- comfortably spends 
part of day away from mother 
(by 3 yr) 

F riends- cooperative play, has 
imaginary friends (by 4 yr) 

VERBAL/COGNITIVE 

Observing, 

O rients- first to voice (by 
4 mo), then to name and 
gestures (by 9 mo) 

J 

O bject permanence (by 9 mo) 
Oratory- says "mama" and 

"dada" (by JO mo) 

Working, 

Words- 50 words by age 2 with 
2-word phrases; 200+ words 
by age 3 

Learning! 

Language- 1000 words by age 
3 (3 zeros), uses complete 
sentences and prepositions 
(by 4 yr) 

Legends- can tell detailed 
stories (by 4 yr) 

Defined as< 2500 g. Caused by prematurity or intrauterine growth restric tion (IUGR). A5sociated 
with t risk of sudden infant death syndrome (SIDS) and with t overall mortal ity. 
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Lactation 

Menopause 

Androgens 

SOURCE 

FUNCTION 

REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY 

After parturition and delivery of placenta, rapid I in progesterone d isinhibits prolac tin - initiation 
of lactation. Suckling is required to maintain mi lk production and ejection, since t nerve 
stimulation - t oxytocin and prolactin. 

Prolac tin-induces and maintains lactation and I reproductive function. 
Oxytocin-assists in m ilk letdown; a lso promotes uterine contractions. 
Breast m ilk is the ideal nutrition for infants< 6 months old. Contains maternal immunoglobulins 

(conferring passive immunity; mostly IgA), macrophages, lymphocytes. Breast mi lk reduces infant 
infections and is associated with I risk for chi ld to develop asthma, allergies, d iabetes mell itus, 
and obesity. G uide lines recommend exclusively breastfed infants get vitamin D a nd possibly iron 
supp lementation. 

Breastfeed ing I maternal risk of breast and ovarian cancer and faci litates mother-child bonding. 

Diagnosed by amenorrhea for 12 months. 
I estrogen production due to age-linked 
decline in number of ovaria n follicles. Average 
age at onset is 51 years (earl ier in smokers). 

Usua lly preceded by 4- 5 yea rs of abnormal 
menstrual cycles. Source of estrogen (estrone) 
after menopause becomes periphera l 
conversion of androgens, t androgens 
- hi rsutism. 

t t FSII is specific for menopause (loss of 
negative feed back on FSI I due to I estrogen). 

llormonal changes: I estrogen, t t FSII, t Lil 
(no surge), t GnRI L 

Causes HAVOCS: Ilot Aas hes, Atrophy of the 
Vagina, Osteoporosis, C oronary artery d isease, 
Sleep disturbances. 

Menopause before age 40 suggests I 0 ovarian 
insufficiency (premature ovarian fai lure); 
may occur in women who have received 
chemotherapy a nd/or rad iation therapy. 

Testosterone, dihydrotestosterone (DI IT), a ndrostenedione. 

DI IT and testosterone (testis), AnD rostenedione 
(AD renal) 

Testosterone: 
• Differentiation of epid idymis, vas deferens, 

semina l vesicles (internal genitalia, except 
prostate). 

• Growth spurt: penis, semina l vesic les, 
sperm, muscle, RBCs. 

• Deepening of voice. 
• Closing of epiphyseal plates (via estrogen 

converted from testosterone). 
• Libido 

DllT: 
• Early- d ifferentiation of penis, scrotum, 

prostate. 
• Late-prostate growth, bald ing, sebaceous 

gland activity. 

Potency: DI IT > testosterone > 
androstenedione. 

Testosterone is converted to DI IT by 
5a-reductase, which is inhibited by finasteride. 

In the male, androgens a re converted to estrogen 
by cytochrome P-450 aromatase (prima rily in 
adipose tissue and testis). 

Aromatase is the key enzyme in convers ion of 
androgens to estrogen. 

Androgenic steroid abuse- abuse of anabolic 
steroids to t fat-free mass, muscle strength, 
and performa nce. Suspect in men who present 
with changes in behavior (eg, aggression), 
acne, gynecomastia, small testes (exogenous 
testos terone - hypothalamic-pitui tary
gonadal axis inhibition - I intratesticular 
testosterone - I testicular size, I sperm count, 
azoospermia). Women may present with 
vi ri lization (eg, h irsutism, acne, breast atrophy, 
male pattern baldness). 



REPRODUCTIVE REPRODUCTIVE-PHYSIOLOGY SECTION Ill 623 

Tanner stages of sexual development 

Precocious puberty 

Tanner stage is assigned independently to genital ia, pubic hai r, and breast (eg, a person can 
have Tanner stage 2 genita lia, Tanner stage 3 pubic hai r). Earl iest detectable secondary sexual 
characteristic is breast bud development in g irls, testicular enlargement in boys. 

(8) 
\ 7 \ I 

Stage I Stage II Stage Ill Stage IV Stage V 
No sexual h.W <:! Pubic hair appears cf Coarsening of pubic Coors.e hair' across pubis. hair .Ktoss pubis and 
Rat-appearing chest with (pubiWcht) halrd' <pafilg thigh d' medial t1'gh d' 
raised nipple Ttstlrolar enlargement d' Penis size/length t d' Penis t d' Pen6 and testk enl.w9t to 

Breast bud fOfms Breast enlarges, mound enlarges. raised adult sized' 
(thei"chtl '"""' a1eola, mound on mound Adult breast contour, areola 

flattens C.. 
Pre-pubertal - 8-11.5 -11.5-13 years Usually> 15 years 

Appearance of 2° sexual c haracteristics (eg, adrenarche, thelarche, menarche) before age 8 years in 
girls a nd 9 years in boys. t sex hormone exposure or production - t linear growth, somatic a nd 
skeletal maturation (eg, premature closure of epiphyseal plates - short stature). Types include: 
• Central precocious puberty (t C nRI I secretion): idiopathic (most common; ea rly activation of 

hypotha la mic-pituita ry gonadal axis), CNS tumors. 
• Periphera l precocious puberty (C nRll-independent; t sex hormone production or exposure 

to exogenous sex steroids): congenita l ad rena l hyperplasia, estrogen-secreting ovarian tumor 
(eg, granu losa cell tumor), Leydig cel l tumor, McCune-Albright synd rome. 

Ii! 
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REPRODUCTIVE-PATHOLOGY 

Sex chromosome 
disorders 

Klinefelter syndrome 

Turner syndrome 

Double Y males 

Ovotesticular disorder 
of sex development 

Aneuploidy most commonly due to meiotic nondisjunction. 

Male, 47,XXY. 
Testicular atrophy, eunuchoid body shape, 

tall, long extremi ties, gynecomastia, fema le 
hair distribution f'J. May present with 
developmental delay. Presence of inactivated 
X chromosome (Barr body). Common cause of 
hypogonadism seen in inferti lity work-up. 

Female, 45,XO. 
Short stature (if untreated; preventable with 

growth hormone therapy), ovarian dysgenesis 
(streak ovary), sh ield ches t rn, bicuspid aortic 
va lve, coarc tation (femoral< brachia! pulse), 
lymphatic defects (result in webbed neck 
or cystic hygroma; lymphedema in feet, 
ha nds), horseshoe kid ney, high-a rched palate, 
shortened 4th metacarpals. 

Most common cause of 1° amenorrhea. No Barr 
body. 

47, XYY. 
Phenotypically normal (usua lly undiagnosed), 

very ta ll. Normal ferti lity. May be associated 
with severe acne, lea rning disabi lity, autism 
spectrum disorders. 

46,XX > 46,XY. 
Both ovarian and testicu la r tissue present 

(ovotestis); ambiguous genital ia . Previously 
called true hermaphroditism. 

Dysgenesis of seminiferous tubules 
- I inhibin B - t FSII. 

Abnormal Leydig cell fu nc tion - I testosterone 

- t Lil - t estrogen. 

Menopause before menarche. 
I estrogen leads to t LH, FSI I. 
Sex chromosome (X, or rarely Y) loss often due to 

nondisjunction during meiosis or mitosis. 
Meiosis errors usually occur in paternal gametes 

- sperm missing the sex chromosome. 
Mitosis errors occur after zygote formation - loss 

of sex chromosome in some but not all cells 
- mosaic karyotype (eg. 45,X/46XX). 

(45,X/46,XY) mosa ic ism associated with 
increased risk for gonadoblastoma. 

Pregnancy is possible in some cases (!VF, 
exogenous a nd progesterone). 



Diagnosing disorders 
of sex hormones 

Testosterone 
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LH Diagnosis 

Defective androgen receptor 

Testosterone-secreting tumor, exogenous 
steroids 

Hypergonadotropic hypogonadism (1°) 

Hypogonadotropic hypogonadism (2°) 

Other disorders of sex Disagreement between the phenotypic sex (external geni talia, inAuenced by hormonal levels) 
development and the gonadal sex (testes vs ovaries, corresponds with Y chromosome). Includes the terms 

pseudohermaphrod ite, hermaphrodite, and intersex. 

46,XX DSD Ovaries present, but externa l genitalia are vi ri lized or ambiguous. Due to excess ive and 
inappropriate exposure to androgenic steroids during early gestation (eg, congenita l adrenal 
hyperplasia or exogenous administration of androgens dur ing pregnancy). 

46,XY DSD Testes present, but externa l genitalia are fema le or ambiguous. Most common form is and rogen 
insensitivi ty syndrome (testicular fem inization). 

Disorders by physical UTERUS BREASTS DISOROERS 

characteristics 

Placental aromatase 
deficiency 

Androgen insensitivity 
syndrome 

sa-reductase 
deficiency 

Kallmann syndrome 

e 

e 

e e 

I lypergonadotropic hypogonadism (eg, Turner syndrome, genetic mosaicism, 
pure gonada l dysgenesis) 

llypogonadotropic hypogonadism (eg, CNS les ions, Ka llmann syndrome) 

Uterovagina l agenesis in genotypic female or androgen insensitivity in 
genotypic ma le 

Male genotype with insufficient production of testosterone 

Inability to synthesize estrogens from androgens. Masculinization of female (46,XX DSD) infants 
(ambiguous genita lia), t serum testosterone and androstenedione. Can present wi th materna l 
vi ri lization during pregnancy (feta l and rogens cross the placenta). 

Defect in androgen receptor resu lting in normal-appeari ng female (46,XY DSD); female external 
genita lia with scant ax illary and pubic ha ir, rud imentary vagina; uterus and fallopian tubes 
absent. Patients develop normal functioning testes (often found in labia majora; surgically 
removed to prevent mal ig nancy). t testosterone, estrogen, LI I (vs sex chromosome disorders). 

Autosomal recessive; sex limi ted to genetic males (46,XY DSD). Inability to convert testosterone to 
DI IT. Ambiguous genita lia until puberty, when t testosterone causes mascu linization/t growth of 
external genita lia. Testosterone/estrogen levels are normal; LI I is normal or t. Internal genita lia 
are norma l. 

Failure to complete puberty; a form of hypogonadotropic hypogonadism. Defective migration of 
CnRI I-releasing neurons and subsequent fai lure of olfactory bulbs to develop - I synthesis of 
C nRI I in the hypotha lamus; hyposmia/anosmia; I C nRl l, FSI l, LI I, testosterone. Infertil ity (low 
sperm count in males; amenorrhea in females). 
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Pregnancy complicat.ions 

Abruptio placentae 

Morbid ly adherent 
p lacenta 

Placenta previa 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY 

Premature separntion (pa rtial or complete) of 
placenta from uterine wall before delirnry 
of infant. Risk trauma (eg, motor 
vehicle accident), hypertension, 
preeclampsia, cocaine abuse. 

Presentation: abrup t, painful bleeding 
(concealed or apparent) ill th ird trimester; 
possible DIC (mediated by tissue factor 
activation), materna l shock, fetal distress. Life 
threatening for mother and fetus. 

Defecti,·e decidual layer - abnormal attachment 
and separntion after delivery. Risk factors: 
prior C -sectio11 or uterine surgery involving 
myometrium, inAammalion, placenta 
advanced maternal age, multiparity. Three types 
distinguishable br the depth of penetration: 

Placenta accreta-placcnta attaches to 
myometrium without penetrating it; most 
common trpe. 

Placenta increta-placenta penetrates into 
myometrium. 

Placenta percreta-placenla penetrates 
("perforates") through myometrium and into 
uterine serosa (invades entire u terine wall); 
can result ill placenta l attachment to rectum 
or bladder (can result in hematuria). 

Presentation: often detected on ultrasound prior 
to delivery. No separation of placenta after 
deli,·ery - postpartum bleeding (can cause 
Sheehan syndrome). 

Attachment of placenta lo lower uterine 
segment o,·er (or < 2 cm from) internal 
cervical os. Risk factors: multiparity, prior 
C -section. Associated with painless third
trimester bleeding./\ "preview" of the 
placenta is visible through cervix. 

abrupnon with 
concealed hemorrhage 

Patt.al placenia 
previa 

Partial abrupnon (blue arTow) 
with apparent hemootiage (red 

arrow) D 

Complete placenla 
p<evia D 
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Pregnancy complications (continued) 

Vasa previa 

Postpartum 
hemorrhage 

Ectopic pregnancy 

Feta l vessels run over, or in close proximity 
to, cervica l os. May result in vessel rupture, 
exsanguination, feta l death. Presents with 
triad of membrane rupture, pa in less vagina l 
bleeding, fetal bradycard ia (< I JO beats/min). 
Emergency C-section usually indicated. 
Frequently assoc iated with velamentous 
umbilical cord insert ion (cord inserts in 
chorioamniotic membrane rather tha n 
placenta - fetal vessels travel to placenta 
unprotected by Wharton jelly). 

Due to 4 T 's: Tone (uteri ne atony; most 
common), Trauma (lacerations, incisions, 
uterine rupture), T hrombin (coagulopathy), 
T issue (retained products of conception). 

Implan tation of ferti lized ovum in a site other 
tha n the uterus, most often in ampu lla of 
fallopian tube fJ. Suspect with history of 
amenorrhea, lower-than-expected rise in hCG 
based on dates, a nd sudden lower abdomina l 
pain; confirm with ultrasound. Often 
cl inica lly mistaken for appendicitis. 

Pain +/- bleeding. 
Risk factors: 

• Prior ectopic pregnancy 
• History of infertility 
• Salp ingitis (PIO) 
• Ruptured appendix 
• Prior tuba l surgery 
• Smoking 
• Advanced maternal age 

Placeno 

Amniotic fluid abnormalities 

Polyhydramnios 

Oligohydramnios 

Too much amniotic Au id. O ften idiopathic, but associated with fetal malformations (eg, 
esophageal/duodenal atresia, anencephaly; both result in inabi lity to swallow amniotic Au id), 
maternal d iabetes, fetal anemia, multiple gestations. 

Too little amniotic Au id. Associated with placental insuffi ciency, bilateral renal agenesis, posterior 
urethral va lves (in males) and resultant inability to excrete urine. Any profound oligohydramnios 
can cause Potter sequence. 
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Hydatidiform mole 

Choriocarcinoma 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY 

Cystic swel ling of chorionic vi lli and proliferation of chorionic epithelium (only trophoblast). 
Presents with vagina l bleeding, uterine e nlargement more than expected, pelvic pressure/pain. 

A5sociated with hCG-mediated sequelae: early preeclampsia (before 20 weeks), theca-lute in cysts, 
hyperemesis gravidarum, hyperthyroidism. 

Treatment: d ilation and curettage and methotrexate. Monitor hCG. 

KARYOTYPE 

COMPONENTS 

HISTOLOGY 

FETAL PARTS 

STAINING FOR PSI PROTEIN 

UTERINE SIZE 

hCG 

IMAGING 

RISK Of INVASIVE MOLE 

RISK OF CHORIOCARCINOMA 

Complete mole 

46,XX; 46,XY 

Most commonly enucleated egg 
+ single sperm (subsequently 
duplicates paternal DNA) 

Ilydropic vill i, circumferential 
and diffuse trophoblastic 
prol iferation 

No 

e (paterna lly imprinted) 

t 

tttt 

"I kmeycombed" uterus or 

"clusters of grapes" f'J, 
"snowstorm" rn on u ltrasound 

15- 20% 

2% 

Rare; can develop during or after pregnancy 
in mother or baby. Maligna ncy of 
trophoblastic tissue fJ (cytotrophoblasts, 
syncytiotrophoblasts); no chorionic 
vi lli present. t frequency of bilateral/ 
multiple theca-lutein cysts. Presents with 
abnormal t hCG, shortness of breath, 
hemoptysis. Hematogenous spread to lungs 
- "cannonball" metastases rn. 

Treatment: methotrexate. 

Partial mole 

69,XXX; 69,XXY; 69,XYY 

2 sperm + I egg 

Only some vill i are hydropic, 
focal/m in imal trophoblastic 
prol iferation 

Yes (partia l = feta l parts) 

EE> (maternally expressed) 

Feta l parts 

<5% 

Ra re 
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Hypertension in pregnancy 

Gestational BP> 140/90 mm Ilg a fter 20th week of 
hypertension gestation. No pre-existing hypertension. No 

proteinuria or end-organ damage. 

Preeclampsia 

Eclampsia 

HELLP syndrome 

Gynecologic tumor 
epidemiology 

New-onset hypertension with either proteinuria 
or end-organ dysfunction after 20th week 
of gestation (< 20 weeks suggests molar 
pregnancy}. 

Caused by abnormal placenta l spiral arteries 
- endothel ia l dysfunction, vasoconstriction, 
ischemia. 

Incidence t in patients with pre-existing 
hypertension, diabetes, chronic kidney d isease, 
autoimmune disorders (eg, antiphospholipid 
antibody syndrome}. 

Complications: placenta l abruption, 
coagulopathy, renal fai lure, pulmonary 
edema, uteroplacenta I insufficiency; may 
lead to eclampsia (+ seizures} a nd/or I IELLP 
syndrome. 

Preeclampsia +maternal seizures. 
Maternal death due to stroke, intracranial 

hemorrhage, or ARDS. 

llemolysis, E levated Liver enzymes, 
Low P late lets. A manifestation of severe 
preeclampsia. Blood smear shows schistocytes. 
Can lead to DIC and hepatic subcapsu lar 
hematomas - rupture - severe hypotension. 

Incidence (US}- endometria l >ovarian> 
cervical; cervica l cancer is more common 
worldwide due to lack of screening or llPV 
vaccination. 

Prognosis: C ervica l (best prognosis, diagnosed 
< 45 years old}> E ndometria l (middle-
aged, about 55 years old}> O varian (worst 
prognosis, > 65 years}. 

Treatment: antihypertensives (llydra lazine, 
a -Methyldopa, Labeta lol, N ifedipine}, deliver 
at 37- 39 weeks. llypertensive l\foms Love 
N ifed ipine. 

Treatment: antihypertensives, IV magnesium 
sulfate (to prevent seizure}; defin itive is del ivery 
of fetus. 

P roteinuria, Rising BP (new-onset l lTN}, 
E nd-organ dysfunction (eg, pulmonary 
edema). 

Treatment: IV magnesium sulfate, 
antihypertensives, immediate de livery. 

Treatment: immediate del ivery. 

CEOs often go from best to worst as they get 
older. 
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Vulvar pathology 

Non-neoplastic 

Barthol in cyst and 
abscess 

Lichen sclerosus 

Lichen simplex 
chronicus 

Neoplastic 

Vulvar carcinoma 

Extramammary Paget 
disease 

lmperforate hymen 

Vaginal tumors 

Vaginal squamous cell 
carcinoma 

Clear cell 
adenocarcinoma 

Sarcoma botryoides 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY 

Due to blockage of Barthol in gland duct causing accumulation of gland Au id. May lead to abscess 
2° to obstruction and inAammation [iJ. Usually in reproductive-age fema les. Associated with N 
gonorrhoeae infections. 

Thinning of epidermis with fibrosis/sclerosis of dermis. Presents with porcelain-white plaques 
with a red or violet border. Skin fragi lity with erosions can be observed l'.ll Most common in 
postmenopausal women. Benign, but slightly increased risk for SCC. 

Hyperplasia of vu Ivar squamous epithelium. Presents with leathery, thick vu Ivar skin with 
enhanced skin markings due to chronic rubbing or scratching. Benign, no risk of SCC. 

Carcinoma from squamous epithelial lining of vulva r:i Rare. Presents with leukoplakia, biopsy 
often required to distinguish carcinoma from other causes. 

HPV-related vulvar carcinoma- associated with high-risk IIPV types 16, 18. Risk factors: multiple 
partners, early coitarche. Usually in reproductive-age fema les. 

Non-I IPV vu Ivar carcinoma- usually from long-standing lichen sclerosus. Females> 70 years old. 

lntraepithelia l adenocarcinoma. Carcinoma in situ, low risk of underlying carcinoma (vs Paget 
disease of the breast, which is always associated with underlying carcinoma). Presents with 
pruritus, erythema, crusting, ulcers (!J. 

Failure of hymen central epithelial cells to degenerate at birth. Accumulation of vaginal mucus at 
bi rth - self-resolving bulge in introitus. If untreated, leads to 1° amenorrhea, cyclic abdominal 
pain, hematocolpos (accumulation of menstrual blood in vagina - bulging and bluish hymenal 
membrane). 

Usually 2° to cervical SCC; 1° vaginal carcinoma rare. 

Affects women who had exposure to DES in utero. 

Embryonal rhabdomyosarcoma variant. 
Affects girls< 4 years old; spindle-shaped cells; desmin e;>. 
Presents with clear, grape-like, polypoid mass emerging from vagina. 



Cervical pathology 

Dysplasia and 
carcinoma in situ 

Invasive carcinoma 

Primary ovarian 
insufficiency 

Most common causes 
of anovulation 

Functional 
hypothalamic 
amenorrhea 

Polycystic ovarian 
syndrome 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY SECTION Ill 631 

Disordered ep ithelial growth; begins at basal layer of squamocolumnar junction (transformation 
zone) and extends outward. Classified as ClN I, ClN 2, or ClN 3 (severe, irrevers ible dysplasia or 
carcinoma in situ), depending on extent of dysplasia. Associated with l lPV-16 and IlPV-18, which 
produce both the E6 gene product (inhibits TP 53) and E7 gene product (inhibits pRb) (6 before 7; 
P before R). Koi locytes f'J are pathognomonic of HPV infection. May progress slowly to invasive 
carcinoma if left un treated. Typica lly asymptomatic (detected with Pap smear) or presents as 
abnormal vagina l bleeding (often postcoital). 

Risk factors: multip le sexual partners (#I), smoking, early coitarche, DES exposure, 
immunocompromise (eg, Ill\/, transplant). 

Often squamous cell carcinoma. Pap smear can detect cervical dysplasia before it progresses to 
invasive carc inoma. D iagnose via colposcopy and biopsy. Lateral invasion can block ureters 
- hydronephrosis - renal failure. 

Also known as premature ovarian fai lure. 
Premature atres ia of ova rian foll icles in women of reproductive age. Most often idiopathic; 

associated with chromosomal abnormalities (especially in fema les< 30 years). Need karyotype 
screening. Patients present with signs of menopause after puberty but before age 40. I estrogen, 
t Lil, t FS! L 

Pregnancy, polycystic ovarian syndrome, obesity, IlPO axis abnormalities/immatur ity, premature 
ovari an fa ilure, hyperprolactinemia, thyroid disorders, eating d isorders, competitive ath letics, 
Cushing syndrome, ad renal insuffic iency, chromosomal abnormal ities (eg, Turner syndrome). 

Also known as exercise-induced amenorrhea. Severe caloric restriction, t energy expenditure, 
and/or stress - functiona l disruption of pulsatile CnRl l secretion - I Lil, FSII, estrogen. 
Pathogenesis includes I leptin (due to I fat) and t cortisol (stress, excessive exercise). 

with eating disorders and "female athlete triad" (I calori e availabi lity/excessive exercise, 
I bone minera l density, menstrua l dysfunction). 

Also known as Stein-Leventhal syndrome. Ilyperinsul inemia and/or insulin resistance 
hypothesized to a lter hypotha lamic hormonal feedback response - t LH:FSH, t androgens (eg, 
testosterone) from theca interna cells, I rate of foll icular maturation - unruptured foll icles (cysts) 
+ anovulation. Common cause of I ferti lity in women. 

Enlarged, bi latera l cystic ova ries; presents with amenorrhea/oligomenorrhea, hirsutism f'J, acne, 
I ferti lity. Associated with obes ity, acanthosis nigricans. t risk of endometria l cancer 2° to 
unopposed estrogen from repeated anovulatory cycles. 

Treatment: cycle regu lation via weight reduction (I periphera l estrone formation), OCPs (prevent 
endometria l hyperplasia due to unopposed estrogen); clomiphene; spironolactone, finasteride, 
Autamide to treat hirsutism. 
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Ovarian cysts 

Follicular cyst 

Theca-lutein cyst 

Ovarian neoplasms 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY 

Distention of unruptured graafian foll icle. May be assoc iated with hyperestrogenism, endometria l 
hyperplasia. Most common ovarian mass in young women. 

Often bilatera l/multiple. Due to gonadotropin stimulation. Associated with choriocarcinoma and 
hydatidiform moles. 

Most common adnexal mass in women> 55 years old. Can be benign or malignant. Arise from 
surface ep ithe lium, germ cells, or sex cord stromal tissue. 

Majority of malignant tumors are epithelia l (serous cys tadenocarcinoma most common}. Risk 
t with advanced age, infertility, endometriosis, PCOS, genetic predisposition (eg, BRCA-J or 
BRCI\-2 mutation, Lynch syndrome, strong fam ily history}. Risk l with previous pregnancy, 
history of breastfeed ing, OCPs, tuba l ligation. Presents with adnexa l mass, abdominal distension, 
bowel obstruction, pleura l effusion. Monitor response to therapy/re lapse by measuring CA 125 
levels (not good for screening}. 

Surface epithelium tumors (benign) 

Serous cystadenoma 

Mucinous 
cystadenoma 

Most common ovarian neoplasm. Lined with fa llopia n tube-l ike ep ithe lium. Often bilateral. 

Multiloculated, large. Lined by mucus-secreting epithelium fl. 

Germ cell tumors (benign) 

Mature cystic 

teratoma 
(dermoid cyst) 

Germ cell tumor, most common ovarian tumor in females I0- 30 years old. Cystic mass containing 
elements from a ll 3 germ layers (eg, teeth, hair, sebum} Ill. Can present with pain 2° to ovari an 
enlargement or torsion. A monodermal form with thyroid tissue (struma ovarii) uncommonly 
presents with Malignant tra nsformation rare (usua lly to squamous cell 
carcinoma}. 

Sex cord stromal tumor (benign) 

Fibroma Bundles of spindle-shaped fi broblasts. Meigs syndrome- triad of ova ria n fibroma, ascites, pleural 
effusion. "Pull ing" sensation in groin. 

Sertoli-Leydig cell Small, grey to yellow-brown mass. Resembles testicu lar histology with tubu les/cords lined by pink 
tumor Sertoli cells. May produce androgens - vi rilization (eg, h irsutism, male pattern baldness, breast 

atrophy, c litora l e nlargement, oligomenorrhea/amenorrhea}. 

Thecoma Like granu losa cell tumors, may produce estrogen. Usually presents as abnormal uterine bleeding 

Other (benign) 

Brenner tumor 

in a postmenopausal woman. 

Resembles b ladder epithel ium (transitional cell tumor}. Solid tumor that is pale yellow-tan and 
appea rs encapsulated. "Coffee bean" nucle i on I I&E sta in. Usua lly benign. 
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Ovarian neoplasms (continued) 

Surface epithelium tumors (malignant) 

Serous 
cystadenocarcinoma 

Most common malignant ovarian neoplasm, frequently bi latera l. Psammoma bodies. 

Mucinous Rare malignant mucinous ovarian ep ithe lial tumor. May be metastatic from appendicea l or other 
cystadenocarcinoma CI tumors. Can result in pseudomyxoma peritonei- intraperitoneal accumulation of mucinous 

material. 

Germ cell tumors (malignant) 

Dysgerminoma 

Immature teratoma 

Most common in adolescents. Equiva lent to male seminoma but ra rer. I 3 of a ll ovarian tumors; 
303 of germ cell tumors. Sheets of uniform "fried egg" cells [!]. hCC, LOH = tumor markers. 

Aggress ive, contains feta l tissue, neuroectoderm. Commonly diagnosed before age 20. Typically 
represented by immature/embryonic-like neura l tissue. 

Yolk sac tumor Also known as ovarian endodermal sinus tumor. Aggressive, in ovaries or testes and sacrococcygeal 
area in young chi ldren. Yellow, friable (hemorrhagic), solid mass. 503 have Schiller-Duval bodies 
(resemble glomeruli, black arrow in I]). AFP =tumor marker. 

Sex cord stromal tumors (malignant) 

Granulosa cell tumor 

Other (ma lignant) 

Most common malignant stromal tumor. Predominantly women in thei r 50s. Often produces 
estrogen and/or progesterone and presents with postmenopausal bleeding, endometria l 
hyperplasia, sexual precocity (in pre-adolescents), breast tenderness. llistology shows Call-Exner 
bodies (granu losa cells arranged haphazardly around collections of eosinophi lic Au id, resembling 
primordial foll icles, black arrow in [i). "Give C ranny a Call!" 

Krukenberg tumor CI malignancy that metastasizes to ovari es - mucin-secreting signet cell adenocarcinoma. 
Commonly presents as bilatera l ovarian masses. 

Primary dysmenorrhea Painful menses, caused by uterine contractions to I blood loss - ischemic pain. Mediated by 
prostagland ins. Treatment: NSAIDs. 
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Uterine conditions 

Polyp Well-c ircumscribed collection of endometria l t issue with in uteri ne wall. May contain smooth 
musc le cel ls. Can ex tend into endometria l cavity in the form of a polyp. May be asymptomatic or 
present with pa in less abnormal uterine bleeding. 

Adenomyosis Extension of endometrial tissue (g landular) into uterine myometrium. Caused by hyperplasia of 
basal layer of endometrium. Presents with dysmenorrhea, AUB/IIMB, un iformly enlarged, soft, 
globu la r uterus . 

Treatment: GnRI I agonists, hysterectomy or excis ion of an organized adenomyoma. 

Asherman syndrome Ad hesions and/or fibrosis of the endometrium. Presents with l ferti lity, recurrent pregnancy loss, 
AUB, pelvic pain. Often associated with dilation and curettage of intrauterine cavity. 

Leiomyoma (fibroid) Most common tumor in females. Often presents with mu ltiple d iscrete tumors tl t incidence in 
African Americans. Benign smooth muscle tumor; malignant transformation to leiomyosarcoma is 
rare . Estrogen sensi tive- tumor size t with pregnancy and l with menopause. Peak occurrence at 
20-40 years old. May be asymptomatic, cause AUB, or result in m iscarriage. Severe bleeding may 
lead to iron deficiency anemia . Whorled pattern of smooth muscle bundles with wel l-demarcated 
borders I]. 

Endometrial Abnormal e ndometria l gland proliferation usua lly caused by excess estrogen stimulation. t risk for 
hyperplasia endometria l carcinoma; nuclear atypia is greater risk factor than complex (vs simple) architecture. 

Presents as postmenopausa l vagina l bleeding. Risk factors include anovulatory cycles, hormone 
replacement therapy, polycystic ovarian syndrome, granu losa cell tumor. 

Endometrial Most common gynecologic Presents with irregular vagina l bleeding. Two types: 
carcinoma Endometrioid-most common. Assoc iated with unopposed estrogen exposure a nd endometria l 

hyperplas ia, usua lly in perimenopausal women. Risk factors include obesity, DM, IITN, inferti lity. 
I listology shows abnormally arranged endometr ia l glands. Early pathogenic events include loss of 
PTEN or mismatch repai r proteins. 

Serous-associated with endometrial atrophy in postmenopausal women. Aggressive. C haracteri zed 
by formation of papillae and tufts. TP53 mutations common. 

Endometritis lnAammation of endometrium [!] associated with reta ined products of conception following delivery, 
miscarriage, abort ion, or with foreign body (eg, IUD). Reta ined material in uterus promotes 
infection by bacterial Aora from vagina or intestinal tract. Chronic endometritis characterized by 
presence of plasma cells on histology. 

Treatment: gentamicin + clindamycin +/- ampici llin. 

Endometriosis Non-neoplastic endometrium-like glands/stroma outside endometri al cavity. Can be found 
anywhere; most common sites are ovary (frequently bilatera l), pelvis, peritoneum (yellow-brown 
"powder burn" lesions). In ovary, appears as endometrioma (blood-filled "chocolate cysts" 
[oval structures above and below aster isks in 0]). May be due to retrograde Aow, metaplastic 
transformation of multipotent cells, transportation of endometria l tissue via lymphatic system. 

C haracterized by cycl ic pelvic pa in, bleeding, dysmenorrhea, dyspareun ia, dyschezia (pain with 
defecation), infertility; normal-sized uterus. 

Treatment: NSAIDs, continuous OCPs, progestins, GnRH agonists, danazol, laparoscopic removal. 



Breast pathology 

Benign breast diseases 

Fibrocystic changes 

Inflammatory 
processes 

Benign tumors 

Gynecomastia 
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lactiferous duct 
I 

MaJorduct 

lntraductal papilloma 
Abscess/mastitis 
Paget disease 

( 
lobular unit Stroma 

Fibrocystic change 
DCIS 
LCIS 
Ductal carcinoma 
Lobular carcinoma 

Fibroadenoma 
Phyllodes tumor 

SECTION Ill 635 

Most common in premenopausal women 20-50 years old . Present with premenstrua l breast pa in 
or lumps; often bilatera l and multifoca l. Nonproli ferative lesions include simple cysts (fluid-filled 
duct d ilation, blue dome), papillary apocrine change/metaplasia, stromal fi brosis. Risk of cancer is 
usua lly not increased. Subtypes include: 
• Sclerosing adenosis- acini and stromal fibrosis, associated with calc ifications. Sl ight t risk for 

cancer. 
• Epithelial hyperplasia -cells in termina l ductal or lobular epi thelium. t risk of carcinoma with 

atyp ical cells. 

Fat necrosis- benign, usually painless, lump due to injury to breast tissue. Calcified oil cyst on 
mammography; necrotic fat and g iant cells on biopsy. Up to 503 of patients may not report trauma. 

Lactational mastitis - occurs during breastfeeding, t risk of bacterial infection through cracks in 
nipple. S aureus is most common pathogen. Treat with antibiotics and continue breastfeeding. 

Fibroadenoma-most common in women< 35 years old. Small, well-defined, mobi le mass f.i.1. 
t size and tenderness with t estrogen (eg, pregnancy, prior to menstruation). Risk of cancer is 
usua lly not increased. 

lntraductal papilloma- small fibroepithelial tumor within lactiferous ducts, typically beneath areola. 
Most common cause of nipple discharge (serous or bloody). Slight t risk for cancer. 

Phyllodes tumor- large mass llJ of connective tissue and cysts with " leaf-like" lobulations f3. Most 
common in 5th decade. Some may become malignant. 

Breast enla rgement in males due to t estrogen compared with androgen activity. Physiologic 
in newborn, puberta l, and e lderly males, but may persist after puberty. Other causes include 
ci rrhosis, hypogonadism (eg, Klinefelter syndrome), testicu lar tumors, and drugs (Spironolactone, 
Hormones, C imetidine, F inasteride, Ketoconazole: "Some Hormones C reate F unny Knockers"). 
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Breast cancer 

TYPE 

Noninvasive carcinomas 

Ductal carcinoma in 
sit u 

Paget disease 

Lobular carcinoma in 
situ 

Invasive carcinomas 

Invasive ductal 

Invasive lobular 

Medullary 

Inflammatory 

REPRODUCTIVE REPRODUCTIVE-PATHOLOGY 

Commonly postmenopausal. Often presents as 
a palpable hard mass mos t often in the upper 
outer quadrant. Invasive cancer can become 
fi xed to pectoral muscles, deep fascia, Cooper 
ligaments, and overlying skin - nipple 
retrac tion/skin dimpling. Dermal lymphatic 
invasion - lymphedema - thickened skin 
around exaggerated hai r foll icles - peau 
d'orange ("orange peel") appearance. 

Usually arises from terminal duct lobular unit. 
Amplification/overexpression of estrogen/ 
progesterone receptors or c-erbB2 (IIER2, an 
ECF receptor) is common; ER 8, PR 8, and 
HER2/neu 8 form more aggressive. 

CHARACTERISTICS 

Fills ductal lumen (black arrow in r:J indicates 
neoplastic cel ls in duct; blue arrow shows 
engorged blood vessel). Arises from ductal 
atypia. Often seen early as microcalcifications 
on mammography. 

Extension of underlying DCIS/invasive breast 
cancer up the lactiferous ducts and into the 
contiguous skin of nipple - eczematous 
patches over nipple and areolar skin B. 

Does not produce mass or calci fications 
- incidental biopsy finding. 

Firm, fi brous, "rock-hard" mass with sharp 
margins and small, glandular, duct-like cells in 
desmoplastic stroma. 

I E-cadherin expression - orderly row of cells 
("single file" [!J) and no duct formation. Often 
lacks desmoplastic response. 

Large, anaplastic cells growing in sheets wi th 
associated lymphocytes and plasma cells. 

Invasion of dermal lymphatic spaces - painfu l 
breast with warm, swollen, erythematous skin, 
peau d'orange I). 

Risk factors in women: t age; history of atypical 
hyperplasia; family history (t risk with t number 
of closer relatives at younger age); race 
at highest risk, African Americans at t risk for 
triple 8 breast cancer); BRCAJ or BRCA2 gene 
mutations; t estrogen exposure (eg, nulliparity); 
postmenopausal obesity (adipose tissue converts 
androstenedione to estrone); t tota l number of 
menstrua l cycles; absence of breastfeeding; later 
age of first pregnancy; alcohol consumption. In 
men: BRCA2 mutation, Klinefelter syndrome. 

Axi llary lymph node metastasis is the most 
important prognostic factor in early-stage 
disease. 

NOTES 

Early malignancy without basement membrane 
penetration. Usually does not produce a mass. 

Comedocarcinoma- Subtype of DCIS. Cells 
have high-grade nuclei with extensive central 
necrosis 111 and dystrophic calcification. 

Paget cells= intraepithelial adenocarcinoma 
cells. 

t risk of cancer in either breast (vs DCIS, same 
breast and quadrant). 

Subtypes: tubular- well-differentiated tubules 
that lack myoepithelium; mucinous- abundant 
extracellular mucin, seen in older women. 

Often bilateral with multiple lesions in the same 
location. 

Lines of cells = Lobular. 

Well-ci rcumscribed tumor can mimic 
fi broadenoma. 

Poor prognosis (503 survival at 5 years). 
Often mistaken for mastitis or Paget disease. 
Usually lacks a palpable mass. 



Penile pathology 

Peyronie disease 

lschemic priapism 

Squamous cell 

carcinoma 

Cryptorchidism 

rJ 

Testicular torsion 

Varicocele 
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Abnormal curvature of penis rJ due to fibrous plaque with in tunica a lbuginea. Associated with 
erectile dysfunction. Can cause pa in, anxiety. Consider surgical repa ir or t reatment with 
collagenase injections once c urvature stabi lizes. Distinct from penile fracture (rupture of corpora 
cavernosa due to forced bending). 

Painful sustained erection lasting> 4 hours. Associated with sickle cell disease (sickled RBCs 
block venous dra inage of corpus cavernosum vascu lar channels), medications (eg, sildenafi l, 
trazodone). Treat immediately with corpora l aspiration, in tracavernosal phenylephrine, or surg ical 
decompression to prevent ischemia. 

Seen in the US, but more common in Asia, Africa, South America. Precursor in situ lesions: 
Bowen d isease (in penile sha ft, presents as leukoplakia "wh ite plaque"), eryth roplasia of Q ueyrat 
(carcinoma in situ of the g lans [l], presents as erythroplakia "red plaque"). Bowenoid papulosis 
(carcinoma in situ of u nclear maligna nt potential, presenting as redd ish papules). Associated with 
uncircumcised males and HPV. 

Descent failure of one rJ or both testes; impaired spermatogenesis (since sperm develop best at 
temperatures< 37°C); can have normal testosterone levels (Leydig cells are mostly unaffected 
by temperature); associated with t risk of germ cell tumors. Prematurity t risk of cryptorch id ism. 
I inh ibin B, t FSII, t Lil; testosterone I in bilatera l cryptorchid ism, normal in u nilateral. 

Rotation of testicle around spermatic cord and vascu lar pedic le. Commonly presents in males 
12- 18 years old. May occur after an inciting event (eg, trauma) or spontaneous ly. C haracterized 
by acute, severe pain, high-riding testis, and absent cremasteric reflex. 

Treatment: surgical correction (orchiopexy) within 6 hours, manual detorsion if surgical option 
unava ilable in timeframe. If testis is not viable, orchiectomy. O rchiopexy, when performed, 
should be bilateral because the contra latera l testis is at risk for subsequent torsion. 

Di lated veins in pampin iform p lexus due to t venous pressure; most common cause of scrota l 
enlargement in adult males; most often on left side because of t resistance to flow from left 
gonada l vein drainage into left renal vein; can cause inferti lity because of t temperature; 
d iagnosed by stand ing clin ica l examNalsa lva maneuver (distension on inspection and "bag 
of worms" on palpation; augmented by Va Isa Iva) or u ltrasound with Doppler []; does not 
transi lluminate. 

Treatment: cons ider surgical ligation or embolization if associated wi th pa in or infertility. 
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Extragonadal germ cell Arise in m id line locations. In adu lts, most commonly in re troperitoneum, mediastinum, pinea l, and 
tumors suprasellar regions. In infants a nd young children, sacrococcygeal teratomas are most common. 

Scrotal masses Benign scrotal lesions present as testicular masses that can be trans illuminated (vs solid testicu la r 
tumors). 

Congenita l hydrocele Common cause of scrota l swell ing!J in infants, Tra nsilluminating swelling. 
due to incomplete obl iteration of processus 
vaginal is. Most spontaneously resolve by I yea r 
old 

Acquired hydrocele Scrotal Auid collec tion usua lly 2° to infection, 
trauma, tumor. If bloody - hematocele. 

Spe rmatocele Cyst due to dilated epididymal duct or rete Paratesticular Auctuant nodule. 
test is. 

Testicular germ cell - 953 of all testicular tumors. Most often occur in young men. Risk factors: cryptorchid ism, 
tumors Klinefelter syndrome. Can present as a mixed germ cell tumor. Do not transi lluminate. Usua lly 

not biops ied (risk of seeding scrotum), removed via rad ical orchiectomy. 

Se minoma Malignant; painless, homogenous testicular enlargement; most common testicular tumor. Does not 
occur in infancy. Large cells in lobules with watery cytoplasm and "fried egg'' appearance. t placental 
ALP (PALP). Ilighly radiosensitive. Late metastasis, excellent prognosis. Similar to dysgerminoma in 
fema les. 

Yolk sac t umor Also known as testicular endodermal sinus tumor. Yellow, mucinous. Aggressive malignancy of 
testes, a na logous to ovarian yolk sac tumor. Schiller-Duva l bodies resemble pri mitive glomeruli. 
t AFP is h ighly characteristic. Most common testicular tumor in boys< 3 years old. 

Choriocarcinoma Mal ig nant, t hCC. D isordered syncytiotrophoblastic and cytotrophoblastic elements. 
Hematogenous metastases to lungs and bra in. May produce gynecomastia, symptoms of 
hyperthyroidism (a -subunit of hCC is identical to Lil, FSII, TSII). 

Te rato ma Unlike in females, Mature teratoma in adult Ma les may be Malignant. Benign in child re n. 

Embryonal carcinoma Mal ig nant, hemorrhagic mass with necrosis; painful; worse prognosis than seminoma. Often 
glandu lar/papillary morphology. "Pure" embryonal carcinoma is rare; most commonly mixed 
with other tumor types. May be associated with t hCC and normal AFP levels when pure (t AFP 
when mixed). 

Hormone levels in germ cell tumors 

PALP 

AFP 

SEMI NOMA 

-It 

YOLK SAC TUMOR 

ft 

- I t 

CHORIOCARCINOMA TERATOMA 

f t 

EMBRYONAL CARCINOMA 

- I t (when m ixed) 

t 



Testicular non- germ 
cell tumors 

Leydig cell tumor 

Sertoli cell tumor 

Testicular lymphoma 

Epididymitis and orchitis 

Epididymitis 

Orchitis 

Benign prostatic 
hyperplasia 

Prostatitis 

Pro static 
adenocarcinoma 
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53 of all testicular tumors. Mostly benign. 

Colden brown color; contains Reinke crystals (eosinophilic cytoplasmic inclusions). Produces 
androgens or estrogens - gynecomastia in men, precocious puberty in boys. 

Androblastoma from sex cord stroma. 

Most common testicular cancer in older men. Not a 1° cancer; arises from metastatic lymphoma to 
testes. Aggressive. 

lnAammation of epididymis. Presents with localized pain and tenderness over posterior testis. 
EB Prehn sign (pain relief with scrotal elevation). May progress to involve testis (epididymo-orchitis). 

lnAammation of testis. Presents with testicular pain, swelling. Causes include: 
• C trachomatis and N go11orrhoeae: most common in young men 
• E coli and Pseudomo11as: most common in elderly men, associated with UTI and BPI I 
• Mumps orchitis: t inferti lity risk, rare in boys< JO years old 
• Autoimmune: granulomas involving seminiferous tubules 

Common in men > 50 years old. Characterized 
by smooth, elastic, firm nodular enlargement 
(hyperplasia not hypertrophy) of peri urethral 
(lateral and middle) lobes, which compress the 
urethra into a vertical slit. Not premalignant. 

Often presents with t frequency of urination, 
nocturia, difficu lty starting and stopping urine 
stream, dysuria. May lead to distention and 
hypertrophy of bladder, hydronephrosis, UTis. 
t free prostate-specific antigen (PSA). 

Treatment: et1-antagonists (terazosin, 
tamsulosin), which cause relaxation of 
smooth muscle; Set-reductase inhibitors (eg, 
fi nasteride); PDE-5 inhibitors (eg, tadalafil); 
surgical resection (eg, TURP, ablation). 

Characterized by dysuria, frequency, urgency, low back pain. Warm, tender, enlarged prostate. 
Acute bacterial prostatitis- in older men most common bacterium is E coli; in young men consider 

C trachomatis, N go11orrhoeae. 
Chronic prostati tis - either bacteria l or nonbacterial (eg, 2° to previous infection, nerve problems, 

chemical irritation). 

Common in men> 50 years old. Arises most often from posterior lobe (peripheral zone) of prostate 
gland and is most frequently diagnosed by t PSA and subsequent needle core biopsies. Prostatic 
acid phosphatase (PAP) and PSA are useful tumor markers (t total PSA, with I fraction of free 
PSA). Osteoblastic metastases in bone may develop in late stages, as indicated by lower back pain 
and t serum ALP and PSA. Metastasis to the spine often occurs via Batson (vertebral) venous 
plexus. 
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REPRODUCTIVE-PHARMACOLOGY 

Control of reproductive hormones 

Hypothalamus 

vi.1 blocking negative feedback i 
Clomiphene GnRH .._ ____ _, 

GnRH antagonists 

GnRH agonists J @f------•) 
Anterior 
pituitary 

t 
lH 
FSH 

[ 
Oral contraceptives l 

. 

,-.. . f l l .... ----<0 >-----11 I 
Anastrozote 
l etrozole 
Exemestane 

Androstenedione Testosterone 

1 l 
Estriol - Estrone Estradiol 

Gene expression 
in estrogen

responsive cells 

Testosterone 

(
. i Sa-reductase i---0----8 

Dihydrotestosterone 

J 
Androgen-receptor 

complex 

Gene expression 
In androgen

responsive cells 

Flutamide 
Cyproterone 
Spironolactone 



Leuprolide 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Estrogens 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 
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C nRII analog with agonist properties 
when used in pulsati le fashion; antagonist 
properties when used in continuous fashion 
(downregulates C nRII receptor in pituitary 
- I FSII and I LI!). 

Uterine fibroids, endometriosis, precocious 
puberty, prostate cancer, infertility. 

Hypogonadism, I libido, erectile dysfunction, 
nausea, vomiting. 

Ethinyl estradiol, DES, mestranol. 

Bind estrogen receptors. 

Leuprolide can be used in lieu ofCnRII. 

Hypogonadism or ovaria n fa ilure, menstrua l abnormalities (combined OCPs), hormone 
replacement therapy in postmenopausal women. 

t risk of e ndometrial cancer (when given without progesterone), bleeding in postmenopausal 
women, c lear cell adenoca rcinoma of vagina in fema les exposed to DES in utero, t risk of 
thrombi. Contraindications-ER Et> breast cancer, history of DVTs, tobacco use in women> 35 
years old. 

Selective estrogen receptor modulators 

Clomiphene Antagonist at estrogen receptors in hypothalamus. Prevents normal feedback inhibition and 
t release of LI I and FSII from pitu itary, which stimulates ovulation. Used to treat infertility 
due to a novulation (eg, PCOS). SERMs may cause hot flashes, ovarian enlargement, multiple 
simultaneous pregnancies, visual disturbances. 

Tamoxifen Antagonist at breast; agonist at bone, uterus; t risk of t hromboembolic events (especially with 

Raloxifene 

Aromatase inhibitors 

MECHANISM 

CLINICAL USE 

Hormone replacement 
therapy 

smoking) and endometria l cancer. Used to treat and prevent recurrence of ER/PR Et> breast 
cancer. 

Antagonist at breast, uterus; agonist at bone; t risk of thromboembolic events (especia lly wi th 
smoking) but no increased risk of endometrial cancer (vs tamoxifen); used pri ma ri ly to treat 
osteoporosis. 

Anastrozole, letrozole, exemestane. 

Inhibit periphera l conversion of androgens to estrogen. 

ER Et> breast cancer in postmenopausal women. 

Used for relief or prevention of menopausa l symptoms (eg, hot flashes, vaginal atrophy), 
osteoporosis (t estrogen, I osteoclast activity). 

Unopposed estrogen replacement therapy t risk of endometrial cancer, progesterone/progestin is 
added. Possible increased cardiovascu lar risk. 
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Progestins 

MECHANISM 

CLINICAL USE 

Antiprogestins 

MECHANISM 

CLINICAL USE 

Combined 
contraception 
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Levonorgestrel, medroxyprogesterone, etonogestrel, norethindrone, megestrol. 

Bind progesterone receptors, I growth and t vascu la ri zation of endometrium, thicken cervical 
mucus. 

Contraception (forms include pi ll, intrauterine device, implant, depot injec tion), endometrial 
cancer, abnormal uterine bleeding. Progestin challenge: presence of withdrawal bleeding 
excludes anatomic defects (eg, Asherman syndrome) and chronic anovu lation without estrogen. 

Mifepristone, u liprista l. 

Competitive inh ibitors of progestins at progesterone receptors. 

Termination of pregnancy (m ifepristone wi th misoprostol); emergency contraception (u liprista l). 

Progestins and ethinyl estrad iol; forms include pill, patch, vaginal ring. 
Estrogen and progestins inhibit LH/FSII and thus prevent estrogen surge. No estrogen surge - no 

Lii surge - no ovulation. 
Progestins cause th ickening of cervica l mucus, thereby limiting access of sperm to uterus. 

Progestins a lso in hibit endometri al proliferation - endometrium is less su itable to the 
implantation of an embryo. 

Contraind ications: smokers> 35 years old (t risk of cardiovascu lar events), patients with t risk of 
cardiovascular disease (including h istory of venous th romboembolism, coronary a rtery disease, 
stroke}, migra ine (especially with aura), breast cancer, liver disease. 

Copper intrauterine device 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Tocolytics 

Danazol 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Produces local inAammatory reaction toxic to sperm and ova, preventing fertil ization and 
implantation; hormone free. 

Long-acting reversible contraception. Most effective emergency contraception. 

Heavier or longer menses, dysmenorrhea. Risk of PIO with insertion (contra indicated in active 
pelvic infection). 

Medications that relax the uterus; include terbutal ine action}, nifedipine (Ca2+ channel 
blocker}, indomethacin (NSAID). Used to I contraction frequency in pre term labor and allow 
time for admin ist ration of steroids (to promote feta l lung maturity) or transfer to appropriate 
medica l center with obstet rica l care. 

Synthetic and rogen that ac ts as partial agonist at androgen receptors. 

Endometriosis, hereditary angioedema. 

Weight gain, edema, acne, hirsutism, mascu lin ization, I I IDL levels, hepatotoxicity, idiopathic 
intracran ia l hypertension. 
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Testosterone, methyltestosterone 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Antiandrogens 

Finasteride 

Flutamide 

Ketoconazole 

Spironolactone 

Tamsulosin 

Phosphodiesterase 
type 5 inhibitors 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

Minoxidil 

MECHANISM 

CLINICAL USE 

Agon is ts at androgen receptors. 

Treat hypogonadism and promote development of 2° sex characteristics; stimulate anabolism to 
promote recovery after burn or injury. 

Masculin ization in females; I intratesticular testosterone in males by inhibiting re lease of LI I (via 
negative feedback) - gonada l atrophy. Premature closure of epiphyseal p lates. t LDL, I I IDL. 

5a -reductase inhibitor (I conversion of 
testosterone to DI IT). Used for BPH and 
male-pattern baldness . Adverse effects: 
gynecomastia and sexual dysfunction. 

Nonsteroida l competitive inhibitor at androgen 
receptors. Used for prostate carc inoma. 

Inhibits steroid synthesis (inhibits 17,20 
desmolase/l 7a-hyd roxylase). 

Inhibits steroid bind ing, 17,20 desmolase/170'.
hydroxylase. 

Testosterone Sa-ieductase DHT (more potent). 

Used in PCOS to reduce androgenic symptoms. 
Both can cause gynecomastia and amenorrhea. 

<Xi-an tagon ist used to treat BP!I by inhibit ing smooth muscle contraction. Selective for alA/D 

receptors (found on pros tate) vs vascular a 16 receptors. 

Si ldenafi l, vardenafi l, tada lafil. 

Inhibit PDE-5 - t cGMP - prolonged 
smooth musc le relaxation in response to NO 
- t blood Aow in corpus cavernosum of penis, 
I pulmonary vascular resistance. 

Erecti le dysfunction, pu lmonary hypertens ion, 
BP!I (tada lafil only). 

Headache, Aushing, dyspepsia, cyanopia 
(blue-tinted vision). Risk of life-th reatening 
hypotension in patients taking n itrates. 

Direc t arterio lar vasodilator. 

Si ldenafil, va rdenafil, a nd tada lafil fill the 
penis. 

"I lot and sweaty," but then I leadache, 

Heartburn, llypotension. 

Androgenetic alopecia (pattern baldness), severe refractory hypertension. 
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NOTES 



H IGH- YI ELD SYST EMS 

Respiratory 

"There's so much pollution in the air now that if it weren't for our lungs, 
there'd be no place to put it all." 

-Robert Orben 

"Freedom is the oxygen of the soul." 
- Moshe Dayan 

"Whenever I feel blue, I start breathing again." 

-L. Frank Baum 

"Life is not the amount of breaths you take; it's the moments that take 
your breath away." 

- Will Smith, Hitch 

Group key respiratory, cardiovascular, and renal concepts together 
for study whenever possible. Know obstructive vs restrictive lung 
disorders, V/Q mismatch, lung volumes, mechanics of respiration, and 
hemoglobin physiology. Lung cancers and other causes of lung masses 
are high yield. Be comfortable reading basic chest x-rays, CT scans, and 
PFTs. 
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RES PIRATORY-EMBRYOLOGY 

Lung development 

STAGE 

Embryonic 
(weeks 4-7) 

Pseudoglandular 
(weeks 5-17) 

Canalicular 
(weeks 16- 25) 

Saccular 
(week 26-birth) 

Alveolar 
(week 36-8 years) 

Occurs in five stages. Initia l development includes development of lung bud from distal end of 
respiratory diverticulum during week 4. Every Pulmonologist Can See Alveoli. 

STRUCTURAL DEVELOPMENT 

Lung bud - trachea - bronchial buds 
- mainstem bronchi - secondary (lobar) 
bronchi - tertiary (segmental) bronchi. 

Endodermal tubules - terminal bronchioles. 
Surrounded by modest capillary network. 

Terminal bronchioles - respiratory bronchioles 
- alveolar ducts. Surrounded by prominent 
capi llary network. 

Alveolar ducts - terminal sacs. Terminal sacs 
separated by 1° septae. 

Terminal sacs - adult alveoli (due to 2° 
septation). 

In utero, "breathing" occurs via aspiration 
and expulsion of amniotic flu id - t vascular 
resistance th rough gestation. 

At birth, fluid gets replaced with air - I in 
pulmonary vascular resistance. 

Embryonic 
period 

Eml:tyol'IC. 

© 

I 

® 

Pseudoglandular 

Fetal 
period 

NOTES 

Errors at this stage can lead to 
tracheoesophageal fistula. 

Respiration impossible, incompatible wi th life. 

Airways increase in diameter. 
Respiration capable at 25 weeks. 
Pneumocytes develop starting at 20 weeks. 

At bi rth: 20-70 million alveoli. 
By 8 years: 300- 400 mi ll ion alveoli. 

Postnatal 
period 

Alveolar 

Saccular I 
BIRTH 

Surfactant t 
30 32 34 36 38 40 

>--Weeks Years 

• 

4 6 8 

Congenital lung malformations 

Pulmonary hypoplasia Poorly developed bronchial tree with abnormal histology. Associated with congenital diaphragmatic 
hernia (usually left-sided), bilateral renal agenesis (Potter sequence). 

Bronchogenic cysts Caused by abnormal budding of the foregut and di lation of terminal or large bronchi. Discrete, 
round, sharply defined, fluid-filled densities on CXR (air-filled if infected). Genera lly 
asymptomatic but can drain poorly, causing ai rway compression and/or recurrent respiratory 
infections. 
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Club cells Noncil iated; low columnar/cuboida l with secretory granules. Located in bronchioles. Degrade 
toxins; secrete component of surfactant; act as reserve cells. 

Alveolar cell types 

Type I pneumocytes 

Type II pneumocytes 

Et 

973 of a lveolar surfaces. Line the a lveoli. 
Squamous; th in for optimal gas diffusion. 

Secrete surfactant from lamellar bodies (white 
arrowheads in rm - • alveola r surface tension, 
prevents a lveolar collapse, l lung recoil, and 
t compliance. Cuboidal and clustered Ill Also 
serve as precursors to type I cells and other 
type II cells. Proliferate during lung damage. 

Alveolar macrophages Phagocytose foreign mater ia ls; release cytokines 
and a lveolar proteases. Ilemosiderin-laden 
macrophages may be found in the setting of 
pulmonary edema or a lveolar hemorrhage. 

Neonatal respiratory 
distress syndrome 

Surfactant deficiency - t surface tension 
- alveola r collapse ("ground-glass" appearance 
of lung fie lds) f'J. 

Risk factors: prematurity, maternal diabetes (due 
to t fetal insulin), C -section delivery (I release 
of feta l g lucocorticoids; less stressfu l than 
vaginal delivery). 

Treatment: maternal steroids before bi rth; 
exogenous surfactant for infant. 

Therapeutic supplemental Oz can result in 
Re tinopathy of prematurity, l ntraventricula r 
hemorrhage, Bronchopulmonary dysplas ia 
(RIB). 

C II 
. (P'l 2 (surface tension) 

<> apsmg pressure / = d. 
ra IUS 

Law of Laplace- Alveol i have t tendency to 
collapse on expiration as radius l. 

Pulmonary surfactant is a complex mix of 
lec ithins, the most important of which is 
d ipalmitoylphosphatidylcholine (DPPC). 

Surfactant synthesis begins around week 20 of 
gestation, but mature levels are not achieved 
unti l around week 35. 

Corticosteroids important for fetus surfactant 
production and lung development. 

Type II pneumocytes produce 2 cell types and 
have 2 functions (surfactant and stem cell 
functions). 

Screening tests for fetal lung maturity: lecithin
sphingomyelin (LIS) ratio in amniotic fluid 

2 is hea lthy;< 1.5 predictive ofNRDS), foam 
stabi lity index, surfactant-a lbumin ratio. 

Persistently low Oz tension - risk of PDA. 

30 35 40 

Gestational age (wl<) 

3 

Mature 

2 
0 

::; 

Immature 
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Respiratory tree 

Conducting zone 

Respiratory zone 

Large airways consist of nose, pharynx, larynx, trachea, and bronchi. Airway resistance highest in 
the large- to medium-sized bronchi. Small airways consist of bronchioles that further divide into 
terminal bronchioles (large numbers in parallel - least airway resistance). 

Warms, humidifies, and fi lters air but does not participate in gas exchange - "anatomic dead 
space." 

Carli lage and goblet cells extend to the end of bronchi. 
Pseudostratified ci liated columnar cells primari ly make up epithel ium of bronchus and extend to 

beginning of terminal bronchioles, then transition to cuboidal cells. Clear mucus and debris from 
lungs (mucociliary escalator). 

Airway smooth muscle cells extend to end of terminal bronchioles (sparse beyond th is point). 

Lung parenchyma; consists of respiratory bronchioles, alveolar ducts, and alveoli. Participates in gas 
exchange. 

Mostly cuboidal cells in respiratory bronchioles, then simple squamous cells up to alveoli. Cilia 
terminate in respiratory bronchioles. Alveolar macrophages clear debris and participate in 
immune response. 

Respiratory zone 

Respiratory 
bronchioles 

Alveolar sacs 

Cwb cell Oliated cell 

Cuboidal 

Simple ciliated 
ooboidal epithelium 

1 Smooth muscle 

. r (h.Jbcetl 

/v Simple ciliated 
• • • • • _ cuboidal epitheUum 

i=;;s: J Smooth muscle 

Type 1 pneumocyte 

Type II pneumocyte 

Alveolar mauophage 
Capillary 



Lung anatomy 

Trachea 

Right 
bronchus 

Left 
bronchus 

Oblique fissure L 
Rll ---,---e ICSS 

ICS • Wttercostat space 
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Right lung has 3 lobes; Left has Less Lobes (2) and L ingula (homolog of right middle lobe). Instead 
of a m iddle lobe, left lung has a space occupied by the heart [J. 

Relation of the pulmonary artery to the bwnchus at each lung h ilum is described by RALS- Right 
Anterior; Left Superior. Carina is posterior to ascending aorta and anteromedia l to descending 
aorta a. 

Right lung is a more common si te for inha led foreign bodies because right main stem bronchus is 
wider, more vertica l, and shorter than the left. If you aspirate a peanut: 
• Whi le supine- usually enters superior segment of right lower lobe. 
• Whi le lying on right side-usually enters right upper lobe. 
• Whi le upright- usually enters right lower lobe. 

Anterior view 

lingula 

Needle positioning 
2 for tension pneumothorax 

l\·.r.-LUL 
3 I r"' I 

4( 
I Oblique fissure 
Is 
I _.,._LLL 
I 6 

I 
I 
I 

Posterior view 

Oblique -- s rs ---Horizontal 

fissure 

rs fissure 

r9 

Diaphragm structures Structures perforating diaphragm: Number of letters = T level: 
• At TS: IVC, right phrenic nerve 
• At T IO: esophagus, vagus (CN IO; 2 trunks) 
• At T l2: aorta (red), thoracic d uct (white), 

azygos vein (blue) ("At T-1-2 it's the red, 
white, and blue") 

Diaphragm is innervated by C3, 4, and 5 
(phrenic nerve). Pain from diaphragm 
irritation (eg, air, blood, or pus in peritoneal 

Inferior view 13 cavity) can be referred to shoulder (CS) and 
trapezius ridge (C3, 4). 

TS: vena cava 
T IO: "Oesophagus" 
T l2: aortic h iatus 

I (IVC) ate (S) ten ( IO) eggs (esophagus) at 
(aorta) twelve (12). 

C3, 4, 5 keeps the diaphragm alive. 
Other bifurcations: 

• The common carotid bi fourcates at C4. 
• The trachea bifourcates at T4. 
• The abdominal aorta bifourcates at L4. 
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RESPIRATORY-PHYSIOLOGY 

Lung volumes 

lnspiratory reserve 
volume 

Tidal volume 

Expiratory reserve 
volume 

Residual volume 

lnspi ratory capacity 

Functional residual 
capacity 

Vita l capacity 

Total lung capacity 

Determination of 
physiologic dead 
space 

Ventilation 

Minute ventilation 

Alveolar ventilation 

Note: a capacity is a sum 2 physio logic volumes. 

Air that can still be breathed in after norma l l ung volumes (LITER) 

inspiration 

Air that moves into lung with each qu iet 
IRV 

6.0 
lung capacities 

1 1 l Volume 
inspiration, typically 500 mL (l ) IC vc TIC 

Air that can still be breathed out after normal 
expiration 

Air in lung after maximal exp iration; RV and 
any lung capacity that includes RV cannot be 
measured by spi rometry 

IRV + TV 
Air that can be breathed in after normal 

exhalation 

RV+ ERV 
Volume of gas in lungs a fter norma l expiration 

TV + IRV + ERV 
Maximum volume of gas that can be expi red 

after a maximal inspiration 

IRV + TV + ERV + RV 
Volume of gas present in lungs after a maximal 

inspiration 

V = V x PaCOz - P ECOz 
D T PaCOz 

VD = phys iologic dead space = anatomic dead 
space of conducting a irways p lus alveolar 
dead space; apex of hea lthy lung is largest 
contributor of a lveolar dead space. Volume 
of inspired ai r that does not take part in gas 
exchange. 

VT= tida l volume. 
Paco2 =arteria l Pco2. 

PECOz =expired a ir Pco2. 

Tota l volume of gas entering lungs per minute 
VE=V,.x RR 

Volume of gas that reaches alveoli each minute 

VA= (VT - Vo) x RR 

2.7 l TV 

ERV l 
1.2 FRC 

RV l 0 

Taco, Paco, PEco, Paco (refers to order of 
variables in equation) 

Physiologic dead space- approximately 
equiva lent to anatomic dead space in normal 
lungs. May be g reater than anatomic dead 
space in lung d iseases with V/Q defects. 

Normal va lues: 
Respiratory rate (RR) = 12- 20 breaths/min 
VT= 500 mL/breath 
VD = 150 mL/breath 

liJ 



Lung and chest wall 

O 
pressure 
(cmH,OJ -2 

·4 

·6 
pressure ·8 
(cmH,OJ ·10 

Respiratory system 
changes in the elderly 

Hemoglobin 
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Elastic recoi l- tendency for lungs to collapse 
inward and chest wall to spring outward. 

At FRC, inward pull of lung is balanced by 
outward pull of chest wall, and system pressure 
is atmospheric. 

At FRC, ai rway and alveolar pressures equal 
atmospheric pressure (ca lled zero), and 
intrapleural pressure is negative (prevents 
atelectasis). The inward pull of the lung is 
balanced by the outward pull of the chest wall. 

Ii!! System pressure is atmospheric. Pulmonary 
vascular resistance (PVR) is at a minimum. 

Compliance- change in lung volume for a 
change in pressure; expressed as tN/tiP and is 
inversely proportional to wall stiffness. lligh 
compliance= lung easier to fill (emphysema, 
normal aging), lower compliance= lung 
harder to fill (pulmonary fi brosis, pneumonia, 
NRDS, pulmonary edema). Surfactant 
increases compliance. 

Hysteresis-lung inAation curve follows a 
different curve than the lung deAation curve 
due to need to overcome surface tension forces 
in inAation. 

6 TLC 
Chest wan (comp!iance) 

.--::::::=-

2 4 
"' E 
" ;g TV 

FRC----+--+-+-----------1 
2 

Lung (compliance) 

-20 -10 0 10 20 30 
Transpulmonary static pressure (cm H20) 

Compliant lungs comply (cooperate) and fill 
easily with air. 

40 

Aging is associated with progressive l in lung function. TLC remains the same. 
INCREASED DECREASED 

Lung compliance (loss of elastic recoil) Chest wa ll compliance (t chest wa ll stiffness) 

RV FVC and FEV1 

\1/Q mismatch 

A-a gradient 

Respiratory muscle strength (can impair cough) 
-- --

Venti latory response to hypoxia/hypercapnia 

Hemoglobin (I lb) is composed of 4 polypeptide 
subunits (2 a and 2 and exists in 2 forms: 
• Deoxygenated form has low affin ity for Oz, 

thus promoting release/unloading of Oz· 
• Oxygenated form has high affinity for Oz 

(300x). I lb exhibits positive cooperativi ty 
and negative allostery. 

t CI-, ll+, COz, 2,3-BPC, and temperature 
favor deoxygenated form over oxygenated 
form (shifts dissociation curve right - t Oz 
unloading). 

Fetal lib (2a and 2y subunits) has a higher 
affinity for Oz than adult lib, driving diffusion 
of oxygen across the placenta from mother to 
fetus. t Oz affinity results from I affin ity of 
llbF for 2,3-BPC. 

I lemoglobin acts as buffer for I 1+ ions. 
Myoglobin is composed of a single polypeptide 

chain associated with one heme moiety. 
ll igher affinity for oxygen than lib. 
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Cyanide vs carbon 
monoxide poisoning 

SOURCE 

TREATMENT 

SIGNS/SYMPTOMS 

EFFECT ON OXYGEN-HEMOGLOBIN 
OISSOCIATION CURVE 

RESPIRATORY 

Both inh ibit aerobic metabolism via in hibition of complex JV (cytochrome c oxidase) - hypoxia 
unresponsive to supp lemental 0 2 and t anaerobic metabolism. 

Both can lead to pin k or cherry red sk in (usually postmortem find ing), seizures, and coma. 

Cyanide Carbon monoxide 

Byproduct of synthetic product combustion, 
ingestion of amygda lin (cyanogenic g lucos ide 
fou nd in apricot seeds) or cyanide. 

Hydroxocoba la min (forms cyanocobalamin) or 
induced methemoglobinemia with n itrites and 
sodium th iosulfate. 

Breath has bitter almond odor; cardiovascu lar 
collapse. 

Curve normal; oxygen saturation may appear 
normal in itially. 

O dorless gas from fi res, ca r exhaust, or gas 
heaters. 

1003 Oz, hyperbaric 0 2. 

lleadache, dizziness . 
Multiple ind ividuals may be involved (eg, fam ily 

with simi lar symptoms in winter). 
Classica lly associated with bilatera l globus 

pall idus lesions on MRI rJ, although rarely 
seen with cyanide tox icity as well. 

I oxygen-binding capacity with left sh ift in 
curve, I 0 2 un loading in tissues. 

Binds competitively to llb with 200x greater 
affinity than 0 2 to form carboxyhemoglobin. 

20 

'--" -..... ' "' .......... ....... ........ : ...... ................ ! .... . 
/ , 50% Hb (anemia) ; ; 

' / ' ' ' : 
/ . . . . ;r--· .... ····+ ··············t ··········· +··· 

I . 
y 

Po, (mm Hg) 



Methemoglobin 

Oxygen-hemoglobin 

dissociation curve 

Oxygen content of 
blood 
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Oxidized form of llb (ferric, Fe3+), does not 
bind 0 7 as read ily as Fez+, but has t a ffin ity for 

Fe2+ binds 0 2 
Iron in llb is normally in a reduced state 

(ferrous, Fe2+; "just the 2 of us"}. 

Leads to tissue hypoxia from l 0 2 saturation 
and I Oz content. 

Methemoglobinemia may present with cyanosis 
and c hocolate-colored blood. 

ODC has a sigmoidal shape due to positive 
cooperativi ty (ie, tetra meric l ib molecule can 
bind 4 Oz molecules and has higher a ffin ity 
for each subsequent Oz molecule bound}. 
Myoglobin is monomeric and thus does 
not show positive cooperativity; c urve lacks 
sigmoida l appearance. 

Shifting the c urve to the right - I I lb a ffinity 
for Oz (fac ilitates un loading of Oz to tissue) 
- t P50 (h igher Poz requ ired to maintain 503 
saturation}. 

Shifting the curve to the left - I Oz un loading 
- rena l hypoxia - t EPO synthesis 
- compensatory eryth rocytosis. 

Fetal l ib has higher affinity for Oz than adult 
I lb (due to low affin ity for 2,3-BPC), so its 
d issociation curve is sh ifted left. 

Oz content = (1.34 x Hb x Saoz) + (0.003 x Paoz} 

Nitri tes (eg, from dietary intake or polluted / 
high-altitude water sources} and benzocaine 
cause poisoning by oxidizing Fez+ to Fe3+. 

M ethemoglobinemia can be treated with 
methylene blue a nd vitamin C . 

x c 
.<! 

:JI ,, 
:I: 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Blood returning 
from tissues 

Oxygenated blood 
leaving the lungs 

0 10 m W W M 

Po, Imm Hg) 

Left shift RightsUt 
I j . Di unloading to ( t Ol ooloading to tissues! 

l eft • lower ACE a.ts right handed 

LH' ltpH. b.>sel f It pH, Acid) 
I Pto, t Pco, 

I U -BPG Exercise 
.J. Temperalllre t U - BPG 

HO ligh Altwcle 
t MetHb f Temperawre 
t ll>f 

Hb = hemoglobin concentration; SaOz = a rteria l Oz saturation 
Paoz = partial pressure of Oz in arteria l blood 

Normally I g llb can bind 1.34 mL Oz; normal lib amount in blood is 15 g/dL. 
Oz binding capacity= 20 mL Oz'dL of blood. 
With l I lb there is l 0 2 content of arterial blood, but no change in Oz saturation a nd PaOz. 
Oz del ivery to tissues = cardiac output x Oz content of blood. 

Hb CONCENTRATION %01 SATOFHb OISSOLVEO 01 (Pao,) TOTAL 01 CONTENT 

CO poisoning Normal l (CO competes Normal • 
with Oz} 

Anemia Normal Normal 

Polycyt hemia Normal Normal 
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Pulmonary circulation Normally a low-resistance, high-compliance 

Pulmonary vascular 
resistance 

Alveolar gas equation 

system. Poz and Pcoz exert opposite effects 
on pulmonary and systemic ci rculation. A 
I in PAOz causes a hypoxic vasoconstriction 
that shifts blood away from poorly ventilated 
regions of lung to well-ventilated regions of 
lung. 

Perfusion limited- Oz (normal health), COz, 
NzO. Gas equilibrates early along the length 
of the capillary. Exchange can be t only if 
blood Aow t . 

Diffusion limi ted- Oz (emphysema, fibrosis, 
exercise), CO. Gas does not equilibrate by the 
time blood reaches the end of the capi llary. 

PVR = ppulm arler) - p L alrium 
cardiac output 

Remember: D.P = Q x R, so R = D.P IQ 

R = 8111 
m 4 

PaC07 = 150 mm Ilg" - ---
0.8 

•At sea level breathing room air 

A consequence of pulmonary hypertension is cor 
pulmonale and subsequent right ventricular 
fai lure. 
. . · P1 - Pz 

D1ffus1on: V gas = AX Dk X - /),.--where 
x 

A= area, D. , =alveolar wa ll th ickness, 
Dk= diffusion coefficient of gas, P1 - Pz 
=difference in partial pressures. 
• A I in emphysema. 
• T t in pulmonary fibrosis. 

DLCO is the extent to which CO, a surrogate for 
Oz, passes from air sacs of lungs into blood. 

Equilibration 

PAO, 
I 

Perfusion lir'ited PaOz 

----- PaO: 
- - Fibrosis (liffusion limited) ----

.:-::::-...----------- P•C01 ?effusion 

Diffusion timited 

0 
Length along pulmonary «1piUary 

Pa • partial pressure of gas in pulmooaty capllary blood 
PA• paniat PftS'SUl'eofgasinatveotar air 

P.CO 

Ppulm arlery = pressure in pulmonary artery 
PLalrium" pulmonary capillary wedge pressure 
Q = cardiac outpu t (Aow) 
R = resistance 
11 = viscosity of blood 
I = vessel length 
r = vessel radius 

PAOz = alveolar Poz (mm I lg) 
Pk>z = Poz in inspired ai r (mm l lg) 
PaCOz = arteria l PCOz (mm I lg) 
R =respiratory quotient= COz produced/ 

Oz consumed 
A-a gradient = PAOz - Paoz. Normal A-a gradient 

estimated as (age/4) + 4; eg, for a person < 40 
years old, gradient should be< 14. 
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Oxygen deprivation 

Hypoxia (I 0
2 

delivery to t issue) 

I card iac output 

Hypoxemia (I Pao
2

) 

Normal A-a grad ient 
Hypoxemia 
Anemia 
CO poisoning 

Ventilation/perfusion 
mismatch 

• Iligh a ltitude 
• Ilypoventi lation (eg, opioid use, 

obesity hypoventilation syndrome) 
t A-a grad ient 
• V/Q m ismatch 

• Diffusion limitation (eg, fibrosis) 
• Right-to-left shunt 

Ideally, ventilation is matched to perfusion (ie, 
V/Q = I) for adequate gas exchange. 

Lung zones: 
• V/Q at apex of lung= 3 (wasted venti lation) 
• V/Q at base of lung = 0.6 (wasted perfusion) 

Both ventilation and perfusion are greater at the 
base of the lung than at the apex of the lung. 

With exercise (t cardiac output), there is 
vasod ilation of apica l capillaries - V/Q ratio 
approaches I. 

Certain organisms that thrive in h igh 0 2 (eg, 
TB) Aourish in the apex. 

V/Q = 0 = "o irway" obstruction (shunt). In 
shunt, 1003 0 2 does not improve Pao2 (eg, 
foreign body aspiration). 

V/Q = oo = blood Aow obstruction (physiologic 
dead space). Assuming< 1003 dead space, 
1003 0 2 improves Pao2 (eg, pulmonary 
embolus). 

lschemia (loss of blood flow) 

Impeded arterial Aow 
I venous drainage 

Zonel 
Pa> Pv 

IV · · iiQ - IV/Q 
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Carbon d ioxide 
transport 

nssue 

Response to high 
altitude 

Response to exercise 

RESPIRATORY 

col is transported from tissues to lungs in 3 
forms: 
0 IIC03- (703). 
f) Carbaminohemoglobin or IIbCOz 

(21- 253). COz bound to IIb at N-terminus 
of globin (not heme). C02 favors 
deoxygenated form (Oz unloaded). 

0 Dissolved C02 (5- 93). 

Plasma 

co, enters RBC and 
is converted to HCo,-

In lungs, oxygenation of Hb promotes 
d issociation of J J+ from I lb. T his 
equilibrium toward COz formation; therefore, 
COz is released from RBCs ( IJa ldane effect). 

In periphera l tissue, t IJ+ from tissue 

metabolism shifts curve to right, unloading Oz 
(Bohr effect). 

Majority of blood C02 is carried as IIC03- in 
the plasma. 

Carbonic 
anhydrase 

co,+ H,O 11,co,---H· + HCO -I . 
HHb ---H• + Hb-

CO,+ Hb ___ ,.. HbC0
2 
f) 

Dissolved co, 0 

I atmospheric oxygen (Pi02) - I Pao2 - t venti lation - I PaCOz - respiratory a lkalosis 
- a ltitude sickness. 

Chronic t in ventilation. 
t erythropoietin - t IJct and IIb (due to chronic hypoxia). 
t 2,3-BPC (binds to IIb causing rightward shift of the ODC so that l ib releases more 0 2) . 

Cellular changes (t m itochondria). 
t renal excretion of I IC03- to compensate for respiratory alka losis (can augment with 
acetazolamide). 

Chronic hypoxic pulmonary vasoconstri ction results in pulmonary hypertension and RVJ I. 

t COz production. 
t Oz consumption. 
t ventilation rate to meet 0 1 demand. 
V/Q ratio from apex to base -becomes more un iform. 

t pulmonary blood flow due to t ca rd iac output. 
I pl I during strenuous exerc ise (2° to lactic acidosis). 
No change in Paoz and Paco2, but t in venous COz content and I in venous 0 2 content. 
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RES PIRATORY-PATHOLOGY 

Rhinosinusitis 

Epistaxis 

Head and neck cancer 

Deep venous 

thrombosis 

Obstruction of sinus drainage into nasa l cavity - inflammation and pain over affected area. 
Typically affects maxillary sinuses, which drain against gravity due to ostia located superomedia lly 
(red arrow points to flu id-fi lled right maxillary sinus in rm. 

Superior meatus- dra ins sphenoid, posterior e thmoid; m iddle meatus- drains frontal, maxi lla ry, 
and anterior ethmoid; infer ior meatus- drains nasolacrimal duct. 

Most common acute cause is vira l URI; may lead to superimposed bacteria l infection, most 
commonly S pneumoniae, l I influen;zae, M catarrhalis. 

Infections in sphenoid or e thmoid sinuses may ex tend to cavernous sinus and cause complications 
(eg, cavernous sinus syndrome). 

Nose bleed. Most commonly occurs in anterior 
segment of nostri I (Kiesselbach plexus). Life
threatening hemorrhages occur in posterior 
segment (sphenopalatine artery, a branch of 
maxi llary artery). Common causes include 
foreign body, trauma, allergic rh initis, and 
nasal angiofibromas (common in adolescent 
males). 

Kiesselbach d rives his Lexus with h is LEGS: 
superior Lab ia l artery, anterior and posterior 
E thmoidal arter ies, G reater pa latine artery, 
Sphenopalatine a rtery. 

Mostly squamous cell carcinoma. Risk factors include tobacco, a lcohol, HPV-16 (oropharyngeal), 
EBV (nasopharyngea l). Field canceri zation: carc inogen damages wide mucosa! area - multiple 
tumors that develop independently after exposure. 

Blood clot within a deep vein - swelling, 
redness t'J, warmth, pa in. Predisposed by 
Vi rchow triad (SIIE): 
• Stasis (eg, post-op, long drive/Aight) 
• Ilypercoagulabi lity (eg, defect in 

coagulation cascade proteins, such as 
factor V Leiden; oral contraceptive use, 
pregnancy) 

• E ndothel ia l damage (exposed collagen 
triggers clotting cascade) 

o-d imer lab test used cl inically to ru le out 
DVT in low-to-moderate risk patients (high 
sensitivity, low specificity). 

Most pulmonary emboli arise from proximal 
deep veins of lower extremity. 

Use unfractionated heparin or low-molecular
weight heparins (eg, enoxaparin) for 
prophylax is and acute management. 

Use oral anticoagulants (eg, warfarin, 
riva roxaban) for treatment (long-term 
prevention). 

Imaging test of choice is compression u ltrasound 
with Doppler. 
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Pulmonary emboli 

Flow-volume loops 

FLOW-VOLUME PARAMETER 

RV 

FRC 

TLC 

FEV1 

FVC 

FEV1/FVC 

RESPIRATORY RESPIRATORY-PATHOLOGY 

V/Q m ismatch, hypoxemia, respiratory alkalosis. Sudden-onset dyspnea, pleuritic chest pain, 
tachypnea, tachycardia. Large emboli or sadd le embolus rJ may cause sudden death due to 
electromechanical dissociation (pulseless electrical activity). CT pulmonary ang iography is 
imaging test of choice for PE (look for fi lling May have SlQ3T 3 abnormality on ECG. 

Lines of Zahn are interd ig itating areas of pink (platelets, fibrin) and red (RBCs) found only in 
thrombi formed before death; help distinguish pre- and postmortem th rombi rn. 

Types: Fat, Air, T hrombus, Bacteria, Amniotic flu id, Tumor. An embolus moves like a FAT BAT. 
Fat emboli- assoc iated with long bone fractures and liposuc tion; c lassic triad of hypoxemia, 

neurologic abnormalities, petechia l rash. 
Air emboli- nitrogen bubbles precipitate in ascending d ivers (caisson d isease/decompression sickness); 

treat with hyperbaric 0 2; or, can be iatrogenic 2° to invasive procedures (eg, central line placement). 
Amniotic fluid emboli- typica lly occurs during labor or postpartum, but can be due to uterine 

trauma. Can lead to DIC. Ra re, but h igh mortal ity. 

Obstructive lung disease 

t 

j j 

FE\11 decreased more than FVC 

Restrictive lung disease 
j 

Normal or t 
FE\11 decreased proportionate ly to FVC 

OBSTRUCTIVE NORMAL RESTRICTIVE 

Loop shifts to the left Loop shifts to the right 
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Mediastinal pathology 

Mediast inal masses 

Me<ia:stinal ccmpanments 

Anterior 8 Middle Posterior 

Mediast init is 

Pneumomediastinum 

RESPIRATORY SECTION Ill 659 

Normal mediastinum conta ins heart, thymus, lymph nodes, esophagus, and aorta. Divided into 
compartments. 

Some pathologies (eg, lymphoma, lung cancer, abscess) can occur in any compartment, bu t there 
are common associations: 
• Anterior- 4Ts: T hyroid, T hymic neoplasm, Teratoma, "Terrible" lymphoma. 
• Middle - esophagea l carcinoma, metastases, hiatal hern ia, bronchogenic cysts. 
• Posterior- neurogenic tumor (eg, neurolibroma), multiple myeloma. 

In flammation of tissues in the med iastinum. Commonly due to postoperative complications of 
card iothoracic procedures (pathology s; 14 days), esophageal perforation, or contiguous spread of 
odontogenic/retropharyngea l infection. 

Chronic mediastinitis- a lso known as librosing mediastinitis; due to t formation of connective 
tissue in mediastinum. llistoplasma capsulatum is common cause. 

Clinical features: fever, tachyca rdia, leukocytosis, chest pain, and (especially with cardiac 
procedures) sterna l wound dra inage. 

Presence of gas (usually air) in the mediastinum (black arrows show ai r around the aorta, red a rrow 
shows ai r dissecting into the neck t'I). Can either be spontaneous (due to rupture of pu lmonary 
bleb) or 2° (eg, trauma, iatrogenic, Boerhaave synd rome). 

Ruptured a lveoli allow tracking of air into the mediastinum via peribronchia l and perivascular sheaths. 
Clinical features: chest pain, dyspnea, voice cha nge, subcutaneous emphysema, EE> I lamman sign 

{crep itus on cardiac auscu ltation). 
Can be associated wi th pneumothoraces. 
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Obstructive lung 

diseases 

TYPE 

Chronic bronchitis 
("blue bloater") 

Emphysema ("pink 
puffer") 

Asthma 

RESPIRATORY 

Obstruction of air flow - ai r trapping in lungs. Airways close prematurely at high lung 
volumes - t F RC , t RV, t TLC. PFTs: H FE\11, I FVC - I FEV/FVC ratio (ha llmark), 
V/Q m ismatch. C hronic, hypoxic pu lmonary vasoconstriction can lead to cor pulmonale. C hronic 
obstructive pulmonary disease (COPD) inc ludes chronic bronchitis and emphysema. "FRiC kin' 
RV needs some increased TLC, but it's hard with COPD!" 

PRESENTATION 

Findings: wheezing, crackles, 
cyanosis (hypoxemia due 
to shunting), dyspnea, C02 
retention, 2° polycythemia. 

Findings: barrel-shaped chest 
[!J, exhalation th rough pursed 
lips (increases airway pressure 
and prevents airway collapse). 

Findings: cough, wheezing, 
tachypnea, dyspnea, 
hypoxemia, I inspiratory/ 
expiratory ratio, pulsus 
paradoxus, mucus 
plugging 11. 

Triggers: viral UR!s, allergens, 
stress. Diagnosis supported by 
spirometry and methachol ine 
challenge. 

PATHOLOGY 

Hypertrophy and hyperplasia 
of mucus-secreting glands 
in bronchi - Reid index 
(thickness of mucosa! gland 
layer to th ickness of wa ll 
between ep ithelium and 
carti lage) > 503 . DLCO 
usua lly normal. 

Centriacinar- associated with 
smoking rJ I]. Frequent ly in 
upper lobes (smoke rises up). 

Panacinar- associated with 
et1-antitrypsin deficiency. 
Frequently in lower lobes. 

Enlargement of air spaces 
I recoil, t compliance, 
I DLCO from destruction of 
a lveolar walls (arrow in I]). 

Imbalance of proteases and 
antiproteases - t elastase 
activity - t loss of elastic 
fi bers - t lung compliance. 

Hyperresponsive bronchi - re
versible bronchoconstric tion. 
Smooth muscle hypertrophy 
and hyperplasia, Curschmann 
spira ls 0 (shed epithelium 
forms whorled mucous 
plugs), and Charcot-Leyden 
crystals m (eosinophi lic, 
hexagonal, double-pointed 
crystals formed from 
breakdown of eosinophi ls in 
sputum). DLCO normal or t. 

OTHER 

Diagnostic cr iteria: productive 
cough for> 3 months in a 
year for > 2 consecutive years. 

CXR: t AP d iameter, flattened 
d iaphragm, t lung fie ld 
lucency. 

Type I hypersensitivity 
reaction. 

Aspirin-induced asthma is 
a combination of COX 
inhibition (leukotriene 
overproduction - a irway 
constri ction), chronic sinusitis 
with nasa l polyps, and asthma 
symptoms. 
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Obstructive lung diseases (continued) 
TYPE 

Bronchiectasis 

Restrictive lung 

diseases 

PRESENTATION 

Findings: purulent sputum, 
recurrent infections, 
hemoptysis, d igital clubbing. 

PATHOLOGY 

Chronic necrotizing infection 
of bronchi or obstruction 
- permanent ly di lated 
ai rways. 

OTHER 

A5sociated wi th bronchia l 
obstruction, poor ci liary 
motility (eg, smoking, 
Kartagener syndrome}, 
cystic fi brosis m. allerg ic 
bronchopu lmonary 
aspergi llosis. 

Restricted lung expansion causes I lung volumes (I FVC and TLC). PFTs: t FEV1/FVC ratio. 
Patient presents with short, sha llow breaths. 

Types: 
• Poor breathing mechanics (extrapulmonary, normal DLCO' normal A-a gradient}: 

• Poor muscula r effort-polio, myasthenia gravis, C uilla in-Barre syndrome 
• Poor structural apparatus- scoliosis, morbid obesity 

• Interstitia l lung diseases (pulmonary, I DLCO• t A-a gradient): 
• Pneumoconioses (eg, coal workers' pneumoconiosis, silicosis, asbestos is) 
• Sarcoidosis: bilatera l h ilar lymphadenopathy, noncaseating gra nuloma; t ACE and Ca2+ 

• Idiopathic pulmonary fibrosis (repeated cycles of lung injury and wound healing with 
t collagen deposition, "honeycomb" lung appearance (red arrows in t'J), traction 
bronchiectasis (blue arrow in fJ) and dig ita l clubbing). 

• Goodpasture syndrome 
• Cranulomatosis with polyangi itis (Wegener) 
• Pulmonary Langerhans cell histiocytosis (eosinophilic granuloma) 
• Hypersensi tivity pneumonitis 
• Drug tox icity (bleomycin, busulfan, amiodarone, methotrexate) 

Hypersensit ivity pneumo nitis - mixed type III/IV hypersensitivity reaction to environmental 
antigen. Causes dyspnea, cough, chest t ightness, headache. Often seen in farmers and those 
exposed to birds. Reversible in early stages if stimulus is avoided . 
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Sarcoidosis 

Inhalation injury and 
sequelae 

RESPIRATORY RESPIRATORY-PATHOLOGY 

Characterized by immune-mediated, widespread noncaseating granu lomas fJ, e levated serum 
ACE levels, and e levated CD4/CD8 ratio in bronchoalveolar lavage Au id. More common in 
African-American females. Often asymptomatic except for enla rged lymph nodes. CXR shows 
bilateral adenopathy and coarse reticular opacities (1 CT of the chest better demonstrates the 
extensive hi lar and mediastina l adenopathy l!I. 

with Bell palsy, Uveitis, C ranu lomas (noncaseating epithel ioid, contain ing microscopic 
Schaumann and asteroid bodies), Lupus pernio (skin lesions on face resembling lupus), Interstitia l 
fibrosis (restrict ive lung d isease), Erythema nodosum, Rheumatoid a rthritis-like arth ropathy, 
hypercalcemia (due to t la -hyd roxylase- mediated vitamin D activation in macrophages). A facial 
droop is UGLIER. 

Treatment: steroids (if symptomatic). 

Complication of inhalation of noxious stimuli 
(eg, smoke). Caused by heat, particulates 
(< I µ m d iameter), or irritants (eg, NH3) 

- chemical tracheobronchitis, edema, 
pneumonia, ARDS. Many patients present 2° 
to bu rns, CO inhalation, cyanide poisoning, 
or arsen ic poisoning. Singed nasal ha irs or soot 
in oropharynx common on exam. 

Bronchoscopy shows severe edema, congestion 
of bronchus, and soot deposition (fl, 18 hours 
after inha lation injury; 111, resolu tion at 11 days 
after injury). 



Pneumoconioses 

Asbestosis 

Berylliosis 

Coal workers' 
pneumoconiosis 

Silicosis 
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Asbestos is from the roof (was common in insulation), but affects the base (lower lobes). 
Silica and coal are from the base (earth), but affect the roof (upper lobes). 

A5sociatecl with shipbuilding, roofing, 
plumbing. "Ivory white," calcified, 
supradiaphragmatic t1 and pleural rn plaques 
are pathognomonic of asbestosis. 

Risk of bronchogenic carcinoma > risk of 
mesothelioma. t risk of Caplan syndrome 
(rheumatoid arth ritis and pneumoconioses 
with intrapulmonary nodules). 

A5sociatecl with exposure to beryll ium in 
aerospace and manufacturing industries. 
Cranulomatous (noncaseating) [!] on histology 
and therefore occasionally responsive to 
steroids. t risk of cancer and cor pulmonale. 

Prolonged coal dust exposure - macrophages 
laden with carbon - inAammation and 
fibrosis. 

Also known as black lung disease. t risk of 
Caplan syndrome. 

A5sociatecl with sandblasting, foundries, 
mines. Macrophages respond to silica 
and release fibrogen ic factors, leading to 
fi brosis. It is thought that si lica may disrupt 
phagolysosomes and impai r macrophages, 
increasing susceptibility to TB. t risk of 
cancer, cor pulmonale, and Caplan syndrome. 

Affects lower lobes. 
A5bestos (ferruginous) bodies are golden-brown 

fusiform rods resembling 
fou nd in alveolar sputum sample, visualized 
using Prussian blue stain, often obtainecl by 
bronchoalveolar lavage. 

t risk of pleural effusions. 

Affects upper lobes. 

Affects upper lobes. 
Small, rounded nodular opacities seen on 

imaging. 
Anthracosis- asymptomatic condition fou nd in 

many urban clwellers exposecl to sooty air. 

Affects upper lobes. 
"Eggshell" calcification of hilar lymph nodes on 

CXR. 
The silly egg sandwich I found is mine! 
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Mesothelioma 

RESPIRATORY RESPIRATORY-PATHOLOGY 

Malignancy of the pleura associated with 
asbestosis. May result in hemorrhagic pleural 
effusion (exudative), pleura l thickening rJ. 

Psammoma bodies seen on histology. 
Calre tin in EE> in a lmost a ll mesotheliomas, 8 in 

most carcinomas. 
Smoking not a r isk factor. 

Acute respiratory distress syndrome 

PATHOPHYSIOLOGY 

CAUSES 

DIAGNOSIS 

CONSEQUENCES 

MANAGEMENT 

Alveolar insu lt - release of pro-inAammatory cytokines - neutroph il recruitment, activation, 
and release of toxic mediators (eg, reactive oxygen species, proteases, etc) - capi llary endothel ia l 
damage a nd t vessel permeabi lity - leakage of protein-ri ch Auid into a lveol i - formation of 
intra-alveolar hyal ine membranes (arrows in fi.1) and noncardiogenic pulmonary edema (normal 
PCWP). 

Loss of surfactant also contri butes to alveolar collapse. 

Sepsis (most common), aspiration, pneumonia, trauma, pancreatitis. 

Diagnosis of exclusion with the following criteria (ARDS): 
• Abnormal chest X-ray (bilatera l lu ng opacities) 1JJ 
• Respiratory fai lure with in I week of alveo lar insult 
• D ecreased Pao/Fio2 (ratio< 300, hypoxemia due to t intrapulmonary shunting and d iffusion 

abnormal ities) 
• Symptoms of respiratory fa ilure are not due to I IF/Auid overload 

Impai red gas exchange, I lung compl ia nce; pulmonary hypertension. 

Treat the underlying cause. 
Mechanical ventilation: I tida l volumes, t PEEP. 



Sleepapnea 

Obstructive sleep 
apnea 

Central sleep apnea 

Obesity 
hypoventilation 
syndrome 

Pulmonary 
hypertension 

ETIOLOGIES 

Pulmonary arterial 

hypertension 

Left heart disease 

Lung diseases or 
hypoxia 

Chronic 

thromboembolic 

Multifactorial 
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Repeated cessation of breathing> lO seconds during sleep - d isrupted sleep - daytime 
somnolence. Diagnosis confi rmed by sleep study. Normal Pao2 during the day. 

Nocturnal hypoxia - systemic/pu lmonary hypertension, arrhythmias (atria l fibri llation/flutter), 
sudden death. 

Hypoxia - t EPO release - t erythropoiesis. 

Respiratory effort aga inst a irway obstruction. with obes ity, loud snoring, daytime 
sleepiness . Caused by excess parapharyngeal tissue in adu lts, adenotonsillar hypertrophy in 
children. T reatment: weight loss, CPAP, surgery. 

Impai red respiratory effort due to CNS injury/toxicity, I IF, opioids. May be associated with 
Cheyne-Stokes respirations (osci llations between apnea and hyperpnea). T hink 3 C 's: C ongestive 
HF, C NS toxicity, C heyne-Stokes respirations. Treat with positive airway pressure. 

Obesity (BMI 2: 30 kg/m2) - hypoventilation - t Paco2 during waking hours (retention); I Pao2 
and t Paco2 during sleep. Also known as Pickwickian syndrome. 

Normal mean pulmonary artery pressure = I0- 14 mm Hg; pulmonary hypertension 2: 25 mm Ilg 
at rest. Results in arteriosd er<>sis, med ial hypertrophy, intimal fibrosis of pulmonary arteries, 
plexiform les ions. Course: severe respiratory d istress - cyanosis and RVI I - death from 
decompensated cor pulmonale. 

Often id iopathic. lleritable PAii can be due to an inactivating mutation in BMPR2 gene (normally 
in hibits vascu la r smooth muscle pr<> liferation); poor prognosis. Pu lmonary vascu lature e ndothe lial 
dysfu nc tion results in t vasoconstrictors (eg, e ndothelin) and I vasodi lators (eg, NO and 
prostacyd ins). 

Other causes inc lude drugs (eg, amphetamines, cocaine), connective tissue d isease, J JJV infection, 
porta l hypertension, congenita l heart disease, schistosomiasis. 

Causes inc lude systolic/diastolic dysfu nction and va lvular d isease. 

Destruction of lung parenchyma (eg, COPD), lung inflammation/fibros is (eg, interstitial lung 
d iseases), hypoxemic vasoconstriction (eg, obstructive sleep apnea, living in h igh altitude). 

Recurrent microthrombi - I cross-sectional area of pu lmonary vascu la r bed. 

Causes inc lude hematologic, systemic, and metabolic disorders, a long with compress ion of the 
pu lmonary vascu lature by a tumor. 
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Lung- physical findings in select lung diseases 
ABNORMALITY 

Pleural effusion 

Atelectasis 

Simple pneumothorax 

Tension 
pneumothorax 

Consolidation 
(lobar pneumonia, 
pulmonary edema) 

Atelectasis 

Pleural effusions 

Transudate 

Exudate 

Lymphatic 

BREATH SOUNDS PERCUSSION 

Dull 

Dull 

I lyperresonant 

I lyperresonant 

Bronchia l breath sounds; Dull 
late inspiratory crackles, 
egophony, whispered 
pectori loguy 

FREMITUS 

Alveolar collapse, which can be due to multiple etiologies: 

TRACHEAL DEVIATION 

None if small 
Away from side of lesion 

if large 

Toward side of lesion 

None 

Away from side of lesion 

None 

• Obstructive- ai rway obstruction prevents new air from reaching distal ai rways, old a ir is 
resorbed (eg, foreign body, mucous plug, tumor) 

• Compress ive- external compression on lung decreases lung volumes (eg, space-occupying 
lesion, pleural effusion) 

• Contraction (c icatrization)- scarring of lung parenchyma that distorts a lveoli (eg, sarcoidosis) 
• Adhesive-due to lack of surfactant (eg, NRDS in premature babies) 

Excess accumulation of Auid fl between pleural layers - restricted lung expansion during 
inspiration. Can be treated with thoracentesis to remove/reduce Au id Ill 

I protein content. Due to t hydros tatic pressure (eg, IIF) or I oncotic pressure (eg, nephrotic 
syndrome, cirrhosis). 

t protein content, cloudy. Due to mal ignancy, pneumonia, collagen vascula r disease, trauma 
(occurs in states oft vascular permeabi lity). Must be drained due to risk of infection. 

Also known as chylothorax. Due to thoracic duct injury from trauma or malignancy. Milky
appea ring Auid; t triglycerides. 

Post-treatment 



Pneumothorax 

Primary spontaneous 

pneumothorax 

Secondary 

spontaneous 

pneumothorax 

Traumatic 

pneumothorax 

Tension 

pneumothorax 
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Accumulation of ai r in pleura l space f'J. Dyspnea, uneven chest expansion. Chest pa in, I tacti le 
fremitus, hyperresonance, and dimin ished breath sounds, a ll on the affected side. 

Due to rupture of apical subpleura l bleb or cysts. Occurs most frequently in tall, thin, young males 
and smokers. 

Due to diseased lung (eg, bullae in emphysema, infections), mechanical venti lation with use of 
high pressures - barotrauma. 

Caused by blunt (eg, rib fracture), penetrating (eg, gunshot), or iatrogen ic (eg, centra l line 
placement, lung biopsy, barotrauma due to mechanical ventilation) trauma. 

Can be from any of the above. Ai r enters pleura l space but cannot exit. Increasing trapped a ir 
- tension pneumothorax. Trachea deviates away from affected lung [lJ. May lead to increased 
intrathoracic pressure - mediastinal d isplacement - kinking of IVC - I venous return 
- I card iac output. Needs immediate need le decompression and c hest tube placement. 
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Pneumonia 
TYPE 

Lobar pneumonia 

Bronchopneumonia 

Interstitial (atypical) 
pneumonia 

Cryptogenic 
organizing 

pneumonia 

TYPICAL ORGANISMS 

S pneumoniae most frequently, also Legionella, 

Klebsiella 

S pneumoniae, S aureus, 11 inf/uen;zae, 

Klebsiella 

Mycoplasma, Chlamydophila pneumoniae, 

Chlamydophila psittaci, Legionella, viruses 
(RSV, CMV, inAuenza, adenovirus) 

Etiology unknown. Secondary organizing 
pneumonia caused by chronic inAammatory 
diseases (eg, rheumatoid arthritis) or 
medication side effects (eg, amiodarone). e 
sputum and blood cultures, no response to 
antibiotics. 

Natural history of lobar pneumonia 

Congestion Red hepatizat ion 

DAYS 1-2 3- 4 
FINDINGS Red-purple, partial Red-brown, 

consolidation of consolidated 
parenchyma Exudate with 

Exudate with mostly fibrin, bacteria, 
bacteria RBCs, and WBCs 

CHARACTERISTICS 

Intra-alveolar exudate - consolidation rJ; may 
involve entire lobe a or the whole lung. 

Acute inAammatory infi ltrates E!I from 
bronchioles into adjacent alveol i; patchy 
distribution I lobe (!]. 

Diffuse patchy inAammation localized to 
interstitial areas at alveolar walls; CXR shows 
bilateral multifocal opacities I]. Generally 
follows a more indolent course ("walking" 
pneumonia). 

Formerly known as bronchiolitis obliterans 
organizing pneumonia (BOOP). Noninfectious 
pneumonia characterized by inAammation of 
bronchioles and surrounding structure. 

Gray hepatization Resolution 

5- 7 8+ 

Uniformly gray Enzymes diges t 
Exudate fu ll of components of exudate 

WBCs, lysed 
RBCs, and fibrin 



Lung cancer 

TYPE 

Small cell 

Small cell (oat cell) 
carcinoma 

Non-small cell 

Adenocarcinoma 
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Leading cause of cancer death. SPHERE of complications: 
Presentation: cough, hemoptysis, bronchial 

obstruction, wheezing, pneumonic "coin" 
lesion on CXR or noncalcified nodule on CT. 

Superior vena cava/thoracic outlet syndromes 
Pancoast tumor 
Horner syndrome 

Sites of metastases from lung cancer: Liver 
(jaundice, hepatomegaly), Ad renals, Bone 
(pathologic fracture), Brain; "Lung 'mets' 
Love Affective Boneheads and Brainiacs." 

E ndocrine (paraneoplastic) 
Recurrent laryngeal nerve compression 

(hoarseness) 
E ffusions (pleural or pericardia!) 

In the lung, metastases (usually multiple 
lesions) are more common than 1° 
neop lasms. Most often from breast, colon, 
prostate, and bladder cancer. 

Risk factors include smoking, secondhand smoke, 
radon, asbestos, fam ily h istory. 

Squamous and Small cell carcinomas are Sentra l 
(centra l) and often caused by Smoking. 

LOCATION 

Central 

Peripheral 

CHARACTERISTICS 

Undifferentiated - very aggressive. 
May produce ACTI I (C ushing syndrome), SIADI I, or 

Antibodies against presynaptic Ca2+ channels (Lambert
Eaton myasthenic syndrome) or neurons (para neoplastic 
myeli tis, encepha litis, subacute cerebellar degeneration). 
Amplification of myc oncogenes common. Managed 
with chemotherapy+/- rad iation. 

Most common 1° lung cancer. More common in women 
than men, most likely to arise in nonsmokers. Activating 
mutations inc lude KRAS, ECFR, and /\LK. Associated 
with hypertrophic osteoarthropathy (c lubbing). 

Bronchioloalveolar subtype (adenoca rcinoma in situ): 
CXR often shows hazy infi ltrates simi lar to pneumonia; 
better prognosis. 

HISTOLOGY 

Neoplasm of 
neuroendocrine 
Ku lchitsky cells - small 
dark blue cells rJ. 

C hromogranin A ®, 
neuron-speci fie 
enolase®, 
synaptophysin ®· 

C landula r pattern on 
histology, often stains 
mucin ® [1J. 

Bronchioloalveolar subtype: 
grows a long alveolar septa 
- apparent "thickening" 
of alveolar wa lls. Tall, 
columnar cells conta ining 
mucus. 

Squamous cell C entra l ll ilar mass m a rising from bronchus; Cavitation; 
C igarettes; hyperC alcemia (produces PTHrP). 

Keratin pearls [!J and 
intercellular bridges. carcinoma 

Large ce ll Peripheral 
carcinoma 

Bronchial carcinoid Central or 
tumor periphera l 

ll ighly anaplastic undi fferentiated tumor; poor prognosis. 
Less responsive to chemotherapy; removed surgically. 
Strong association with smoking. 

Excellent prognosis; metastasis rare. 
Symptoms due to mass effect or carcinoid syndrome 

(flushing, diarrhea, wheezing). 

Pleomorph ic giant 
cells O . 

Nests of neuroendocrine 
cells; chromogranin A®· 
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Lung abscess 

Pancoast tumor 

Superior vena cava 

syndrome 

RESPIRATORY RESPIRATORY-PATHOLOGY 

Localized collection of pus with in 
parenchyma ri.]. Caused by aspiration of 
oropharyngeal contents (especially in patients 
predisposed to loss of consciousness [eg, 
a lcoholics, epileptics)) or bronchia l obstruction 
(eg, cancer). 

Air-Auid levels I] often seen on CXR; 
presence suggests cavitation. Due to 
anaerobes (eg, Bacteroides, Fusobacterium, 
Peptostreptococcus) or S aureus. 

Treatment: antibiotics, dra inage, or surgery. 

Lung abscess 2° to aspiration is most often found 
in right lung. Location depends on patien t's 
position dur ing aspiration: RLL if upright, 
RUL or RML if recumbent. 

Also known as superior su lcus tumor. Carcinoma that occurs in the apex of lung f'J may cause 
Pancoast syndrome by invad ing/compressing local structures. 

Compress ion of locoregional structures may cause array of find ings: 
• Recurrent laryngeal nerve - hoarseness 
• Stellate ganglion - Ilorner syndrome (ipsilateral ptosis, miosis, anh idrosis) 
• Superior vena cava - SVC syndrome 
• Brachiocepha lic vein - brachiocepha lic syndrome (un ilateral symptoms) 
• Brachia! plexus - sensorimotor deficits 

An obstruction of the SVC that impairs blood 
dra inage from the head ("facia l plethora"; 
note blanching after fingertip pressure in f'J}, 
neck (jugula r venous distention), and upper 
extremities (edema). Commonly caused by 
malignancy (eg, mediastinal mass, Pancoast 
tumor) and thrombosis from indwell ing 
cathe ters I]. Medical emergency. Can raise 
intracran ia l pressure (if obstruction is severe) 
- headaches, dizziness, t risk of aneurysm/ 
rupture of intracranial arteries. 



RESP IRATORY SECTION Ill 671 

RES PIRATORY-PHA RMACOLOGY 

Histamine-1 blockers 

First generation 

CLINICAL USE 

ADVERSE EFFECTS 

Second generation 

CLINICAL USE 

ADVERSE EFFECTS 

Guaifenesin 

N-acetylcysteine 

Dextromethorphan 

Reversible inh ibitors of I 11 histamine receptors . 

Diphenhydramine, dimenhydrinate, 
ch lorpheniramine, doxylamine. 

Allergy, motion sickness, sleep aid. 

Sedation, antimuscarinic, anti-a -adrenerg ic. 

Loratadine, fexofenadine, desloratadine, 
ceti ri zine. 

Allergy. 

Far less sedating than !st generation because of 
I en try into CNS. 

Names usually contain "-en/-ine" or "-en/-ate." 

Names usually end in "-ad ine." 

Expectora nt-th ins respiratory secretions; does not suppress cough reflex. 

Mucolytic- liquifies mucus in chronic bronchopu lmonary diseases (eg, COPD, CF) by disrupting 
d isulfide bonds. Also used as an antidote for acetaminophen overdose. 

Antitussive (antagonizes NMDA glutamate receptors). Synthetic codeine analog. Ilas mi ld opioid 
effect when used in excess. Naloxone can be g iven for overdose. Mild abuse potentia l. May cause 
serotonin syndrome if combined with other serotonergic agents. 

Pseudoephedrine, phenylephrine 

MECHANISM 

CLINICAL USE 

ADVERSE EFFECTS 

a -ad renergic agonists. 

Reduce hyperemia, edema (used as nasa l decongestants); open obstructed eustachian tubes. 

Hypertension. Rebound congestion if used more than 4- 6 days. Can a lso cause CNS stimulation/ 
anxiety (pseudoephed rine). 

Pulmonary hypertension drugs 
DRUG 

Endothelin receptor 

antagonists 

PDE-5 inhibitors 

Prostacyclin analogs 

MECHANISM 

Competitively antagonizes endothel in-1 
receptors - I pulmonary vascular resistance. 

Inhibits PDE-5 - t cGMP - prolonged 
vasodilatory effect of NO. 

PGI2 (prostacyclin) with d irect vasodilatory 
effects on pulmonary and systemic arterial 
vascular beds. Inh ibits platelet aggregation. 

CLINICAL NOTES 

I lepatotoxic (monitor LFTs). 
Example: bosentan. 

Also used to treat erectile dysfunction. 
Contraindicated when ta king nitroglycerin 
or other n itrates (due to risk of severe 
hypotension). 

Example: si ldenafil. 

Side effects: flush ing, jaw pain. 
Examples: epoprostenol, iloprost. 




























































































































































































































































	HIGH-YIELD PRINCIPLES
	Biochemistry
	Immunology
	Microbiology
	Pathology
	Pharmacology
	Public Health Sciences

	High-Yield Organ Systems
	Cardiovascular
	Endocrine
	Gastrointestinal
	Hematology and Oncology
	Musculoskeletal, Skin, and Connective Tissue
	Neurology and Special Senses
	Psychiatry
	Renal
	Reproductive
	Respiratory


