





[image: image]










[image: image]











Other USMLE Titles by Conrad Fischer


Master the Boards USMLE® Step 2 CK


Other USMLE Review from Kaplan Medical


USMLE Step 3 Lecture Notes


USMLE Step 3 Qbank: kaptest.com/usmle-step-3


For Test Changes or Late-Breaking Developments


kaptest.com/retail-book-corrections-and-updates


The material in this book is up-to-date at the time of publication. However, the Federation of State Medical Boards (FSMB) and the National Board of Medical Examiners (NBME) may have instituted changes in the test after this book was published. Be sure to carefully read the materials you receive when you register for the test. If there are any important late-breaking developments—or any changes or corrections to the Kaplan test preparation materials in this book—we will post that information online at kaptest.com/retail-book-corrections-and-updates.











[image: image]











USMLE® and United States Medical Licensing Examination® is a joint program of the National Board of Medical Examiners (NBME) and the Federation of State Medical Boards (FSMB), which are not affiliated with Kaplan and were not involved in the production of, and do not endorse, this product.


This publication is designed to provide accurate information in regard to the subject matter covered as of its publication date, with the understanding that knowledge and best practice constantly evolve. The publisher is not engaged in rendering medical, legal, accounting, or other professional service. If medical or legal advice or other expert assistance is required, the services of a competent professional should be sought. This publication is not intended for use in clinical practice or the delivery of medical care. To the fullest extent of the law, neither the publisher nor the editors assume any liability for any injury and/or damage to persons or property arising out of or related to any use of the material contained in this book.


Kaplan and Kaplan logo are trademarks or registered trademarks of Kaplan, Inc. or its subsidiaries in the U.S. and/or other countries.


© 2026 by Conrad Fischer, MD 
Images courtesy of Conrad Fischer, MD, unless otherwise noted


Published by Kaplan Medical, a division of Kaplan North America, LLC. 
1515 West Cypress Creek Road 
Fort Lauderdale, FL 33309


All Rights Reserved. This material is protected under International and Pan-American Copyright Conventions.  By payment of the required fees, you have been granted the non-exclusive, non-transferable right to access and read the text of this eBook on screen. No part of this eBook may be reproduced, distributed, or transmitted in any form or by any means—including downloading, decompiling, reverse engineering, duplicating, reselling, storing in, introducing into, or incorporating into any information storage or retrieval system, or used in any artificial intelligence analysis software, such as generative AI systems or machine learning models, without the express written permission of Kaplan North America, LLC.


eISBN: 978-1-5062-8984-7


Kaplan Publishing books are available at special quantity discounts to use for sales promotions, employee premiums, or educational purposes. For more information or to purchase books, please call the Simon & Schuster special sales department at 866-506-1949.











About the Authors


Conrad Fischer, MD, is vice chairman of medicine and director of the internal medicine residency program at Brookdale University Hospital and Medical Center and professor of medicine at Touro College of Medicine in New York City. He teaches USMLE Steps 1, 2, and 3, Internal Medicine Board Review and Attending Recertification, and USMLE Step 1 Physiology.


Niket Sonpal, MD, FACP (Surgery, Urology, Pediatrics, and Psychiatry sections) is assistant professor at Touro College of Medicine in New York City. He is a fellow of the American College of Physicians and co-author of the best-selling books Master the Boards: USMLE Step 2 CK and Master the Boards: USMLE Step 3. Dr. Sonpal teaches all three steps of USMLE, COMLEX, and American Board of Internal Medicine review.


Victoria Hastings, DO, MPH, MS (Obstetrics and Gynecology sections) is a minimally invasive gynecologic surgeon at Swedish Hospital in Seattle, Washington. She also works as the Clerkship Site Director for medical students and the surgical simulation lead for the residents. She completed her residency in obstetrics and gynecology at New York Presbyterian Brooklyn Methodist Hospital. She received her master of public health degree in biostatistics and epidemiology from Saint Louis University and her doctorate in osteopathic medicine with a master of science from NYIT College of Medicine. She is section editor of the obstetrics and gynecology chapters in Master the Boards: USMLE® Step 2 CK and Master the Boards: USMLE Step 3. She teaches obstetrics, gynecology, and biostatistics for USMLE Steps 1, 2, and 3.


Previous contributions by Elizabeth August, MD, and Sonia Reichert, MD.




Peer Reviewers/Section Editors


Pharmacology: Ed El Sayed


Cardiology: Hal Chadow


Emergency/Toxicology: Ed El Sayed


Endocrinology: Chris Paras


Gastroenterology: Niket Sonpal


Infectious Disease: Paul Lam


Nephrology: Samuel Spitalewitz, Andleeb Sherazi


Neurology: Muhammad Irfan Iqbal


Preventive Medicine: Herman Lebovitch


Psychiatry: Jason Hershberger


Pulmonology: Seth Wenig


Rheumatology: Sima Terebelo


Surgery: Conrad Fischer











Acknowledgments


This book represents the consolidation of 25 years in the classroom teaching Step 3. You can be fully confident that you have—in one volume—everything you need to do well on Step 3.


The authors wish to recognize the administrative and emotional support of Ms. Juliette Akal.


Conrad Fischer wishes to dedicate this book to Edmund Bourke, MD: As my “fearless leader,” teacher, and protector these many years, you represent the best compilation of a “gentleman scholar,” lifelong student, and teacher. A wise counselor and loyal friend, you are a “man for all seasons” whose kindness spills over onto all who are in contact with you. “Oh, for a muse of fire!”


Niket Sonpal wishes to acknowledge his mother and father: Without their support and sacrifice, I would not be where I am today.


Victoria Hastings wishes to acknowledge her daughters: You will forever drive me to be the best version of myself.











Introduction


About the Step 3 Exam


The USMLE® Step 3 exam is the last in a series of 3 USMLE examinations that all physicians applying for a license to practice medicine in the United States are required to pass. After successfully completing the 3 steps of the USMLE, a physician is eligible to practice medicine in an independent, unsupervised setting (some period of U.S. postgraduate training is also required).


This test is not merely a more advanced and detailed version of the Step 2 CK or CS exams. Understanding this concept is key to this challenging exam. Step 3 tests whether a physician not only can assimilate data and diagnose clinical conditions but also has acquired the ability to make clinical decisions about patient management in a way that ensures appropriate management in an unsupervised setting. In addition, Step 3 will test your understanding of basic science correlations.


How can the Step 3 test all first-year interns if they are working in such varied subspecialty settings? The same concepts that medicine house-officers learn about managing a diabetic patient with heart failure can be equally applied to a postsurgical patient with heart failure.


How Is Step 3 Different?


Unlike the Step 2 exams, which emphasize diagnosis of medical conditions, Step 3 tests your ability to evaluate the severity of a patient’s condition and discern the most appropriate clinical management based on the presenting scenario. This assessment of your clinical judgment distinguishes Step 3 from Step 2. In Step 3, you are required to think beyond the diagnosis (which is often implicit in the question itself) and make decisions in management. The cases presented will include options that may all appear appropriate; however, for the presented situation, there is only ever one correct answer. Your interpretation of laboratory data, imaging, and elements of the presenting history and physical examination will assist you in selecting the correct management.




Clinical Encounter Frames


Multiple-choice and case-simulation questions are presented in one of three clinical encounter frames: initial care, continuing care, and urgent care. The encounter frame determines the amount of history as well as clinical and laboratory test results that are available to you. More importantly, the encounter frame influences how you’ll proceed with management. For example, a longstanding patient with a history of repeated hospitalizations for asthma who presents with shortness of breath would be approached differently than if she were presenting for the first time to a clinic complaining of periodic dyspnea or if she presented to the emergency department with an acute asthma attack. The majority of test items (50–60%) in Step 3 involve the management of continuing-care patients. In the continuing-care setting, you are tested on your ability to recognize new problems in an existing condition, assess severity, establish prognosis, monitor therapy, and perform long-term management.


Clinical Settings


There are three clinical settings in Step 3: office/health center, inpatient facility, and emergency department. As with the encounter frame, knowing the clinical setting influences your management decisions. As will be discussed in the Examination Structure section, test questions will be arranged in blocks based on one of the three clinical settings.


Physician Tasks


For any given clinical encounter frame in a clinical setting, you’ll be challenged with a finite number of skills. The 6 physician tasks that are tested on the Step 3 exam are representative of what all physicians practicing unsupervised medical management are expected to know.


















	Task

	Tests your ability to…










	Obtaining a history and performing a physical examination

	



	Identify key facets of the history or physical exam and relate them to the presenting problem or condition


	Predict the most likely additional physical finding or examination technique that would result in the finding












	Using laboratory and diagnostic studies

	



	Select the appropriate routine or initial lab or diagnostic test either to ensure effective therapy or to establish diagnosis


	Predict the most likely lab or diagnostic test result












	Formulating the most likely diagnosis

	



	Determine the diagnosis and use it to manage the patient












	Evaluating the severity of the patient’s problems

	



	Assess the severity of a patient’s condition and identify indications for consultations or further diagnostic workup


	Recognize factors in history, physical exam, or lab studies that affect prognosis or determine a change in therapy












	Managing the patient

	



	Manage a patient in the following 4 areas:



	Health maintenance (i.e., implementing preventative measures by identifying risk factors)


	Clinical intervention (i.e., knowing appropriate postsurgical/postprocedural management and follow-up measures)


	Clinical therapeutics (i.e., properly utilizing pharmacotherapeutic options)


	Legal/ethical and health care system issues, including patient autonomy, physician-patient relationships, and managed-care protocols


















	Applying scientific concepts

	



	Identify processes responsible for an underlying condition and interpret results of clinical or epidemiological experiments















Step 3 Examination Structure


The USMLE Step 3 is a 2-day computerized examination. The first day and a half tests your knowledge with a total of 412 traditional multiple-choice questions, which are arranged in blocks organized by one of the three clinical settings. Within a block, you may answer the items in any order, review responses, and change answers. However, after exiting a block, you can no longer review questions or change answers within that block. A link to view standard lab values, as well as access a calculator, is available at any time within the block of questions.


Day 1 includes 232 multiple-choice items divided into six 60-minute blocks of 38–39 items. A total of 60 minutes is allowed for completing each block of questions. The first day of testing is approximately 7 hours. There are 45 minutes of break time and an optional 5-minute tutorial completes the 8-hour day. Extra break time can be gained by completing question blocks or the tutorial before the allocated time.


Day 2 includes 180 items divided into six blocks of 30 questions. There are approximately 9 hours in the test session on the second day. You will have 45 minutes to complete each of these blocks. The time allotted for these blocks is 3 hours. The second day also includes 13 clinical case simulations (CCS), preceded by a 5-minute tutorial. CCS cases vary from 10 to 20 minutes in duration. As with the first day, a minimum of 45 minutes of break time is allocated for the day.


Traditional multiple-choice questions may either be single-item questions, multiple-item sets, or cases. The examination will also be given on 2 test days; however, examinees will be able to schedule the 2 test days on nonconsecutive days.




The multiple-choice questions comprise 75 percent of your score on Step 3. They are the largest component of your exam. Don’t get so caught up worrying about CCS that you forget about the rest of the exam!





Day 1: Step 3 Foundations of Independent Practice (FIP). Day 1 will focus on assessment of knowledge of foundational medicine and science essential for effective health care. This test day will be entirely devoted to multiple-choice questions and will include some of the newer item formats, such as those based on scientific abstracts, pharmaceutical advertisements, and basic science correlates.


Day 2: Step 3 Advanced Clinical Medicine (ACM). Day 2 will focus on assessment of applying comprehensive knowledge of health and disease in the context of patient management. This test day will include multiple-choice questions and computer-based case simulations (CCS).


Single Items


These questions are the traditional multiple-choice format that you encountered in Step 1 and Step 2 CK. These items include a patient vignette followed by four or five response options. Other options may be partially correct, but there is only one best answer.


Multiple Item Sets


A single patient-centered vignette may be associated with 2 or 3 consecutive questions that are linked to the initial patient vignette but test different points. Questions are designed to be answered independently of each other. You are required to select the one best answer for each question. As with single items, any of the options may be partially correct, but there is only one best answer.


Cases


A single-patient or family-centered vignette may ask 2 or 3 questions, each related to the initial opening vignette. The difference in these case sets is that additional information is added as the case unfolds. Always answer the questions in the order presented. You may find your response to earlier questions is altered by the additional information in subsequent questions; however, resist the urge to change your prior answers. If you do skip questions, be sure to answer earlier questions with only the information presented to that point in the case. Each question is intended to be answered independently.




Guide to the CCS


The Primum computer-based case simulation (CCS) is a testing format that allows you to provide care for a simulated patient. You decide which information to obtain and how to treat and monitor the patient’s progress. The computer records each step you take in caring for the patient and scores your overall performance.


In the CCS software, you will be required to choose additional elements of the presented history, as well as select the components of the physical examination you wish to perform. You have the flexibility to order any laboratory study, procedure, request, and consultants, and you can begin medications and other therapies. Any of the thousands of possible entries that you type on the “order sheet” are processed and verified by the “clerk,” and there is no limit to the number of entries into the order sheet. However, each order has a corresponding “virtual time” in which the test result may be available or procedure can be performed. Advancing the virtual time allows you to obtain results and submit the requested procedures. As virtual time passes, the patient’s condition changes based on the underlying problem and the sequence and priority of your interventions. You are responsible for managing the results of tests and interventions and making subsequent management decisions based on the first sequence of tests you ordered. While you cannot go back in virtual time, you can change your orders to reflect your updated management plan. In addition, you have the option to move patients between the office, home, emergency department, intensive care unit, and hospital ward. An important aspect of correctly managing CCS patients is recognizing the most appropriate sequence of management and the most appropriate location where that patient should be treated.


The challenge of the CCS is twofold:




	You need to manage the case itself. The management steps are case-dependent and based on acceptable standards of care. It is assumed that you will have reviewed the management of the most common presenting complaints during your year of internship and/or during your Step 3 review.


	You will manage a patient by initiating the most appropriate course of action, such as ordering tests or transferring the patient to another setting. The computer will not cue you on what to do—you must decide independently what you need to do and the sequence in which it should be done.





Each case can be divided into 3 parts: the case introduction, vital signs, and initial history (first 1–2 minutes); the management of the case (10–12 minutes maximum, often less); and the conclusion of the case (last 5 minutes).




Case Introduction Screen


The first screen is called the case introduction and provides a one- or two-sentence description of the patient’s chief complaint, the patient’s location at presentation, and time of day. After reading this screen, click the OK button.


Vital Signs Screen


These initial vital signs are the most important indicator of whether this condition is acute-emergent or chronic-stable. Review for any abnormalities before hitting the OK button.
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Initial History Screen


The initial history screen gives you a comprehensive description of the history of present illness, medical history, family history, social history, and review of systems. Read this section carefully, as key diagnostic information is given here. After reading the history of present illness, you should be able to establish a short differential diagnostic list. Make note of any key features in the past medical, family, and social history and review of systems that support or refute your differential diagnosis. At the end of the initial history, click the OK button; this will mark the end of the prompted section of the case.
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Case Management


This section of the case is driven by your actions rather than prompts from the software. There are 4 buttons at the top of the screen, which you will use to manage the case. You will be able to access any of these buttons until the last 5 minutes, at which point you are automatically brought to the final stage.
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The History/Physical button allows you to order a follow-up history, as well as either a comprehensive or system-focused physical exam.
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The Write Orders/Review Chart button brings up a number of other chart options, including an order sheet, progress notes, vital signs, lab reports, imaging studies, other tests, and a treatment record.
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The clock button allows you to manipulate the case time clock (virtual time). This is a completely separate from the real-time clock, found at the bottom right part of the screen throughout the case. In real test time, you have up to a maximum of 10 to 25 minutes to manage the case from beginning to end. But to get results or schedule a time to reevaluate the patient, you’ll need to move the case time clock ahead. You may move the clock ahead in any of the following ways:




	Move the clock ahead to a selected time so that you can get a specific result back.


	Move the clock automatically to when the first result comes back. Remember that you will still need to manage the case in the interim period before the next available result may come back.


	Indicate a specific time to reevaluate the patient.


	Ask the patient to call you if he  is having any problems.
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At the end of the case, you must enter your diagnosis on the screen provided. When you click OK, the case closes, and you move on to the next case.
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Score Reporting


The minimum passing score for Step 3 is 200. This corresponds to answering 60–70% of the items correctly.


The USMLE does not report performance as a percentile; rather, you will be given a 3-digit score. On the reverse side of the score report will be a graph of your performance, indicating your relative strengths and weaknesses. You are the only one who will see this graph, i.e., it is not sent to any institutions or licensing bodies.


Registration for Step 3


For registration and more information, contact:


FSMB


Department of Examination Services


Website: fsmb.org


Telephone: (817) 868-4041


Fax: (817) 868-4098


Email: usmle@fsmb.org


Or contact your state medical licensing authority; see the USMLE website at usmle.org.











PART 1


Internal Medicine











1 

Neurology


Stroke and TIA




A 67-year-old man with a history of hypertension and diabetes comes to the ED with a sudden onset of weakness in the right arm and leg over the last hour. On exam he is unable to lift the bottom half of the right side of his face. What is the best initial step?




	Head CT with contrast


	Head CT without contrast


	Aspirin


	Thrombolytics


	MRI





Answer: B. Before giving thrombolytics or any anticoagulation, you need to rule out hemorrhagic stroke, which is a contraindication to thrombolytics. You cannot even give aspirin without doing a head CT first. Thrombolytics are indicated within at least the first 4.5 hours of the onset of the symptoms of a stroke. Remember, 20% of strokes are hemorrhagic. You do not need contrast to visualize blood; contrast is used to detect cancer or infection, such as an abscess.





Stroke and transient ischemic attack (TIA) present with the sudden onset of weakness on one side of the body. Weakness of half of the face and aphasia are common as well. Partial or total loss of vision may be present, which may be transient. The cause is decreased or altered cerebral blood flow.


Stroke is distinguished from TIA based on time.




	With stroke, symptoms last ≥24 hours. There will be permanent residual neurologic deficits, caused by ischemia (80% of cases) or hemorrhage (20%).



	Stroke spares the upper third of the face, from the eyes up.


	Ischemic stroke can result from emboli or a thrombosis; emboli present with more sudden symptoms.








	With TIA, symptoms last <24 hours and resolve completely. The only symptom may be transient loss of vision in one eye (amaurosis fugax); the first branch of the internal carotid artery is the ophthalmic artery.



	TIA is always caused by emboli or thrombosis and never caused by hemorrhage (hemorrhage does not resolve in 24 hours).













With stroke, the younger the patient, the more likely it is that the cause is a vasculitis or hypercoagulable state.




Cryptogenic stroke means there is no known etiology. It can be labeled “cryptogenic” only after:




	Carotids: <70% stenosis


	Echo: no clots or vegetation


	Holter: no A-fib


	Implantable loop recorder (1–6 months): no A-fib








Arterial lesions are a subtype of stroke and TIA. On the Step 3 exam, you will likely be asked to identify or localize a lesion based on characteristic symptoms.
















	Cerebral Artery

	Symptoms










	Anterior cerebral artery

	



	Profound lower extremity weakness (contralateral in the case of unilateral arterial occlusion)


	Mild upper extremity weakness (contralateral in the case of unilateral arterial occlusion)


	Personality changes or psychiatric disturbance


	Urinary incontinence












	Middle cerebral artery

	



	Profound upper extremity weakness (contralateral in the case of unilateral arterial occlusion)


	Aphasia


	Apraxia/neglect


	The eyes deviate toward the side of the lesion


	Contralateral homonymous hemianopsia












	Posterior cerebral artery

	



	Prosopagnosia (inability to recognize faces)












	Vertebrobasilar artery

	



	Vertigo


	Nausea and vomiting more likely than with other strokes


	“Drop attack” (loss of consciousness)


	Vertical nystagmus


	Dysarthria


	Sensory changes in face and scalp


	Ataxia


	Bilateral findings












	Posterior inferior cerebellar artery

	



	Ipsilateral face


	Contralateral body


	Vertigo and Horner syndrome












	Lacunar infarct

	



	Absence of cortical deficits


	Ataxia


	Parkinsonian signs


	Sensory deficits


	Hemiparesis (most notable in the face)


	Possible bulbar signs












	Ophthalmic artery

	



	Amaurosis fugax















Diagnostic testing for both stroke and TIA is as follows:




	Head CT without contrast (best initial diagnostic test)



	Extremely sensitive for blood; do not treat without taking a CT


	Within first several days, all nonhemorrhagic strokes should be associated with a normal head CT


	Need 3–5 days before CT can detect nonhemorrhagic stroke with >95% sensitivity








	
MRI achieves >95% sensitivity for a nonhemorrhagic stroke within 24 hours, but CT is done first: less expensive, more sensitive for blood


	MRA (most accurately images the brain for stroke) can be positive within 30–60 minutes of stroke







Add statins to all nonhemorrhagic strokes.







Always do head CT without contrast before anticoagulating to exclude a hemorrhagic stroke.





Treatment of stroke and TIA depends on time elapsed since the onset of symptoms and whether thrombolytics (tPA) can be used:




	
Within the past 4.5 hours, give tPA



	
Relative contraindications to tPA:



	Age >80 years


	History of diabetes with stroke


	Anticoagulation use








	
Absolutecontraindications to tPA:



	History of hemorrhagic stroke


	Presence of intracranial neoplasm/mass or a bleeding disorder


	Active bleeding or surgery within 6 weeks, cerebral trauma or brain surgery within 6 months, or nonhemorrhagic stroke within 1 year


	Suspicion of aortic dissection














	
More than 4.5 hours ago or tPA cannot be given



	Remove clot with a catheter (useful up to 24 hours after stroke). This is not angioplasty. Angioplasty would rupture the vessel, whereas a catheter pulls the clot out like a corkscrew.








	For all nonhemorrhagic strokes, add a statin





Antiplatelet therapy is indicated in all those with stroke or TIA. (This includes pregnant patients: Pregnancy is not a contraindication to tPA.)




	After thrombolytic use: start antiplatelet therapy after 24 hours


	Small strokes (NIH stroke scale <6) or TIA:



	Dual antiplatelet therapy (DAPT) with aspirin and clopidogrel


	Stop clopidogrel after several weeks and continue aspirin indefinitely; we do not continue aspirin and clopidogrel (DAPT) long term in a stroke because of increased risk of bleeding















	<20% of patients with a stroke come in time to get thrombolytics.


	The goal of the thrombolytic is to achieve resolution of symptoms; if symptoms have already resolved, there is no reason to give thrombolytics.










Catheter retrieval provides a definite benefit up to 24 hours after stroke onset. It decreases both focal neurological findings and mortality.





Don’t forget to control hypertension, diabetes, and hyperlipidemia in stroke patients. Hypertensive urgency is a relative contraindication to thrombolytic therapy.


Heparin has no evidence of benefit for stroke.


Do not use prasugrel for TIA/stroke. Prasugrel increases bleeding.




Bleeding from thrombolytics is reversed with cryoprecipitate to replace fibrinogen and tranexamic acid.







When is closure of patent foramen ovale (PFO) the next step in management?




	When patient has an embolic-appearing cryptogenic ischemic stroke and right-to-left shunt detected by bubble study; “cryptogenic” means you have already excluded atrial fibrillation through months of monitoring





PFO closure is conducted in conjunction with antiplatelet therapy and is done with a percutaneous device.


Cerebral Venous Thrombosis


In cerebral vein thrombosis (a type of stroke), clotting in cerebral veins presentswith headache developing over several days (can mimic subarachnoid hemorrhage). Many patients present with the same weakness and speech difficulty seen in stroke. LP is normal.


Oral contraceptives are contraindicated in cerebral venous thrombosis.


Magnetic resonance venography (MRV) is the most accurate test. Treat with a direct oral anticoagulant (DOAC) for a few months (e.g., edoxaban, apixaban, rivaroxaban, dabigatran).


Further management includes:




	
Stroke: After the head CT and administration of thrombolytics or aspirin, move the clock forward on CCS. On subsequent screens, the most important issue is to determine the origin of the stroke.



	Paradoxical emboli through a patent foramen ovale (PFO) need closure with a catheter device.


	PFO closure is also indicated if stroke/TIA is cryptogenic and there is left-to-right shunt.


	Use DAPT (aspirin and clopidogrel) for the first several weeks.








	
TIA: Management is same as stroke, except that thrombolytics are not indicated.







Use MRI/MRA for the brainstem.





The following are indicated in all patients with stroke or TIA:




	Echocardiogram: anticoagulation for clots, possible surgery for valve vegetations


	Carotid Doppler/duplex: endarterectomy for stenosis >70%, but not if it is 100%



	Do only if patient is symptomatic


	Stenosis of the carotids, even when the passage is narrowed 70–99%, is not an indication for endarterectomy if patient is asymptomatic








	EKG and a Holter monitor if EKG is normal: DOACs are indicated for all stroke/TIA with A-fib or A-flutter


	In young patients age <50 with no past medical history (diabetes, hypertension), do sedimentation rate, VDRL or RPR, ANA, double-stranded DNA, protein C, protein S, factor V Leiden mutation, antiphospholipid syndromes







Anterior stroke and middle cerebral artery stroke are managed the same way.







24–48 hour Holter is not enough to exclude A-fib.



















	Condition

	Goal










	Hypertension

	At least <130/80 mm Hg in a diabetic






	Diabetes

	HgA1c <7%






	Hyperlipidemia

	LDL <70 mg/dL add statins for all nonhemorrhagic strokes









Brain Death


Brain death is clinically defined as follows:




	No pupillary, corneal, gag, or oculocephalic reflexes


	No response to stimuli


	Absence of drug intoxication, hypothermia, hypotension





Brain death is confirmed with apnea testing, not a scan or neurologist consult. To test for apnea:




	Oxygenate the patient for 20 minutes.


	Disconnect patient from the ventilator.


	Measure pCO2.





A pCO2 level increase of ≥20 shows apnea and confirms brain death.


Seizures


In seizure disorders, only the management of status epilepticus is clear. Status epilepticus therapy is as follows (all medications are intravenous):




	Benzodiazepines, such as lorazepam


	If seizure persists after moving the clock forward 5 minutes, add fosphenytoin, levetiracetam, or valproic acid


	If seizure persists after moving the clock forward another 5 minutes, add phenobarbital


	If seizure persists after moving the clock forward another 5 minutes, add general anesthesia (e.g., pentobarbital, thiopental, midazolam, propofol)







Levetirecetam, valproic acid, and fosphenytoin are interchangeable in status epilepticus.





Diagnostic tests include:




	Sodium, calcium, glucose, oxygen, creatinine, and magnesium levels


	Head CT (urgently); if negative, MRI later


	Urine toxicology screen


	Liver and renal function


	Electroencephalogram (EEG) only if the other tests do not reveal the etiology







Neurology consult should be ordered for all seizure patients. On the exam, you will be asked your reason for the consult in 10 words or less.




Liver failure and renal failure can cause seizures, but potassium disorders cannot.







CCS Tip: On CCS, consultants never say anything. CCS is testing your knowledge of when you are expected to need help.





Treatment is as follows:




	
Single seizure: Chronic antiepileptic drug therapy is generally not indicated, with some exceptions: strong family history of seizures, abnormal EEG, status epilepticus that required benzodiazepines to stop the seizure, or uncorrectable precipitating cause (e.g., brain tumor).


	
Chronic seizures: Levetiracetam is generally the best initial therapy. Other agents are valproic acid, carbamazepine, phenytoin (all equal in efficacy). Second-line agents are gabapentin, phenobarbital, lacosamide, zonisamide.



	In pregnancy, the most dangerous therapy is valproic acid; safest is levetiracetam or lamotrigine.


	Oral contraceptives/estrogen increase metabolism of lamotrigine to ineffective levels.


	Carbamazepine is associated with severe skin reactions (e.g., Stevens-Johnson; use HLA B*1502 testing to predict) and hyponatremia.








	
Absence or petit mal seizures: ethosuximide (best initial therapy)







Phenytoin decreases folate levels.





Parkinson Disease


Parkinson disease (PD) is predominantly a gait disorder. Symptoms include trembling/shaking with a slow, abnormal festinating gait. Orthostasis is often seen.




Drugs that worsen PD include antiemetics that inhibit dopamine:




	Metoclopramide


	Prochlorperazine


	Antipsychotics








Physical findings include:




	“Cogwheel” rigidity; everything is slow, bradykinesia


	Resting tremor (resolves when patient moves or reaches for something)


	Hypomimia (a masklike, underreactive face)


	Micrographia (small writing)


	Orthostasis


	Intact cognition and memory





There are no specific diagnostic tests to confirm PD. Scanning the head excludes stroke.




Adverse effects of anticholinergic agents:




	Memory loss


	Constipation


	Glaucoma


	Urine retention








Treatment is as follows:




	
Mild disease



	Anticholinergic, e.g., benztropine or trihexyphenidyl if age <60–70


	Amantadine if age >60–70 (has fewer side effects than anticholinergics so better for older patients)








	
Severe disease (unable to perform activities of daily living, e.g., cooking, shopping)



	Dopamine agonists (pramipexole, ropinirole, rotigotine [given by patch], apomorphine): fewer side effects but less efficacy


	Levodopa/carbidopa: greater efficacy but “on-off” phenomena with uneven long-term effects and more adverse effects











If these medications cannot control the patient’s symptoms, then use:




	COMT inhibitors (tolcapone, entacapone, opicapone) to block the metabolism of dopamine and extend the effect of dopamine-based medications (by themselves, they are not effective)


	MAO inhibitors (selegiline, rasagiline, safinamide)


	Deep brain stimulation when medical therapy does not control symptoms





Multiple system atrophy (Shy-Drager syndrome) is PD characterized by orthostatic hypotension and ataxia. Add fludrocortisone or midodrine. Fludrocortisone is pure mineralocorticoid (aldosterone) and midodrine is an oral alpha 1 agonist raising blood pressure.


Progressive supranuclear palsy can be misdiagnosed for PD; the patient can’t look up or down (vertical gaze palsy).




When levodopa causes psychosis, add pimavanserin or quetiapine to control those symptoms.







A man with severe parkinsonism is admitted for a hip fracture. On admission, the medicine reconciliation form is not recorded, and his multiple Parkinson medications are not continued in the hospital. Which of the following can happen?




	Seizure or stroke


	Arrhythmia/MI


	Fever/rhabdomyolysis


	Diarrhea or malabsorption





Answer: C. It is an idiosyncrasy of parkinsonism and its medical therapy that the sudden withdrawal of medications can result in rhabdomyolysis. The reason for this is not known.





Psychosis in Parkinson Disease


In all PD, psychotic symptoms must be managed, as 40% of patients with severe PD develop psychosis from therapy.




	Use pimavanserin (5HT inhibitor) to minimize psychotic symptoms. This antipsychotic medication does not worsen PD because its mechanism does not inhibit dopamine.


	Quetiapine has the fewest adverse effects after pimavanserin.





Essential Tremor


Essential tremor is a tremor that is worse with action (or “intention”). This is a tremor not associated with another illness. Hand involvement is most pronounced when the arms are held out in an “antigravity” position. Also look for tremor of the voice from vocal cord involvement.






Unexplained tremor: Investigate for Wilson disease.







There is no specific diagnostic test.


Treatment is beta-blockers, specifically propranolol.




Primidone is a prodrug of phenobarbital that decreases contraceptive levels. It is one of several antiepileptic drugs (AEDs) that increase the metabolism of estrogen-containing oral contraceptives.





In a CCS case, move the clock forward 1–2 weeks for a repeat meeting, choose “interval history,” and repeat the neurological exam.




	If tremor is still there, add primidone (antiepileptic medication)


	If tremor still persists, switch to topiramate or gabapentin


	If multiple medical therapies fail and severe tremor interferes with functioning (e.g., computer use), choose deep brain stimulation.


	Ultimately, when medical therapy and deep brain stimulation fail, use thalamotomy. This procedure uses magnetic resonance–focused ultrasound to ablate the thalamus.





Multiple Sclerosis


Multiple sclerosis (MS) presents with abnormalities in any part of the CNS; these improve only to have another defect develop several months to years later.




Trigeminal neuralgia is a first presentation in 30% of MS patients.







	Optic neuritis (most common)


	Motor and sensory problems


	Defects of the bladder (e.g., an atonic bladder)


	Fatigue, severe depression


	Hyperreflexia, spasticity





Diagnostic testing includes:




	MRI (best initial and most accurate diagnostic test)



	Allergic reactions to gadolinium (contrast agent used with MRI) are less frequent than they are with iodinated contrast material used with CT scan.


	Those with renal insufficiency may have a systemic overreaction with increased collagen deposition in soft tissues (nephrogenic systemic fibrosis); hardened fibrotic nodules develop on the skin and (in severe cases) the heart, lung, and liver. There is no specific treatment.








	CSF (lumbar tap); done only if MRI is nondiagnostic



	Shows presence of oligoclonal bands


	Elevated protein and mild rise in lymphocytes are typical








	CT scan of the head: not needed, less sensitive than MRI


	Visual- and auditory-evoked potential studies: never used







Anti-CD20 drugs decrease the progression of MS.





Treatment is as follows:




	Steroids (best initial therapy for acute exacerbation) and sometimes plasmapheresis


	Vitamin D and calcium for all cases


	
Disease-modifying therapy anti-CD20 drugs (ocrelizumab, ofatumumab) and sphingosine modifiers (fingolimod, siponimod) are the 2 most effective classes. Additional agents:



	Beta interferon, glatiramer, mitoxantrone, natalizumab (but causes PML), or dimethyl fumarate


	Alemtuzumab (anti-CD52 drug that inhibits lymphocytes and deters progression)








	Amantadine for fatigue


	Dalfampridine (potassium channel activator) to increase walking speed


	Baclofen or tizanidine for spasticity


	Bethanecol (artificial acetylcholine) for atonic bladder


	Oxybutinin, trospium, or tolterodine for urge incontinence







Tropical spastic paraparesis (caused by HTLV-1) is like MS of the legs only with bowel and bladder dysfunction.





Neuromyelitis Optica


This CNS disorder involves the eye and spinal cord but spares the brain. It presents with combined transverse myelitis and optic neuritis.




	Diagnose with antibodies to aquaporin-4


	Treat with steroids, then eculizumab or rituximab





Dementia


With dementia syndromes, all patients have memory loss.


All patients with memory loss must receive:




	Head CT


	B12 level


	Thyroid function testing (T4/TSH)


	RPR or VDRL





Alzheimer Disease (AD)


AD presents with slowly progressive memory loss exclusively in older patients (age >65). There are no focal deficits such as motor or sensory problems, but patients do develop apathy and, after several years, imprecise speech.




Exercise slows the progression of mild cognitive impairment.





AD is a diagnosis of exclusion. Do a mini-mental status examination or Montreal cognitive assessment. The bestdiagnostic test is a head CT scan showing diffuse, symmetrical atrophy.


Treatment is anticholinesterase medications (donepezil, rivastigmine, and galantamine). Memantine provides only modest benefit.




	Preventing falls in the elderly is essential, as a fall in that population is far more deadly than a myocardial infarction.


	
Strength training and exercise are the only proven way to prevent falls. Nearly any form of exercise helps: walking, yoga, tai chi, dancing, and weight training.


	Screening for visual problems and removing tripping hazards in the home should be done as well.





Frontotemporal Dementia (Pick Disease)


Personality and behavior become abnormal first. Memory is lost afterward. Movement disorder is not present. Look for:




	Disinhibition: e.g., urinates in public


	Loss of empathy: expresses no affection or less affection


	Hyperorality: e.g., eats entire box of chocolates


	Apathy: doesn’t care about anything anymore





Head CT or MRI shows focal atrophy of the frontal and temporal lobes.


Treatment is the same as for AD, but the response will be less. SSRIs and sometimes antipsychotics are useful.


Creutzfeldt-Jakob Disease (CJD)


CJD is caused by prions, transmissible protein particles. It manifests as rapidly progressive dementia and the presence of myoclonus. Patients are younger than those with AD.




Risk of transmitting CJD is why dementia excludes a patient as an organ donor.





Diagnostic testing is as follows:




	EEG (abnormal)


	Brain biopsy (most accurate diagnostic test)


	In a CCS case, perform MRI as well, although there is nothing on MRI to suggest CJD


	CSF tests eliminate the need for brain biopsy by demonstrating:



	Real-time quaking-induced conversion (best CSF test for CJD)


	Presence of the 14-3-3 protein











There is no treatment for CJD.


Lewy Body Dementia


Lewy body dementia is PD plus dementia. It is associated with very vivid, detailed hallucinations. REM sleep disorder (i.e., acting out dreams) is prominent because the normal motor paralysis of REM sleep is lost in Lewy body dementia. These patients shout and move and even jump out of bed during sleep; when awake they do not remember these episodes.


Treat both the AD and the PD. Remember, PD is primarily a gait disorder; antipsychotic medications may worsen it.




Lewy body dementia = AD + PD + visual hallucinations







Normal Pressure Hydrocephalus


This condition generally presents in older males, but it can affect women as well.


Symptoms can be remembered as WWW: wet, weird, wobbly.




	Wet: urinary incontinence


	Weird: dementia


	Wobbly: wide-based gait/ataxia





Diagnostic testing includes CT of the head. Lumbar puncture (LP) will show normal pressure, and this should be done on CCS. Symptom improvement with removal of CSF confirms that a shunt will be effective.


Treatment is placement of a shunt.


Huntington Disease (HD)/Chorea


HD presents in a young patient (age 30s), far below the age for AD. On the exam you will likely be asked about family history. Symptoms are the following:




	Dementia


	Psychiatric disturbance with personality changes


	Chorea/movement disorder





Diagnose with specific genetic testing (autosomal dominant inheritance). MRI will show marked atrophy of the caudate nucleus.


Treatment is antipsychotics for symptomatic control.


What medications treat movement disorders such as tardive dyskinesia and HD?




	
Deutetrabenazine, tetrabenazine, and valbenazine, which alter levels of monoamines (e.g., dopamine, serotonin, norepinephrine)





Headache


Migraine


Of migraines, 60% are unilateral and 40% are bilateral. Triggers include cheese, caffeine, menstruation, and OCPs.




The most common headache trigger is emotions.





The following symptoms may precede the headache:




	Aura of bright flashing lights


	Scotomata


	Abnormal smells







Diagnostic testing is head CT or MRI when the headache has any of the following characteristics:




	Sudden and/or severe


	Onset after age 40


	Associated with focal neurological findings





Abortive therapy is as follows:




	Triptans or ergotamine



	All triptans are interchangeable for aborting acute migraine: sumatriptan, almotriptan, eletriptan, naratriptan, zolmitriptan








	Calcitonin gene-related peptide (CGRP) antagonists: rimegepant, ubrogepant



	The abortive CGRP drugs do not cause vasospasm; safe in CAD and hypertension








	5HT agonists: lasmiditan



	5HT agonists do not cause vasoconstriction








	If status migrainosus or cannot give triptans/ergotamine: dopamine antagonists (prochlorperazine, metoclopramide, chlorpromazine)



	All can prolong QT


	All can worsen Parkinson disease


	Use with diphenhydramine to prevent dystonic reaction








	Transcranial magnetic stimulation may be needed for acute migraine if other treatments do not work





Preventive therapy requires several weeks to take effect:




	When ≥4 headaches per month, give prophylactic therapy with beta-blockers (propranolol)


	Alternate prophylactic medications are CCBs, tricyclic antidepressants, or AEDs such as topiramate or valproic acid


	CGRPs: erenumab, fremenezumab, galcanezumab, eptinezumab







Dopamine antagonist antiemetics treat status migrainosus not responsive to triptans.







Which migraine drug makes Parkinson disease worse?




	Prochlorperazine


	Metoclopramide


	Chlorpromazine


	All of the above





Answer: D. All worsen Parkinson disease symptoms because all are antidopaminergic.









Basic Science Correlate


Mechanism of Triptans


Migraine is thought to be vasoconstriction followed by vasodilation, then pain. Triptans constrict vessels; they function by reconstricting the cerebral vessels, but they constrict vessels in the heart as well and can provoke cardiac ischemia. That is why they are dangerous in hypertension, pregnancy, and coronary disease.





Cluster Headache


Cluster headache is exclusively unilateral with redness and tearing of the eye and rhinorrhea. Headache occurs multiple times in a short period and then resolves. Men > women 10:1.


Abortive therapy is as follows:




	Triptans or ergotamine/caffeine


	100% oxygen if cannot give triptans





Preventive therapy is as follows:




	CCBs such as verapamil (best initial prophylactic therapy)


	Steroids, lithium, topiramate, steroids


	CGRPs







Verapamil increases prolactin and causes galactorrhea.





“Cluster” is often over by the time prophylactic therapy has taken effect.


















	Headache Type

	Migraine

	Cluster










	Gender

	More common in women

	More common in men






	Presentation

	



	Unilateral or bilateral


	Aura







	



	Only unilateral


	Tearing and redness of eye; rhinorrhea


	No aura












	Abortive therapy

	



	Triptans, ergotamine


	CGRP antagonists


	Lasmitidan







	



	Triptans


	100% oxygen












	Prophylactic therapy

	



	Propranolol


	CGRP antagonists







	



	Verapamil


	Lithium


	Steroids


	CGRPs















Temporal (or Giant Cell) Arteritis


Temporal arteritis presents with jaw claudication and tenderness of the temporal area.


Diagnostic testing includes erythrocyte sedimentation rate (ESR) and temporal artery biopsy (most accurate diagnostic test).




Give steroids first and fast if these are available. A delay may result in permanent vision loss. Use tocilizumab (IL-6 antagonist) to reduce the use of steroids.


Pseudotumor Cerebri


Look for an obese young woman with headache and double vision. On exam there is papilledema but normal CT/MRI. Vitamin A use is suggestive.




Pseudotumor = headache plus:




	Sixth nerve palsy


	Visual field loss


	Transiently obscure vision


	Pulsatile tinnitus








LP with opening pressure measurement (most accurate diagnostic test) will show a markedly elevated pressure. LP does not increase risk of herniation in pseudotumor cerebri.


Treatment is weight loss and acetazolamide. Topiramate may help reduce weight and headache pain. If those fail, consider surgery for VP shunt and optic nerve sheath fenestration.


Intracranial Hypotension




	From CSF leak after LP


	Look for orthostatic headache


	MRI abnormal (80% of cases); confirm with low CSF pressure, <60 mm Hg





Treatment is blood patch to close off the leak and IV fluids.


Central Nervous System Infections


When a CNS infection is suspected, perform a head CT before a lumbar puncture (LP) in the following circumstances:




	Focal neurologic deficit


	Presence of papilledema


	Seizures


	Altered consciousness





If these findings are present, get blood cultures and start empiric antibiotic therapy before ordering the head CT.


Bacterial Meningitis




A 45-year-old man comes to the ED with fever, headache, photophobia, and a stiff neck. What is the next best step in management?




	LP


	Head CT scan


	Ceftriaxone and vancomycin


	Penicillin


	Move to ICU





Answer: A. When you suspect bacterial meningitis, administer antibiotics quickly. Do blood cultures stat simultaneously with an LP, or immediately prior. Penicillin can never be used as empiric therapy for meningitis; it is not sufficiently broad in coverage to be an effective empiric therapy. In this case, there is no indication to do a CT.







Vaccination for group B meningococcus is given at age 10–25.







The most accurate diagnostic test is a culture, but you cannot wait for the results of the culture before starting therapy. Preliminary analysis of the cerebrospinal fluid (CSF) is useful.




	Gram stain is only 50–60% sensitive for bacterial meningitis, so a negative stain excludes nothing. On the other hand, a positive Gram stain is extremely useful and specific.



	Gram-positive diplococci: pneumococcus (most common bacterial cause)


	Gram-negative diplococci: Neisseria



	Gram-negative pleomorphic, coccobacillary organisms: Haemophilus



	Gram-positive bacilli: Listeria








Vaccination for meningococcal groups A, C, W, and Y needs a booster if the first shot was given before age 16.







	Elevated CSF protein is of marginal diagnostic benefit, as it is nonspecific (any form of CNS infection can elevate the CSF protein); a normal CSF protein level essentially excludes bacterial meningitis.


	Glucose <60% of serum level is consistent with bacterial meningitis.


	CSF cell count (best initial diagnostic test)



	Not as specific as a culture, but available much sooner


	Cell count with a differential is much more specific than an elevated CSF protein


	If thousands of neutrophils are present in CSF, start IV ceftriaxone, vancomycin, and steroids; steroids have been associated with a decrease in mortality in bacterial meningitis


	Add ampicillin if immunocompromised and at risk of Listeria














The Gram stain has poor sensitivity but good specificity for bacterial meningitis.







CSF cell count is the most important criterion to determine the need to treat a patient. Thousands of polys (neutrophils) indicate bacterial meningitis until proven otherwise.





Cryptococcus


The onset and duration of cryptococcal infection are much slower than in bacterial meningitis. It may not give severe meningeal signs, such as neck stiffness, photophobia, and high fever, all at the same time. Look for an HIV-positive patient with <100 CD4 cells.




	Cryptococcal antigen (most accurate diagnostic test)







If symptoms continue after treatment of cryptococcal infection, do repeated LPs to drain out CSF and decompress the brain.





Treatment is amphotericin and 5-flucytosine (5FC), followed by oral fluconazole.




	If CD4 count does not rise, continue fluconazole indefinitely.


	If CD4 count rises >100, fluconazole can be stopped.


	Postpone the start of antiretroviral therapy for a few weeks to reduce the risk of immune reconstitution.





Lyme Disease


Look for a patient who has recently returned from a camping or hiking trip. Tick exposure is remembered only by 20% of patients.




Symptoms include joint pain, 7th cranial nerve palsy, and a rash with central clearing (target lesion). Note that 7th CN is not CNS.


There are no characteristic CSF findings to confirm a diagnosis of CNS Lyme.


Specific serologic or western blot testing on the CSF is the most accurate diagnostic test.


Treatment is IV ceftriaxone or penicillin.


Rocky Mountain Spotted Fever


Look for a camper or hiker with a rash that starts on the wrists and ankles and moves centripetally toward the center. Fever, headache, and malaise precede the rash. Tick bite is remembered only by 60% of patients.


Diagnose with specific serology. Doxycycline is the most effective therapy.


Tuberculous Meningitis


It is very difficult to be precise about diagnosing TB meningitis. Look for an immigrant with a history of lung tuberculosis. The presentation is very slow, over weeks to months:




	Very high CSF protein level


	Positive acid fast (mycobacterial) stain of CSF (≤10% of cases); for acid-fast culture, you need 3 high-volume taps that are centrifuged







Adenosine deaminase is elevated in CSF in TB meningitis.





If the case describes fever, headache, and neck stiffness over hours, it is not TB.


Culture is the most accurate diagnostic test in TB of CSF but it will take weeks. PCR is the most accurate test you can get quickly. PCR is 99% specific.




Head CT is normal in meningitis.





Treatment is rifampin, isoniazid, pyrazinamide, and ethambutol (RIPE) as you would give for pulmonary TB, but add steroids and extend the length of therapy longer.




	Ethambutol has poor CNS penetration.


	Fluoroquinolone could be an answer choice for the treatment of TB meningitis.





Viral Meningitis


Viral meningitis is oftentimes a diagnosis of exclusion. There is a lymphocytic pleocytosis in the CSF.


There is no specific treatment.






An elderly man comes to the ED with fever, headache, a stiff neck, and photophobia. He is HIV-positive with <50 CD4 cells and a history of pneumocystis pneumonia. Head CT is normal. CSF shows 2,500 white cells that are all neutrophils; Gram stain is normal. What is the best initial therapy?




	Ceftriaxone and metronidazole


	Cefoxitin and mefloquine


	Ceftriaxone, ampicillin, and vancomycin


	Fluconazole


	Amphotericin





Answer: C. Listeria monocytogenes is a cause of meningitis that is not adequately treated by any form of cephalosporin. Ampicillin is added to the usual regimen of ceftriaxone and vancomycin to cover Listeria. This cannot be fungal meningitis, because the CSF is characterized exclusively by a high number of neutrophils; neutrophils are not consistent with fungal meningitis.


A 17-year-old boy comes to the ED with fever, headache, stiff neck, and photophobia. He has a petechial rash. CSF shows 2,499 neutrophils. Ceftriaxone and vancomycin are started. What is the next step in management?




	Test for HIV


	Wait for results of culture


	Add ampicillin


	Droplet isolation


	Droplet isolation and prescribe rifampin for close contacts





Answer: E. When an adolescent presents with a petechial rash and increased neutrophils on CSF, it is suggestive of Neisseria meningitidis. These patients should be placed on droplet isolation, and close contacts should receive prophylaxis.





Listeria


Look for elderly, neonatal, and HIV-positive patients and those who have no spleen, are on steroids, or are immunocompromised with leukemia or lymphoma. Listeria is a gram-positive bacillus.


There will be elevated neutrophils in the CSF.


Add ampicillin to treatment.


Neisseria meningitis


Look for patients who are adolescent, in the military, or asplenic or who have terminal complement deficiency.


Treatment is as follows:




	Patient: droplet isolation for 24 hours


	Close contacts (household members/those who kiss and share cups/utensils): prophylaxis with rifampin, ciprofloxacin, or ceftriaxone


	Routine contacts (school/work): no prophylaxis needed







The nurse or medical student taking care of a patient with Neisseria does not need prophylaxis. Those with kissing and other saliva-type contact do need prophylaxis.







Prophylactic antibiotics are given regardless of the vaccination status of the exposed person in cases of serious exposure to Neisseria.


Amoebic Meningitis


Naegleria fowleri and Acanthamoeba are free-living, thermophilic (warm water) amoebae that can infect swimmers in fresh water. The amoebae swim up the nose and through the cribriform plate into the brain.


Look for anosmia in the question stem.




	Without treatment, 95% of cases are fatal: emergency care required


	Wet mount of CSF shows mobile amoebae


	Treatment is miltefosine and maybe amphotericin; steroids may help





Encephalitis


Almost all encephalitis in the United States is caused by herpes simplex. The patient does not have to recall a herpes infection in the past for the condition to be herpes encephalitis. Varicella is a treatable form of encephalitis.


Look for a patient with fever and altered mental status over a few hours. If the patient also has photophobia and a stiff neck, you will not be able to diagnose encephalitis.




Fever + Confusion = Encephalitis





Testing includes:




	Head CT scan (best initial diagnostic test)


	PCR of the CSFfor HSV and VZV (most accurate diagnostic test)





“Brain biopsy” is the most common wrong answer on questions about encephalitis diagnosis. A brain biopsy is not necessary. Do a PCR instead.




Varicella encephalitis is associated with stroke from vasculitis.





Treatment is acyclovir for both HSV and VZV. With acyclovir-resistant patients, use foscarnet.




Basic Science Correlate


Mechanism of Acyclovir


Acyclovir, valacyclovir, famciclovir, and ganciclovir all have the same mechanism: to inhibit DNA polymerase. All need to be activated by thymidine kinase, except foscarnet. This is why ganciclovir cannot be used to treat acyclovir-resistant herpes and why foscarnet (with a different mechanism) is used instead.





Autoimmune (NMDA) Encephalitis




	Fever, headache, confusion, normal head CT like any encephalitis


	Psychiatric and behavioral symptoms (paranoia, delusions) and dystonias


	Ovarian teratomas in history


	Diagnose with specific antibodies in CSF


	Treatment is IVIG, steroids, and removal of the teratoma







Brain Abscess


A brain abscess presents with fever, headache, and focal neurological deficits. CT scan reveals a “ring” (or contrast-enhancing) lesion. Contrast (“ring”) enhancement basically means infection or cancer.
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Brain Abscess







Bacterial brain abscesses often spread from local infection (otitis, sinusitis, mastoiditis) into the brain. Get a biopsy to be certain what you are treating because bacterial brain abscess is often polymicrobial:




	30% Staph


	30% gram-negatives


	60% anaerobes


	30% Strep





Consider HIV status in the context of a brain abscess as follows:




	HIV-negative: brain biopsy (best next step); ceftriaxone, vancomycin, and metronidazole while awaiting culture results


	HIV-positive: treat for toxoplasmosis with pyrimethamine (or atovaquone) and sulfadiazine (2 weeks) and repeat head CT





Progressive Multifocal Leukoencephalopathy


These brain lesions in HIV-positive patients are not associated with ring enhancement or mass effect. Look for HIV or alpha-integrin inhibitors (e.g., natalizumab) in the history.


There is no specific treatment. Treat HIV and raise the CD4. When HIV is improved, the lesions will disappear.




Neurocysticercosis


Look for a patient from Mexico with a seizure.


Head CT shows multiple 1-cm cystic lesions. Over time, the lesions calcify. Confirm diagnosis with serology.


Treatment is albendazole and praziquantel when the lesions are still active and uncalcified (but not when there is only calcification; in those cases, use anti-epileptic drugs). Steroids are used to prevent a reaction to dying parasites.


Posterior Reversible Encephalopathy Syndrome


This is an autoregulatory failure leading to cerebral ischemia. Look for headaches, altered consciousness, visual disturbance, and seizures in a setting of hypertensive crisis, preeclampsia, or cytotoxic medications such as cyclosporine.


MRI shows vasogenic edema in posterior lobes.


Treat the underlying cause. Most patients recover in 2 weeks.


Head Trauma and Intracranial Hemorrhage


With head trauma, do not use skull x-ray. If the head trauma is severe, diagnosis requires a CT scan of the head without contrast.




	If there has been loss of consciousness (LOC), diagnosis requires a CT scan.


	If there has been altered mental status, diagnosis requires a CT scan.

























	

	Concussion

	Contusion

	Subdural Hematoma

	Epidural Hematoma










	Focal deficits

	Never

	Rarely

	Yes or no

	Yes or no






	Head CT

	Normal

	Ecchymosis

	Crescent-shaped collection

	Lens-shaped collection
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Cerebral Contusion
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Subdural Hematoma
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Epidural Hematoma







Treatment for head trauma is as follows:




	Concussion: none


	Contusion: admit as inpatient, but most cases require no treatment


	Subdural and epidural: large ones are drained; small ones are left alone to reabsorb on their own


	Large intracranial hemorrhage with mass effect



	Decrease intracranial pressure with intubation/hyperventilation. Decrease pCO2 to 25-30, which will constrict cerebral blood vessels.


	Mannitol (osmotic diuretic) to decrease intracranial pressure


	Surgical evacuation













Steroids do not help intracranial hemorrhage.





Prophylaxis against stress ulcer (in the form of PPIs) is required for patients with any of the following conditions:




	Head trauma


	Burns


	Endotracheal intubation with mechanical ventilation





Subarachnoid Hemorrhage


Subarachnoid hemorrhage (SAH) is like the sudden onset of meningitis with LOC but without fever. Look for the following symptoms:




	Sudden, severe headache


	Stiff neck


	Photophobia


	LOC (50% of patients)


	Focal neurological deficits (30% of patients)









Basic Science Correlate


Mechanism of Blood Causing Symptoms in SAH


Blood is an irritant. It irritates the meninges in SAH and simulates meningitis. It stimulates the bowel and causes diarrhea with melena. Blood is cathartic.





Diagnostic testing is as follows:




	Head CT without contrast is 95% sensitive (best initial test): if that is conclusive for an SAH, no need for a lumbar puncture


	EKG: T-wave inversion


	Lumbar puncture (most accurate test): not needed if head CT shows blood





To determine whether increased white cells in CSF are caused by infection or are just from blood, look for the ratio: a normal number of white cells is 1 for every 500 red cells (1:500). An infection is considered to be present only if the number of white cells is greater than that.




Normal white cell count = 1 WBC:500 RBC





Treatment is as follows:




	Perform angiography to determine site of bleeding


	Embolize the site of the bleeding (superior to surgical clipping)


	If hydrocephalus develops, insert a ventriculoperitoneal shunt


	Prescribe nimodipine orally (CCB which prevents stroke)







Prophylactic antiepileptic drugs (AEDs) have no clear benefit in SAH.





When SAH occurs, an intense vasospasm can lead to a nonhemorrhagic stroke. You must embolize (or clip) the source of bleeding before it can rebleed. If it rebleeds, there is a 50% chance that the patient will die.


Note that nonbleeding, incidentally found aneurysms do not require treatment.


Spine Disorders


The table summarizes spine disorders and their symptoms:




















	Lumbosacral Strain

	Cord Compression

	Epidural Abscess

	Spinal Stenosis










	Nontender

	Tender

	Tender and fever

	Pain on walking downhill









Syringomyelia


Syringomyelia is a defective fluid cavity in the center of the cord. It is caused by trauma, tumor, or congenital problem.




It presents with loss of sensation of pain and temperature in the upper extremities bilaterally in a cape-like distribution over the neck, shoulders, and down both arms.


Diagnostic testing is with an MRI. Treatment is surgical.
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Syringomyelia







Cord Compression


Metastatic cancer presses on the cord, resulting in pain and tenderness of the spine. Lumbosacral strain does not give tenderness of the spine itself.


Scan with an MRI. The most accurate test is biopsy, if the diagnosis is not clear from the history.


Treatment depends on the cause. The most urgent step with cord compression is to reduce swelling with steroids.




	Spinal trauma can present with the same symptoms as cord compression: bilateral lower extremity weakness, hyperreflexia, and possible bowel/bladder dysfunction.


	There is no singular effective treatment for spinal trauma; steroids are possibly beneficial.







Steroids for the spine:




	Benefit unclear in spinal trauma


	Needed in cord compression from spinal epidural abscess








Spinal Epidural Abscess


A spinal epidural abscess presents with back pain with tenderness and fever. Look for a history of injection drug use. Focal findings indicate cord compression.


Scan the spine with MRI. Give vancomycin and ceftriaxone empirically until an organism is confirmed. Antibiotics against sensitive Staphylococcus are best (e.g., cefazolin, oxacillin, nafcillin). Large accumulations require surgical decompression.




Spinal Stenosis


This condition presents with leg pain on walking and can look like peripheral arterial disease. The pulses will be intact, and the pain is worse upon walking downhill, when the patient is leaning backward, but improved when walking uphill.




Isolated posterior spine involvement:




	B12 deficiency


	Syphillis








Diagnose with an MRI. Treat with surgical decompression.


Anterior Spinal Artery Infarction


All sensation is lost except position and vibratory sense, which travel down the posterior column. There is no specific treatment.


Brown-Sequard Syndrome


Brown-Sequard results from traumatic injury to the spine, such as a knife wound. The patient loses ipsilateral position, vibratory sense, contralateral pain, and temperature.




A 58-year-old woman with metastatic breast cancer comes in with back pain. The spine is tender. She has hyperreflexia of the legs. What is the most urgent step?




	X-ray


	CT


	MRI


	Biopsy


	Steroids


	Chemotherapy


	Radiation





Answer: E. The most urgent step with cord compression is to relieve pressure on the cord with steroids. Imaging is done afterward if the diagnosis of cord compression is clear (as it is in this case with pain, tenderness, and signs of hyperreflexia in the legs).





Neuromuscular Disorders


Amyotrophic Lateral Sclerosis (ALS)


ALS is an idiopathic disorder of both upper and lower motor neurons.




	
Upper motor neuron signs: hyperreflexia; upgoing toes on plantar reflex; spasticity; weakness


	
Lower motor neuron signs: wasting; fasciculations; weakness





ALS is treated with riluzole, a unique agent that blocks the accumulation of glutamate. CO2 retention from respiratory muscle weakness needs CPAP. Edaravone (an antioxidant) is also used in treatment.




Both weakness and fasciculations must be present to make a diagnosis of ALS.







Pseudobulbar Affect


This is a form of emotional lability or emotional incontinence characterized by intermittent episodes of inappropriate laughter or crying.




	50% of patients with ALS have pseudobulbar affect


	Can also be caused by stroke and MS





Treatment is dextromethorphan combined with quinidine. SSRIs are effective in some patients.


Peripheral Neuropathies


Diabetes


Diabetes is the most common cause of peripheral neuropathy by far. A specific test, such as an electromyogram or nerve conduction study, is not necessary in most cases.




MRI is a wrong answer in the workup of any peripheral neuropathy, especially carpal tunnel.





Treatment is gabapentin or pregabalin. Tricyclic antidepressants are less effective and have more adverse effects.


Carpal Tunnel Syndrome


Look for pain and weakness of the first 3 digits of the hand. Median nerve compression is more common in hypothyroidism, pregnancy, obesity, acromegaly, and RA. Symptoms may worsen with repetitive use. Nerve conduction studies are the are the best initial test for for any peripheral neuropathy.


Initial management is a splint. In CSS, inject steroids when you move the clock forward if symptoms persist or worsen. If muscle atrophy is present, do surgical release.




Proteins accumulated in the wrists squeeze the nerves in carpal tunnel syndrome.





Radial Nerve Palsy


Also known as “Saturday night palsy,” this results from falling asleep or passing out with pressure on the arms underneath the body or outstretched, perhaps draped over the back of a chair. Radial nerve palsy results in a wrist drop.


Peroneal Nerve Palsy


This results from high boots pressing at the back of the knee. It results in foot drop and the inability to evert the foot. May see “high boots” in the case. Treatment is not needed; this condition will resolve on its own.


Trigeminal (Fifth Cranial Nerve) Neuralgia


Look for excruciating pain in the face with minor contact or touching of the tongue behind the teeth. Try carbamazepine. If not effective, try another medication such as an AED (topiramate, lamotrigine). If 2 to 3 sets of medications do not work, use ablation methods such as glycerol injection or radiotherapy. Carbamazepine has the highest risk of hyponatremia.




Bell Palsy (Seventh Cranial Nerve)


Bell palsy results in hemifacial paralysis of both the upper and lower halves of the face. There is also loss of taste on the anterior two-thirds of the tongue, hyperacusis, and the inability to close the affected eye. Hyperacusis results in the inability to control the stapedius muscle of the middle ear, which acts as a kind of “shock absorber” for sounds. Bell palsy is believed to result from a viral infection. Treatment is steroids. Routine acyclovir does not help.




Pregnancy increases the risk of 7th cranial nerve palsy. Treatment is the same as in the absence of pregnancy.





Complex Regional Pain Syndrome (Reflex Sympathetic Dystrophy)


Complex regional pain syndrome is seen in patients who have previous injury to the extremity. Light touch, as in a bed sheet touching the foot, results in extreme pain that is “burning” in quality. Bone abnormalities can be detected via bone scan.




Gabapentin blocks the alpha-2-delta calcium channel in nerves.





Treat with gabapentin and occasionally nerve block. Surgical sympathectomy may be necessary.


Restless Legs Syndrome


Restless legs syndrome (RLS) is associated with iron deficiency. It is often identified when the bed partner comes in complaining of pain and bruises in the legs. The patient experiences an uncomfortable feeling in the legs, which is relieved by movement.


Treat with gabapentin or pregabalin (best initial therapies). If these fail, select pramipexole, ropinerole, or rotigotine (patch). Iron replacement may help.


Guillain-Barré Syndrome




A man comes to the ED with weakness in his legs that has been getting markedly worse over the last few days. He has weakness and loss of deep tendon reflexes in the legs. He recalls an upper respiratory illness about 2–4 weeks ago that resolved. What is the most urgent step?




	Steroids


	IV immunoglobulins


	Peak inspiratory pressure


	Intubation


	Lumbar puncture





Answer: C. Ascending weakness with loss of deep tendon reflexes is characteristic of Guillain-Barré. Peak inspiratory pressure diminishes as the diaphragm is weakened, and it predicts who will have respiratory failure before it happens. This is the most important factor in determining the need for therapy with IVIG or plasmapheresis. Steroids are not effective. Lumbar puncture will show elevated protein with no cells.







Guillain-Barré syndrome


The most accurate test is nerve conduction studies. Combining IVIG and plasmapheresis is ineffective.





Miller Fisher syndrome is a variant of Guillain-Barré. There is descending weakness with absent reflexes, ocular/oculomotor palsies, and antibodies against GQ1b.


Treatment is the same as for Guillain-Barré.




Myasthenia Gravis


Myasthenia gravis presents with weakness of the muscles of mastication, making it hard to finish meals. Blurry vision from diplopia results from the inability to focus the eyes on a single target. The case may classically report drooping of the eyelids as the day progresses.




	Anti-acetylcholine receptor antibodies (ACHR) (best initial test)


	Anti-muscle-specific kinase (anti-MUSK) antibodies are the answer if there is a falsely negative ACHR antibody test.


	This clinical presentation of progressive weakness with repetitive exercise combined with ACHR is diagnostically more accurate than results of the edrophonium (Tensilon) stimulation tests. The most accurate test is single-fiber electromyography (EMG).





Treatment is as follows:




	Pyridostigmine or neostigmine (best initial treatment); if no response, do thymectomy in patients age <60



	Glycopyrrolate may reduce the side effects of pyridostigmine and neostigmine (drooling and diarrhea); it blocks adverse effects at the muscarinic receptors of the salivary gland without blocking the nicotinic receptors at the neuromuscular junction.








	If still no response, use prednisone; use azathioprine, cyclosporine, rituximab, or mycophenolate to help keep patient off of long-term steroids


	For acute myasthenic crisis, assess for impending respiratory failure with peak inspiratory pressure and vital capacity; use IV immune globulins or plasmapheresis with steroids as you would for Guillain-Barré


	Eculizumab (anti-C5) decreases destruction of acetylcholine receptors







Rituximab and eculizumab only work in those with antibodies against acetylcholine receptors.







Basic Science Correlate


Mechanism of Azathioprine


Cyclosporine and azathioprine inhibit the immune system. They decrease the function of T cells, which control cellular immunity such as organ transplant rejection. The drugs do not decrease T-cell numbers, just function.





Lambert-Eaton Myasthenic Syndrome (LEMS)




	Weakness improved by repetitive movement


	Hyporeflexia


	Test for anti-voltage gated calcium channel antibodies (P/Q-type VGCC)


	Lung cancer in 50%


	Treatment is amifampridine or dalfampridine or IVIG
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Cardiology


Ischemic Heart Disease


Coronary artery disease (CAD) is the most common cause of death in the United States by far and kills many more women than breast cancer.


Risk factors include:




	Diabetes mellitus (most dangerous risk factor)


	Hypertension


	Tobacco use


	Hyperlipidemia


	Peripheral arterial disease (PAD)


	Obesity


	Inactivity


	Family history (family member must be young, i.e., females age <65, males age <55)





Stress is not a clear risk factor since it cannot be measured precisely.


Risk factors are useful for answering diagnostic questions in equivocal cases. They are useful in that modifying them can lower mortality.




	Symptoms include chest pain that does not change with body position or respiration


	Besides chest pain, other clues to ischemic disease as the cause of chest pain are: dull in quality; lasts 15–30 minutes; occurs on exertion; substernal location; and radiates to the jaw or left arm


	Not associated with chest wall tenderness







The most common cause of chest pain that is not cardiac in etiology is a gastrointestinal (acid reflux) problem.





When any one of the following features is present, the patient has something other than CAD:




	Pleuritic pain (changes with respiration): pulmonary embolism; pneumonia; pleuritis; pericarditis; pneumothorax


	Positional pain (changes with body position): pericarditis


	Tenderness (pain on palpation): costochondritis











	A patient comes to the ED with chest pain. The pain also occurs in the epigastric area and is associated with a sore throat, a bad metallic taste in the mouth, and a cough. What do you recommend?


	An alcoholic patient comes to the ED with chest pain. There is nausea and vomiting and epigastric tenderness. What do you recommend?


	A patient comes to the ED with chest pain. There is right-upper quadrant tenderness and mild fever. What do you recommend?





Answer:




	Proton pump inhibitor


	Check amylase and lipase levels


	Abdominal sonogram for gallstones








There is nothing unique or pathognomonic about the physical findings of ischemic heart disease. Physical findings such as tenderness only tell you the patient does not have ischemic disease. There is no buzzword for physical examination of CAD that indicates, “Aha! This is coronary disease.”


However, for CCS, it is critical to know what could be abnormal so you know which pieces of the physical to choose.
















	Piece of Physical Exam

	Findings That Could Be Abnormal










	Cardiovascular (CV)

	S3 gallop: dilated left ventricle 
S4 gallop: left ventricular hypertrophy 
Jugulovenous distention 
Holosystolic murmur of mitral regurgitation






	Chest

	Rales suggestive of congestive heart failure






	General exam

	Distressed patient, short of breath, clutching chest






	Extremities

	Edema











Basic Science Correlate


Mechanism of S3 and S4 Gallop




	
S3 gallop is rapid ventricular filling during diastole. As soon as the mitral valve opens, blood rushes into the ventricle, causing a splash sound transmitted as an S3.


	
S4 gallop is the sound of atrial systole into a stiff or noncompliant left ventricle. It is heard just before S1 and occurs with any left ventricular hypertrophy. S4 is the bang of atrial systole.
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CCS Tip: Jugular veins on Step 3 CCS are in the CV exam, not the HEENT exam.





On Step 3, most cases of chest pain will have a clear diagnosis and will ask for the next step in management.




	
Best initial test for ischemic-type pain: EKG (always)


	In a clear case of ischemic pain, if you are asked to choose “Wait for enzyme results” versus combined aspirin, second anti-platelet medication, statins, ACE inhibitor, beta-blockers, and nitrates, choose treatment first.


	CK-MB is the best test to detect a reinfarction a few days after the initial infarction. Both CK-MB and troponin rise at 3–6 hours after the start of chest pain. Although both have nearly the same specificity, CK-MB stays elevated for only 1–2 days, while troponin stays elevated for 1–2 weeks.


	Myoglobin (rises first of all cardiac enzymes, as early as 1–4 hours after the start of chest pain)


	Stress test when the case is not acute and initial EKG/enzyme tests do not establish the diagnosis (do not order stress test if patient currently has pain)







CCS Tip: When the question asks for the most accurate test, answer CK-MB or troponin.







CCS Tip: LDH isoenzymes or LDH level is always the wrong answer.
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T-Wave Inversion









Do not answer “consultation” for single-best-answer questions. A consultant should not be necessary when ordering an EKG, checking enzymes, and giving aspirin to a patient with acute coronary syndrome.


However, “consultation” is okay to answer as a part of CCS management.









A 56-year-old man comes to the office a few days after an episode of chest pain for which he went to the ED. This was his first episode of pain and he has no risk factors. In the ED, he had a normal EKG and normal CK-MB and was released. Which of the following is the most appropriate next step?




	Repeat CK-MB


	Statin


	LDL level


	Stress (exercise tolerance) test


	Angiography





Answer: D. Stress test is needed when the case is equivocal or uncertain about the presence of CAD. An exercise tolerance test, or stress test, detects CAD when heart rate is raised and ST segment depression is detected. Do not do angiography unless the stress test is abnormal. This case is asking you to know that a stress test is a way to increase the sensitivity of detection of CAD beyond an EKG and enzymes.







The Step 3 exam loves the phrase “further management.”





When is exercise thallium test or stress echocardiogram the answer?




	When EKG is unreadable for ischemia: left bundle branch block; digoxin use; pacemaker in place; left ventricular hypertrophy; any baseline abnormality of ST segment of EKG





When is dipyridamole or adenosine thallium stress test or dobutamine echo the answer?




	When patients cannot exercise to target heart rate >85% of maximum: COPD; amputation; deconditioning; weakness/previous stroke; lower extremity ulcer; dementia; obesity







A 63-year-old woman comes in for evaluation of an abnormal stress test that shows an area of reversible ischemia. She has no risk factors for CAD. What is the best next step in management?




	Troponin level


	Angiography


	Coronary bypass


	Echocardiogram


	Nuclear ventriculogram (MUGA scan)





Answer: B. Angiography is the next diagnostic test to evaluate an abnormal stress test that shows reversible ischemia. Reversible ischemia is the most dangerous thing a stress test can show. If the test shows fixed defects, i.e., defects unchanged between exercise and rest, those are scars from previous infarctions, which require no angiography. Coronary bypass would be the next step only if the angiogram showed 3-vessel disease or left main coronary disease. Echocardiogram would be the best initial test to evaluate valve function or ventricular wall motion. MUGA scan is the most accurate method to evaluate ejection fraction.









Basic Science Correlate


Mechanism of Thallium


Nuclear isotopes are picked up by the Na/K ATPase of normal myocardium. If cardiac tissue is alive and perfused, it will pick up the nuclear isotope. To the myocardium, thallium looks like potassium.


Decreased uptake = Damage







A patient admitted 5 days ago for a myocardial infarction has a new episode of chest pain. Which of the following is the most specific method for establishing the diagnosis of a new infarction?




	CK-MB


	Troponin


	Echocardiogram


	Stress testing


	Angiography





Answer: A. CK-MB level should return to normal 1–2 days after a myocardial infarction. If a reinfarction has occurred, the level will elevate again 5 days later, while the troponin level will still be up from the original infarction. Troponin can be elevated for 2 weeks after an infarction. Angiography can detect obstructive, stenotic lesions but cannot detect myocardial necrosis. Stress test should never be performed if the patient is having current chest pain (and chest pain is a reason to stop a stress test). Echo will show decreased wall movement, but this could have been present from the previous cardiac injury.





Acute Coronary Syndrome (ACS)


ACS can be defined as follows:




	Causes acute chest pain


	Can be with exercise or at rest


	Can have ST segment elevation, depression, or even a normal EKG


	Not based on enzyme levels, angiography, or stress test results


	Based on a history of chest pain with features suggestive of ischemic disease





The Step 3 exam is very big on knowing which treatments will lower mortality.


Treatment is as follows:




	Aspirin (best initial treatment) administered orally, chewed, or absorbed under the tongue has an instant effect on inhibiting platelets.



	Aspirin alone reduces mortality by 25% for acute myocardial infarction.


	Aspirin alone reduces mortality by 50% for unstable angina, which may become a non-ST segment elevation myocardial infarction.








	
Dual antiplatelet therapy (DAPT) for acute MI; DAPT is aspirin combined with clopidogrel, ticagrelor, or prasugrel


	Beta-blockers, ACEI/ARB, and statin


	Nitrates (relieve pain without changing mortality)


	Oxygen (only if patient is hypoxic)







Clopidogrel, ticagrelor, or prasugrel is given to everyone getting angioplasty and a stent. These medications inhibit ADP activation of platelets.







Oxygen provides no benefit in ACS.







Basic Science Correlate


Mechanism of P2Y12 Antagonists


Clopidogrel, prasugrel, and ticagrelor block aggregation of platelets to each other by inhibiting ADP-induced activation of the P2Y12 receptor. Clopidogrel and prasugrel are in the thienopyridine class.





ST Segment Elevation Myocardial Infarction (STEMI)


Angioplasty and thrombolytics both lower mortality in STEMI, but the timing of their administration is critical. Their benefit markedly diminishes with time.




	Angioplasty, a type of percutaneous coronary intervention (PCI), must be performed within 90 minutes of arrival at the ED for a STEMI; in stable angina it does not decrease mortality in more than medical therapy alone (aspirin, beta-blockers, and statins).



	STEMI is the best evidence for mortality benefit of angioplasty.


	Primary angioplasty is angioplasty during an acute episode of chest pain.








	If angioplasty cannot be performed within 90 minutes, give thrombolytics. Give thrombolytics within 30 minutes of arrival at the ED.



	One indication for thrombolytics is when chest pain <12 hours and there is ST segment elevation in ≥2 leads.


	Another indication is new LBBB.











Further therapies for STEMI are as follows:




	Beta-blockers such as metoprolol should be given but the timing is less urgent than aspirin, thrombolytics, or primary angioplasty.


	Angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) should be given to all patients with an ACS, but mortality will be lowered only if there is left ventricular dysfunction (systolic dysfunction).


	Start every patient with CAD on a statin; treatment is not based on a specific LDL level. Statins such as atorvastatin should be given to all patients with an ACS—regardless of EKG result, troponin level, or CK-MB level.







When is urgent angioplasty or PCI the answer?




	When the question asks, “What has the single greatest efficacy in lowering mortality in STEMI?”





When is tPA the answer?




	When the question states that the patient is at a “small rural hospital” or that “the nearest catheterization facility is 90 minutes away.” (The question must be clear on this point.)





When do you give tPA?




	There is ST elevation or new LBBB


	Onset of chest pain is within past 12 hours


	Within 30 minutes of arrival at ED







Prasugrel is added only for angioplasty.







Basic Science Correlate


Mechanism of Thrombolytics


Thrombolytics activate plasminogen into plasmin. Plasmin chops up fresh or newly formed fibrin strands into D-dimers.


That is why all clots elevate levels of D-dimers. After several hours, the fibrin clot has been stabilized (made more permanent) by factor XIII. Once stabilized by factor XIII, plasmin will not cleave fibrin.







Basic Science Correlate


Mechanism of Beta-Blockers in Myocardial Infarction


The most common cause of death in both CHF and MI is a ventricular arrhythmia brought on by ischemia.


Beta-blockers are both anti-arrhythmic and anti-ischemic. Slower heart rate means more time for coronary artery perfusion. Increased left ventricular filling time increases both stroke volume and cardiac output.







CCS Tip: CCS requires you to know the route of administration of medications.







CCS Tip: CCS and Step 3 do not require you to know doses.









A 72-year-old man comes to the ED with chest pain for the last hour. Initial EKG shows ST segment elevation in leads V2–V4. Aspirin is given. Which of the following will most likely benefit this patient?




	CK-MB


	Stress test


	Angioplasty


	Metoprolol


	Diltiazem


	Atorvastatin


	Digoxin


	Amiodarone


	Oxygen, morphine, and nitrates


	Thrombolytics





Answer: C. Angioplasty will lower the risk of mortality most, if it can be obtained within 90 minutes of coming to the door. Enzymes such as CK or troponin are normal in the first 4 hours. Do a stress test when EKG is normal and etiology is unclear; do not do a stress test when patient is acutely symptomatic. Metoprolol lowers mortality but is not dependent on how soon you give it, as long as the patient receives it before going home. Calcium blockers do not lower mortality in CAD. Statins should definitely be started in anyone with CAD. Oxygen is useless except in hypoxia.







P2Y12 = ADP receptor antagonist





















	Therapies Used in ACS






	Always Lower Mortality

	Lower Mortality in Certain Conditions

	Do Not Lower Mortality










	



	Aspirin


	Clopidogrel, prasugrel, or ticagrelor


	Thrombolytics


	Primary angioplasty


	Metoprolol


	Statins







	



	ACE inhibitors if ejection fraction is low


	ARBs if ejection fraction is low


	LMW heparin if ST depression







	



	Oxygen


	Morphine


	Nitrates


	CCBs


	Lidocaine


	Amiodarone















When is prasugrel, clopidogrel, or ticagrelor the answer?




	In acute MI, add one of these drugs to aspirin





When is verapamil or diltiazem the answer?




	When patient has an intolerance to beta-blockers, such as severe reactive airway disease (asthma) or coronary vasospasm/Prinzmetal angina





When is lidocaine or amiodarone the answer for acute MI?




	When there is ventricular tachycardia (VT) or ventricular fibrillation


	Do not give prophylactically





What antiplatelet drug causes sinus pauses in a patient taking beta-blockers?




	Ticagrelor







What antiplatelet drug is associated with dyspnea?




	Ticagrelor





When is a pacemaker the answer for acute MI?




	Third-degree AV block


	Mobitz II, second-degree AV block


	Bifascicular block


	New LBBB


	Symptomatic bradycardia





What is the only way to confirm the diagnosis of Prinzmetal angina?




	Angiography excluding CAD









	Clopidogrel or ticagrelor is used in the following scenarios:



	Acute MI


	Patient undergoes angioplasty and stenting


	Aspirin allergy








	Prasugrel increases bleeding in those age >75 and weight <60 kg.


	Do not use prasugrel with stroke because it increases CNS bleeding.








Complications of Myocardial Infarction (MI)


All the complications of MI lead to hypotension. The Step 3 exam will typically give you the diagnosis and ask for next steps in management.


















	Diagnosis

	Diagnostic Test

	Treatment










	Cardiogenic shock

	Echo, Swan-Ganz (right heart) catheter

	ACEI, urgent revascularization






	Valve rupture

	Echo

	ACEI, nitroprusside, intra-aortic balloon pump as a bridge to surgery






	Septal rupture

	Echo, right heart catheter showing a step up in saturation from the right atrium to right ventricle

	ACEI, nitroprusside, and urgent surgery






	Myocardial wall rupture

	Echo

	Pericardiocentesis, urgent cardiac repair






	Sinus bradycardia

	EKG

	Atropine, followed by pacemaker if there are still symptoms






	Third-degree (complete) heart block

	EKG, canon “a” waves

	Atropine and a pacemaker even if symptoms resolve






	Right ventricular infarction

	EKG showing right ventricular leads

	Fluid loading (principal management: give preload)











Basic Science Correlate


Mechanism of Septal Rupture Systolic Murmur


Left ventricular pressure is greater than right ventricular pressure. This causes left-to-right shunt of oxygenated blood.


Oxygen saturation in the right ventricle is markedly increased compared with the right atrium.





All patients post-MI should go home on DAPT, a beta-blocker, a statin, and an ACE inhibitor or ARB. Those with A-fib needing a direct oral anticoagulant (DOAC) should use clopidogrel as the sole platelet aggregation inhibitor.




DAPT (dual antiplatelet therapy) = Aspirin + another antiplatelet drug (clopidogrel or ticagrelor or prasugrel)









A patient’s wife comes to take her husband home after an MI and asks how long they should wait before they have sex. What do you tell her?




	No waiting necessary


	2–6 weeks


	After echocardiography


	Wait for a normal angiography





Answer: B. Some waiting is necessary to have sex after an infarction. Sex minimally increases the risk of infarction. The duration and the intensity of exertion are sufficient to provoke ischemia in some cases.





Non-ST Segment Elevation Myocardial Infarction (NSTEMI)




Abciximab does not benefit STEMI.





Management of NSTEMI differs from STEMI in the following ways:




	No thrombolytic use


	Heparin used routinely (low-molecular-weight heparin is superior to IV unfractionated heparin)


	Glycoprotein IIb/IIIa inhibitors (eptifibatide, tirofiban, abciximab)



	Lower mortality, particularly in those undergoing angioplasty


	Work best in ACS when used in combination with angioplasty and stent placement













Thrombolytics are used only if there is ST segment elevation or a new LBBB within 12 hours of the onset of chest pain.







A 54-year-old man with a history of diabetes and hypertension comes to the ED with crushing, substernal chest pain that radiates to his left arm. The pain has been on and off for several hours, with this last episode being 30 minutes in duration. He has had chest pain on exertion before but this is the first time it has developed at rest. EKG is normal. Aspirin, clopidogrel, metoprolol and statins have been given. Troponin levels are elevated. Which of the following is most likely to benefit this patient?




	Low-molecular-weight (LMW) heparin


	Thrombolytics


	Diltiazem


	Morphine


	CK-MB level





Answer: A. LMW heparin is the only choice here that has been shown to produce lower mortality. Thrombolytics do not lower mortality, unless there is ST elevation or a new LBBB. Positive cardiac enzymes are not an indication for thrombolytics. Other answers that could be right if they were choices are GPIIb/IIIa inhibitors or the use of angioplasty/PCI.







Vascular Supply




	Lateral wall: left circumflex artery


	Anterior wall: left anterior descending


	Inferior wall and right ventricle: right coronary artery














Basic Science Correlate


Mechanism of Heparin


Heparin potentiates the effect of antithrombin. Antithrombin actually inhibits almost every step of the clotting cascade. This is why it does not work with antithrombin deficiency.


Heparin only prevents new clots from forming.







Chronic Coronary Artery Disease (CAD)


Office-based cases of further management will emphasize the same issues of mortality benefit. Treatment is as follows:




	Aspirin, metoprolol, and statins because of their mortality benefit


	Nitrates for angina pain (have no mortality benefit)


	ACE inhibitors and ARBs only in further management for stable cases if the question describes congestive failure, systolic dysfunction, or low ejection fraction







ARBs are used interchangeably with ACE inhibitors, especially if the patient has a cough with ACE inhibitors. Both ACE and ARBs cause hyperkalemia.





Coronary angiography is used to determine who is a candidate for coronary artery bypass grafting (CABG). You do not need to do angiography to diagnose CAD; stress testing can show reversible ischemia. However, angiography is needed to identify who needs CABG.


You do not need to do angiography to initiate the following:




	Aspirin + metoprolol + statins (mortality benefit)


	Nitrates (pain)


	ACE/ARB (low ejection fraction)


	Clopidogrel, prasugrel, or ticagrelor (acute MI or cannot tolerate aspirin)


	If pain persists, add ranolazine





Indications for CABG include:




	Three coronary vessels with >70% stenosis


	Left main coronary artery stenosis >50–70%


	Two vessels in a diabetic


	Two or three vessels with low ejection fraction







Systolic dysfunction = Heart failure with reduced ejection fraction (HFrEF)







Which of the following is the main difference between saphenous vein graft and internal mammary artery graft?




	Less need for aspirin and metoprolol with internal mammary artery graft


	Warfarin is needed with saphenous vein graft


	Internal mammary artery graft remains open for 10 years


	Heparin is needed for vein graft





Answer: C. Vein grafts start to become occluded after 5 years while internal mammary artery grafts are often patent at 10 years. There is no difference in the need for medications.







Ranolazine, an anti-angina medication, is added if other medications do not control pain.





Lipid Management


Questions on Step 3 will not engage in controversy, so you will be asked only clear-cut questions. The clear standards are as follows:




	Every patient with atherosclerotic disease such as CAD, PAD, stroke, aortic disease, or carotid disease should be on a statin, as should patients with diabetes and a 10-year risk >7.5%.


	
In general, if the question says “greater than 7.5% 10-year risk,” then a statin is the answer.





Statins


Anyone with an acute coronary syndrome or known coronary artery disease (CAD) needs to be on a statin.


The concept of “goal-directed” therapy to a specific LDL is not clear at this time. On the exam, if you are asked for the LDL goal in a patient with CAD or an equivalent, the answer is “70 mg/dL or lower.”


Atherosclerotic diseases that are CAD equivalents require a statin for any level of LDL. If a statin alone does not lower LDL to at least <70 mg/dL for these diseases, add ezetimibe:




	PAD


	Aortic disease


	Carotid disease


	Cerebrovascular disease







Who gets a statin?




	CAD


	PAD


	Aortic disease


	Carotid disease


	Cerebral disease


	Diabetes + LDL >70


	10-year risk >7.5%








Statins do have some side effects, most commonly liver toxicity. About 2% of patients will stop a statin due to transaminase elevation. Routinely check LFTs, and if there is statin intolerance, lower the dose or change to a different statin.


Rhabdomyolysis is another, less common, side effect. There is no routine indication to check the level of creatine phosphokinase (CPK).




	If there is pain + normal CPK: hold the statin and restart at a lower dose


	If pain + mild CPK elevation (<10× upper limit of normal): either restart at a lower dose or switch the statin


	If pain + marked CPK elevation (>10×): stop statins permanently







Many medications—such as statins, cholestyramine, gemfibrozil, ezetimibe, and niacin—lower LDL, triglycerides, and total cholesterol and raise HDL. Which of the following is the most important reason for using statins?




	Fewer adverse effects


	Lower cost


	Greater patient acceptance


	Greatest mortality benefit


	Greatest effect on lowering LDL





Answer: D. Statins have a greater effect on lowering mortality than any other medications. Recent guidelines will be further clarified over time. Give a statin if the 10-year risk >7.5%. This is very hard to put in Step 3 unless there is a risk calculator in the question.







When triglycerides are elevated, add icosapent to statins to lower them.








PCSK9 Inhibitors



When a maximum dose of statin is used to control severe hyperlipidemia, yet LDL is still not controlled, add ezetimibe. If ezetimibe does not work and the LDL is extremely high, then consider PCSK9 inhibitors. These are injectable medications that increase the clearance of LDL by the liver from the blood.




	PCSK9 inhibitors can bring down enormously elevated levels of LDL in familial hypercholesterolemia.


	Evolocumab and alirocumab massively increase hepatic clearance of LDL but do not clearly lower mortality.





Sex and the Heart


Post MI, patients can resume sexual activity within several days if there are no further symptoms of chest pain or dyspnea. This should coincide with the time that the patient is ready for discharge. The bigger the MI (anterior is bigger than inferior), the longer the delay should be to re-engage in sexual activity.




A man develops erectile dysfunction after an infarction. What is the most common cause?




	Metoprolol


	Nitrates


	ACE inhibitors


	Aspirin


	Anxiety





Answer: E. Anxiety is the most common cause of erectile dysfunction postinfarction. Although beta-blockers may be the most common medication associated with erectile dysfunction, anxiety is still a more common cause of erectile dysfunction than beta-blockers.







A man develops erectile dysfunction postinfarction. You are planning to start sildenafil. Which of the following medications must be stopped?




	Metoprolol


	Nitrates


	ACE inhibitors


	Aspirin


	Statins





Answer: B. Nitrates are contraindicated when medications such as sildenafil are to be used. If used at the same time, they can cause a dangerous level of hypotension.





Congestive Heart Failure (CHF)


The mechanism that matters for CHF has to do with the difference in treatment between systolic dysfunction with a low ejection fraction and diastolic dysfunction with a normal ejection fraction.




There is no clear way to distinguish systolic from diastolic dysfunction from symptoms alone. Clues in the history are hypertension, valvular heart disease, and myocardial infarction.


CHF presents with shortness of breath, particularly on exertion, in a person with any of the following:




	Edema


	Rales on lung examination


	Ascites


	Jugular venous distention


	S3 gallop (physical finding most specific to CHF)


	Orthopnea


	Paroxysmal nocturnal dyspnea


	Fatigue







S3: splash from rapid ventricular filling


S4: bang







Basic Science Correlate


Mechanism of Rales


Increased hydrostatic pressure develops in the pulmonary capillaries from left heart pressure overload. This causes transudation of liquid into the alveoli. During inhalation, the alveoli open with a “popping” sound referred to as rales.





Pulmonary Edema


Pulmonary edema is the worst manifestation of CHF. It is a clinical diagnosis.


More important than any diagnostic testing is to remove volume from the vascular system (and thus from the lungs). Shortness of breath, rales, S3, and orthopnea are more important for establishing the diagnosis than any single test.




CCS Tip: On CCS, move the clock forward no more than 15–30 minutes at a time for acutely unstable ICU or ED patients.







Basic Science Correlate


Mechanism of Carvedilol


Carvedilol is an antagonist of both beta-1 and beta-2 receptors as well as alpha-1 receptors. This makes it anti-arrhythmic, anti-ischemic, and antihypertensive.







All of the following tests should be ordered on the first screen on the CCS portion. Order them with the initial therapy (i.e., with the oxygen, furosemide, nitrates, and morphine).
















	Initial Test to Be Ordered

	What It Shows










	Chest x-ray

	



	Pulmonary vascular congestion


	Cephalization of flow


	Effusion


	Cardiomegaly












	EKG

	



	Sinus tachycardia


	Atrial and ventricular arrhythmia












	Oximeter (consider ordering arterial blood gases)

	



	Hypoxia


	Respiratory alkalosis












	Echocardiogram

	



	Only way to measure EF


	Distinguishes systolic from diastolic dysfunction

















A 63-year-old woman comes to the ED with acute, severe shortness of breath, rales on lung exam, S3 gallop, and orthopnea. What is the next step?




	Chest x-ray


	Oxygen, furosemide, and nitrates


	Echocardiogram


	Digoxin


	ACE inhibitors


	Carvedilol





Answer: B. Oxygen, furosemide, and nitrates are the mainstay of therapy for acute pulmonary edema. Although they are not associated with a concrete mortality benefit, they remove volume from the lungs and increase oxygenation. Thus, they are the standard of care for pulmonary edema. Removing fluid with a diuretic is superior to using BiPAP.







Basic Science Correlate


Mechanism of Cephalization of Flow


The bases or bottom of the lungs are generally more full of blood because of gravity. As fluid builds up in the lungs, it fills the vessels from the bottom to the top, like a cup filling with water. This moves the fluid toward the head, a process called cephalization.


Mechanism of Dobutamine, Inamrinone, and Milrinone


Inamrinone and milrinone are phosphodiesterase inhibitors. They increase contractility and decrease afterload as vasodilators, yielding much the same effect as dobutamine. Dobutamine is less effective for those on beta-blockers. Dopamine increases contractility, but dopamine’s alpha-1 agonist activity causes vasoconstriction. This increases afterload.


Mechanism of Respiratory Alkalosis in CHF


Fluid overload causes hypoxia. Hypoxia causes hyperventilation. Hyperventilation decreases pCO2. Decreased pCO2 causes alkalosis. Hence, hypoxia causes respiratory alkalosis.









CCS Tip: On CCS, the order in which the tests and treatments are written on the screen does not matter, as long as they are written at the same time. Pulmonary edema is a good example: order all tests at the same time as the treatment.







Cases of pulmonary edema and myocardial infarction should be placed in the ICU.





Acute CHF


Treatment is as follows:




	Preload reduction to control the acute symptoms (high success rate)


	If no response, positive inotrope (but not proven to lower mortality); also use in a CCS case of pulmonary edema when furosemide, oxygen, and nitrates are given but patient is still short of breath after clock is moved forward


	Digoxin is never used to treat acute CHF; it can be used to slow the rate of A-fib



















	Positive Inotropic Agents Used Intravenously in the ICU










	



	Dobutamine


	Inamrinone


	Milrinone







	Used as further management of acute pulmonary edema cases after the clock is moved forward 30–60 minutes and there is no response to preload reduction











An 80-year-old woman is admitted to the ICU for acute pulmonary edema. She has rales to the apices and jugulovenous distention. EKG shows ventricular tachycardia. Which of the following is the best therapy?




	Synchronized cardioversion


	Unsynchronized cardioversion


	Lidocaine


	Amiodarone


	Procainamide





Answer: A. Synchronized cardioversion is used when VT is associated with acute pulmonary edema. The same answer would be used if the acute pulmonary edema was associated with the onset of A-fib, flutter, or supraventricular tachycardia. Unsynchronized cardioversion is used for ventricular fibrillation or VT without a pulse. Medical therapy such as lidocaine or amiodarone can be used for sustained VT that is hemodynamically stable.







Synchronized = Timing with cardiac cycle





When is a brain natriuretic peptide (BNP) level the answer?




	To establish a diagnosis of CHF if a patient is short of breath; it can help to distinguish between pulmonary embolus, pneumonia, asthma, and CHF


	BNP elevates in CHF but is nonspecific; a normal BNP level will exclude CHF







Falsely increases BNP: sacubitril


Falsely decreases BNP: obesity









A patient comes with pulmonary edema. A right heart catheter is placed. Which of the following readings is most likely to be found?






















	

	Cardiac Output

	Systemic Vascular Resistance

	Wedge Pressure

	Right Atrial Pressure










	a.

	

Decreased


	

Increased


	

Increased


	

Increased







	b.

	

Decreased


	

Increased


	

Decreased


	

Decreased







	c.

	

Increased


	

Decreased


	

Decreased


	

Decreased







	d.

	

Decreased


	

Increased


	

Decreased


	

Increased










Answer: A. Pulmonary edema is associated with decreased cardiac output because of pump failure, which results in the backup of blood into the left atrium and an increased wedge pressure. There is also an increased right atrial pressure, which is the same as saying jugular venous distention. Increases in sympathetic outflow will increase systemic vascular resistance in an attempt to maintain intravascular filling pressure. Choice B represents hypovolemic shock, e.g., dehydration. Choice C represents septic shock, which is driven by massive systemic vasodilation, e.g., from gram-negative sepsis. Choice D represents pulmonary hypertension.







Basic Science Correlate


Mechanism of Increased Wedge Pressure in CHF


Wedge pressure = Left atrial (LA) pressure


The inflated balloon blocks pressure from behind catheter, making the catheter tip pick up flow from “in front,” or downstream. “Downstream” for the pulmonary capillaries means the left atrium.


LV failure = Increased LA pressure = Increased wedge pressure





Chronic CHF


Once patients with acute pulmonary edema have been stabilized, they should get an echocardiogram to establish the type of heart failure:




	Systolic dysfunction, or heart failure with reduced ejection fraction (HFrEF)


	Diastolic dysfunction, or heart failure with preserved ejection fraction (HFpEF)





Long-term management of dilated cardiomyopathy, or systolic dysfunction (HFrEF), is based on the following:




	ACE inhibitors (or ARBs)



	An ARB such as valsartan combined with an angiotensin neprilysin inhibitor (ARNI) such as sacubitril is effectively equal to an ACE inhibitor in treating HFrEF.


	ACE inhibitors (or ARBs or ARNIs), MRAs, SGLT2 inhibitors, and beta-blockers are indicated for CHF patients with systolic dysfunction at any stage of disease.








	
Beta-blockers that have proven to lower mortality in CHF are metoprolol, carvedilol, and bisoprolol.


	MRAs (such as spironolactone or eplerenone) lower mortality in those with systolic dysfunction.



	Spironolactone is antiandrogenic. It can cause gynecomastia and erectile dysfunction in men. Eplerenone lowers mortality in CHF without anti-androgenic side effects.


	The most common side effect of MRA is hyperkalemia. When mild hyperkalemia is described and you need to use a medication that lowers mortality, i.e., ACE, ARB, MRA, or even beta-blocker due to inhibiting the Na/K ATPase, give patiromer (an oral calcium/potassium exchange medication) or zirconium to allow continued use of those medications.








	SGLT2 inhibitors (canagliflozin, dapagliflozin, empagliflozin) lower mortality in systolic dysfunction. They also decrease the progression of renal insufficiency, especially in those with diabetes.


	Digoxin is used to decrease symptoms and frequency of hospitalization but does not lower mortality in congestive failure.


	Diuretics do not lower mortality.


	Hydralazine (reduces afterload) in combination with nitrates can be added:



	To enhance the mortality benefit in some patients


	To substitute for an ACE inhibitor, ARB, or ARNI


	To decrease symptoms in patients already on ACE inhibitors, ARB, ARNI, beta-blockers, MRAs, digoxin, and diuretics who remain symptomatic













Valsartin (ARB) + sacubitril (ARNI) = ACE inhibitor in therapeutic value







If hyperkalemia develops, add patiromer or zirconium. These therapies:




	Lower potassium


	Allow the use of drugs with mortality benefit (ACE inhibitors, ARBs, ARNIs, beta-blockers, MRAs)








Manage diastolic dysfunction (HFpEF) with an MRA and an SGLT2 inhibitor. ARNIs may help with diastolic dysfunction. ACE inhibitors have unclear benefit, and digoxin is of no benefit.




The patient with systolic dysfunction is still dyspneic after using ACE inhibitors, beta-blockers, an SGLT2 inhibitor, diuretics, digoxin, and mineralocorticoid inhibitors. What is the next step?


The most likely question to be asked about ivabradine: What CHF med causes transient excess brightness of vision?


Answer:




	Delay progression of renal insufficiency, especially in those with diabetes.


	Ivabradine: SA nodal inhibitor of “funny channels” that slows the heart rate. Add it to systolic dysfunction if pulse >70 beats/min or beta-blockers cannot be used. There is no mortality benefit with ivabradine. Since ivabradine blocks the SA node, it only works if the patient is in sinus rhythm.


	Hydralazine and nitrates may have some additional benefit.










Further management of CHF calls for the following treatments:
















	Systolic Dysfunction (Low Ejection Fraction)

	Diastolic Dysfunction (Normal Ejection Fraction)










	



	ACEI or ARB


	Sacubitril (ARNI) with valsartan


	Metoprolol, carvedilol, or bisoprolol


	MRAs: spironolactone, eplerenone


	SGLT2 inhibitors


	Hydralazine/nitrates


	Diuretics


	Digoxin







	



	MRAs


	SGLT2 inhibitors

















The single most important fact about the further management of CHF is the mortality benefit conferred by these agents: ACEIs/ARBs, beta-blockers, ARNIs, SGLT2 inhibitors, and MRAs. While digoxin and diuretics decrease symptoms, they do not lower mortality.







A 69-year-old man is seen in the office for further management of congestive heart failure. He currently has no symptoms and good exercise tolerance. He has been on lisinopril, metoprolol, spironolactone, and furosemide for the last 6 months. His ejection fraction is 23%. Which of the following is most likely to benefit this patient?




	Intermittent dobutamine therapy


	Digoxin


	Cardiac transplantation


	Implantable cardioverter/defibrillator


	Chlorthalidone





Answer: D. Implantable cardioverter/defibrillators are indicated in dilated cardiomyopathy. The most common cause of death in CHF is sudden death from arrhythmia. Those with ejection fraction <35% that persists are candidates for implantable defibrillator placement.







When is biventricular pacemaker the answer for CHF?







	When there is severe congestive failure with ejection fraction <35% and QRS >120 msec (also called “cardiac resynchronization therapy”). The wider the QRS, the greater the benefit. When QRS >150 msec, there is a greater decrease in mortality and symptom reduction.







When is warfarin the answer for CHF?







	When there is A-fib in the presence of either mitral stenosis or a metal heart valve. Otherwise, there is no place for routine anticoagulation with warfarin, no matter how low the ejection fraction may be in CHF.







The wider the QRS, the greater the benefit of a biventricular pacemaker.







Basic Science Correlate


Mechanism of Biventricular Pacemaker


Wide QRS means ventricles are not beating together. Ventricles not beating together means inefficient forward flow, like trying to hop on one leg. A biventricular pacemaker allows both ventricles to go back to beating at the same time. The effect is instant.









Which of the following is an absolute contraindication to the use of beta-blockers?




	Symptomatic bradycardia


	PAD


	Asthma


	Emphysema


	Diabetes





Answer: A. Symptomatic bradycardia is an absolute contraindication for the use of beta-blockers. The overwhelming majority of patients with PAD can still use beta-blockers. About 70% of asthma patients can tolerate beta-blockers. In a patient with a myocardial infarction, the mortality benefit of metoprolol far exceeds the risk of its use when asthma, emphysema, or PAD is present.





Hypertrophic Cardiomyopathy


This condition presents with shortness of breath on exertion and an S4 gallop on examination.




S4 gallop is a sign of left ventricular hypertrophy and decreased compliance or stiffness of the ventricle. S4 gallop does not automatically indicate the need for additional therapy.





The best diagnostic test is echocardiography, which shows a normal ejection fraction.


Treatment is MRAs and SGLT2 inhibitors. ACE inhibitors are less clear in their benefit. Digoxin is of no benefit.


Restrictive Cardiomyopathy


Restrictive cardiomyopathy presents with a history of sarcoidosis, amyloidosis, hemochromatosis, cancer, myocardial fibrosis, or glycogen storage diseases. Shortness of breath is the main presenting complaint in all forms of cardiomyopathy. Kussmaul sign is present: this is an increase in jugular venous pressure on inhalation.


Cardiac catheterization shows rapid x and y descent. EKG shows low voltage. Echocardiography is the mainstay of diagnosis.


Endomyocardial biopsy is the most accurate diagnostic test of the etiology.




Amyloid:




	Low-voltage EKG


	Speckled pattern on echo








Treatment is diuretics and correcting the underlying cause. Tafamidis inhibits transthyretin amyloid.


Takotsubo Cardiomyopathy


This is a rare, sudden systolic dysfunction brought on by extreme emotions. Look for a vignette involving a postmenopausal woman with sudden psychological stress. Takotsubo cardiomyopathy presents like acute myocardial infarction with ventricular dysfunction. Coronary arteries are normal.


Treatment is ACE inhibitors, diuretics, and beta-blockers—as in any other ventricular failure. If there is no acute death, the patient recovers in a few weeks.




Valvular Heart Disease


All valvular heart disease presents with shortness of breath (most common symptom); look for the phrase "worse with exertion or exercise." Other details suggesting the presence of valvular heart disease are:




	Hypertension, ischemia, or infarction. All of these lead to dilation. Dilation leads to regurgitation.


	Rheumatic fever in the history. Rheumatic fever can leads to any type of valvular disease but mitral stenosis (MS) is most common.





The table records additional clues that help diagnose which kind of valvular heart disease is present in the vignette.
















	Clue to Diagnosis

	Likely Diagnosis










	Young female, general population

	MVP






	Healthy young athlete

	HOCM






	Immigrant, pregnant

	MS






	Turner syndrome, coarctation of aorta

	Bicuspid aortic valve






	Palpitations, atypical chest pain not with exertion

	MVP









All valvular heart disease can be expected to have murmurs and rales on lung exam. Possible findings on exam are as follows:




	Peripheral edema


	Carotid pulse findings


	Gallop





For the physical exam, choose the CV exam, chest, and extremities.


Murmurs and Auscultation


Murmurs and the effect of auscultation are often the most difficult part of the valvular heart disease section.




	
Systolic murmurs are most commonly aortic stenosis (AS), mitral regurgitation (MR), mitral valve prolapse (MVP), and hypertrophic obstructive cardiomyopathy (HOCM).


	
Diastolic murmurs are most commonly aortic regurgitation (AR) and MS.


	
All right-sided murmurs increase in intensity with inhalation.


	
All left-sided murmurs increase with exhalation.





















	Murmur intensity increases with…

	Exhalation

	Inhalation










	Side of murmur

	Left

	Right






	Associated disease

	Mitral and aortic valve lesions

	Both stenosis and regurgitation of tricuspid valves











Cardiac Maneuvers and Amyl Nitrate


Maneuvers predominantly affect the volume of blood entering the heart.




	Squatting and lifting the legs in the air increase venous return to the heart.



	When you squat, you are squeezing the veins of the legs, which are rather large. This essentially squeezes blood up into the heart, like squeezing a tube of toothpaste.


	For those too weak to squat suddenly, the physician can lift the legs. This has the same effect, which is to drain blood into the chest from the lower extremities.








	Valsalva maneuver and standing up suddenly decrease venous return to the heart.



	Valsalva maneuver is exhaling against a closed glottis, like bearing down during a bowel movement or blowing against a thumb stuck in the mouth.


	This increases intrathoracic pressure, which decreases blood return to the heart.








	
Most murmurs increase in intensity with squatting and leg raise. AS, AR, MS, MR, and all right-sided heart lesions will become louder with squatting and leg raising.



	The only murmurs that decrease in intensity (soften) with these maneuvers are MVP and HOCM.











The table shows the effect of venous return on murmurs.


















	

	Effect of Change in Venous Return






	Valvular Lesion

	Increase (Squat, Leg Raise)

	Decrease (Stand, Valsalva)










	AS

	

Increased murmur

	

Decreased murmur






	AR

	

Increased murmur

	

Decreased murmur






	MS

	

Increased murmur

	

Decreased murmur






	MR

	

Increased murmur

	

Decreased murmur






	Ventricular septal defect (VSD)

	

Increased murmur

	

Decreased murmur






	HOCM

	

Decreased murmur

	

Increased murmur






	MVP

	

Decreased murmur

	

Increased murmur









Handgrip maneuver increases afterload by compressing the arteries of the arm as the muscles of the arm contract.




	Does not significantly increase venous return to the heart: the veins of the arms are not as large as those of the legs, so compressing them makes little difference in venous return to the heart.


	Because it increases afterload, handgrip functions in the opposite way of an ACE inhibitor and worsens the murmurs of conditions that would improve with an ACE inhibitor.



	For instance, AR and MR are treated with ACE inhibitors, because afterload reduction increases the forward flow of blood into the aorta. Handgrip will, therefore, worsen AR and MR murmurs by pushing blood backward into the heart. Handgrip will make the murmurs of AR and MR louder and more intense.


	The same is true for VSD: Handgrip worsens the murmur of VSD because more blood now goes from the left ventricle into the right ventricle.


	Improves (lessens) the murmurs of MVP and HOCM (when the left ventricular chamber is larger or more full).













What happens to the size of the LV chamber if there is increased afterload?




	The LV chamber will not empty and thus the LV will be larger.


	A larger LV chamber relieves (lessens) the obstruction in HOCM.








Amyl nitrate is a vasodilator that decreases afterload by dilating peripheral arteries.




	Has the opposite effect of handgrip, i.e., functions like an ACE inhibitor or ARB.


	If handgrip worsens AR and MR, then amyl nitrate improves AR and MR.


	Increases ventricular emptying and thus decreases the size of the LV. Amyl nitrate worsens the murmurs of MVP and HOCM by increasing the obstruction and the degree of prolapse of the valves in MVP.





The effect of handgrip and amyl nitrate on AS can be hard to understand.




	
Handgrip softens the murmur of AS. This happens by preventing blood from leaving the ventricle (you can’t have a murmur if blood is not moving). If afterload goes up, blood can’t eject from the LV, and the AS murmur will soften.



	In other words, the murmur of AS is based on the gradient between the LV and the aorta; if the LV pressure is greater than the aorta pressure, then the gradient or difference is high. The higher the gradient, the louder the murmur and the more severe the AS.


	Handgrip increases pressure in the aorta, so the gradient or difference between the LV and aorta decreases. Handgrip is like covering up a trombone or trumpet. You can’t produce music if you cover the wind instrument with your hand.








	
Amyl nitrate has the opposite effect on AS. It decreases afterload and decreases the pressure in the aorta, thus increasing the gradient between LV and aorta and worsening (making louder) the murmur of AS.








Handgrip and amyl nitrate have little effect on MS, since they generally do not affect ventricular filling (the major component of MS).


Similarly, ACE inhibitors have very little effect on MS.





















	

	Effect on Murmur Volume






	Valvular Lesion

	Handgrip (Increased Afterload)

	Amyl Nitrate (Decreased Afterload)










	AS

	

Decrease


	

Increase







	AR

	

Increase


	

Decrease







	MS

	Negligible effect

	Negligible effect






	MR

	

Increase


	

Decrease







	VSD

	

Increase


	

Decrease







	HOCM

	

Decrease


	

Increase







	MVP

	

Decrease


	

Increase












Location and Radiation of Murmurs


One of the main clues to the identity of a murmur is the location at which the murmur is heard.




	AS is heard best at the second right intercostal space and radiates to the carotid arteries. It is classically described as a crescendo-decrescendo murmur.


	Pulmonic valve murmurs are heard at the second left intercostal space.


	AR and tricuspid murmurs, as well as VSD murmurs, are heard at the lower left sternal border.


	MR is heard at the apex and radiates into the axilla. The apex is at the level of the 5th intercostal space, below the left nipple.





Intensity of Murmurs




	I/VI: only heard with special maneuvers (e.g., Valsalva, handgrip)


	II/VI and III/VI: majority of murmurs; no objective difference between them


	IV/VI: thrill present (a thrill is a palpable vibration you can feel from a severe valve lesion)


	V/VI: can be heard with stethoscope partially off the chest


	VI/VI: stethoscope not needed to hear it







CCS Tip: Order transthoracic echocardiography (TTE) first on CCS. Then order a transesophageal echocardiogram [TEE] if the TTE is not fully diagnostic.





















	Valvular Lesion

	Amyl Nitrate

	ACE Inhibitor Indicated










	AS

	

Increase


	

No







	AR

	

Decrease


	Yes






	MS

	Negligible effect

	

No







	MR

	

Decrease


	Yes






	VSD

	

Decrease


	Yes






	HOCM

	

Increase


	

No







	MVP

	

Increase


	

No










Aortic Stenosis (AS)


AS most commonly presents with chest pain; syncope and CHF are less common. Patients are older and often have a history of hypertension. CAD will be present in as many as 50% of patients.


Prognosis is as follows:




	Coronary disease: 3- to 5-year average survival


	Syncope: 2- to 3-year average survival


	CHF: 1.5- to 2-year average survival







CCS Tip: On CCS, the intensity, radiation, and location of the murmur will automatically be provided with the CV examination. There is no need to ask for them separately.









Severe AS gives a single S2 heart sound (unsplit).







Basic Science Correlate


Mechanism of Syncope/Angina in AS


In AS, a stiff valve just proximal to the entry point of coronaries blocks blood flow into the vertebral and basilar arteries and carotids. No flow to brain = passing out.


Thus, AS causes LV hypertrophy. LV hypertrophy = increased demand.


AS = Blocked flow with increased demand = Chest pain







Normal aortic valve gradient is zero.







Basic Science Correlate


Mechanism of Crescendo/Decrescendo Murmur of AS


The first part of the cardiac cycle is isovolumetric contraction. With isovolumetric contraction, no blood moves. No blood moving = No murmur. Peak flow occurs in mid-systole. Peak flow = Peak noise. Hence, AS yields a diamond-shaped crescendo-decrescendo murmur.





The best initial diagnostic test is transthoracic echocardiogram (TTE) (transesophageal echocardiogram [TEE] is more accurate). The most accurate diagnostic test is left heart catheterization, which allows the most accurate method of assessing the pressure gradient across the valve.


For CCS cases, also choose an EKG and a chest x-ray, which will show left ventricular hypertrophy.


Treatment is as follows:




	Diuretics (best initial treatment), but they do not alter long-term prognosis; use caution because diuresis is dangerous


	Valve replacement (superior to balloon dilation): transcatheter aortic valve replacement (TAVR) is preferred to surgical valve replacement



	TAVR is simply a valve replacement deployed through a catheter.


	TAVR has lower risk of death, stroke, bleeding, and arrhythmia compared with surgery.


	TAVR is not an option for regurgitant lesions.








	Bioprosthetic valves (porcine, bovine) last around 10 years but require no anticoagulation with warfarin. Mechanical valves last longer but require warfarin (to goal INR 2–3) plus aspirin.
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USMLE® and the United States Medical Licensing Examination® is a joint program of the National
Board of Medical Examiners (NBME) and the Federation of State Medical Boards (FSMB), which are not
affiliated with Kaplan and were not involved in the production of, and do not endorse, this product.
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