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respect to the currency, completeness, or accuracy of the contents of the publication. Application of this
information in a particular situation remains the professional responsibility of the practitioner; the clinical
treatments described and recommended may not be considered absolute and universal recommendations.

The authors, editors, and publisher have exerted every effort to ensure that drug selection and dosage set forth
in this text are in accordance with current recommendations and practice at the time of publication. However, in
view of ongoing research, changes in government regulations, and the constant flow of information relating to drug
therapy and drug reactions, the reader is urged to check the package msert for each drug for any change in
indications and dosage and for added warnings and precautions. This is particularly important when the
recommended agent is a new or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food and Drug Administration (FDA)
clearance for limited use in restricted research settings. It is the responsibility of health care providers to ascertain
the FDA status of each drug or device planned for use in their clinical practice.
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We dedicate this book to the many people who influence us: our wives, children,
teachers, students, and patients. We thank you for inspiring us, teaching us and
keeping us humble.

—PSC & AMK
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American College of
Cardiology/American Heart
Association Clinical Practice
Guidelines

R Soneme {00 “ae Soendn of %o Boowmenha-gons
Class I: Conditions for which there is evidence and/or general agreement that a
given procedure or treatment is beneficial, useful, and effective.
Class II: Conditions for which there is conflicting evidence and/or a divergence of
opinion about the usefulness/efficacy of a procedure or treatment.

Class IIa: Weight of evidence/opinion is in favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well established by evidence/opinion.
Class III: Conditions for which there is evidence and/or general agreement that a
procedure/treatment is not useful/effective and in some cases may be harmful.

aj&hg‘ ﬁ'Leu[e {fM "J&.e, %eug‘é’ a{ ‘U,L.e, Bt;\eu{e

Level of Evidence A: Data derived from multiple randomized clinical trials or
meta-analyses.

Level of Evidence B: Data derived from a single randomized trial or
nonrandomized studies.

Level of Evidence C: Only consensus opinion of experts, case studies, or standard-
of-care.

Gibbons RJ, Smith S, Antman E. American College of Cardiology/American Heart Association clinical practice
guidelines: Part I: where do they come from? Circulation 2003;107:2979-2986.
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Chairman’s Note

t is a pleasure to present the new edition of The Washington Manual™
H Subspecialty Consult Series: Cardiology Subspecialty Consult. This pocket-

size book continues to be a primary reference for medical students, interns,
residents, and other practitioners who need ready access to practical clinical
information to diagnose and treat patients with a wide variety of disorders. Medical
knowledge continues to increase at an astounding rate, which creates a challenge for
physicians to keep up with the biomedical discoveries, genetic and genomic
information, and novel therapeutics that can positively impact patient outcomes. The

Washington Manual™ Subspecialty Consult Series addresses this challenge by
concisely and practically providing current scientific information for clinicians to
aid them in the diagnosis, investigation, and treatment of common medical
conditions.

I want to personally thank the authors, which include house officers, fellows, and
attendings at Washington University School of Medicine and Barnes-Jewish
Hospital. Their commitment to patient care and education are unsurpassed, and their
efforts and skill in compiling this manual are evident in the quality of the final
product. In particular, I would like to acknowledge our editors, Drs. Phillip S.
Cuculich and Andrew M. Kates, and the series editor, Dr. Tom De Fer, who have
worked tirelessly to produce another outstanding edition of this manual. I would also
like to thank Dr. Melvin Blanchard, Chief of the Division of Medical Education in
the Department of Medicine at Washington University School of Medicine, for his
advice and guidance. I believe this Manual will meet its desired goal of providing
practical knowledge that can be directly applied at the bedside and in outpatient
settings to improve patient care.

Victoria J. Fraser, MD

Adolphus Busch Professor of Medicine
Chairman, Department of Medicine
Washington University School of Medicine
St. Louis, Missouri
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Foreword

7 dvances in cardiovascular medicine are currently proceeding at a
| || breathtaking pace. As the knowledge base in cardiovascular medicine
| expands, it becomes increasingly important to condense this new information
into a format that honors the traditional approaches to teaching clinical medicine, but
is also up to date and readily accessible to busy health care providers. The third

edition of The Washington Manual'" Cardiology Subspecialty Consult was written
with the challenges of the busy practitioner in mind. Each chapter in the third edition
was written by a cardiovascular fellow who was paired with an attending physician
with considerable clinical expertise. This team approach to writing allowed each
chapter to be suffused with real-world approaches to real-world problems that are
not only evidence based, but also based on the expertise of seasoned clinicians who
have devoted their careers to training the next generation of health care providers.
The new edition, which was masterfully edited and organized by Drs. Andy Kates
and Phillip Cuculich, has new chapters on the physical exam, heart failure with
preserved ejection fraction, and cardiovascular diseases in elderly populations and
in women. As with the previous editions, the chapters contain simple easy-to-read
figures and flow diagrams coupled with bullet-point lists and countless bold-faced

clinical pearls. I believe the third edition of The Washington Manual ™ Cardiology
Subspecialty Consult will be enormously useful as an extremely “readable”
resource for health care providers who must provide care for the growing numbers
of patients with cardiovascular disease. I am proud to endorse this book, which will
ultimately benefit the millions of patients with cardiovascular disease.

Douglas L. Mann, MD

Lewin Chair and Chief, Cardiovascular Division
Professor of Medicine, Cell Biology and Physiology
Cardiologist-in-Chief, Barnes-Jewish Hospital

St. Louis, Missouri
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Preface

Subspecialty Consult, wish to thank you for choosing our book as worthy of

your time to learn about cardiovascular diseases. There are many excellent
resources available to learners, but we hope that as you navigate through these
pages, you discover the passion that our authors have harnessed to create this up-to-
date and clinically impactful portable text.

We specifically wish to thank the editor of the first edition, Dr. Peter Crawford,
who planted the seeds of high-level intellect and compassionate tutelage from which
this edition grows. We are most indebted to the marvelous effort of those who
contributed to the current edition: house staff, fellows, and attending physicians
alike. While we expected excellence from our authors, we were overwhelmed by the
high quality of information and clear passion for teaching found in each chapter.

Every chapter of the third edition has been written by a pair of authors: one
cardiovascular fellow and one cardiovascular or pulmonary clinician-educator. This
pairing embodies the overriding theme of this edition: front-line, middle-of-the-night
synthesis and application of up-to-date guidelines, seasoned with expert clinical
experience. As with previous editions, we deliberately stress the most useful
information as it relates to the patient’s diagnosis and treatment with mnemonics,
bullet-point lists, bold-faced clinical pearls, and easy-to-read figures. To keep the
text thin enough to be portable, guidelines from the American Heart Association and
American College of Cardiology are emphasized with journal and online references
at the end of each chapter. We strongly encourage reading these current practice
recommendations as well as peer-reviewed journals, review articles, and primary
textbooks to supplement the material in this handbook.

We are particularly proud of the depth of the specialties in this edition. For
example, in an effort to restore the lost art of the cardiovascular physical exam, we
asked one of our most gifted master clinicians to author a dedicated chapter on this
topic. Additionally, the clinical impact of heart failure with preserved ejection
fraction, or diastolic heart failure, has inspired a new chapter for this edition. The
continued importance of individualization of medicine inspired dedicated chapters

me, the editors of the third edition of The Washington Manual™ Cardiology

24
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

on cardiovascular diseases in elderly populations and in women specifically. These
new chapters are coupled with a simplified reorganization of the book, grouping
chapters together in the most logical ways.

Now more than ever, it is a thrilling time to be interested in cardiovascular
disease. Discovery is happening at a rapid pace, and translating these new
discoveries to the patient’s bedside happens quickly. More so than decades past,
there is a strong interest in providing cost-effective evidence-based cardiology. This
process requires a continuous synthesis and evaluation of the most recent clinical
trials into daily practice while maintaining diagnostic skills that are at the center of
cardiovascular disease management. It is our hope that both the information and the
enthusiasm contained in the chapters that follow provide you with the means to meet
these challenges and with it become a better teacher, a better learner, and a better
physician.

—PSC & AMK
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Approach to the
Cardiovascular Consult Lm

Andrew M. Kates

R PR E

* The cardiovascular consultant is unique in medicine, and cardiology may be
considered a most rewarding specialty to pursue.

» Consultative cardiology affords the opportunity to integrate physiology with
physical examination skills in the setting of rapidly developing procedures and
techniques, to practice evidence-based medicine in a constantly advancing
technological environment, and above all to make a significant difference in the
patient and the patient’s family.

» There are many reasons why physicians are asked to see a patient with presumed
cardiac problems, including atrial fibrillation, elevated cardiac enzymes, an
abnormal stress test, heart failure, tachy- or bradycardia, and so on.

« In approaching the patient with potential cardiac issues, it is helpful to understand
the role of the consultant in this process—that is, to know what makes a “good,”
effective consultant. Such a consultant should do the following;

o Define what the referring physician wants from the consultation.

o Establish urgency.

o Investigate for himself or herself (“trust but verify”).

o Address the referring physician’s concerns.

o Make specific and succinct recommendations.

o Include a problem list.

o Limit the number of recommendations to fewer than six if possible.

o (Call the referring physician.

o Make a follow-up visit.

» Not all requests for consultation are expressed in a clear manner.

o In a teaching hospital, consults may be requested by medical students or junior
house officers who are unfamiliar with the patient or the issues regarding the
consultation.

o In a community hospital, it may be a nurse or secretary, with even less
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information about the patient, who requests the consult.

o Although there are rules for a “good referral,” it is up to the consultant both to
determine the reason for the consultation and to assess the patient.

The aforementioned footprint for effective consultation can be modified to apply

specifically to the cardiology consultation.

Following are some critical questions that should be answered as quickly as

possible, especially in assessing a patient who may be critically ill:

o Why is the patient being seen?

o What is the patient’s primary problem (often distinct from the above)?

o What are his or her vital signs right now?

o Where is the patient right now (home, clinic, patient testing, emergency
department, ward, operating room, holding area, intensive care unit [ICU])?

o How long has the problem been present?

o What are the important examination findings?

o What does the electrocardiogram show?

To help answer these questions, consider the following issues when the patient is

evaluated:

o What diagnostic study, procedure, or therapeutic (medical or surgical)
intervention 1s appropriate for this patient?

o How soon does he or she need 1t?

o Where does this patient need to be now (e.g., floor, ICU) to best receive care?

DI S5

After the above questions have been answered, workup and management can
begin. Obviously, the amount of time it takes to complete this process, including
the history and physical examination, will vary depending on the answers to the
above questions.

The consultant’s ability to determine these parameters will develop with
knowledge and experience. We hope that this book will serve as a valuable
resource for consultant physicians as they care for patients in the myriad clinical
situations likely to be encountered.

TR

Depending upon the complexity of the situation, an opinion regarding management
of the patient with cardiac issues can be reasonably rendered by house officers on
the medical service or consult service, a cardiology fellow in training, an internist
or hospitalist in private practice, or a board-certified cardiologist.
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* Inherent in providing an opinion, however, is an understanding of one’s
limitations. Although this book may serve as a thorough, useful review of several
areas 1n cardiology—ranging from common clinical presentations, to acute
coronary syndromes, to the many faces of heart failure, as well as issues in
electrophysiology, valvular disease, and many places in between—it is by no
means a substitute for reading the primary literature, reviewing published
guidelines, amassing clinical experience, or undertaking advanced cardiology
training. To quote Hippocrates: “As to diseases, make a habit of two things—to
help, or at least to do no harm.”

S ggETD By,

Pearson SD. Principles of generalist-specialist relationships. J Gen Intern Med
1999; 14:S13-S20.
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Cardiovascular Physical

Examination m

Justin M. Vader and Alan N. Weiss

WJ@@H
* The physical examination is fundamental to the assessment and management of
patients with known or suspected cardiovascular disease.

 Studies suggests that a physician’s physical diagnostic skills have deteriorated
over time as the number and scope of diagnostic technologies have increased.

* The purpose of this chapter is to review the importance of physical examination
findings in cardiovascular disease and to present the context and evidence for their
use.

 Physical findings are rapidly obtained data that may independently have modest
effects on disease likelihood, but in aggregate strongly influence clinical
diagnosis.

GEYETA PIYSEN EXNUIATE Y M CNRENAS W APDEEME

 Overall appearance

o Age, sex, and body habitus are important variables impacting cardiovascular
disease risk and significantly influence first impressions of disease likelihood.

o Findings of generalized distress such as agitation, diaphoresis, and vomiting
may suggest states of high sympathetic or vagal tone and may portend worse
pathology.

o Stigmata of past interventions such as prior sternotomy scars, pacemaker or
implantable cardioverter defibrillator, vascular access scars, and fistulae are
particularly useful in the patient with limited ability to provide history.

o Cardiovascular pathology is common in a variety of disease syndromes with
characteristic examination findings (Table 2-1).

* Ophthalmologic examination

o A variety of metabolic derangements manifests in corneal, palpebral, and retinal

pathology and shares associations with cardiovascular disease.
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u]

Corneal arcus is predictive of cardiovascular disease due mainly via

association with increasing age.!?

Xanthelasma palpebrarum suggests underlying hyperlipidemia.

Diabetic retinopathy

" Progression from mild disease with dot-blot hemorrhage, hard exudates, and
microaneurysms to moderate disease with “cotton wool” spots to severe
disease with neovascularization.

" There is an independent association between retinopathy, particularly
advanced retinopathy, and cardiovascular events,* stroke, and heart failure.®
Hypertensive retinopathy is predictive of coronary heart disease. Routine
fundoscopy does not appear to be of additional value in the management of

chronically hypertensive patients.’

 Skin and extremities
o Edema

® Common but complicated examination finding resulting from the net movement
of fluid from the intravascular space to the interstitium.

3

a

a

o
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" Capillary refill and nail bed pallor as an estimate of volume depletion have

" Digital clubbing is present in a variety of disorders including cyanotic

Condition

Marfan
syndrome

Ehlers-Danlos
syndrome

Loeys—Dietz
syndrome

Turner
syndrome

Noonan
syndrome

LEOPARD
syndrome

Fabry disease

Down
syndrome

Physical findings

Pectus deformity, arm
span > height, legs >
torso, pes planus, scolio-
sis, wrist sign, thumb sign

Hyperaxtensible skin, joint
hypermobility, atrophic
scars, velvety skin, high
arching palate

Similar to Marfan plus
hypertelorism, bifid uvula

Shield chest, webbed
neck, short stature,
female

Short stature, pectus
excavatum, webbed neck

Multiple lentigines,
hypertelorism, short
stature, cryptorchidism

Angiokeratomas, comeal
clouding, anhidrosis/
hyperhidrosis

Epicanthal fold, small chin,
macroglossia, flat nasal
bridge, single palmar
crease, Brushfield spots

SYNDROMIC PHYSICAL FINDINGS AND
ASSOCIATED CARDIOVASCULAR DISEASE

Cardiovascular
manifestations

Bicuspid aortic valve,
MVP, aortic aneurysm

Dysautonomia, MVF,
aortic dissection (less
than Marfan syndrome)

Bicuspid aortic valve,
MVP, aortic aneurysm

Bicuspid aortic valve, aortic
coarctation, anomalous
pulmonary venous return

Pulmonic stenosis, ASD,
VsSD

Left ventricular hypertro-
phy, PS, coronary artery
dilatation

Hypertension,
cardiomyopathy

Endocardial cushion
defacts in 40%, just VSD
30%

MVP, mitral valve prolapse; ASD, atrial septal defect; V3D, ventricular septal defect; PS,

pulmonic stenosis.

May be affected by low-oncotic states, capillary disintegrity, or impaired

lymphatic drainage in addition to elevated venous pressures.

Determine if the jugular pulse suggests elevation of right atrial pressure.
Assess for stigmata of liver disease, nephrotic syndrome, and venous

insufficiency.

The most common cause of bilateral leg edema is venous insufficiency,

affecting 25% to 30% of the general population.®
True anasarca 1s rare in heart failure.
o Nail bed findings

limited reliability and high interobserver variability in adults.”

congenital heart diseases.

© Defined by nail fold angle >180°, distal phalangeal depth > proximal depth,
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and Schamroth sign.

© Inspection of all digits for differential signs of clubbing and cyanosis may
suggest the presence of vascular abnormalities such as patent ductus
arteriosus (PDA).

o Cutaneous manifestations of cardiovascular disease include!®

Janeway lesions, subungual splinter hemorrhages, and Osler nodes of
endocarditis

Livedo reticularis in cholesterol emboli syndrome

Waxy papular rash or “pinch purpura” in amyloidosis

Achilles tendon xanthoma in familial hypercholesterolemia

 Pulmonary examination
o Respiratory rate and pattern

May reflect increased minute ventilation requirements due to metabolic
acidosis or a central response to physiologic stress or pain.

Respiratory failure requiring positive pressure ventilation is not uncommon
(3% to 5% of patients) in decompensated heart failure.!!

Cheyne—Stokes periodic breathing during sleep is common in congestive
heart failure (CHF) with a prevalence of 30% even in well-treated

outpatients. '?

o Auscultation of the lungs

Focused on the search for crackles or wheezes.
Crackles suggest pulmonary edema and are moderately predictive of heart

failure in dyspneic emergency department patients.'>
Cardiogenic pulmonary edema implies a pulmonary capillary wedge pressure

(PCWP) of >24 mmHg in acute heart failure or >30 mmHg in chronic heart
failure.!416

Higher pressures are required to generate pulmonary edema in chronic heart
failure due to hypertrophy of lymphatics draining the lungs.!’

Wheezing (cardiac asthma) may result from pulmonary edema.'®

o Percussion, fremitus, and chest expansion

Asymmetry of percussion, tactile fremitus, and chest expansion are useful in

detecting pleural effusions.'”

Pleural effusions are a common finding in heart failure and may be bilateral or
unilateral.

Postcardiac injury syndrome with pleural and pericardial effusions may result
from myocardial infarction (MI), cardiac surgery, or other cardiac trauma.

 Abdominal examination
o Focused on the liver and intra-abdominal vascular structures.
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" Hepatomegaly may be the result of chronically elevated right-sided cardiac
and central venous pressures.

" A pulsatile, enlarged liver suggests severe tricuspid regurgitation (TR).

" Ascites may result from passive hepatic congestion in the setting of elevated
right-sided pressures or right ventricular (RV) diastolic dysfunction.

" Cardiac ascites should lead one to consider restrictive or constrictive

physiology.

BAURATZY 0 F THENTTEDRY PUISES

 Pulse characterization
o Assess pulse contour, timing, strength, volume, size, and symmetry in addition to
auscultation for bruits.
o A basic sequenced approach includes brachial, radial, femoral, popliteal,
dorsalis pedis, and posterior tibialis.
o Changes in the peripheral pulse contour may reflect aortic pathology, changes in
cardiac output, or changes in arteriovenous (AV) synchrony (Figure 2-1).
o Pulse duration reflects stroke volume in normal individuals and in patients with
heart failure.
" In heart failure, pulse duration is abbreviated.
" In aortic stenosis (AS), prolonged ejection reflects worsening severity of
stenosis.
" Slow pulse rise, pulsus tardus, in either carotid® or radia
suggestive of severe AS.

12! arteries is

37
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

Mormal

Waterhammer pulse:
Occurs in aortic insufficiency
and other abnormalities that
result in wide pulse
pressure. A bounding pulse Yy e

Anacrotic pulse (pulsus tardus)

Occurs in aortic stenosis | | |

Bifid pulse (pulsus bisferiens) \[\N‘\

Occurs in aortic insufficiency

Spike-and-dome pulse \_,[\\f\
Occurs in hypertrophic

cardiomyopathy MJ\-V———'L;--

Pulsus alternans \Jl\\-f\-\f\‘\

Oceurs in left heart failure

%&2-1 . DAl Txl/;e,. (A&ﬂf-bk(}w‘" N& Z:'\W ?, WMKW&&&ML Wg\.wﬁzh 7% e,\ EM‘bu, Mﬁ‘ Jaske,
Broww; 1989:253 )

o Pulsus alternans is a common finding in severe left ventricular (LV)
dysfunction.
o Bisferiens (biphasic) pulse may suggest aortic regurgitation (AR), hypertrophic
cardiomyopathy, or sepsis.
o Pulse inequality or pulse delay may be an important clue to aortic or large
branch vessel pathology such as aneurysm, dissection, and coarctation.
® Radial to radial delay suggests subclavian stenosis.
® Radial to femoral delay suggests aortic coarctation.
o Dorsalis pedis pulses are absent in up to 3% of the population.?
o Allen test for ulnar artery patency
® Commonly performed before radial artery cannulation or harvest.
" Have the patient hold an elevated and clenched fist for 30 seconds with

2
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compression applied by the practitioner to the ulnar and radial pulses.
" After release of the ulnar pulse, this test i1s 100% sensitive for a nonfunctional
ulnar artery if color fails to return at 3 seconds and is most accurate at 5

seconds.?
o Abdominal palpation for the presence of an aortic aneurysm. There is good
sensitivity for large aneurysms (particularly if >4 cm in size) in patients at

risk.2*
* Arterial bruits
o Best heard by examination in a quiet room with light pressure on the stethoscope
using both diaphragm and bell.
o Carotid bruit
" Confers a fourfold increase in risk for transient ischemic attack and doubles

the risk for both stroke and cardiovascular death.2>-2¢

" Absent in one-third of symptomatic carotid stenosis.?’

o Abdominal bruits
® Consider in patients suspected of having renovascular hypertension.

" Common in normal individuals of all ages.?8
" Presence of diastolic and systolic bruits is highly specific for renovascular

disease.””’
o Iliac (periumbilical area), femoral, and popliteal arteries
® Consider in patients with known or suspected vascular disease.
" Even in an asymptomatic patient, femoral bruit is suggestive of peripheral

vascular disease.3

B100D PEESATE UENUBEUEYT

 Use proper technique to avoid common errors (Table 2-2).
* Clinically important blood pressure (BP) measurements
o Pulsus paradoxus

® Greater than 10 mmHg inspiratory decrease in systolic blood pressure (SBP).

" Inflate the cuff to 20 mmHg above the measured SBP. Decrease pressure very
gradually while watching the patient breathe. The pulsus is the difference
between pressure where sounds are heard in expiration only and pressure
where sounds are heard in both inspiration and expiration.

" May be observed in a variety of conditions including cardiac tamponade,
pericardial constriction (generally effusive—constrictive), myocardial
restriction (rare), pulmonary embolus, cardiogenic shock, acute MI,
restrictive airways disease, and tension pneumothorax.
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® Pulsus paradoxus >12 mmHg is highly sensitive and moderately specific for
pericardial tamponade in the setting of pericardial effusion.?!
o Pulse pressure (PP) and proportional pulse pressure (PPP)
® PP reflects the interaction between stroke volume and arterial resistance.
® PP = SBP — diastolic BP.
= PPP = PP/SBP.
" PP is narrow with low stroke volume and in AS.

[0S 7B NKF K/DOQI GUIDELINES FOR BP MEASUREMENT

1. Patient resting 5 minutes in chair with back supported and bare arm at
heart level

. Bladder cuff at least 80% circumference of middle of upper arm
. Bell of stethoscope 2 cm above antecubital fossa
. Inflate the cuff to 30 mmHg above palpated SBP. Deflate at 3 mmHg/s.

. Errors: cuff too small (overestimates BP), cuff too large (underestimates
BP), incorrect patient position, rapid cuff deflation, monitor not kept at eye
level, inadequate premeasurement rest

o WM

SBP, systolic blood pressure; BF, blood pressure.

PP is wide in high output states (e.g., fever, pregnancy, anemia, thyrotoxicosis, and

AV fistula), AR, aortic dissection, and elevated intracranial pressure.

Narrow PP is associated with worse outcomes in CHF .

PPP may be used to estimate cardiac index, with a PPP <25% indicating index

<2.2 Um/n?.

BP and pulse inequalities

o Disparate upper extremity BPs are common in the general population with a
20% prevalence of SBP difference >10 mmHg,>*

o Obstructive disease is unlikely unless differences are large (>40 mmHg) and
consistent.>

o While marked arm-arm or arm-leg differences in BP may be useful in
identifying acute aortic dissection, the prevalence in a large registry of
dissection was quite low (<20%).3¢

o Aortic coarctation is an uncommon secondary cause of hypertension in adults.
Consider when >20 mmHg differential between arm and leg SBP.

oA PN U6 VPR AT
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 Proper technique is essential (Table 2-3).

* May be distinguished from carotid pulsation by
o Biphasic contour
o Respiratory and positional variation
o Disappearance with proximal occlusion

 Distance from the sternal angle to mid-right atrium is 5 cm with the patient at 0
degree and increases to 8—9 cm with partial upright posture.

 Jugular venous pressure (JVP) >3 cm above the sternal angle indicates elevated
right atrial pressure.’’

» External jugular vein examination can be highly reliable even in a critically ill
population and may be superior to internal jugular vein observation.*®

* Conversion of cm HO to mmHg is 1.36 to 1.

TSP U NSO Bl

» Waveforms are presented in Figure 2-2.
* Clinically useful in the assessment of a number of conditions including

ASSESSING JUGULAR VENOUS PULSE

1. Observe the patient’s right internal and external jugular veins by standing
on patient’s right with tangential light falling across the neck.

2. Rotate patient neck to left 30-45 degrees and avoid over-rotation.

3. Observe rise and fall of venous pulse throughout the respiratory cycle. The
height at inspiration estimates right atrial filling pressure.

4, Occlude the venous pulse proximally to differentiate carotid and jugular
contours.

5. Move the patient from O- to 90-degree angle to discern maximal height of
venous pulse.

6. External jugular veins may be used if they show respiratory variation and
expected venous contour.

7. Right atrial pressure in cm H,0 is estimated by adding 5 ¢m to height of jugu-
lar pulse above the sternal angle of Lewis. Note: 1.36 cm H,0 = 1.0 mmHg.
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o Constriction

o Tamponade

o AV dyssynchrony

e RV infarction

The basic components of the waveform are

o A wave: atrial contraction—absent in atrial fibrillation, elevated with
decreased RV compliance or tricuspid stenosis, “cannon” in AV dyssynchrony.

o X descent: atrial diastole—blunted in TR, prominent in tamponade.

o V wave: atrial venous filling—prominent in TR, and restriction.

o Y descent: passive ventricular filling—prominent in constriction and restriction,
blunted in tamponade.

NP0 WD I AR NEPATO I A PERIUX,

Hold firm pressure on the right upper quadrant for 15-20 seconds while observing
the jugular pulse wave.

A positive test is defined as >3 cm rise in peak and trough of the wave sustained
throughout the period of pressure.

Manifests in settings where the RV cannot accommodate increased venous return,
such as pericardial constriction, restriction, RV infarct, and LV failure with
elevated PCWP.

Highly reproducible, and in dyspneic patients with heart failure, reliably suggests

elevated PCWP.3°
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ORBEPHEPATEY

Place fingertips at left second intercostal space (pulmonary artery), left sternal
border (right ventricle), and apex (left ventricle).

Normal finding: apical impulse is within 10 cm of mid-sternal line, <3 cm in
diameter, and duration is <2/3 of systole.

Noninvasive left ventricular ejection fraction (LVEF) estimate: apical impulse
palpation with a nonpalpable S4 and sustained (2/3 systole) apical impulse
suggests LVEF <40%.40

Left parasternal heave suggests right ventricular hypertrophy.

Palpable pulsation in the left second intercostal space suggests pulmonary
hypertension.

ORI MEQWTTTY

Refer to Figure 2-3.
The stethoscope
o The diaphragm
" High-pitched sounds: S1, S2, regurgitant murmurs, and pericardial rubs.
o The bell
® Low-pitched sounds: S3, S4, and mitral stenosis (MS).
® Firm pressure with the bell results in a functional change to the diaphragm.
Normal heart sounds
o S1 is produced by vibrations of mitral (M1) and tricuspid (T1) valve closure.
" Intensity is increased in hypercontractile states, MS, with short PR interval.
" Intensity is decreased in hypocontractile states, with long PR interval, and in
acute AR.
" Splitting results from late closure of tricuspid valve as in right bundle branch
block and atrial septal defect (ASD).
o S2 is produced by the vibrations of aortic (A2) and pulmonic (P2) valve
closure.
" Aortic pressure normally exceeds pulmonary pressure; thus, A2 precedes P2
and is louder.
" Increased intensity of A2 is heard in systemic hypertension.
" Increased intensity of P2 is heard in pulmonary hypertension, accompanied by
narrow inspiratory splitting.
® Decreased S2 intensity may result from AS or pulmonic stenosis (PS).
o Physiologic splitting of S2: as inspiration causes pulmonary capacitance to
increase and LV preload to decrease, A2 occurs earlier and P2 occurs later.
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o Paradoxical splitting of S2 results when A2 occurs after P2 and inspiration
therefore moves these sounds closer together.
® Causes include left bundle branch block, severe AS, or hypertrophic
obstructive cardiomyopathy (HOCM) with left ventricular outflow tract
obstruction.
" Fixed splitting of S2 suggests the presence of an ASD or ventricular pacing.
 Gallops
o S3 1s produced by vibrations from the passive filling phase of ventricular
diastole.
® Left-sided S3 gallops are best heard at the apex using the bell with the patient
in left lateral decubitus.
" Right-sided S3 gallops are best heard at the lower left sternal border upon
inspiration.
o Physiologically normal S3 may be heard in young, athletic, or pregnant
patients.
o Left-sided S3
" Specific for a diagnosis of LV dysfunction and CHF in the acutely ill,

dyspneic patient.

44
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

" Confers a worse prognosis in patients with a prior diagnosis of heart

failure. 142

" Indicative of severe regurgitation in the setting of AR, though an absent S3

does not exclude severe AR.+
o Right-sided S3
® RV dysfunction with high RV filling pressures.
" May suggest acute pulmonary embolism in the acutely ill patient.
o S4 is produced by vibrations from the active filling phase of ventricular
diastole.
" Due to decreased ventricular compliance in diastole such as with cardiac
hypertrophy.
® Suggests myocardial ischemia in the setting of acute chest pain.
 Ejection sounds
o Heard around S1 and results from forceful LV ejection, rapid distension of
either aorta or main pulmonary artery, or with doming of either aortic or
pulmonic valves.
® Heard in noncritical and noncalcific stenosis.
® Pulmonic ejection sounds are unique among right-sided heart tones since they
are fainter during inspiration.
* Systolic clicks
o Result from sudden tensing of elongate atrioventricular valve leaflets and
chordae in prolapsed valves.
° M1tral valve prolapse (MVP)
® High-pitched sound heard best with the diaphragm at apex or lower left
sternal border in mid-to-late systole.
" Sometimes associated with a murmur of regurgitation.
" With the strain phase of Valsalva, the click of MVP intensifies and occurs
earlier, then softens and occurs later with release.
" The characteristic click is considered diagnostic for MVP.
" The presence of a click in the absence of a murmur does not appear to be

associated with a worse clinical outcome.**
e Murmurs
o Systolic murmurs may be benign or pathologic. Diastolic murmurs are
pathologic.

o Innocent murmurs®

® Grade 1-2 intensity

" Left sternal border location

® Follow a systolic ejection pattern

" Associated with normal intensity and splitting of S2
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" Associated with no other abnormal sounds or murmurs
* Echocardiography for evaluation of innocent murmurs not indicated
o Early systolic murmurs
® Related to ventricular ejection
® Differential includes AS, PS, acute MR, outflow tract obstruction
" Aortic stenosis
S Transmitted to carotids
S May also be heard as a musical apical (Gallavardin) murmur.

© Late peaking when associated with decreased intensity of S2 or slow rate

of carotid rise.4°

S Murmur intensity deceptively reduced in patients with decreased systolic
function.
® Pulmonic stenosis
O Left second intercostal space.
S Accentuated by inspiration.
© May be associated with a valve click or other features of right heart
hypertrophy or failure.
" HOCM
S Murmur is less likely to radiate to the carotids.
© Maneuvers that alter preload and afterload are useful in distinguishing
HOCM from AS.
© Failure of a murmur to accentuate with movement from standing to squatting
is suggestive of HOCM.
o Holosystolic murmurs
" Due to regurgitation across the atrioventricular valves or ventricular septal
defect (VSD)
® Mitral regurgitation
© Holosystolic when ventricular pressure exceeds atrial pressure throughout
systole
© Radiation to left axilla and back with anterior leaflet disruption
© Radiation to base with posterior leaflet disruption
© Murmur intensity is associated with severity of MR’
= TR
© Low-pitched, sharply defined at lower left sternal border
© Difficult to detect with coincident MR
© Inspiratory accentuation
" VSD
© Harsh, nonradiating, and associated with a palpable thrill
© Louder at left sternal border than at apex in acute VSD
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© Decreases in intensity and disappears in late systole as pulmonary

hypertension develops™*®
Late systolic murmurs
® Variations in MR
Diastolic clicks and murmurs
® Mitral stenosis
B Opening snap in early diastole
© Brief high-pitched sound using diaphragm at the left sternal border
B A2 to opening snap interval is not well correlated with valve area.
Early diastolic murmurs
" Aortic regurgitation
© Blowing, decrescendo murmur at the sternal border
S Accentuated by listening at end expiration with the patient sitting forward
@ Associated systolic flow murmur due to increased stroke volume
© Late diastolic rumbling murmur at the apex (Austin Flint murmur)
® Pulmonic regurgitation
© Similar to the murmur of AR.
© Distinguished by its accentuation with inspiration
Late diastolic murmurs
" Mitral stenosis
© Best heard with the bell at the apex with the patient in lateral decubitus
position
© Associated with an opening snap diastolic sound or a loud S1
Continuous murmurs
® Most commonly systolic murmurs that carry over into diastole
" The differential diagnosis includes PDA (pulmonic area), AV fistula, venous
hums (e.g., jugular), and vascular stenotic lesions
Pericardial rub
" Suggestive of pericarditis
" “Rough” sounding

® Characteristically triphasic in patients who are in sinus rhythm, but either
50

49

biphasic or monophasic in half of the cases

" Absence of a rub is not sufficient to exclude the diagnosis

Pericardial knock

" Easily mistaken for the opening snap of MS

" Best distinguished by the presence of the jugular venous findings of
constrictive pericarditis

51
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A SEQUETIL APPRACH

A systematic approach to the physical examination will improve diagnostic yield
and accuracy. Such an approach is presented in Table 2-4.

THE SEQUENTIAL APPROACH TO THE
CARDIOVASCULAR EXAMINATION

1. Are right-sided cardiac pressures high? Estimate jugular venous
pressure

2. Can the right side handle volume? Abdominojugular reflux
Prasence of right-sided S3

3. Is the right ventricle morphologically RV heave

normal?

4. Are pulmonary pressures high? Loud P2
Narrow split 52
Pulmonary artery tap
TR murmur

5. Is left atrial pressure acutely high? Crackles

6. Is LV function depressed? Sustained apical impulse

MNonpalpable S4
Short pulse duration

Soft 51
Presence of 53
7. 1s LV compliance impaired? 54
8. Is systemic vascular resistance high? Cool extremities

RV, right ventricular; TR, tricuspid regurgitation; LV, left ventricular.
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Basic Electrocardiography B

Phillip S. Cuculich and John Verbsky

R PERCRLES

 In general, the electrocardiogram (ECG) may be the single most important and
widely used test in the hospital, yet ECG interpretation is usually poorly taught in
medical school. There are large gaps in time between each lesson, and ECG
basics may never be taught that well in the first place. This chapter is not meant to
bridge those gaps of to be a complete guide to ECG reading. It is an “in the
trenches” practical guide to coming close to a diagnosis, with the ultimate goal of
helping you with high-pressure ECG analysis at 2 AM on call.

» Three very important pieces of advice will serve you well:

o Practice, practice, practice. Invest in a book of unknown ECG tracings with
answers. Do online tutorials. Look at ECGs from patients on a cardiology
service. Avoid the gaps in time that plagued your learning in medical school.

o Same way every time. By using the same approach with every ECG, you will
become efficient and accurate. More importantly, you will be less likely to miss
subtle diagnoses.

o Keep a file of interesting ECGs. By collecting interesting ECGs, you maintain a
sense of interest and vigilance. You will begin to recognize certain patterns of
disease. Additionally, it will help to have the collection when you are asked to
give a conference on short notice.
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* Rate: Give a Number
o Two useful, easy methods of determining the ventricular rate include
® Rely on the computer and look in the upper-lefi-hand corner of the ECG
(risky, but often correct).
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® Memorize the R-R interval distance chant: “300, 150, 100, 75, 60, 50 ... .” If
the distance between two QRS complexes is four big boxes, the ventricular
rate is (chant silently: 300, 150, 100) 75 beats per minute (bpm).

® Common numbers to know:
2 60 to 100 bpm: sinus rhythm.
2 40 to 60 bpm: junctional escape rhythm.
S 35 bpm: ventricular escape rhythm.
2 150 bpm: atrial flutter with 2:1 conduction.

* Rhythm: Sinus or Otherwise? (Figure 3-1)

o Let us think about the physiology of one normal sinus beat. The impulse starts
from the sinus node and depolarizes both atria (forming the P wave) and then
activates the atrioventricular (AV) node, and after some time (this time
represents the PR interval), the ventricle depolarizes in a coordinated fashion,
using the His-Purkinje system (forming the QRS complex). When determining
the rhythm on an ECG, your eyes should follow the same path as the heartbeat: P
wave ... PR interval ... QRS complex.

a; S ,-

Sinus node ' ¢ _Bachmann’s bundle
Internal
pathways
AV node

Posterior division
Bundle of His

Anterior division
Right bundle Purkinje fibers

branch
Left bundle branch
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o A normal sinus P wave is regularly occurring. There should be one P wave for
every QRS (one for one).

o Significant variation in P-wave regularity or shape can imply causes such as an
ectopic atrial tachycardia or multifocal atrial tachycardia. Absence of a P wave
usually means atrial fibrillation, although atrial standstill can occur with severe
hyperkalemia.

o The PR interval represents conduction through the AV node. If the PR interval is
changing, some type of AV block is often to blame.

o A narrow QRS (<120 milliseconds, three small boxes) implies that the ventricle
is being activated through the AV node. A QRS should follow every P wave. If
the QRS is wide (>120 milliseconds), it may be that there is slow conduction in
the ventricle (left bundle branch block [LBBB] or right bundle branch block
[RBBB] or idioventricular conduction delay) or that the beat is coming from the
ventricle, such as a premature ventricular contraction or ventricular tachycardia.
Figure 3-1 links these concepts visually with the anatomy of the heart for a
better understanding. Determination of the rhythm should rely on the simple
concept of the physiology of a heartbeat and not on rote memorization.

e Axis: Upin Lead I, Up in Lead II (Figure 3-2)

o “Axis” 1s the major direction of the heart’s depolarization. Normal direction is

inferior and to the patient’s left (—30 degrees to +90 degrees).
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o Determining if an axis is normal requires looking in two leads: lead I and lead
II. In Figure 3-2, lead I runs across the top of the diagram, from the patient’s
right to his/her left. If the QRS is predominantly positive in lead I, the electrical
signal 1s heading in the direction of lead I or toward the patient’s left (anywhere
from —90 degrees to +90 degrees). In the same way, we can look at lead II. If it
is predominantly positive, we know that the electrical signal is heading in the
direction of lead II or leftward and inferior (anywhere from —30 degrees to 150
degrees).

o If the QRS is positive in both lead I and lead II, the axis must be in the area
where the two leads overlap, which is the normal axis between —30 degrees and
+90 degrees (Figure 3-2).

o If the QRS is mostly up in lead I and down in lead II, what is the axis? Well, the
signal 1s moving from the patient’s right to his/her left, but now in the opposite
direction of lead II. This puts the axis between —30 degrees and —90 degrees, so
the answer is left axis deviation (LAD). How about if the QRS is down in lead I
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and up in lead II? Answer: It is between +90 degrees and +150 degrees or right
axis deviation (RAD).
 Intervals: Shape and Width (Figure 3-3)

o P waves: Looking for left atrial enlargement (LAE) in VI (normal is biphasic,
and abnormal has a large negative component) and right atrial enlargement
(RAE) in lead II (two little boxes wide by two little boxes tall ... 2 x 2 in lead
I0).

o PR interval: A normal PR interval is 200 milliseconds (five little boxes).
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" If the PR interval is long, varies between beats, or does not conduct to every
QRS complex, some form of AV block is to blame.

" A short PR interval (<40 milliseconds) suggests the presence of an accessory
AV connection, known as Wolff-Parkinson-White (WPW) syndrome.

o QRS interval (width) and QRS height:

" Width: Normally QRS width ranges between 80 and 120 milliseconds. If it is
>120 milliseconds, see above (LBBB, RBBB, intraventricular conduction
delay [IVCD], ventricular in origin).
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" Height: Left ventricular hypertrophy (LVH) can give large voltages. There
are many criteria for determining LVH, but a commonly used one adds the
depth of lead V1 with the height of leads V5 or V6 (>35 mV is LVH). Small
voltages (<5 mV in the limb leads, <10 mV in the precordial leads) can
happen when a poorly conductive material gets between the heart and the
ECG lead, such as air (hyperinflated lungs in chronic obstructive pulmonary
disease), water (pericardial effusion), or fat.

o QT interval: The QT interval should be corrected for the underlying heart rate
by using the formula QTc = QT (milliseconds)/square root of R-R interval
(seconds).
® Normal QTc 1s 440 milliseconds for men and 460 milliseconds for women.

The ECG machine generally does a good job of measuring and calculating this

for you. However, especially in situations where prolonged QTc may be a

concern, there is no substitute for determining the QT interval yourself.

" Long QT (LQT) is associated with torsade de pointes, a potentially lethal
ventricular rhythm. The five causes of LQT can be grouped into:

S Hypos: hypokalemia, hypomagnesemia, hypothermia.

S Antis: antibiotics, antiarrhythmics, antihistamines, antipsychotics.

© Congenital: LQT syndromes (see Chapter 20).

S Intracerebral hemorrhage: diffuse, deep, symmetric, large inverted T
waves.

O Cardiac ischemia: “in the form of Wellen’s waves,” which are deep,
symmetric, large inverted T waves particularly seen in VI to V3,
classically associated with proximal left anterior descending disease.

* Injury (Ischemia/Infarction): The Most Common Reason to Order an ECG

(Figure 3-4)

o ST-segment elevation: classically described in acute myocardial infarction
(MI), although it can be seen in LVH, pericarditis, and ventricular aneurysms.
Note that ST elevation is best termed an acute injury pattern until Q waves
(see below) have developed. The criteria for MI require >1 mm elevation in
two contiguous limb leads or >2 mm in two contiguous precordial leads.
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V1, V2 septal infarct V3, V4 anterior infarct

l. aVL, V5, V6 lateral infarct Il, Il aVF inferior infarct
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o ST-segment depression: classically described with myocardial ischemia,
although it can be seen in LVH, digoxin toxicity, and WPW syndrome. ST
depressions can represent ST elevations on the opposite side of the heart,
known as reciprocal changes.

o T-wave inversions: nonspecific, though Wellen’s waves are more suspicious
for ischemia.

o Q waves: signify a prior infarct that has subsequently developed scar.

o The distribution of the particular findings should be noted, as changes consistent
throughout a specific coronary artery territory are more likely to indicate a true
ischemic finding (Figure 3-4).

" Inferior (usually right coronary artery territory): leads IL III, aVF.
" Anterior (usually left anterior descending territory): leads V2 to V4.
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® Lateral (usually left circumflex artery territory): leads V5 to V6, I, aVL.
e Put It All Together

o When you are initially learning how to read an ECG, talk out loud and say what
you see.

o Rate/Rhythm/Axis: “The rate 1s (300, 150, 100) about 75 and the rhythm is
sinus. Axis is up in I and down in II, so LAD.”

o Intervals: “P waves are normal in shape, so there’s no atrial enlargement. PR
interval is 220 milliseconds, so it is a first-degree AV block. QRS is 100
milliseconds, which is normal. No LVH. QTc interval is 410 milliseconds,
which is normal.”

o Injury: “I do not see any ST elevation or depressions, but there are Q waves in
I1, 111, and aVF, so probably an old inferior myocardial infarct.”

o Practice will make perfect, so this chapter concludes with several unknown
ECG tracing (Figures 3-5 through 3-8 with answers). Please try out the rate,
rhythm, axis, interval, injury method.
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Evaluation of Acute

Chest Pain m

Christopher L. Holley

R PR E

» Acute presentations of chest pain represent a wide spectrum of disease, from
benign to life-threatening conditions. As such, the initial evaluation must focus on
ruling out the five most common life-threatening conditions that present acutely
with chest pain:

e Acute coronary syndrome (ACS), including acute myocardial infarction (AMI)
o Aortic dissection

o Pulmonary embolism (PE)

o Cardiac tamponade

o Tension pneumothorax

 In following with Dr. W. Proctor Harvey’s “five-fingered” approach to cardiac
diagnosis, the accurate and rapid triage of patients with chest pain includes
focused history, directed physical examination, electrocardiogram (ECG),
chest X-ray (CXR), and appropriate laboratory studies.

» General appearance should be assessed immediately to identify patients who are
critically ill. Patients who are pale, diaphoretic, anxious, and ill-appearing
require immediate attention, including hemodynamic assessment, ECG, and CXR.
Hemodynamically unstable patients should be evaluated and stabilized per the
advanced cardiac life support protocol.

De{tu 2o w

» The words “chest pain” may be a patient’s specific symptomatic complaint (e.g.,
“I am having chest pain”), but they are more broadly used by health care providers
in reference to a variety of presentations involving complaints of discomfort in the
chest region.

* Much of the uncertainty in this term comes from the fact that patients have a broad
interpretation of what constitutes the “chest” (patients often include the upper
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abdomen) and how they describe their discomfort (which may not include the
word “pain”).

% ;\ew!w Lae’j
* Chest pain accounts for 9% to 10% of adult noninjury emergency department (ED)
visits every year (5.5 million visits for 2007-2008). Of those visits, 13% of
presentations were diagnosed as ACS, but up to 54% of ED visits chest pain can
be classified as “serious cardiovascular disease” (including ACS, AMI, PE, and

heart failure).!
* Chest pain accounts for a smaller percent of outpatient visits (1% to 2%), and the

majority of etiologies in that setting are musculoskeletal or gastrointestinal (GI).2

DI ST

sl Presonsrsdow

M

. Emrjnphasis should be placed onrapidly and accurately characterizing the
current episode of chest pain.

* A simple, ECG-related mnemonic of “PQRST” can provide the framework for a
focused history: presentation, quality, radiation, symptoms, and timing (Table 4-
1). This method uses evidence-based medicine to elicit aspects of the history that
can raise (or lower) your suspicion for a presentation of AMI.
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RAPID CHARACTERIZATION OF CHEST PAIN
"PGRST")

Questions and considerations LR for AMI
P = Presentation  “Are you hawing pain right now?™  Exertionial pain:
Ongoing pain requires especlally LR =24
rapid diagrnosis and treatment.
“What were you daing when the
pain started?” (exarcisafstressiul
situation vs. resting/sleaping)

G = Quality “How would you describs the “Pressure”: LR =13
pain?® Classic description of ‘Worse than patient's
ischemic pain is "pressure,” typical angina, or
while “sharp” (knifelike} pain sirnilar to prior AMI:
is less likely to be ischemia; LR = 1.8
it kmown eorenary artery dis- "Sharp™ LR = 0.3
ease, |s this paln worse than Pieuritic, positional,
the patient’s typical angina or or reproducible on
same as prier MI? Is the pain palpation: LR =0.3

pleuritic, positional, or repro-
ducible on palpation? (“3 Pa")

R = Radiation “Point o where the pain is.” Right arm or shoul-
“Does it go anywhere else?” Pain @ der: LR = 4.73
radiating to shoulders or arms is Both arms or shoul-
more likely o be mchamic; think ders: LR =4.1
about aortic dissection with pain Left arm only:

radiating 1o the back LR=23

5 = Symploms “Whan you ware having the Mauses or vomiting:
pain, did you feal sick 1o your LR =19
stomach, sweaty, or short of Diaphoresis: LR = 2
braakth?" (*3 5's")

T = Timing “How long did the pain kast?” Pain that is not of
Saconds, minutes, hours, days? suddan onset low-
Single or multiple episodas? ars Bkalihood of
Flesting CP 5 ranaly schemic. aortic dissaction,
Classic ischemia pattern is negative LR = 0.3

crascendo over several minuies

(2-10 minutes for angina pacio-

ris. 10-30 minules for unstable

angira); for suddan onset of

miaximsal peain, think aortic

dissection; pain =30 minutes

1 either MI {infanction, not just

ischemia) or nonischemic {most

often Gliesophageal)
Confounders: diabetes, wormnen, and eldery patients (reduced accuncy of diagnosis)
LRs from Kormpas? and Swap and Magumey !
LR, likelihood ratio; AMI, acube myccaedial infarction; CP, cerebral palsy; ML, myccardial infanc-

lior;, G, gastroirtestingl,

High-risk features for AMI include exertional chest pressure radiating to
shoulders/arms, with associated nausea, vomiting, diaphoresis, or worse than the
patient’s typical angina (or similar to prior AMI pain). The absence of these
features does not reduce the likelihood of AMI.

Findings that have a lower risk for AMI include pain that is “sharp” (stabbing),
pleuritic, positional, or reproducible on palpation.

Confounding features that reduce the accuracy of diagnosing ACS include
diabetes, female sex, and advanced age.

Be sure also to remember that while ACS is the most common life-threatening
presentation of chest pain, it is not the only presentation that requires urgent
attention. Certain aspects of the history will help you recognize patients at high
risk for other chest pain etiologies. For example, the likelihood of aortic
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dissection 1s increased with an abrupt onset of maximally intense pain, while the

likelihood of acute PE is increased in patients with prior

thromboembolism, malignancy, and recent surgery or immobilization.

PL- el Bowtwote w

venous

» Based on the information obtained in the history, the directed examination should
be used to confirm or refute a suspected diagnosis or at least narrow the
differential diagnosis list.

 Much like the focused history, a directed examination should rapidly and
accurately characterize the chest pain and screen for life-threatening findings.
Most of the few minutes spent examining the patient should be focused on the
cardiovascular and pulmonary examinations.

* Clinical pearls for a chest pain—directed examination are listed in Table 4-2.

CHEST PAIN-DIRECTED PHYSICAL EXAMINATION
WITH SPECIFIC CLINICAL PEARLS

Blood pressure

Jugular veins

Carotid arteries

» Check both arms, especially if considering aortic
dissection

* Severe hypertension and hypotension require urgent
intervention

* Pulsus paradoxus: drop of =10 mmHg in SBP at end
inspiration (tamponade)

= Start with patient reclined at 45 degrees. Patients with
significantly elevated JVP may need to be sitting up at
90 degrees before the jugular venous pulse can be seen

» Hepatojugular reflux: sustained distention of jugular veins
with pressure on abdomen (heart failure)

e Kussmaul sign: elevation (or lack of decrease) in JVP
with inspiration (constriction)

* Palpation for stroke volume: normal carotid upstroke
unlikely in severe LV dysfunction or AS

= Pulsus parvus et tardus: weak and late pulse (AS)
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CHEST PAIN-DIRECTED PHYSICAL EXAMINATION
WITH SPECIFIC CLINICAL PEARLS (Continuved)

Palpation

Heart sounds

Murmurs

Pulmonary

Musculoskeletal

Abdominal

Extremitles

= Laterally displaced PMI (dilated LV)
= RY heave (right-sided heart failure)
= 53 (heart fallura)

= 54 (HTN andfor heart failure; never heard with atrial
fibrillation)

= Friclion rub {pericarditis)
= Acute AR or MR may nol have a murmur

= AS: Crescendo—decrescendo systolic murmur, loudest
at RUSE, commonty with radiation to the carofids when
severe

* AR: diastolic murmur; always pathologic (endocarditis,
dissection)

* MR: systolic blowing murmur loudest at apex (ischemia,
LV dilation}

* WSD: harsh, loud holosystolic murmur (3-8 days after
seplal MI}

# Crackles/rales (atelectasis, pneumonia, pulmonarny
edema)

= Wheezing {usually bronchospasm, but sometimes heart
failure)

# Absont breath sounds with trachaal deviation away from
affected side (tension preumaothorax)

» Decreased breath sounds, duliness to percussion
(pneumonia andfor pleural effusion)

# Pain that is reproducible on examination is rarely cardiac
in nature

= Dermatomal rash with pain (herpes zoster)

= Hepatomegaly, pulsatile liver, and ascites (heart failure)
= Eplgasiric pain with palpation (PUD or pancreafitis)

= RUQ pain (cholecystitis)

= Cool extremities {poor cardiac oultput or occlusive
Bschamic event if unilateral)

= Pitting edema (volurme overload)

SBP, systolic blood pressure; JVP, ugular venous pressune; LY, left ventricular; AS, aodic ste-
nasis; PMI, point of masimum impulse; RY, rght ventricaidar; HTN, hypertension: AR, aortic
regurgitation; MR, mitral regurgitation; M1, myocardial infarction; RUSE, right upper stermal
barder; PUD, peptic wicer disease; RUQ, right uppes quadrant; VS0, ventricutar septal defect,

M{emeu‘&ﬂ\ P{ﬂg’uo FX )

» The differential diagnosis of acute chest pain should begin with consideration of

life-threatening conditions, as noted previously: ACS, aortic dissection, PE,

cardiac tamponade, and tension pneumothorax.

e When it is clear that the

heart failure.

o Pulmonary: pneumonia, pleuritis, and chronic obstructive pulmonary disease.
o GI: gastroesophageal reflux disease, peptic ulcer disease, esophagitis,

patient is at lower risk and does not have a life-
threatening condition, a broader differential diagnosis should include:
o Cardiac: stable angina, pericarditis, coronary vasospasm, and decompensated

pancreatitis, and cholecystitis.

o Neuromusculoskeletal: costochondritis, injury of the pectoralis or intercostal
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muscle, and herpes zoster.
o Psychiatric: panic attack, anxiety disorder, and chronic pain syndromes.

Dx‘ﬂg’u eridr Torsdw 4

The ECG is the most critical diagnostic test when evaluating acute chest pain—it
1s rapid and can be diagnostic for detecting ACS. It should be completed within 10
minutes for patients presenting to the ED with chest pain.

The CXR i1s also rapid, is readily available, and gives useful information that can
help diagnose the other potentially life-threatening causes of chest pain.

Serum cardiac biomarker (troponin, creatinine kinase fraction) levels are also a
critical aspect of the evaluation, but may take up to an hour to be reported by the
laboratory.

1A o nomatar

If there 1s concern for ACS, serum cardiac biomarker levels should be measured.
At our institution, initial troponin levels are drawn at the time when the patient
presents for evaluation. Because the elevation of serum troponin lags behind an
ischemic event by at least several hours, a repeat troponin should be obtained 6—
12 hours after the onset of pain. Two negative tests 8 hours apart are usually
sufficient to rule out a myocardial infarction (MI).

Conversely, a single positive troponin in the appropriate clinical setting is
sufficient to make the diagnosis of AML

Because troponin levels stay elevated for several days after an infarct, they are
less useful with recurrent chest pain in the days after an initial infarction. In that
case, Creatine kinase-MB fraction (CK-MB) or myoglobin levels are useful for
diagnosing reinfarction in patients with a recent MI. They both have a shorter
serum half-life than troponin and will therefore rise and fall with recurrent
1schemic episodes.

For patients with a high-risk presentation for ACS, additional blood work should
include complete blood count, basic metabolic profile, international normalized
ratio, and partial thromboplastin time (in anticipation of systemic anticoagulation
and possible cardiac catheterization thrombolytic therapy). For patients with a
low to intermediate pretest risk of PE, a negative D-dimer is associated with a
very low likelihood of PE. If a GI etiology is suspected, appropriate serum tests
should be obtained (such as amylase/lipase and liver function tests).

Beoocondioqra L-j

The ECG is of utmost importance in the evaluation of chest pain and should be
completed within 10 minutes for patients presenting to the ED with chest pain. For
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the acutely 1ll patient, it is prudent to quickly review the ECG prior to completing
the history and physical examination.

ECG FINDINGS RELEVANT TO EVALUATION OF
CHEST PAIN

ST-segment elevations ¢ Any ST elevation in the patient with chest pain
iS suspicious.

* Typical ischemic ST elevation has a convex
(“tombstone”) appearance in two or more
adjacent leads with reciprocal ST depressions.

* Diffuse ST elevations with PR depression and/or
ST depression in aVR suggest pericarditis in the
appropriate clinical scenario.

New LEBB + ST elevation “equivalent” in the appropriate
clinical scenario.
ST-segment depression ¢ Flat or down-sloping ST depressions are
conceming for ischemia.
* Specificity of ST depression for ischemia is

significantly lower in patients with evidence of
prior MI (Q waves) or baseline ST abnormalities.

T-wave inversions + Not specific, but may be first indicator of ischemia.

S1Q3T3 * S wave in |, Q wave and inverted T wave in Ill:
can be seen with PE or right heart strain.

ECG, electrocardiogram; LEBB, left bundle branch block; MI, myocardial infarction; PE,
pulmonary embaolism,

* ECG findings that should not be missed are outlined in Table 4-3 and further
discussed in Chapters 2 and 18. A normal ECG does not rule out ACS. ST
elevations do not always indicate AMI.

* Prior ECGs for comparison are invaluable.

 Ifischemia is a concern, serial ECGs are useful to look for evolving changes.

 Suspicion for a right ventricular infarct should be investigated with right-sided
precordial leads, and suspicion for a posterior infarct should prompt evaluation
with posterior chest leads.

A

* The CXR complements the ECG by screening for many of the life-threatening
conditions that the ECG fails to identify. These include:
o Aortic dissection (widened mediastinum)
o Heart failure (pulmonary edema)

68
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

a]

a]

s ]

a

o

Pericardial effusion (enlargement of the heart shadow)

Pneumothorax (free air in the thorax, usually at the apices in an upright patient)
Pulmonary infiltrates (pneumonia)

PE (Hampton hump: peripherally based, wedge-shaped infarction)

GI perforation (free air beneath the diaphragm)

» Suspected aortic dissection should be confirmed with appropriate imaging
(transesophageal echocardiography, computed tomography [CT], or magnetic
resonance imaging).

 Suspected PE can be evaluated by CT angiography or ventilation/perfusion (V/Q)
scan.

» Coronary CT angiography may be useful in the ED for the evaluation of chest pain
when the primary concern is ACS, if there are no signs of ischemia on ECG and if

the 1nitial troponin is not positive.

5

Distwe 8 Pro r_e,\vm

 Cardiac catheterization should be performed emergently for patients presenting
with apparent ST-segment elevation myocardial infarction (STEMI).

» For presentations of non-STEMI ACS, medical therapy should be started
immediately (see Chapter 11). Diagnostic cardiac catheterization may be delayed
if necessary in accordance with guidelines.

* Patients presenting with PE should undergo venous ultrasonography of the lower
extremities to evaluate for venous thrombus.

TR

* If one of the five most common life-threatening causes of chest pain is identified,
an emergent treatment plan should be enacted:

o

STEMI requires rapid reestablishment of coronary blood flow (intravenous
thrombolytic therapy or percutaneous coronary intervention) (see Chapter 12).
Non-STEMI ACS should be initially treated medically, including aspirin,
thienopyridine, statin, and systemic anticoagulation (see Chapter 11).

Cardiac tamponade 1s managed with pericardiocentesis (see Chapters 8 and 17).
Type A aortic dissections require emergent surgical consultation and repair (see
Chapter 29).

Tension pneumothorax requires immediate needle decompression followed by
chest tube placement.

PE should be treated with systemic anticoagulation unless contraindicated.
Thrombolytic therapy should be reserved for patients with hemodynamic
compromise.

 Other diagnoses should also be managed with the appropriate standard of care.
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Evaluation of Acute Heart

Failure H

Kory J. Lavine and Joel D. Schilling

R YORCRE

 Heart failure (HF) is a common clinical syndrome with significant morbidity and
mortality. Early detection can lead to initiation of appropriate lifesaving and
symptom-reducing therapies.

¢ Ischemic cardiomyopathy (ICM) is the most common cause of HF with reduced
left ventricular (LV) ejection fraction. Hypertension, diabetes, obesity, and
coronary artery disease (CAD) play a contributory role in HF with preserved
systolic function (PSF).

» The three primary objectives of the history and physical examination are to (1)
identify the cause of HF, (2) assess the progression and severity of the illness, and
(3) assess volume status.

» A mnemonic for the causes of HF decompensation is “Patients who are frequently
admitted for HF exacerbations often VANISH.”

* To guide treatment decisions, the physician’s goal is to classify the patient as
having one of three common clinical phenotypes: (1) “flash” pulmonary edema
with hypertension (HTN), (2) slowly progressive fluid accumulation, or (3) a
low-output state.

De{tut‘&ou

* HF is a clinical syndrome characterized by dyspnea, exercise intolerance, and
fluid retention in the setting of abnormal cardiac function.

 Pathophysiologically, HF is defined as the inability of the heart to maintain
adequate systemic perfusion at normal cardiac chamber pressures.

 As a consequence, patients with HF require higher intracardiac filling pressures to
successfully maintain cardiac output. Overactivation of this compensatory
mechanism leads to excessive fluid retention and manifests clinically with
pulmonary and/or peripheral edema.
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« Patients with HF can be broadly classified into four groups based on their clinical
presentation:

o Warm and dry (well-compensated HF)

o Warm and wet (congested without evidence of low cardiac output)
o Cold and dry (low output without congestion)

e Cold and wet (low output with congestion, highest risk population)

« Patients presenting with acute HF can also be classified by whether their signs and
symptoms are predominantly left HF (dyspnea, orthopnea, pulmonary edema),
right HF (venous distention, abdominal distention/ascites, edema), or a
combination of both.

» LV failure can be further subdivided based on the presence of either systolic or
diastolic dysfunction (i.e., HF with reduced systolic function vs. HF with PSF).

* Patients who present with HF should be categorized as new-onset cardiomyopathy
or an exacerbation of chronic LV dysfunction.

» Chronic HF is further categorized based on the New York Heart Association
(NYHA) functional class and American Heart Association (AHA) disease stage
(see Chapters 14 and 15).

%t&euﬁotog'j

» HF is one of the fastest growing cardiovascular diagnoses in the United States.

* More than 5 million people in the United States currently have HF, with an
estimated 550,000 new diagnoses each year. There are over 1 million

hospitalizations for HF annually, at a cost exceeding $33 billion.!»?

 Despite significant advancements in the management of HF, the mortality remains
high; once a patient is hospitalized for HF, the 1- and 5-year death rates are
approximately 30% and 50%, respectively.

« About 50% of patients who are hospitalized for HF prove to have PSF.?

» Approximately 75% of patients with acute decompensated HF have a prior history
of HF.

E{{obg’j

» Considering the etiology of cardiac dysfunction, it is useful to subdivide patients
into two groups: (1) HF patients with abnormal systolic function and (2) HF
patients with PSF.

» These two patient populations represent distinct disease processes often with
differing underlying pathophysiology and clinical presentations.
o Among patients with abnormal systolic function (ejection fraction <40%),
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approximately two-thirds will have an ICM. This generally results from prior
myocardial infarction (MI).

o The causes of nonischemic cardiomyopathy in patients with systolic dysfunction
are more varied and are shown in Table 5-1.

« HF-PSF is most commonly associated with HTN, diabetes mellitus (DM), obesity,
and occasionally CAD (about 25%). Rare causes of HF with PSF include
infiltrative cardiomyopathies, hypertrophic cardiomyopathy, and Fabry disease.

o HF-PSF is more common in females and patients >65 years of age.
o Atrial fibrillation (AF) and chronic renal insufficiency are frequent
comorbidities in this patient population.

P“‘é“fﬁ‘j”:‘b@

« HF is associated with compensatory activation of the renin—angiotensin and
sympathetic nervous systems as a means of maintaining cardiac output in the
setting of abnormal myocardial function.

 Although initially adaptive, over time these neurohumoral responses lead to
excessive fluid retention and elevated vascular resistance. Together, these
processes raise intracardiac filling pressures and account for the signs and
symptoms of decompensated HF.

Ryl Frcseny

» There are a multitude of risk factors for the development and progression of HF.
Common risk factors include CAD, HTN, DM, and renal dysfunction. Exposure to
cardiotoxins such as chemotherapeutic drugs (i.e., anthracyclines), alcohol, and
illicit drugs (i.e., cocaine) can also increase the risk of developing HF. Recent
data suggest that depression, obesity, and obstructive sleep apnea may also play an
important role.

* In addition, there are several risk factors associated with decompensation in
patients with chronic HF. A helpful mnemonic is “Patients who are frequently
hospitalized for HF eventually VANISH.”

Valvular disease

Arrhythmia (AF)

Noncompliance (medications, diet)

Ischemia or infection

Substance abuse

Hypertension

a]

a]

a]

a]

a]

a]
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COMMON ETIOLOGIES OF HF

Systolic HF

CAD

HTN

Myocarditis:
Infectious

Autoimmune
Toxin-induced:
Alcohol
Cocaine
Amphetamines
Chemotherapies
Genetic
Cardiac-specific:
ARVCID
Generalized myopathies:

Duchenne or Becker muscular dystrophy

Diabetes

Postpartum
Tachycardia-induced
Idiopathic

HF with PSF
HTN
Diabetes
CAD

Infiltrative:

Amyloid

Sarcoid

Hemochromatosis
Hypertrophic cardiomyopathy
High-output:

Arteriovenous malformation

Arteriovenous fistula

Hyperthyroidism

Anemia

Constrictive
|diopathic cardiac fibrosis

HF, heart failure; PSF, preserved systolic function; CAD, coronary artery disease; HTN, hyper-
tension; ARVCI/D, arrhythmogenic right ventricular cardiomyopathy/dysplasia.

Mse (_ta‘cek Cow o\t‘& w?

* Anemia, hypothyroidism/hyperthyroidism, DM, and renal dysfunction are common
comorbidities in patients with HF. In general, they pretend a poorer prognosis
independent of the type or etiology of the cardiomyopathy. It is currently unknown

whether correction of anemia and abnormal thyroid improves outcomes.

» HF may also be associated with underlying systemic illnesses. In the case of HF-
PSF examples include DM, HTN, multiple myeloma with amyloidosis, and
sarcoidosis. In addition, both HF-PSF and HF with reduced systolic function can
be seen with acromegaly, hemochromatosis, and autoimmune diseases (rheumatoid
arthritis, scleroderma, antiphospholipid syndrome, and lupus). In some cases,
treatment of these underlying disease processes may slow the progression of the

cardiomyopathy.

DI S
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ol Presensots w

The clinical presentations of HF are highly variable and range from acute
respiratory or circulatory compromise to gradual worsening of dyspnea on
exertion. In general, patients with HF can be divided into three basic
presentations:

o Flash or acute pulmonary edema with HTN

o Slowly progressive fluid accumulation

o Low cardiac output state

The most dramatic presentation is acute or flash pulmonary edema (FPE).
Frequently, these patients have a rapid onset of symptoms and elevated blood
pressure. The problem is usually not significant volume overload, but instead
volume redistribution secondary to increased vascular tone (afterload) and
poor LV relaxation. This can be seen in HF patients with either normal or
reduced systolic function. The acute management of these patients should focus on
the use of vasodilators rather than diuretics (see Table 5-2).

The patient with slowly progressive fluid accumulation most commonly has
chronic systolic dysfunction and is typified by normal to mildly elevated blood
pressures and signs or symptoms of slowly progressive fluid accumulation. These
patients have dyspnea on exertion, paroxysmal nocturnal dyspnea (PND),
orthopnea, lower extremity edema, and weight gain. The use of IV diuretics
combined with afterload reduction is generally very effective in the treatment of
these patients.

The third, and least common presentation, is the patient with a low cardiac output
state. These patients may be either normotensive or hypotensive. They often have
evidence of end-organ hypoperfusion (prerenal azotemia, cool extremities, poor
energy level, and confusion). Careful questioning may reveal evidence of
mesenteric ischemia and cardiac cachexia. These patients often require admission
to the ICU for placement of a pulmonary artery catheter (Swan-Ganz catheter
[SGC]) and/or inotropic support. In patients with refractory shock despite
inotropes, mechanical circulatory support should be instituted.

The management of patients with each of these clinical presentations is unique and
discussed in detail in Chapters 14 and 15.

Eere are three primary objectives of the history when interviewing a patient with

HF:

o To identify etiology of HF and/or factors contributing to disease
decompensation.

o To assess progression and severity of illness.

75
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

o To assess volume status.

It is important to identify factors that may have contributed to the etiology of the
HF. For patients with a first presentation of HF, questioning should probe the
likelihood of ischemic heart disease (e.g., history of MI, chest pain, risk factors),
myocarditis or viral cardiomyopathy (e.g., recent viral illness or upper respiratory
symptoms, rheumatologic disease history or symptoms), genetic cardiomyopathy
(e.g., family history of HF or sudden death), toxic cardiomyopathy (e.g., alcohol or
drug abuse, history of chemotherapy), and peripartum cardiomyopathy (e.g., recent
pregnancy). In addition, the presence of HTN and/or diabetes should be elicited.
For patients with a known cardiomyopathy presenting with an acute
decompensation, it is important to identify the potential triggers of the
exacerbation (see Risk Factors).

The second critical area to assess in patients with new-onset or established HF 1s
their current functional status and the rate of decline in their activity level.
Important questions to ask include what they can do before becoming short of
breath currently (How far can they walk? How many flights of stairs can they
climb?) and how this compares with what they were able to do 6 to 12 months
prior. The answers to these questions allow patients to be categorized into an
NYHA functional class and an AHA HF stage (see Chapters 14 and 15), which
helps direct therapy and assess prognosis.

The third important issue to address with the history is the patient’s volume
status. The inability to lie flat (orthopnea) and waking up at night short of breath
(PND) are very suggestive of volume overload in patients with chronic HF. In
addition, changes in body weight should always be discussed with the patient, as
increased weight often signifies fluid retention even in the absence of other
congestive symptoms. Other manifestations of increased fluid volume include
abdominal bloating and/or right upper quadrant pain and lower extremity edema.
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information regarding excessive fatigue, postprandial abdominal

significant number of patients may report symptoms associated with low cardiac

output in the absence of congestion.

aid in identifying patients with low cardiac output. It is important to note that a
\P(hj't

discomfort, and orthostasis particularly after administration of HF medicines may

» Additional

2o\ Bomtnoow

o
1Y,

* The primary function of the physical examination in patients with HF is to assess
volume status. The examination findings should allow the patient to be

characterized as hypovolemic, euvolemic, or volume-overloaded (see Chapter 2).

This determination helps to guide treatment and assess the response to therapy

(Table 5-2).
 In addition, the physical examination can also provide important clues as to the
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etiology of cardiac dysfunction. For example, the presence of a murmur or a
pericardial knock may indicate a primary valvular process or pericardial
constriction, respectively.
 When examining a patient, it is important to recognize that the clinical
manifestations of volume overload in HF can be highly variable. The physical
examination is a critical component of volume assessment; however, there are
several notable limitations of common physical examination findings.
o The presence of jugular venous distention (JVD) and/or hepatojugular reflux
(HJR) is the most specific and reliable physical examination indicator of
volume overload (approximately 80% sensitive) and is best assessed with a

penlight and the patient positioned at about 45 degrees.*> The jugular venous
pulse can be distinguished from carotid pulsations by the biphasic appearance
of the latter. Of note, elevated neck veins can also be seen with pulmonary
HTN, severe tricuspid regurgitation, and pericardial diseases such as
tamponade and constriction.

o Pulmonary crackles may be present on lung examination and indicate fluid
extravasation into the alveoli due to elevated left ventricular end-diastolic
pressure (LVEDP). This examination finding is often mistakenly considered
mandatory for the diagnosis of decompensated HF. In reality, crackles signify
either rapid increases in LVEDP or severe volume overload; they are present in

only about 20% to 50% of HF patients with elevated filling pressures.’ In
patients with chronic cardiomyopathy, the gradual increase in LVEDP is
compensated for by increased pulmonary lymphatic drainage; thus, crackles are
often a late sign of decompensation.

o Lower extremity edema is another marker of fluid overload when present;
however, the sensitivity for predicting elevated filling pressures is relatively
poor. In addition, patients can have predominantly abdominal congestive
symptoms without any evidence of peripheral or pulmonary edema.

» Other examination findings suggest systolic dysfunction and volume overload, a
diffuse and laterally displaced point of maximum impulse, an S3 gallop, a mitral
regurgitation murmur at the apex, diminished carotid upstrokes, ascites, and
pulsatile hepatomegaly.

» Signs of low cardiac output include cool extremities, fluctuating mental status,
orthostasis, resting sinus tachycardia, narrow pulse pressure, and weak pulses.
Some patients may have pulsus alternans (alternating intensity of peripheral pulsus
despite sinus rhythm), a sign of profoundly low cardiac output.

Dingwo 3 Crtseria
* HF is a clinical diagnosis based on history, physical examination findings, and
78
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chest radiography (CXR). Although there are no universally agreed upon

diagnostic criteria for HF, the Framingham criteria are reasonable. The diagnosis

requires two major or one major and two minor criteria.

o Major criteria: PND, JVD, crackles, cardiomegaly, pulmonary edema, S3,
HIR, weight loss with diuresis (>4.5 1b).

o Minor criteria: LE edema, nocturnal cough, dyspnea on exertion, hepatomegaly,
pleural effusions, tachycardia, decrease in vital capacity.

» The diagnosis of HF is further supported by laboratory values and imaging studies.
These include elevated brain natriuretic peptide (BNP) and an abnormal cardiac
echocardiogram (see below).

DY{{erenstal P{Jrg’umu

« It 1s important to consider other acute diseases that can mimic the presentation of
HF with dyspnea, elevated neck veins, and lower extremity edema (i.e.,
pulmonary HTN, pulmonary embolism, and pericardial diseases [constriction and
tamponade]).

* Pulmonary inflammatory diseases, progressive pleural effusions, significant
anemia, hypothyroidism, and some systemic neurologic disorders can also present
with progressive exertional dyspnea and should remain on the differential
diagnosis list if a cardiac cause of the symptoms cannot be found.

D{ﬂguo a1 Tw‘&ug’
See Figure 5-1.
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AHA Prognostic NYHA Symptomatic o "
il Classification I Classification | Killip Classification

Stage A
Patients with risk factors
for the development of
structural heart dizsease
or overt HF
Stage B
Presence of structural
heart disease (e.g., M,
M LV dysfunction, or
—-| | valvular disease) without
I% symptoms of HF Class | e | s |
Mo symptoms Warm and dry
PCWP <18 mm Hg
Stage C Class |l Cl 2.2 Limin/m#
Patients with structural ,,.,-—-""" &:P;;m;::ign Class |l
heart disease and current Warm and wet
or pnorbT',ll;np:::msufHF Class Il e | PCWP =18 mm Hg
amenable to therapy ] symptoms with Cl >2.2 Uimin/me
minimal exertion
Class Ill
Class |V Cold and dry
SogaD , Symptoms at rest [™7"| PCWP <18 mm Hg
HF refractory to conventional Cl <2.2 Urnindm
treatment requiring
ventricular assist devise, Class |V
transplantation, or Cold and wet
v palliative care PCWP =18 mm Hg
Cl <2.2 Limin/m?

F@EYJ - Onsadftengow of Le/wb{at(w»e. (V*,\‘n{‘w\&ww{ 7 mtke,EF, W’L&'aﬂ%&pbk&gwfewﬁkﬁiwb{ﬂi\vw a
o w‘aluqfom%, aTTwa(L “ TL-MWQ'{% MT&V'?(,mag’M'bPLmuﬂ@ ety 2060323:997-1620, wt-'Ja Temwﬁxw?ou)

Ldoprosgntes
* BNP and amino-terminal pro-BNP are the most useful biomarkers in diagnosing

HF. These natriuretic peptides are released from the heart in response to

mechanical stretch and are indicators of volume overload.

o The normal range for BNP is <100 pg/mL and for pro-BNP is <125 pg/mL.
There can be significant fluctuations in level based on age, gender, renal
dysfunction (increases level), and obesity (reduces level). In general, levels
>200 pg/mL in a symptomatic patient are suggestive of HF.

o Renal dysfunction strongly influences BNP and pro-BNP levels. Elevated levels
over the patient’s baseline (if known) may be suggestive of HF. Measuring
levels in patients on dialysis is not reliable; however, elevated BNP levels are
still predictive of mortality in this patient population.
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o Persistent elevations in BNP and pro-BNP after optimization of volume status
identify a population of HF patients at higher risk for morbidity and mortality.

o The use of BNP and pro-BNP to monitor the response to diuretic therapy may be
a helpful strategy to optimize HF treatment. These biomarkers may also be
useful if questions arise regarding the effectiveness of diuresis.

* The presence of hyponatremia, elevated creatinine/blood urea nitrogen, and
elevated liver enzymes identify high-risk patients. These findings signify the
presence of poor cardiac output and/or severe volume overload and independently
pretend an unfavorable prognosis.

* Persistently elevated troponin levels can be seen in a subset of both ischemic and
nonischemic HF patients and are associated with a worse prognosis.

 Additional laboratory values that may be useful include identifying the presence of
anemia, thyroid abnormalities, dyslipidemia, diabetes, and markers of infection.

ﬂmm@gmﬁ

» The electrocardiography (ECG) may provide diagnostic information regarding the
etiology of a patient’s cardiomyopathy or point to a cause of decompensation in
chronic HF patients. Examples include Q-waves characteristic of prior MI, ST
segment abnormalities suggestive of ongoing ischemia, or cardiac arrhythmias
(i.e., AF/flutter).

* Both ECG and telemetry monitoring may also aid in the detection of cardiac
arrhythmias that are relevant to the patient’s presentation.

* QRS width and the presence of a left bundle branch block help to identify patients
who may favorably respond to cardiac resynchronization therapy.

S

* CXR can help in the diagnosis of HF and in the assessment of volume status. Signs
of HF decompensation include pulmonary congestion (perihilar fullness and
pulmonary vascular redistribution), pulmonary edema, Kerley B lines, and pleural
effusions. However, the absence of pulmonary vascular redistribution or
pulmonary edema on CXR does not exclude the diagnosis of HF. The CXR can
also help evaluate for other causes of dyspnea such as emphysema, pneumonia,
and pneumothorax.

» The echocardiogram is the diagnostic modality of choice for the diagnosis and
characterization of HF. It is useful for the assessment of both systolic and diastolic
ventricular dysfunction. Echocardiography also provides a detailed structural and
functional analysis of valvular heart disease as well as the assessment of
congenital malformations, cardiac chamber dynamics, and pericardial diseases.
Echocardiography is also useful for assessing the response to HF therapies.

» Cardiac MRI (CMR) 1s an emerging technology that is increasingly utilized in the
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assessment of new-onset cardiomyopathies. In addition to characterization of
structural heart disease, CMR serves as a powerful tool to help define the etiology
of cardiac dysfunction. The presence and pattern of delayed gadolinium
enhancement aid in the noninvasive diagnosis of specific cardiomyopathies,
including ischemic, amyloid, sarcoid, hypertrophic, and myocarditis.

* In patients with I[CM who have high-grade coronary lesions, a myocardial
viability study can be useful to determine the benefit of revascularization. There
are several types of wviability 1maging studies including thallium
rest/redistribution, dobutamine echocardiography, positron emission tomography,
and MRI. The choice of modality should be driven by the institutional expertise.

Distwe 8 Pro r_e,\vm

 Cardiac catheterization is the gold standard for invasive assessment of CAD and
cardiac hemodynamics.

o Given the high prevalence of CAD in patients with reduced LV function,
coronary angiography is recommended for the majority of patients with new-
onset cardiomyopathy to evaluate the extent of CAD.

o In patients with a high ischemic burden and viable myocardium,
revascularization can improve cardiac function and survival.

o It 1s reasonable to consider noninvasive stress testing in patients at very low
risk for CAD.

» Right heart catheterization with an SGC allows the measurement of intracardiac
filling pressures and cardiac output, thereby providing information regarding
volume status, pulmonary artery pressure, cardiac output, and the presence of an
intracardiac shunt.

o Right heart catheterization is particularly beneficial for monitoring cardiac
performance in patients with cardiogenic shock requiring either inotropic or
mechanical support.

e SGC 1s not necessary for the management of routine HF decompensation;
however, it is appropriate to consider for patients not responding to medical
therapy or those with signs of reduced cardiac output.

« Simultaneous right and left cardiac catheterization can be useful in patients with
suspected constrictive pericarditis or valvular cardiomyopathy to aid in diagnosis
and treatment options.
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Approach to Syncope

Christopher L. Holley, Daniel H. Cooper,
and Scott M. Nordlicht

R YORCRE

» The evaluation of syncope can be daunting as there are a myriad of circumstances
that can cause or mimic this common clinical problem.

It is a presentation that requires a consistent approach with realization that we
often will never know with certainty the original precipitating etiology.

* Our role as consultants is to help risk stratify these patients for future events via
diagnostic testing, as appropriate, and to recommend therapy to prevent
recurrences and reduce the risk of injury or death.

Deet‘.tﬁou
» The term “syncope” should be applied to situations where there is
o Temporary, transient loss of consciousness (TLOC)
o Complete and, typically, rapid recovery
o Global cerebral hypoperfusion as the final common pathway regardless of
etiology
» Otherwise, the episode should be referred to as “TLOC” so as to include
nonsyncopal etiologies in the differential diagnosis (Table 6-1).

%tkeu[to Lo gj

« The lifetime incidence of syncope is 30% to 50%.!-3

* It accounts for 3% to 5% of emergency room visits and 1% to 6% of hospital
admissions. Many more cases of syncope are not reported.*

» Large population data showed a rate of 6.2 per 1,000 person-years, with an
increasing incidence in the elderly.® For institutionalized patients over the age of
70, the incidence is as high as 23% over 10 years.5
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» Syncope first must be differentiated from nonsyncopal events involving real or
apparent TLOC, such as seizures and falls (Table 6-1).

* Further subdivision of true syncope is based on specific pathophysiologic
etiologies that include the following four general categories (Table 6-2) in
descending order of frequency:

o Neurally mediated (reflex) syncope

o Orthostatic syncope

e Primary cardiac arrhythmias

o Structural cardiac or cardiopulmonary disease

DI SE

il Presenrsdow

* Initial evaluation of syncope utilizes the history, physical examination, and
electrocardiogram (ECG) to classify presumed causes and identify patients who
are at high risk for death. There are three key questions that need to be answered
with the initial evaluation:

CAUSES OF NONSYNCOPAL TLOC

No loss of consciousness Partial or complete loss of
consciousness
Falls Epilepsy
Cataplexy/drop attacks Intoxication
Psychogenic pseudosyncope Metabolic disorders (hypoglycemia
and hypoxemia)
TIA, CAD TIA, vertebrobasilar disease

TLOC, transient loss of consciousness; CAD, carotid artery disease; TIA, transient ischemic
attack.
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TABLE 6-2

CLASSIFICATION AND CLASSIC PRESENTATIONS
OF SYNCOPE

Types of syncope

Reflex (neurally
mediated)

Vasovagal

Carotid sinus
Situational

Orthostatic
hypotension

Wolume depletion
Autonomic failure
Drug-induced

Cardiac
arrhythmia

Sinus node
dysfunction

AV conduction
disease

Tachycardias
Long-QT

Classic presentations

Combination of reflex bradycardia and vasodilation,
most common cause of syncope

Precipitated by emotional stress, prolonged standing,
and association with nausea

Precipitated by carotid artery manipulation
Related to micturition, defecation, or coughing

Posture changes result in symptoms and/or a drop
in systolic blood pressure =20 mmHg

Heat exposure, poor intake, diuretic use

Parkinson disease, diabetes

Mitrates, w-blockers, clonidine, other
antihypertensives

Insufficient cardiac output to meet systemic
demands due to either bradycardia or tachycardia

Often preceded by palpitations

Symptomatic bradycardia, sick sinus syndrome
with AF

B-Blockers, calcium channel blockers, Lenégre
disease

SVT or VT

Congenital and/or drug-induced
( Continued)
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CLASSIFICATION AND CLASSIC PRESENTATIONS
OF SYNCOPE (Centinued)

Types of syncope Classic presentations

Current use of certain antiarrhythmic, antihista-
mine, antibiotic, antipsychotic, antidepressant

medications
Cardiopulmonary Insufficient cardiac output to meet systemic
disease demands due to abnormalities in the structure or

function of the heart

Clues include known cardiac disease, exertional syn-
cope, family history of sudden death, and syncope

while supine
Valvular heart Severe aortic stenosis
disease
Acute ischemia/ Particularly right ventricular infarct
infarction
HCM Often exercise-induced syncope
Pulmonary Acute decrease in LV filling
hypertension or
embaolism
Vascular steal Subclavian steal syndrome, with increased arterial

blood flow to upper extremity causing a reversal of
blood flow in the Circle of Willis

AF, atrial fibrillation; AV, atrioventricular; SVT, supraventricular tachycardia; VT, ventricular
tachycardia; HCM, hypertrophic cardiomyopathy; LV, left ventricular.

o [s loss of consciousness attributable to syncope or not?
o Is heart disease present or not?
o Are there important clinical features in the history that suggest the diagnosis?

* In addition, consideration of inpatient versus outpatient evaluation should depend
on comorbidities and initial findings. In general, patients with the following
should be admitted to avoid delay and adverse outcomes:

o Elderly (age > 65 years)

Known structural heart disease

Symptoms suggestive of primary cardiac syncope

Abnormal ECG

Severe orthostatic hypotension

Focal neurological deficits

a

o

o

u]

u]
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a]

Family history of sudden death
Exertional syncope

Syncope causing severe injury
Syncope while driving

a]

s ]

a
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Often, the diagnosis of syncope is evident from the history.

Aspects of the history that need to be explored in order to aid diagnosis and
further categorize the event include a prodrome before the attack, eyewitness
accounts during the event, the patient’s recollection immediately after the attack,
circumstances that may have played a causative role in the event, and general
questions about the patient’s medical history.

A helpful mnemonic is, “I passed out on the BEACH” (Table 6-3).

For patients with recognizable reflex or orthostatic syncope that occurs
infrequently or as an isolated episode, no further workup is necessary. These
patients generally have a good prognosis and can be managed as outpatients with
treatments listed below.

In patients with a suspected cardiac etiology, an inpatient cardiac evaluation
is warranted.

7 L\j Wl Bowtuotew
» The examination should include assessment of orthostatic vital signs and careful

neurologic, pulmonary, and cardiovascular assessment.
o Proper orthostatic vital signs include
" Blood pressure (BP) checked (both arms) after the patient lies supine for at
least 5 minutes
" BP measured 3 minutes after standing
" Orthostasis = 20-mmHg decrease in systolic BP and/or 10-mmHg decrease in
diastolic BP and/or 10-bpm increase in heart rate (HR)
o Cardiovascular findings that may point to cardiogenic syncope include
" Arrhythmias (tachyarrhythmias, bradyarrhythmias, and irregularity)
® Murmurs (especially aortic stenosis or hypertrophic obstructive
cardiomyopathy)
® Evidence for heart failure (S3, S4, edema, and elevated JVD)
o Neurologic findings are often absent, but might include evidence of autonomic
neuropathy (e.g., inappropriate sweating, lack of HR wvariability, extreme
orthostatic BP changes).
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ESSENTIAL QUESTIONS TO EVALUATE HISTORY
OF SYNCOPE

Before Nausea, vomiting, feeling cold, sweating, dizziness,
visual changes

Eyewitness Duration of transient loss of consciousness, movements
(tonic, clonic, other), description of patient falling

After Confusion, muscle aches, incontinence, nausea,

vomiting, sweating, pallor

Circumstances Position (supine, standing), activity (rest, exercise, rising
to stand, cough, urination), possible precipitants (fear,
pain, prolonged standing)

History Prior syncopal episodes, known cardiac, neurologic,
or metabolic disease, known history or symptoms of
obstructive sleep apnea medications (including over
the counter), alcohol or illicit drug use, family history of
sudden cardiac death

o A firm massage at the carotid artery bifurcation for 5 to 10 seconds may
reproduce symptoms, particularly in the elderly.

" This maneuver can be performed safely at the bedside with the patient lying
recumbent on telemetry monitoring and appropriate bradycardia treatments
available.

" The test is considered positive if it results in a ventricular pause of >3
seconds.

® Neurologic complications are rare (<0.5%), but the procedure should be
avoided in patients with known carotid disease, carotid bruits, or a recent
transient ischemic attack (TIA)/cerebrovascular accident.

ngu eridr Tesidw 4
* Given the broad differential, the syncope evaluation is notorious for triggering

extensive, multimodality diagnostic testing.
e The 2006 American Heart Association (AHA)/American College of Cardiology

(ACC) algorithm for cardiac evaluation of syncope is outlined in Figure 6-1.7

IKWfamo\?og’mTL

Specific abnormalities to look for on ECG include

» Evidence of sinus node dysfunction

» Evidence of atrioventricular conduction abnormalities

 Tachyarrhythmias (supraventricular tachycardia [SVT], ventricular tachycardia
[VT], atrial fibrillation [ AF])

89
najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

» Evidence of ventricular preexcitation (delta waves)
» Evidence of underlying structural heart disease includes
o Q waves suggestive of prior myocardial infection
o Wide QRS (>120 milliseconds)
o Left ventricular hypertrophy pattern suggestive of hypertrophic cardiomyopathy
(HCM)
o Anterior precordial T-wave inversions and/or epsilon waves suggestive of
arrhythmogenic right ventricular dysplasia (ARVD)
» Evidence of channelopathy:
o Long or short QT.
o Right bundle branch block with down-sloping ST elevation and T-wave
inversion in V1-V3 (Brugada pattern).

A

» The expanded cardiac evaluation includes an echocardiogram, exercise testing,
and an ischemic evaluation.

o In appropriate patients, an exercise stress echo would be sufficient to complete
all three aspects of testing (baseline imaging followed by exercise protocol and
stress imaging).

o The echocardiogram alone may be diagnostic in cases of valvular heart disease,
cardiomyopathy, or congenital heart disease.

o Exercise testing is preferable to pharmacologic stress and should be symptom-
limited.

o Noninvasive testing for ischemia should be followed by cardiac
catheterization if there is an evidence of ischemia or previously unrecognized
infarction.

» Cardiac magnetic resonance imaging or computed tomography may be helpful in
the evaluation of structural heart disease, including HCM, ARVD, or coronary
anomalies.

« If an arrhythmic cause is suspected, but not evident on the initial workup or on
expanded cardiac evaluation, ambulatory cardiac rhythm monitoring can be

achieved via one of the following modalities®:

o Holter monitor (24 to 48 hours of continuous recording)

o Event recorder (1 month of patient-activated or patient-triggered recordings to
temporally correlate with symptoms)

o Mobile Continuous Outpatient Telemetry (MCOT) for up to one month of
continuous monitoring

o Implantable loop recorder (years of continuous recording)
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Syncope

History, Physical Examination, Electrocardiogram

Diagnostic for orthostatic Unexplained syncope
hypotension or neurccardioganic
syncope ) )
Echocardiogram, exercise test,
and ischemia evaluation
if found, treat for structural hear Mormal
disease and ischamia.
For arrhythmia evaluation, consider
electrophysiological testing if thare
is a history of a myocardial infarction.
Consider implantable defibrillator if
the laft ventricular afection fraction
is = 0.3, with or without a history
of a myocardial intarction.
v
Single, banign Fr&imm Infrequent
aplsoda apisodes aptsndes
Evaluation Correlate symptoms
complete with rhwythm with
Hofter or avent
monitor, or
implantable loop
recorder, as Implaniable
appropriate. koop raconder
v
Sinus rhythm Arrhythmia

with symploms  with symptoms

-

Cardiac Tireat
evaluation
complate
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o The choice of monitoring is dependent on the frequency of symptoms and type of
suspected arrhythmia. Even in a highly selected population, the diagnostic yield
of ambulatory cardiac monitoring is relatively low.

* Tilt table testing has been used traditionally as a diagnostic tool to characterize a
patient’s hemodynamic response to controlled postural change from supine to
upright state to aid in the diagnosis of a reflex-mediated (neurocardiogenic)
syncope.

o Physiologically, there is a large volume shift during repositioning, with 500 to
1000 mL of blood moving from the thorax to the distensible venous system
below the diaphragm within the first 10 seconds.
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o The hydrostatic pressures created by the upright position result in a similar
volume of fluid moving to the interstitial space within 10 minutes.

o Autonomic vasoconstriction is the key reflex to counter this orthostatic stress,
and failure of the vasoconstriction mechanism at any point may result in
syncope.

o An under-filled right ventricle will trigger a strong vagal response, leading to
bradycardia and hypotension

o Results are classified as primarily vasodepressor, cardioinhibitory, or mixed.

o Unfortunately, the test has a low sensitivity and reproducibility. It is our
institutional bias that a tilt table test adds very little to a thorough history,
physical examination, and standard cardiac workup of syncope.

* Electrophysiology studies (EPS) can be useful in selected patients. Indications
for EPS include

o Abnormal ECG suggesting conduction system cause

Syncope during exertion or while supine or in the presence of structural heart
disease

Syncope with associated palpitations

Family history of sudden death

To define/ablate identified arrhythmias in patients with high-risk occupations

TEENVEYT

» Treatment of syncope can be broadly defined as preventing recurrences and
reducing the risk of injury or death.

* In general, this is tailored to treat the suspected underlying etiology of the syncope.

 Various approaches to treating the four etiologies of syncope are shown in Table
6-4.

o

u]

u]

a]
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 The most common pharmacologic options for preventing venous pooling and
aiding intravascular volume expansion include

o Midodrine (2.5 to 10 mg by mouth (PO) three times a day)”!°
® Peripheral a-agonist causing both arterial and venous constriction
" Adverse effects: paresthesias, piloerection, pruritus, and supine hypertension
" Avoid in patients with carotid artery disease (CAD), peripheral arterial
disease, and acute renal failure
" The only drug shown effective in trials for orthostatic hypotension and reflex-
mediated syncope
o Fludrocortisone (start 0.1 mg PO daily, can increase by 0.1 mg weekly to
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maximum of 1.0 mg PO daily)
® Synthetic mineralocorticoid causing sodium retention and volume expansion

" Adverse effects: hypertension, peripheral edema, and hypokalemia
" An ongoing randomized control trial (POST II) is investigating effectiveness

in reflex syncope'?

o B-Blockers are often prescribed for syncope, though trials do not support this
13

11

practice.

TAILORED TREATMENT OF SYNCOPE

Avoid precipitants (prolonged standing, overheating);
adequate hydration; isometric muscle contraction
during prodrome to abort episodes; cardiac pacing
for carotid sinus syncope with bradycardia; compres-
sion stockings; salt supplementation; fludrocortisone;
midodrine

Orthostatic Adequate hydration; eliminate offending drugs; stand
slowly; support stockings; consider salt supplemen-
tation, fludrocortisone, or midodrine

Arrhythmia Cardiac pacing for sinus node dysfunction or high-
degree AV block; discontinue QT-prolonging drugs;
ICD for documented VT without correctable cause;
endocardial ablation procedure in select patients

Cardiopulmonary Correction of underlying disorder (valve replacement,
revascularization); ICD for syncope with EF <35%
even in the absence of documented arrhythmia
(presumed VT)

AV, atrioventricular; ICD, implantable cardioverter/idefibrillator; VT, ventricular tachycardia; EF,
gjection fraction.

0‘%@ ‘"a uTL/muM(_o Le e #«eaﬂftm

» For reflex syncope, effective treatment may be as simple as avoiding syncopal
precipitants.

 When such precipitants cannot be avoided, coping strategies can be helpful.
Isometric muscle contractions can improve venous return and abort frank syncope
in patients with a recognizable prodrome.

Ieferss e/ R LWk X2t rtow
* Driving restrictions should be discussed in patients with unexplained syncope
when appropriate.
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Recommendations currently vary depending on etiology, underlying disease, type
of license held (private versus commercial), and adequacy of treatment.

If cause of syncope is an active cardiac arrhythmia, patients should be instructed
not to drive until successful treatment has been initiated and the patient has
received permission from the treating physician.

In general, in patients with a serious episode of syncope that is not clearly due to a
reversible etiology, guidelines recommend driving restriction for 3 to 6 syncope-
free months. Also, federal law and variable state law pertinent to licensure in
these individuals exist and should be consulted when applicable.

OUTQ We PR W0 5%

One-third of the patients with syncope will have a recurrent event within 3 years.
Select subgroups of patients with noncardiac syncope who have an excellent
prognosis. Young, otherwise healthy individuals with a normal ECG and without
identifiable heart disease have essentially no increased risk of death relative to the
population at large.

Reflex syncope is associated with no increase in mortality risk.

Syncope from orthostatic hypotension has an excellent prognosis if the underlying
abnormality is easily identified and treated.

In contrast, syncope with an identifiable cardiac etiology carries a higher risk of
mortality, particularly in patients with advanced heart failure. Mortality
approaches 45% at 1 year for patients with syncope and left ventricular (LV)

ejection fraction <20%.
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Cardiovascular

Emergencies
vy

Sara C. Martinez and Phillip S. Cuculich

» Cardiovascular emergencies require urgent care by a cardiovascular care team
and treatment in an intensive care unit (ICU) or emergency department setting after
initial stabilization.

* Topics presented in this chapter include symptomatic bradycardia, symptomatic
tachycardia, ST-segment elevation myocardial infarction (STEMI), late
complications of a myocardial infarction (MI), cardiac tamponade, hypertensive
emergencies, cardiogenic shock including acute decompensated heart failure
(ADHF), and cardiac device malfunctions.

» This chapter is meant as a hands-on, rapid checklist to help manage patients with
the above cardiovascular emergencies. Detailed discussion of each disease can be
found elsewhere in this book.

O Y PRCRE

» Asking yourself the “Five S” questions to a SSSSSlow heart rate can quickly help
organize your diagnostic thoughts and action plans: Is the patient “Stable”?, What
are the “Symptoms™?, Where is the “Source”?, How do I “Speed” up the Heart?,
and Should I “Set up” for a pacemaker?

» Advanced Cardiac Life Support (ACLS) guidelines for symptomatic bradycardia
are provided in Figure 7-1.!

* Ensure that the patient has adequate intravenous (IV) access and oxygenation. Call
for a code cart. Additionally, external pads should be placed on the patient and
connected to a monitor with transcutaneous pacing capacity.

DI SE
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Bradycardia in an adult is defined as a resting heart rate less than 60 beats per
minute (bpm); however, it is rarely symptomatic unless less than 50 bpm.
Correlate a palpated pulse with an electrocardiogram (ECG). Asymptomatic
bradycardia does not require emergent treatment.

Symptomatic bradycardia at rest or with hypotension or syncope requires
immediate attention to the circulation, airway, and breathing and initiation of basic
life support if appropriate.

A brief review of the rhythm strip or ECG is important to determine whether the
bradycardia originates above or below the atrioventricular (AV) node.

Advanced AV block (type II second- or third-degree AV block) is unlikely to

respond to the increased atrial heart rates that atropine provides and will likely
need urgent pacing.

Ventricular escape bradycardia is unstable and requires preparation for urgent
pacing.

Adult Bradycardia
(With Pulse)

Identify and treat underlying cause

* Mainiain patent airvay, assist breathing as necassary

* Dxygan (if hypoemic)

* Cardiac monitor to identify rhythm; mondior blood pressuna and coametry
* [\ accoss

® 12-Load ECG if availabla; don't delay therapy

4
Monitor and observe

Dozea/Detnils

Atropine IV Dose:

First dose: 0.5 mg bolus
Repeat overy 3-5 minutes
Maximum: 3 mg
Dopamine IV Infusion:
2-10 meoghg per minute
Epinephrine |V Infusion:
2=10 mog poer minute
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e Atropine: 0.5-1.0 mg IV. Doses can be repeated every 3 to 5 minutes. The
exception to using atropine is type Il second-degree AV block, which may be
worsened by atropine. Atropine may be given through an endotracheal tube (1 to 2
mg diluted to a total not to exceed 10 mL of sterile water or normal saline) if IV
access is not available.

* Dopamine: 2 to 10 pg/kg/minute IV to keep systolic blood pressure (SBP) >90
mmHg.

e Epinephrine: 2 to 10 pg/minute I'V to keep SBP >90 mmHg.

0%& ‘V[a uTLimwM!p Le e ‘mmﬂftw
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* Place pads on the anterior and posterior chest walls. Initially, begin pacing at the
highest output. Rapidly reduce the output until ventricular capture is lost and then

increase the output until regular capture is seen. If hypotension is not severe,
sedate the patient.

 Prepare for transvenous pacing (see Chapter 8).

PECH VY DERATEY

» Check a daily portable chest radiograph on patients with temporary pacemakers,
as pacing wires may migrate.

» The patient who exhibits rising hypertension, bradycardia, and erratic breathing
(Cushing triad) merits an immediate head computed tomography (CT) and
neurosurgical consult, as this implies severely increased intracranial pressure
(ICP).

T PP

« Similar to the assessment of the patient with bradycardia, the first question to ask
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yourself 1s, “Is this person stable?” Check the palpable pulse, blood pressure
(BP), and oxygen saturation. If the patient is pulseless or clinically unstable,
proceed to defibrillation as described in the “Clinically Unstable” heading in this
section and ACLS guidelines for tachycardia in Figure 7-2.!

Adult Tachycardia
(With Pulse)

Assash appropriatensss for dinkal conditon,
Heart rate typically =150/minute if tachyarrythmia,

Doses/Detalls

Synchronized Cardioversion

Inital recommended doses:

* Marrow ragular: 50—100J

* Narrow iregular: 120-200 J biphasic
or 200 J monophasic

* Wide regular: 100 J

* Wide imapular; dofiorillation dose
{MOT synchronized)

Adanosine IV Dosa:

Synchronized cardioversion | it ove 0. d repid IV push folow

Yos _ « Consider sadation Sgcond dose: 12 mg if required.

Antiarrhythmic nfusions for
Stable Wide-ORS Tachycardia

Procalnamide IV Dose: :
20=-50 mg/minuta until amhythmia
suppressed, ypotansion ansues,
QRS duration increases >50%, or
maximum doss 17 mg/kg given,
Maintananca infusion: 1—4 mg/minuts.
Avold if prolonged OT or CHE.
Amiodarone IV Dose:

First dosa: 150 mg over 10 minutes,
Repeat as neaded # VT recurs.
Foliow by maintanance infusion of
1 mgminuste for first & hours.
Sotalol IV Dosa:

100 mg (1.5 mgrkg) over § minutes.
Aurcid if prolonged QT,
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* Ensure adequate IV access and oxygenation and call for a crash cart.
» Analysis of the ECG dictates management of the clinically stable patient.
» Heart rate typically defined as greater than 150 bpm in an adult.

PR SF
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* Supraventricular tachycardia (SVT) with a QRS complex <120-millisecond
duration on ECG.
* The most common SVTs in order of frequency are
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o Sinus tachycardia
o Atrial fibrillation
o Atrial flutter
o AV nodal reentry tachycardia (AVNRT)
o AV reentry tachycardia (AVRT, accessory pathway-mediated)
o Atrial tachycardia (ectopic and reentrant)
o Multifocal atrial tachycardia
o Junctional tachycardia

* Narrow QRS complex arrhythmias are further diagnosed and often treated by
slowing the conduction through the AV node. This can demonstrate the underlying
atrial rhythm without large ventricular QRS complexes obscuring the rhythm
(atrial fibrillation, flutter, and ectopic atrial tachycardia). Additionally, slowing
AV node conduction can halt the tachycardia if it is dependent on the AV node as
part of the tachycardia circuit (AVNRT and AVRT).

Wltke QQC& uzfl.e)( Ta’Lj (_imn\'m
* QRS duration >120 milliseconds:

o Ventricular tachycardia (VT)

o SVT with aberrancy

o Preexcited tachycardias (Wolff-Parkinson- White syndrome)

o Ventricular pacemaker

 Typically, wide QRS complex tachycardias are more challenging by requiring a
working diagnosis before the treatment plan is executed. Treatment of VT is
different from SVT with aberrancy or preexcited tachycardia.

 The following points suggest VT as the cause:

o Known structural disease: Patients with coronary disease or ventricular
dysfunction are more likely to have VT as the cause of wide complex
tachycardia.

o Change in QRS morphology: A major change in QRS morphology and/or a shift
in axis in comparison with a prior ECG suggests VT.

o VA dissociation

o Fusion/capture beats

o Positive or negative concordance of QRS in ECG leads V1 to V6

« ECG 201 has additional criteria to aid in determining the rhythm of a wide
complex tachycardia (see Chapter 23).

TR
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e Patients who are pulseless or clinically unstable with tachycardia require
immediate defibrillation with unsynchronized high-energy shocks (200 J, 300
J, 360 J) followed by appropriate C-A-B attention of ACLS, focusing on high-
quality cardiopulmonary resuscitation compressions.

e Amiodarone (300 mg IV once, repeat at 150 mg IV once) should be given for
continued pulseless VT.

e Epinephrine 1 mg [V/IO should be given every 3 to 5 minutes.

» Vasopressin 40 units IV/IO can also be given.

* Maximum output shocks should continue every 30 to 60 seconds if the
VT/ventricular fibrillation (VF) continues.

 Calcium and bicarbonate should be administered if hyperkalemia is suspected.

tu tmuj Sl Le
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* AV node slowing can be achieved by increasing vagal tone with a carotid sinus
massage; however, this should be avoided in patients with known carotid artery
disease (CAD).

* Adenosine can be rapidly pushed (6 to 12 mg) IV with a flush. Ideally, have a
continuous 12-lead ECG printing as a “rhythm strip,” while adenosine is given. If
possible, warn the patient about a flushing sensation and possible coughing.

Weke QFE CompleX Tochy candis

* Monomorphic VT: Amiodarone (150 mg IV over 10 minutes, followed by 1
mg/minute continuous infusion for 6 hours and then 0.5 mg/minute continuous
infusion for the next 18 hours) should be used. Alternative options include
procainamide or sotalol. If the patient becomes unstable or the VT persists, a
synchronized defibrillation shock should be considered with sedation.

 In the absence of contraindications, the general order of medical treatment for
recurrent VT (VT storm) 1s (1) IV amiodarone, (2) IV and oral B-blockers, (3) IV
lidocaine, (4) IV and oral benzodiazepine, and (5) general anesthesia and
endotracheal intubation. Electrophysiologic study with catheter ablation may play
a role for treating VT. Selective sympathetic denervation (spinal anesthesia and
stellate ganglion surgery) and ventricular support devices (intraaortic balloon
pump [IABP] or left ventricular assist device [LVAD]) have a role in refractory
cases.

e Polymorphic VT: This can become unstable quickly. A prolonged QT interval in
sinus rhythm should raise the concern of torsades de pointes. Immediate treatment
should include administering 4 g IV magnesium, overdrive pacing, or IV
isoproterenol at 5 pg/minute IV infusion. Amiodarone (150 mg IV over 10
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minutes) may be helpful, particularly if the QT interval is normal at baseline.
Underlying medications or overdoses should be investigated.
* Persistent torsades de pointes requires defibrillation.

SPECEL () Y TERTEY

» Patients with a prolonged QT interval at their baseline should have their
medications reviewed for QT prolonging agents.

 Patients who are started on an antiarrhythmic medication should have continuous
telemetry monitoring and periodic 12-lead ECGs. Class 3 antiarrhythmics
(amiodarone and sotalol) can prolong the QT interval. Class 1 antiarrhythmics can
prolong the QRS complex.

 For patients on IV lidocaine, there should be frequent neurologic checks and serum
lidocaine levels should be checked to avoid toxicity.

» “Time 1s muscle!” is the overriding theme of countless clinical studies regarding a
STEMI, meaning that early successful coronary reperfusion strategies lead to
improved short- and long-term outcomes.

« IV thrombolytic medication and/or percutaneous coronary intervention may
achieve reperfusion in appropriate patients.

* A detailed discussion can be found in Chapter 12 including benchmark goals and
treatment algorithms.

» These consist of ischemic, mechanical, arrhythmic, inflammatory, or thrombotic
events occurring after a prior ML

 Postinfarction complications rates have fallen dramatically since the advent of
early reperfusion strategies.

» Patients with large infarction, silent infarction, late presentation, delayed, or

incomplete reperfusion remain at a high risk for life-threatening late complications
of ML

DI SE
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 Anurgent bedside echocardiogram cannot be overemphasized for the rapid
diagnosis of many late complications of MIs.

e The mnemonic “FEAR A MI” is a logical way to remember and respect the
following potentially life-threatening complications while caring for a patient in
the ICU:

o

Failure: Left ventricular (LV) dysfunction is the single most powerful predictor
of survival following an MI. Clinical symptoms of heart failure are more likely
in patients with large infarcts, advanced age, and/or diabetes. Treatment for
post-MI systolic heart failure can be found in Chapters 5 and 14.

Effusion and Tamponade: Post-MI effusions are rarely life-threatening and can

be from inflammatory or hemorrhagic causes. If tamponade physiology is

present, consider hemorrhagic effusion from a ventricular rupture (see “Cardiac

Tamponade™ below).

Arrhythmia: Infarction-specific arrhythmias include the following:

" Accelerated idioventricular rhythm (AIVR) is considered a reperfusion
rhythm, as it is often seen immediately after a successful reperfusion. It is
characterized by a relatively slow ventricular rate (80 to 110 bpm).

" VT is often the terminal rhythm in the periinfarct time period and is associated
with increased mortality when it occurs in the first 48 hours of hospitalization.

® In contrast, nonsustained VT is not associated with an increased risk of death
during the index hospitalization or over the first year after infarction.

" MI can cause a block at any level of the conduction system.

" In general, proximal (AV nodal) conduction disease is associated with an
infarct of the right coronary artery. This type of heart block often reverse with
time.

" Distal (infranodal) conduction disease is frequently associated with a large
left anterior descending (LAD)/septal infarct and is longer lasting and
potentially life-threatening.

Rupture:

" Ventricular rupture 1s often a striking and life-threatening clinical
presentation. The rupture can be in the ventricular freewall, ventricular
septum, or papillary muscle.

" Clinical suspicion, the timely use of echocardiography, and a pulmonary
artery catheter (PAC) are essential for prompt diagnosis of this serious
complication.

Aneurysm: True LV aneurysms complicate less than 5% of acute infarctions,

but are associated with a considerably lower survival rate.

® The characteristic ECG findings of LV aneurysm are Q waves with persistent
ST elevations, though the diagnosis is best confirmed with a noninvasive
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imaging study.

® A pseudoaneurysm, distinct from an aneurysm, can be thought of as a
contained rupture. It is most often seen with an inferior MI and the treatment is
urgent surgery. Both surgical and medical treatments carry a very high
mortality.

o Recurrent ischemia/reinfarction: The complaint of chest pain after an MI may
represent recurrent ischemia from incomplete revascularization. Ischemia recurs
in 20% to 30% of patients receiving thrombolytic therapy and up to 10% of
patients after percutaneous revascularization. Serial cardiac biomarkers and
ECG can help identify at-risk patients.

TR U
* No treatment is warranted for AIVR when it is combined with a clinical scenario
of reperfusion.

* Transient proximal AV block often does not warrant immediate temporary
pacemaker placement. One exception is AV block in the setting of RV infarction,
where restoration of AV synchrony can improve RV filling and thus cardiac
output.

 Distal AV block is frequently associated with an LAD/septal infarct and is longer
lasting and potentially life-threatening. Immediate pacing efforts should be
pursued.

* Ventricular rupture requires emergent surgical consultation.

» Normally, antianginal medications (nitrates and -blockers) can control symptoms
of recurrent ischemia.

* Reinfarction due to stent thrombosis usually has a dramatic presentation with
severe anginal pain refractory to medical therapy and evolving ST elevations on
ECG. These findings warrant additional prompt revascularization efforts.

WJ@%
* Cardiac tamponade is compression of the cardiac chambers by a pericardial
effusion mechanically inhibiting their proper filling.

» The presence of a pericardial effusion does not necessarily mean that tamponade
physiology is present.

* Detailed discussion on the etiology, pathophysiology, and nonemergent
management of pericardial effusion is presented in Chapter 17.
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* Characterized by the following parameters:
o Elevation of intrapericardial pressure
o Limitation of RV diastolic filling
o Reduction of LV stroke volume and cardiac output
 Cardiac tamponade is a clinical diagnosis associated with relative hypotension.
* History can reveal a potential cause and rate of fluid accumulation.
* Pertinent physical examination findings include altered mental status, hypotension,

tachycardia, jugular venous distension, and pulsus paradoxus.?
 Supporting diagnostic information can be obtained by evaluating an ECG for low
voltage and electrical alternans and a chest x-ray (CXR) for a water bottle—shaped
heart.
» Echocardiography: distinguishing features on a transthoracic echocardiogram:
o Pericardial effusion
o RV diastolic collapse
o Right atrial notching
o Tricuspid and mitral valve inflow variation in Doppler velocities of >40% and
>25%, respectively
o Dilated inferior vena cava

TR

* Initial medical manage ment:

o Volume expansion: Initial management consists of increasing preload with IV
fluids.

o BP: Maintain BP with norepinephrine and dobutamine as needed.

o Avoid vasodilators and diuretics.

o The decision to drain the pericardial fluid, as well as the method (surgical or
percutaneous) and timing (emergent or elective) of the procedure, should be
individualized to each patient taking into account the acuity of the patient’s
condition, availability of trained personnel, and etiology of the effusion.

* Pericardiocentesis:

o Pericardiocentesis is a potentially life-threatening procedure, which should be
performed by trained personnel with hemodynamic monitoring and
echocardiographic guidance whenever possible.

o Blind percutaneous pericardiocentesis may be needed to stabilize a
hemodynamically unstable patient.

o Use a “pericardiocentesis kit” if possible, which allows for a rapid procedure
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with appropriate supplies.

o Insert the 8-cm, 19-gauge blunt tipped needle attached to a syringe through the
subxiphoid region.

o Direct the tip posteriorly toward the patient’s left shoulder and slowly advance
the needle at a 30-degree angle to the body with gentle aspiration.

o Attaching an ECG electrode to the pericardiocentesis needle may aid in
avoiding myocardial puncture. Electrical activity will be seen on the monitor
when the needle contacts ventricular myocardium.

o Aspiration of clear, serous fluid may be from the pericardium or pleural
effusion. Aspiration of bloody fluid may be from the pericardium or the right
ventricle.

o Removal of 50 to 100 mL of pericardial fluid should cause a hemodynamic
improvement if tamponade is the cause of the hypotension

Brperteusive BwerCeusy
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» Severe hypertension affects the renal (elevated serum creatinine and hematuria),
cardiovascular (angina, heart failure, and aortic dissection), and neurologic
(headache, mental status changes, vision alterations from retinal damage, and
papilledema) systems.

* Hypertensive emergency is the presence of end-organ damage from elevated BP
necessitating rapid reduction by using IV medications.

 In contrast, hypertensive urgency can be treated with oral medications with the
goal of BP reduction over the course of days.

DIW S%

 Elevated BP recordings, often with SBP >200 and diastolic blood pressure (DBP)
>120 mmHg.

* End-organ damage can manifest with physical examination findings of an abnormal
neurologic examination, pulmonary edema, or discrepant BP readings from each
arm, suggestive of an aortic dissection.

TR

» A reasonable and safe goal for hypertensive emergency is to reduce the mean
arterial pressure (MAP) by 20% to 25% within a few hours.
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A larger reduction in BP in the first few hours may worsen end-organ damage,

particularly in the brain.

» Exceptions include aortic dissection, LV failure, and pulmonary edema, in which
BP should be reduced quickly and to a lower target BP.

 Placement of an arterial line should be strongly considered for the most accurate
BP measurement.

 Specific antihypertensive medications should be adjusted for the situation.

» Commonly used first-line IV agents include

o

Sodium nitroprusside: A rapid arterial and venous dilator. IV dosing starts at
0.25 pg/kg/minute and is titrated every 5 minutes to a maximum of 10
ng/kg/minute. Thiocyanate toxicity is an uncommon side effect and occurs with
prolonged infusions (days) in patients with hepatic or renal insufficiency.
Labetalol: An a-antagonist and nonselective p-antagonist with partial 3-2
agonist quality. Labetalol can be given as bolus doses of 20 to 40 mg IV every
10 to 15 minutes or with an infusion of 0.5 to 2 mg/minute. Relative
contraindications to labetalol include heart failure, bradycardia, AV conduction
block, and chronic obstructive pulmonary disease.

Esmolol: A rapidly acting, B-1-selective agent with a short half-life. Similar
relative contraindications to labetalol.

Nitroglycerin (NTG): A weak systemic arterial dilator but should be
considered when managing hypertension associated with CAD. The usual initial
dose 1s 5 to 15 pg/minute and can be titrated every 5 minutes to goal BP or onset
of headache (common side effect). NTG has a rapid onset and offset of action.
Hydralazine: A direct arterial vasodilator. A starting dose of 10 to 20 mg IV
may be given. The onset of action is 10 to 30 minutes. Hydralazine causes a
reflex tachycardia and is contraindicated in myocardial ischemia and aortic
dissection.

Fenoldopam: A selective dopamine (D1) receptor partial agonist also improves

renal perfusion.>* It may be particularly beneficial for those with accompanying
renal dysfunction. The IV dosage is 0.1-1 pg/kg/minute starting at 0.025 to 0.3
ng/kg/minute, increasing by 0.05 to 0.1 pg/kg/minute every 15 minutes.
Fenoldopam should be avoided in patients with increased intraocular pressure.

SPECTL () Y TERATL Y

» Reversible causes of severe, medical refractory hypertension are warranted for
patients who present with hypertensive urgency/emergency. These include blood
tests for hyperaldosteronism and a noninvasive scan for renal artery stenosis.

e Hypertensive encephalopathy:
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o Agents of choice are nitroprusside or labetalol.

o Central nervous system depressants, such as clonidine, should be avoided.

o Antiepileptics may help patients with seizures and lower BP.

Cerebrovascular injury:

o The need to maintain cerebral perfusion pressure outweighs the acute need
to lower BP.

o Cerebral perfusion pressure (MAP-ICP) should be kept >70 mmHg if ICP
monitoring is available.

o Acute stroke or intracranial hemorrhage:
= BP >230/140 mmHg: Nitroprusside is agent of choice.
= BP 180-230/140-105 mmHg: Labetalol, esmolol, or other easily titratable IV

antthypertensive.
® BP <180/105: Defer hypertensive management.

Aortic dissection:

o Type A dissection: Patients should be referred for emergent surgical correction
and aggressively treated with antihypertensives.

o Type B dissection: Treated with antihypertensives. Labetalol or esmolol should
be started initially to lower heart rate, followed by nitroprusside if necessary.
See Chapter 29 for a detailed approach to aortic dissection.

LYV failure with pulmonary edema:

o Rapid reduction in BP should be achieved with a nitrate or NTG.

o Small doses of loop diuretics are often effective.

Myocardial ischemia:

o [V NTG will improve coronary blood flow, decrease LV preload, and
moderately decrease systemic arterial pressure.

o [B-Blockers should be added to decrease heart rate and BP.

Preeclampsia and eclampsia:

o Methyldopa, a centrally acting a-blocker, is the drug of choice for hypertension
in pregnancy due to large experience in this setting.

o [V labetalol may also be used with appropriate fetal monitoring.

o Angiotensin converting enzyme (ACE) inhibitors are contraindicated in
pregnancy.

Pheochromocytoma may present with a markedly elevated BP, profound

sweating, marked tachycardia, pallor, and numbness/coldness/tingling in the

extremities.

o Phentolamine, 5 to 10 mg IV, is the drug of choice and should be repeated as
needed.

o Nitroprusside may be added if necessary.

o A B-blocker should be added only after phentolamine to avoid unopposed a-
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adrenergic activity. Of note, labetalol (a-blocker and nonselective B-blocker)
and clonidine interfere with catecholamine assays used in the diagnosis of
pheochromocytoma, so they should be held before the diagnosis 1s made.
* Cocaine-related hypertensive emergency can be treated with benzodiazepines.

o Severe hypertension should be treated with nondihydropyridine calcium channel
blockers (e.g., IV diltiazem), NTG, nitroprusside, or phentolamine.

o B-Blockers should be avoided given the risk of unopposed a-adrenergic activity,
although labetalol, which has a-antagonist activity, may be used.

GO Y PRCRE

* A logical algorithm for the assessment and treatment of ADHF is presented in
Figures 5-1 and 14-2.
» Approximately 6% to 8% of patients with acute coronary syndrome will develop

cardiogenic shock during hospitalization, most often due to a STEMI.>®

» Objective measures of shock include mental status, urine output, and arterial and
venous oxygenation. Other secondary markers that are helpful include BP, heart
rate, PAC values, serum creatinine, and liver enzymes.

De{tht*hu

 Patients with the highest immediate mortality (>50%) are those with cardiogenic
shock: a low-output state with signs and symptoms of organ underperfusion.

» The patient has typical LV pump failure as the cause of cardiogenic shock if the
SBP is <90 mmHg and the cardiac index is <2.2 L/minute/m’.

* The most common cause is an extensive MI, which severely and acutely
compromises LV function.

* Less common causes include RV infarction and mechanical complications, such as
papillary muscle dysfunction or rupture, ventricular septal rupture, and free wall
rupture.

RuLFrrsans

» Risk factors for developing shock include older age, diabetes, anterior infarct,
history of previous MI, peripheral vascular disease, decreased LV ejection
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fraction, and larger infarct.
Underlying cardiomyopathy is a common cause.

DBW SE
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Patients with cardiogenic shock are profoundly hypotensive, peripherally
vasoconstricted (cool to touch), anuric, and often have altered mental status.
Pulses are diminished and rapid. Cardiac examination may reveal tachycardia
with the presence of an S3 and/or S4.

Pay close attention to systolic murmurs indicative of a ventricular septal defect
(VSD) or papillary muscle rupture.

Jugular venous distention and pulmonary rales may also be present.

D\'ﬂg’u eridr Tesidu 4

May show arterial hypoxia, elevated creatinine, and lactic acidosis.

CXR may reveal evidence of pulmonary congestion.

Bedside echocardiography gives rapid information regarding LV systolic function
and mechanical complications, including acute VSD, severe mitral regurgitation,
free wall rupture, and tamponade.

Placement of a PAC is appropriate in this setting and allows for differentiation of
LV and RV infarction, mechanical complication, and volume depletion.

In addition, a PAC will guide treatment when starting inotropes and/or giving
volume repletion (see Chapter 8).

TR
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* Oxygen: Malntaln O, saturation above 90% if possible. Intubation may be
necessary, but be prepared for the further hypotension that results from the
sedation and decreased cardiac filling with positive pressure ventilation.
Medications: Discontinue -blockers and vasodilators immediately.

IV fluids: Goal pulmonary capillary wedge pressure (PCWP) is approximately 18
mmHg. Patients with low PCWP will benefit from gentle hydration. Patients with
pulmonary edema or elevated PCWP will often benefit from diuresis with IV
furosemide. Be vigilant for hypotension related to the diuresis.

Inotropes and vasopressors: Vasopressor medications are useful in the
management of cardiogenic shock but should be titrated with PAC guidance.
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o If SBP is <70 mmHg, start norepinephrine at 2 pg/minute and titrate to 20
wg/minute to achieve a mean arterial pressure of 70 mmHg.

o If SBP is 70 to 90 mmHg, start dopamine. At 2 to 5 pg/kg/minute, dopamine
increases cardiac output and renal blood flow through B- and dopamine-specific
receptors, respectively. At 5-20 pg/kg/minute, dopamine has a-adrenergic
stimulation leading to vasoconstriction.

o With SBP >90 mmHg, dobutamine is the preferred agent. Dobutamine is started
at 2.5 pg/kg/minute and slowly titrated to effect (usual maximum dose is 10
ug/kg/minute). The phosphodiesterase inhibitor milrinone acts as an inotrope
and vasodilator and may be used if other agents prove ineffective.

Mvmu'ekg\wffom‘c

» Advanced percutancous or surgically implanted therapeutic options have been

developed for cardiogenic shock, due to the high incidence of morbidity and

mortality from irreversible organ damage secondary to pump failure.

It is reasonable to consider transferring the patient to a facility capable of
advanced therapies for cardiogenic shock.

 Therapeutic interventions and devices include

o Coronary reperfusion: Several trials have examined the benefit of
revascularization (percutaneously or surgically) or medical treatment in patients
with cardiogenic shock. The SHOCK trial prospectively examined patients who
developed cardiogenic shock within 36 hours of acute MI and compared
revascularization with aggressive medical management.” Although there was no
mortality benefit at 30 days, there were significant mortality benefits at 6 months
and 1 year with early revascularization. Younger patients (<75 years) showed
greater benefit with revascularization, whereas older patients had better
outcomes with medical management.

o Intra Aortic Balloon Pump (IABP) and percutaneous Left Ventricular Assist
Device (LVAD): Placed by an interventional cardiologist, and an IABP
reduces afterload, increases coronary perfusion, augments DBP, and promotes a
slight increase in cardiac output.®>! See Chapter 8 for further discussion of
IABP and percutaneous LVAD.

SPECTL () Y TERATL Y

 Patients with long-standing heart failure may eventually decline to a point where
B-blockers, ACE inhibitors, and vasodilators need to be decreased or stopped.
Refer to Chapters 14 and 15 for heart failure management.

 Patients with LVAD cannot receive compressions in resuscitative efforts. If a
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patient with an LVAD presents in duress, it is helpful to obtain the power, flow,
and pulse indices if possible while arranging for transfer to an LVAD center.
Because these patients are at an increased risk for bleeding, a STAT complete
blood count and international normalized ratio (INR) should be obtained and
corrected to a hemoglobin of 10 g/dL and INR between 1.5 and 2.0.

Patients with an orthotopic heart transplant developing cardiogenic shock should
be managed as above and transferred to a heart transplant center. A concerning
cause of a failing transplanted heart is rejection, which often requires an
endomyocardial biopsy to prove and medication adjustments to treat. If time
allows, a brief transthoracic echocardiogram with myocardial tissue Doppler
imaging may provide valuable information regarding valvular and contractile
function.

2se Device Bertonrtes (Pacewpndbng aw, Pe{t\mtum r4)
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There are two types of cardiac emergencies for patients with cardiac devices:

Pacemaker malfunction in a patient who 1s pacemaker-dependent, that is, with
underlying symptomatic bradycardia or asystole in the absence of pacing.

Multiple internal cardioverter defibrillator (ICD) shocks in a patient with a
defibrillator.

DI ST

Identify the device. Patients with cardiac devices are asked to carry an
identification card, which gives the information regarding the type of device and
device manufacturer.

Identify the rhythm. A 12-lead ECG can rapidly determine the patient’s rhythm
and the response of the cardiac device.

A pacemaker may either fail to sense a beat or fail to capture the heart with a
pacing output. This can become an emergency if the patient has underlying
symptomatic bradycardia or asystole without effective pacing.

Two or more ICD shocks in the span of 24 hours is generally considered
concerning. This may be due to either appropriate shocks for recurrent ventricular
arrhythmia, shocks for an SVT with a fast ventricular rate, or inappropriate ICD
sensing, which is most commonly due to a lead fracture or migration.

TEENVEYT
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Device interrogation and chest X-ray can often help identify the problematic heart
rhythm or device programming/function. Further treatment is tailored toward the
arrhythmia or device settings.

If the patient has symptomatic bradycardia, treatment should focus on maintaining
a reasonable heart rate (see “Symptomatic Bradycardia” section).

If the patient 1s receiving inappropriate ICD shocks, a medical magnet may be

placed over the pulse generator, which suspends ICD therapy, but not pacing.

LPECHL () Y BERATL Y

Regular cardiac device checkups can monitor for changes in lead performance,
which can herald lead failure.
Wireless home monitoring is available for many newer cardiac devices and has

been shown to quickly identify important clinically actionable events.

Medical treatment and/or catheter ablation of tachyarrhythmias can often prevent
future ICD shocks.
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Prucgdures in :
Cardiovascular Critical

Care

C. Huie Lin and Alan Zajarias

Management of cardiovascular issues in the critically ill patient is complex, but
extremely important. Altered ventricular filling, poor myocardial perfusion, cardiac
dysrhythmias, and severe valvular lesions all can complicate management. With
appropriate patient selection and when performed in a timely manner, the invasive
procedures described in this chapter may help guide treatment or stabilize the
critically ill patient. As with all invasive procedures, however, understanding of
appropriate indications, technique, interpretation of results, and troubleshooting are
essential to success. The following five procedures will be discussed in this
chapter:

* Pulmonary artery (PA; Swan-Ganz) catheterization

* Temporary transvenous pacing

Pericardiocentesis

* Intraaortic balloon pump (IABP)

 Percutaneous ventricular assist device (VAD)

RO
* Today PA catheterization has become both an essential and controversial
procedure in the management of critically ill patients; the technique is invasive

with the risk of complications, and it is inherently diagnostic, not therapeutic. '~

* Nonetheless, a PA catheterization may provide valuable information regarding
right heart pressures, cardiac output (CO), left and right heart filling pressures,
systemic and pulmonary vascular resistance, and shunt quantification.

* In particular, the PA catheterization can assist in identifying the etiology of shock

or the driving deficiency in resuscitation of complex shock (Table 8-1).°
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* Choice of venous access site should be determined on a case-by-case basis
according to the risks and benefits of each location in an individual patient.

o In general, the left subclavian and the right internal jugular vein approaches take
advantage of the natural curvature of the catheter and allow easiest passage of
the catheter into the PA.

o Femoral access can be used but requires fluoroscopic guidance to place and is
associated with higher risks of deep venous thrombosis and infection.

o Modified Seldinger technique is used for placement of a 7-Fr or 8-Fr introducer
(also called a sheath).

TABLE 8 ! SHOCK: ETIOLOGY-DEPENDENT HEMODYNAMICS

Etiology of shock PCWP RAP CcO SVR
Cardiogenic High High Low High
Septic Low Low High/ Low
normal
Pulmonary embolism/ Mormal High Low High/
pulmonary HTN normal
Hypovolemic Low Low Low High

PCWP, pulmonary capillary wedge pressure; RAP, right arterial pressure; CO, cardiac output;
SVR, systemic vascular resistance; HTN, hypertension.

* Balloon insertion: With the balloon inflated, the progress of the catheter as it is
advanced can be monitored and recorded by the characteristic pressure
waveforms of each of the right-sided chambers (Figure 8-1).

o Once advanced to the wedged position, the balloon is deflated to reacquire the
PA tracing. If pulmonary capillary wedge pressure (PCWP) persists despite
deflation of the balloon, the catheter may need to be withdrawn until the PA
tracing is seen.

o The balloon should then be slowly reinflated, and the volume of air required to
wedge should be recorded and used for subsequent wedge measurements.

o Fluoroscopic guidance can be used to facilitate balloon insertion, particularly
for patients with indwelling cardiac devices.

* Confirm location: Once position of the catheter is stabilized by suture, a chest
radiograph (CXR) should be performed to confirm the position of the PA catheter
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and to evaluate for pneumothorax if subclavian or internal jugular approach was

used.

o Ideally, the catheter tip should be in zone III of the lung, where arterial pressure
exceeds venous and alveolar pressures, thereby creating a column of blood to
the left atrium.

o To minimize risk, the balloon should be kept in the deflated position unless a
PCWP measurement is being made.

e Pressure measurement and waveforms

o To complete a full diagnostic study, pressures should be noted and recorded in
each of the right-sided chambers as the catheter is advanced; nominal
hemodynamic values are listed in Table 8-2.

o Interpretation of hemodynamics must include evaluation for errors in pressure
measurements such as inaccurate zero referencing of the manometer,
overdamping of the waveform due to air in the line, and underdamping with a
noisy tracing.

* Right atrial tracing (Figure 8-1)

o Right atrial systole follows the P wave on the electrocardiogram (ECG) and
produces the @ wave of the right atrial pressure tracing. With atrial relaxation,
there is a decline in the pressure, known as the x descent.

o Filling of the right atrium from the venous circulation and retrograde movement
of the tricuspid valve annulus during right ventricular (RV) systole produces the
v wave. As the tricuspid valve opens, blood from the right atrium empties into
the RV, causing a decline in the right atrial pressure and producing the y
descent.
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NORMAL HEMODYNAMIC VALUES

Cl (L/min/m?) 2642
PCWP (mmHg) 6-12

PA (mmHg) 16-30/3-12
Mean 10-16

RV (mmHg) 16-30/0-8
RA (mmHg) 0-8

SVR (dynes/sec/cm) 700-1,600
PVR (dynes/sec/cm™=) 20-130

Cl, cardiac index; PCWP, pulmonary capillary wedge pressure, PA, pulmonary artery; RV,
right ventricle; RA, right atrium; SVR, systemic vascular resistance; PVR, pulmonary vascular
resistance.

o The pressure of the peak a wave 1s higher than that of the peak v wave, except in
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the setting of significant tricuspid regurgitation.

RYV tracing

o RV systole follows the QRS complex, which gives rise to a rapidly increasing
systolic pressure waveform.

o With ventricular relaxation, the pressure waveform declines and reaches a
nadir.

PA tracing

e The normal PA pressure consists of a systolic wave that coincides with RV
systole. The decline in the pressure wave is usually interrupted by the dicrotic
notch, which corresponds to pulmonic valve closure.

o The nadir of the decline represents the end-diastolic arterial pressure.

Pulmonary capillary wedge tracing: The pressure obtained is a transmitted left

atrial pressure, and ana wave, anx descent, a v wave, and a y descent can be

seen, corresponding to the left atrial systole, relaxation, filling, and emptying,
respectively.

CO

o CO i1s reported as liters per minute, whereas the cardiac index (CI) is the CO
normalized to body surface area. Two common methods of measuring CO are
the Fick method and the thermodilution (TD) technique.

o The Fick method is based on the concept that oxygen extraction in the body is
inversely related to CO. Oxygen extraction can be determined by the
arteriovenous oxygen (AVO ) difference, and this relationship is expressed by
the following equation:

O, consumption (mL/minute)

AVO, difference (mL/L)

CO (L/minute) =

® O, consumption 1s either assumed or estimated from a nomogram based up age
and gender of the patient.

® In practice, a mixed venous oxygen saturation sample is drawn from the PA,
and an arterial oxygen saturation sample is drawn from either the aorta (SAO,)
or other arterial bed, and a hemoglobin level is fed into the following
equation:

O, consumption (mL/minute)

13.6 X (SAO, — PAO,) X Hemogloblin (g/dL)

CO (L/minute) =

® The constant 13.6 represents the oxygen-carrying capacity of hemoglobin. The
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Fick method is most accurate for patients with a low CO and least
accurate in patients with a high CO or significant shunts.

o To determine CO by the TD technique, a known amount of indicator (10 cc of
cold saline) is injected into the right atrium, and the rate of dilution is measured
by a thermistor at the distal tip of the catheter in the PA.

" A time—concentration curve is generated, and the area under the curve
corresponds to the CO.

® Three to five measurements are made, and the mean CO is taken.

" This method does require the use of a catheter with a proximal right atrium
(RA) port and a distal thermistor, referred to as a TD catheter.

" This technique is inexpensive, is easy to perform, and does not require
arterial sampling; however, certain conditions may render the results
unreliable, such as tricuspid regurgitation, pulmonic regurgitation, and
intracardiac shunts and low CO.

e Vascular resistance

o The resistance of a vascular bed is calculated by dividing the pressure gradient
across the bed by the flow through it.

o Systemic vascular resistance (SVR) is determined by the following formula:

(Mean arterial pressure — Mean RA pressure)

CO

SVC =

® Increased SVR is usually present in patients with systemic hypertension and
may be seen in patients with low a CO and compensatory vasoconstriction.
" Reduced SVR is seen with inappropriately increased CO (e.g., sepsis,
arteriovenous [AV] fistulas, anemia, fever, and thyrotoxicosis).
o Pulmonary vascular resistance (PVR) is calculated by the following formula:

Mean PA pressure — Mean PCWTP
P
a CcO

PVR

Elevated PVR can be seen in pulmonary hypertension, pulmonary diseases, or

Eisenmenger syndrome.

e Shunt calculation: The magnitude and direction of an intracardiac shunt can be
calculated by oximetry, using the following equation:
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o

Qp  (SAO,—MVO,)

Qs  (PVO,—PAO,)

3p 1S pulmonary blood flow, ¢4 is systemic blood flow, SAO, is systemic
QP QS 2

arterial oxygen saturation, MVO, is mixed venous oxygen saturation, PVO, is
pulmonary venous oxygen saturation, and PAO, is pulmonary arterial oxygen
saturation.

MVO, is usually equal to the PAO, unless there is an atrial or ventricular level
shunt and/or congenital anomaly, in which case the MVO, can be calculated by
the Flamm correction:

MVO, = [(3 x SVCO)) + (IVCO,)|/4

SVCO, 1s the oxygen saturation of the superior vena cava and IVCO, is that of
the inferior vena cava (IVC).

The PVO, can be drawn from the catheter tip in the wedge position (carefully!),
although a true PVO, should be drawn from the left atrium. A pr ('15 >1 suggests

a net left-to-right shunt, and <1 1s a right-to-left shunt.

QUL ENTZY

« While PA catheterization can be a relatively straightforward procedure, the risk of
complications can include the following:

o

o

o

Air embolism

Endocarditis/sepsis

PA rupture

Bleeding/hemoptysis

Cardiac tamponade/perforation

Pulmonary infarction

Right bundle branch block (complete heart block if there is an underlying left
bundle branch block)

Pneumothorax (if the superior approach is used)
Sustained ventricular arrhythmias
Thromboembolism

» As with all procedures, careful planning, technique, and supervision will decrease
the likelihood of complications.
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* Bradyarrhythmias can be caused by intrinsic disease of the conduction system or
by extrinsic factors acting on the conduction system (see Chapter 24).
* Indications for the insertion of a temporary pacemaker and the clinical situations

for its use are shown in Table 8-3.78
« It is important to note that the location of a myocardial infarct has a large influence
on the prognosis and treatment of conduction disease.

o In general, proximal (AV nodal) conduction disease is associated with an infarct
of the RCA. This causes a transient AV block and often does not warrant
immediate placement of a temporary pacemaker.

o One exception is AV block in the setting of RV infarction, where restoration of
AV synchrony can improve RV filling and thus CO.

COMMON INDICATIONS FOR TRANSVENOUS
TEMPORARY PACING

Condition Setting

Third-degree AV block Symptomatic congenital complete
heart block

Symptomatic acquired complete heart
block

Postoperative symptomatic complete
heart block

Second-degree AV block Symptomatic Maobitz | or Il AV block
Acute M| Symptomatic bradycardia

High-grade AV block (trifascicular
block)

Complete AV block in setting of
anterior Ml

Sinus node dysfunction Symptomatic bradyarrhythmias
Tachycardia prevention/treatment Bradycardia-dependent arrhythmias

AV, atrioventricular; MI, myocardial infarction.

o Distal (infranodal) conduction disease is frequently associated with a left
anterior descending/septal infarct and is more lasting and life-threatening.
Immediate pacing efforts should be pursued.
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Transvenous pacing involves the insertion of a pacing catheter, typically into the

right ventricle to directly stimulate the myocardium.

Briefly, a percutaneous entry site is chosen, usually the right internal jugular vein

or the femoral vein.

Left-sided central veins should be left uncontaminated if possible, since, if a

permanent pacer is required, they are the preferred sites of access.

The modified Seldinger technique allows the placement of a 6-Fr introducer

sheath.

A bipolar pacing lead is introduced into the RV under the aid of a balloon-tipped

catheter, which allows easy flotation of the pacing wire to the apex of the RV.

Alternative ways to assure proper placement of the bipolar pacing lead include

fluoroscopy (most common), catheter tip electrogram, and ECG rhythm strip

during pacemaker stimulation.

The lead is attached to a pacing generator after confirmation of placement by

fluoroscopy or CXR.

A prosthetic tricuspid valve is a relative contraindication to placement of a

transvenous pacer. The femoral vein should not be used if the patient has an IVC

filter in place.

The pacing generator’s sensitivity may be set on demand (synchronous) mode or

fixed (asynchronous) mode.

o In demand mode, the lead “senses” the heart’s intrinsic electrical activity; in the
absence of conduction, the pulse generator delivers an impulse at a preset
adjustable voltage.

o Fixed (asynchronous) mode delivers a set amount of impulses per time,
regardless of the underlying native conduction.

A pacing threshold must be established; this is defined as the least amount of

current (in milliamperes) necessary to depolarize or capture the ventricle.

o The threshold gives the operator an idea of the proximity of the pacing lead to
the ventricular wall. Therefore, the lower the threshold, the closer the pacing
wire is to the ventricular wall. The optimal pacing threshold is <1 milliampere.
The voltage delivered by the pulse generator is usually set at least 2
milliamperes above the pacing threshold.

o The threshold should be checked twice daily; if the threshold is >2
milliamperes, the patient should be restricted to bed rest and repositioning of
the lead should be considered.

The set rate depends on the clinical scenario. Usually, it is set at 40 to 50 beats
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per minute (bpm) as a backup to the intrinsic heart rate unless the CO is very low.
For tachyarrhythmia prevention, pacing is usually set at approximately 100 bpm
until the underlying predisposition is corrected.

QWY

» Complications include the following:

Pneumothorax

Myocardial perforation

Bleeding

Ventricular ectopy/nonsustained ventricular tachycardia

Thromboembolism
o Infection

* Failure to capture is illustrated on the rhythm strip as pacer spikes that do not
initiate capture (i.e., there is no ventricular depolarization).

o This 1s most likely due to displacement of the lead, which means that the pacing
threshold will have increased beyond the voltage delivered by the pulse
generator.

o The generator voltage should be increased immediately until an appropriate
pacing is seen, and the lead should be repositioned.

o Other reasons for failure to pace include fracture of the lead or an overly
sensitive pacing generator that detects impulses traveling from the chest muscles
that inhibit the pulse generator. This can be corrected by reducing the sensitivity
of the pulse generator or pacing in a fixed (asynchronous) mode.

* Diaphragmatic pacing is a complication associated with a high preset voltage; as
a result, the phrenic nerve is stimulated through the wall of the RV. It also may
indicate a perforation of the RV wall, with the lead stimulating the diaphragm
directly. Beware of a patient hiccupping at a rate identical to the pacer rate.

a

o

o

u]

u]
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* In either circumstance, timely diagnosis and treatment of tamponade are crucial,

and the index of suspicion should be high in the setting of refractory shock.’

» Hypotension resulting from cardiac tamponade can be an acute event resulting
from trauma, perforation, or myocardial infarction (MI) or can be insidious in the
setting of metastatic cancer or infection.

 Transthoracic echocardiography (TTE) and chest computed tomography can
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diagnose the presence of a pericardial effusion, but cardiac tamponade remains a
clinical diagnosis.

* Identifying signs of impending decompensation such as Beck triad (muffled heart
sounds, jugular venous distention, and low blood pressure), shortness of breath,
pulsus paradoxus, and tachycardia should prompt the clinician for expedient

bedside echo and plan for pericardiocentesis.

10
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e Preparation

o

o

o

If time allows, TTE should be prepared at bedside.

The probe should be placed 1 to 2 cm on the patient’s left of the xiphoid
process. From this position, the depth and extent of the pericardial fluid can be
estimated, and the angle of approach can be identified. This position should be
marked and the angle noted, after which the entire chest should be prepped and
draped in sterile fashion.

If an assistant is available, the apical four-chamber view should be acquired on
the TTE to guide the procedure.

e Access

o

Although a preprepared pericardiocentesis kit 1is preferable, emergent
pericardiocentesis can be performed using basic equipment.

Pericardiocentesis can be performed by a subxiphoid, apical, or parasternal
approach.

Once prepped and draped, the site (1 to 2 cm to the patient’s left of the xiphoid
process) should be anesthetized using a 21-G and/or 25-G needle and 1% to 2%
lidocaine. Care should be taken to anesthetize up to the lowest rib.

The 18-G access needle (9 to 15 cm depending on the size of the patient) should
then be introduced into the skin with the stylet still in place, directed toward the
left shoulder. The access needle should then be advanced at an about 15-degree
angle to touch the lowest rib.

The stylet can then be removed and replaced with a 10-mL syringe containing 2
to 3 mL of lidocaine. With negative pressure applied through the syringe, the
needle should be “walked” down to a position immediately deep to the rib.

As this 1s done, 0.5 to 1 mL of lidocaine can be given to continue anesthetizing
the track and maintain a clear needle. The position of the needle will not be
well visualized on TTE.

 Echocardiographic confirmation

o

Once the pericardium i1s punctured and fluid is freely drawn into the 10-mL
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o

o

syringe, agitated saline should be injected through the needle.

Saline contrast in the pericardial space documented by TTE will confirm
appropriate positioning. If bubbles are seen in the RV instead, the needle should
be slowly withdrawn, and additional agitated saline injected to evaluate the
position until the study confirms pericardial position of the needle.

RV needle punctures rarely cause continuous bleeding into the pericardium,
unless pulmonary hypertension, coagulopathy, or thrombocytopenia is present.

* Drain placement

o

o

If position in the pericardial space is confirmed, a 0.035-inch J-tip wire should
be advanced through the access needle into the pericardial space.

Over the needle, a scalpel nick should be made to open the skin in preparation
for placement of a drain.

The needle should then be removed and a vessel dilator matching the drain size
(6 Fr to 8.5 Fr) should be advanced and rotated carefully to dilate the skin and
soft tissue tract.

This can then be exchanged for the drain. Our preference is to manually drain the
fluid by aspirating through a 60-mL syringe connected to a drainage bag via a
three-way stopcock.

Appropriate drainage should be confirmed by TTE as well as improvement in
vital signs and symptoms. Once manual drainage no longer produces fluid, the
drain secured to the skin via suture and connected to a Jackson-Pratt drain.
Follow-up TTE should be performed daily to confirm adequate drainage.

Laboratory studies of the pericardial fluid should be tailored to the patient’s
clinical scenario; however, basic studies should include pH, cytology, gram stain
and culture, and acid-fast stain.

If the decision is made to transition to surgical pericardial window, a pericardial
biopsy can be sent for histologic analysis.

QU ENTZY

Complications of pericardiocentesis include the following:
* RV puncture

 Coronary artery puncture

Pneumothorax

Bleeding

Enterotomy

Infection

Zna-Dorete Eilsow iPu,,{ :
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» IABP, developed in 1960s, was the first mechanical hemodynamic support device
that could be placed at bedside.

o Currently it remains a mainstay in initial therapy of cardiogenic shock or
refractory ischemia as it provides improvements in the myocardial O,
supply/demand ratio and some circulatory support.

o Because of its simplicity in concept, ease of insertion, and long clinical track
record, the IABP continues to be the most widely used mechanical cardiac
support device.

» The IABP exerts its hemodynamic effects through counterpulsation. The balloon
rapidly inflates during diastole and deflates during systole. The inflation and
deflation provide two specific hemodynamic effects:

o Diastolic augmentation: Inflation of the balloon after aortic valve closure
increases diastolic pressure, increasing coronary perfusion pressure.

o Systolic unloading: Deflation of the balloon before the opening of the aortic
valve removes effective aortic volume decreases afterload, decreasing left
ventricle (LV) myocardial O, requirements.

* Indications for IABP support include the following:

o Cardiogenic shock: acute MI, acute mitral regurgitation, ventricular septal
defect, myocarditis, stress-induced cardiomyopathy (takotsubo
cardiomyopathy), or drug toxicity!!-13

o Unstable angina

o Prophylaxis in the setting of high-risk coronary artery intervention

o Severe symptomatic aortic stenosis, especially when associated with heart
failure

o Severe multivessel or left main coronary artery disease requiring urgent cardiac
or noncardiac surgery

14,15
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* Prior to insertion, clinical data on the patient should be reviewed for evidence of
contraindications to IABP support.
o Significant aortic regurgitation
o Abdominal aortic aneurysm
o Aortic dissection
o Septicemia
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o

o

o

Uncontrolled bleeding

Severe bilateral peripheral vascular disease (including bilateral
femoropopliteal bypass grafts)

Significant iliac tortuosity

e Access

o

o

o

o

As with the placement of any intravascular device, the patient should be
fastidiously prepped and draped in a sterile fashion.

Percutaneous access to the common femoral artery is obtained using the
modified Seldinger technique, often with the use of a micropuncture set.

We commonly perform an ipsilateral iliofemoral angiogram by hand injection to
rule out significant peripheral arterial disease and confirm that the arterial
system can accommodate the device.

While some IABP systems are now sheathless, we generally place a 7.5-Fr or
8-Fr sheath in order to ensure secure access.

* Placement

o

The appropriate-sized balloon pump kit (based on patient height) should be
prepared.

While TABP systems differ, most are placed with the use of a 0.025-inch
guidewire placed in the IABP catheter itself, allowing atraumatic introduction
of the catheter into the sheath and up to the thoracic aorta.

Under fluoroscopy, the radiopaque tip of the catheter can be advanced to
midpoint of the aortic knob and the guidewire removed.

The IABP system may then be activated and filled with helium per protocol.
Confirmation of placement and full expansion of the balloon should be
performed using fluoroscopy, while the patient remains prepped.

In emergent situations, the procedure can be done at the bedside without the aid
of fluoroscopy.

Systemic anticoagulation should then be initiated (most commonly intravenous
heparin infusion).

* Management

o

o

o

Confirmation by CXR of IABP tip position just below the aortic arch (distal to
the left subclavian artery) is essential.

Daily monitoring while the IABP is in place should consist of the following: (1)
distal lower extremity pulse examination, (2) left radial pulse examination (to
ensure that the left subclavian remains unobstructed), (3) platelet count
(thrombocytopenia), (4) CXR for position, and (5) timing of inflation and
deflation.

To optimize IABP support, timing of the balloon inflation and deflation is of
utmost importance (Table 8-4).
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® Although modern IABP consoles perform autotiming algorithms via ECG
trigger, manual timing adjustments may still be required.

® Evaluation of timing is best performed by printing a tracing at 1:2 inflation
ratio such that one support cycle and one unsupported cycle can be evaluated
side by side (Figure 8-2).

" Balloon inflation should coincide with the dicrotic notch on the arterial
waveform.

® Balloon deflation should immediately precede LV contraction on the arterial
waveform. Practically, this can be timed by maximizing the nadir of the “V”.

The following four scenarios should be avoided by careful adjustment of timing

when feasible:

" Late balloon inflation: Balloon inflates late if the inflation curve occurs after
the dicrotic notch (late after the aortic valve closes). In this situation, diastolic
augmentation is reduced, which translates into reduced improvement in
coronary perfusion.

" Early balloon inflation: Balloon inflates before the aortic valve closes,
increasing afterload and increasing myocardial oxygen consumption. This can
be a potentially dangerous situation.
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IABP TERMINOLOGY

Terminology (at a

1:2 pumping rate) Effects

Peak systolic pressure Systolic pressure without activity
related to the balloon pump

Inflation point Foint on the arterial pressure tracing

where balloon inflation originates, just
after the dicrotic notch

Peak diastolic pressure Augmented increase in diastolic pres-
sure that occurs when the balloon
inflation displaces aortic blood
volume due to counterpulsation

Balloon aortic end-diastolic Lowest pressure in the aorta, reflecting
pressure balloon deflation
Assisted peak systolic pressure Systolic peak that reflects the afterload
reduction produced by the balloon
pump
Dicrotic notch Landmark on the downslope of the

arterial pressure waveform that
signals aortic valve closure and the
beginning of diastole

IABP, Intraaortic balloon pump.
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® Early balloon deflation: Balloon deflates before isovolumetric contraction,
and the aorta refills with blood before ventricular ejection. This decreases the
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benefit of systolic unloading, removing the potential benefit of decreasing
myocardial oxygen consumption.

® Late balloon deflation: Balloon deflates late after the aortic valve opens;
afterload 1s again increased, again increasing myocardial oxygen
consumption.

QWY

Thrombocytopenia may occur due to mechanical destruction by the balloon pump

or related to heparin anticoagulation.

o Commonly, the platelet count should begin to rebound by the fourth day.

o However, if profound thrombocytopenia persists, other sources such as heparin-
induced thrombotic thrombocytopenia and continued mechanical destruction
should be considered.

Limb ischemia is related to simple mechanical obstruction by the balloon catheter

at the insertion site. Balloon removal generally alleviates the problem.

[atrogenic  retrograde arterial dissection may occur as a result of wire

advancement into a false channel or via dissection by balloon inflation and usually

presents with a severe back pain.

Cholesterol embolization usually manifests as bilateral, painful, cold, mottled

limbs (livedo reticularis) with associated eosinophilia, eosinophiluria, and

thrombocytopenia as well as renal failure secondary to cholesterol emboli.

Embolic cerebrovascular accident may occur if the IABP’s central lumen has

been flushed vigorously due to thrombus formation. Therefore, the central lumen of

the IABP should not be used as a source of arterial blood.

Sepsis can occur as a result of prolonged support and foreign body infection.

Balloon rupture occurs due to calcification in the aorta. The ruptured balloon may

produce thrombus within the balloon, making percutaneous removal impossible

and requiring consultation from a vascular surgeon. Rarely, balloon rupture may
be associated with helium embolization.

Perereinuesvs Newntor Lo Apstok Dovere
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The advent of the percutaneous left VAD has revolutionized the care of patients

with impending or confirmed cardiogenic shock. !
For decades, hemodynamic support was limited to the IABP (as described above),
extracorporeal membrane oxygenation, or surgical implantation of left VAD, each
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with significant limitations.

* The Tandem  Heart System  (CardiacAssist Inc., Pittsburgh,
http://www .cardiacassist.com/TandemHeart, last accessed 5/21/13) and Impella
systems (Abiomed, Danvers, http://www.abiomed.conv/, last accessed 5/21/13)
have allowed relatively rapid and effective (up to 5 L/minute) hemodynamic
support by percutaneous methods.

» Technical aspects of placement of these devices are beyond the scope of this

chapter; however, an overview of these devices is discussed. See Table 14-3 for
further detail.

DI SE
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 Impella 2.5

o The Impella 2.5 system is fully percutaneous.

o Both Impella devices consist of a one-piece catheter with microaxial pump; the
inlet is placed in the LV, and the outlet is placed in the ascending aorta.

o The device can deliver a maximum 2.5 to 2.6 L/minute support for 5 minutes,
but continuous use can only be maintained at 2.1 to 2.5 L/minute.

o The use of this device is contraindicated in the setting of significant aortic
regurgitation.

o Placement of the catheter is performed by standard modified Seldinger
technique in the common femoral artery. Angiography of the external iliac and
femoral system is recommended to confirm that the arterial system can
accommodate the 13-Fr sheath and Impella catheter.

o After initial access i1s obtained, the included 13-Fr sheath is placed, and a
diagnostic catheter and wire are used to cross the aortic valve. The included
0.018-inch wire is then advanced through the diagnostic catheter into the LV,
and the diagnostic catheter is removed.

o The Impella catheter is then advanced over the 0.018-inch wire to the LV, and
the pump console is initiated.

o Once placed, monitoring the position of the catheter is an important component
of managing the patient. Daily blood counts, pulse examination, chest
radiography, and position by console monitoring should be performed.

o Approved usage of the Impella 2.5 is for 6 hours, although off-label use over the
course of a longer period of time may be required.

e Impella 5.0

o The Impella 5.0 is functionally similar to the 2.5 model; however, access for the

catheter must be obtained by surgical cutdown as the microaxial pump housing
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is 21 Fr in diameter.

o Our practice has been to obtain percutaneous access on the contralateral side to
perform iliofemoral angiography to confirm that the arterial system can
accommodate the catheter.

o In addition, placement of the Impella 5.0 is performed in a hybrid operating
suite as general anesthesia and surgical support is required. Otherwise, once
surgical cutdown to the common femoral artery has been obtained, delivery of
the Impella 5.0 1s similar to that of the Impella 2.5.

o Approved usage of the device is limited to 6 hours; however, extended periods
of support have been reported without significant complications.

* Tandem Heart
o The Tandem Heart System differs in concept from the Impella system in several

ways:

" First, the pump is extracorporeal, consisting of a centrifugal pump with a
spinning rotor supported by hydrodynamic fluid bearing lubricated by constant
heparinized saline infusion.

® Second, the inflow cannula is placed in the left atrium from venous access via
transseptal puncture.

® Third, the outflow cannula is placed in the femoral artery. Importantly,
although the manufacturer suggests that percutaneous arterial access can be
used, the bore of the femoral artery cannula frequently requires the use of
surgical cutdown.

o As a result of these differences in access, the Tandem Heart can be technically
more challenging to place, especially as transseptal puncture may be a technique
that 1s unfamiliar to some operators.

o Nevertheless, the Tandem Heart System offers several advantages.
® The system can provide definitive full support and maintain continuous output

of 5.0 L/minute.

" Location of the inflow cannula in the left atrium may be advantageous in the
setting of a ventricular septal rupture after MI, as placement of an inflow
cannula in the LV may promote right-to-left shunt and further cyanosis.

® Tandem Heart is approved for use up to 14 days.

* As with all hemodynamic support, a critical element in the management of the
patient is a decision with regard to goals of care.

» While some patients may be candidates for heart transplant or surgically implanted
VAD destination therapy and others may have self-limited cardiomyopathy, some
patients may not have a clear clinical end point.

» The decision to place a percutaneous VAD, irrespective of access site, should be
accompanied by a definitive care plan. Nevertheless, ventricular support must be
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provided in a timely manner, and the first signs of cardiogenic systemic
hypoperfusion should prompt consideration of mechanical assistance.

QUL ENTZY

Complications due to percutaneous VAD therapy include the following:

Hemolysis

Disseminated intravascular coagulation
Lower extremity ischemia

Infection

Ventricular arrhythmias
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18
. The Cardiac Patient
‘ Undergoing Noncardiac
| . | Surgery

Corey G. Foster and Lynne M. Seacord

YR PERCRLES

* Evaluation of the patient with known or suspected cardiovascular disease
undergoing noncardiac surgery is one of the most common reasons for cardiac
consultation.

 The role of the consultant is to determine the stability of the patient’s
cardiovascular status and whether the patient is in best medical condition within
the context of the surgical illness.

» Cardiac “clearance” is not the purpose, and the use of this term is strongly
discouraged. Rather, risk assessment and optimization are the goals and should
include discussions with the surgeon, anesthesiologist, and other physicians, when
appropriate.

* In 2007, the American College of Cardiology (ACC) and the American Heart
Association (AHA) published joint guidelines that provide updated

recommendations for this purpose (Figure 9-1).!

&Mﬁ{tm‘&au

» Preoperative cardiac evaluation considers both the nature of the surgery and the
clinical characteristics of the patient.

* In the setting of a surgical emergency, preoperative evaluation may be limited to a
rapid assessment including vital signs, volume status, hematocrit, electrolytes,
renal function, and electrocardiogram (ECG). Only the most essential tests and
interventions are appropriate until the acute surgical emergency is resolved.

* Under less urgent circumstances, preoperative cardiac evaluation may lead to a
variety of responses, some of which may result in postponement or cancellation of
an elective procedure. The algorithm for perioperative cardiac evaluation and

care is shown in Figure 9-1.!
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 The level of risk of the surgery is considered. For low-risk surgery, no
preoperative testing is needed. Risk for specific types of surgery is shown in
Table 9-1.!

» For intermediate- and high-risk elective surgeries, the algorithm in Figure 9-1 is

applied.! The first question asked is whether the patient has an active cardiac

condition (Figure 9-1, step 2).! If such a high-risk condition is present, elective

surgery is postponed until diagnosis and treatment of this condition is complete.

These conditions include

o Unstable coronary syndromes

o Unstable or severe angina (Canadian Cardiovascular Society class III or IV)

o Recent myocardial infarction (MI) (7-30 days)

o Decompensated heart failure

o Significant arrhythmias (including symptomatic bradycardia, Class IIb or Il AV
block, atrial fibrillation not rate-controlled, and new ventricular tachycardia)

o Severe stenotic valvular disease, that is, aortic stenosis (mean gradient >40 mm,

aortic valve area <1.0 cm’ or symptomatic) or symptomatic mitral stenosis
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