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Preface

Acute coronary syndrome represents the most urgent cardiac condition requir-
ing an immediate diagnosis and the prompt institution of therapy to save lives
and improve long-term quality of life. Recent trials have demonstrated the
benefits of various pharmacologic and revascularization strategies. These
evidence-based data have provided the basis for AHA/ACC guidelines. How-
ever, there is a continuing lack of guideline adherence, adversely affecting
patient outcome. In addition, the optimal care of these high-risk patients
requires a multidisciplinary approach.

This book is an attempt to provide up-to-date information on the many
aspects of acute coronary syndrome. The authors for each chapter have striven
to provide concise review of the current literature and algorithm-based
approaches for diagnosis and management of each topic.

This field is rapidly evolving, and there will be many new paradigms with
advancing knowledge. The editors hope that despite the dynamic status of the
management issues related to acute coronary syndrome, the basic concepts of
this book will be valuable to the readers for their patient care.

Mun K. Hong
Eyal Herzog
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1
Acute Coronary Syndrome:

Where We Are, How We Got Here,
and Where We Are Going

Jayanthi N. Koneru, Lance W. Weathers, and Michael Lesch

Advances in the treatment of acute coronary syndrome (ACS) can justifiably
be considered one of the great achievements of modern medicine. The evolu-
tion of treatment strategies from “benign neglect” in the early 1900s to an
aggressive interventional approach with devices and potent pharmacotherapy
in the 2000s represents a remarkable achievement.

The Pre-Coronary Care Unit Era

In the 19th century, animal experiments involving sudden ligation of a major
coronary artery and observations from human necropsies led to the conclusion
that coronary thrombosis is immediately fatal [1]. In 1901, Krehl reported that
coronary thrombosis does not always cause sudden death, that symptoms are
more severe when arterial occlusion is sudden as opposed to gradual, and that
acute myocardial infarction may be complicated by ventricular aneurysm for-
mation and myocardial rupture [2]. Once it became clear that survival after
acute coronary occlusion was possible, attention turned toward treatment. In
1912, Herrick stated that after acute myocardial infarction (AMI), “the impor-
tance of absolute rest in bed for several days is clear” [3]. This dictum became
the cornerstone for therapy for the next half-century.

In 1928, Parkinson and Bedford published data on 100 AMI patients. They
recommended morphine for pain but expressly advised against the use of
nitrates because of their hypotensive effect. For survivors of the acute attack,
they cautioned that “convalescence will...be prolonged and the return to
ordinary life [should be] postponed as long as possible” [4].

In 1929, Samuel Levine described a series of 145 AMI patients. He pointed
out the frequency of and risk posed by various cardiac arrhythmias and recom-
mended quinidine to treat ventricular tachycardia and intramuscular adrena-
line to treat heart block and syncope. Emphasizing the importance of detecting
such arrhythmias, Levine suggested that nurses be trained to “follow carefully
the rate and rhythm of the apex beat.” By use of a stethoscope, arrhythmias
could be treated promptly when a physician was not available. This forward-
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looking recommendation antedated the development of the coronary care unit
by a third of a century [5].

Nevertheless, the prescription of bed rest continued to be all-important. In
the 1930s and 1940s, there was considerable debate about when in the course
of the illness patients could be permitted to sit in a chair, use a commode,
ambulate, be discharged from the hospital, and so forth. When Levine and
Lown proposed the “armchair treatment” of AMI in 1952, this suggestion was
considered radical and provoked heated discussion [6].

By midcentury, it had become clear that AMI was the most common cause
of death in the industrialized world; that cardiac rupture was a relatively
uncommon complication; that strict limitation of physical activity did not
seem to reduce the incidence of this dreaded event; and that long-term bed
rest might be associated with the serious complications of venous thrombosis
and pulmonary embolism. As a consequence, practice gradually changed.
Ambulation was accelerated and convalescence shortened; postinfarction
rehabilitation made possible a more rapid return to previous lifestyles and
employment.

In 1950, Tinsley Harrison, writing in Principles of Internal Medicine [7],
recommended that fluids be administered to avoid dehydration and oxygen
be administered in the presence of rales and cyanosis. To prevent or relieve
coronary spasm, subcutaneous atropine and papaverine followed by subling-
ual nitroglycerin (glyceryl trinitrate) were advised, as was the routine use of
anticoagulants to prevent reinfarction, mural thrombosis, and pulmonary
embolism.

In retrospect, therapeutic modalities developed during the first half of the
20th century provided little benefit to patients with AMI, other than for pain
relief. Nevertheless, by establishing diagnostic criteria and by elucidating the
natural history of the condition, observant physicians set the stage for the dra-
matic advances that followed.

The Birth of the Coronary Care Unit

The coronary care unit (CCU) was proposed by Desmond Julian in 1961 [8]
based on the realization that arrhythmias are the principal cause of early
mortality in AMI; the ability to employ continuous ECG monitoring; the
development of closed chest defibrillation, and the delegation of the treat-
ment of life-threatening arrhythmias to trained nurses in the absence of
physicians. Within 5 years, CCUs reduced the early mortality from AMI
from 30% to 15%. Pump failure secondary to extensive myocardial damage
emerged as the principal cause of early mortality in AMI. During the 1960s,
it became apparent that most AMI deaths are due to cardiac arrhythmias
prior to hospitalization. Ambulances equipped with specialized equipment
and trained personnel emerged as “mobile CCUs” and have saved many
lives [9].
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The Challenge of the Limitation of Infarct Size

Residual post-myocardial infarction (MI) left ventricular function emerged as
the primary prognostic factor for patients who reached the CCU and did not
succumb to arrhythmia. Attention shifted to strategies that would limit infarct
size. One such was an attempt to design interventions to alter the balance
between oxygen supply and demand in the jeopardized zone. This led to the
use of intravenous B-adrenoceptor blockade for the dual purpose of arrhythmia
prevention and limiting ischemia-induced myocardial damage [10].

The Debate About the Genesis of the “Culprit Clot”
and the Advent of Thrombolysis

The role of coronary thrombosis as a cause of myocardial infarction had been
debated for decades. However, long before the debate was settled by Davies [11]
in 1985 with his seminal paper about plaque-fissuring; Fletcher et al. [12] and
Verstraete [13] proposed the use of thrombolytic therapy of AMI in the 1950s
and 1960s. Michael Davies’ research on plaque-fissuring has over the years had
great impact on the conceptualization of unstable angina and non-ST-elevation
myocardial infarction (NSTEMI) because it provided the conceptual framework
explaining the sudden destabilization of previously stable angina and provided
a unifying theory for unstable angina, NSTEMI, and ST-elevation myocardial
infarction (STEMI) in that a single plaque rupture can result in any of the above
three syndromes depending upon whether the clot remains totally occlusive or
is lysed in part or in whole by the body’s intrinsic fibrinolytic mechanisms. In
the late 1970s, Chazov and Rentrop and colleagues [14, 15] made the next
important advance in the treatment of AMI by performing successful lysis of
coronary thrombi with infusion of streptokinase directly into the occluded
coronary artery.

Logistical issues prevented the widespread use of this treatment modality.
The GISSI and the ISIS trials [16, 17] provided the necessary fillip to overcome
this bottleneck, demonstrating that early intravenous administration of strep-
tokinase reduced mortality in patients with ST-segment elevation. Subsequently,
tissue-plasminogen activator (t-PA) was proven more effective than streptoki-
nase in opening occluded vessels [18, 19]. However the clinical efficacy of
thrombolytic agents is limited largely to patients with ST-segment elevation
[20].

Aspirin: Deep Simplicity

Platelets have long been suspected to play a very important role in the develop-
ment of coronary thrombi. However, this observation was translated into
clinical efficacy only after the ISIS-2 trial showed the enormous effectiveness of
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aspirin—a simple, inexpensive antiplatelet drug—in reducing mortality in AMI
[17].

Troponins: Ushering in a New Era in the Laboratory
Diagnosis of AMI

In the mid and late 1990s, troponin became the preferred marker for myocar-
dial damage in suspected AMI. Subsequently, the scientific community realized
that the high sensitivity of these biomarkers needed to be tempered with the
realization that they are not extremely specific for AMI. Nevertheless, troponins
are here to stay and since their arrival have played a crucial role not only in
the diagnosis of AMI but also in the risk stratification of patients with ACS
[21, 22].

Catheter-Based Reperfusion Strategies: Metamorphosis
of the Reperfusion Armamentarium

Intraarterial coronary catheterization was used by Andreas Gruentzig to
perform the first angioplasty in an awake human in the 1970s [23, 24]. This
forever altered the role of a cardiologist in the management of coronary artery
disease. In the 1990s, a multitude of studies and meta-analyses demonstrated
that primary angioplasty was superior to thrombolysis in the setting of acute
ST-elevation MI with regard to mortality and reinfarction rates at 1 month and
6 months postinfarction (PAMI [25], GUSTO-IIB [26], PCAT meta-analysis
[27]). Restenosis was a major problem with angioplasty (28% to 47%). The
advent of metallic stents has reduced the complications of reocclusion and
restenosis (STENT-PAMI trial [28] and CADILLAC [29]). Further reductions
in restenosis rates appear to have been achieved by suppressing neointimal
proliferation with drug eluting stents (the SIRIUS [30], RAVEL [31, 32], and
TAXUS [33] studies).

Explosion of Vascular Biology Research and the Adjuvant Use
of Glycoprotein llb/llla Inhibition

Antiplatelet strategies to complement catheter-based reperfusion strategies
have been the result of dedicated research in vascular biology and platelet func-
tion. The clinical benefit with these strategies was defined by the reduced inci-
dence of death, reinfarction, urgent target vessel revascularization rates, and
improved rates of TIMI-3 flow in the target vessel (ADMIRAL and CADILLAC
(290).
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Unstable Angina/Non-ST-Elevation Myocardial Infarction and
the Debate About the Early Invasive Approach Versus
Conservative Approach

The incidence of diagnosed NSTEMI has been steadily increasing. Striking
observations over the past two decades regarding the pathophysiology of unsta-
ble angina (UA)/NSTEMI include the following: (1) UA and NSTEMI represent
a pathophysiologic continuum; (2) the angiographic extent of disease is higher
in patients with UA/NSTEMI when compared with those with STEMI; (3) long-
term outcomes for both mortality and nonfatal events are actually worse for
patients with either UA or NSTEMI compared with STEMI. The two approaches
that were traditionally used to treat UA/NSTEMI were the early invasive and
the conservative approach. The weight of evidence in 2007 favors the early
invasive strategy, particularly in specific high-risk subgroups. However, neither
the appropriate timing of angiography nor the precise characterization of the
“high-risk subgroup” has yet been established (TACTICS TIMI-18 [34], RITA
3 [35], TIMI IIIB [36], FRISC II [37], and ISAAR-COOL [38] trials).

Risk Stratification and Secondary Prevention

As UA and NSTEMI are increasing in proportion to the incidence of STEMI,
risk stratification has gained increasing attention. Because risk stratification is
such an integral component in the management decisions of UA/NSTEMI,
concerted efforts have been made to identify those patients who benefit from
intensive medical treatment. Various markers have been proposed as having
prognostic value and incorporated in risk-stratifying algorithms for the man-
agement of UA/NSTEMI. The biomarker best validated as a prognostic marker
is C- reactive protein [39-41]. The discovery of differences in the nature of the
thrombi in NSTEMI and STEMI by technological advances such as angioscopy
and intravascular ultrasound (IVUS) has spurred a movement of polymodality
medical therapy aimed at lipid lowering [42], platelet antagonism, and reverse
remodeling of the heart and its blood vessels.

Future Therapeutic Strategies

Whereas future therapeutic and diagnostic strategies will inevitably be devel-
oped, it is manifestly impossible to predict the details. Future research will,
however, at a minimum, certainly target the following:

Identification of factors that destabilize previously stable plaque.
Development of diagnostic techniques to identify unstable or unstabilizing
plaque.
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Development of therapies to transiently and/or permanently stabilize coronary

plaques.

Development of newer agents or better paradigms for use of existing anticoagu-

lant/antiplatelet/thrombolytic agents to improve therapeutic efficacy and
minimize hemorrhagic complications.

Development of new devices and strategies to define and minimize (eliminate)

downstream microvascular occlusion occurring as a result of either disease
progression or therapeutic intervention.
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The PAIN Pathway for the Management
of Acute Coronary Syndrome

Eyal Herzog, Emad Aziz, and Mun K. Hong

Acute coronary syndrome (ACS) subsumes a spectrum of clinical entities,
ranging from unstable angina to ST-elevation myocardial infarction [1]. The
management of ACS is deservedly scrutinized, as it accounts for 2 million hos-
pitalizations and a remarkable 30% of all deaths in the Unites States each year
[2]. Clinical guidelines on the management of ACS, which are based on clinical
trials, have been updated and published [3, 4].

Large-scale registries—the NRMI [5], CRUSADE [6], and GRACE [7] regis-
tries—have consistently demonstrated a major gap between ACS management
guidelines and their practical application in the real world. Accordingly, a
major message that emerges from these quality-improvement registries is that
there is an urgent need to incorporate the evidence-based guidelines into our
daily management of ACS. In an attempt to achieve this goal, we have developed
a new pathway for the management of ACS at our institution, St. Luke’s
Roosevelt Hospital Center (SLRHC), which is a university hospital of Columbia
University College of Physicians and Surgeons. The necessity to develop such
a pathway at our institution is compelling yet typical of the need at many
similar medical centers.

The evidence-based information obtained from the large-scale clinical trials
and from the guidelines is increasingly complex. Specifically, it has become
exceedingly difficult for all house staff and emergency room staff to grasp all
of the subtleties in the management of ACS patients. To address this problem,
we have developed a unified pathway for the management of patients present-
ing with acute chest pain or its equivalent.

The pathway has been designated by the acronym PAIN (priority risk,
Advanced risk, intermediate risk and negative/low risk), which reflects a patient’s
most immediate risk stratification upon admission (Fig. 2.1). This risk stratifi-
cation reflects a patient’s 30-day risks for death and myocardial infarction after
the initial ACS event.

The PAIN pathway is color-coded (P, red; A, yellow; I, yellow; N, green) and
will guide patient management according to a patient’s risk stratification. These
colors—similar to the road traffic light code—have been chosen as an easy refer-
ence for the provider about the sequential risk level of patients with ACS [8].
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2. The PAIN Pathway for the Management of ACS 1

The PAIN ZZ:&;
Pathway For The Management Of Acute Coronary Syndrome

Continuum Hezith Partniers, Inc.

Ficure 2.2. Chest pain and chest pain equivalent symptoms.

The Goals of the PAIN Pathway and a Road Map to this Acute
Coronary Syndrome Book

Initial Assessment of Patients with Chest Pain or Chest
Pain Equivalent

Patients who present to emergency departments with chest pain or chest pain
equivalent will be enrolled into this pathway.

Figure 2.2 shows the chest pain equivalent symptoms. The initial assessment
is seen in Figure 2.3. A detailed description of emergency department assess-
ment is provided in Chapter 5. All patients should have an electrocardiogram
(ECG) performed within 10 minutes as well as detailed history and physical
exam.

Non-ACS chest pain should be excluded urgently. This includes aortic dis-
section, pericarditis and pericardial effusion, pulmonary emboli, aortic steno-
sis, and hypertrophic cardiomyopathy. If any of these emergency conditions is
suspected, we recommend obtaining immediate echocardiogram or computed
tomography (CT) and to treat accordingly.

Our recommended initial laboratory tests include complete blood count,
basic metabolic panel, cardiac markers (to include CPK, CPK-MB, troponin),
BNP, PT, PTT, INR, magnesium, and a lipid profile.

1. Initial Assessment : 12-lead EKG within 10 minutes, Vital signs, H&P
2. Consider Non-ACS chest pain
3. Labs: CBC, Basic Metabolic Panel, Cardiac Markers, (CPK, CPK-MB,Troponin),BNP, PT, PTT, INR, Mg, Lipid profile

4. Patient MUST fall into one letter of the acranym @ 9

(! Consider immedate echocardiogram
Evsiuatz and

Ficure 2.3. Initial assessment of patients with chest pain.
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Initial Management of PRIORITY Patients
(Patients with ST-Elevation Myocardial Infarction)

PRIORITY patients are those with symptoms of chest pain or chest pain equiva-
lent lasting longer than 30 minutes with one of the following ECG criteria for
acute myocardial infarction:

1. ST elevation 21 mm in two contiguous leads; or

2. New left bundle branch block; or

3. Acute posterior wall myocardial infarction (ST-segment depression in leads
Vi-Vs).

The initial treatment of these patients includes obtaining an intravenous line,
providing oxygen, treating patients with oral aspirin (chewable 325mg, stat),
clopidogrel (300 mg or 600 mg loading dose), and intravenous beta-blocker (if
no contraindication), heparin (unfractionated or enoxaparin), nitroglycerin,
and oral high-dose statin (Fig. 2.4). A detailed dosing and the rationale for this
management appear in Chapter 6.

The key question for further management of these patients is the dura-
tion of the patients’ symptoms. For patients whose symptoms exceed 12 hours,
presence of persistent or residual chest pain determines the next strategy. If
there is no evidence of continued symptoms, these patients will be treated as if
they had been risk stratified with the Advanced Risk group.

For patients whose symptoms are less than 12 hours or with ongoing chest
pain, the decision for further management is based on the availability of on-site

PRIORITY

Chest Pain = 30 min with: ~f

02 *Beta Blocker IV ( if no contraindication)
-Clopidogrel 300-600mg PO x1 -High dose statin (atrovastatin 80 mg PQ)
*ASA 325mg PO - chewed stat  -Heparin (unfractionated or enoxaparin)

Ficure 2.4. The initial management of PRIORITY patients (patient with ST-elevation myocardial
infarction).
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‘ - Onset of Symptoms < 12 hours?

e'igib"i“{? i time < 90 min or
(no contraindication) Cardiogenic Shock?

Start Gp IIb-IIIa inhibitor and

transfer immediately
to the cath lab for revascularization

Ficure 2.5. Advanced management of PRIORITY myocardial infarction patients with expected door to
balloon time of less than 90 minutes.

angioplasty (PCI) capability with expected door to balloon time of less than 90
minutes or the presence of cardiogenic shock. A detailed discussion of cardio-
genic shock appears in Chapter 13.

Patients with expected door to balloon time of less than 90 minutes should
be started on intravenous treatment of glycoprotein IIb/IIIa inhibitors and they
should be transferred immediately to the cardiac catheterization lab for revas-
cularization. The myocardial infarction (MI) team is activated for this group of
patients (Fig. 2.5).

At our institution, a single call made by the emergency department physician
to the page operator activates the MI team, which includes the following health
care providers:

The interventional cardiologist on-call

The director of the cardiac care unit (CCU)
The cardiology fellow on-call

The interventional cardiology fellow on-call
The cath lab nurse on-call

The cath lab technologist on-call

The CCU nursing manager on-call

The senior internal medicine resident on-call.

PN R

Activating this group of people has been extremely successful at our institution
and has reduced markedly our door to balloon time. These strategies have been
recently shown to decrease door to balloon time in the range of 8 to 19 minutes

[9].
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P

Echocardiogram P Secondary Prevention
Evaluate LV function

Life Style Modification:
Cardiac Rehabilitation

Ficure 2.6. CCU management and secondary prevention for patients with PRIORITY myocardial
infarction.

For hospitals with no PCI capability or in situations when door to balloon
time is expected to exceed 90 minutes, we recommend thrombolytic therapy if
there are no contraindications.

CCU Management and Secondary Prevention for Patients with
PRIORITY Myocardial Infarction

Patients with PRIORITY myocardial infarction should be admitted to the CCU
(Fig. 2.6). A detailed description of CCU management appears in Chapter 6. All
patients should have an echocardiogram to evaluate left ventricle systolic and
diastolic function and to exclude valvular abnormality and pericardial involve-
ment (as described in Chapter 14). We recommend a minimum CCU stay of 24
hours to exclude arrhythmia complication (as described in Chapters 16 to 18)
or mechanical complication (as described in Chapter 11). For patients with no
evidence of mechanical complications or significant arrhythmia, secondary
prevention drugs should be started, including aspirin, clopidogrel, high-dose
statin, beta-blocker, and angiotensin-converting enzyme (ACE) inhibitor or
angiotensin receptor blocker.

Most patients can be discharge within 48 hours with recommendation
for lifestyle modification including exercise, weight and diet control, smoking
cessation (Chapter 26), and cardiac rehabilitation. Secondary prevention drugs
should be continued on discharge as discussed in Chapter 25.

Management of Advanced Risk ACS

Typical anginal symptoms are required to be present in patients, who will enroll
into the Advanced Risk or the Intermediate Risk groups. These symptoms
include:

1. Prolonged chest pain (>20 minutes) relieved by nitroglycerine or rest;
2. Chest pain at rest; or
3. Accelerated chest pain within 48 hours.
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VANGED @ INTERM
RISK RIS

Typical Anginal Symptoms

-Prolonged symptoms ( > 20 min ) relieved by nitro or rest
-Symptoms at rest
-Accelerated chest pain in prior 48 hours

'

Is there evidence of:
ODynamic ST shifts (= 0.5 mm) and / or
O Elevated troponin > 0.2 ng/ml

<<=

Ficure 2.7. Risk stratification as Advanced Risk ACS.

In order to qualify for the Advanced Risk group, patients must have either
dynamic ST changes on the electrocardiogram (>0.5mm) and/or elevated tro-
ponin (>0.2ng/mL) (Fig. 2.7).

A detailed description of the management of Advanced Risk patients appears
in Chapter 7. We recommend that patients be admitted to the CCU and be
treated with aspirin, clopidogrel, heparin, glycoprotein IIb/IIIa inhibitor, beta-
blocker, statin, and nitroglycerin if there are no contraindications (Fig. 2.8).

Give :
=ASA 325mg PO x1

+Clopidogrel 300mg PO x1

~Heparin (unfractionated or enoxaparin)
-Beta Blockers ( if no contraindication )
=NTG IV or SL

+GP ILb-II a inhibitors

~Statin

Early Catheterization (within 12-48 hours)
and revascularization (PCl/ CABG)
if neccesary

Ficure 2.8. Management of patients with Advanced Risk ACS.
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Give :

+ASA 3256mg PO x1
*Heparin (unfractionated or enoxaparin)
«Beta Blockers ( if no contraindication )

Is there evidence of evolving ST changes or positive cardiac markers within 12-24 hours?

Is there evidence of any of the
following high risk features?
O New or worsening CHF symptoms
O Malignant ventricular arrythmias.
TP O Hemodynamic instability

O Recent PCl o G

Ficure 2.9. Management of patients with Intermediate Risk ACS.

These patients should have early cardiac catheterization within 12 to 48 hours
and revascularization by PCI or coronary artery bypass surgery (CABG) if
necessary. All patients should have an echocardiogram to evaluate left ventri-
cular function. Recommendation for secondary prevention medication, life-
style modification, and cardiac rehabilitation should be provided similar to the
patients in the PRIORITY risk group (Fig. 2.6).

Management of Intermediate Risk Group

Both Intermediate Risk group and Advanced Risk patients present to the hos-
pital with typical anginal symptoms. Compared with the Advanced Risk patients,
the Immediate Risk patients do not have evidence of dynamic ST changes on
the electrocardiogram or evidence of positive cardiac markers (see Chapter 8).
These patients should be admitted to the telemetry floor and be given aspirin,
heparin, and beta-blocker (Fig. 2.9). We recommend a minimum telemetry stay
of 12 to 24 hours. If during this period of time there is evidence of dynamic ST
changes on the electrocardiogram or evidence for positive cardiac markers, the
patients should be treated as if they had been stratified to the Advanced Risk
group.

The Intermediate Risk group patients are assessed again for the following
high risk features:

1. New or worsening heart failure symptoms;
2. Malignant ventricular arrhythmias;

3. Hemodynamic instability; or

4. Recent (<6 months) PCI or CABG.
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If there is evidence of any of these high-risk features, we recommend to transfer
the patient for cardiac catheterization within 12 to 48 hours and for revascu-
larization by PCI or CABG if necessary. Patients with no evidence of high-risk
features should be referred for cardiac imaging stress testing (stress echocar-
diography or stress nuclear test).

Management of Negative or Low Risk Group Patients

These patients have atypical symptoms and do not have significant ischemic
ECG changes during pain and do not have elevated cardiac markers.

These patients should be treated only with aspirin and given sublingual
nitroglycerin if needed. If a decision was made to admit them to the hospital,
they should be admitted to a chest pain unit or to a regular medical floor. They
should be followed up for 12 to 24 hours with repeated ECG and cardiac markers
(Fig. 2.10). If there is evidence of evolving ST changes on the electrocardiogram
or evidence of positive cardiac markers, the patients would be treated aggres-
sively as with the Advanced Risk patients.

If there are no significant ECG changes and all cardiac markers are negative,
we recommend cardiac imaging stress testing (by stress echocardiography or
stress nuclear test) (Fig. 2.11). Evidence of significant ischemia on any of
these stress imaging modalities will be followed by a referral for cardiac
catheterization.

NEGATIVE or
LOW RISK

O Atypical syndrome with limited
cl

F/U cardiac markers

Ficure 2.10. Initial management of patients with Negative or Low Risk ACS.
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Is there evidence of evolving ST changes or positive cardiac markers within 12-24 hours?

NO

Imaging stress testing g
(echo, nuclear)

Is there evidence of significant ischemia
on stress test?
YES NO
Cardiology consult Discharge home and
Refer for cardiac cath risk factor modification

Ficure 2.11. Risk stratification of Low Risk patients by using cardiac imaging stress testing.

O

Primary Prevention: Life Style Modification:

Fiure 2.12. Primary prevention for Low Risk patients.

If there is no evidence of significant ischemia on stress testing, the patients
will be discharged home with a recommendation for risk-factor modification to
include primary prevention medication and lifestyle modification (Fig. 2.12).

In summary, we believe that this comprehensive yet simple pathway will be
able to bridge the gap between the complex evidence-based guidelines and
practical management of patients with ACS.
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Translation of Critical Pathways for Acute
Coronary Syndrome into Admission Notes
and Discharge Planning

Eyal Herzog, Emad Aziz, and Mun K. Hong

Acute coronary syndrome (ACS) accounts for the majority of admissions to
medical and cardiac services in U.S. hospitals. Guidelines for the management
of ACS [1, 2] have been published by the American College of Cardiology (ACC)
and the American Heart Association (AHA).

We have recently developed and published a unique pathway for the manage-
ment of ACS [3] at St. Luke’s Roosevelt Hospital-Columbia University College
of Physician and Surgeons in New York City. Our updated pathway as described
in Chapter 2 of this book is designed to optimize care for patients using clinical
evidence models and to teach physicians-in-training consensus evaluation and
management strategies. To facilitate implementation of our pathway to improve
and standardize patient care when appropriate, we have developed user-friendly
admission and discharge forms based on these pathways [4]. Residents who
rotate through the cardiac care unit, the telemetry and the cardiac medical
floors are required to complete these preprinted forms for admission and dis-
charge of patients with ACS. These forms act as a reminder of key points of the
pathway, as data collection devices, and most importantly as an agreement or
“buy-in” on discharge between patients and their health care providers. The
key points of the discharge form include a review of medications, side effects,
smoking cessation, exercise, a follow-up appointment, and an understanding
that they will be contacted by phone after discharge for follow-up of their
condition.

There are two pages to the admission form. The first page (Fig. 3.1) is a
general cardiac admission note. It is completed by the admitting resident in
lieu of a traditional admission note and serves as a data collection device. The
medical intern and the attending physician are required to write the more tra-
ditional admission notes. The second page of the admission form (Fig. 3.2) is
a composite of admission information based on our chest pain pathway.

This form reproduces the format of the chest pain pathway as described in
Chapter 2. It emphasizes the concept of risk stratification of patients present-
ing with chest pain using the acronym PAIN (priority risk, advanced risk,
intermediate risk, and negative/low risk), which reflects the patient’s initial
risk stratification upon admission. The plan for patient care is dictated by the
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ST Luke’s-RoosevErLT HospiTAL
rdveneed Cardiac Admissicon Frotoool

Demographics Age: Gender

Date: Time of triage
Race: ) Black ] White|) Hispanic []Asian ] Others

Primary care physician :
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Ficure 3.1. The first page of the ACS admission form.

category chosen. For example, patients in category A (Advanced Risk) are to
be given all the medications corresponding with the section that is coded with
“A” including heparin, antiplatelet agents (aspirin, clopidogrel, glycoprotein
IIb/IIIa inhibitors), beta-blocker, angiotensin-converting enzyme (ACE) inhib-
itor, and a statin. In contrast, patients in low risk category “N” are given only
aspirin.
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Ficure 3.2. The second page of the admission form for patients with ACS admission based on the PAIN
pathway.

The discharge form (Fig. 3.3) has four copies. One is to be given to the patient,
the second one to the attending physician, the third one as a permanent part
of the medical record, and the last copy used for entry into our database. The
purpose of the discharge form is threefold:
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. Summarize all tests and procedures that have been performed during the
hospital course.

. Mandate discharge therapy for ACS patients based on their discharge cate-
gory according to the acronym PAIN. For example, patients in category P
(Priority) are to be given all the medications corresponding with that section

St Luke’s Roosevelt Hospital

Cardiology Hospital Summary
For Patients
With Acute Coronary Syndrome

Chest Pain Pathway Discharge Summary

Discharge Category: 0 Briority O Bdvance 0O Mntermediate O M egative
0 Antiplatelet Agents: BIA[TIN]
1 Aspirin { 75- 325 mg po enteric coated daily)
C 81myg 0162 mg 1325 myg
C Cannot take aspirin because
J Clopidogrel (75 mg po daily) 2
0 Beta Blockers: [PIAL1]
1 Metoprolol (25-100 mg) mgpogi1zh
O Carvedilol {3.125-25 mg) mgpoqi2h
U Toprol XL (50-200 mg) mg po daily
0 Cannot take beta blocker because
7 Advanced Heart Block 7 Hypotension U Decompensated CHF
O Severe Bradycardia 0 Bronchospastic disease
C ACE Inhibitors:
0 Drug mg po {daily/ q12h/ q8hf gqth)
1 Cannot take ACEI because
O Statins:
0 Drug mg po daily
M Cannot take statins because
INVESTIGATIONS/ PROCEDURES
O Stress Test: Date
0 2-D Echocardiography: Date Type:  — Nuclear 0 Stress Echo
Results
EF:
{1 Cardiac Catheterization: Dale -
Intervention

| have been treated for chest pain or heart failure. For the quality  Fatient's Signature:
improvement of the hospital care and to follow up on my own care, RN Si ) Dale:
| agree fo be called in followup over the course of the next year. ignature: ale:

Houseslaff Name: Signature: Date:

Fiure 3.3. The discharge form for patients with ACS based on the PAIN pathway.
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that is coded with “P” including antiplatelet agents (aspirin, clopidogrel)
beta-blocker, ACE inhibitor, and a statin. If a drug cannot be used, then the
reason for this has to be documented.

3. Document clearly medical recommendation for patients. This plan is signed
by the patient, the physician, and the nurse. The recommended plan empha-
sizes the advice given to patients regarding their medical care, including
instructions on smoking cessation, diet, and exercise. In signing the recom-
mended plan, patients also give permission for follow-up phone calls from
our group.

This signed discharge plan has the potential to optimize discharge planning
and improve communication between patients and their health care providers.
The explicit nature of this plan, with recommendations mandated according to
the critical pathways, will hopefully improve physician adherence to published
ACC/AHA guidelines for the management of ACS. In addition to improving
standard of care, we believe we can improve patient awareness, compliance,
and understanding of their care upon discharge with follow-up telephone
calls.
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Epidemiology and Pathophysiology of
Acute Coronary Syndrome

Hossein Eftekhari, Inna Bukharovich, Emad Aziz, and Mun K. Hong

Acute coronary syndrome (ACS), one of the life-threatening manifestations of
coronary artery disease, ranges from unstable angina, to acute myocardial
infarction (non-ST elevation and ST elevation), to sudden cardiac death. The
pathophysiology of ACS in the vast majority of cases involves coronary throm-
bosis overlying a disrupted atherosclerotic plaque [1]. Several autopsy studies
have demonstrated that 70% to 80% of coronary thrombi occur at sites where
the fibrous cap of coronary artery plaque has ruptured, with extension of the
thrombus into the plaque and into the lumen, as well as with propagation of
the thrombus upstream from the site of cap rupture [2, 3]. Although it would
be preferable to prevent ACS rather than treat it after its occurrence, currently
there is no optimal laboratory or imaging modality to predict its timing. There-
fore, risk-factor modification is the best approach until reliable, noninvasive
tests become available.

Epidemiology

In the United States, more than 13 million patients have coronary artery disease
and annually more than 1.1 million patients experience acute myocardial
infarction (AMI). Furthermore, 150,000 patients are diagnosed annually with
unstable angina [4].

Death due to coronary atherosclerosis accounts for approximately 50% of
all cardiac deaths, and 50% of coronary atherosclerosis deaths are sudden [1].
However, the percentages of sudden coronary death caused by disrupted
plaques and thrombosis varies between 19% [5] and 81% [6]. Takada et al.
examined individuals with old MI who died suddenly during the period from
1998 to 2001. The result of their pathology analysis revealed that sudden deaths
were caused by ACS in 55%, fatal arrhythmia in 24%, cardiac pump failure in
14%, and other causes in 6% of cases. These findings signify that a new coronary
plaque rupture independent of the old infarct is a major cause of sudden cardiac
death with old MI [7]. Based on Centers for Disease Control and Prevention/
National Center for Health Statistics (CDC/NCHS) report, 879,000 patients were
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discharged with initial diagnosis of ACS in 2003 in the United State (767,000
myocardial infarction and 112,000 with unstable angina) [8], and according to
the National Heart, Lung, and Blood Institute Framingham Heart Study (NHLBI
FHS) report, coronary heart disease comprises more than half of all cardiovas-
cular events in men and women under age 75 [9]. Investigating the data of 7,733
participants in the Framingham Heart Study, Lloyd-Jones et al. demonstrated
that the lifetime risks of initial coronary events after age 40 is 49% for men and
329% for women [10]. The NHLBI ARIC (Atherosclerotic Risks in Communities)
study also revealed average age-adjusted coronary heart disease incidence rate
per 1,000 person-years were 12.5 in white men, 10.6 in black men, 4.0 in white
women, and 5.1 in black women [11].

Pathophysiology

Atherosclerosis used to be considered a bland lipid storage disease. According
to the conventional theory, fatty streaks (earliest stage of atheroma) evolved
into complicated plaques through multiplication of smooth muscle cells within
the plaque, which laid down an abundant extracellular matrix. With coronary
plaque progression, the arterial lumen narrowed until it impeded flow and
caused ACS [12]. However, new advances in vascular biology have demon-
strated that atherosclerosis is a systemic immune-mediated inflammatory
disease affecting medium-sized and large arteries where various types of cells
such as endothelial cells, leukocytes, and intimal smooth muscle cells are
involved in its development [13]. It has also been demonstrated that inflamma-
tion has a fundamental role in mediating all stages of atherosclerosis from ini-
tiation through progression and eventually to its most devastating consequences,
such as heart attack and stroke [12, 13]. Additionally, pathology study of ath-
erosclerotic plaques suggests that physical plaque disruption can trigger throm-
bosis and thus may cause sudden expansion of atherosclerotic plaque and
subsequently severe vascular narrowing [14]. Further studies demonstrated
that acute thrombosis not only causes acute vascular narrowing but also under-
lies most acute coronary syndromes [15]. Finally, the concept of gradual pro-
gressive growing of atherosclerotic plaque has also been challenged through
data that emerged from serial angiographic studies. These data suggested that
atherosclerotic plaque progression is a highly unpredictable process and follows
a nonlinear course [16].

The Concept of Vulnerable Plaque

In early 1980s, Falk demonstrated that ruptured atherosclerotic plaques were
responsible for 40 of 51 recent coronary artery thrombi and 63 larger intimal
hemorrhages [17]. He also demonstrated plaque fragments deeply buried in the
thrombus overlying the athermanous plaque. In the late 1980s, Muller et al.
proposed that the initial step in acute coronary thrombosis is the development
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Inflammation

1. Matrix breakdown

2. Tissue factor
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Shoulder of
fibrous cap
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1. Reduced matrix synthesis

2. Lipid and tissue factor
VULNERABLE PLAQUE deposition

1. Large lipid core

2. Thin fibrous cap

3. Inflammation and apoptosis

4. Positive remodeling with moderate luminal stenosis
5. Neo-vascularization

Fibrous cap

Ficure 4.1. Components of a vulnerable plaque and a magnified view of the shoulder region with events
contributing to plaque rupture. (Reproduced with permission from Shin J, Edelberg JE, Hong MK. Vulner-
able atherosclerotic plaque: clinical implications. Curr Vasc Pharmacol 2003;1:183-204.)

of “vulnerable atherosclerotic plaque” [18]. The vulnerable plaques, as a poten-
tial precursor of unstable plaques, refer to those coronary atherosclerotic
plaques that might become unstable and thus trigger ACS. Structural charac-
teristics of vulnerable plaques include (Fig. 4.1) relatively large volume, positive
remodeling, inflammatory cellular infiltrate of fibrous cap, especially at the
“shoulder regions” and adventitia, increased neovascularity, central lipid core
>40% of the total lesion area, and a thin fibrous cap [19]. These plaques are
potentially vulnerable to mechanical stress and/or inflammatory weakening of
their collagen structure. However, even today, it is impossible to predict how
and when structurally vulnerable plaques may become unstable [20]. This
is why detection of plaque vulnerability requires better understanding of
the underlying inflammatory, structural, or yet unknown causes of plaque
instability [20].

Role of Inflammation and Contribution to Plaque Rupture

Over the past few years, the prominent role of inflammation in atherogenesis
and its acute complications have been well appreciated (Fig. 4.2). This new
concepthasresulted inincreased interest in inflammation and immune response
as major contributing factors in atherogenesis and ACS [12]. The normal endo-
thelium (atheroprotective) prevents binding of white blood cells. However, in
experimental studies, early after initiation of an atherogenic diet, endothelial
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Ficure 4.2. Potential interaction between the peripheral vascular disease and plaque rupture in coronary
arteries. Systemic inflammatory activity is important for the rupture of a coronary artery plaque. It is
hypothesized that the atheroma of the aorta and other peripheral vessels affects the vulnerability of the
plaques in the coronary arteries through their influence on the circulating blood (dashed line, hypothetical
interaction). (Reproduced with permission from Shin J, Edelberg JE, Hong MK. Vulnerable atherosclerotic
plaque: clinical implications. Curr Vasc Pharmacol 2003;1:183-204.)

cells begin to express on their surface selective adhesion molecules, vascular
cell adhesion molecule-1 (VCAM-1), that bind to various classes of leukocytes
(monocyte and T lymphocyte) [12]. It has also been demonstrated that at
branch points in arteries where the blood flow is disturbed, the endothelium
loses its endogenous atheroprotective mechanisms [21]. Additionally, disturbed
flow can augment the production of certain leukocyte adhesion molecules (e.g.,
intercellular adhesion molecule-1 [I[CAM-1]) [22]. After adhesion to endothe-
lium, leukocyte penetration into the intima (transmigration) is mediated by
different chemoattractant molecules such as monocyte chemoattractant
protein-1 (MCP-1), which is responsible for the direct migration of monocytes
into the intima at sites of lesion formation [23]. Macrophage colony-stimulating
factor (M-CSF), on the other hand, contributes to the differentiation of the
blood monocyte into the macrophage, which ingests lipid and subsequently
becomes foam cells [24]. Demonstrating the accumulation of activated T lym-
phocytes early in atheroma formation that persist at the sites of lesion growth
and rupture, Mach et al. concluded that they may play an important role in
the pathogenesis of atherosclerosis [25]. T cells also elaborate inflammatory
cytokines such as y-interferon and tumor necrosis factor-p that in turn can
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stimulate macrophages, vascular endothelial cells, and smooth muscle cells
[26]. Inflammatory processes are not limited to initiation and evolution of
plaque but also significantly contribute in acute thrombotic events. Proteolytic
enzymes produced by activated macrophages degrade the collagen, resulting in
thinning and weakening of fibrous cap, and leading to plaque rupture. Macro-
phage production of tissue factor (procoagulant) within atherosclerotic plaques
also demonstrates an essential link between arterial inflammation and throm-
bosis [27]. On the other hand, interferon-y arising from the activated T lym-
phocytes in the plaque interferes with collagen synthesis of smooth muscle cells
and hence limits their capacity to reinforce the fibrous cap [28]. Vasospasm
also contributes to impaired arterial blood flow in the presence of inflamma-
tion. This may be due in part to decreased production of nitric oxide. Addition-
ally, augmented release of superoxide anion may annihilate nitric oxide radical,
impairing its vasodilator capacity [29]. Nitric oxide in addition to being a vaso-
dilator and platelet aggregation inhibitor has also a direct anti-inflammatory
effect by augmenting production of the inhibitor of nuclear factor kappa B
(NF-kB), a transcription factor involved in the expression of the genes encoding
many proinflammatory functions of vascular wall cells and infiltrating leuko-
cytes [30, 31]. These various findings all highlight the central role of inflam-
mation as a determinant of the biology underlying the acute thrombotic
complications of atherosclerosis [15].

Mechanisms of ACS

Coronary artery plaque rupture and subsequent thrombosis are the underlying
cause of the majority of acute coronary syndromes [32, 33] and account for
about 70% of acute myocardial infarctions and/or sudden coronary deaths
(Fig. 4.3). Retrospective autopsy series and a few cross-sectional clinical studies
revealed that thrombotic coronary death and acute coronary syndromes are
caused by the ruptured plaque in 70% (stenotic, 20%; nonstenotic, 50%), and
nonruptured plaques in 30% (erosion, calcified nodule, intraplaque hemor-
rhage, and unknown) [33-35]. The ruptured plaque represents the main stimu-
lus to both thrombosis and coagulation in several ways, including activation of
platelets and coagulation cascade subsequent to contact with collagen in the
plaque’s extracellular matrix, and tissue factor [36]. Endothelial desquamation
(superficial erosion) is known as the second most common underlying cause
of ACS, accounting for about 30% of acute coronary thromboses. Such areas of
endothelial desquamation form the nidus of a platelet thrombus with subse-
quent platelet adhesion and activation [37].

Although many episodes of ACS are caused by the disruption or erosion of
plaque, other mechanisms that alter myocardial oxygen supply and demand
such as vasoconstriction and Prinzmetal angina can occur. In the setting of
ACS, vasoconstriction may occur as a response to a mildly dysfunctional endo-
thelium near the culprit lesion or due to the deep arterial damage or plaque
disruption. This is usually mediated by platelet-dependent and thrombin-
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Ficure 4.3. Rupture of a vulnerable plaque with thrombotic consequences. The plaque rupture exposes
the highly thrombogenic lipid core, which in concert with the locally increased thrombogenicity causes
the initial white clot (platelet rich) and the occlusive red clot (fibrin and red blood cell rich). (Reproduced
with permission from Shin J, Edelberg JE, Hong MK. Vulnerable atherosclerotic plaque: clinical implica-
tions. Curr Vasc Pharmacol 2003;1:183-204.)

dependent vasoconstriction. However, in Prinzmetal angina, the site of
transient, abrupt spasm is often adjacent to atheromatous plaque. Potential
mechanisms of this type of angina include endothelial injury and hypercontrac-
tility of smooth muscle.

Transition from Stable Plaque to Vulnerable Plaque

Plaque rupture and endothelial erosion with subsequent thrombus formation
are the most frequent causes of ACS [38]. However, intravascular ultrasound
(IVUS) study conducted by Rioufol et al. [39] in patients with ACS revealed a
high incidence of multiple plaque ruptures in these patients. Likewise, IVUS
study by Maehara et al. [40] showed that plaque ruptures occur not only in ACS
patients but also in patients with stable angina or asymptomatic ischemia. This
finding suggests that the exact mechanisms as well as intrinsic or extrinsic
factors contributing to transition of a stable plaque to a vulnerable plaque with
or without ruptures are unknown and are likely to be variable among different
lesions and patients [41]. Thus, it is not clear why some plaque ruptures lead
to clinical syndrome whereas others remain asymptomatic and heal, perhaps
leading to disease progression [42]. The transition of a stable plaque into a
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rupture-prone lesion is linked to the interplay among the fibrous cap thickness,
smooth muscle cells, necrotic (lipid) core size, and extent of inflammatory
activity [43, 44]. Coronary angioscopy study in patients with unstable angina
demonstrated that glistering yellow lesions reflecting increased underlying lipid
content were more prone to an acute coronary event compared with white
lesions [45]. The lipid core is composed of free cholesterol, cholesterol crystals,
and cholesterol esters derived from lipids that have infiltrated the arterial wall
and also lipids derived from erythrocyte membrane and the death of foam cells
[19, 46]. A large, eccentric lipid core may confer mechanical disadvantage by
redistributing circumferential stress to the shoulder regions of the plaque,
which contain a larger number of macrophages, T lymphocytes, and a paucity
of smooth muscle cells. In nearly 60% of cases, the shoulder region of plaque
is the area at which fibrous caps tend to rupture [47-49]. Interestingly, smooth
muscle cells contribute to the plaque progression, but for vulnerable plaques,
they are the major stabilizer by strengthening the fibrous cap [41].

Histopathology studies have shown that ruptured plaques contain more
inflammatory cells than stable plaques. These cells are mostly monocyte mac-
rophages, as well as activated T cells and mast cells that are found adjacent to
the sites of cap rupture as well as in the adventitia [50-53]. These inflammatory
cells are recruited into the atherosclerotic plaques by adhesion molecules, such
as VCAM-1, and chemokines, such as MCP-1. Inflammatory cells can also be
recruited inside the atherosclerotic lesion through the adventitial neovascula-
ture, which is enhanced in atherosclerosis. Other factors contributing to recruit-
ment of inflammatory cells and their activation in atherosclerosis include
oxidized lipids, cytokines such as M-CSF, increased angiotensin II activity,
elevated arterial pressure, diabetes, and chronic infections remote from the
arterial wall [19, 54].

Matrix Disintegration Hypothesis of Vulnerable Plaque

It has been hypothesized that depletion of matrix components, especially fibril-
lar collagens of fibrous cap, caused by an imbalance between its synthesis
and degradation leads to fibrous cap thinning. This predisposes the fibrous
cap to rupture, either spontaneously or in response to hemodynamic changes
or other trigger factors [33, 55]. Matrix metalloproteinases (MMP) are respon-
sible for the matrix degradation. The most intense MMP activity is usually
found in the macrophage and the extracellular space around the lipid core
[56]. Thus, macrophage activity against oxidized lipoprotein causes serious
plaque instability through MMP expression [57-59]. T cells, which tend to
localize more at the shoulder region of plaque, also are involved in complex
cellular interactions and autoimmune activity against modified lipoprotein
[60-63]. The activated T cell-derived cytokine, interferon-vy, inhibits collagen
gene expression in smooth muscle cells in vitro, which indirectly suggests
that intraplaque activated T cells may inhibit matrix synthesis by producing
interferon-y [19].
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Erosion of Plaque and Calcified Nodules

Coronary thrombi have been observed overlying atherosclerotic plaques in
about 40% of ACS cases, without rupture of the fibrous cap [64]. Such thrombi
occur over plaques with superficial endothelial erosion, which are particularly
common in young victims of sudden death, in smokers, and in women 38,
64-66]. Plaques under such thrombi have a proteoglycan-rich matrix rather
than a large lipid core, and the prevalence of inflammation is also lower than
that found in plaque rupture [65]. The precise mechanisms of thrombosis in
this scenario are unknown. It is believed that thrombosis in such case is initi-
ated by enhanced platelet aggregability, depressed fibrinolysis, and increased
circulating tissue factor levels [54]. Activated circulating leukocytes may trans-
fer active tissue factor by shedding microparticles and transferring them onto
adherent platelets [67, 68]. These circulating sources of tissue factor may con-
tribute to thrombosis at sites of superficial endothelial denudation such as
those found in plaque erosion. Furthermore, severe deficiencies of antithrom-
botic molecules, thrombomodulin, and protein-C receptor in advanced athero-
sclerotic lesions may also contribute to thrombosis [69].

Potential Triggers for Plaque Rupture

Although vulnerable plaque rupture may occur spontaneously without an
obvious triggering factor, it may also follow a particular event, such as extreme
physical activity, severe emotional stress, sexual activity, exposure to illicit
drugs (cocaine, marijuana, amphetamines), exposure to cold, or acute infection
[70-74]. Although plaque rupture often leads to clinical manifestations of an
ACS, it may also occur without clinical manifestation (silent plaque rupture).
As a major consequence of plaque rupture, thrombus formation is probably
regulated by the thrombogenicity of the exposed plaque constituents, severity
of underlying stenosis, platelet activation, and also by systemic thrombogenic-
ity and fibrinolytic activity [34]. Lipid-rich plaques having high content of
tissue factor may be more thrombogenic than fibrous plaques [75]. The main
source of tissue factor is macrophage, which after its apoptosis may impregnate
the lipid core with tissue factor-laden microparticles and therefore making the
lipid core highly thrombogenic [76]. It has also been shown that atherosclerotic
plaques of smokers contain more tissue factor and inflammatory cells than
plaques of nonsmokers [77].
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5
Evaluation in the Emergency Department
and Cardiac Biomarkers

Gurusher Panjrath, Elaine B. Josephson, and Eyal Herzog

Coronary artery disease is the leading cause of death in the United States.
Approximately 5 million patients present to the emergency department (ED)
for chest pain-related complaints every year [1]. In addition, a significant
number of patients may present to the ED with atypical symptoms. Early diag-
nosis and management of acute coronary syndrome (ACS) may lead to a sig-
nificant reduction in associated morbidity and mortality. ED physicians play
an important role in the rapid diagnosis and management of patients with
suspected ACS. This provides a diagnostic challenge to the emergency physi-
cian. In this chapter, we discuss various presentations of ACS and tools avail-
able for rapid diagnosis and immediate management of patients in the ED. In
addition, we propose the development of algorithms for the appropriate triage
of patients based on severity and diagnosis. We also discuss testing in the ED
and prognostic information provided by it and its significance in the subse-
quent management of the patient.

Chest pain represents one of three most common presenting symptoms by
patients in the ED (along with abdominal complaints and fever). Approximately
1.4 million of these patients are admitted for management of unstable angina/
non-ST-elevation myocardial infarction (UA/NSTEMI) [1, 2]. The remainder
of the patients may still have serious and life-threatening conditions, such
as aortic dissection and pulmonary embolism (Table 5.1). It is therefore neces-
sary that a prompt diagnosis be made and that early recognition and treatment
be instituted. It has been increasingly recognized that management of con-
ditions constituting ACS has been inconsistent and not concurrent with
guidelines. With frequent and important changes occurring in the field
based on results of recent clinical trials, it is most appropriate to develop
an algorithm-based management strategy that reduces the variability in the
management of these patients.

Initial assessment of patients with suspected ACS should incorporate two
strategies. The first should be directed toward accurate diagnosis, and the
second should involve prognosis and risk of poor outcomes. Initial triage
should include a focused history and physical, electrocardiogram (ECG), and
measurement of cardiac biomarkers. Based on initial history, physical and ECG
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patients should be triaged into five categories: Priority, Advanced Risk, Inter-
mediate Risk, Low Risk or Negative, and Non-ACS Chest Pain (see Chapter 2,
Fig. 2.1). Patients initially triaged into a particular category may qualify for
another category with availability of new results or change in symptoms. For
instance, patients entering the intermediate risk category may need to be moved
into advanced risk category if there is evidence of high-risk features such as
new or worsening congestive heart failure (CHF) symptoms, malignant ven-
tricular arrhythmias, hemodynamic instability, or recent percutaneous inter-
vention or coronary artery bypass graft. Any evolving ST changes or positive
cardiac markers within 24 hours will also move a patient into a higher risk
category.

Symptoms of ACS may quite often be indistinguishable from certain other
emergent as well as benign conditions. ED physicians need to be able to recog-
nize symptoms with the high likelihood of representing ACS [3]. The history
including presenting complaint as well as significant risk factors aided by physi-
cal exam findings should help the emergency physician to risk-stratify the
patient. Other important tools assisting in early and appropriate risk stratifica-
tion should include an electrocardiogram and cardiac biomarkers. The purpose
of risk stratification is not only to identify patients with high likelihood of ACS
but also to recognize those patients who have a higher risk of death, recurrent
myocardial infarction, or poor outcome. The cardiology team should be imme-
diately involved in management once a patient has been identified with possible
ACS.

TasLe 5.1. Differential diagnosis of chest pain mimicking myocardial infarction.

Life-threatening cardiac causes
Aortic dissection
Pulmonary embolus
Perforating ulcer
Tension pneumothorax
Boerhaave syndrome (esophageal rupture with mediastinitis)

Non-life-threatening cardiac causes
Pericarditis
Brugada syndrome
Myocarditis
Vasospastic angina

Non-life-threatening noncardiac causes
Gastroesophageal reflux (GERD) and spasm
Chest-wall pain
Pleurisy
Peptic ulcer disease
Panic attack
Biliary or pancreatic pain
Cervical disk or neuropathic pain
Somatization and psychogenic pain disorder
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TasLe 5.2. Physical findings suggestive of ACS in a patient with chest pain.

Pulmonary edema

New or worsening mitral regurgitation
S3 gallop

Hypotension

Bradycardia

Tachycardia

Initial History and Physical

Routine questions include onset, type, precipitating factors (exertion, emotion,
stress), radiation, nature of discomfort, and frequency of chest pain. Particular
attention should be paid to chest pain equivalents such as dyspnea, jaw, neck,
epigastric, and upper extremity discomfort. The importance of these symptoms
has been increasingly recognized and thus included in the algorithm (see
Chapter 2, Fig. 2.2). Other significant information includes age, race, sex,
comorbid conditions, and risk factors (smoking, hypertension, dyslipidemia,
family history of coronary artery disease and diabetes). Recent cocaine use
should also be assessed. This key information can help increase or decrease the
pretest likelihood of ACS. While interpreting this information, it is quite essen-
tial to keep in mind that women, elderly patients, and certain other subgroups
such as diabetics and renal failure patients may present with atypical features
(dyspnea, malaise, syncope), which need to be interpreted in the clinical
context.

Physical exam should be directed at identifying findings suggestive of ACS
as the underlying causative event and patients at high risk of death or poor
outcomes. Physical findings that may increase the likelihood of cardiac diag-
nosis are listed in Table 5.2.

Beyond the utility of aiding diagnosis of ACS, history and physical findings
should help investigate any pertinent clues indicative of high risk of bleeding
and thus a contraindication to antithrombotic or antiplatelet therapy. History
suggestive of recent major bleed, intracranial tumor, major surgery within the
previous 2 weeks, or hemorrhagic stroke and supportive finding of fresh gastro-
intestinal bleeding may be a contraindication for such directed therapy. A rectal
exam should be done to test for hemoccult as well, as part of the exam to help
identify bleeding risks.

Electrocardiogram

An initial electrocardiogram (ECG) should be obtained on all patients with
chest pain within 10 minutes of presentation to the ED (see Chapter 2, Fig. 2.3).
Initial ECG findings serves as a powerful risk stratification tool in patients with



40 G. Panjrath et al.

TasLe 5.3. ECG findings suggestive of myocardial injury.

ST-segment elevation in two contiguous leads

New-onset left bundle branch block

Hyper/acute T-wave

Transient ST-segment deviation (>0.05mV) or T-wave inversion (0.2 mV) with symptoms
Fixed Q waves

Abnormal ST-segments or T waves not documented to be new

T-wave flattening or inversion in leads with dominant R waves

Sustained ventricular tachycardia

chest pain [4]. Unfortunately, 55% of initial ECGs may be nondiagnostic.
Current American College of Cardiology/American Heart Association (ACC/
AHA) guidelines recommend serial ECGs at 5- to 10-minute intervals or con-
tinuous 12-lead ST-segment monitoring in patients with nondiagnostic initial
ECG in presence of ongoing symptoms and high clinical suspicion for ACS [3,
5]. These recommendations are based on the possibility of evolving changes
and instability of the ST segment during ischemia. Despite this, a normal 12-
lead ECG often represents a low-risk patient. In contrast, ECG with findings
such as new-onset left bundle branch block may suggest need for immediate
reperfusion and cardiac catheterization. Similarly, ST-segment depression may
imply the risk of development of myocardial infarction in up to 50% of the
patients with such findings. Table 5.3 lists ECG findings that should raise
suspicion of ischemia-related myocardial injury. To achieve a goal of accurate
diagnosis based on ECG interpretation, both ED physicians and nurses should
be repeatedly trained for pattern recognition to minimize the chances of
missed diagnosis. Subsequent to diagnosis, ECG changes can aid physicians in
identifying patients who may have failed successful reperfusion at 1- to 3-hour
intervals.

Laboratory Testing and Cardiac Biomarkers

Cardiac biomarkers serve as an important and essential component of initial
testing of patients under suspicion of ACS (see Chapter 2, Fig. 2.3). Cardiac
biomarkers are intracellular macromolecules that are released into the circula-
tion due to myocardial injury and are available for detection in the peripheral
blood. With the advent of point of care testing and improvement in sensitivity
and precision of newer assays, biomarkers not only play a role in diagnosis
but also add to prognostic data achieved from history, physical, and ECG
findings.

Although a perfect biomarker may not be possible, a suitable marker should
be found in high concentrations in the cardiac tissue. In addition, it would not
be present in other tissues and would be undetectable in the blood of healthy
persons. The marker would be released rapidly into the serum after myocardial
infarction (MI), and serum concentrations would correspond with extent of
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injury. The marker should remain elevated long enough to be detected in the
interval between symptom onset and ED presentation while falling rapidly
enough not to mask reinjury. The assay itself should be inexpensive, rapidly
available, and simple enough to perform at any time of day [6].

Emergence of newer and improved biomarkers with better sensitivity for
detection of inflammation and necrosis may allow better characterization of the
underlying process. Application of a panel of multiple markers may provide
substantial knowledge compared with use of single marker [7]. Table 5.4 pro-
vides a list of biomarkers in current use and those with possibility of future use
in ACS.

Cardiac biomarkers such as troponin (I and T) and CK-MB are the current
biomarkers of choice in use for identifying patients with ACS and those at risk
for significant complications.

In addition to cardiac biomarkers, standard laboratory testing should be
directed at identifying underlying electrolyte abnormalities, coagulation studies,
complete blood count, and lipid profile (see Chapter 2, Fig. 2.3). These tests, in
addition to unmasking underlying metabolic and hematologic abnormalities
causing arrhythmias and demand-supply mismatch due to anemia, also aid in
risk stratification of patients with dyslipidemia. Coagulation studies are essen-
tial for recognition of bleeding risk, those with underlying prothrombotic states
due to coagulation disorders, and for monitoring of anticoagulation levels in
patients receiving unfractionated heparin.

Troponin (I and T)

Cardiac troponin I (cTnl) is a very specific marker for myocardial injury. cTnl
levels are not detectable until 4 to 6 hours after the initial event and peak at

TasLe 5.4. Biomarkers that have either proven or potential utility in
acute coronary syndromes.*

Troponin

CPK / CPK-MB

Myoglobin

Brain natriuretic peptide
High-sensitivity C-reactive protein
Myelopyroxidase

Ischemia-modified albumin
N-terminal pro-brain natriuretic peptide
Placental growth factor

Soluble CD40 ligand

Interleukin-10

Interleukin-6

Monocyte chemoattractant protein-1

*Biomarkers currently in use are set in italics.
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TasLe 5.5. Causes of troponin elevation other than ACS.

Trauma (including contusion; ablation; pacing; implantable cardioverter defibrillator (ICD) firings, such as atrial
defibrillators, cardioversion, endomyocardial biopsy, cardiac surgery, after-interventional—closure of atrial
septal defects)

Congestive heart failure (acute and chronic)

Aortic valve disease and hypertrophic obstructive cardiomyopathy with significant left ventricular hypertrophy

Hypertension

Hypotension, often with arrhythmias

Postoperative noncardiac surgery patients

Renal failure

Critically ill patients, especially with diabetes, respiratory failure

Drug toxicity (e.g., adriamycin, 5 FU, herceptin, snake venoms)

Hypothyroidism

Coronary vasospasm, including apical ballooning syndrome

Inflammatory diseases (e.g., myocarditis, including Parvovirus, B19, Kawasaki disease, smallpox vaccination, or
myocardial extension of bacterial endocarditis)

12 to 18 hours but may be elevated up to 1 to 2 weeks after a significant MI.
Troponin (I and T) have replaced CK-MB as the predominant marker since
redefining of the criteria for acute MI by American College of Cardiology and
the European Society of Cardiology. With availability of highly sensitive assays
for detection of troponin, revised guidelines require a diagnostic rise and fall
in biomarkers in addition to symptoms or ECG changes significant for isch-
emia. Unfortunately, unstable angina cannot be included or excluded on the
basis of any currently available biomarker. Serum troponin I should be mea-
sured in all patients under suspicion of ACS. While interpreting elevations in
troponin I, it is essential to remember that troponin I can be elevated in con-
ditions other than ACS, such as sepsis, congestive heart failure, pulmonary
embolism, tachyarrhythmia, and myocarditis [8]. Table 5.5 lists conditions
other than ACS that may be associated with elevated troponin levels. Hence,
minimal elevations in troponin I in the absence of chest pain or ECG changes
but with other abnormalities such as sepsis or renal failure should not be
considered ACS. However, recent evidence demonstrates that even the minimal
elevation in troponin I in these patients is a poor long-term prognostic marker

[9].

CK-MB

CK-MB is one of the three creatine kinase (CK) isoenzymes. Creatine kinase
consists of two subunits, B (predominant in brain tissue) and M (predominant
in muscle tissue). Combinations of these two subunits results in three CK iso-
enzymes: CK-BB, CK-MB, and CK-MM. Although CK in cardiac tissue is 85%
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CK-MM and 15% CK-MB, cardiac tissue is the most abundant source of CK-MB.
CK-MB is the cardiac marker of choice for the purpose of estimating the size
and extent of confirmed acute MI. It is detectable in the circulation at 4 to 6
hours after myocardial injury and peaks at 12 to 24 hours. Compared with cTnl,
it returns to baseline within 2 to 3 days. This makes CK-MB useful in the detec-
tion of reinfarction. Serial CK-MB values provide the information we need for
quantifying the infarction. CK-MB is also present in skeletal muscle, and thus
an elevated level can be seen in conditions involving skeletal muscle injury or
breakdown, such as vigorous exercise, trauma, muscular dystrophies, myositis,
and rhabdomyolysis.

B-type Natriuretic Peptide

B-type natriuretic peptide (BNP) is useful in heart failure and signifies poor
outcomes in patients with ACS. A strong association between elevations
in BNP as well as N-terminal (NT)-proBNP levels and mortality has been
shown in patients with ACS. BNP is released from myocytes mainly in response
to increases in ventricular wall stress. Myocardial injury resulting in systolic
dysfunction, impaired ventricular relaxation, and stunned myocardium,
thereby causing increased preload and release of BNP has been proposed as
the underlying mechanism of release of BNP and NT-proBNP in patients with
ACS.

BNP is a useful adjunct to the multimarker panel currently in use for patients
presenting to the ED with chest pain. It may be an aid in diagnosis in patients
with NSTEMI and nondagnostic levels of CK-MB, troponin I, or both. BNP
provides valuable prognostic information pertaining to mortality, which is
independent of risk indicators, such as older age, renal insufficiency, and left
ventricular dysfunction [10]. A biphasic pattern of NT-proBNP has been dem-
onstrated after anterior MI. Whereas elevated NT-proBNP levels on admissions
are frequently observed, the second peak portents poor outcomes [6].

Myoglobin

Myoglobin is a small cytoplasmic protein present in muscle. Myoglobin of
cardiac origin enters the coronary circulation through capillaries during cellu-
lar infarction. This allows its detection in the peripheral circulation much
earlier than other markers of cardiac injury. Elevations in serum myoglobin
levels can be seen as early as 1 to 4 hours after symptom onset. It reaches peak
concentration at 6 to 9 hours and returns to baseline in 18 to 24 hours. Because
of its rapid rise and fall, myoglobin offers a potential for early detection of
myocardial injury during ACS. Diagnostic value of myoglobin is improved if
measured serially after the onset of symptoms. A 100% increase in measured
level at 2 hours after onset of symptoms results in 95% sensitivity and specificity
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for acute MI compared with a single elevated value. Pitfalls for use of myoglobin
include its presence in high concentrations in skeletal muscle, thus making it
relatively nonspecific for myocardial injury, and its dependence on renal func-
tion for clearance from the peripheral circulation. However, it may be valuable
as an early marker of acute MI and aid in early exclusion of patients without
myocardial injury when combined with more specific cardiac markers, such as
troponin and CK-MB. When measured within 3 hours of chest pain onset, the
sensitivity of myoglobin has been reported to be as low as 24% and as high as
81%, with specificity ranging from 76% to 96%. At 6 hours from chest pain
onset, the sensitivity and specificity ranges increase to 55% to 100% and 76%
to 98%, respectively. Unfortunately, the testing strategy still appears to fail to
detect 5% to 10% of patients with acute MI, limiting the value of a negative test
result.

Practical Approach

It is noteworthy that absence of detectable biomarkers on presentation of a
patient to the ED, particularly within 6 hours of onset of chest pain, should not
exclude ACS. As discussed before, serial testing should be performed [11]. The
biomarkers should be tested at baseline, 6- to 9-hour, and 12- to 24-hour inter-
vals to exclude myocardial injury. If troponins are elevated in patients without
a clinical picture or electrocardiographic evidence of ischemia, other causes of
troponin elevation should be considered. Point of care testing in the ED helps
in rapid decision making. However, due to lack of sensitivity in point of care
devices compared with a central laboratory, patients with small level of eleva-
tion of troponin may be missed.

Initial Treatment in the Emergency Department

Patients with chest pain and possible ACS need to be evaluated efficiently as
discussed before. Once they have been triaged into appropriate category, sup-
portive care should be instituted to relieve symptoms and maintain oxygenation
if required. All patients should be on continuous monitoring until further data
become available. Further conservative versus invasive strategy should be based
on predefined criteria based on ACC/AHA guidelines and should be modified
for capabilities and setup of individual hospitals. Emergent cardiac catheteriza-
tion should be arranged for patients in the Priority category. Advanced Risk
category patients should also be considered for early cardiac catheterization
(within 12 to 24 hours). In centers or situations where the door to balloon time
exceeds 90 minutes, patients in the Priority Risk category should receive imme-
diate thrombolytic therapy (if not contraindicated). Patients falling into the
Negative category should be admitted to noncardiology teams or to chest pain
units for observation and undergo exercise testing with radionuclide or echo-
cardiographic imaging. Patients without any findings can be safely discharged
home with follow-up with a cardiologist. Table 5.6 lists the medicines routinely
used by ED physicians and highlights key points in their use.
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TasLe 5.6. Initial pharmacological agents.

Agent Dosage

Key points

Pain management
Nitrates Nitroglycerin 0.4 mg sublingual as
needed

Topical nitroglycerin paste every
6 hours (6-hour paste-free window
every 24 hours)

Intravenous nitroglycerine at 10 lg/min
and titrate up to 200 Lg/min

Morphine Morphine sulfate 2 to 4mg IV every
5 minutes as needed

Antiplatelet therapy

ASA 325mg PO initial dose followed by

81 OR 162 mg PO daily

Clopoidogrel 300 to 600 mg PO loading dose
followed by 75 mg PO daily

Beta-blockers

IV + PO metoprolol 25 to 50 mg PO g6 hours for 48 hours,
then 100mg PO 12 hours OR 5 mg
IV over 1-2 minutes, repeat every
5 minutes for total initial dose
15 mg; followed by 25 to 50 mg PO
q6 hours for 48 hours, then 100mg
PO q12 hours

IV + PO atenolol 50 to 100 mg PO daily OR 5mg IV,
repeated in 5 minutes, then
followed by 50 to 100 mg PO daily

IV esmolol Loading dose, 500 mcg/kg IV bolus
over 1 minute followed by
maintenance dose

Maintain systolic blood pressure over
90 mm Hg

Do not reduce mortality in patients with acute
MI Intravenous nitroglycerin is
recommended in the first 24 hours for
patients with STEMI

Careful assessment during the use of nitrates
in patients with inferior and right
ventricular infarction is required to prevent
severe hypotension as a result of decreased
preload

Contraindicated in patients with recent
phosphodiesterase-5 inhibitors use (risk for
severe and prolonged hypotension)

Use of aspirin and clopidogrel in combination
should be considered for all patients with
ACS falling in priority and advanced
categories

Contraindications: Bleeding, known triple
vessel disease or strong suspicion that
patient may require coronary artery bypass
grafting (CABG)

Benefit of reduced early ischemic events and
morbidity should be taken into account for
majority of patients while deciding to hold
clopidogrel for possible CABG

Pretreatment with aspirin and clopidogrel
reduces periprocedural MI, death, and other
complications of urgent PCl

Indicated in all patients with ACS

Exception: Decompensated severe heart
failure, cardiogenic shock, severe reactive
airway disease, or signficant bradycardia
(less than 50 beats/min)

Oral initiation of beta-blockers therapy is
appropriate in low risk patients

Metoprolol is a preferable agent

Ultrashort-acting beta-blocker IV esmolol

(Continued)
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TasLe 5.6. Continued

Agent Dosage

Key points

ACE inhibitor

Lisinopril 5mg PO daily; titrate to maximum
tolerated dose
Captopril 6.25mg PO followed by 12.5mg PO
g8 hours; titrate to maximum
tolerated dose
Antithrombotic agent
IV unfractionated ~ 60-70 units/kg IV bolus followed
heparin by 12-15 units/kg/hr infusion
Low-molecular-
weight heparin
Enoxaparin 1mg/kg subcutaneous q12 hours

Glycoprotein l1b/llla inbitors

Efptifibatide 180 mcg/kg bolus IV followed by
2mcg/kg/min infusion
Tirofiban 0.4 mcg/kg/min bolus IV for 30
minutes followed by
0.1 mcg/kg/min infusion
Abciximab 0.25mg/kg bolus IV (over

5 minutes) followed by
0.125 mcg/kg/min infusion

If ACE cannot be administered, ARB should be
given

ACEl inhibitor is contraindicated in significant
hypotension, clinically relevant azotemia,
serum creatinine greater than 2.4 mg/dL,
bilateral renal artery stenosis, or any
hypersensitivity to ACE inhibitor

Achieve an activated partial thromboplastin
time (aPTT) of 1.5 to 2.0 times control

Use of enoxaparin should be considered over
heparin unless contraindicated

Enoxaparin should preferably not used in
patient with reduced glomerular filtration
rate and dose should be adjusted for age
>75

Priority and advanced risk patients

Hemodynamically unstable patients
undergoing revascularization

Indicated in refractory ischemia despite ASA,
clopidogrel and heparin

Eptifibatide needs dose reduction in renal
failure patients

IV, intravenous; PO, by mouth.

Conclusion

Hospitals should develop protocols to be followed by ED physicians and the
cardiology team. These directives and pathways should be based on guidelines
and in agreement with all the health care providers, including physicians and
nursing staff. Quality improvement initiatives need to be undertaken [12].
Systematic review and feedback should be provided to all the parties involved,
including emergency room and cardiology staff, laboratory personnel, and
pharmacy staff. Improvement in diagnostic or laboratory tests turnaround time
should be addressed for availability of data in a timely and consistent fashion.
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Application of a multiteam approach combined with quality improvement
measures and regular training of personnel will result in improvement in care
and timely management of patients with ACS in the ED.
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6
Diagnosis and Treatment of ST-Segment
Elevation Myocardial Infarction

Matthew Daka, Emad Aziz, Robert Leber, and Mun K. Hong

ST-segment elevation myocardial infarction (STEMI) represents the Priority
group of the PAIN pathway. This diagnosis should be promptly ascertained and
the proper treatment algorithm (see Chapter 2, Figs. 2.1 and 2.4 to 2.6) imme-
diately applied to maximize the preservation of ischemic myocardium at risk
and minimize the acute and late morbidity/mortality [1, 2].

The American College of Cardiology/American Heart Association (ACC/
AHA) guidelines on STEMI [3] suggest that all patients presenting to the emer-
gency department (ED) with a history of chest pain or symptoms suggestive of
STEMI should undergo the following:

1. Triaged through a predetermined, institution-specific chest pain protocol
such as our PAIN pathway. The protocol should include several diagnostic pos-
sibilities. We suggest the top six to be the following with pertinent diagnostic
tests:

+ Acute coronary syndrome (unstable angina, non-ST-segment elevation
myocardial infarction [NSTEMI], and STEMI): 12-lead electrocardiogram
(ECG) and cardiac biomarkers.

Acute aortic dissection: urgent computed tomography (CT) angiogram or
transesophageal echocardiography.

+ Acute pulmonary embolism: chest x-ray, urgent helical CT or ventilation-
perfusion scan.

+ Tension pneumothorax: physical examination and chest x-ray.

« Acute perforation of peptic ulcer or esophageal tear or rupture: pneumo-
mediastinum on chest x-ray for pneumomediastinum or air under the
diaphragm.

+ Acute pericarditis: history and 12-lead ECG, a normal coronary angio-
gram, and transthoracic echocardiogram.

2. Placed on a cardiac monitor with a defibrillator on standby. A 12-lead ECG
should be performed and interpreted by an experienced physician within 10
minutes of ED arrival.

3. If STEMI is present, the decision to establish reperfusion either by primary
angioplasty (PCI), the preferred revascularization option [4], or fibrinolytic

48
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therapy should be made within 20 minutes of ED arrival. The goal is to achieve
a door to needle time for fibrinolytics within 30 minutes or a door to balloon
time for primary PCI within 90 minutes of arrival to the ED [3]. These goals
should not be understood as the ideal times for reperfusion but rather the
longest times that should be considered acceptable for effective reperfusion
therapy.

4. During this time, a focused history and physical examination should be

performed, the aim of which is to:

+ Assess risk factors of coronary artery disease (CAD) and other history to
exclude the potentially lethal differential diagnoses listed above.

+ Perform a quick but thorough review of exclusion criteria for fibrinolytic
treatment if STEMI is confirmed and if the patient is in a non-primary
PCI center.

+ Identify the subset of patients with signs of left ventricular decompensa-
tion, organ hypoperfusion and/or shock, or other complications, such as
mechanical complications of STEMI (see Chapter 11) so that these high-
risk patients can be transferred quickly to the cardiac catheterization labo-
ratory in a primary PCI capable center.

Immediately after the diagnosis of STEMI, the patients should also receive
oxygen and adjunct pharmacology (see Chapter 5).

Reperfusion

The current ACC/AHA guidelines for the treatment of STEMI recommend that
a reperfusion strategy, based on either pharmacological management with a
fibrinolytic agent or mechanical management with PCI, should be implemented
as soon as possible after arrival in the ED (class I-A recommendation) [1].
Factors affecting the choice of reperfusion therapy include time between onset
of chest pain and presentation, access to a skilled facility capable of primary
PCI, and patient characteristics at presentation.

Timing Is Important for Selecting Reperfusion Strategy

The ACC/AHA STEMI guidelines appear to favor fibrinolytic therapy over PCI
when symptom duration is <3 hours, as the likelihood of fresh thrombus ame-
nable to fibrinolytic agent is high, especially if there is an anticipated delay of
>1 hour from needle insertion to balloon inflation. However, in cases where the
anticipated delay is <1 hour between needle insertion and balloon inflation, PCI
is still preferred given its safety over thrombolysis associated with approxi-
mately 1% intracranial hemorrhage [4]. PCI is the favored strategy when there
is a delay between symptom onset and presentation (>3 hours) and when PCI
can be performed in a timely manner with a door to balloon time goal of <90
minutes. The following is a synopsis from the ACC/AHA STEMI guidelines [1]
(Table 6.1).
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TasLe 6.1. Criteria for selecting reperfusion therapy.

If presentation is <3 hours and there is no delay to an invasive strategy, there is no preference to either strategy;
however:

An invasive strategy is generally preferred if: Fibrinolysis is generally preferred if:
1. Late presentation (>3 hours since symptom onset) Early presentation (<3 hours from symptom onset)
and delay to invasive strategy
2. Skilled PCl lab available with surgical backup [5]: Invasive strategy is not an option:
* Operator experience: >75 primary PCl cases/year + (Cath lab is occupied/not available
+ Team experience: >36 primary PCl cases/year + Vascular access difficulties
+ No access to skilled PCl lab
3. Medical contact to balloon or door to balloon time Delay to invasive strategy:
<90 minutes + Prolonged transport
+ Door to balloon time >90 minutes
4. <1 hour delay vs. time to fibrinolytic therapy with + <1 hour delay vs. immediate fibrinolytic therapy
a fibrin-specific agent with a fibrin-specific agent

5. High risk STEMI:
+ Cardiogenic shock
« Killip class Ill or IV

6. Contraindications to fibrinolysis, including increased
risk of bleeding and ICH

7. Diagnosis of STEMI is in doubt

ICH, intracranial hemorrhage

Fibrinolytic Therapy

It is well-known that time from onset of symptoms to fibrinolytic therapy is an
important predictor of MI size and patient outcome [6]. The efficacy of fibri-
nolytic agents in lysing thrombus diminishes with the passage of time [7].
Fibrinolytic therapy administered within the first 2 hours (especially the first
hour) can occasionally abort MI and dramatically reduce mortality [8, 9]. The
National Heart Attack Alert Working Group recommends that EDs strive to
achieve a 30-minute door to needle time to minimize treatment delays [10].
Prehospital fibrinolysis by skilled EMS personnel reduces treatment delays by
up to 1 hour and reduces mortality by 17% [11].

Contraindications to Fibrinolytic Therapy in STEMI
Absolute contraindications:

1. Any prior intracranial hemorrhage.

2. Known structural cerebral vascular lesion (arteriovenous malformations,
aneurysms, etc.).

3. Known malignant intracranial neoplasms (primary or metastatic).

4. Ischemic stroke within 3 months except acute ischemic stroke within 3
hours.

5. Suspected aortic dissection.
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6. Active bleeding or bleeding diathesis (excluding menses).
7. Significant closed-head or facial trauma within 3 months.

Relative contraindications:

1. History of chronic, severe, poorly controlled hypertension.

2. Severe uncontrolled hypertension on presentation (systolic blood pressure
[SBP] >180mm Hg or diastolic blood pressure [DBP] >110 mm Hg).

3. History of prior ischemic stroke greater than 3 months, dementia, or known

intracranial pathology not covered under absolute contraindications.

. Traumatic or prolonged (greater than 10 minutes) CPR.

. Major surgery within the last 3 weeks

. Recent internal bleeding (within 2 to 4 weeks).

Noncompressible vascular punctures.

. Pregnancy.

. Active peptic ulcer

10. Current use of anticoagulation: the higher the international normalized
ratio (INR), the higher the risk of bleeding.

11. For streptokinase/anistreplase: prior exposure (more than 5 days ago) or
prior allergic reaction to these agents.

O N O U

Prerequisites for Superiority of PCl over Fibrinolysis

The current STEMI guidelines [1] indicate that the benefit of PCI over fibrino-
lytic reperfusion pertains to primary PCI performed in a skilled facility with
cardiothoracic surgical backup and by experienced interventionalists. Require-
ments for a skilled facility and experienced interventionalist are as follows: (1)
an annual total of 400 PCI procedures by the facility (at least 36 primary PCI);
and (2) an operator that performs 75 PCI procedures annually (at least 11
primary PCI).

The suggested relationship between PCI-capable centers and improved out-
comes is illustrated by findings from a retrospective analysis of 1997 Medicare
claims data demonstrating that the need for coronary artery bypass graft
(CABG) surgery after PCI occurred more frequently (2.25% vs. 1.55%; P < 0.001)
when the procedure was performed by inexperienced staff (>60 vs. <30 cases
per year) and that the risk of 30-day mortality was higher (4.29% vs. 3.15%; P
< 0.001) for patients treated at low-volume PCI centers (<80 vs. >160 Medicare
cases per year) [5].

Why Primary PCI Should Be the Preferred, Standard Reperfusion
Strategy for STEMI

1. Primary PCI results in substantially better rates of normal flow in the
culprit artery compared with treatment with fibrinolytic agents (TIMI grade 3:
74% to 93% [12, 13] vs. 60% to 63% [14-16]). Fibrinolysis fails to restore blood
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flow completely in 30% to 40% of patients with STEMI, and analyses of random-
ized clinical trials comparing primary PCI and fibrinolysis have shown improved
clinical outcomes with primary PCI [4, 17].

2. For primary PCI compared with fibrinolytic therapy, compelling data
from randomized trials suggest lower rates of adverse events [4]:

+ Mortality (5.0% vs. 7.0%)

» Nonfatal reinfarction (3.0% vs. 7.0%)

+ Hemorrhagic stroke and intracranial hemorrhage (0.05% vs. 1.0%).

3. Fibrinolytic therapy, albeit widely available, is limited by early and late
reocclusion of the infarct-related artery:

« The incidence of reocclusion after successful fibrinolysis increases
over time as shown in a series of studies [18-20]. It is up to 25% to 30%
within months of STEMI [21, 22]. Reocclusion rate after fibrinolysis
is 28% at 3 months [22] and 25% at 1 year [19]. Reocclusion of a previ-
ously patent artery is a cause of increased in-hospital mortality and is
also detrimental to the long-term recovery of left ventricular function
[23].

On the other hand, coronary stenting virtually eliminates vascular recoil, and
multiple studies have shown low reocclusion rates between 0% and 6% on
follow-up angiography ranging from 6.2 days to 7.7 months after angioplasty
with stent placement for STEMI [24-28].

4. Emergent cardiac catheterization enables an anatomic risk stratification
strategy:

* A subset of patients will have severe three-vessel or left main disease or
anatomic features unfavorable for PCI and may be candidates for urgent
or emergency CABG. These patients will be missed if a fibrinolytic strategy
is used.

+ Another subset of patients will have spontaneously reperfused coronary

arteries or may have acute pericarditis or other nonthrombotic causes of
ST-segment elevation, such as epicardial or microvascular spasm or Tako-
Tsubo cardiomyopathy [29]. These patients can be treated medically and
conservatively, avoiding the risks of fibrinolytic therapy.
Additionally, identification of high-risk patients by cardiac catheteriza-
tion, such as those with concomitant valvular disease, may facilitate addi-
tional strategies that will improve outcome, whereas low-risk patients may
be eligible for early hospital discharge.

5. Primary PCI is superior to fibrinolytic therapy in high-risk patients such
as those with anterior wall myocardial infarction, cardiogenic shock, or conges-
tive heart failure:

* Primary PCI in patients with anterior STEMI reduces mortality compared
with fibrinolytic therapy although there is no difference in patients with
non-anterior STEMI [30, 31].

+ Patients with cardiogenic shock treated with coronary revascularization
experienced an absolute 9% reduction in 30-day mortality compared with
those managed with medical stabilization [32].
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+ In NRMI-II, patients with CHF had a 33% relative risk reduction with
primary PCI compared with a 9% relative risk reduction with fibrinolytic
therapy [33].

Strategies to Minimize the Door to Balloon Time

There are many strategies to reduce the door to balloon time, and a recent
report by Bradley et al. [34] suggests practical ways to achieve this important
goal. In their survey of hospitals and review of 28 different strategies, six of
them were found to significantly reduce the door to balloon time. They included
the following, many of which we have already in place at our institution (see
Chapter 2):

1. ED physicians activate the catheterization laboratory or the MI team (reduc-
ing 8.2 minutes).

2. A single call to a central page operator activates the catheterization labora-
tory or the MI team (13.8-minute reduction).

3. ED physicians activate the catheterization laboratory or the MI team while
the patient is being transported by the ambulance to the hospital (saving
15.4 minutes).

4. The on-call staff is expected to arrive in the catheterization laboratory within
20 minutes after being paged (reducing 19.3 minutes vs. >30 minutes).

5. The on-call interventionalist stays in the hospital for these emergencies
(14.6-minute reduction).

6. A collaborative feedback is provided between the ED and the catheterization
laboratory (8.6-minute reduction).

Most of these strategies can be implemented without undue stress on the
system, except for the attending interventionalist taking the call in the hospital.
These reductions in precious minutes are especially important when many
patients still present late after the onset of their symptoms.

Transfer to Primary PCl Center

The balance of risk/benefit between the transfer of patients for PCI and more
immediate treatment with fibrinolytic therapy remains uncertain. If the
expected door to balloon time exceeds the expected door to needle time by
more than 60 minutes, fibrinolytic treatment with a fibrin-specific agent such
as tenecteplase (TNK) should be considered unless it is contraindicated. This
is particularly important when symptom duration is less than 3 hours but
is less important with longer symptom duration, when less ischemic myocar-
dium can be salvaged. The CAPTIM trial [35] showed lower mortality with
prehospital fibrinolysis than with primary PCI, and the PRAGUE-2 trial [36]
showed lower mortality with primary PCI after interhospital transfer than with
on-site fibrinolysis. In these two trials, PCI was superior to fibrinolysis when
symptom duration was greater than 2 to 3 hours but not when symptom dura-
tion was shorter.
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Also, the DANAMI-2 trial (Danish Trial in Acute Myocardial Infarction),
conducted in Denmark, found that patients treated at facilities without inter-
ventional cardiology capabilities had better composite outcomes when the
patients were transferred for PCI within 2 hours of presentation than with
pharmacological reperfusion treatment at the local hospital [37]. Importantly,
the mean time to treatment was delayed only 44 minutes. Whether these results
could be replicated elsewhere is not known.

Conclusion on Reperfusion Strategy

Given the logistical issues, it is not possible to say definitively that a particular
reperfusion approach is for all patients, in all clinical settings, at all times of
day. The most important recommendation is that a reperfusion therapy should
be selected immediately for all patients with suspected STEMI. The appropriate
and timely use of any reperfusion therapy is likely more important than the
type of therapy, as “time is muscle” and the latter determines the long-term
outcome.

Other Therapeutic Options
Facilitated PCI

Facilitated PCI is defined as PCI after an initial treatment with a pharmacologi-
cal regimen such as full-dose fibrinolysis, half-dose fibrinolysis, a glycoprotein
(GP) IIb/IIIa inhibitor, or a combination of reduced-dose fibrinolytic therapy
and a platelet GP IIb/IIIa inhibitor. Facilitated PCI should be differentiated
from primary PCI without fibrinolysis or GP IIb/IIIa inhibitor therapy, from
primary PCI with a GP IIb/IIIa inhibitor started at the time of PCI, and from
rescue PCI after unsuccessful fibrinolysis. Potential advantages include earlier
time to reperfusion, improved patient stability, greater procedural success
rates, higher thrombolysis in myocardial infarction (TIMI) flow rates, and
improved survival. However, studies have not demonstrated any benefit in
reducing infarct size or improving outcomes compared with primary PCI [38].
Facilitated PCI is a class IIb recommendation, not evidence-based, by the ACC/
AHA STEMI guidelines.

Rescue PCl

Rescue (also known as salvage) PCI is defined as PCI within 12 hours after
failed fibrinolysis for patients with continuing or recurrent myocardial isch-
emia. Rescue PCI has resulted in higher rates of early infarct artery patency,
improved regional infarct-zone wall motion, and greater freedom from adverse
in-hospital events than with a deferred PCI strategy or medical therapy. The
Randomized Evaluation of Rescue PCI with Combined Utilization End Points
(RESCUE) trial demonstrated a reduction in rates of in-hospital death and a
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combined end point of death and CHF that was maintained up to 1 year after
study entry for patients presenting with anterior STEMI who failed fibrinolytic
therapy when PCI was performed within 8 hours after the onset of symptoms
[39]. Improvement in TIMI grade flow from <2 to 3 may offer additional clini-
cal benefit. Similar data are not available for patients with non-anterior
STEMI.

Delayed PCl and the Open Artery Hypothesis

Should stable, high-risk STEMI patients with persistent, complete occlusion of
the infarct-related artery presenting outside the currently accepted period for
myocardial salvage of 12 hours receive only optimal medical therapy or should
they, in addition, undergo PCI of the infarct-related artery? The answer to this
question is still unclear. The “open artery hypothesis” asserts that the restora-
tion of antegrade flow in the infarct-related artery days, weeks, or even several
months after myocardial infarction would improve long-term outcome and
survival even if left ventricular function did not improve. Two pivotal trials
led to this assertion: the Western Washington trial [40] in which fibrinolytic
therapy, using streptokinase, improved survival without improving left ven-
tricular function, and the Second International Study of Infarct Survival (ISIS-2
trial), in which streptokinase improved mortality even in patients receiving it
between 13 and 24 hours after the onset of STEMI [41]. The open artery hypoth-
esis is also strongly supported by several nonrandomized, retrospective studies
[42-44]. However, the recently published results of the multicenter, random-
ized Open Artery Trial (OAT Trial) did not corroborate the open artery hypoth-
esis [45]. The OAT trial, which randomized 2,166 patients with total occlusion
of the infarct-related artery within 3 to 28 days after STEMI and mean left ven-
tricular ejection fraction below 50% to optimal medical therapy alone or optimal
medical therapy with PCI, showed no reduction in major cardiovascular events
(death, reinfarction, or heart failure) during a mean follow-up of up to 4 years.
There was a statistically non-significant trend toward excess reinfarction in the
PCI cohort. In patients presenting late after STEMI, rigorous selection criteria
that include demonstrating a large area of myocardium at risk and ascertain-
ment of myocardial viability using noninvasive tests may be necessary before
PCI of the infarct-related artery is undertaken.

The Role of Serum Cardiac Biomarkers in the Diagnosis of STEMI

Although serum cardiac biomarkers (troponin I and T, creatine kinase [CK],
CK-MB, and myoglobin) are useful for confirming diagnosis, estimating infarct
size, and provide useful prognostic information in STEMI patients (see Chapter
5 for further details), initiation of reperfusion strategy should never be delayed
while awaiting the results of cardiac biomarker assay. The amount of cardiac
biomarker released is a sign of the extent of myocardial necrosis/damage and
provides prognostic information, but also the kinetics of release of these bio-
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markers may serve as a noninvasive assessment of successful reperfusion after
fibrinolytic therapy [46].

Earlier detection of CK-MB or cardiac troponins in less than 6 hours from
the onset of definite chest pain in STEMI patients suggest an acute ischemic/
occlusive episode that precedes patients’ reference chest pain. STEMI patients
with troponin T elevation less than 6 hours after chest pain onset have a higher
mortality [47]. Myoglobin, found in both cardiac and skeletal muscle, can be
detected 2 hours after the onset of STEMI albeit not cardiac specific. Though
not widely used, the rapid release kinetics of myoglobin makes it an attractive
biomarker for the early diagnosis of reperfusion.

Drugs used to treat STEMI patients are discussed in detail in Chapters 8
and 9.
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7
Diagnosis and Treatment of Non-ST-
Segment Elevation Myocardial Infarction

Jacqueline E. Tamis-Holland, Sandeep Joshi, Angela Palazzo, and
Sripal Bangalore

Acute coronary syndrome (ACS) is a spectrum of clinical events ranging from
unstable angina (UA) to acute myocardial infarction (AMI). AMI includes both
non-ST-segment elevation myocardial infarction (NSTEMI) and ST-segment
elevation myocardial infarction (STEMI). UA and NSTEMI have similar patho-
physiologic and clinical presentations. Often they are difficult to distinguish
on initial appearance and are frequently grouped together as one clinical syn-
drome. However, NSTEMI portends an increased risk due to an elevation in
cardiac biomarkers reflecting myocardial necrosis. NSTEMI is a highly preva-
lent and life-threatening manifestation of ACS accounting for more than 1.2
million patient hospitalizations in the United States alone [1] and is a major
cause of morbidity and mortality in the Western world.

Pathophysiology

ACS occurs when there is an imbalance between myocardial oxygen supply
and demand. In NSTEMI, the most common cause for this imbalance is throm-
bus formation at the site of an atherosclerotic plaque, resulting in incomplete
vessel occlusion or tranmsient total occlusion. Atherosclerotic plaques are
composed of cellular debris and a lipid core with an overlying fibrous cap.
Disruption of the fibrous cap will expose the lipid core to the arterial lumen,
providing a substrate for platelet aggregation and activation at the disrupted
endothelial surface. Fibrinogen bridges the activated platelets by binding
to two glycoprotein (GP) IIb/IIla receptors, resulting in the formation of
a platelet-fibrin hemostatic plug, which then propagates into either an occlu-
sive or nonocclusive thrombus [2]. In NSTEMI, this thrombus does not
completely occlude the arterial lumen and antegrade flow remains intact.
Clumps of activated platelets or components of the disrupted plaques
can propagate down the arterial tree. These microemboli may result in
myocardial necrosis and are presumed to be responsible for the release of
biochemical markers of AMI associated with NSTEMI [2]. Alternate mecha-
nisms for NSTEMI are less common. These include (1) smooth muscle cell
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spasm with transient obstruction; (2) moderate or severe atherosclerosis,
with a concomitant increase in myocardial oxygen demand such as that seen
with hemodynamically unstable hypotension or anemia; (3) inflammatory dis-
eases of the blood vessels (vasculitis), resulting in vessel damage, with intimal
thickening and arterial narrowing; and (4) secondary conditions that may be
extrinsic to the coronary vessels, including embolic events as a result of left
atrial myxoma, atrial fibrillation, paradoxical emboli, valvular vegetations, or
clot.

Diagnosis

It is important to have a high index of suspicion when evaluating patients with
chest pain or suspected ACS so that an early diagnosis can be made and appro-
priate care can be initiated (see Chapter 2, Figs. 2.1, 2.7, and 2.8). It is recom-
mended that patients with suspected ACS be placed in alocation with continuous
electrocardiogram (ECG) monitoring and close observation until the diagnosis
is made or discounted. This evaluation should consist of assessing both the
likelihood of ACS and the patients’ risk for subsequent cardiac events, as initial
medical therapy and subsequent hospital management will be determined by
these factors.

History and Physical Examination

Angina is typically described as chest discomfort, frequently referred to as chest
“tightness,” “squeezing,” or “grabbing” that occurs with increased activity and
is relieved with rest. In cases of NSTEMI, these symptoms are generally pro-
longed and not relieved with rest or nitroglycerin. Accompanying symptoms
may include left arm or jaw pain, profound diaphoresis, nausea or dyspnea and
epigastric pain. Although the presence of sharp, pleuritic or atypical chest pain,
or chest pain that is reproduced by palpation of the sternum is less consistent
with angina, the diagnosis of NSTEMI in such cases may still be considered
if the index of suspicion is otherwise high. The quality of pain, albeit helpful,
should not entirely make or discount a diagnosis of NSTEMI. Supporting infor-
mation may include a prior history of atherosclerotic heart disease (ASHD) or
MI, as well as the presence or absence of risk factors such as hypertension,
tobacco use, diabetes mellitus, hyperlipidemia, and a family history of prema-
ture ASHD.

The physical examination often does not provide additional information in
the diagnosis of NSTEMI, but it can be helpful in the assessment of complica-
tions of infarction. Alternative etiologies for the patient’s presenting symptoms
may be suggested by physical findings and comorbidities, including chronic
obstructive pulmonary disease (COPD), infection, or peripheral vascular dis-
ease, which can alter the approach to invasive treatment.
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Electrocardiogram

The ECG is essential to the diagnosis, risk stratification, and treatment of
patients with ACS. The American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) guidelines recommend that an ECG be performed within
10 minutes of presentation of ongoing chest pain [3, 4]. Dynamic ST-segment
changes including ST-segment depressions or transient ST-segment elevations
21mm or deep T-wave inversions >2mm support the diagnosis of cardiac
ischemia or infarction. The presence of a normal ECG does not exclude the
possibility of NSTEMI as a small percentage of patients with a normal ECG but
typical symptoms can go on to develop infarction [5]. The presence of a normal
or nondiagnostic ECG does provide prognostic information. Patients with a
documented infarction and a nondiagnostic ECG have been shown to have a
lower risk of long-term complications when compared with patients with
dynamic ECG changes [6, 7].

Biochemical Cardiac Markers

Cardiac markers are intracellular macromolecules that are released into the
bloodstream when myocardial necrosis is present. Cardiac biomarkers should
be obtained on all patients presenting with a suspected NSTEMI. The biochemi-
cal markers include the cardiac troponins (troponin T and troponin I), creatine
kinase MB (CK-MB), and myoglobin. Assays measuring the cardiac troponins
I and T are extremely sensitive and very specific; thus, they are the marker of
choice for assessing myocardial necrosis. If troponin measurements are unavail-
able, then the CK-MB should be measured. Serum myoglobin measurements
are highly sensitive but less specific for the detection of early cardiac necrosis
and are only useful when used in conjunction with CK-MB or the cardiac tro-
ponins. The biochemical markers of necrosis are often not detectable until
several hours after symptom onset. Therefore, it is recommended that cardiac
enzyme levels be obtained on admission and at 6 to 9 and 12 to 24 hours.

Risk Stratification

Risk stratification of patients with NSTEMI is essential for assessing both
short- and long-term risk, to individualize patient care, and to provide the most
appropriate management options. Certain therapies have been shown to be
more effective in patients who are at higher risk, whereas a less aggressive
approach may be used in low-risk patients. Risk assessment is based on a com-
pilation of the patient’s clinical history, physical examination, ECG, and bio-
chemical markers. Various systems have been proposed to facilitate clinicians
in estimating a patient’s risk profile.

The Thrombolysis in Myocardial Infarction (TIMI) risk score for NSTEMI
and unstable angina is a 7-point system that can be used to predict a patient’s
risk for death, nonfatal myocardial infarction, or severe ischemia requiring
urgent revascularization at 2 weeks after the initial presentation [8]. Variables
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analyzed include (1) age >65 years; (2) prior known coronary stenosis of >50%;
(3) the presence of at least three coronary artery disease risk factors; (4) ele-
vated cardiac enzymes; (5) ST-segment deviation on ECG; (6) recurrent angina
prior to presentation; and (7) aspirin use within the last week.

The Agency for Health Care Policy and Research (AHCPR) guidelines for
unstable angina use a simple estimate of cardiac risk to estimate outcome [9].
Low-risk patients include those patients with a normal ECG and without rest
or nocturnal chest pain. High-risk patients are those with evidence of extensive
myocardial infarction or compromise, including ongoing chest pain, pulmo-
nary edema or rales, S3 gallop, murmur of new mitral regurgitation, hypoten-
sion, or dynamic ST changes. Intermediate-risk patients are those patients
who fall between the two spectrums described. In a prospective study of
patients with angina, 30-day mortality was 0% for low-risk patients, 1.2% for
intermediate-risk patients, and 17% for high-risk patients.

Elevated cardiac troponin levels provide prognostic information during ACS.
NSTEMI patients with elevated troponins have a higher incidence of death or
subsequent AMI when compared with those patients without elevated troponin
[10]. The risk increases proportionally with the quantity of troponin detected
[11, 12]. In addition, patients with elevated cardiac troponins have been shown
to greatly benefit from certain treatments such as GP IIb/IIla inhibitors and
low-molecular-weight heparins and from interventional procedures for revas-
cularization [13-15].

Treatment

Anti-ischemic Agents
Oxygen

Oxygen is administered to patients with NSTEMI to provide symptomatic relief
of dyspnea and to maintain oxygen saturations above 90% in hypoxic patients.
The routine use of supplemental oxygen has not been shown to affect outcome
in patients with NSTEMI.

Nitrates

Nitroglycerin is a potent venodilator. It predominately exerts its effect by
reducing preload, which results in a reduction in wall stress and myocardial
oxygen demand. It may also have some direct effect on coronary artery vascular
tone, although this mechanism is less well defined. The reduction in preload is
helpful in treating patients with heart failure. Therefore, nitroglycerin is given
to patients with NSTEMI for relief of ongoing chest pain, treatment of refrac-
tory hypertension, or congestive heart failure (CHF). It is especially useful in
cases where vasospasm is suspected. Nitroglycerin is initially given sublingually
and subsequently administered intravenously if there is no response. The
routine use of nitroglycerin in the absence of angina-like symptoms or CHF is
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not recommended as it does not appear to affect outcome [16, 17]. Nitroglyc-
erin should be withheld in patients with suspected right ventricular infarction
or hypotension, as the reduction in preload may exacerbate these conditions.

Beta-Blockers

Beta-blockers decrease myocardial contractility and slow heart rate, which
results in decreased myocardial oxygen demand. Although there are limited
studies examining the early use of beta-blockers in the NSTEMI patient, studies
of patients with STEMI have demonstrated a reduction in mortality and recur-
rent myocardial infarction when early intravenous beta-blockers are adminis-
tered [18, 19]. Therefore, the ACC/AHA guidelines recommend that in the
absence of a contraindication, beta-blockers should be initiated to all patients
early in the setting of NSTEMI [3, 4]. In higher risk patients, they should be
given as an intravenous bolus, followed by oral dosing. Beta-blockers should
be withheld in patients with important contraindications to their use, including
active heart failure, hemodynamic instability, severe bradycardia or high-grade
AV block, and significant COPD.

Calcium Channel Blockers

These agents decrease the influx of calcium ions across the cardiac smooth
muscle membranes resulting in smooth muscle cell relaxation. They are gener-
ally classified into two groups: dihydropyridine calcium channel antagonists
(amlodipine, nifedipine) and non-dihydropyridine calcium channel antago-
nists (such as verapamil and diltiazem). Dihydropyridine calcium channel
antagonists predominantly have an affect on peripheral smooth muscle relax-
ation while non-dihydropyridines result in a reduction in myocardial contrac-
tility and atrioventricular (AV) nodal conduction. All of these agents have some
coronary vasodilator properties. Because of the uncertain benefit regarding the
routine use of calcium channel blockers in the setting of patients with coronary
artery disease [20, 21], their use is reserved for patients with suspected coronary
artery spasm as the etiology for the infarction or in patients with refractory
hypertension requiring multiple agents.

Morphine Sulfate

Morphine sulfate, a potent anxiolytic as well as an analgesic agent, also has
beneficial hemodynamic effects such as vasodilation. It is predominately used
for control of refractory angina or treatment of CHF. A recent report from the
CRUSADE Initiative, a nonrandomized, retrospective observational registry
enrolling patients with NSTEMI, revealed a higher mortality in patients given
any intravenous morphine within the first 24 hours of presentation. The use of
morphine was associated with increased in-hospital mortality (odds ratio of
1.41) even after matching on propensity score for treatment [22]. Although this
is a nonrandomized trial, this finding warrants some caution with the use of
morphine in NSTEMI patients, especially its hypotensive effects.
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Antiplatelet Therapy
Aspirin

Aspirin irreversibly inhibits platelet cyclooxygenase-1, resulting in a reduction
in thromboxane A, and a decrease in platelet activation and aggregation. Studies
evaluating aspirin use in patients with ACS have been consistent in demonstrat-
ing benefit [23, 24]. As a result, the ACC/AHA guidelines recommend that all
patients with NSTEMI receive aspirin on initial presentation [3, 4]. An initial
dose of 162 to 325mg should be given and continued indefinitely if ASHD is
present. There are infrequent contraindications to aspirin use, including active
bleeding or severe peptic ulcer disease, or aspirin allergy. Aspirin allergy is
rare, and anyone reporting an allergy to aspirin should be questioned further
to verify the accuracy of this statement. Individuals who are truly intolerant of
aspirin should be treated with clopidogrel. Alternately, they may be considered
for aspirin desensitization.

ADP Receptor Antagonists

Clopidogrel and ticlopidine are thienopyridines that exert inhibitory effects on
platelet activation and aggregation through noncompetitive blockage of the
platelet adenosine diphosphate (ADP) receptor. Ticlopidine has been associ-
ated with serious hematologic disorders and it is not routinely used for the
treatment of coronary heart disease unless there is a contraindication to the use
of clopidogrel.

Unlike aspirin, clopidogrel has a delayed release profile and may take several
days to achieve a full antiplatelet effect. Therefore, it is often given as a loading
dose of 300 mg to 600 mg followed by a daily dose of 75mg. The CURE study
demonstrated that the addition of clopidogrel to aspirin in patients with unsta-
ble angina or NSTEMI resulted in a 20% reduction in cardiovascular outcomes
at 1 year [25]. This benefit was noted in both high-risk and low-risk patients.
Clopidogrel has been associated with a higher risk for major bleeding, in par-
ticular among patients undergoing coronary artery bypass surgery (CABG)
within 5 days of drug discontinuation [25]. The ACC/AHA guidelines recom-
mend the use of clopidogrel plus aspirin in hospitalized patients with NSTEMI
who are managed either with an early interventional or medical approach and
are not at high risk for bleeding [4]. Therapy with clopidogrel should be con-
tinued for at least 1 month after MI and preferably up to 9 to 12 months [26,
27]. A lower dose of aspirin (75 to 100 mg) is recommended when concomitant
clopidogrel is administered.

Glycoprotein Ilb/llla Inhibitors

Activation of the GP IIb/IIIa receptor on the platelet surface is the final common
pathway to platelet aggregation. There are several agents currently available that
antagonize the GP IIb/IIIa receptor. These agents include tirofiban, eptifibatide,
and abciximab. Tirofiban is a synthetic nonpeptide that competitively inhibits
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the GP IIb/IIla receptor. Because of its reversible binding, tirofiban has a short
half-life with a return of platelet activity within 3 to 4 hours after the discontinu-
ation of the drug [28]. Eptifibatide is a synthetic peptide that competitively
inhibits the GP IIb/IIla receptor. This agent has a pharmacokinetic profile
similar to tirofiban, with a short half-life and a return of normal platelet activity
within 3 to 4 hours of drug discontinuation [29]. Abciximab, a Fab fragment of
a murine antibody, has not been proved to be of benefit in the initial medical
stabilization of patients with UA/NSTEMI [30] and therefore the ACC/AHA has
not recommended its use as initial “upstream” therapy in this setting.

Both tirofiban and eptifibatide have been shown to decrease the likelihood
of adverse outcomes among high-risk patients with UA/NSTEMI [29, 31, 32].
The benefit of these agents is particularly notable for patients with elevated
troponin levels, high TIMI risk scores, or a planned early invasive strategy.
These agents have been associated with a tendency toward increased bleeding
and thrombocytopenia, although the rates of major bleeding do not appear to
be significantly increased. In view of this information, these agents are recom-
mended by the ACC/AHA for high-risk patients scheduled for planned PCI.
Low-risk patients who are likely to receive a conservative approach to therapy
are less likely to benefit from this therapy [3, 4].

Antithrombotic Therapy

Antithrombotic agents prevent thrombus propagation by inhibiting compo-
nents of the coagulation cascade and by inhibiting thrombin activity. Unfrac-
tionated heparin (UFH) is a glycosaminoglycan composed of heterogeneous
chains with different molecular weights and anticoagulation activity. UFH
exerts its anticoagulation effect via its interaction with antithrombin III. Because
of its ability to bind to plasma proteins and cells, the use of UFH can result in
a wide variation in therapeutic response, hence monitoring of the activated
partial thromboplastin time (aPTT) is required. A weight-adjusted intravenous
loading dose is followed by a continuous infusion. Optimal dosing includes an
initial bolus of 60 to 70 U/kg to a maximum of 5,000 units, followed by a 12 to
15U/kg infusion. Subsequent dosing should be weight based and aimed to
achieve an aPTT of 50 to 70 seconds [3, 4]. UFH has been widely used in the
setting of UA/NSTEMI. Several studies have shown that the early administra-
tion of UFH either alone or in combination with aspirin is associated with a
lower rate of recurrent myocardial infarction and ischemia [33, 34].
Low-molecular-weight heparins (LMWHs) are derived via cleavage of UFH
to yield smaller chains with different molecular weights and anticoagulation
properties. LMWHs are more effective than UFH in catalyzing the inhibition of
factor Xa by antithrombin III than in the inactivation of thrombin. Because
LMWHs have a reduced binding affinity to proteins or cells, there is a more
predictable dose-response relationship with a longer half-life than UFH. As a
result, there is no required laboratory monitoring of activity and more conve-
nient subcutaneous administration. LMWHs have been demonstrated to be of
greater benefit than UFH in certain high-risk patients [35, 36]. Accumulating
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data have shown that LMWHs can be given safely and effectively to UA/NSTEMI
patients in conjunction with GP IIb/IIla inhibitors undergoing PCI therapy
[37]. The ACC/AHA recommends that patients with NSTEMI be given antico-
agulation with UFH or LMWHs in addition to antiplatelet therapy with aspirin
and/or clopidogrel [3, 4].

Additional Medical Therapies
Angiotensin-Converting Enzyme Inhibitors

Angiotensin-converting enzyme (ACE) inhibitors have been shown to reduce
morbidity and mortality among patients presenting with ACS who have signs
or symptoms of left ventricular dysfunction or heart failure [38, 39]. In the
absence of contraindications, ACE inhibitors should be administered to all
patients with NSTEMI complicated by CHF or left ventricular dysfunction. An
ACE inhibitor may be considered as routine care in all post-ACS patients as
well [3, 4] and should be initiated within 24 hours of presentation.

Statin Therapy

The 3-hydroxy-3 methylglutaryl (HMG) coenzyme A reductase inhibitors or
statins predominately exert their effects by lowering low-density lipoprotein
(LDL) cholesterol and triglycerides and raising high-density lipoprotein (HDL)
cholesterol. The degree to which they improve cardiovascular outcomes,
however, is out of proportion to their LDL-lowering effects, and it is likely that
statins have other “pleiotropic effects” on atherosclerosis. These include stabi-
lization of the atherosclerotic plaque, inhibition of thrombogenicity, and
improvement in endothelial function [40]. Statins are predominately used in
the chronic setting for the primary or secondary prevention of cardiovascular
events. More recently, they have been introduced in the acute setting. Data
suggest that the early aggressive use of high-dose statins in patients with ACS
results in decreased plaque progression and decreased cardiovascular events
[41-43]. Therefore, all patients admitted with NSTEMI should be considered
for high-dose statin therapy initiated during hospitalization unless there is a
contraindication [4].

The Role of Early Revascularization

After initial medical stabilization, the patient with NSTEMI can be considered
for various management options, including an initial strategy of aggressive
medical therapy (early conservative strategy) versus an intended invasive
approach (early invasive strategy). In the conservative strategy, the patient is
medically treated with optimal anti-ischemic and antiplatelet/anticoagulant
regimens. Once stabilized, the patient is referred for noninvasive stress-imaging
tests (i.e., stress echo or stress nuclear studies) for risk stratification. In this
approach, invasive testing and revascularization are reserved for those patients
with a complicated postinfarction course, including CHF or arrhythmias,
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spontaneous ischemia despite maximal medical therapy, or significant ischemia
on imaging studies. In an early invasive strategy, patients are also initially
medically stabilized with aggressive medical therapy. Subsequently, all patients
without contraindications are referred for early catheterization and revascular-
ization with PCI or CABG as indicated.

Most contemporary studies examining these two approaches have favored
an early invasive strategy. In the TACTICS TIMI-18, RITA-3, and FRISC II
studies, catheterization and revascularization with CABG or PCI resulted in a
significant reduction in clinical end points, including death, recurrent myo-
cardial infarction, and rehospitalization for ACS [44-46]. The benefit was most
notable among patients with elevated troponin levels or a high TIMI risk score.
The most recent study to look at these strategies among NSTEMI patients
failed to demonstrate a benefit to an early invasive approach and, in fact, sug-
gested a higher risk of recurrent infarction in those patients assigned to an
initial invasive therapy [47]. Differences in study design and end point defini-
tions may explain some of the variability in outcomes for these studies. None-
theless, the latter study suggests that in a contemporary era of aggressive
medical therapy, stable patients could be medically treated and referred for
invasive testing as clinically indicated and still have an acceptably good
outcome. Recently, a meta-analysis of seven large contemporary trials, includ-
ing the four aforementioned studies, demonstrated a significant mortality
benefit from an early invasive approach [48]. Therefore, based on this body
of evidence, the ACC/AHA recommends that high-risk patients with UA or
NSTEMI without any contraindications to angiography or revascularization be
treated with an early invasive approach [4]. Patients without high-risk features
can be considered with either a conservative or invasive strategy as clinically
appropriate.

Prognosis

Prior to the introduction of guideline-based therapies, patients with NSTEMI
had the least favorable prognosis when compared with patients with other
forms of ACS. Mortality rates exceeded even those for patients with STEMI, and
the incidence of recurrent infarction was high [49]. With the introduction of
aggressive medical therapies and advanced catheter-based interventions, sub-
sequent cardiac events have improved dramatically. Clinical trials have reported
mortality rates as low as 2% in-hospital and 3% to 4% at 1 year of follow-up
[48], although epidemiologic studies have demonstrated higher events with
in-hospital mortality averaging 8% [50]. Mortality is affected by aggressiveness
of therapy, with lower rates among patients treated with guideline recom-
mended therapies [50, 51].

Despite these recommendations, patients are not always optimally managed.
It is important that physicians are constantly reminded of the need to provide
patients with guideline recommended care. The CRUSADE program is a
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national quality improvement initiative that is designed to increase the practice
of evidence-based medicine for patients diagnosed with unstable angina or
NSTEMI incorporating the ACC/AHA guidelines as the standard for care [52].
This and other initiatives will help to educate the physician and other health
care workers caring for the patient with NSTEMI in an effort to optimize
outcomes.
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8
Diagnosis and Treatment of
Unstable Angina

Aslam Khan, Robert Kornberg, and David L. Coven

Stable angina pectoris is defined as chest pain that is substernal, brought on by
exertion, and relived with rest or nitroglycerin. The pain usually radiates to the
left arm, jaw, or back. Unstable angina (UA) is angina pectoris that is either
occurring at rest, new in onset, or increasing in intensity. New-onset unstable
angina is severe angina (Canadian Cardiovascular Society class III [Table 8.1]
or greater) that is less than 1 month old. Crescendo angina is angina increasing
in intensity, duration, or frequency to at least Canadian Cardiovascular Society
(CCS) class III. Rest angina is angina occurring at rest and usually lasting
greater than 20 minutes [1]. By definition, UA patients have negative cardiac
biomarkers (troponins, creatine kinase [CK]-MB) with or without ST changes.
Because of the similar pathophysiology between UA and non-ST-segment ele-
vation myocardial infarction (NSTEMI), their treatment often overlaps. When
following this treatment algorithm, it is important to remember that patients
with UA tend to be at lower risk of major adverse outcomes than those patients
with NSTEMI.

Significance

It is estimated that approximately 1.2 million Americans were diagnosed with
acute coronary syndrome (ACS) in 2006. About 25% of these ischemic episodes
were due to UA [2]. Appropriate management initially lowers mortality (1.7%
at 30 days) in patients with UA compared with NSTEMI or ST-segment eleva-
tion myocardial infarction (STEMI). However, these patients tend to have a
higher long-term mortality after the event [3]. Thus, it is critical to appropri-
ately identify patients with UA and treat them aggressively.

Diagnosis of Unstable Angina (Step 1)
Due to the various clinical presentations of ACS, it may be challenging to diag-

nose early when evidence of myocardial injury may not be apparent. Other
serious nonischemic cardiovascular symptoms must be ruled out (e.g., aortic
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TasLe 8.1. Canadian Cardiovascular Society Angina Grading System.
Class Description of stage

| “Ordinary physical activity does not cause . . . angina,” such as walking or climbing stairs. Angina
occurs with strenuous, rapid, or prolonged exertion at work or recreation.

I “Slight limitation of ordinary activity.” Angina occurs on walking or climbing stairs rapidly; walking
uphill; walking or stair climbing after meals; in cold, in wind, or under emotional stress; or only
during the few hours after awakening. Angina occurs on walking >2 blocks on the level and
climbing >1 flight of ordinary stairs at a normal pace and under normal conditions

Il “Marked limitations of ordinary physical activity.” Angina occurs on walking 1 to 2 blocks on the level
and climbing 1 flight of stairs under normal conditions and at a normal pace.

v “Inability to carry on any physical activity without discomfort—anginal symptoms may be present at
rest.”

Source: Braunwald E, Mark DB, Jones RH, et al. Unstable angina: diagnosis and management. AHCPR Publication No.
94-0602. Rockville, MD: Agency for Health Care Policy and Research and the National Heart, Lung, and Blood Institute,
US Public Health Service, US Department of Health and Human Services; 1994.

dissection). Less serious cardiac and noncardiac conditions must also be
excluded (e.g., pericarditis or gastritis). Traditional risk factors increase the
likelihood of coronary artery disease (CAD) but not of acute ischemia [4, 5].
Thus, in making the diagnosis of ACS, these factors should not be the only

ACS
Symptoms
Likelihood
1 1
‘ High ’ Intermediate

Serial EKGs,

Risk Stratification Cardiac Biomarkers
| Stress Test
High/Intermediate Risk | | Low Risk
TIMI >3 | | TIMI 0-2

Early Invasive Early
Strategy Conservative Strategy

Noninvasive testing ’

High Risk

Ficure 8.1. Triage of patients with unstable angina based on TIMI risk scores.
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Tasee 8.2. The likelihood that a patient’s symptoms represent ACS.

High likelihood
1. Chest or left arm pain or discomfort as chief symptom reproducing prior documented angina.
2. Known history of coronary artery disease, including myocardial infarction.
3. Transient mitral regurgitation, hypotension, diaphoresis, pulmonary edema.
4. New, or presumably new, transient ST-segment deviation (=0.05mV) or T-wave inversion (=0.2mV) with
symptoms.
5. Elevated cardiac biomarkers (troponin I, troponin T, or CK-MB).

Intermediate likelihood
1. Absence of any of the high-likelihood characteristics.
. Chest or left arm pain as chief complaint.
. Age >70 years.
. Male sex.
. Diabetes mellitus.
. Peripheral vascular disease.
. 0ld ST/T wave changes or fixed Q waves.
. Negative biomarkers.

w likelihood

1. Absence of any of the intermediate- or high-likelihood characteristics.
2. Recent cocaine use.

3. Reproducible chest pain.

4.

5.

6.

O NOYWUL B WN

Lo

Flat/inverted T waves in leads with dominant R waves.
No ST changes.
Negative cardiac biomarkers.

Source: Braunwald E, Mark DB, Jones RH, et al. Unstable angina: Diagnosis and management. AHCPR Publication No.
94-0602. Rockville, MD: Agency for Health Care Policy and Research and the National Heart, Lung, and Blood Institute,
US Public Health Service, US Department of Health and Human Services; 1994.

variable used in the algorithm. Instead, it has been proved that combination of
history, physical exam, electrocardiogram (ECG), and serum biomarkers results
in a greater predictor of ACS [6]. This brings us to step 1 in the algorithm (Fig.
8.1). Using these subjective and objective findings, the practitioner should
categorize the patient into high, intermediate, or low likelihood that his or
her symptoms represent ACS (Table 8.2) (see Chapter 2, Fig. 2.1) [7]. High-
likelihood patients not only are more likely to have ACS but also carry an
increased risk for adverse outcomes. On the other end of the spectrum are
patients with low likelihood of ACS; they should be appropriately identified and
followed up with serial ECGs and cardiac biomarkers and noninvasive stress
testing (see Chapter 2, Fig. 2.10) [8].

Risk Stratification (Step 2)

Once a patient has been identified as having UA (high- or intermediate-
likelihood symptoms represent ACS), it becomes key to appropriately catego-
rize him or her in terms of expected outcomes (see Chapter 2, Fig. 2.7). Certain
presenting clinical features (risk factors) of the patient have been identified as
independent future predictors of poor outcomes. These risk factors are multiple
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TastLe 8.3. TIMI risk score.
Risk factors Points

Age =65 years

>3 CAD risk factors (FHx, HTN, T Chol, DM, active smoker)
Known CAD (stenosis >50%)

ASA use in past 7 days

Recent (<24 hours) severe angina

7T Cardiac markers

ST deviation >0.5 mm

—_a s a a o .

Risk score (0-2, low risk; 3—7, high risk) Total points

Source: Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/non-ST elevation MI: a method
for prognostication and therapeutic decision making. JAMA 2000;284:835-842.
FXx, family history; HTN, hypertension; TChol, hypercholesterolemia; DM, diabetes mellitus.

and range from age, sex, diabetes to heart rate, systolic blood pressure, and
presence of arrhythmias at presentation [9, 10]. Combined risk assessment
scores have been developed that integrate all the preceding factors and, based
on the score, stratify patients into low- or high-risk categories [11-13]. In sub-
sequent studies, these scores have been proven to be accurate in predicting
outcomes at 30 days and 1 year [14-18]. However, the main drawback of some
of these scores is that they may be too complex, requiring computer computa-
tions, to calculate at bedside. Antman et al. have developed a 7-point “TIMI
risk score” (Table 8.3). This score is not only simple to use but also has been
validated in several studies. This score takes into account seven risk factors
assigning each 1 point. The score is then calculated by the sum of the risk
factors. With a score less than 3, the patient is thought to be low risk for major
adverse events. When the score is >3, the patient is at high risk for such events
and requires more aggressive management.

Early Invasive Versus Early Conservative Strategy (Step 3)

After risk stratification, we come to step 3 of the pathway. In patients with
UA/NSTEM]I, two strategies are possible: a routine invasive strategy where all
patients undergo coronary angiography shortly after admission (<48 hours)
and, if indicated, coronary revascularization; or a conservative strategy where
medical therapy alone is used initially with selection of patients for angiography
based on clinical symptoms or noninvasive evidence of persistent myocardial
ischemia. Several large-scale clinical trials have been conducted to evaluate
which strategy is superior. Earlier trials failed to demonstrate an improvement
in outcomes with the routine use of an early invasive strategy [19, 20]. These
studies were conducted before the common use of intracoronary stents and
glycoprotein IIb/IIIa inhibitors, and this factor is thought to be the primary
reason for the lack of benefit seen with an invasive approach [21]. Subsequent
studies reevaluated the potential benefits of these two strategies, investigating
glycoprotein IIb/Ila inhibitors and coronary stents. Data from these trials
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showed a clear benefit of invasive approach in patients at intermediate or higher
risk for negative outcome [18, 22]. Patients who are at low risk for adverse
outcomes (TIMI risk <2) may be managed medically with results equal to that
of the invasive therapy group [18].

It is with these low-risk patients that further treatment diverges based on
prognostic factors delineated during stress testing (see Chapter 9). At 24 to 48
hours after these low-risk patients are stabilized medically, they should undergo
noninvasive testing [23]. An imaging study is recommended (i.e., echocardio-
gram) to assess left ventricular function. These patients should also undergo
either an exercise or pharmacological stress test to evaluate for any residual
zones of ischemia despite maximal medical therapy. If provocable ischemia is
documented or high-risk features are present (Table 8.4), there is a benefit of
revascularizing this cohort of patients [24]. Moreover, if patients initially
deemed to be low risk develop certain high-risk clinical indicators (Table 8.5),
they should undergo coronary angiography. Patients without any high-risk
features may be discharged home after stabilization on appropriate preventa-
tive medical regimen (see Chapter 2, Fig. 2.12).

TasLe 8.4. Noninvasive test results predicting high risk for adverse outcomes.

Exercise electrocardiographic testing
Abnormal horizontal or downsloping ST-segment depression with
Onset at heart rate <120 beats/min or <6.5 METs
Magnitude >2.0 mm
Postexercise duration of >6 minutes
Depression in multiple leads
Abnormal systolic blood pressure response
With sustained decrease of >10 mm Hg or flat blood pressure response <130 mm Hg, associated with
abnormal electrocardiogram
Other
Exercise-induced ST-segment elevation
Ventricular tachycardia

Radionuclide myocardial perfusion imaging

Abnormal myocardial tracer distribution in more than one coronary artery region at rest or with stress or an
anterior defect that reperfuses

Abnormal myocardial distribution with increased lung uptake

Cardiac enlargement

Left ventricular imaging

Stress radionuclide ventriculography
Exercise EF <50%
Rest EF <35%
Fall in EF >10%

Stress echocardiography
Rest EF <35%
Wall motion score index >1

Source: Zipes DP, Lippy P, Braunwald E, eds. Braunwald's heart disease. 7th ed. Philadelphia: Elsevier Saunders;
2005:1261.
METs, metabolic equivalent; EF, ejection fraction.
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TasLe 8.5. Clinical indicators of high risk of adverse events.

Recurrent angina/ischemia at rest or with low-level activities despite intensive anti-ischemic medical therapy
Decreased left ventricular systolic function (e.g., EF less than 0.40 on noninvasive study)

Hemodynamic instability

Sustained ventricular tachycardia

PCl within 6 months

Prior CABG

High-risk findings on noninvasive stress testing

Recurrent angina/ischemia with CHF symptoms, an S3 gallop, pulmonary edema, worsening rales, or new or
worsening MR

METSs, metabolic equivalent; EF, ejection fraction.

Medications

Medicines used to treat UA fall into two categories: antiplatelet/antithrombotic
and anti-ischemic (see also Chapters 5 and 7). Antiplatelet/antithrombotic
agents prevent thrombus/clot formation; they usually do not dissolve already
formed clot. Anti-ischemic medications work by either increasing oxygen
supply to the myocardium or by decreasing myocardial oxygen demand.

Antiplatelet/Antithrombotic Medications
Aspirin

Aspirin (ASA) is one of the key medications in the treatment armamentarium
for UA. The data for the use of ASA is compelling. It has been shown to reduce
mortality by 50% in several clinical trials [25, 26]. By acetylating the cyclooxy-
genase enzyme, ASA inhibits the formation of thromboxane A,, a potent plate-
let activator, thus inhibiting one of the first steps in the formation of a platelet
plug. When a patient with UA is identified, they should be treated with 162 to
325mg ASA [27, 28]. This dose should be administered to the patient as chew-
able baby ASA. This allows for rapid absorption of the drug through the buccal
mucosa into the bloodstream. Once a patient has been given the loading dose,
they can be treated with a reduce dose of ASA (81 mg). This low-dose therapy
is just as effective as higher doses and is associated with fewer complications
[29, 30]. ASA should be continued indefinitely after an event.

Clopidogrel

This agent works by inhibiting the adenosine diphosphate (ADP) receptor on
platelets. This inhibition prevents platelet activation and aggregation. There is
strong evidence for the addition of clopidogrel to ASA on admission in the
management of patients with UA and NSTEMI, in whom either a noninterven-
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tional or interventional approach is intended [31]. There is a question of how
long this medication should be continued. For patients in the noninvasive
group, the drug should be continued for approximately 9 to 12 months, whereas
in the early invasive group, clopidogrel should be continued for 1 months in
those with bare metal stents and much longer in those with drug-eluting stents
[32].

Heparin

Unfractionated heparin (UFH) works by binding to antithrombin and greatly
enhancing its activity. Antithrombin inhibits formation of fibrin from fibrino-
gen, thus preventing one of the final steps in clot formation. It prevents throm-
bus propagation but does not aid in dissolution of existing thrombi. When
combined with aspirin, UFH has been shown to further reduce the risk of death
and future myocardial infarctions [26, 33]. Patients receive a bolus of 60 U/kg
and are then started on 12Ukg'h™" drip. Patients’ partial thromboplastin time
(PTT) should be checked every 6 hours for 18 hours, then daily thereafter [34].
The goal of therapy is to keep the PTT between 50 to 70 seconds [35]. UFH
should be continued for approximately 2 to 5 days after the event in the con-
servative arm. It is usually stopped immediately after an intervention in the
invasive group.

Low-Molecular-Weight Heparin

Low-molecular-weight heparin (LMWH) has the benefit of predictable anti-
coagulation activity; thus, it does not need routine PTT monitoring. It works
similar to UFH; however, LMWH has an increased anti-factor Xa activity. This
increased upstream blockade in the coagulation pathway allows for a more
efficient inhibition of thrombin formation. Furthermore, its high bioavailability
allows LMWH to be administered subcutaneously twice daily. Several trials
have been performed comparing UFH and LMWH in UA/NSTEMI. Enoxaparin
is the LMWH with the most data to support its use in UA. Enoxaparin has been
proven to be superior to UFH [16, 17]. However, this benefit was mainly seen
in patients with intermediate to high risk of adverse events (TIMI risk >3).
There are also mixed data about whether enoxaparin remains superior to UFH
when these agents are combined with IIb/IIla inhibitors [36-38]. Overall,
enoxaparin is a safe and effective alternative to unfractionated heparin. It is
dosed at 1 mg/kg subcutaneously and may be given even just prior to percutane-
ous coronary intervention (PCI); however, most interventionalists prefer to
hold the medication the morning of the procedure [39]. Its use is restricted in
the obese patient population and in those with renal failure.

Glycoprotein lib/llla Inhibitors

Glycoprotein (GP) IIb/IIIa inhibitors block the final step in clot formation—the
cross-linking of fibrin across two platelets. Three agents are available commer-
cially: abciximab, eptifibatide, and tirofiban. Eptifibatide and tirofiban have
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been shown to reduce mortality in patients with UA/NSTEMI in both conserva-
tive and early invasive groups, whereas abciximab is reserved for patients
undergoing PCI [40-42]. It is important to remember that GP IIb/IIla inhibitors
should be used in patients at high risk for adverse cardiac events that are under-
going PCI or are managed conservatively because contraindications to PCI exist
[43]. Due to its long half-life, abciximab is stopped 1 hour after PCI. Eptifibatide
and tirofiban are continued for approximately 12 to 24 hours after PCI and 48
to 72 hours in medically managed patients. Administration for all these medica-
tions requires a weight-based bolus followed by an infusion drip. Because these
agents are often used in conjunction with ASA, clopidogrel, or heparin, there
is a risk of major bleeding.

Anti-Ischemic Medications
Beta Blockers

Beta-blockers inhibit sympathetic activity on the myocardium. This leads to
decreased heart rate and contractility (negative chronotropic and inotropic
activity), thus decreased myocardial oxygen demand. Evidence outlining the
efficacy of beta-blockers in UA is limited at best. However, data extrapolated
from other forms of ACS show a benefit with beta-blockers [1]. Routine admin-
istration of intravenous (IV) followed by oral beta-blockers at the initial pre-
sentation of ACS should be avoided [44]. This is because the gains seen in
preventing death and ventricular fibrillation are nullified with cardiogenic
shock. It is prudent to wait until the patient has become stable and then treat
with oral beta-blockers. No trials have been done to show the optimal duration
of long-term oral therapy with beta-blockers in patients with UA. Thus, espe-
cially in the high-risk group, beta-blocker therapy should be carried out
indefinitely.

Nitrates

Nitrates work by causing venous and arterial dilatation, thus reducing preload,
afterload, and myocardial oxygen demand. No survival benefit has been shown
with nitrates [45, 46]. However, they are excellent for relieving symptoms of
ischemia. Patients should be treated with 0.4 mg sublingual tablets of nitroglyc-
erin given 5 minutes apart over 15 minutes. If this fails to relieve pain, patients
should be administered IV nitroglycerin starting at 10 ug/min titrated up every
5 minutes until symptomatic improvement or until systolic blood pressure less
than 100mm Hg is reached. Nitrates should be avoided in patients who have
taken sildenafil in the past 24 hours, as this can exacerbate and prolong the
effects of nitroglycerin leading to hypotension and even death.

Calcium Channel Blockers

Calcium channel blockers are also effective in reducing blood pressure and
heart rate. They can be used if ischemia persists despite maximal beta-blocker
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therapy or if beta-blockers are contraindicated. Diltiazem should be avoided in
patients with left ventricular dysfunction, and nifedipine should not be admin-
istered unless the patient has been pretreated with beta-blockers.

Other Medications
Morphine

Morphine can be administered 1 to 5mg IV in patients with ongoing chest pain
despite nitrate therapy. No mortality benefit is seen with this agent (see Chapter
7 regarding potentially increased mortality). Nonetheless, morphine is effective
at reducing anxiety and pain associated with acute ischemia. One should watch
for hypotension with morphine use especially if concomitant nitrate therapy is
being used.

Angiotensin-Converting Enzyme Inhibitors

There seems to be no benefit of early (<24 hours) short-term treatment with
angiotensin-converting enzyme (ACE) inhibitors in patients with UA, and it
may be actually harmful. This is thought to be secondary to hypotension caused
by the agent [47]. After patients have stabilized, they should be treated with
long-term ACE inhibitor therapy, especially if left ventricular dysfunction is
present [48]. There seems to be a class effect with ACE inhibitors, with all
having a benefit after infarction. Hyperkalemia, renal failure, and hypotension
are the main side effects of these medications.

HMG CoA Reductase Inhibitors (Statins)

Statins work by inhibiting cholesterol formation in the liver. This reduces low-
density lipoprotein (LDL) levels and increases high-density lipoprotein (HDL)
levels. By decreasing LDL formation, there is a decrease of LDL deposition and
decreased oxidation of LDL in tissue. This decrease in oxidized LDL results
in lowered inflammatory enzymes and metalloproteinases. This reduction in
inflammatory activity leads to increased stability of the fibrinous cap of an
atheromatous plaque, thus preventing plaque rupture and ACS. Early (<10 day)
high-dose therapy with atorvastatin 80 mg is proven to lower future adverse
events [49]. Statin therapy is associated with liver dysfunction and rhabdomy-
olysis. A periodic check of liver function is warranted with therapy.
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Use of Stress Testing for the Risk
Stratification of Patients at Low to
Intermediate Event Risk According
to the PAIN Pathway Algorithm

Seth Uretsky, Randy E. Cohen, and Alan Rozanski

Coronary artery disease is a progressive disease with a wide range of clinical
presentations. In some individuals, the development of angina is the first
warning sign, but in others, acute coronary syndrome, unheralded myocardial
infarction, or sudden death is the initial clinical presentation. The atheroscle-
rotic findings that correspond with these clinical presentations also vary widely.
For example, it has been demonstrated that among patients presenting with
acute coronary syndromes, approximately 30% of such patients have triple-
vessel disease, 30% have double-vessel disease, 30% have single-vessel disease,
and approximately 10% are without evidence of significant atherosclerotic nar-
rowing [1-3]. Moreover, various studies have demonstrated that anginal symp-
toms and inducible myocardial ischemia are not tightly coupled. Patients with
typical angina frequently do not manifest inducible ischemia, and conversely,
patients with inducible ischemia often do not manifest chest pain (i.e., they
manifest “silent ischemia”) [4, 5]. For these reasons, the astute clinician learns
not to rely solely on clinical evaluation in the workup and follow-up of patients
who present with chest pain. Rather, objective measures of cardiac risk, such
as the degree of abnormality during cardiac stress testing, is used by clinicians
as a decision guide for the clinical management of patients who present with
clinical symptoms.

Making a correct diagnosis in the setting of new-onset chest pain is especially
important because the a priori risk for significant atherosclerosis is higher in
such patients and because progression to very early myocardial revasculariza-
tion is very important for those having chest pain due to unstable or ruptured
atherosclerotic plaque. Accordingly, the St. Luke’s-Roosevelt Hospital Center
“chest pain pathway” is designed to implement a rapid-response approach to
patients presenting to our hospital with acute chest pain. This pathway includes
specific indications for the immediate referral to our cardiac catheterization
laboratory for those with acute chest pain. These include the immediate referral
of patients who present with ST-elevation myocardial infarction or have pro-
longed chest pain in association with ST changes and/or increase in cardiac
enzymes. This pathway has the acronym PAIN, and it is described at length in
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Chapter 2. Patients with low to intermediate risk of cardiac events by our
pathway include patients with transient chest pain without definitive ST changes
or elevations in cardiac enzymes and without signs of new heart failure or
hemodynamic instability (see Chapters 12 and 13).

Risk Stratification of Low- to Intermediate-Risk PAIN
Pathway Patients

Table 9.1 lists potential methods for evaluating chest pain patients with a
low- to intermediate-risk profile. Among these approaches, the performance of
stress testing is the most widely used method of risk stratifying such patients.
Theoretically, stress testing for our PAIN pathway patients could be performed
using either exercise electrocardiography, stress-rest myocardial perfusion
single photon computed emission tomography (SPECT) imaging, or stress
echocardiography. However, exercise electrocardiography would not be suit-
able for the evaluation of our patients because this technique does not have
sufficient intrinsic sensitivity for excluding angiographically significant disease
once coronary artery disease (CAD) likelihood ranges above ~50% (Fig. 9.1).
Rather, stress-rest SPECT myocardial perfusion imaging or stress echocardiog-
raphy are the procedures of choice for the evaluation of our PAIN pathway
patients, and both imaging modalities are used at our institution. Unlike exer-
cise electrocardiography, both of these techniques have the ability to size the
magnitude of inducible myocardial ischemia, according to a variety of ischemic
“extent” and “severity” variables, as listed in Table 9.2. Ischemic “extent”
variables, such as the number of stress-induced perfusion abnormalities or
stress-induced wall motion abnormalities, roughly indicate the overall area of
potentially jeopardized myocardium. Ischemic “severity” variables, such as the
regional magnitude of perfusion or wall motion abnormality induced during
stress testing, roughly correlate with the severity of angiographic stenosis sub-
tending a given myocardial region. Importantly, Ladenheim et al. demonstrated
the extent and severity of ischemia are independent predictors of adverse

TasLe 9.1. Approaches to the risk stratification of PAIN patients.

1. Stress testing
« Exercise electrocardiography
+ Stress-rest SPECT imaging
Exercise
Adenosine/dipyridamole
Dobutamine
+ Stress echocardiography
Exercise
Dobutamine
2. Noninvasive CTA
3. Calcium scanning




88 S. Uretsky et al.

80 1 1% Il NACP

[ atypical anagina

(=)
(=]
|

CAD Likelihood (%)
8 5

pre-test 1mm/U  .5Smm/U 0 mm/U
LKD ST | ST | ST |

Ficure 9.1. Shown is the calculated Bayesian likelihood of angiographically significant CAD (vertical axis)
for a 55-year-old male without risk factors with 9.7 metabolic equivalents (METS) of exercise, according
to whether the patient had nonanginal chest pain (NACP; black bars) or atypical angina (gray bars). Prior
to exercise ECG, the patient with nonanginal chest pain has a low intermediate likelihood of CAD (30%),
and the patient with atypical angina has a high intermediate likelihood. Shown are three exercise ST-
segment responses (1, 0.5, and 0 mm of upsloping ST-segment depression). Note that for the patient with
atypical angina, even a completely normal exercise ECG does not result in a sufficiently low post-test ECG
likelihood for excluding the presence of CAD. LKD, likelihood; U, upsloping.

patient outcomes [6]. Moreover, both the extent and severity of ischemia are
exponentially related to the future frequency of cardiac events so that those
patients having both extensive and severe ischemia are particularly at high risk
for future cardiac events (Fig. 9.2) [6].

Patients undergoing cardiac imaging procedures can be divided into four
useful clinical groups based on the magnitude of their stress-test findings,
including those with: (a) normal stress tests, (b) equivocal stress test findings,

Tase 9.2. Characterization of the magnitude of ischemia according to “severity” and “extent” of ischemia
variables.

“Severity” of ischemia “Extent” of ischemia
SPECT imaging
Number of perfusion defects b
Severity of perfusion defects ++++
Thallium lung uptake + .
Transient ischemic dilatation ++++ ++++
Delayed defect reversibility ++++
Stunned myocardium Sttt
Stress echocardiography
Number of wall motion abnormalities dedidit
Severity of wall motion abnormalities ++++
Contractile reserve Ft+++

Transient ischemic dilatation ++++ ++++
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Ficure 9.2. Orthogonal axis representing the annualized % event rate (for cardiac death, myocardial
infarction, or performance of late coronary bypass surgery) after exercise myocardial perfusion scintigra-
phy, with results divided according to the extent of perfusion defects (0 to 6 regions) and severity of perfu-
sion defects (from 0 = no defect to 3 = very severe defect). Shown are results for patients who exercised
maximally (i.e., to >85% of maximal predicted heart rate) (left) and those who did not (right). In both
groups, event rate was independently and exponentially related to both the extent and severity of perfu-
sion defects, but low achieved heart rate essentially tripled event rate for any magnitude of inducible
ischemia. (Reproduced with permission from Ladenheim ML, Pollack BH, Rozanski A, et al. Extent and
severity of myocardial hypoperfusion as orthogonal indices of prognosis in patients with suspected coro-
nary artery disease. J Am Coll Cardiol 1986;7:464-471.)

(c) mild ischemia, and (d) moderate to severe ischemia, as shown in Figure 9.3.
Patient management is straightforward among patients who do not manifest
inducible ischemia. Repeated outcome studies have reliably indicated that such
patients have <1%/year annualized cardiac event rate if they have exercised
adequately (i.e., to >85% of maximal predicted heart rate). The event rate with
a normal pharmacological stress test may be somewhat higher, in the range of

y
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Magnitude of Ischemia — ===) X

Ficure 9.3. Schematic representation of the exponential relationship between the magnitude of inducible
ischemia and cardiac events, on which are superimposed the four relevant ranges of test interpretation,
as discussed in the text: A, no inducible ischemia; B, an equivocal perfusion defect: C, a mild stress-induced
perfusion defect; D, a severe induced defect.
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1% to 29%]/year, because of a higher a priori risk in such patients, resulting
usually from the greater age of such patients and a higher frequency of various
comorbidities, such as various chronic inflammatory diseases, which may pre-
clude exercise. Among patients with nonischemic SPECT studies, there exist
patient subgroups that may remain at a relatively intermediate risk of cardiac
events. These include patients who have diabetes, atrial fibrillation, significant
dyspnea, very poor exercise tolerance, and those with substantial discordant
findings, such as patients manifesting normal SPECT findings but concomi-
tantly significant ST depression and easily induced chest pain during exercise
testing. In the past, there were few available options for evaluating such patients
further, but these patients may represent future indications for performing
coronary artery calcium (CAC) scanning or computed tomography angiogra-
phy (CTA), although this has to be tested by prospective study.

Equivocal SPECT studies, such as those involving a very small reversible
perfusion, result in diagnostic doubt, but from a prognostic perspective, such
studies are very useful because of the exponential relationship between myo-
cardial ischemia and cardiac events (Fig. 9.3). That is, the likelihood of cardiac
events in such patients is nearly equivalent to that of a normal stress SPECT
study. Thus, patients with equivocal SPECT studies can generally be followed
medically.

The clinical management of patients who manifest mild inducible ischemia
during stress testing may be somewhat more challenging. This is because the
baseline cardiac event rate in this group is in the range of ~2% to 3% per year,
which places such patients at intermediate risk for cardiac events. However, in
such patients, the assessment of the ancillary information that is available
from cardiac stress testing may be very useful for defining high- and low-risk
subgroups of patients. These include consideration of exercise duration; the
presence, severity, and duration of induced chest pain; and concomitant elec-
trocardiographic and hemodynamic abnormalities induced with stress among
patients who undergo exercise testing. For example, patients with mild isch-
emia but demonstrating excellent exercise duration without induced chest pain
or ST-segment depression would generally be considered to be at relatively low
risk, and such patients may generally be deserving of conservative medical
management. On the other hand, patients with mild ischemia but induced chest
pain and/or ST-segment abnormalities at low workloads would be at relatively
higher risk and thus generally deserving of the same aggressive management
afforded to patients manifesting moderate to severe inducible ischemia. When
pharmacological stress testing is employed instead of exercise, these ancillary
data are not available.

At the high end of the ischemic spectrum, those who manifest moderate to
severe ischemia are at high risk for cardiac events because overall risk increases
sharply once moderately severe ischemia is present. Even if such patients have
no inducible chest pain or other findings that suggest low risk, such as good
exercise duration and the absence of electrocardiographic abnormalities on
stress, event risk may not be sufficiently lowered to justify conservative treat-
ment in such patients. It is important to note, however, that virtually all of the
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outcome data concerning the prognostic significance of patients with both
milder and more severe ischemia was obtained from databases that were assem-
bled in the 1980s and early 1990s and thus do not consider the substantial
improvements in medical management that have occurred since that time. Cur-
rently, this includes the use of beta-blockers, rate lowering calcium channel
blockers, antiplatelet agents, angiotensin-converting enzyme inhibitors, and
statins. A recent prospective trial randomized 205 patients status post (s/p)
acute myocardial infarction (AMI) with large perfusion defects (=20% of myo-
cardial area) and significant reversible perfusion defects on adenosine SPECT
(210% of myocardial area), performed soon after AMI, into two treatment
arms: intensive medical therapy versus coronary revascularization [7]. Remark-
ably, both groups showed the same degree of ischemic suppression (Fig. 9.4).
Although these data suggest the need for further prospective study, they chal-
lenge the notion that postinfarction patients with inducible ischemia necessar-
ily need to be referred for revascularization procedures.
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Ficure 9.4. Reduction in the magnitude of total perfusion defect size (PDS) and ischemic PDS among 205
survivors of acute myocardial infarction undergoing serial adenosine SPECT study after randomization to
either aggressive medical therapy, including statin use, or myocardial revascularization. All of these
post-myocardial infarction patients had an initial total perfusion defect >20% of myocardial area and
ischemia defect >10% of myocardial area. The magnitude of reduction in perfusion defects and ischemic
suppression was comparable for medical therapy versus revascularization. (Reproduced with permission
from Mahmarian JJ, Dakik HA, Filipchuk NG. An initial strategy of intensive medical therapy is comparable
to that of coronary revascularization for suppression of scintigraphic ischemia in high-risk but stable sur-
vivors of acute myocardial infarction. J Am Coll Cardiol 2006;48:2458-2467.)



92 S. Uretsky et al.

Selection of Imaging Protocols

In general, patients who have a very low clinical risk profile, such as those who
present with transient pain that is deemed to be nonanginal in nature, can
undergo either exercise, dobutamine, or vasodilator stress testing. Vasodilator
stress testing, using either adenosine or dipyridamole infusion in conjunction
with SPECT imaging, may be the procedure of choice for higher risk subsets of
patients who are candidates for stress testing, such as patients with medically
managed unstable angina or those recovering from uncomplicated myocardial
infarction. The safe use of vasodilator stress for imaging patients within days
of AMI or unstable angina lies in their ability to cause increased flow in normal
coronary vessels without further impairing blood flow in relatively obstructed
arteries. Thus, the true induction of ischemia in such patients is uncommon
but can occur if vasodilator infusion leads to the development of a vascular
steal syndrome in a region of jeopardized blood flow.

Clinical Studies

Many studies have demonstrated the use of both stress-rest myocardial perfu-
sion SPECT and stress echocardiography for the risk stratification of patients
with stable chest pain. Accordingly, this literature is not reviewed here. Accu-
mulating data have also demonstrated the efficacy of performing either adenos-
ine or dipyridamole SPECT imaging for the risk stratification of patients with
unstable angina and post-myocardial infarction. In early work, Dakik et al.
studied 136 patients with unstable angina and negative cardiac enzymes and
no new ischemic electrocardiographic changes undergoing SPECT imaging [8].
They found that patients with perfusion defects size (PDS) <15% of the
myocardium were much less likely to have a cardiac event than patients
with a PDS 215%. Similarly, Stratmann et al. studied 128 patients with unstable
angina undergoing dipyridamole-sestamibi SPECT imaging and found that
patients with normal SPECT images had a significantly lower event rate com-
pared with patients with abnormal SPECT images [9]. With respect to the
evaluation of post-myocardial infarction patients, Gibson et al. provided
strong early evidence regarding the ability of stress-rest myocardial perfusion
scintigraphy to risk stratify patients after myocardial infarction by demons-
trating the superiority of myocardial perfusion scintigraphy over catheteriza-
tion variables for predicting subsequent cardiac events [10]. This initial work
was done using submaximal exercise testing, but since then, the focus has
shifted to the performance of early pharmacological stress testing, which can
be performed safely within 2 days of myocardial infarction using either adenos-
ine or dipyridamole SPECT imaging. In very recent work, Mahmarian et al.
enrolled 728 survivors of AMI into the INSPIRE trial, designed to evaluate the
prognostic efficacy of adenosine SPECT performed early after myocardial
infarction [11]. A low-risk group, which consisted of those patients with a total
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perfusion defect that was <20% of myocardial area (almost all of which had an
left ventricular ejection fraction (LVEF) >35% and reversible perfusion defects
that were <10% of myocardial area) had a 1-year event rate of <2%. Cardiac
events increased exponentially with the size of total perfusion defects or the
size of reversible defects during adenosine infusion (Fig. 9.5).
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Ficure 9.5. Predicted 1-year event rates for cardiac death and reinfarction and total cardiac events (also
including readmission for acute ischemic syndrome or severe congestive heart failure) among 728 patients
undergoing adenosine SPECT after acute myocardial infarction. Cardiac events increased exponentially
according to the magnitude of both total perfusion defects and reversible perfusion defects. (Reproduced
with permission from Mahmarian JJ, Shaw LJ, Filipchuk NG, et al. A multinational study to establish the
value of early adenosine technetium-99m sestamibi myocardial perfusion imaging in identifying a
low-risk group for early hospital discharge after acute myocardial infarction. J Am Coll Cardiol
2006;48:2448-2457.)
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Newer Imaging Approaches

The relative role of noninvasive CTA or coronary calcium scanning for the risk
stratification of patients who fit into noninvasive evaluation according to our
PAIN pathway guidelines remains to be determined by future studies. Various
studies have suggested that coronary calcium scanning may be a technique for
evaluating patients with chest pain in the emergency room [12, 13]. Similarly,
noninvasive CTA is a relatively new technique that has undergone a few genera-
tions of improved technology in a matter of only 5 to 7 years. The latest genera-
tion of machines, consisting of 64-slice scanners, has shown relatively good
correlation with angiographic findings, and importantly, with these latest gen-
eration scanners, the number of segments that cannot be evaluated has been
reduced to a relatively low percentage. These technological improvements in
CTA make it a potential alternative option to the evaluation of patients present-
ing with chest pain, but its usefulness relative to the potent prognostic infor-
mation provided by stress testing remains to be determined. Interestingly,
noninvasive CT also offers the potential opportunity to look at the morphology
of plaque in the vessel wall as well as the lumen [14]. However, the incremental
information that may be provided by evaluation of plaque characteristics
among patients admitted with acute ischemic syndromes remains to be deter-
mined by future study.

Conclusion

For patients identified with a low-risk profile in the PAIN pathway, such as
those deemed to have nonanginal chest pain, both SPECT imaging and stress
echocardiography may be used to categorize patient risk according to the mag-
nitude of inducible myocardial ischemia. In the subgroup of patients who have
a relative contraindication to exercise and dobutamine use, such as patients
who are immediately status post myocardial infarction or in recovery from
unstable angina, either adenosine or dipyridamole SPECT imaging may be
safely used for risk stratification as well. Those with no or only little inducible
ischemia are low-risk patients who then can be followed using current
approaches to aggressive medical management. Coronary artery calcium scan-
ning, which has recently been used to evaluate patients with acute chest pain
in the emergency room, and noninvasive CTA are newer techniques that could
complement stress testing in the evaluation of PAIN pathway patients in the
future, pending prospective study of their utility.
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10
The Role of Echocardiography in Acute
Coronary Syndrome

Sandeep Joshi, Eyal Herzog, and Farooq A. Chaudhry

Over the past 25 years, there has been significant progress in the treatment and
prevention of acute coronary syndrome (ACS), a myriad of clinical presenta-
tions ranging from unstable angina to myocardial infarction, with a strong
emphasis on early detection with aggressive management. Echocardiography
has emerged globally as a highly effective modality for the detection and iden-
tification of regional wall motion abnormalities, which may be typical for ACS,
as well as for providing prognostic information for myocardial viability [1, 2].
Echocardiography has gradually evolved into an inexpensive yet highly effec-
tive and noninvasive practical tool in assessment of patients with chest pain
(Table 10.1) and plays a significant role in the exclusion of other etiologies of
chest pain including aortic dissection, pericarditis (with effusion), aortic steno-
sis, hypertrophic cardiomyopathy, and pulmonary embolism.

Transthoracic echocardiography (TTE) is one of the most useful and widely
applicable diagnostic tools available. Developed in the 1960s, echocardiographic
images were initially presented in M (motion) mode and supplemented by two-
dimensional images, which were promising, yet still compromised imaging
quality and information regarding velocities and valvular disorders. The advent
of Doppler flow enabled the determination of velocities and blood flow, valvular
disease, shunts, and overall function and has revolutionized the identification
of cardiac disease.

Transesophageal echocardiography (TEE) was introduced in the 1980s and
has also evolved as a useful test with a different role than TTE. Compared with
TTE, TEE is an invasive procedure mandating the use of conscious sedation
and careful patient monitoring and is contraindicated in certain clinical sce-
narios such as the presence of esophageal varices and/or the presence of a
stricture, which can predispose the patient to esophageal perforation. Even with
these limitations, TEE is invaluable for identifying certain cardiac pathology.
For instance, TEE provides superior visualization for valvular disorders and
areas of the heart not adequately assessed from TTE such as the left atrium,
aorta, and the pulmonary veins. It is also routinely used preoperatively when
evaluating valvular replacement, aortic dissection, thrombus formation, and
endocarditis. It also provides excellent definition of heart structures, allows the

96
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Taste 10.1. Indication for echocardiography in patients with chest pain.

1. Diagnosis of underlying cardiac disease in patients with chest pain and clinical evidence of valvular,
pericardial, or primarily cardiac disease.

2. Evaluation of chest pain in patients with nondiagnostic ECG.

3. Evaluation of chest pain in patients with suspected aortic dissection.

4. Evaluation of Chest pain in patients with severe hemodynamic instability.

visualization of a heart difficult to examine using conventional echocardiogra-
phy (obese or a thick chest wall), monitoring of heart function during cardiac
surgery, and detection of blood clots in the left atrium.

Although not routinely used as the first-line diagnostic option for ACS, it
certainly plays a key role in later stages after ACS.

Our goal in this chapter is to examine the role that two-dimensional echo-
cardiography plays in the diagnosis, exclusion, risk stratification, and treatment
of ACS and ACS complications as well as the increasing use of echocardiogra-
phy in the emergency department setting.

The Role of Echocardiography in Myocardial Infarction

Echocardiography plays a pivotal role in the management of acute deterioration
of hemodynamics after an acute myocardial infarction [3, 4]. At the molecular
level, an ischemic cascade occurs within minutes after ACS (Fig. 10.1). Acute
ischemia is followed by the release of lactic acid with subsequent and regional
diastolic dysfunction and impairment of contractility, increased filling pres-
sures, EKG changes, and then finally clinical symptoms, angina. This metabolic
progression is extremely time dependent, and treatment is critical. The under-
lying product of ACS or ischemia is a rapid decrease in myocardial contractility
secondary to a reduction of sarcomere function. Regional ischemia manifests
as abrupt hypokinesia, whereas global ischemia results in complete arrest.
During ischemia, the myocardium is mechanically quiescent; however, energy
is still required to maintain some degree of cardiac homeostasis. Angina is fol-
lowed by a prolonged depression of myocardial contractility, often persisting
for up to 24 hours or longer.

Several studies have shown that two-dimensional echocardiography can in
fact show and identify patients who will experience cardiac events with a greater
sensitivity compared with the ECG and is also able to discriminate between
unstable angina at high and low risk for adverse cardiac events. In general, it
is more sensitive and specific when performed during or immediately after an
episode of chest pain. Small studies reported sensitivities and specificities of
86% to 92% and 53% to 90% respectively [5, 6]. Two-dimensional and color
flow Doppler may be useful in the setting of an acute myocardial infarction
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TaLe 10.2. The role of echocardiography in the detection of compli-
cations of ACS.

Acute Phase
1. Rupture of free wall, interventricular septum or papillary muscle.
2. Mitral regurgitation.
3. Left ventricular thrombus.
4. Pericardial effusion/tamponade.
5. Right ventricle infarct.

Chronic Phase
1. Infarct expansion.
2. True ventricular aneurysm.
3. Ventricular pseudoaneurysm.

(AMI), in particular, when assessing infarct size (ejection fraction and ventricu-
lar wall motion abnormalities), perfusion and tissue viability, complications
such as left ventricular rupture, right ventricular infarction, ruptured ventricu-
lar septum or papillary muscle, left ventricular aneurysm, pseudoaneurysm,
infarct extension, mural thrombus formation, and pericardial effusion [7, 8]
(Table 10.2). Echocardiography also plays a potential role in risk stratification
and assessment of prognosis. The availability, ease of use, lack of risk, and
wealth of information obtainable from echocardiography make it the ideal
noninvasive test of choice in clinical practice.

Echocardiography in Complications of Myocardial Infarction

The topic of this section is discussed in detail in Chapter 11 and is discussed
in brief here. Of note, echocardiography is mandatory in the postinfarction
patient with a new systolic murmur, pulmonary edema, and sudden cardiac
decompensation.

Left Ventricle Rupture

Left ventricular rupture is often a life-threatening situation mandating immedi-
ate and accurate diagnosis because of pooling of blood within the pericardial
space and possibly acute cardiac tamponade; although in certain instances
rupture may be contained by adhesions and/or thrombus. Echocardiography
can occasionally identify the site of rupture and can also guide treatment. Clues
to the diagnosis may include a localized or diffuse pericardial effusion with or
without a regional wall motion abnormality. Containment of the rupture leads
to the formation of a pseudoaneurysm. Echocardiographic features include a
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narrow neck at the rupture site, thrombus filling the aneurysm, and a clearly
defined transition from healthy myocardial tissue to aneurysm tissue at an
acute angle. Although the prognosis is poor, surgical repair is the mainstay of
therapy and is mandated as the risk of impending rupture exists.

Ventricular Septal Rupture

Ventricular septal rupture occurs in the days after an AMI and is one of the
etiologies of a new systolic murmur on cardiac auscultation. This entity entails
a focal area of necrosis with eventual rupture of the interventricular septum.
Two-dimensional echocardiography can identify the site of rupture by localiz-
ing a site of impaired wall motion, which may be subtle due to the fact that this
complication has been observed to occur secondary to small infarcts. In addi-
tion, via color Doppler the identification of a left-to-right shunt with an inter-
rupted septum can help delineate an infarct-related rupture. Right ventricular
infarction may be associated with posterior septal wall ruptures. Moore et al.
[8] examined the role of echocardiography in the identification and location of
site of infarct in patients after septal rupture. The data showed that (1) mortality
is higher when ventricular septal rupture complicates inferior myocardial
infarction (MI) versus when it complicates anterior MI, and (2) the prediction
of outcome is highly accurate, and combined right ventricular and septal dys-
function has a substantial impact on prognosis.

Right Ventricular Infarction

Usually occurring in patients with concomitant inferior left ventricular infarc-
tion and rarely occurring in the isolated form, right ventricular infarction
should be suspected in patients with inferior left ventricular infarction with
unexplained, persistent hypotension, clear lung fields, and elevated jugular
venous pressure. Echocardiography is the diagnostic procedure of choice. The
ECQG, although not as sensitive compared with TTE, reveals ST-segment eleva-
tions in the right precordial leads, particularly leads RV,-RV. Echocardiogra-
phy provides better assessment of the extent and severity compared with other
imaging modalities and reveals right ventricular dilatation, hypokinesis, and/or
akinesis. In addition, echocardiography can evaluate complications of right
ventricular infarction. Functional tricuspid regurgitation is common; rarer
complications are papillary muscle rupture and hypoxemia from shunting
through a patent foramen ovale secondary to raised right atrial pressure. Right
ventricular dilatation, segmental wall motion abnormality of the right ventricu-
lar free wall, decreased descent of the right ventricular base, paradoxical septal
motion, tricuspid regurgitation, dilated inferior vena cava, right-to-left inter-
atrial septal bowing, right-to-left shunting across a patent foramen ovale, and
pulmonary regurgitant jet pressure half-time of less than 150 milliseconds are
all echocardiographic findings associated with right ventricular infarction [9].
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Treatment is often fluid administration with the addition of inotropic support
in the form of dobutamine.

Papillary Muscle Rupture

This is the most serious cause of mitral regurgitation in the setting of AMI.
Rupture of the head of the papillary muscle results in severe mitral regurgita-
tion; rupture of the entire trunk is inevitably fatal. Rupture of the head of the
papillary muscle has the highest incidence at 3 to 5 days after myocardial infarc-
tion (75%), whereas the incidence is 25% on days 1 to 2 or days 6 to 10 after a
myocardial infarction. Partial or complete rupture is associated with a high
mortality rate and may be recognized on two-dimensional echocardiography
as a flail leaflet with an attached papillary head that may prolapse into the left
atrium during cardiac systole. A TEE is usually the procedure of choice unless
the diagnosis can be made via a TTE.

Aneurysm Formation and Left Ventricular Thrombus

True left ventricular aneurysms are defined as a “dyskinetic” region with a
deformed diastolic and systolic left ventricle contour abnormality. The under-
lying premise is a dilatation of an area of scarred myocardial tissue. Echocar-
diography is quite sensitive for the diagnosis but occasional false negatives
may occur, especially when the aneurysm involves a small part of the apex or
the basal anterolateral wall. A true aneurysm is lined by a thin myocardium,
harbors a ratio of the diameter of the junction between the aneurysm and the
remainder of the left ventricle to the maximum aneurysm diameter >0.5, and
most commonly occurs in the apex but inferobasal aneurysms may be seen
as well.

A pseudoaneurysm consists of a wall composed of pericardium (no myocar-
dial fibers), a narrow neck, and a ratio of the diameter at the “neck” to the
maximum diameter of the aneurysm of <0.5 and typically partially filled with
thrombus, and often flow into and out of the pseudoaneurysm. Overall, aneu-
rysm formation is a poor prognostic sign associated with decompensated heart
failure, various arrhythmias, and thrombus formation.

Left ventricular thrombi often form in regions of stasis such as the apex but
may also occur in the lateral and inferior aneurysms. Certain echocardio-
graphic characteristics such as pedunculated and mobile thrombi are associ-
ated with higher risk of embolization [10]. Thrombi most commonly develop
in the presence of a large infarction. Echocardiography has high sensitivity
(95%) and high specificity (85%) for identification of a left ventricular throm-
bus. Characteristically, a thrombus is identified as an area of increased homo-
genicity with a margin distinct from the underlying wall, which may present
as akinetic or dyskinetic. False positives may occur; false chordae or false
tendon spanning the left ventricle apex as well as coarse trabeculations
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associated with left ventricular hypertrophy and near-field artifacts (commonly
present with low-frequency transducers) may mimic the echocardiographic
findings. High-frequency transducers can differentiate true thrombus from
these artifacts, and color Doppler flow or intravenous contrast agents may
outline the contours of the thrombus, creating a filling defect and improving
the detection of the thrombus. TEE may not visualize the apex as well as
TTE.

Pericardial Effusion

Echocardiography is quite sensitive for the detection and diagnosis of pericar-
dial effusion, a nonspecific response after a transmural infarction. Patients
may be asymptomatic or manifest the signs and symptoms of pericarditis.
Although the presence of pericardial effusion is often associated with a low
mortality rate, cardiac tamponade can occur and progress to an adverse
outcome. Two-dimensional echocardiography can identify and localize the site
for percutaneous drainage and may be used to monitor the procedure, if nec-
essary (Fig. 10.2).

Mitral Regurgitation

Mechanisms of acute mitral regurgitation (Fig. 10.3) after an AMI may be sec-
ondary to left ventricular cavity and mitral annulus dilatation, papillary muscle
dysfunction and/or rupture. Papillary muscle rupture mandates urgent mitral
valve repair and/or replacement. TEE is the diagnostic test of choice and may
guide decision making for surgical intervention.
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Ficure 10.2. Acute aortic dissection with large pericardial effusion (arrow).
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Ficure 10.3. Mitral regurgitation (arrow).

The Role of Echocardiography in the Cardiac Care Unit

In the setting of an AMI in the cardiac care unit, echocardiography is of great
value in that it aids in identifying the location and extent of myocardium at risk
and may serve as a reliable gauge for the effects of reperfusion therapy in that
it may identify successful reperfusion and normalization of wall motion. In
terms of long-term benefits after an AMI, echocardiography can evaluate overall
global function and cardiac remodeling. Prior to interventional or reperfusion
therapy, echocardiography provides a noninvasive means of overall assessment
of function, valvular disease, and right heart function. Both TTE and TEE may
be employed for the patient in the cardiac care unit setting. TEE is of tremen-
dous value as the cardiac care unit is a monitored setting, ideal for administer-
ing conscious sedation of the patient. It also is beneficial for ventilated patients,
postoperative patients, and patients too hemodynamically unstable; hence, TEE
may be performed for evaluating complications after an ACS such as valvular
disorders, pericardial effusion, and aneurysm formation in hemodynamically
unstable patients [11-12]. Furthermore, echocardiography plays a pivotal role
in the detection of cardiac remodeling, a marker of worse outcome; hence,
patients with extensive regional wall motion abnormalities should have follow-
up echocardiography, which may demonstrate remodeling. Data from Cerisano
et al. [13] revealed that a correlation exists between serial changes in left ven-
tricular volumes with changes in filling patterns and that a simple, early mea-
surement of left ventricular diastolic function can predict late left ventricular
dilatation. Repeated echocardiographic measurements are of great value as they
reflect left ventricular remodeling characterized by alterations in left ventricu-
lar size, shape, and wall thickness [14]. Cardiac remodeling correlates with
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increased wall motion stress, further dilation, and eventually deterioration of
left ventricular function. Early remodeling and left ventricular aneurysm have
been shown to be compatible with a poor outcome. Three-dimensional echo-
cardiography is more accurate than two-dimensional echocardiography in left
ventricular size and shape and may play an important role in the detection of
remodeling, however as this is a novel technique, further investigative work is
required to corroborate this data. Also, there are several new techniques that
are used to evaluate left ventricular function and ischemia such as tissue
Doppler imaging, strain rate imaging, as well as tissue characterization. Many
cardiac care units are fully equipped with an echocardiogram machine. This
greatly facilitates patient management both routinely and in the emergent
setting and overall results in a lower mortality rate and a higher rate of dis-
charge from the unit setting. One caveat that lies herein is that an experienced
sonographer and interpreting physician are required to perform and interpret
these studies, which, as mentioned earlier, may be entail both TTE and TEE.

Echocardiography in the Emergency Department

In the setting of chest pain with a nondiagnostic ECG, echocardiography can
provide valuable assessment and evaluation of regional and global wall motion
abnormalities and can therefore serve as a useful guide for clinical decision
making. A segmental wall motion abnormality indicates an acute ischemic
event, ischemia ,or a chronic infarct. The presence of a new wall motion abnor-
mality may warrant immediate reperfusion or interventional therapy. Normal
wall motion during acute chest pain makes the diagnosis of ACS unlikely,
whereas normal wall motion after chest pain has resolved may prove to be
less diagnostic as often wall motion abnormalities may be present only in the
presence of chest pain. Both of these scenarios depict the potential usefulness
of echocardiography in patient management in the emergency department
setting. The challenge herein lies in the diagnosis of low-risk patients without
sacrificing the care of higher-risk patients, especially when considering reper-
fusion therapy. Several studies have demonstrated the role and efficacy of
echocardiography in AMI. From these data, it appears that echocardiography
is more sensitive than other diagnostic modalities, for the diagnosis of infarc-
tion. Echocardiography provides incremental information that may be prog-
nostic for the identification of patients at risk for cardiac events.

Many emergency departments have now a designated “chest pain center”
where patients who fit the ECG, biochemical, and clinical profiles of ACS are
treated promptly, whereas those patients with chest pain with ambiguous ECG
and/or biochemical markers undergo echocardiographic stress testing. Many
centers have found this to be of tremendous value for risk-stratification pur-
poses. Moreover, it can provide valuable insight into patient decision making
in terms of immediate interventional treatment, conservative management,
and cardiac care unit admission versus telemetry unit admission as well as
discharge home. Trippi et al. [15] demonstrated the aggressive use of stress
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echocardiography in the emergency department setting. The study evaluated
163 chest pain patients with no ECG evidence of ischemia or infarction and
with normal cardiac enzyme markers. Average length of stay was 5.4 hours,
dramatically decreased from patients who are eventually admitted to the hos-
pital. Dobutamine stress echocardiography had a negative predictive value of
98.5% based on clinical follow-up. The study proved to be quite interesting
because of the aggressive approach to achieve patient discharge, the use of
tele-echocardiography, and the presence of nursing supervision in lieu of a
cardiologist being on-site as well as the choice of pharmacological stress.
Several other studies have shown similar results, and although carrying certain
limitations such as the availability of a nursing staff to supervise stress testing
on a 24-hour basis and the availability of an experienced interpreting physician
on a 24-hour basis, this treatment strategy can immensely lower unnecessary
testing and procedures and reduce hospital admissions thereby saving the
health care industry billions of dollars annually.

In summary, echocardiography in the emergency department may facilitate
the early diagnosis and treatment of myocardial infarction in those patients
with a high clinical suspicion of myocardial infarction but a nondiagnostic ECG.
It may also diagnose unstable angina if performed during pain. Aggressive use
of rest and stress echocardiography can reduce hospital admissions, but some
false negatives will occur and small subendocardial infarctions may not be
otherwise detected. What remains a critical logistic factor is the necessity for
an experienced staff available on a 24-hour basis.

There are handheld, battery-powered echocardiography devices that are used
quite frequently in emergency rooms. Data from these devices reveal that they
are sensitive and more accurate than physical diagnosis; however, the limita-
tions remain in that they can result in significant errors; Doppler functions on
these devices are substantially inferior to two-dimensional imaging. Weston
et al. [16] examined the role of handheld echocardiography in the diagnosis of
ACS among 150 patients presenting to the emergency department with chest
pain and suggested a possible role for handheld echo devices among patients
with a low likelihood of myocardial schema or infarction and symptoms sug-
gestive of ACS. The widespread use of these devices and the optimal setting yet
remains to be seen, as adequate training in the interpretation of images remains
a critical factor and may be subject to extreme variability.

Conclusion

In conclusion, the role of echocardiography in ACS is a critical factor in the
detection and treatment of patients with ACS [4]. Echocardiography is a power-
ful technique that can provide invaluable information in the acutely ill cardiac
patient. It can help in the early diagnosis of conditions causing acute chest pain
such as AMI and aortic dissection and can help diagnose the causes of underly-
ing hemodynamic instability and can also help determine the patient manage-
ment strategy. After an AMI, it can provide information regarding the size
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of risk area; status of other regions of the myocardium; effect of reperfusion
therapy on regional myocardial function; presence or absence of mechanical
complications; and patients at risk for immediate or late cardiac events. It is
likely that in the future with concomitant advances in technology and wide-
spread use, this technique will find routine use in every emergent setting.
However, in the workup of ACS, a thorough history and physical examination
in conjunction with the brilliance of echocardiography is the key to diagnosis
and patient management.
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Mechanical Complications of Acute
Myocardial Infarction

Gregory Janis, Atul Kukar, Eyal Herzog, and Farooq A. Chaudhry

Mechanical complications of acute myocardial infarction (AMI) result in
some of the deadliest outcomes. It is difficult to assess the true incidence of
these complications as both clinical and autopsy series differ considerably,
though they are thought to be responsible for about 15% of all AMI
deaths [1]. In general, patients at increased risk include elderly women, first
AMI, and hypertension. Mechanical complications can be subdivided into two
basic categories: the acute phase and the chronic phase. The acute phase
usually involves rupture of damaged myocardium. This can take the form of
rupture of the ventricular free wall, the interventricular septum, or a papillary
muscle. The chronic phase usually involves formation of a ventricular aneu-
rysm. This results in either a true aneurysm or a pseudoaneurysm. The fol-
lowing chapter will discuss how to detect, diagnose, and treat each of these
entities.

The initial assessment of all patients who are considered to have a mechanical
complication of AMI includes:

+ Complete history and physical
+ Pay particular attention to:
+ New or change in a murmur
+ New or change in hemodynamic stability
« Signs of acute heart failure: jugular venous distention (JVD), rales, S,
+ Labs
« Complete blood count, chemistries, cardiac markers (troponin, B-
natriuretic peptide (BNP)), coagulation profile, type and screen
+ ECG
+ Nonspecific for mechanical complications of AMI
+ Echocardiography
« Stat for any occurrence of change in hemodynamics or new/changing
murmur
+ Most important part of pathway for mechanical complications of AMI
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Ventricular Free Wall Rupture

Free wall rupture is one of the most devastating mechanical complications of
AML. It is often fatal as many patients are unable to tolerate the hemodynamic
compromise long enough to make it to the operating room. This devastating
complication occurs in about 1% of all patients with AMI [1]. Early recanaliza-
tion, with either thrombolysis or primary percutaneous coronary intervention
(PCI), has reduced its incidence dramatically. Albeit controversial due to con-
flicting data, nonsteroidal anti-inflammatory agents (NSAIDs) as well as ste-
roids may increase the risk of rupture, believed secondary to impaired healing
and scar formation. Also, late thrombolysis, greater than 6 hours after AMI,
may increase the risk of rupture due to thinning out of the myocardium.

Although it can occur on either the left or right side of the myocardium and
in either the atrium or ventricle, it most commonly occurs in the left ventricle.
The anterior and lateral walls are at highest risk, being supplied by the distal
left anterior descending artery (LAD). Unlike other complications of AMI, the
left circumflex (LCX) is a common culprit in free wall rupture [2]. Although its
occurrence has been reported between day 1 and up to as long as 3 weeks after
an AMI, it usually occurs between day 1 and day 4 after the inciting event. Of
note, it is less likely to occur in patients with prior coronary artery disease as
these patients often have collateral circulation, which limits infarct size.

The only form of treatment for cardiac rupture is open heart surgical repair.
Mortality is very high but some patients may have a temporary respite due to
containment of the rupture by pericardial adhesions or by thrombosis at the
rupture site. Temporary hemodynamic support with vasopressors and/or
an intraaortic balloon pump (IABP) is usually required. Often, patients do
not survive long enough and die from hemopericardium and subsequent
tamponade.

Key Points in the Diagnosis and Management of Free Wall Rupture

* History
+ Usually occurs within 1 week (median 4 days) of an AMI
+ Has been reported between 1 day and 3 weeks after infarction
« If acute, can lead to immediate death
+ If subacute, the patient can feel nauseated, with dyspnea and a pericardial
type of discomfort [1]
+ Physical exam
+ Acute hemodynamic compromise: severe hypotension, tachypnea
+ Signs of failure: JVD, rales, S,
+ May see signs of acute tamponade: JVD, pulsus paradoxus, muffled heart
sounds
+ ECG
+ Generally nonspecific but may see signs of anterior or lateral wall infarct
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Ficure 11.1. Transesophageal echo of ventricular free wall rupture, showing flow across the ventricular
free wall.

+ May see signs of pericarditis with evidence of progressive or recurrent ST
elevation in the absence of recurrent ischemia [3]
+ Echocardiography (Fig. 11.1)
+ Diffuse or localized pericardial effusion and a discrete segmental wall
motion abnormality [4]
+ Rarely flow from the ventricle into the pericardial space can be demon-
strated on Doppler techniques
¢+ Treatment
+ Cardiothoracic (CT) surgery to repair mechanical defect
+ Hemodynamic support with pressors + IABP

Interventricular Septum Rupture

In addition to rupture of a free wall, the interventricular septum may also
rupture after an AMI. Its risk increases with age, hypertension, anterior wall
infarction, and a lack of collaterals. It occurs most frequently in elderly women
with no previous myocardial infarction. Fifty percent of patients have only
single-vessel coronary artery disease, and about 55% are due to inferior wall
AMIs and 45% due to anterior wall AMIs [2]. It is often detected with
a change in hemodynamics and the presence of a harsh, loud holosystolic
murmur heard over the left lower sternal border, often with a thrill. This
specific finding is often difficult to distinguish from mitral regurgitation sec-
ondary to ischemia or even papillary muscle rupture. In these conditions, as
with any hint of a mechanical complication, echocardiogram becomes an
essential part of the evaluation. Traditionally, it is also possible to diagnose
this rupture with an oxygen saturation run (oxygen measurements in the supe-
rior and inferior vena cava, right atrium, right ventricle, and pulmonary artery)
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via a right heart catheterization. There will be high right ventricular and
pulmonary artery PaO, levels when compared with the right atrium and super-
ior vena cava due to shunting of oxygenated blood from the left to right
ventricle.

Septal rupture, without surgical intervention, can carry a mortality rate as
high as 100%. Even with surgical intervention, it still carries a high mortality
rate of up to 80% [5]. Of note, a septal rupture carries a higher mortality when
in the setting of an inferior wall AMI with right ventricular involvement versus
in the setting of an anterior wall AMI. This is predominately due to the fact
that in the former, the right ventricle will not be able to handle the excess blood
flowing into it from the left ventricle.

It is necessary to treat hemodynamically unstable patients immediately with
either open surgical repair using a patch graft or transcutaneously with an
umbrella device. If the patient is able to tolerate the defect, some surgeons
prefer to wait a few weeks in order to allow the muscular septum to undergo
healing and fibrosis, which makes the surgical repair easier.

Key Points in the Diagnosis and Management of Interventricular
Septal Rupture

* History

+ Change in symptoms within the first week of AMI (median 3 to 6 days)

» Acute shortness of breath (SOB), weakness, nausea, and occasional chest
heaviness

+ Physical exam

+ Acute hemodynamic instability: severe hypotension, tachypnea

* A harsh, loud, holosystolic murmur over the left lower sternal border

+ Often evidence of a thrill

+ Signs of failure: JVD, rales, and so forth

+ ECG

+ If normal, suggests a small ventricular septal defect (VSD) [4]

+ Left ventricular hypertrophy (LVH) with right ventricular hypertrophy
(RVH) with large biphasic QRS complexes in limb and precordial leads
suggests a large defect with variable degrees of pulmonary hypertension
(HTN) [4]

+ Echocardiography (Fig. 11.2)

+ Echocardiographic evaluation begins with color flow imaging, which will
show systolic turbulent flow on the right ventricular side, owing to the
higher pressures normally found in the left ventricle.

+ Further evaluation with Doppler ultrasound will show a high-velocity left-
to-right systolic jet recorded with continuous-wave Doppler ultrasound

+ Also, the defect is always located in the region of thinned myocardium with
a wall motion abnormality

+ Cardiac catheterization

+ Right heart cath will show a “step-up” in O, saturation in blood from the

right ventricle (RV) and pulmonary artery (PA) compared with those from
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Ficure 11.2. Two-dimensional echo of ventricular septum rupture. Evidence of the defect through the
ventricular septum with Doppler flow from the left ventricular cavity to the right ventricular cavity. LV,
left ventricle; RV, right ventricle; RA, right atrium; LA, left atrium; VS, ventricular septum. (Permission for
pictures by Mayo foundation for Medical Education and Research. All rights reserved.)

the right atrium (RA). This test is often performed in a hemodynamically
stable patient if echocardiogram is inconclusive and the coronary anatomy
requires definition prior to surgical intervention [1]
* Treatment

+ Urgent CT surgical consult

+ TIABP insertion and use of inotropes

+ Vasodilator therapy should be initiated if blood pressure permits

« Straight to the operating room if evidence of hemodynamic compromise

+ Most surgeons prefer to wait a few weeks if the patient is stable
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Papillary Muscle Rupture

Another dreaded complication of an AMI is rupture of the papillary muscle,
which supports the mitral or tricuspid valve. In comparison with wall rupture,
papillary muscle rupture is more often associated with smaller infarcts. The
mitral valve papillary muscles are more often affected and carry more profound
hemodynamic compromise. The condition is often diagnosed with the same
clinical and physical exam findings as seen with interventricular septal rupture,
mainly a new holosystolic murmur and worsening heart failure. However, a
thrill is often absent and pulmonary edema is often present with a full tear of
the mitral valve papillary muscle.

The posteromedial papillary muscle has a single source of blood supply,
mainly coming from the posterior lateral branch, which comes off the dominant
coronary artery, more often the right coronary artery (RCA). Occasionally, this
papillary muscle is supplied by an obtuse marginal branch of the LCX. The
anterolateral leaflet has dual blood supply by both a diagonal branch off the
LAD and an obtuse marginal from the LCX. Thus, the posteromedial leaflet is
more susceptible to tear/rupture because of its single blood supply and is typi-
cally injured in inferior wall AMIs. It occurs 6 to 10 times more frequently than
in the anterolateral leaflet, which is damaged in anterolateral myocardial
infarctions.

A full tear of the papillary muscle is usually incompatible with life because
of the acute massive amount of regurgitation, which overcomes the ability of
the heart to compensate with the pressure overload. Usually, the muscle under-
goes various degrees of tear rather than full rupture, which allows the valve to
maintain a certain degree of integrity, making it possible to survive long enough
to undergo surgical repair.

The definitive treatment of choice is open heart surgery, involving either a
new valve (mechanical or bioprosthetic) or, if possible, valve repair. Even with
the ability to repair this devastating complication, the mortality rate is still
about 17% if surgery is performed within 24 hours [2]. As with interventricular
septal rupture, many surgeons prefer to wait in order to allow the muscle to
undergo fibrosis and to make suturing easier. Although IABP can be used as
a bridge to surgery, hemodynamic instability often dictates the urgency to
operate.

Key Points in the Diagnosis and Management of Papillary
Muscle Rupture

* History

+ Change in symptoms within 1 to 4 days of AMI

+ Usually flash pulmonary edema (septal rupture may not have this)
+ Physical exam

+ Acute hemodynamic instability: severe hypotension, tachypnea
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Ficure 11.3. Two-dimensional echo of severe mitral regurgitation from papillary muscle rupture. Doppler
flow in the apical four-chamber view showing severe mitral regurgitation. LV, left ventricle; RV, right
ventricle; RA, right atrium; LA, left atrium; MR, mitral regurgitation. (Reprinted from Otto CM. Texbook of
Clinical Echocardiography 3rd ed, 2004; p. 214, with permission from Elsevier.)

+ A harsh, loud holosystolic murmur; may not be pansystolic but will end
with a sudden drop-off in intensity because of high end-diastolic pressure
(5]
+ Less often evidence of a thrill (compared with septal rupture)
« Signs of failure: JVD, rales, S,
+ ECG
« Anterolateral papillary muscle infarction may see ST depression in inferior
leads [3]
+ Posteromedial papillary muscle infarction may show ST-segment depres-
sion in lead I or aVL
+ Echocardiography (Fig. 11.3)
+ Presence and severity of regurgitation evaluated using two-dimensional
imaging with Doppler techniques
« Will see a flail valve leaflet with an attached mass (the papillary muscle
head) that prolapses into the left atrium during systole [4]
+ Cardiac catheterization
+ Right heart catheterization may show tall c-v waves in both the pulmonary
capillary and pulmonary arterial tracings, distinguishing it from a ventricu-
lar septal rupture [1]
+ Treatment
+ Emergent valve replacement for those hemodynamically unstable
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+ TABP insertion and use of inotropes

+ Vasodilator therapy should be initiated if blood pressure permits

« If stable, can wait for ruptured muscle to undergo fibrosis so that it may be
more amenable to primary repair

Aneurysm

AMI can also be complicated with the formation of aneurysms. This can be
divided into either true or pseudoaneurysms. In its true form, the aneurysm
contains all the layers of the myocardium and has a wide neck. A cardiac pseu-
doaneurysm has a small neck with a wall rupture that is contained by the peri-
cardium. It is more dangerous in reference to its risk for embolism as well as
rupture (Fig. 11.4) and requires surgical intervention.

There are many variations in clinical studies on aneurysms, making it diffi-
cult to pool them together for long-term therapy options, and there are no
controlled trials with new therapy options. In general, small to moderate true
aneurysms have an excellent survival rate of up to 90% at 5 years. They can
be managed with afterload reduction, antiplatelet therapy, and anticoagulation
in the setting of severe left ventricular dysfunction or thrombus. A large aneu-
rysm is traditionally treated in the same manner, with closer follow-up for
dilatation. Surgery can be considered in the setting of heart failure, angina,
recurrent emboli despite anticoagulation therapy, and malignant ventricular

arrhythmias.
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Ficure 11.4. Diagram of true aneurysm vs. pseudoaneurysm. LV, left ventricle; RV, right ventricle;
RA, right atrium; LA, left atrium. (Adapted from Elsevier Saunders for Medical Education and Research,

Brawnwield’s Heart Disease: 7th ed., 2005)
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Even though rare in the era of primary PCI and improved preventive mea-
sures, it is of vital importance that we train and learn about these complications,
as we must know them the first time we see them in order to try to overcome
the extremely high mortality from mechanical complications of AMI.

Key Points in the Diagnosis and Management of Cardiac Aneurysms

* History
*+ 50% with moderate or large aneurysms have symptoms of heart failure with
or without angina [1]
+ Physical exam
+ True aneurysm

+ Occasionally as a palpable paradoxic (systolic) outward bulge at the site

of the aneurysm [5]
+ Pseudoaneurysm

* An apical systolic murmur may be heard when flow goes in and out of

the pseudoaneurysm
« ECG
+ Abnormal Q waves in precordial leads correlate with asynergy of the ante-

rior segment of the left ventricle [3]

+ Persistent ST elevation with T-wave inversion lasting more than a month
indicates a large degree of left ventricular asynergy and myocardial scarring

(4]

+ These findings are more prevalent in true aneurysms
+ Echocardiography (Figs. 11.5 and 11.6)
+ True aneurysm

+ A smooth transition exists from normal myocardium to the infarcted,
thinned myocardium with an obtuse angle between the aneurysm and the
body of the left ventricle [4]

+ Ratio of the diameter of the junction between the aneurysm and the
remainder of the left ventricle to the maximum aneurysm diameter is
>0.5

+ Most common in the apex but inferobasal aneurysms may be seen

+ A dyskinetic region with hinge points and diastolic contour abnormality
may be seen [4]

+ Pseudoaneurysm

+ Abrupt transition from normal myocardium to the aneurysm with the
wall composed of pericardium (no myocardial fibers) [4]

+ Has an acute angle between the normal myocardium and the aneurysm
(4]

+ Hasanarrowneck. The ratio of the diameter at the “neck” to the maximum
diameter of the aneurysm is <0.5 [4].

+ Typically partially filled with thrombus

+ Often has flow in and out of the pseudoaneurysm
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Ficure 11.5. Two-dimensional echo of a true aneurysm. Apical four-chamber view with evidence of a true
aneurysm. LV, left ventricle; RV, right ventricle; RA, right atrium; LA, left atrium. (Reprinted from Otto CM.
Textbook of Clinical Echocardiography 3rd ed., 2004; p. 218, with permission from Elsevier.)

.

Ficure 11.6. Two-dimensional echo of a pseudoaneurysm. On the left is an apical three-chamber view
with evidence of a pseudoaneurysm in the posterior wall. On the right is a left ventriculography during
cardiac catheterization showing the same. LV, left ventricle; pAn, pseudoaneurysm; LA, left atrium;
Ao, aorta. (Reprinted from Otto CM. Textbook of Clinical Echocardiography 3rd ed., 2004; p. 218, with
permission from Elsevier.)
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Treatment
+ True aneurysm

+ Anticoagulation for evidence of a thrombus

+ Generally do not rupture

+ May perform aneurysmectomy for symptomatic aneurysms
+ Pseudoaneurysm

+ Anticoagulation for thrombus within the aneurysm

+ Tend to rupture more than true aneurysms

+ Nonemergent surgical evaluation for aneurysmectomy
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Diagnosis and Treatment of Congestive
Heart Failure

David M. Wild, Emad Aziz, Eyal Herzog, and Marrick Kukin

Patients presenting to the emergency department with acute heart failure (AHF)
pose a major health care problem [1]. Acute heart failure accounts for more
than 1 million hospitalizations per year in the United States with an in-hospital
mortality rate of 4.1% and a mean length of stay of 6.5 days. Whether due to
inadequate in-hospital treatment, refractory disease, noncompliance with diet
or medications, or comorbidities, there is a hospital readmission rate of 20%
within 30 days and 50% during the next 6- to 12-month interval. Additionally,
there is a 10% mortality rate at 30 days, which increases to 20% to 40% at 12
months [2].

Heart failure can occur in the setting of acute coronary syndrome (ACS) and
acute myocardial infarction (AMI). Other chapters in this book focus on the
primary care of these conditions (i.e., angioplasty/revascularization) and treat-
ment of mechanical complications associated with AMI and heart failure. In
this chapter, we will focus on the medical diagnosis and therapy of acute decom-
pensated heart failure—both in the setting of ACS and in chronic heart failure
patients with acute heart failure decompensation.

The American College of Cardiology and the American Heart Association
(ACC/AHA) have recently published revised guidelines for the management of
chronic heart failure in adults [2]. The European Society of Cardiology has also
developed guidelines for chronic heart failure [3]. Both sets of guidelines focus
on outpatient management of chronic heart failure; treatment options for
acutely decompensated heart failure (ADHF) and new-onset heart failure are
not addressed. To address this deficiency, we have developed a unified pathway
for the management of patients presenting with AHF to the emergency depart-
ment. This pathway is simple yet comprehensive and covers the entire spectrum
of patient care, from the time of emergency department presentation through
their admission and the discharge plan (Fig. 12.1).

This pathway does not describe new treatments for heart failure. Rather, it
is an attempt to incorporate, in a user-friendly format, the keys to initial diag-
nosis and management of heart failure. This is followed by a comprehensive
guideline to therapy with a goal of shortening length of stay (LOS) without
compromising medical stabilization, optimal diuresis, and implementation of
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Caplopri { Capoten ) B25mg 50mg (TID) | Carvedilal ( Coreg ) 3.125 mg (3ID) 6.25- 25 g/ >85 kg 50 mg (BID)
® Fluid Challenge Lisinopril { Pririvi, Zestil) 25 -5 mg 20mg (Daily) | Metoprolol succinate (Toprol ) 125- 25 mg (Daiy) 200 mg (Daily)
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Lanoxin { Digoxin ) 0.125- 0.25 mg (Dady) - Gonsider age/ Gr. | Gonsider for African Americans: Hydralazine/ ISDN 37,5 20 - 75(0mg (TID)

Ficure 12.1. Pathway for the evaluation and management of acute heart failure.
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outpatient therapies based on the proven results of clinical trials. The use of
aggressive loop diuretics with daily weight monitoring is empirically derived
from our clinical experience, whereas the usage and dosing of the other medica-
tions are derived from clinical trials [2] and published Advanced Cardiac Life
Support (ACLS) guidelines [4].

The ESCAPE trial [5] evaluated the use of the pulmonary artery catheter in
patients admitted with decompensated heart failure. The results demonstrated
that outcomes are not improved by invasive hemodynamic monitoring for the
patients that would generally be eligible for the pathway described herein. A
careful history and physical exam (H&P) combined with clinical judgment and
incorporation of clinically proven therapies are the guiding principles in the
development of this pathway.

Diagnosis

The first step in the management of the patient with heart failure is a rapid but
thorough evaluation of the patient in the emergency department. This includes
a 12-lead ECG within 10 minutes, vital signs, H&P, labs, and chest x-ray. The
primary goal is to exclude ACS, which would lead to different, more aggressive
therapy. In addition, one can obtain a brain natriuretic peptide (BNP) level to
exclude noncardiovascular causes of dyspnea [6] when the diagnosis of heart
failure may be in doubt (Fig. 12.2).

The development of assays for the natriuretic peptides (NPs), BNP and N-
terminal pro-BNP (NT-proBNP), have become increasingly important for eval-
uation of dyspneic patients and, depending on the results of clinical trials, may
prove useful to guide treatment of congestive heart failure.

BNP is synthesized and secreted mainly by the ventricular myocardiums; it is
derived from the precursor pre-pro-BNP. Pro-BNP gene expression must be
upregulated before it can be released into the blood, thus the concentration of
BNP does not fluctuate as quickly as does atrial NP. Under conditions of sus-
tained ventricular expansion and pressure overload, pro-BNP is released into
the blood, where it is cleaved into BNP, the active hormone, and N-terminal
BNP (NT-BNP), an inactive metabolite. BNP has a biologic half-life of approxi-
mately 20 minutes, making it a valuable tool for the diagnosis of congestive

1. Initial assessment: 12 lead EKG within 10 mins.; Vital signs, H&P
Refer to Acute Coronary +— 2. Exclude Acute Coronary Syndrome
Syndrome Pathway 3. BNP (B-Type Natriuretic Peptide)
4. Labs. : Basic Metabolic Panel, CBC, Mg, CPK-MB, Troponin

5. Chest X-ray (PA/Lateral if possible)

BNP <100 pg/ml
heart failure unlikely
R/O other causes of
dyspnea

Ficure 12.2. Initial evaluation of patients presenting to the emergency department with suspected
AHF.
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heart failure (CHF) and potentially useful for optimizing the treatment of ADHF
patients [7].

The Breathing Not Properly study used BNP levels to evaluate the causes of
dyspnea in 1,586 patients. BNP levels were found to be more accurate predictors
of CHF than any history, physical findings, or laboratory value [8]. A BNP value
of 100 pg/mL had a sensitivity of 90% and a specificity of 76% for differentiating
CHF from other causes of dyspnea, and a cutoff level of 50 pg/mL had a negative
predictive value of 96%. BNP levels, had they been available to clinicians, would
have reduced the rate of indecision from 43% to 11%. Incorporating BNP into
the clinical evaluation of dyspneic patients was found to increase the absolute
diagnostic accuracy by 10% [9].

Differentiating cardiac from pulmonary causes of dyspnea is a great chal-
lenge. Morrison et al. studied 321 patients who presented to the emergency
department with dyspnea [10]. BNP distinguished heart failure (HF) (mean
BNP, 759 * 798 pg/mL) from pulmonary disease (61 * 10pg/mL) and other
clinical presentations with high specificity and sensitivity. Moreover, when
patients who had a history of heart failure but whose dyspnea was caused by
chronic obstructive pulmonary disease (COPD; mean BNP, 47 + 23 pg/mL) were
compared with patients who had a history of COPD but whose dyspnea was
caused by heart failure (731 £ 764 pg/mL), a BNP value of 94 pg/mL yielded a
sensitivity and specificity of 86% and 98%, respectively, and differentiated heart
failure from lung disease with an accuracy of 91%. BNP has therefore emerged
as a strong diagnostic and prognostic indicator of left ventricular (LV) dysfunc-
tion and heart failure.

Elevations of BNP have been shown to be a powerful marker for prognosis
and risk stratification in the setting of HF. Furthermore, changes in plasma BNP
levels are significantly related to changes in limitation of physical activities and
thus a powerful predicator of the functional status deterioration. Maisel et al.
followed 325 patients for 6 months after an index visit to the emergency depart-
ment [11]. Higher BNP levels were associated with a progressively worse prog-
nosis. The relative risk of 6-month CHF admission or death in patients with
BNP levels >230 pg/dL was 24 times the risk of levels less than this. BNP levels
might not only be helpful in assessing whether or not a dyspneic patient has
HF, but also it may assist in making subsequent triage and management deci-
sions [11].

BNP as a Prognostic Tool

In a prospective study at St. Luke’s Roosevelt Hospital, 87 patients admitted
with HF were evaluated according to our HF pathway. Median BNP on admis-
sion was 623 pg/mL (25th to 75th percentile, 286 to 877 pg/mL, respectively).
Twenty-two (25%) patients were readmitted (21%) or died (3%) within 30 days.
Patients with admission BNP values >75th percentile (877 pg/mL) had greater
risk of rehospitalization compared with values <877 pg/mL (66% vs. 2%, respec-
tively; P < 0.001) with a negative predictive value of 87%, (95% CI, 0.62 to 0.96).
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BNP values >75th percentile were associated with a 4.1 hazard ratio (HR) of
early readmission or death (95% CI, 2.38 to 7.32; P < 0.0001), regardless of other
comorbid diseases. We concluded that admission BNP levels were the strongest
predictor of early readmissions (within 30 days) or death due to HF, irrespec-
tive of other substantial comorbidities and advanced age.

New-Onset HF Versus Acute Exacerbation of Chronic HF

The next diagnostic step would be to differentiate between new-onset heart
failure and acute exacerbations of chronic heart failure. This early recognition
emphasizes that new-onset heart failure is an urgent situation, which may
require cardiothoracic surgery involvement for acute valvular problems (i.e.,
flail mitral leaflet) or chronic valvular problems with acutely decompensated
heart failure (i.e., critical aortic stenosis) (Fig. 12.3). If the heart failure is
believed to be new onset, the patient should have an urgent echocardiogram to
rule out valvular disease and one should consider other etiologies including
acute coronary syndromes, myocarditis, and peripartum/postpartum cardio-
myopathy (Fig. 12.3). If the heart failure is believed to be an exacerbation of
chronic heart failure, it is necessary to determine the etiology of the decompen-
sation by considering causes with the reminder acronym, HANDIP:

+ H, Hypertension

+ A, Arrhythmias: atrial fibrillation, atrial flutter, heart block

+ N, Noncompliance with care (i.e., diet, fluid excess) or medications

+ D, Drugs: negative inotropes (i.e., calcium channel blockers), nonsteroidal
anti-inflammatory drugs (NSAIDs), alcohol, illicit drug use

+ I, Ischemic myocardium

» P, Pericardial disease

New Onset Acute Exacerbation of
Heart Failure Chronic Heart Failure

myopathy

Consider CT Surgery . Non-cardiovascular Etiologies:

Acute Coronary Syndrome 1. Urgent Echocardiogram ’ . : Thyroid or Trauma
2. Admit to CCU or Telemetry = Determine Etiology Renal failure

- | Anemia
Pulmonary di

Myocardiis

Peripartum/Postpartum

Consider Cardiovascular Etiologies:

Cardiac Imaging: f Sepsis/infection
Hypertension/Hypertrophic Cardiomyopathy Obtain recent study (L

Arrhythmia/A.Fib/Flutter/Heart Block (echocardiogram, nuclear)
Failure { N: yithmia/A Fib/Fiutter/Heart Blocl or perform if not done within 3-6 months

pliance with care or T
Drugs: negative inotropes, NSAIDs
Ischemic Myocardium Decreased LV Preserved LV
. . 5 3 : N Control BP
Pericardial disease Systolic function Systolic function
— I
] t []

Clinical Assessment of Hemodynamic and Volume Status-Obtain weight, Assess JVP, rales, ascites, hepato-jugular reflux, pedal edema

Program

Ficure 12.3. Differential diagnosis between new-onset heart failure and acute exacerbation of chronic
heart failure with timing of imaging and consideration of precipitating pathophysiology.
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In addition, noncardiovascular causes of heart failure should be considered
using the acronym TRAPS as a guide:

+ T, Thyroid or trauma

* R, Renal failure

* A, Anemia

+ P, Pulmonary disease, pulmonary emboli
+ S, Sepsis, infection

For newly diagnosed heart failure, is routine cardiac catheterization indi-
cated? In the absence of angina, diagnostic electrocardiogram of ischemia, or
multiple coronary risk factors, the answer is not clear. Certainly, when there is
an index of suspicion, all reversible causes of heart failure, such as ischemia,
must be considered. However, in a young patient with no coronary risk factors,
the risks of cardiac catheterization must be carefully weighed against the low
probability of finding coronary artery disease. When in doubt, we would err on
the side of performing a cardiac catheterization. However, in the absence of
anginal symptoms or multiple risk factors, the majority of these procedures
document clean coronaries. A second procedure often debated is endomyocar-
dial biopsy [2]. This is not recommended in the practice guidelines (level of
evidence = C).

Bedside Assessment

Cardiac imaging is used to determine whether LV function is decreased or
preserved as this distinction affects therapy. Once the etiology has been estab-
lished, the next phase of management is rapid clinical assessment of hemody-
namics based on perfusion and congestion [12, 13]. This assessment is based
on bedside examination: whether the clinical symptoms indicate the adequacy
of filling pressure/perfusion (warm or cold) and the volume status of the patient
based on history and physical exam (wet or dry) (Fig. 12.4). The sizing of the
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Ficure 12.4. Depiction of perfusion and congestion concept with consideration of disproportionate group
size of each quadrant.
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four quadrants (warm-wet, warm-dry, cold-wet, cold-dry) is not equal, reflect-
ing the actual proportionate distribution of these patient admissions into the
hospital based on their clinical presentation [13]. Thus, the group of warm-wet
patients is visually the largest part of the pathway emphasizing their relative

frequency compared with all HF admissions (Fig. 12.4).

Therapy

The determination of volume status will have implications in the pharmacologi-
cal management of the patient. Most patients admitted with symptomatic heart
failure will have warm-wet physiology, and the key in their management will
be aggressive loop diuretic management (Fig. 12.5). This recognition and early
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Ficure 12.5. The “loop” concept of aggressive usage of loop diuretics to rapidly and safely diurese
patients, shorten LOS, and transition to oral therapy upon successful completion of diuresis.
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aggressive treatment is the key to decreasing the length of in-hospital stay.
Three major decisions regarding pharmacological treatment need to be
addressed based on the hemodynamic assessment: What regimen of diuretic
should be used? If the patient is on chronic therapy with beta-blockers, should
it be discontinued or reduced? Does the patient require inotropes? In Figure
12.5, the algorithm shows the optimal method of deciding appropriate diuretic
doses. If the patient has been taking oral diuretics as an outpatient, that total
daily dose should be given intravenously as a bolus infusion. If the patient has
not been taking diuretics, the patient should be given an intravenous loop
diuretic (i.e., furosemide 40 mg).

Once an optimal volume state is achieved, then the patient can be changed
to oral therapy and begun on a chronic heart failure regimen. If the patient does
not initially achieve a euvolemic state, then the patient should be admitted to
a monitored setting and have the diuretic dose doubled and given twice daily.
If this still does not work, the dose of diuretic can be increased and consider-
ation given to adding other diuretics, such as metolazone. If there is difficulty
in achieving a euvolemic state or if the patient develops symptomatic hypoten-
sion or a significant increase in serum creatinine, which together can signify a
low-flow state, the patient should be started on appropriate inotropic therapy
(Fig. 12.6). Guidelines of management of hemodynamically unstable patients
are based on the ACLS guidelines, incorporating vasodilators and inotropic
infusions [4]. In these circumstances, it is appropriate to activate the heart
failure team (if there is one present at the institution).

Beta-Blockers

The next question is what to do if the patient is chronically being treated with
beta-blockers. The use of beta-blockers in chronic heart failure has been well
established in multiple randomized trials [14-16]. However, the majority of
heart failure patients we encounter in the hospital are in decompensated heart
failure. It is in these patients where there is ambiguity as to the role of beta-
blockers. There are no clear guidelines as to whether to stop or reduce the dose
of the beta-blocker.

There are two major questions yet to be answered regarding beta-blockers
and acutely decompensated heart failure: (1) In patients currently taking beta-
blockers, should the beta-blocker be held completely or have the dose reduced
when these patients are admitted with fluid overloaded states? (2) In these
patients who are admitted with acute exacerbations of heart failure who have not
been on chronic beta-blocker therapy, when is it safe to start a beta-blocker?

The theoretical concern with continuing beta-blockers in decompensated
heart failure is that administration of a beta-blocker may exacerbate the fluid
overload state because of its negative inotropic effects. However, there are no
data to suggest that this is true. On the other hand, it may be desirable to con-
tinue beta-blockers because doing so may help avoid the long process of having
to uptitrate the medications and may decrease the delay of ultimately reaching
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COoOLD

Start inotropes/vasodilator therapy.
Admit to CCU

Systolic BP
Norepinephrine <70 mmHg
0.5-30 mcg/min signs/symptoms
of shock

Systolic BP
Dopamine 70-100 mmHg
5-15 mcg/kg/min signs/symptoms

of shock

Systolic BP
Dobutamine 70-100 mmHg
2-20 mcg/kg/min No signs/symptoms

of shock

Consider vasodilators:
Systolic BP
1. Nitroglycerin 10-20 J’ v
mcg/min > 100 mmHg
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2. Nesiritide (Natrecor)
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0.01 meg/kg/min
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3. Renal dose
Dopamine
1-3 mecg/kg/min

Consider vasod./inotrope:

4. Milrinone loading dose:
50 mcg/kg
Maint.Dose:

0.375 mcg/kg/min

Ficure 12.6. Management of hemodynamically unstable heart failure patients adapted from ACLS
guidelines.

target doses. In addition, there are data suggesting that patients with systolic
dysfunction have poorer outcomes after stopping beta-blocker therapy [17, 18].
Recently, two studies have examined the safety of continuing beta-blocker
therapy in patients admitted with acutely decompensated heart failure [19, 20].
These studies examined two large databases of heart failure patients admitted
with fluid overload: the OPTIME-CHF and ESCAPE databases. However, these
studies have shown that continuing beta-blockers during the hospitalization is
not associated with an increase in adverse outcomes and even suggest that there
may be improved outcomes in patients in whom the beta-blockers are contin-
ued. These studies were observational and nonrandomized and therefore
cannot be used as definitive evidence.

In view of these recent developments and lack of randomized studies exam-
ining beta-blocker therapy in this group of patients, we recommend the follow-
ing: In patients who are “warm and wet” upon hospitalization with no evidence
of poor perfusion or low-flow state, such as prerenal azotemia, and not requir-
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ing intubation or bilevel position airway pressure for respiratory distress, the
beta-blocker should be continued at the same dose as outpatient. However, if
there is difficulty after 24 to 48 hours in achieving a euvolemic state, then the
dose should be reduced to 50% or stopped entirely. In the very small population
of “cold and wet” patients requiring inotropic therapy for low-flow state, the
beta-blocker should be discontinued altogether until there is significant
improvement in the fluid status. Thought should be given to the choice of ino-
tropic therapy because of differential effects of the various inotropes depending
on which beta-blocker the patient was on chronically. Data suggest that patients
on carvedilol do not respond as well to dobutamine as to milrinone, a phos-
phodiesterase inhibitor [21-23].

In patients admitted with decompensated heart failure who are not already
taking beta-blockers, there is controversy regarding the appropriate time to
initiate therapy. Heart Failure Society of America guidelines recommend that
beta-blockers should not be initiated during a hospitalization for an exacerba-
tion of heart failure [24]. However, in the IMPACT-HF trial published in 2004,
they conclude that predischarge initiation of beta-blockers improves the prob-
ability of use of beta-blockers at subsequent visits without increasing side
effects or LOS [25]. We recommend starting therapy with an approved beta-
blocker at the lowest dose once patients are believed to be euvolemic. Outpa-
tient uptitration as tolerated to target doses as established in mortality trials
should follow.

Oral Medications

Once patients are stabilized and are believed to be euvolemic, attention should
be given to placing the patient on an optimal medical regimen [26] (Fig. 12.7).
Albeit representative, not all medications in some categories are included in
the chart due to space constraints. Early ambulation of these patients during
their hospital stay and exercise regiments are encouraged. In addition, for
appropriate patients, a heart failure and/or an electrophysiology (EPS) consult
should be considered because current therapy for heart failure now encom-
passes electrical devices and close collaboration with electrophysiologists.

[ ACE Inhibitars | [Initial Dose | [Target Dose ||| Beta Biockers ] [Intial Dose | [ Target Dose {freq/ day ) ]
Captopril  Capoten ) 625 mg 50mg (TID) | Carvedilol ( Coreg) 3.125 mg (BID) 6.25-25mg/ =85 kg 50 mg (BID}
Lisinopril ( Prinivil, Zestril)  2.5-5mg 20 mg (Dally) | Metoprolol succinate { Toprol) 12,5 - 25 mg (Dally) 200 mg (Daily)

ez il Vasmec? 25mg 10mg (B”?J [Aldosterone | [Infial Dose | [Terget Dose { frea! day ) |
Fasinapril ( Monapril ) 5-10mg 20 mg (Daily) {Avoid with K> 5 &ar Cr> 25

Ramipril { Altace ) 1.25-25mg 10mg (Daily) | Spironolactone (Aldactone)  12.5-25mg 25 - 50 mg (Daily)

[ Diuretics | [ PO Target Dose ( freqiday )] Eplerenone ( Inspra } 25 mg (Dally) 25- 50 mg (Daily)
Furaseride ( Lasix ) 40 - 240 mg [BID) [ARBs | [Initial Dose | [TargetDose (freq/day) |
Bumetanide { Bumex ) 05-4mg (BID) Losartan({ Cozaar ) 25mg 25100 mg (Daily)

Torsemide ( Demadex ) 5-100 mg (Daily-BID) : Valsartan { Diovan ) 40 mg 40-180 mg (BID) Max daiy doso 320
Metolazone ( Zaroxalyn) 2.5 - 5mg 30 min prior to dosing Candesartan ( Atacand ) 48 mg 8 - 32 mg (Daily)
Lanoxin ( Digoxin ) 0.125 - 0.25 mg (Daily) - Consider age/ Gr. | Consider for African Americans: Hydralazinef ISDN 37.5/ 20 - 75/40mg (TID)

Ficure 12.7. Initiation and target dosages of oral heart failure medications.
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Incorporated into the pathway is the timing and consideration of biventricular
pacemakers (BIVPMs) in patients with wide QRS complexes and the consider-
ation of implantable cardioverter-defibrillators (ICDs) based on MADIT-2 [27],
SCD-HEFT [28], and COMPANION [29] criteria (Fig. 12.5).

This acute heart failure pathway flows as the patient progresses toward the
warm/dry group, which is a segue to outpatient management of heart failure.
The ACC/AHA [2] and European guidelines [3] detail the major trials and
dosing of the appropriate heart failure medications. The key point in this algo-
rithm is that upon discharge, all HF patients should be on, at a minimum,
starting doses of angiotensin-converting enzyme (ACE) inhibitors and beta-
blockers, unless contraindicated. Angiotensin receptor blockers (ARBs) should
be used instead of ACE inhibitors when ACE inhibitors cannot be given, (i.e.
ACE inhibitor-induced cough). In certain instances, it may be appropriate to
combine an ACE inhibitor and ARB [30]. Data from RALES [31] and EPHESUS
[32] would support the addition of aldosterone antagonists with the precaution
of monitoring potassium and creatinine levels on therapy [33].

With the recent publication of the results of A-HeFT [34], consideration
should be given to the addition of hydralazine/isosorbide dinitrate in African
Americans. Most U.S. physicians use digoxin for patients with New York Heart
Association (NYHA) class III/IV heart failure with an age/creatinine nomo-
gram. Dosages of oral diuretics should be adjusted to maintain the euvolemic
state achieved during the hospitalization, along with adherence to a 2-g sodium
diet and daily weight monitoring. A motivated patient with a home scale can
be taught to self-adjust diuretics based on his or her morning weight.
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Diagnosis and Treatment of
Cardiogenic Shock
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Cardiogenic shock is the leading cause of death in patients hospitalized with
acute myocardial infarction [1, 2]. Cardiogenic shock is characterized by a state
of inadequate tissue perfusion due to cardiac dysfunction and is classically
manifested by systemic hypotension and end-organ hypoperfusion in the
setting of adequate or elevated left ventricular filling pressures. The hemody-
namic definition includes sustained hypotension (systolic blood pressure
<90mm Hg or a decrease >30 mm Hg or more in mean arterial pressure from
baseline for at least 30 minutes) and a reduced cardiac index (<2.2Lmin™" m™)
[3]. In the SHould we emergently revascularize Occluded Coronaries for car-
diogenic shocK (SHOCK) Trial [4], tissue hypoperfusion was defined as cold
peripheries (extremities colder than core), oliguria (<30mL/h), or both. Sub-
jects requiring pharmacological or mechanical circulatory support to maintain
blood pressure are also included in this category.

In the setting of an acute myocardial infarction, hypotension, tachycardia,
peripheral vasoconstriction, decreased urine output, and altered mentation are
all manifestations of the syndrome, which can range from “preshock” to fully
developed pump failure.

It is important to recognize the preshock syndrome because early investiga-
tion of its etiology and early intervention may reduce the development of
frank cardiogenic shock. In this state, systolic blood pressure may be normal
to borderline without pressors, but this “stability” occurs at the expense of
an elevated peripheral resistance and elevated heart rate that support a
borderline stroke volume. The signs of peripheral hypoperfusion may be
obvious or subtle. This is also known as nonhypotensive cardiogenic
shock and is associated with ineffective tissue perfusion and a severely
depressed cardiac index. The preshock syndrome is associated with a high
in-hospital mortality (43%), which is lower than that in patients with classic
cardiogenic shock (66%) [5]. This syndrome predominately occurs in the
setting of a large anterior wall myocardial infarction (MI). Recognition of this
“preshock state” is important to avoid potentially cardiodepressant medica-
tions and to identify patients who might benefit from aggressive revasculariza-
tion strategies.

132
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Ficure 13.1. Temporal trends in the incidence of cardiogenic shock in patients with myocardial infarction.
(Adapted from Goldberg RJ, Samad NA, Yarzebski J, et al. Temporal trends in cardiogenic shock complicat-
ing acute myocardial infarction. N Engl J Med 1999;340(15):1162-1168.)

Incidence

Cardiogenic shock occurs in 7.2% of patients with ST-segment elevation MI
(STEMI) [6] and in 2% to 3% of patients with non-ST-segment elevation MI
(NSTEMI) [7, 8]. The incidence of cardiogenic shock has not changed signifi-
cantly over time despite the introduction of pharmacological reperfusion
therapy and percutaneous coronary intervention (PCI). Studies evaluating tem-
poral trends in cardiogenic shock from 1975 until 2001 have reported similar
rates of shock over this time period, averaging 7% to 9% of patients with acute
myocardial infarction (Fig. 13.1) [1, 9].

Risk Factors

Certain clinical variables have been identified that increase the likelihood for
developing cardiogenic shock after myocardial infarction. These include older
age, diabetes, a history of prior infarction or known preexisting systolic dys-
function. Anterior wall infarction, a large myocardial infarction as evidenced
by higher cardiac enzyme levels, and multivessel disease increase the risk of
cardiogenic shock [2, 4, 10, 11].

The risk of cardiogenic shock is greater with a higher number of such risk
factors. In one study [2], the probability of developing cardiogenic shock was
17.9% for patients with three risk factors and 54.4% among patients with five
risk factors.

Etiology

Cardiogenic shock complicating acute MI can be the result of pump failure or
mechanical complications. It is important to recognize the etiology of cardio-
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Ficure 13.2. Etiology of cardiogenic shock. LVF, left ventricular failure; MR, mitral regurgitation; RVF, right
ventricular failure; VSR, ventricular septal rupture. (Adapted from Menon V, Hochman JS. Management of
cardiogenic shock complicating acute myocardial infarction. Heart 2002;88(5):531-537.)

genic shock because the management will differ with each cause. In the SHOCK
Trial registry [4, 10], 74.5% of patients had predominant left ventricular failure
and 3.4% had isolated right ventricular shock. Mechanical complications
leading to cardiogenic shock occurred in 12% of patients including acute mitral
regurgitation (8.3%), ventricular septal rupture (4.6%), and tamponade or free
wall rupture (1.7%) (Fig. 13.2).

Left Ventricular Failure

Predominant left ventricular (LV) pump failure in the setting of a large MI is
the most common etiology of cardiogenic shock. It has been documented that
at least 40% of the total LV mass is infarcted in patients with death due to car-
diogenic shock [12, 13]. Cardiogenic shock can also result from smaller infarc-
tions in patients with preexisting LV dysfunction, severe multivessel disease,
and widespread ischemia. Delayed shock may result from infarction extension
or reinfarction.

Pathophysiology of Left Ventricular Shock

In data from the SHOCK Registry [14], 74.1% of patients presented with early
shock (<24 hours) and 46.6% presented with shock very early (<6 hours). Early
shock is more indicative of widespread necrosis, whereas shock that develops
later may be secondary to expansion or extension of the infarct. The classic
explanation of the mechanisms of LV shock shows how both jeopardized myo-
cardium as well as more distant myocardium is affected by hypotension and
increased LV end-diastolic pressure. These effects are magnified when there is
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flow-limiting stenosis in remote, nonculprit vessels. Compensating mecha-
nisms such as tachycardia and increased metabolic demand in both ischemic
and nonischemic regions lead to further global dysfunction (Fig. 13.3) [15].

Right Ventricular Shock

Right ventricular (RV) infarction leading to cardiogenic shock can be seen in
the presence of an acute inferior wall MI with RV involvement. The typical
findings of significant right ventricular infarction are hypotension, clear lung
fields, and jugular venous distension. Although these may also be seen in
cardiac tamponade or acute RV failure secondary to pulmonary emboli, in the
presence of an acute inferior wall MI they are diagnostic of RV infarct. Often,
these patients will have an exaggerated hypotensive response to vasodilating
agents. Pulmonary congestion may be seen when extensive LV infarction/scar
is also present, and rarely, severe right ventricular dysfunction can cause RV
distension and septal shift resulting in LV compromise with clinical evidence
of pulmonary congestion [16].
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Ficure 13.3. Pathophysiology of left ventricular shock. (Adapted from Califf RA, Bengtson JR. Cardiogenic
shock. In: Braunwald E, Califf RM, eds. Atlas of Heart Disease-Acute Myocardial Infarction and other Acute
Ischemic Syndromes. 2nd ed. Philadelphia: Current Medicine; 2001: pp. 149-178.)



136 A. Palazzo et al.

Mechanical Complications Leading to Cardiogenic Shock

Mechanical complications of acute MI resulting in cardiogenic shock include
acute mitral regurgitation caused by papillary muscle dysfunction or rupture,
rupture of the interventricular septum, or rupture of the free wall with resultant
contained tamponade. Free wall rupture with tamponade is usually character-
ized by hypotension, tachycardia, clear lungs, and jugular venous distension,
and can easily be differentiated from RV infarct by echocardiogram. Free wall
rupture that is not contained usually results in immediate death. Acute papil-
lary muscle rupture or rupture of the interventricular septum are both charac-
terized by hypotension in the setting of pulmonary vascular congestion and a
new murmur. They can be differentiated from each other by echocardiogram.
(See chapters 11 and 12 for details.)

Diagnosis

Cardiogenic shock is a catastrophic event with an extremely high mortality.
Early diagnosis is essential to provide rapid and potentially lifesaving therapies.
Once the diagnosis of MI has been established, the presence of cardiogenic
shock or impending shock can be rapidly assessed by physical examination.
The combination of a large MI and tachycardia, with or without hypotension,
should alert the physician to the possibility of cardiogenic shock or preshock.
Tachycardia may be masked by the use of beta-blockers, increased vagal tone,
or inappropriate chronotropic reserve. Frank hypotension should immediately
be investigated, but the absence of hypotension does not exclude the diagnosis
of shock [5]. Evidence of increased vasoconstriction such as cyanosis or cool
extremities and signs of hypoperfusion such as decreased urine output or an
altered sensorium must raise suspicion.

On physical examination, the quality of the peripheral pulses may be altered
or absent. Jugular venous distention may be present. Pulmonary rales are
usually appreciated, but in isolated RV failure or early tamponade they may be
absent. A precordial heave resulting from left ventricular dyskinesis or an RV
heave from right ventricular volume overload secondary to a ventricular septal
rupture may be palpable. The heart sounds may be distant, and a third or fourth
heart sound is sometimes present. A new pansystolic murmur may be heard
with or without a palpable thrill if acute mitral regurgitation or ventricular
septal rupture is present.

Electrocardiography can be helpful in the initial evaluation of the etiology of
cardiogenic shock. Patients with pump failure as the cause for cardiogenic
shock are more likely to have extensive electrocardiographic changes support-
ing an anterior wall infarction or multivessel infarction or ischemia. An infe-
rior-posterior infarct is more frequently noted in patients with acute severe
mitral regurgitation and papillary muscle rupture/dysfunction. Low-voltage
QRS complexes with electrical alternans supports possible tamponade, whereas
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RV infarct is suspected when there are significant (>1 mm) ST-segment eleva-
tions in the RV precordial leads.

Echocardiography

Echocardiography is the most rapid and specific examination in the investiga-
tion of the etiology of cardiogenic shock. Its ease of performance and universal
availability mandate its early use. Both RV and LV functions are readily assessed
by echocardiography, and pulmonary artery pressure can be estimated. In early
free wall rupture, infarct thinning and pericardial effusion may be seen. When
frank cardiac tamponade is present, the echocardiogram will demonstrate a
moderate to large pericardial effusion with right atrial and/or right ventricular
diastolic collapse and respiratory variation in the mitral inflow velocities. Pseu-
doaneurysms, as is seen in cases of contained free wall rupture, may be distin-
guished from true aneurysms by echocardiography as well.

When mechanical complications of myocardial infarction are suspected,
transesophageal echocardiography (TEE) is invaluable. Mitral valvular abnor-
malities and acute mitral regurgitation are readily distinguished from ventricu-
lar septal rupture by TEE. Papillary muscle rupture, chordal tear, or a flail
mitral leaflet can be diagnosed by TEE. Echocardiographic analysis of a patient
with ventricular septal defect may demonstrate color flow across the ventricular
septum. This is usually noted in the setting of septal wall thinning and
akinesis.

Cardiac Catheterization

Cardiac catheterization is important for invasive hemodynamic monitoring, to
diagnose and treat coronary artery disease, and to exclude or quantify mechani-
cal complications.

Right heart catheterization (RHC) provides objective hemodynamic data that
can help to support or discount the diagnosis of cardiogenic shock. The hemo-
dynamic profile of cardiogenic shock from LV pump failure includes a pulmo-
nary capillary occlusion pressure greater than 15mmHg and a cardiac index
less than 2.2 Lmin™' m™ in the setting of hypotension or decreased tissue perfu-
sion. When ventricular septal rupture is being considered, oxygen saturations
should be measured in the RA and the RV to detect a “step-up” in oxygen
saturation and to quantify a left-to-right shunt. A large “V” wave on the pul-
monary capillary wedge (PCW) tracings can support the diagnosis of severe
mitral regurgitation, although it is neither a specific nor sensitive finding. The
hemodynamic profile of right ventricular infarction includes high right-sided
filling pressures in the presence of normal or low pulmonary wedge pressures.
Kussmaul’s sign, which is an elevation of RA pressure during inspiration, may
be identified. Cardiac tamponade is characterized by pulsus paradoxus, which
is a fall in arterial pressure greater than 15mm Hg on inspiration. Elevation and
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equalization of diastolic filling pressures and a steep X and absent Y descent
on RA pressure tracings may also be seen.

Left heart catheterization is used to assess the presence and degree of coro-
nary artery disease and to determine the feasibility of PCI or coronary bypass
surgery. In the SHOCK Trial [17], left main stenosis was present in 21% of
patients, three-vessel disease in 65% of patients, and two-vessel disease in
approximately 23%. It is important to note that the extent of ventricular dys-
function and hemodynamic instability should correlate with the extent and
severity of coronary artery disease. When the amount of coronary disease does
not support a large ischemic/infarct burden, then LV shock is unlikely unless
there is a preexisting cardiomyopathy or a mechanical complication [16].

In patients with cardiogenic shock, left ventriculography assesses the left
ventricular ejection fraction and defines wall motion abnormalities. Ventricu-
lography will also identify patients with mechanical complications such as
mitral regurgitation and ventricular septal rupture.

Therapeutic Options (Figure 13.4)

The initial approach to the patient with cardiogenic shock is stabilization. It is
critical to maintain adequate oxygenation, and mechanical ventilation is often
required. Supplemental oxygen in nonintubated patients should be adminis-
tered to maintain an arterial oxygen saturation of greater than 90%. Correction
of acidosis and other metabolic abnormalities is important to reduce arrhyth-
mias and optimize the effect of pharmacological therapies. Relief of pain and
anxiety is important to reduce excessive sympathetic activity and decrease
oxygen demand. This may be accomplished with morphine sulfate, anxiolytics,
or fentanyl. Beta-blockers, angiotensin-converting enzyme inhibitors, and
nitrates should be avoided in the patient with cardiogenic shock and preshock
because exacerbation of hypotension is likely to occur [18, 19]. In patients with
RV infarct and hypotension, fluid resuscitation should be initiated. If hypoten-
sion does not readily respond to initial fluids, inotropic support should be
started.

As with all patients presenting with acute infarction, antiplatelet therapy
should be given. Aspirin should be administered with an initial dose of 162 to
325mg and continued daily. Clopidogrel should be started unless early coro-
nary bypass surgery is a high probability. Treatment with glycoprotein IIb/IIla
inhibitors should be initiated if thrombolytics are not given, especially if PCI is
anticipated. Antithrombin therapy with weight-adjusted unfractionated heparin
is a class I indication in cardiogenic shock [20].

In patients with adequate intravascular volume but with persistent hypoten-
sion and hypoperfusion, inotropic and vasopressor therapy should be promptly
initiated. Dobutamine acts on 3,-adrenergic receptors to increase cardiac con-
tractility. It may exacerbate hypotension in some patients and should not be
used as a sole agent when SBP is <80 mm Hg unless blood pressure can be sup-
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ported with intraaortic balloon pump (IABP) counterpulsation. Vasopressors
such as dopamine are indicated when systolic blood pressure (SBP) is
<80mm Hg. Dopamine acts as both an inotropic agent via its action on [3;-
adrenergic receptors and also as a vasoconstrictor by its release of norepineph-
rine. Combination therapy with both dopamine and dobutamine may be
effective in some patients. In patients with profound hypotension, other vaso-
pressor agents such as norepinephrine or epinephrine may be used, but tachy-
cardia and increased peripheral resistance may increase myocardial oxygen
consumption and worsen ischemia.

Phosphodiesterase inhibitors such as milrinone or amrinone may improve
cardiac contractility without tachyarrhythmias, but vasodilation can worsen
hypotension therefore limiting their usefulness. Likewise, nitroglycerin is an
effective venodilator that reduces preload and pulmonary congestion and is a
potent coronary artery vasodilator; however, the use of this agent is contrain-
dicated in cardiogenic shock unless blood pressure is supported.

The combination of pharmacological therapy with mechanical support
devices is an effective approach to the initial stabilization of cardiogenic shock.
IABP is the most readily available device. These catheters are placed percutane-
ously in the descending aorta just distal to the aortic arch. The balloon catheter
inflates in diastole thereby improving diastolic blood flow to the coronary
arteries and cerebral circulation. The balloon deflates in systole, resulting in
decreased peripheral resistance. Through this design, intraaortic balloon coun-
terpulsation reduces afterload, increases coronary and cerebral perfusion, and
decreases cardiac work. It is an important adjunct to definitive revasculariza-
tion therapy. In the SHOCK registry, in-hospital mortality was lower among
those patients in whom IABP therapy was initiated than among those in whom
IABP therapy was not used [21].

In selected patients, LV or biventricular assist devices can be used as a bridge
to revascularization, transplantation, or recovery. Small studies [22-24] of LV
assist devices (LVAD) support in the setting of cardiogenic shock after acute
myocardial infarction have reported favorable mortality rates of 24% to 44%
with this approach, although the definitive role of such devices is still to be
determined. In select patients with irreversible cardiogenic shock in spite of
aggressive treatment with revascularization, mechanical assistance and phar-
macological therapy, the use of artificial hearts [25] and emergent transplanta-
tion can be considered.

Reperfusion, Revascularization, and Repair

In patients with STEMI and cardiogenic shock due to LV failure, an early revas-
cularization strategy with either PCI or coronary artery bypass grafting (CABG)
has been shown to result in decreased mortality over time with the greatest
benefit in patients less than 75 years of age. In the SHOCK study, early revas-
cularization resulted in a 13% absolute decrease in mortality at 1 year [4].
According to the American College of Cardiology/American Heart Association
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(ACC/AHA) guidelines, early revascularization with either PCI or CABG is
recommended as a class I therapy for the treatment of an acute STEMI in
patients less than 75 years old with cardiogenic shock, if performed within 36
hours of infarction and within 18 hours of the development of shock. Early
revascularization should be considered on a case-by-case basis for patients aged
75 years and older who have good functional status [20]. For patients requiring
transfer for angiography, IABP placement at the local hospital with the use of
a fibrinolytic agent if the delay is expected to be greater than 2 hours [16] is a
reasonable strategy. Fibrinolytic therapy may also be of value in patients who
are unsuitable for an invasive strategy [20].

The mode of revascularization performed should be decided on a case-by-
case basis and dictated by coronary anatomy as well as clinical variables. In a
post hoc analysis of the SHOCK trial data, there was no difference in survival
at 30 days or at 1 year in the PCI versus CABG groups [26]. Therefore, CABG
should be considered for extensive coronary disease and left main disease if it
can be performed by an experienced team in a timely manner.

In patients with a mechanical basis for cardiogenic shock after acute MI,
emergent referral for cardiac surgery may be lifesaving. In a small cohort of
patients in the SHOCK study who had free wall rupture, survival with surgery
or pericardiocentesis was 39.3%, which was similar to other shock patients [27].
Similarly, patients with cardiogenic shock and ventricular septal rupture had
increased survival with surgery [28].

Prognosis

In-hospital mortality rates remain about 50% in patients with cardiogenic
shock complicating acute infarction, even with emergency revascularization
[21]. The prognosis of patients with shock is influenced by the time to onset of
shock and by the presence of mechanical complications. Patients with early
shock (<24 hours) had a slightly higher mortality compared to patients with
late shock (>24 hours) [14], and patients with LV shock have a lower in-hospital
mortality than patients with mechanical complications [29]. It is still a devastat-
ing complication of acute myocardial infarction in spite of primary interven-
tion. Further research may focus on the role of mechanical assist devices to
support circulation and the use of metabolic therapies to limit injury in patients
at high risk.
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14
Management of Pericardial Disease
Complicating Acute Coronary Syndrome

Seth Uretsky, Dan L. Musat, Mark V. Sherrid, and Eyal Herzog

Anatomy and Physiology of the Pericardium

Anatomy

The pericardium is a sac containing the heart and proximal parts of the great
vessels [1, 2]. It consists of two layers:

+ The visceral pericardium is a single-layer serous membrane that reflects back
near the origins/insertions of the great vessels and becomes continuous with
and forming the inner layer of the parietal pericardium.

+ The parietal pericardium is an acellular tough, fibrous coat composed mainly
of collagen and elastin fibers, about 2 mm thick, and surrounds most of the
heart.

The space between the two serous layers is named pericardial space and
normally contains up to about 50mL of plasma ultrafiltrate. The left atrium is
largely an extrapericardial chamber, explaining why the effusions generally are
not seen behind this structure [2, 3]. The parietal pericardium is anchored by
ligamentous attachments to the diaphragm inferiorly and to the sternum ante-
riorly. These ligamentous attachments ensure that the heart occupies a rela-
tively fixed central position within the thoracic cavity regardless of phase of
respiration and body position. Pericardium receives its arterial supply from
branches of internal thoracic and musculophrenic arteries as well as directly
from descending aorta. The veins are tributaries of the azygos system [2]. Peri-
cardium is innervated by branches from vagus, phrenic nerves, and the sym-
pathetic trunks [2]. Of importance is the fact that phrenic nerves descend on
the lateral sides, between the fibrous pericardium and mediastinal pleura.

Physiology

The normal pericardium serves four primary functions [2]: fixing the heart
within the mediastinum; limiting cardiac distension during sudden increases
in intracardiac volume; limiting the spread of infection from the adjacent lungs;
and providing lubrication in between the two layers.
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Pericardial Disease Complicating Acute Coronary Syndrome

Pericardial Chest Pain: Differential Diagnosis

Chest pain can arise from cardiovascular structures (heart, pericardium, aorta)
or noncardiovascular structures (skin, chest wall, intrathoracic structures, or
subdiaphragmatic organs). It is often difficult to accurately determine the
source of chest pain in distressed patient as all structures are supplied by
sensory fibers from the same spinal segments and may cause similar pain syn-
dromes [4].

It is crucial to differentiate pericarditis from myocardial infarction as out-
lined in Table 14.1. This can be very challenging, but there are some clinical

TasLe 14.1. Differentiation of acute pericarditis from acute ischemia.

Acute pericarditis Acute ischemia
Characteristics of pain
Onset More often sudden Usually gradual, crescendo
Main location Substernal or left precordial Same as pericarditis or confined to zones of
radiation
Radiation Most common to the back or same Shoulders, arms, neck, jaw
as ischemic
Quality Sharp, stabbing Heavy pressure or burning
Duration Persistent; may wax and wane Intermittent; <30 minutes each recurrence,
longer for unstable angina
Inspiration Worse No effect unless associated with
peri-infarction pericarditis
Body movements Increased No effect
Posture Worse on recumbency; improved No change upon sitting
on sitting, leaning forward
Nitrates No effect Usually relief
Physical examination
Friction rub Most cases Only if with infarction pericarditis
S1 Intact Often dull, not distinct, after first day
S4 Absent unless preexisting Nearly always present
Pulmonary congestion Absent May be present
Murmurs Absent unless preexisting May be present
ECG findings
J point-ST segments Diffuse elevation; saddle-shaped Localized deviation; convex (dome-shaped),
or concave, without reciprocal with reciprocal changes in typical
depressions; except aVR and V, distribution
PR segment depressions  Frequent, with PR elevation in aVR Rare
T waves Inverted after ST-segment return Hyperacute or inverted while the ST still
to baseline elevated
Arrhythmias/conduction ~ None Frequent

abnormalities

Source: Adapted from Spodick DH. Acute pericarditis: current concepts and practices. JAMA 2003;289:1150-1153.
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hints that can lead the physician to one diagnosis or the other. An algorithm
for patients with acute coronary syndrome (ACS) who present to the emergency
department with suspicion of pericardial involvement is seen in Figure 14.1.
Acute viral pericarditis is often preceded by a viral syndrome with upper respi-
ratory infection symptoms, malaise, and fever in the days/week before pain
started.

Pt presents with ACS
e STEMI
e NSTEMI/UA

'

Signs and Symptoms of
Pericardial effusion
e Absent or muffled heart
sounds
e Low voltage on ECG
e Electrical alternans on
ECG

|

Assess for clinical signs of
cardiac tamponade
e Hypotension and

tachycardia
TTE findings of TTE findings of TTE findings of cardiac
no pericardial cardiac tamponade tamponade without cardiac
effusion and cardiac rupture rupture

|

TEE to rule out
cardiac rupture

Patient to cardiac Rupture No rupture
catheterization lab
for
revascularization
Activate TTE guided
Cardiothoracic pericardiocentesis

surgery team

Ficure 14.1. Algorithm for patients with ACS presenting to the emergency department with suspicion of
pericardial involvement.
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Pericarditis pain can be characterized as [4]:

+ Sharp, precordial, and knife-like

+ Pleuritic, worse on inspiration

+ Radiating to the shoulders, upper back, and neck
+ Increased when lying down

+ Relieved by sitting up or leaning forward

On physical examination, the presence of a friction rub may be suggestive of
acute pericarditis but cannot exclude an acute myocardial infarction (AMI) as
a series showed that 8% to 23% of patients admitted with AMI had a rub due
to AMlI-associated pericarditis [5, 6].

Electrocardiogram (ECG) features of pericarditis include [7] diffuse concave
ST elevations and PR segment depression.

Echocardiography is an important tool in differentiating pericardial disease
from AMI and can dramatically change decisions for further treatment. Echo-
cardiographic findings that suggest pericarditis are pericardial effusion. If seg-
mental wall motion abnormalities are seen on echocardiography, myocardial
ischemia should be suspected.

Serologic markers of myocardial damage are usually negative in acute peri-
carditis and are not helpful in diagnosis.

Pericardial Involvement in AMI

Pericardial involvement in AMI is usually secondary to inflammation. Very
rarely, constrictive pericarditis had been reported as a cause for myocardial
ischemia, angina, and AMI [8]. In patients presenting with AMI, there can be
three major types of pericardial complications: (1) early infarct-associated peri-
carditis (often termed infarction pericarditis); (2) pericardial effusion due to
free wall rupture (with or without tamponade); and (3) post-myocardial infarc-
tion (Dressler’s syndrome).

Infarction Pericarditis

The incidence of infarction pericarditis is decreasing in recent years with the
use of thrombolytics and percutaneous coronary intervention in the treatment
of AMI [6, 9-11]. Pericardial pain and pericardial friction rub define early
postinfarction pericarditis and usually develop on day 2 or 3 after a transmural
AMI [12] and are usually short lived, lasting only few days [13]. Clinical features
that predispose to early infarction pericarditis include [5, 6, 9-11, 14] male sex,
smoking, transmural myocardial infarction, anterior wall involvement, large
infarcts, delayed presentation to the hospital, low ejection fraction, and conges-
tive heart failure.

On short- and long-term follow-up, these findings did not translate into a
significant increased mortality in this subset of patients [5, 6, 13]. In some
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studies, a trend was noticed for both in-hospital and 1-year mortality, but
infarction pericarditis was not found to be an independent prognostic factor
[9-11, 15]. This finding made some authors to conclude that clinical course is
benign and the prognosis of the patient is not altered by development of this
complication [12]. The preferred form of therapy for early postinfarction peri-
carditis is aspirin [16]. Corticosteroids and nonsteroidal anti-inflammatory
drugs (NSAIDs) should be carefully considered because of the reported com-
plications caused by these agents [12, 13].

It is usually not necessary to stop anticoagulation therapy in patients who
develop infarction pericarditis. Wall et al. showed that cardiac tamponade did
not occur clinically in any of 40 patients who developed pericarditis among 810
patients admitted for AMI [9]. However, the 2004 guidelines of the American
College of Cardiology (ACC) and the American Heart Association (AHA) rec-
ommended that anticoagulation should be immediately discontinued if a peri-
cardial effusion develops or increases [16]. On the other hand, Gregoratos states
that a stable small pericardial effusion is not an absolute contraindication for
anticoagulation [12].

Pericardial Effusion Due to Free Wall Rupture

Free wall rupture (FWR) is a mechanical complication of ST-elevation myocar-
dial infarction (STEMI) and is most often fatal. The rupture often occurs in the
watershed zone between infarcted and noninfarcted tissue and is thought to be
mediated by inflammatory factors. The incidence of FWR has decreased with
the use of thrombolytics and percutaneous coronary intervention. However,
the delayed use of thrombolytics has been implicated in an increased incidence
of FWR [17]:

+ FWR is the second most common cause of in-hospital mortality after left
ventricular failure in AMI.

+ Overall incidence of cardiac rupture ranges from 0.8% to 6.2%.

+ It accounts for 15% to 30% of fatalities from AMI.

FWR tends to occur 3 to 5 days after AMI at the anterior or lateral wall of
the left ventricle at the midpapillary level. Clinical features that predispose to
FWR include [17, 18]: increased age, female gender, lower body weight, peri-
infarct hypertension, and infarct expansion.

FWR should be suspected in patients with shock or severe chest pain sugges-
tive of infarct expansion. The most common clinical features of acute FWR are
asystole, pulseless electrical activity, and severe chest pain.

Approximately one third of patients with FWR present with the subacute
form. Clinical signs of cardiac tamponade can be appreciated prior to
hemodynamic collapse. The most common features of subacute FWR are
[19, 20] recurrent chest pain, syncope, hypotension, shock, nausea, arrhyth-
mia, restlessness, transient bradycardia, and transient pulseless electrical
activity.
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Diagnosis of FWR

Echocardiography is considered the diagnostic tool of choice for FWR [21, 22].
Transthoracic echocardiography (TTE) can readily identify pericardial effusion
and intrapericardial clot secondary to FWR. TTE is useful in determining the
site of rupture and the flow of blood into the pericardial space. Transesophageal
echocardiography can be used if the TTE images are not satisfactory.

Treatment

Medical Therapy. Medical therapy should only be used to stabilize the patient
prior to mechanical repair of the FWR [23]. Intravenous delivery of fluids and
inotropes can help stabilize the patient prior to repair. All anticoagulants should
be stopped.

Percutaneous Therapy. Pericardiocentesis can be used as a temporizing measure
to relieve cardiac tamponade [24], although this is not the definitive therapy.

Mechanical Closure. Survival without mechanical closure of FWR is rare. There
are several techniques that can be used to repair the rupture including [25]
infarcterectomy and prosthetic patch; and use of Dacron, Teflon, pericardial
patch without infarcterectomy.

Thrombolytics and FWR

Hemopericardium after use of thrombolytics necessitates prompt echocardio-
graphic evaluation for cardiac rupture. However, not all cases of hemopericar-
dium associated with the use of thrombolytic therapy are secondary to cardiac
rupture. Renkin et al. reported 4 of 392 patients, who developed hemopericar-
dium within 24 hours of thrombolytic therapy without cardiac rupture [26].

Cardiac Tamponade

Pathophysiology

The pericardial sac is a nondistensible sac; therefore, acute accumulations of
even small amounts of fluid in the pericardial sac can result in high pressures
in the intrapericardial space. This increase in intrapericardial pressure impinges
on the cardiac chambers, impairing their ability to fill during diastole, thus
affecting cardiac output [27]. We have developed a flowchart presenting the
hemodynamic changes present in cardiac tamponade as seen in Figure 14.2.

Signs and Symptoms

The following changes are the physiologic basis for the hallmark clinical signs
and symptoms of cardiac tamponade: tachycardia; and hypotension.
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Fluid accumulation in
intrapericardial space

|

Increased transmural
pressures on cardiac
chambers

v

Impaired diastolic filling

/ of cardiac RV & LV \

Inspiration Expiration
Decrease in Increase in
intrathoracic intrathoracic
pressure pressure
- Increase in
Increase in venous return to
venous return to LA/LV
RA/RV

\ LV impinges

RV impinges onRV
on LV

< i

Reduced Increased
systemic CO, systemic CO,
Increased RV | ~—~—— Pulsus «— | Reduced RV

CO Paradoxus CcO

Ficure 14.2. Hemodynamic changes present in cardiac tamponade.

If the patient has large pericardial effusion, further signs of tamponade may
be seen: muffled or absent heart sounds; low voltage and/or electrical alternans
on ECG; rounded flask-like cardiac silhouette on chest x-ray film.

The gold standard for evaluating and assessing hemodynamic derangements
due to cardiac tamponade is echocardiography. Echocardiography allows accu-
rate quantification of effusion size. Two-dimensional echocardiographic signs
used to assess for the substrate of tamponade include [27] exaggerated diastolic
collapse RA and diastolic RV collapse.

Doppler signs used to assess for the substrate of tamponade include [27]
exaggerated changes in mitral and tricuspid valve inflow during inspiration
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and expiration, and loss of forward flow from the inferior vena cava during
diastole.

Treatment

Cardiac tamponade occurring in the context of STEMI must be considered
FWR and is usually an indication for immediate surgery. Treatment of cardiac
tamponade is removal of the pericardial effusion, which will immediately
reverse the hemodynamic derangements. In the emergent setting, pericardio-
centesis is the procedure of choice. Using echocardiography to guide the peri-
cardiocentesis decreases the morbidity and mortality associated with this
procedure. If echocardiography is not available, then a subxiphoid approach is
preferred.

Post—Myocardial Infarction Syndrome

The post-myocardial infarction syndrome (Dressler’s syndrome) is a late com-
plication, mainly of transmural myocardial infarction, which develops typically
during the second or third week after AMI but may be seen as early as 24 hours
and as late as several months after the MI [12, 28, 29]. The incidence of Dressler’s
syndrome dropped from 1% to 5% in the prethrombolytic/early intervention
era to almost zero, with only few case reports now. It is hypothesized that
smaller infarct size and shortened time of exposure of the myocardial antigens
with early revascularization contribute to these findings [28-31]. Another factor
that may contribute to low incidence now is the widespread use of aspirin and
adjunctive therapies, angiotensin-converting enzyme (ACE) inhibitors, statins,
and beta-blockers that have immunomodulatory properties [29].

It is thought that immunologic factors play an important role in pathogenesis
of Dressler’s syndrome. Myocardial injury may release cardiac antigens that
stimulate antibody formation. The immune complexes then are deposited onto
the pericardium, pleura, and lungs, eliciting an inflammatory response [29]. An
alternative hypothesis for this syndrome includes the release of blood in the
pericardial space due to a prolonged and exaggerated early postinfarction peri-
carditis [12, 29].

Clinically, post-myocardial infarction syndrome is manifested by fever, leu-
kocytosis, malaise, chest pain, presence of a pericardial and possibly pleuro-
pericardial friction rub, sometimes pericardial effusion (occasionally large and
rarely cardiac tamponade and may require pericardiocentesis), and pulmonary
infiltrates [12].

Symptoms of Dressler’s syndrome generally resolve after the administration
of aspirin, NSAIDs, or corticosteroids. Anecdotally, it has been reported that
colchicine may be helpful in this scenario [32]. This complication of myocardial
infarction does not seem to have negative prognostic implications.
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15
Surgical Intervention in Acute
Coronary Syndrome

Sandhya K. Balaram and Daniel G. Swistel

Surgical management of patients with acute coronary syndrome (ACS) has
advanced significantly over the past ten years. Much of the improvement in
outcomes can be attributed to the of early coronary angiography followed by
immediate percutaneous. Coronary angiography is used to assess anatomy,
myocardium at risk, and previous damage. Percutaneous interventions, anti-
coagulants, and aortic counterpulsation restore flow to threatened myocardium
for patients with ACS.

Cardiac muscle in ACS may be infarcted, stunned, or hibernating. Immediate
evaluation of contractile dysfunction is determined by estimation of ejection
fraction with a left ventriculogram. The use of intraoperative transesophageal
echocardiography (TEE) gives further information into wall motion, valve
function, and potentially recoverable myocardium. In the subacute period,
methods to determine cardiac muscle viability includes radionuclide imaging,
positron emission tomography, dobutamine stress echocardiography, stress-
thallium studies, and magnetic resonance imaging [1].

Much of the initial patient stabilization is performed prior to the arrival of
the surgical team. This includes administration of nitroglycerin, heparin, gly-
coprotein IIb/IIIa inhibitors, aspirin, and invasive monitoring prior to transfer
to the cardiac catheterization laboratory.

There is often only a short period of time to determine the best treatment
for the unstable cardiac patient. A survey of the patient’s comorbidities must
be performed rapidly and accurately. Preoperative risk assessment is important
in helping make decisions regarding therapy. Table 15.1 includes most of the
variables required to complete a risk assessment. There are multiple risk-strati-
fication scores available to determine a patient’s risk and facilitate optimal
outcome [2-4]. In addition, elevated troponin levels are a tool that can be used
as a powerful predictor of surgical outcome in ACS and correlate with increas-
ing length of stay and in-hospital mortality [5].
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TaLe 15.1. Preoperative risk assessment of patient with ACS.
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Surgical Revascularization in ACS

In a patient with ACS, immediate therapy is often focused on thrombolytics or
percutaneous interventions (PCI). There have been no randomized trials com-
paring coronary artery bypass grafting (CABG) with PCI during acute myo-
cardial infarction (AMI). Given the immediacy of angiography with time to
reperfusion, PCI with stents is most often utilized in the acute setting. However,
there is a definite role for CABG in certain specific settings that require urgent
or emergent surgical revascularization. The current American College of Cardi-
ology class I indications for CABG in the presence of ACS are well-defined [6].

CABG is recommended for patients with ACS non-ST-segment elevation
myocardial infarction (NSTEMI) (Fig. 15.1) and

1. Left main lesions;

2. Left main equivalent (significant proximal LAD >70% and significant proxi-
mal circumflex >70%); and

3. PCI is not optimal or possible and patients have ongoing ischemia not
responsive to maximal nonsurgical therapy.

CABG is recommended for patients with ACS ST-segment elevation myocar-
dial infarction (STEMI) (Fig. 15.2) and:

1. Failed PCI with persistent pain or hemodynamic instability with suitable
coronary anatomy;

2. Persistent, refractory ischemia not amenable to PCI;

3. Concurrent postinfarct ventricular septal defect or mitral valve
insufficiency;

4. Mitral regurgitation;

5. Cardiogenic shock for patients <75 years old with ST-segment elevation or
left bundle branch block (LBBB) or posterior AMI who develop shock within
36 hours of AMI and are suitable for revascularization; and

6. Life-threatening ventricular arrhythmias with >50% left main and/or three
vessel disease.
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Ficure 15.1. Algorithm 1: ACS-NSTEMI.

Timing is a critical and sometimes controversial aspect of surgical revascu-
larization. On a cellular level, early reperfusion leads to less free-radical release
and less interstitial edema, which may limit infarct size and prevent complica-
tions such as rupture or aneurysm formation. CABG provides complete revas-
cularization in one setting. However, early surgical intervention also carries a
risk of reperfusion injury, which may extend infarct size and increase scar
development [7]. The main disadvantages of CABG include a high mortality
with emergency surgery and a longer time to reperfusion when compared with
PCI [8].

Data from the New York State Cardiac Surgery Registry show that after trans-
mural AMI, patient mortality more than doubles from that of baseline when
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Ficure 15.2. Algorithm 2: ACS-STEMI.

surgery is performed within 3 days of the event [9]. Mortality for transmural
AMI is 14% for those procedures performed within <24 hours and drops to 5%
from 1 to 7 days and down to 3% in >7 days. Nontransmural AMI has a mortality
of 13% when the timing of CABG was <6 hours, which dropped to 6% between
6 and 23 hours and 3% for those procedures performed after 7 days [9]. These
data support stabilization of the patient if possible in the acute setting, with
surgical intervention performed on a semiurgent or elective basis.

More recently, outcomes of patients with ACS were studied in-depth in a
large European study. Evaluation of 10,484 patients who presented with ACS
showed that 460 (4.5%) underwent CABG on initial hospitalization. Of these
460 patients, 15.2% had an associated PCI. Of the group with STEMI-ACS, sur-
gical mortality was 3.4%. Those patients who underwent CABG who had
NSTEMI-ACS had a mortality of 5.4%. The overall mortality was 3.7% among
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TasLe 15.2. Indications for IABP.
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those with CABG and 4.8% without surgical intervention [10]. At the present
time, we can expect that hemodynamically stable patients that undergo surgical
coronary revascularization for ACS will have acceptable immediate and long-
term outcomes.

Cardiogenic Shock and Intraaortic Balloon Counterpulsation

The presence of cardiogenic shock significantly increases the morbidity and
mortality of surgical intervention [11]. Adjunctive therapies used in the pres-
ence of shock include primary angioplasty, inotropes, vasopressors, glycopro-
tein IIb/IIla inhibitors, and intraaortic balloon counterpulsation (IABP). The
main goals for shock patients are to stabilize the patient using medical and
percutaneous interventions, recover the immediately ischemic myocardium,
and follow this with complete revascularization in the acute or subacute period
[12].

The use of the IABP is critical for the patient with cardiogenic shock or per-
sistent chest pain during coronary angiography. The placement of the balloon
distal to the subclavian artery and its rapid collapse decreases impedance to
aortic flow in the proximal aorta. The aortic valve opens to a 10% to 15% lower
systolic pressure to decrease afterload, decrease myocardial work, and decrease
oxygen consumption [13]. This decreases left ventricular end-diastolic pres-
sure, increases cardiac output, decreases wall tension, and increases coronary
blood flow. Table 15.2 outlines indications for placement of IABP.

Intraoperative Considerations

A number of techniques have evolved over the past 20 years that have improved
outcomes for patients with ACS and both NSTEMI and STEMI. These include
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myocardial protection strategies, selection of conduits, the advent of off-pump
surgery, and the use of ventricular assist devices.

Standard cardiac operations require a bloodless operative field and cardiac
standstill. This is accomplished with a cross-clamp placed across the aorta
to isolate the heart from the rest of the cardiopulmonary bypass circuit.
The heart must be protected during this time from ischemic damage. The
standard techniques of myocardial protection are hypothermia to decrease
myocardial oxygen demand and myocardial preservation solution, called
cardioplegia.

The basis of myocardial protection in CABG is to protect the ischemic myo-
cardium during the time of cardiac arrest by decreasing myocardial consump-
tion and providing oxygenated substrates to the tissue. The use of blood
cardioplegia solutions is an important technical advance in limiting the amount
of damage from decreased blood flow to the myocardium. After the myocar-
dium shifts to anaerobic metabolism, reperfusion introduces oxygen free radi-
cals, which can increase muscle damage and cellular edema. This is known as
reperfusion injury. Blood cardioplegia provides oxygen recovery and helps
replenish myocardial substrates. The advantages of blood cardioplegia lie in its
ability to provide oxygenation during arrest, limit reperfusion injury, and
provide endogenous factors such as oxygen radical scavengers and buffers to
the ischemic myocardium [14].

Another important decision made by the surgeon is the choice of conduits
for a particular patient. This decision is most often made with consideration
of the patient’s hemodynamic status. A hemodynamically unstable patient
is less likely to tolerate the time required to dissect and prepare the left
internal mammary artery for bypass. These patients often require immediate
cardiopulmonary bypass for shock, and timing of revascularization in this
setting is critical. However, in most clinical circumstances, the conduit choice
is similar to that in a nonacute setting. Data show that the use of the internal
mammary artery for hemodynamically stable patients does not increase
morbidity even in emergency cases [15, 16]. Internal mammary arteries have
been shown in multiple studies to improve long-term survival and have a
decreased incidence of future intervention [17]. More recent articles suggest
that bilateral internal mammary arteries can be used safely even in the acute
setting [18].

Role of Off-Pump Surgery

An additional option to protect threatened myocardium is to avoid both car-
diopulmonary bypass and ischemic cross-clamp time by performing off-pump
surgery. This involves revascularization of the beating heart using special sta-
bilization devices to allow for the construction of microanastomoses on the
epicardial surface. An important technique used in off-pump surgery is to first
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graft the vessel that supplies the myocardium at risk. A recent study of 638
patients with cardiogenic shock was performed: 124 patients underwent off-
pump surgery and 116 underwent on-pump beating heart surgery. Those
patients with left main lesions, circumflex lesions, or three-vessel disease were
selected for standard ischemic arrest. Off-pump surgery demonstrated less time
to culprit lesion revascularization, less incidence of stroke, less blood transfu-
sion, less need for inotropes, and less renal failure [19]. IABP has also been used
as a surgical adjunct to safely perform off-pump coronary surgery [20]. The
complete role of off-pump surgery is not fully determined at present, but mul-
tiple studies suggest that it is a safe and effective option.

Use of Ventricular Assist Devices

Patients with persistent cardiogenic shock after AMI may be considered for a
left ventricular assist device. These devices are available for either temporary
use or as a long-term device prior to eventual transplant. Patients who are
considered candidates for these devices have deteriorating hemodynamics. It
is important that patients be considered for device implantation before they
develop severe end-organ dysfunction. Intraoperatively, the decision to place
an assist device comes with inability to wean from cardiopulmonary bypass
despite the use of high-dose inotropes, cardiac index <2.0, and mixed venous
saturation of less than 50%, despite the use of IABP therapy. The use of high-
dose inotropes may prevent recovery of ischemic border zone myocardium
after AMI. Table 15.3 includes selection criteria used for insertion of support
devices [8].
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16
Arrhythmias Complicating Acute
Myocardial Infarction—-Bradyarrhythmias

Dan L. Musat, Delia Cotiga, Walter Pierce, and Aysha Arshad

In acute myocardial infarction (AMI) in addition to myocardium, the special-
ized conduction system can be affected directly by ischemia, necrosis, or auto-
nomic imbalance [1]. Many serious arrhythmias develop within 1 hour of onset
of symptoms, before presentation to the hospital and patient monitoring [2, 3].
It is important to recognize and treat them in this setting, as they may compli-
cate the course and have prognostic significance [4-10].

Bradycardia is defined as a heart rate less than 60 beats per minute and is
usually caused either by a failure of the sinus node (SN) impulse generation or
failure of impulse propagation in distal conduction system [11]. The diagnosis
of bradyarrhythmia starts with physical examination and is confirmed by elec-
trocardiogram. The two most frequent bradycardic rhythms in the setting of
AMI are sinus bradycardia, seen in 30% to 40 % of patients [12-14], and atrio-
ventricular (AV) block, seen in 4% to 20% of patients with the following occur-
rence: 8% to 15 % first-degree, 5% to 12% second-degree, and 6% to 8%
third-degree AV block [15-17]. Most of these arrhythmias are associated with
inferior AMI [4-10, 16, 18]. The incidence of bradyarrhythmias has decreased
in the era of thrombolysis and early invasive revascularization [4, 5, 8].

Anatomy of Conduction System

In order to better understand the pathophysiology of bradyarrhythmias in the
setting of acute coronary syndrome (ACS), it is important to know the anatomy
of the conduction system and its blood supply.

The conduction system has the following components [17, 19]:

+ The sinoatrial (SA) node lies at the junction of the right atrium and superior
vena cava and is richly innervated by both the sympathetic and parasympa-
thetic nervous system.

+ The AV node lies at the base of the interatrial septum just above the tricuspid
annulus and anterior to the coronary sinus and is innervated by both divi-
sions of the autonomic nervous system.
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« The His bundle continues from the AV node, crosses the fibrous skeleton of
the heart, and courses anteriorly across the membranous interventricular
septum, adjacent to the noncoronary cusp of aortic valve.

The right bundle branch (RBB) arises from the His bundle and continues

its course subendocardial on the right ventricular part of the anterior inter-

ventricular septum toward the anterior papillary muscle of the right
ventricle.

+ The left bundle branch (LBB), following its origin from the His bundle,
crosses the interventricular septum and splits into anterior and posterior
fascicles:

The anterior fascicle, the smaller one, passes along left ventricular outflow
tract toward the anterior papillary muscle of the left ventricle.

The posterior fascicle goes in a posteroinferior direction along the interven-
tricular septum toward the posterior papillary muscle.

+ The Purkinje fibers arise from arborization of both right and left bundle
branches, are found deep in the myocardium, and extend throughout the
endocardium of the right and left ventricles.

Physiologic Conduction

Under normal conditions, the dominant pacemaker is the SA node. After
leaving the sinus node and perinodal tissue, the impulse traverses the atrium
and reaches the AV node. Within the AV node there is a physiologic delay, and
after propagation via the bundle of His, the impulse is conducted through the
right and left bundle branches and reaches the myocardium via the Purkinje
fibers [19].

Blood Supply of the Conduction System

The source of blood supply for each component plays an important role in
ischemic hearts, and the type of bradycardia depends on which epicardial vessel
is affected and the level of obstruction [1, 17, 19, 20].

1. The SA node is supplied by the sinus node artery, which arises from the
proximal right coronary artery (RCA) in 50% to 60% of the cases and from
the left circumflex coronary artery (LCX) in 35% to 45%, and a dual supply
in up to 10%.

2. The AV node receives dual blood supply from the AV nodal artery, which
originates from the distal RCA in about 90% of patients or from the distal
LCX in the remainder, and a branch of the left anterior descending coronary
artery (LAD), making it less vulnerable to ischemia.

3. The His bundle is supplied by the AV nodal branch with a minor contribu-
tion from the septal perforators of the LAD.
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4. The LAD coronary artery provides most of the blood supply for the main or
proximal left bundle branch, particularly for the initial portion. There may
be some collateral flow from the RCA and LCX systems.

5. The left anterior and posterior fascicles are supplied by the AV nodal artery
in the proximal part and by septal branches from the LAD and posterior
septal perforating arteries in the distal portion.

6. The right bundle branch receives most of its blood supply from septal per-
forators from the LAD coronary artery, particularly in its initial course. It
also receives some collateral supply from either the RCA or LCX coronary
systems, depending upon the dominance of the coronary system.

Pathophysiology

Bradyarrhythmias arising in the setting of AMI occur in a significant number
of patients. There are usually two main factors involved [3, 14, 16, 17]: (1)
transient ischemia or irreversible necrosis of the dominant pacemaker or the
specialized conduction system; (2) altered autonomic influence expressed by
parasympathetic surge.

Other factors responsible for these bradyarrhythmias include [16, 17] sys-
temic hypoxia, electrolyte disturbances (myocardial hyperkalemia), acid-based
disorders (metabolic acidosis), local increases in adenosine, and complications
of various medical therapies (beta and calcium channel blockers).

Bradyarrhythmias are frequently encountered with inferoposterior infarct
due to occlusion of RCA or dominant LCX. This can be explained by a higher
density of cardiac vagal afferent receptors in the inferoposterior portion of
the left ventricle. Stimulation here results in increased vagal tone and cholin-
ergic stimulation of the heart, with resultant bradycardia and possible hypo-
tension [14, 16, 17]. Increased vagal tone can also be a result of pain in
association with nausea and vomiting. The SA node, atrium, and AV node
are significantly influenced by autonomic tone. Vagal influences depress the
automaticity of the SA node, depress conduction, and prolong refractoriness
in the tissue surrounding the SA node, slow atrial conduction, and prolong
AV nodal conduction and refractoriness [19], whereas sympathetic influences
exert the opposite effect. The typical underlying pathophysiology of bradyar-
rhythmias occurring early in the course of AMI (first 6 hours) is increased
parasympathetic tone. The rhythm disturbance often develops abruptly, typi-
cally with slow ventricular escape rates and a good response to atropine or
isoproterenol. Many such arrhythmias are of no prognostic significance [16,
17]. Also ischemia, as shown by Tjandrawijaja et al. [20], plays an important
role as underlying mechanism in the context of early bradyarrhythmias
due to AV block (up to 90 minutes post-fibrinolysis) when the AV nodal
artery is compromised. When bradyarrhythmias develop after 6 hours of AMI,
they tend to start gradually and ischemia is usually the underlying cause. The
escape rhythm is frequently from the ventricle, with a relatively high rate
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and has a poor response to medical therapy. The return to normal sinus is
slow as well.

One of the extreme autonomic reactions in this setting is Bezold-Jarisch
cardioinhibitory reflex (BJR), arising from the ischemic left ventricle. It is
mostly seen in the setting of reperfusion of an acutely occluded proximal RCA
and may result in abrupt bradycardia and hypotension [21, 22]. Stimulation of
vagal afferents in response to sympathetic overactivity may be the underlying
pathogenic mechanism promoting a BJR response. The BJR in inferior AMI is
considered by some authors to be a reliable prognosticator of timely reperfu-
sion and sustained coronary patency [22, 23].

Types of Bradycardia in ACS and Their Management

Bradycardias encountered in AMI can be divided into two groups:

1. Pacemaker related (failure of impulse generation):
(a) Sinus bradycardia
(b) Junctional escape rhythm
(c) Idioventricular rhythm.

2. Conduction related (delay or failure of impulse propagation):
(a) First-degree AV block
(b) High-degree AV block: second- or third-degree AV block
(¢) Intraventricular block.

Impulse Generation—Related Rhythm Disturbances

The SA node, in normal conditions, is the dominant pacemaker in the heart
(normal rates 60 to 100bpm). When the SA node fails to generate an impulse
or the impulse cannot exit the SA node area due to a block, the AV node, which
is a subsidiary pacemaker, generates a junctional (escape) rhythm (rates 40 to
60bpm). If this site is also affected, then an impulse is generated in the ven-
tricular tissue—idioventricular rhythm (rates 30 to 45bpm).

Sinus Bradycardia

Sinus bradycardia is the most common bradyarrhythmia occurring in the early
phases of acute myocardial infarction, seen in up to 40% of patients in the first
2 hours with decrease in incidence to about 20% after 4 hours [3, 16]:

+ Is frequently associated with inferior and posterior wall infarct (due to

involvement of the origin of SA node artery).

Frequently resolves in 24 hours.

Is generally caused by increased vagal tone, but ischemia of the SA node can

also be a cause.

+ It might represent a protective mechanism by decreasing the myocardial
workload and oxygen demand [3].
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Can also be seen, in association with hypotension, after successful revascu-
larization, and may be a useful noninvasive marker of successful reperfusion
[23].

ECG findings:

P wave with normal morphology.

Normal, fixed-duration PR interval.

Regular rhythm.

Ventricular rate less than 60 bpm.

Each P wave followed by a narrow QRS complex.

Management:

When not accompanied by hypotension, sinus bradycardia does not require
any specific treatment. Only close observation and avoidance of aggravating
medication such as beta-blockers and nitroglycerin are sufficient.

If severe bradycardia and hypotension occur, it usually responds to intrave-
nous boluses of fluids, atropine 0.5 to 1 mg intravenously (maximum 2 mg)
or isoproterenol.

Persistent bradycardia with hemodynamic compromise despite medical
therapy requires temporary cardiac pacing—transcutaneous or transvenous.

Junctional Bradycardia

Junctional bradycardia is an AV nodal area escape rhythm seen in up to 20%
of the patients with AMI when the SA node fails to generate an impulse or there
is a complete heart block and has a typical rate of 40 to 60bpm [16]. It is com-
monly encountered with inferior AMI, especially in patients using digoxin or
other AV nodal modifying drugs such as beta-blockers and calcium channel
blockers. It is considered, as well, a protective rhythm in the setting of ACS [14].
It can also be seen in the context of a complete heart block.

ECG characteristics:

No P waves are usually seen; if P waves are present, they may not have any
relationship with QRS complexes. They may be retrograde, thus being nega-
tive in the inferior ECG leads (II, III, aVf). The atrial rate can be faster than
junctional one.

Regular rhythm.

Narrow QRS complexes.

Management:

In hemodynamically stable patients, close observation and avoidance of
aggravating medication such as beta-blockers or calcium channel blockers
are adequate.

If severe bradycardia and hypotension occur, treatment with atropine (0.5 to
1 mg intravenously; maximum 2 mg), isoproterenol (2 to 10ug/min), or glu-
cagon (0.05 to 0.15mg/kg) should be administered.

Transvenous pacemaker is indicated if medical therapy is ineffective.
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Idioventricular Rhythm

With failure of the dominant and subsidiary pacemaker, an escape rhythm at
arate of 30 to 45bpm is seen in up to 15% of patients with AMI [16]. It is mostly
seen as an escape rhythm in complete heart block. Most often an accelerated
idioventricular rhythm with rates between 60 and 120 bpm is seen in the context
of early reperfusion and is considered a marker of reperfusion [23].

ECG characteristics:

+ Regular rhythm.

+ Wide QRS complex.

+ In the setting of complete heart block, the P waves are dissociated from the
QRS impulses and the atrial rate is faster than the ventricular rate.

Management:

+ Transvenous pacemaker is mainly indicated in conjunction with medical
treatment.

Rhythm Disturbances Due to Impaired Impulse Propagation

AV conduction disturbances are characterized by a delay (as seen in first-
degree AV block) or failure of the atrial impulse to be conducted through the
AV conducting system (second- or third-degree AV block) [11]. Ischemia
plays an important role, especially with compromise of the AV nodal artery
[20] as well as the autonomic overstimulation. In the context of complete heart
block, the escape rhythms generated in the distal part of the ventricular con-
duction system are usually unstable and the patient requires a pacemaker [11,
17]. Early AV conduction disturbances, appearing within 24 hours of AMI and
usually associated with inferior ischemia, are easily reversible with revascular-
ization and have a better prognosis than those occurring in the late phase of
AMI, which are usually associated with anterior ischemia and most likely
irreversible [7, 24].

First-Degree AV Block

First-degree AV block represents a delay in atrial conduction of the impulse and
is defined as prolongation of PR interval duration more than 200 milliseconds.
It can be seen in up to 15% of patients with AMI [16, 17] in the context of
increased vagotonia or treatment with beta-blockers or non-dihydropyridine
calcium channel blockers. It has no adverse prognosis; it is most commonly
associated with AV node ischemia due to RCA involvement.

ECG characteristics:

+ P wave and QRS complex have normal morphology with 1:1 relationship.
+ Prolonged PR interval (>200 milliseconds) is constant.
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Management [3]:

+ No specific treatment is required if no hemodynamic compromise.

+ The dose of beta-blockers or calcium channel blockers should be decreased
if PR interval prolongs >240 milliseconds.

+ These agents should be stopped if higher degree AV block or hemodynamic
impairment occurs.

+ When associated with sinus bradycardia and hypotension, administration of
atropine may be helpful.

+ Continued electrocardiographic monitoring is important in such patients in
view of the possibility of progression to higher degrees of block.

+ No need for temporary pacemaker.

Second-Degree Mobitz Type | AV Block (Wenckebach AV block)

Second-degree Mobitz type I AV block is characterized by an intermittent con-
duction failure of the atrial impulse to the ventricles following a progressive
lengthening of the PR interval [14]. The site of block is usually at or above AV
node as a result of ischemia at this level. It can be seen in 10% to 12 % of the
AMI patients [16], frequently associated with inferior AMI [14] and has no
prognostic implications.

ECG characteristics:

+ Narrow QRS complex.

+ Grouped beating.

« Progressive prolongation of PR interval, then a dropped beat/failed
conduction.

+ Progressive shortening of the R-R interval.

+ Thelength of the R-R interval that includes the dropped beat is less than twice
the shortest cycle.

Management:

+ No specific therapy is required when the ventricular rate exceeds 50 beats/min
and there are no premature ventricular contractions, heart failure, bundle
branch block, or hemodynamic instability [3].

+ Immediate treatment with atropine (0.5 to 1.0 mg intravenously) is indicated
if the heart rate is <50 beats/min or the above coexisting conditions are
present [14].

+ Temporary pacing systems are almost never needed in the management of
this arrhythmia [3, 14].

Second-Degree Mobitz Type Il AV Block

Second-degree Mobitz type II AV block is defined as an intermittent failure of
one or more atrial impulses to conduct to the ventricles, characterized by a fixed
PR interval before the nonconducted atrial beat. The overall incidence is low
(1%) and it represents 10% of the second-degree AV block seen in AMI. It
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usually originates from a lesion in the conduction system below the bundle of
His reflecting impaired conduction distal to the bundle of His (trifascicular
block) [3, 14] and is almost always associated with anterior infarction (LAD
compromise). It is an unstable rhythm that often progresses suddenly to com-
plete heart block and is associated with a poor prognosis.

ECG characteristics:

+ In most instances, QRS complex is wide.

+ PR interval is constant and can be normal or prolonged.

+ R-R interval that contains the dropped beat is equal with two preceding R-R
intervals.

+ Magnitude of AV block is expressed as a ratio of P waves to QRS complexes

(2:1, 3:2, etc.).

Hard to differentiate from Wenckebach block when there is 2:1 conduction.

Management [3, 14]:

+ Always needs to be treated

+ Immediate treatment either with atropine (0.5 to 1.0mg intravenously) or
transcutaneous pacing is required

+ Temporary transvenous pacemaker should be inserted, with the rate set at
approximately 60 bpm.

Third-Degree AV Block (Complete Heart Block)

Third-degree AV block is characterized by a total failure of atrial impulses to
penetrate the ventricles. The atria and ventricles are controlled by different
pacemakers and are functioning independently. It can be seen in 5% to 15% [4,
6,9, 14, 16, 20, 24, 25] and according to the escape site can be divided into:

1. Proximal escape at the level of AV node or upper His bundle:
+ Narrow QRS complex.
+ Stable rhythm, likely will not degenerate to asystole.
+ Higher heart rates 30 to 40 beats/min.
+ Responsive to atropine, isoproterenol, aminophylline, or glucagons.
+ Associated mostly with inferior MI due to AV node ischemia or vagotonic
effect.
+ Appears early in the course of AMI and is usually reversible.
2. Distal escape below the His bundle or intraventricular:
+ Lower incidence.
+ Wide QRS complex with heart rates 20 to 30 beats/min.
+ Unstable rhythm; usually progress to asystole.
+ Not responsive to and usually worsened with atropine.
+ Develops later in the AMI course and most likely require permanent pace-
maker placement.
Frequently associated with anterior MI.
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Development of complete AV block usually implies that a bigger area of myo-
cardium is jeopardized as shown by higher creatine phosphokinase (CPK)
peaks and portends a poor prognosis [3, 4, 6, 9, 10, 26, 27]. Meine et al. identi-
fied inferior MI, older age, worse Killip class at presentation, female sex, current
smoking, hypertension, and diabetes as independent predictors of AV block

[9].
ECG features:

+ Atrial rhythm can be sinus, ectopic, flutter, or fibrillation.

+ Atrial rate is always greater than ventricular rate and usually is regular (if no
fibrillation).

+ No relationship between P waves and QRS complexes.

+ Constant R-R intervals.

+ QRS complexes could be narrow or wide depending on the level of pacemaker
escape (proximal or distal).

Management:

+ Immediate treatment with atropine, isoproterenol, aminophylline, glucagon
(same doses as described above) if QRS complex is narrow.

+ Immediate transcutaneous pacing.

+ Transvenous pacemaker insertion.

Intraventricular Blocks

Bundle branch blocks (BBB) complicating the course of AMI represent a serious
ischemia in their bed due to occlusion of bundle-related coronary artery [7].
Disturbances in one or more of the bundle branch fascicles can be encountered
in 5% to 15% of the patients with AMI [3, 5, 16, 28]. BBB is frequently a marker
of a multivessel disease as RBB and left posterior fascicular block have dual
blood supply (from RCA and LAD); left anterior fascicular block is only sup-
plied by LAD septal branches. A new BBB appearing in AMI, especially the RBB
block, is considered a predictor for the development of a complete AV block
[3, 7, 14].

1. Left anterior fascicular block (LAFB) occurs in 3% to 5% of the patients
with AMI. It is unlikely to progress to complete AV block and does not need
any specific treatment [14].

2. Left posterior fascicular block (LFPB) is encountered in 1% to 2% of the
patients presenting with AMI. This bundle is larger than the anterior one and
block at this level signifies a larger infarct, which heralds worse prognosis. It
rarely progresses to complete AV block [3, 14].

3. Right bundle branch block (RBBB) is seen in approximately 2% of patients
with AMI. It frequently progresses to complete heart block when it develops in
this setting. It has been usually associated with large anteroseptal AMI and
increased mortality due to higher frequency in cardiogenic shock [3, 14, 28, 29].
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4. Bifascicular blocks are considered any combination of the above-
mentioned blocks (RBBB + LAFB, RBBB + LPFB, LAFB + LPFB = LBBB). The
risk of developing complete AV block is quite high, as is the mortality, due to
occurrence of severe pump failure, secondary to the extensive myocardial
necrosis, and arrhythmias [3, 14].

Conclusion

Bradyarrhythmias occur frequently in patients in the context of AMI. Symp-
toms and hemodynamic sequelae are important determinants of the manage-
ment strategy in these patients. Asymptomatic arrhythmias do not need
treatment; however, close observation is warranted. Temporary pacing is indi-
cated prophylactically in patients at risk of developing higher degree AV block,
severe sinus node dysfunction, or asystole in acute myocardial infarction.
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Arrhythmias Complicating Acute
Myocardial Infarction: Atrial
Tachyarrhythmias Including Atrial
Fibrillation and Atrial Flutter

Dan L. Musat, Jonathan S. Steinberg, Delia Cotiga, and Eyal Herzog

In patients presenting with acute coronary syndrome (ACS), supraventricular
tachyarrhythmias (SVTs) are relatively common in the peri-infarction period.
Their occurrence often heralds significant myocardial ischemia with ventricular
dysfunction or cardiogenic shock and may, in themselves, cause congestive
heart failure and exacerbate ongoing myocardial ischemia. They also are a
predictor of short- and long-term complications and prognosis [1-4].

Atrial tachyarrhythmias or narrow QRS complex tachycardias are defined as
tachyarrhythmias with a rate faster than 100 beats per minute (bpm) and a QRS
duration of less than 120 milliseconds (0.12 second), as demonstrated on the
electrocardiogram (ECG) or cardiac monitor [5]. SVT is considered any tachyar-
rhythmia that requires atrial or atrioventricular junctional tissue for its initia-
tion and maintenance [6].

The most frequent SVT is sinus tachycardia occurring in approximately 30%
to 40% of acute myocardial infarctions (AMIs) [2, 7]. The incidence of atrial
tachyarrhythmias, excluding sinus tachycardia, in the peri-infarct period ranges
from 6% to 20% [1, 8-12], with the highest incidence of these being atrial fibril-
lation and flutter, 7% to 12% in various series [1, 10-16].

Mechanisms of Supraventricular Tachyarrhythmias

All cardiac tachyarrhythmias are produced by one or more mechanisms, includ-
ing disorders of impulse initiation (automatic), abnormalities of impulse con-
duction (reentrant), or disturbances of recovery or repolarization (triggered)
[17, 18].

The apparent increase in prevalence of SVT during AMI has been ascribed
to one or more of the following factors [7]:

« Atrial dysfunction (due to atrial ischemia or atrial stretching from heart
failure).
+ Congestive heart failure with increased pressure in all cardiac chambers.

175
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+ Increased sympathetic nervous system activity (due to persistent pain,
anxiety, hypoxemia, anemia, or pericarditis) with increased concentrations
of circulating catecholamines and local release of catecholamines from nerve
endings within the heart [19, 20].

+ latrogenic factors (atropine, inotropes, and vasopressors for cardiogenic
shock treatment).

In the setting of AMI, the underlying cause for cellular electrophysiologic
inhomogeneity resulting in early-onset SVT is ischemia of the atria [10, 21, 22],
while the substrate for late-onset (i.e., days) atrial tachyarrhythmias is related
to ventricular dysfunction [10, 13, 23, 24]. Most of the patients with early-onset
SVT are found to have an inferior AMI [10, 21, 22, 25], whereas the patients
with late-onset SVT and sinus tachycardia have had predominantly anterior
AMI [3, 25]. Heart rhythm disorders related to AMI are also accompanied with
a profound increase in plasma free fatty acids, sympatho-adrenal and kalli-
krein-kinin activity, and carboxycathepsin as shown by Latoguz et al. in 49
patients with AMI. These metabolic and neurohumoral changes were eventually
reversed and tended to normalize as soon as sinus rhythm resumed [26].

Angiographic Anatomy of Atrial Blood Supply

Anatomical compromise of the principal atrial branches can precipitate various
degrees of atrial ischemia according to the location of the culprit lesion relative
to the origins of these branches. The following principal atrial coronary branches
have been characterized [10, 27-29] (Fig. 17.1):

SA nodal artery:

_w Right: 214 pts, 47.1%
Total Patients (pts) = 454 « Left: 237 pts, 52.2%

" Right and Left: 1 pt, 0.2%
Location
7 undetermined: 2 pts, 0.4%

\\\A ] -
AV nodal artery: Left atrial circumflex

(LAC) artery:
Right: 412 pts, 90.7% <- Identified: 375 pts, 82.6%
Left: 30 pts, 8.6%  ¢--- . Absent: 79 pts, 17.4%
Location LR ot LCx
undetermined: X

3 pts, 0.7%

Ficure 17.1. Anatomical distribution of the SA nodal, LAC, and AV nodal arteries relative to the major
epicardial coronary arteries among the 454 patients with AMI studied. (Reproduced from Tjandrawidjaja
MG, Fu Y, Kim DH, et al. Compromised atrial coronary anatomy is associated with atrial arrhythmias and
atrioventricular block complicating acute myocardial infarction. J Electrocardiol 2005;38:271-278.)
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1. Sinus nodal (SA nodal) artery: Arises from the proximal right coronary
artery (RCA) in 50% to 60% of persons and from the proximal left circumflex
artery (LCX) in the remainder; it supplies most of the right atrium and part of
the left atrium. Rarely, the SA nodal artery arises from the left main (LM) coro-
nary artery.

2. Left atrial circumflex (LAC) artery: Originates from the proximal LCX and
supplies most of the left atrium. Rarely, the LAC artery arises from either LM
or proximal left anterior descending (LAD) artery.

3. Atrioventricular nodal (AV) artery: Originates from distal RCA in about
90% of persons and from distal LCX in the remainder and supplies the AV
nodal region predominantly and part of the left atrium directly and/or indi-
rectly by anastomoses with other left atrial branches.

In 454 patients who presented with AMI, Tjandrawidjaja et al. observed ana-
tomical compromise of at least 1 principal atrial branch in 49% of the patients,
the majority of the cases being AV nodal artery. In 96% of these patients, ECG
showed evidence of an inferior myocardial infarction (MI) with RCA angio-
graphically involved in 89% of cases. Overall, 57 (13%) patients had an atrial
arrhythmia evident on at least one ECG from baseline to discharge. Compromise
of either the SA nodal or LAC artery, which together supply the majority of the
atrial myocardium, was associated with the development of early atrial arrhyth-
mias (evident only up to the 90-minute ECG). This abnormality accounted for
approximately two thirds of all patients with atrial arrhythmias. Compared with
their counterparts without compromise, patients with compromised anatomy
of at least one principal atrial branch sustained a higher incidence of early atrial
arrhythmias (12.6% vs. 4.3%). Similar findings were not observed for the occur-
rence of either late or intermediate atrial arrhythmias. In contrast, compromise
of the AV nodal artery, which supplies the AV nodal region predominantly, was
associated with the development of early AV block and, to a lesser extent, early
atrial arrhythmias [10]. These findings provide support for the pathophysiologic
role of atrial ischemia in the development of atrial arrhythmias and AV block
complicating AMI as shown by other series as well [10, 21].

ECG Criteria for Atrial Infarction

Major and minor criteria for atrial infarction were defined by Nielsen et al.
using PR displacements on hospital presentation ECG obtained from 277
patients with AMI [30].

1. Major criteria suggested for atrial infarction are
(a) PR segment elevation greater than 0.5mm in leads Vs and V, with recip-
rocal PR segment depression in leads V, and V,.
(b) PR segment elevation greater than 0.5mm in lead I with reciprocal PR
segment depression in leads II and III.
(c) PR segment depression greater than 1.5mm in precordial leads and
greater than 1.2mm in leads I, II, and III.
2. Abnormal P waves are classified as minor criteria.
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The occurrence of PR segment displacements on the admission ECG was
shown by the author to predict the risk of developing supraventricular arrhyth-
mias during hospitalization for myocardial infarction [30].

Types of Atrial Tachyarrhythmias in ACS and Their ECG Definitions
The most frequent atrial tachyarrhythmias in the setting of ACS are

1. Sinus tachycardia in an adult is defined as a sinus node rate faster than
100bpm and usually less than 180bpm (may be higher with extreme
exertion). Features include:

+ Gradual onset and termination.

+ P-P interval can vary slightly from cycle to cycle.

+ P waves appear before each QRS complex with a stable PR interval unless
concomitant atrioventricular (AV) block ensues [31].

+ Typically associated with augmented sympathetic activity.

+ May be associated with transient hypertension or hypotension.

In the setting of ACS, common causes are anxiety, persistent pain, left ven-

tricular failure, pericarditis, hypovolemia, and the administration of cardio-

accelerator drugs such as atropine, epinephrine, or dopamine; rarely, it
occurs in patients with atrial infarction. Sinus tachycardia is particularly
common in patients with anterior infarction, especially if there is significant

accompanying left ventricular dysfunction [20].

2. Premature atrial complexes is indicated on the ECG by a premature P wave
with a PR interval exceeding 120 milliseconds:

+ Premature P wave generally differs in morphology from a normal sinus P

wave.

+ Conduction may not be completely normal when beat occurs early in
diastole: blocked/nonconducted when AV junction is still refractory from
preceding beat, prolonged PR interval if conduction is slowed [31].

+ Often can herald the development of paroxysmal supraventricular tachy-
cardia, atrial flutter, or atrial fibrillation [19].

3. Unifocal atrial tachycardia is a supraventricular tachycardia arising from
atrial muscle that does not include the sinus node with an atrial rate of gen-
erally 150 to 200 bpm (usually less than 250bpm) (Fig. 17.2):

+ Single P-wave morphologic pattern: configuration depends entirely on the
atrial site from which the tachycardia originates and the spread of activa-
tion [6, 31].

+ Rate “warming up” at the onset: slight increase in heart rate over the initial
several complexes.

+ Occur in short, recurrent bursts with spontaneous termination.
Isoelectric intervals between P waves (in contrast with atrial flutter) are
usually present in all leads, although at rapid atrial rates, the distinction
between atrial tachycardia with block and atrial flutter can be difficult.

+ Each P wave can conduct to the ventricles if the atrial rate is not excessive

and AV conduction is intact.



17. Arrhythmias Complicating AMI 179

Ficure 17.2. Focal atrial tachycardia with 2:1 AV block.

« Atrial tachycardia with block emerges if the atrial rate increases and AV
conduction becomes impaired (Wenckebach/Mobitz type I second-degree
AV block can ensue).

. Multifocal atrial tachycardia is an enhanced automaticity or triggered activ-

ity atrial tachycardia, in which there are three or more different morphologic

patterns of P waves on ECG and an irregular atrial rate averaging 100 bpm
or more:

+ PR intervals are variable.

+ Atrioventricular block of variable degree is common.

+ Isoelectric periods between adjacent P waves help distinguish this arrhyth-
mia from atrial fibrillation.

*+ 60% of patients have also associated pulmonary disease [6].

. Atrial fibrillation is an arrhythmia characterized by disorganized atrial

depolarizations of variable amplitude and morphology (called f waves on

ECG) (Fig. 17.3) at a rate of 350 to 600 bpm, without effective atrial contrac-

tion through the atria [31]:

+ “Irregularly irregular” ventricular response due to concealed AV node
conduction of the wavefronts.

* Ventricular rates usually between 100 and 160 bpm in an untreated patient
with normal AV conduction, depending on refractory period and conduc-
tivity of the AV node.

+ Supraventricular complexes at an irregular rhythm with no obvious P
waves on ECG.

6. Atrial flutter is a macro-reentrant atrial arrhythmia, the most frequent (type

I) being found in the right atrium, constrained anteriorly by the tricuspid
annulus and posteriorly by the crista terminalis and eustachian ridge:
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Typical flutter circulates in a counterclockwise direction around the

tricuspid annulus in the frontal plane and atypical in a clockwise

direction.

Atrial rate during typical atrial flutter is usually 250 to 350bpm (slower

around 200 bpm, when treated with antiarrhythmic drugs).

Ordinarily, atrial rate is about 300 bpm, and usually ventricular rate is half

the atrial rate, 150 bpm: slower ventricular rate (in the absence of drugs)

suggests abnormal AV conduction or drug effect.

ECG diagnosis:

Identically recurring regular sawtooth flutter waves (Fig. 17.4).

Lack of an isoelectric interval between flutter waves.

Flutter waves are best visualized in leads II, III, aVF, or V,.

In typical atrial flutter, the flutter waves are inverted (negative) in leads II,
I11, aVF with positive waves in V,.

In atypical atrial flutter, the waves are positive and often notched in leads
II, ITI, aVF, and negative in V,.

The ratio of flutter waves to conducted ventricular complexes is most often
an even number (e.g., 2:1, 4:1, and so on) [31].

Atrial flutter and atrial fibrillation are the most common supraventricular
arrhythmias early in the setting of AMI and are thought to be due to atrial
ischemia [10].

Nonparoxysmal AV junctional tachycardia is an accelerated automatic dis-

charge in or near the His bundle at a fairly regular rate of 70 to 130bpm or
faster:

Fiure 17.3. Atrial fibrillation with no organized atrial activity and irregular R-R intervals.
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L

Ficure 17.4. Twelve-lead ECG from a patient with counterclockwise flutter with negative flutter waves in
inferior leads and positive in V.

* QRS of supraventricular configuration.

+ Usually no P waves are seen; when retrograde activation of the atria occur,
P wave can precede or follow the QRS; occasionally an independent sinus
or atrial focus discharge results in AV dissociation.

+ Enhanced vagal tone can slow while vagolytic agents can speed up the
discharge rate [31].

Hemodynamic Consequences of Supraventricular Tachyarrhythmias

Patients presenting with ACS have at least two reasons for low cardiac output
[20], with up to 20% of the patients with early SVT developing hemodynamic
compromise in a series of 208 patients reported by Berisso [32]:

1. Left ventricular dysfunction (systolic and diastolic) due to ischemic myocar-
dium, which will give a relatively low, fixed stroke volume.

2. Loss of the atrial contribution to ventricular preload in particular arrhyth-
mias. In patients with ST-segment elevation MI (STEMI), atrial systole can
boost end-diastolic volume by 15%, end-diastolic pressure by 29%, and
stroke volume by 35% [20].

There is a narrow range of heart rate over which the cardiac output is
maximal, with significant reductions occurring at both faster and slower rates.
Thus, all forms of bradycardia and tachycardia can depress the cardiac output
in patients with STEMI. In patients with ACS, the optimal heart rate is usually
in the 60bpm range, leading to decreased myocardial oxygen consumption
and myocardial energy needs, even though this can affect the cardiac output
[20].
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Symptoms and Physical Examination Findings

SVT in a patient with ACS can start before arrival to the hospital or during
hospitalization, after reperfusion. Symptoms due to tachycardia usually are
confounding with the ones induced by myocardial infarction and can range
from asymptomatic or mildly symptomatic to moderate or severe:

+ Palpitations felt as a rapid heart rate, skipped beats, or pounding in the
neck

+ Persistent chest pain/pressure

+ Shortness of breath

* Nausea

+ Symptoms of shock: altered mental status, agitation, sluggishness

Physical examination findings could include:

+ Mild to moderate distress due to pain or shortness of breath
+ Jugular venous distension
* Neck arterial pounding
+ Auscultation:
Heart: tachycardia: regular or irregular, S3, S4, systolic ejection murmur of
mitral regurgitation
Lungs: crackles
+ Diaphoresis
+ Signs of cardiogenic shock: cold extremities, lung crackles

Initial Evaluation and Treatment

Every patient who presents with signs and symptoms of AMI should be evalu-
ated as soon as possible and have an ECG within the first 10 minutes of arrival
[33]. When there is ECG evidence of AMI, the treatment should start
immediately.

If the tachycardia is noticed, this should be addressed as well. There are few
basic treatment goals.

+ Optimize oxygenation of the blood by oxygen supplementation.

+ Optimize the cardiac output and myocardial oxygen consumption by heart
rate control (optimal around 60bpm) and blood pressure control (SBP less
than 130 mm Hg) using beta-blockers, if no contraindication.

+ Antiplatelet and antithrombotic therapy.

+ Decrease sympathetic surge with analgesics for pain and anxiolytics.

* Close electrolyte monitoring with prompt replenishment when K" <
4.0mmol/L.

Atrial tachyarrhythmias including sinus tachycardia are undesirable rhythms
in patients with STEMI, because they can result in an augmentation of myocar-
dial oxygen consumption as well as a reduction in the time available for coro-
nary perfusion, thereby intensifying myocardial ischemia and/or myocardial



17. Arrhythmias Complicating AMI 183

necrosis [7, 20]. Also SVT, either early or late onset, is associated with increased
risk of complications, such as pulmonary edema, cardiogenic shock, and
ventricular tachyarrhythmias with higher short- and long-term mortalities.
In some studies, however, SVT had no independent prognostic significance
(1,2, 8,12, 25].

Persistent sinus tachycardia can signify persistent heart failure and under
these circumstances is a poor prognostic sign associated with an excess mortal-
ity [3]. An underlying cause should be sought and appropriate treatment
instituted, such as analgesics for pain; diuretics for heart failure; oxygen, beta-
blockers, and nitroglycerin for ischemia; and aspirin for fever or pericarditis
[19, 20].

Premature atrial complexes generally do not require therapy but should be
monitored as they are a sign of irritable atrial tissue that can precipitate atrial
tachyarrhythmias [19].

Other paroxysmal supraventricular tachycardia (PSVT) occurs in less than
10% of patients after an AMI but may require aggressive management due to
arapid ventricular rate [6, 7]. The 2004 American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) guidelines recommended the following
sequence of therapeutic measures for PSVT in this setting [7, 34]:

+ Carotid sinus massage (if no carotid bruit heard).

+ Intravenous adenosine (6 mg over 1 to 2 seconds; if no response, 12mg 1 to
2 minutes later; may repeat 12mg dose if needed) (Fig. 17.5)

+ Intravenous beta blockade with metoprolol (2.5 to 5.0 mg every 2 to 5 minutes
to a total of 15mg over 10 to 15 minutes), or atenolol (2.5 to 5.0mg over 2
minutes to a total of 10mg in 10 to 15 minutes).

+ Intravenous diltiazem (20 mg [or 0.25mg/kg] over 2 minutes followed by an
infusion of 10 mg/hour).

+ Intravenous digoxin (8 to 15ug/kg, or 0.6 to 1.0mg in a patient weighing
70kg). A delay of at least one hour may occur before the onset of pharmaco-
logical effects with digoxin.

Nonparoxysmal junctional tachycardia is an uncommon arrhythmia associ-
ated with AMI. It is typically transient, occurring within the first 48 hours of
infarction and terminating gradually. No specific antiarrhythmic therapy is
indicated [34].

Atrial Fibrillation/Flutter

Special attention should be given to atrial fibrillation and atrial flutter, as they
are the most common early and late tachyarrhythmias and portend, as an inde-
pendent factor, an increased risk for complications, stroke, and overall worse
prognosis [1, 2, 8, 12, 35]. Aggressive treatment should be instituted for rate
control, and electrical cardioversion should be considered if no spontaneous
cardioversion to sinus rhythm occurs within the first 48 hours of onset, or if
rapid heart rates with unstable hemodynamics are noted.
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Ficure 17.5. Effect of adenosine on atrioventricular reentrant tachycardia, atrioventricular nodal reen-
trant tachycardia, atrial tachycardia, and atrial flutter. Each panel shows the tracings for surface electro-
cardiographiclead Il and an intracardiac bipolar high right atrial electrogram (AEG) that shows the position
of the P waves. Retrograde P waves and QRS complexes are registered simultaneously during atrioven-
tricular nodal reentrant tachycardia, whereas retrograde P waves are registered shortly after each QRS
during atrioventricular reentrant tachycardia but with RP < PR. In both atrioventricular reentrant tachy-
cardia and atrioventricular nodal reentrant tachycardia, adenosine blocks anterograde conduction in the
atrioventricular node, causing termination of the tachycardia after a retrograde P wave. During atrial
tachycardia, the RP interval is greater than the PR interval. Adenosine causes transient 2: 1atrioventricular
conduction without affecting the atrial rate or interrupting the tachycardia, thus ruling out an accessory
pathway as part of the mechanism of the tachycardia. During atrial flutter, there is 2:1 atrioventricular
conduction, but only alternate P waves are visible on the surface electrocardiogram, with the RP interval
apparently greater than the PR interval. Adenosine causes transient atrioventricular block, revealing
typical flutter waves. (Reproduced from Ganz LI, Friedman PL. Supraventricular tachycardia. N Engl J Med
1995;332:162-173.)

Direct Current Cardioversion

Transthoracic electrical cardioversion is preferred in the setting of AMI over
pharmacological cardioversion, with overall success rate of 75% to 93%
(inversely related to the duration of atrial fibrillation, chest wall impedance,
and left atrial size) [35-37] and lower risk of proarrhythmia [38]. The antero-
posterior position is recommended as several studies have shown that less
energy is required and higher success rate is achieved [35, 39, 40]. The energy
required for cardioversion of atrial fibrillation is often >200 joules and 50 joules
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for atrial flutter, and biphasic devices have been shown to be more effective and
require less energy than monophasic devices [35, 41, 42].

Rate Control with Medication

Usually in patients with AMI and atrial fibrillation, a fast ventricular rate is
observed and symptoms are usually present depending upon the rapidity of the
ventricular response [35]. Acute ventricular rate control is the primary goal
initially, because patient’s symptoms and degree of ischemia are chiefly
governed by the rapid ventricular rate. Correction of ischemia, adrenergical
surge, and pain often helps in controlling ventricular rates in addition to
enhancing the chances for conversion to sinus rhythm. Rate control in ACS
patients should ideally be a resting ventricular rate around 60 to 65bpm. Atrio-
ventricular node blocking agents including beta-adrenergic blockers, non-
dihydropyridine calcium channel blockers, and digoxin are usually effective in
controlling ventricular rate [35, 43]. The agent of first choice is usually indi-
vidualized depending upon the clinical situation. Intravenous beta-blocker and
non-dihydropyridine calcium channel blockers are equally effective in rapidly
controlling the ventricular rate:

+ Options include metoprolol (2.5 to 5.0mg every 2 to 5 minutes to a total of
15mg over 10 to 15 minutes), or atenolol (2.5 to 5.0 mg over 2 minutes to a
total of 10mg in 10 to 15 minutes), or esmolol in relative beta-blocker con-
traindication situations, starting with a bolus of up to 500 ug/kg, followed by
continuous infusion of 50 to 200 g kg™ min~’, to be titrated to a desirable
heart rate [44].

* When beta-blockers are contraindicated (Table 17.1), intravenous diltiazem
(20mg [or 0.25mg/kg] over 2 minutes followed by an infusion of 10 mg/hour),
or intravenous verapamil (2.5 to 10mg over 2 minutes; may repeat a 5 to
10mg dose after 15 to 30 minutes) can be used.

Tate 17.1. Contraindications to beta-blocker therapy in STEMI.
Relative contraindications to beta-blocker therapy in patients with AMI

1. Bradycardia Heart rate less than 60 bpm

2. Hypotension Blood pressure less than 100 mm Hg

3. Heart failure Moderate or severe left ventricular failure
Signs of peripheral hypoperfusion
Shock

4. AV blocks First-degree AV block with PR >240 milliseconds
Second- or third-degree AV block

5. Reactive airway disease Active asthma

Severe chronic obstructive pulmonary disease
6. Myocardial infarction precipitated by cocaine use

Source: Adapted from Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for the management of patients
with ST-elevation myocardial infarction—executive summary: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 1999 Guidelines for the Manage-
ment of Patients With Acute Myocardial Infarction). Circulation 2004;110:588-636.
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The addition of digoxin to the regimen is helpful but digoxin as a single agent
is generally less effective. Magnesium and amiodarone have also been used for
acute ventricular rate control in atrial fibrillation [43, 45].

Anticoagulation

Continuation of the anticoagulation, which is initially started as part of the
treatment for AMI, is a controversial issue. There are opinions that long-term
therapy is generally not necessary if atrial fibrillation has been precipitated by
a myocardial infarction, as this arrhythmia occurs in less than 1% of patients
with chronic coronary disease [7, 16, 46, 47]. Other studies showed high recur-
rence of atrial tachyarrhythmias up to 30% in the first 30 days after myocardial
infarction [48], and long-term oral anticoagulation for atrial fibrillation showed
a 29% relative and 7% absolute reduction in 1-year mortality as reported by
Stenestrand et al. [49] compared with antiplatelet therapy alone. Our recom-
mendation would be to continue long-term oral anticoagulation with follow-up
noninvasive monitoring and, if no recurrences, to stop after approximately
3 months.

Conclusion

Supraventricular tachyarrhythmias, in the setting of acute myocardial infarc-
tion, are relatively common and are associated with increased complication
rates and higher short- and long-term mortality. This category of patients
warrants more aggressive monitoring and management for rate control and
anticoagulation therapy when indicated, which can lead to an improved
outcome.
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Ventricular Arrhythmias in Patients After
Myocardial Infarction

Delia Cotiga, Tina Sichrovsky, Kataneh Maleki, and Suneet Mittal

Ventricular arrhythmias, ranging from premature ventricular contractions
(PVCs) to ventricular fibrillation (VF), occur frequently in patients after acute
myocardial infarction (AMI) [1]. The prognostic significance of these arrhyth-
mias as well as their optimal management is largely dependent on several
factors (Table 18.1): time from AMI, type of ventricular arrhythmia, and extent
of myocardial dysfunction. In this chapter, we discuss specific ventricular
arrhythmias observed in patients after MI and their significance, the impact of
current medical therapy on the incidence of sudden cardiac death, and the role
of antiarrhythmic drugs and implantable cardioverter-defibrillators in the
management of post-MI patients.

Specific Arrhythmias

Premature Ventricular Contractions

Premature ventricular contractions are seen in most patients after AMI. In the
thrombolytic era, predischarge 24-hour ambulatory electrocardiographic
recordings demonstrate some degree of ventricular ectopy in up to 64% of
patients [1]. When observed >48 hours after an AMI, frequent PVCs (>10/h)
appear to be associated with adverse prognosis [1, 2]. In the GISSI-2 trial,
PVCs were an independent predictor of overall and sudden mortality within
the first 6 months after AMI, with a relative risk (RR) of 1.62 and 2.24, respec-
tively [1].

Accelerated Idioventricular Rhythm

Accelerated idioventricular rhythm (AIVR) is characterized by a wide QRS
complex, with a regular rate higher than the atrial rate and lower than 100 beats
per minute (bpm) [3]; this can represent an escape rhythm or an accelerated
ectopic focus from the ventricle. Although AIVR is frequently found in the first
12 hours of AM]I, it does not appear to be a risk factor for the development of
VF [4]. In patients who receive thrombolytics, AIVR has been shown to be a
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Taste 18.1. Ventricular arrhythmias in AMI.

Time
AMI 24hrs 48hrs 40 days
. IIII >
Pathophysiology LATP, local electrolyte Abnormal gap junctions in border zone of healing
imbalance— infarct and viable myocardium— slow,
Tautomaticity, inhomogeneous conduction— reentry (substrate
Ttriggered activity starts to form within 2 weeks after Ml and
(transient) remains indefinitely)
Dominant PVGs, AIVR, VF PVCs, NSVT, monomorphic VT Monomorphic VT
ventricular
arrhythmia
Therapy Revascularization, Rule out/ treat ischemia ICD
beta-blockers, Beta-blockers, ACE
ACE-inhibitors, inhibitors, statins, ICDs
statins (if sustained arrhythmia)

AMI, acute myocardial infarction; ATP, adenosinetriphosphate; PVC, premature ventricular contraction; AIVR, acceler-
ated idioventricular rhythm; VF, ventricular fibrillation; NSVT, non-sustained ventricular tachycardia; VT, ventricular
tachycardia; ICD, implantable cardiac defibrillator.

marker for both myocardial necrosis and reperfusion of the infarct vessel. In
fact, the QRS morphology of the AIVR may be useful for the noninvasive iden-
tification of the infarct vessel [5].

Nonsustained Ventricular Tachycardia

Nonsustained ventricular tachycardia (NSVT) is defined as >3 consecutive
ventricular ectopic beats at a rate of >100bpm lasting <30 seconds and not
accompanied by hemodynamic collapse [6]. Its incidence after AMI ranges
from 1% to 7% [7, 8]. In the early postinfarct period, electrical instability
caused by abnormal automaticity within surviving Purkinje fibers, triggered
activity arising from Purkinje fibers, or reentry involving either the Purkinje
fibers or within the ischemic myocardium is the likely mechanism [9]; NSVT
that occurs later is likely due to reentry involving a fixed substrate [6]. The
prognostic significance of NSVT depends on its time of occurrence with respect
to the AMI. Likely benign in the early peri-infarct period, its association with
early mortality increases as time progresses, becoming significant at 13 hours
after infarction and plateauing at approximately 24 hours (relative risk 7.5)

[9].

Sustained Ventricular Tachycardia

Sustained ventricular tachycardia (VT) is defined as a regular, wide-complex
tachycardia of ventricular origin lasting >30 seconds or accompanied by
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hemodynamic instability requiring cardioversion or defibrillation. Sustained
monomorphic VT can occur in nearly 2% of patients within 48 hours of
AMI [10]. Its occurrence during the first 48 hours of myocardial infarction
(MI) is often a sign of extensive myocardial damage and is an independent
predictor of in-hospital mortality [10]. Beyond 48 hours of MI, sustained VT
is considered a marker of a fixed arrhythmic substrate and a marker of long-
term risk of recurrence of ventricular tachyarrhythmia and sudden cardiac
death.

Ventricular Fibrillation

Ventricular fibrillation is a rapid, disorganized rhythm originating in the ven-
tricles, which is not accompanied by organized ventricular contraction and
results in hemodynamic collapse. It is the most frequent cause of sudden cardiac
death. It can occur de novo; more commonly, it degenerates from preceding
monomorphic VT. Primary VF occurs in ~4% to 6% of patients with AMI with
a peak incidence in the first 4 hours after AMI [11-13]. As such, it is a frequent
cause of out-of-hospital cardiac arrest in the early postinfarct period. The risk
of primary VF is influenced by the cumulative ST-segment deviation during
AMI and family history of sudden death [14]. Once VF occurs, rapid restoration
of the normal rhythm via unsynchronized electrical shock (defibrillation) with
at least 200 to 360 joules monophasic or 120 to 200 joules biphasic shock is
necessary. When VF persists, administration of epinephrine intravenously
(I1mg) may facilitate subsequent defibrillation attempts. Shock-refractory
VF may be treated with amiodarone bolus (300mg or 5mg/kg) followed by
repeat defibrillation [4]. The arrhythmia may indicate ongoing myocardial isch-
emia and often requires effective anti-ischemic interventions, including
revascularization.

Therapeutic Approach

Ventricular arrhythmias occur during the acute (within 48 hours), late (days to
weeks), and chronic (months to years) phases of MI. In the early days of
modern coronary care units, lidocaine was used widely in an attempt to prevent
VF during the acute phase of MI. However, analysis of available pooled data
suggests that although prophylactic administration of lidocaine does reduce the
incidence of VT and VF, its use is associated with excess mortality [15]. The
latter may in part be due to a higher likelihood of developing asystole and
atrioventricular block in patients treated with lidocaine. As a result, the pro-
phylactic use of lidocaine in AMI is no longer recommended. Today, interven-
tions are mainly targeted at reducing the incidence of ventricular arrhythmias
occurring during the late and chronic phases of MI.
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Medical Therapy

Beta-Blockers

The first class of drugs shown to reduce the incidence of sudden death after
AMI were beta-blockers, which have become an essential component in the
treatment of acute coronary syndromes. Beta-blockers effectively suppress
a wide spectrum of ventricular arrhythmias, ranging from isolated PVCs to
VF [16-18] and reduce mortality due to sudden death by 32% to 50% and
overall mortality by 25% to 40% [19-22]. An overview including more
than 26,000 patients demonstrated that beta-blockers given early intravenously
in AMI conclusively reduced mortality [23], at least to some extent by prevent-
ing VF [24]. More recently, two studies have evaluated the effect of beta-
blockers on sudden death reduction in a post-MI population in the
angiotensin-converting enzyme (ACE) inhibitor era. The carvedilol postinfarct
survival control in LV dysfunction (CAPRICORN) study randomized 1,959
postinfarct patients (3 to 21 days after MI) with left ventricular dysfunction
(ejection fraction <40%) to receive either carvedilol or placebo. All patients
were already receiving an ACE inhibitor. Treatment with carvedilol was associ-
ated with a non-significant 26% reduction in incidence of sudden death [25].
Of note, therapy with carvedilol reduced the incidence of VT/VF from 3.9%
to 0.9% during the follow-up period [26]. The metoprolol CR/XL randomized
intervention trial in congestive heart failure (MERIT-HF) found that addition
of long-acting metoprolol in patients with left ventricular dysfunction (ejection
fraction <40%) and overt congestive heart failure (New York Heart Association
[NYHA] class II to IV) to a medical regiment that already included an ACE
inhibitor and a diuretic reduced the primary end point of total mortality or
all-cause hospitalization by 19% [27]. The study included a prespecified sub-
study of 1,926 patients with history of hospitalization for AMI. In most patients,
the MI had occurred more than 1 year prior to enrollment into the study.
Active treatment was shown to reduce sudden death by 50% [28]. In sum,
these data demonstrate the profound impact of beta-blockers in the prevention
of sudden death, especially in patients with concomitant congestive heart
failure.

ACE Inhibitors

Although a cornerstone in the therapy in patients with heart failure and left
ventricular dysfunction, the efficacy of ACE inhibitors in reducing the inci-
dence of sudden death in these patients has been difficult to demonstrate.
In fact, in a heart failure population, the major benefit of ACE inhibitors
appears to be to slow progression of heart failure [29]. A number of studies
have evaluated the role of ACE inhibitors specifically in the post-MI setting.
The survival and ventricular enlargement (SAVE) trial randomized 2,231 post-
MI patients (3 to 16 days after infarction) with left ventricular ejection fraction



194 D. Cotiga et al.

<40% without overt heart failure or myocardial ischemia to receive either
captopril or placebo. Although captopril reduced all-cause mortality by 19%,
no significant reduction in incidence of sudden death could be demonstrated
[30]. The survival of myocardial infarction long-term evaluation (SMILE)
study randomized 1,556 patients to receive either zofenopril or placebo within
24 hours of AMI. Patients were treated for only 6 weeks. Again, zofenopril
reduced major cardiovascular events (death or severe congestive heart failure)
by 34% but did not lead to a significant reduction in likelihood of sudden
death [31]. The trandolapril cardiac evaluation (TRACE) study randomized
1,749 postinfarct patients (3 to 7 days after MI) with left ventricular dysfunc-
tion (ejection fraction <35%) to receive either trandolapril or placebo. In con-
trast with the prior studies, in addition to a 22% reduction in overall mortality,
treatment with trandolapril was associated with a 24% reduction in sudden
death [32]. Of note, survival curves for freedom from sudden death began to
diverge within the first few weeks of active treatment. Finally, the acute infarc-
tion ramipril efficacy (AIRE) study evaluated 2,006 postinfarct patients (3 to
10 days after MI) who developed transient or persistent evidence of congestive
heart failure. Patients were randomized to receive either ramipril or placebo.
Sudden death accounted for 54% of all deaths and 93% of out-of-hospital
deaths. Treatment with ramipril reduced the risk of sudden death by 30% [33].
In sum, these data support the routine use of ACE inhibitors after MI. In this
patient population, reductions in total mortality can be accounted for by
reduction in sudden death, as well as reduction in death due to pump
failure.

3-Hydroxy-3-Methyglutaryl Coenzyme A Reductase Inhibitors
(Statins)

Statins and other lipid-lowering drugs have impressive beneficial effects
on cardiovascular and all-cause mortality [34-37]. In addition, it has been
suggested that these drugs have antiarrhythmic properties [34, 36]. Although
a number of putative mechanisms have been proposed, no one mechanism
has been identified to explain the observed antiarrhythmic effect of these
medications. A post hoc analysis of the antiarrhythmics versus implantable
defibrillator (AVID) trial found that statin therapy was associated with a
40% reduction in the incidence of VT/VF in the patients randomized to
receive an implantable cardioverter-defibrillator (ICD) [38]. Similar findings
were reported from a primary prevention ICD trial. Specifically, in the
multicenter automatic defibrillator implantation trial (MADIT)-II study,
statin use was associated with a 28% reduction in risk for first episode of
VT/VEF [39]. Given the demonstrated efficacy of statins in a post-MI popula-
tion, it is unlikely that a randomized, placebo-controlled trial will ever be
performed to specifically address the issue of antiarrhythmic effects of statin
therapy.
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Aldosterone Antagonists

Aldosterone blockade with spironolactone has been shown to reduce the burden
of ventricular ectopy as assessed by 24-hour ambulatory ECG recordings and
improve heart rate variability [29]. The eplerenone post-acute myocardial
infarction heart failure efficacy and survival (EPHESUS) study randomized
6,632 postinfarct patients (3 to 14 days after MI) with left ventricular systolic
dysfunction (ejection fraction <40%) and heart failure (or diabetes mellitus)
to receive either eplerenone, a selective aldosterone receptor antagonist, or
placebo. Eplerenone, added to optimal medical therapy (which included beta-
blockers in 75% of patients), reduced overall mortality by 15% and sudden
cardiac death (SCD) by 21% [40]. The reduction in sudden death was even
greater (33%) in patients with an ejection fraction <30% [41].

Antiarrhythmic Drug Therapy

A number of observational studies have shown an association between ven-
tricular ectopy and excess mortality in a post-MI population. Because antiar-
rhythmic drugs effectively suppress ventricular ectopy, it was natural to assume
that these agents would be highly efficacious in a post-MI population with
underlying ventricular ectopy. A number of trials have evaluated the utility of
various antiarrhythmic drugs for the prophylaxis against sudden cardiac death
in a post-MI patient population. However, none of these antiarrhythmic drugs
has been shown to favorably impact on the reduction of sudden cardiac
death.

Type | Antiarrhythmic Drugs

The cardiac arrhythmia suppression trial (CAST) enrolled patients with prior
MI (between 6 days and 2 years prior to enrollment), 26 PVCs/h, and reduced
left ventricular ejection fraction (<40%; <55% if the MI occurred within 3
months of enrollment). Patients underwent open titration with a type I antiar-
rhythmic drug (encainide, flecainide, or moricizine); patients who tolerated the
medication and in whom the ventricular ectopy was suppressed were then
randomized to one of these medications or placebo. Active therapy was associ-
ated with excess mortality, including an excess of arrhythmic deaths [42]. This
trial effectively ended the use of these medications in patients with ischemic
heart disease.

Sotalol

Sotalol is a racemic mixture of the d- (pure type III antiarrhythmic drug) and
I- (beta-blocker) stereoisomers. The survival with oral d-sotalol (SWORD) trial
evaluated 3,121 postinfarct patients (6 to 42 days after MI or >42 days after MI
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if heart failure was present) with left ventricular dysfunction (ejection fraction
<40%). At the time the trial was designed, it was believed that patients with
depressed ventricular function and symptomatic heart failure would not be able
to tolerate beta blockade; hence, the d-isomer of sotalol was chosen for the
study. The trial was terminated prematurely because of a 65% increase in risk
of death in patients randomized to active treatment [43]. One trial evaluated
sotalol at a dose of 320 mg once daily versus placebo in 1,456 postinfarct patients
(5 to 14 days after MI). All patients were followed for a year. No difference in
overall mortality was observed between the two groups [44].

Dofetilide

TheDanishinvestigators of arrhythmiaand mortality on dofetilide (DIAMOND)-
MI study was designed to evaluate the efficacy of dofetilide (another type III
antiarrhythmic drug) in post-MI patients with left ventricular dysfunction. The
study enrolled 1,510 patients with left ventricular dysfunction (ejection fraction
<35%). Dofetilide effectively suppressed atrial arrhythmias in these patients;
however, no effect on arrhythmic or all-cause mortality was observed [45].

Azimilide

Azimilide in a unique antiarrhythmic drug that blocks both the slow and rapid
components of the delayed rectifier potassium current. The azimilide postin-
farct survival evaluation (ALIVE) investigators enrolled 3,717 postinfarct
patients (5 to 21 days after MI) with an ejection fraction between 15% and 35%
and randomized them to receive either azimilide 100 mg or placebo. No differ-
ence in overall mortality was observed in the two groups [46]. Azimilide reduced

the incidence of atrial arrhythmias; however, active therapy was associated with
increased risk of torsades de pointes and neutropenia.

Amiodarone

Initial observational studies suggested that amiodarone may have a favorable
effect on total mortality in patients at high risk for sudden death. Two trials,
the European myocardial infarction amiodarone trial (EMIAT) and the
Canadian amiodarone myocardial infarction arrhythmia trial (CAMIAT), have
specifically evaluated the utility of amiodarone in post-MI patients [47, 48].
CAMIAT enrolled 1,202 postinfarct patients (6 to 45 days after MI) with =10
PVCs/h; EMIAT enrolled 1,486 postinfarct patients (5 to 21 days after MI) and
left ventricular ejection fraction <40%. Neither study showed a favorable impact
on total mortality with amiodarone; importantly, however, amiodarone was not
associated with excess mortality. More recently, the sudden cardiac death in
heart failure trial (SCD-HeFT) evaluated the role of amiodarone (in comparison
with an ICD and placebo) in patients with a cardiomyopathy (ejection fraction
<35%) and NYHA class II or III congestive heart failure [49]. No benefit was
observed with amiodarone as compared with placebo.
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Implantable Cardioverter-Defibrillator

Secondary Prevention

In postinfarct patients, an ICD should be considered in all patients with a sus-
tained ventricular arrhythmia, especially when the event is not related to acute
ischemia and occurs in the setting of left ventricular dysfunction. The AVID
trial randomized 1,016 patients who were resuscitated from hemodynamically
significant VT or VF to either an ICD or an antiarrhythmic drug, which was
almost always amiodarone [50]. ICD implantation was associated with a sig-
nificant increase in survival. These findings were corroborated by the cardiac
arrest study Hamburg (CASH) and the Canadian implantable defibrillator study
(CIDS) [51, 52].

Primary Prevention

Given the association of sudden cardiac death with underlying structural heart
disease, most commonly coronary artery disease, it is not surprising that a great
deal of effort has been spent in trying to identify appropriate candidates for
ICD implantation to prevent sudden death (Table 18.2). Toward this end, a
number of trials have recently been completed.

The multicenter automatic defibrillator implantation trial (MADIT) enrolled
patients with history of MI (=3 weeks before entry), documented nonsustained
VT (asymptomatic) and left ventricular dysfunction (ejection fraction <35%).
All patients underwent electrophysiologic testing. Patients in whom a sustained
ventricular arrhythmia was inducible and not suppressible acutely with intra-
venous procainamide were randomized to receive either an ICD or continued
conventional medical therapy [53]. In this study, ICD implantation was associ-
ated with a 54% reduction in mortality. Of note, in three-fourths of the patients,
the most recent MI had occurred more than 6 months prior to enrollment in
the study.

The multicenter unsustained tachycardia trial (MUSTT) enrolled patients
with prior MI and a left ventricular ejection fraction <40%. All patients needed
to demonstrate at least one episode of nonsustained VT, 296 hours after MI or
revascularization. Of note, in >80% of patients, the qualifying MI had occurred

Taste 18.2. 1CD trials for primary prevention in post-MI patients.

Study n Days after Ml Qualifying arrhythmia EF (%) EPS Hazard ratio (range)
MADIT [53] 196 >21 Yes (NSVT) <35 Yes 0.46 (0.26-0.82)
MUSTT [54] 704 >4 Yes (NSVT) <40 Yes 0.42 (0.28-0.62)
MADIT-II [55] 1,232 >28 Not required <30 No 0.69 (0.51-0.93)
DINAMIT [57] 674 6-40 Not required* <35 No No benefit

ICD, implantable cardioverter-defibrillator; MI, myocardial infarction; EF, ejection fraction; EPS, electrophysiologic
study; NSVT, nonsustained ventricular tachycardia.
“Depressed heart rate variability was required.
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=1 month prior to enrollment, and in ~60% of patients, the qualifying MI had
occurred 1 year prior to enrollment. The primary objective of the this trial was
to evaluate the efficacy of antiarrhythmic therapy guided by electrophysiologic
testing in reducing the risk of sudden death and cardiac arrest in this patient
population. A secondary goal was to evaluate the usefulness of electrophysio-
logic testing for risk stratification [54]. All patients underwent electrophysio-
logic testing. Patients in whom a sustained ventricular arrhythmia was not
inducible were followed in a registry. Inducible patients were randomized to
no therapy or to electrophysiology-guided therapy, which included ICD implan-
tation in patients in whom ventricular tachycardia could not be suppressed with
antiarrhythmic medications. In essence, patients implanted with an ICD derived
maximal benefit. Importantly, noninducible patients still had a 12% risk of
cardiac arrest/arrhythmic death during 2 years of follow-up [54].

The relatively high event rate in noninducible patients raised the issue of
whether electrophysiologic testing was an appropriate method to risk-stratify
postinfarct patients. Toward this end, the multicenter automatic defibrillator
implantation trial (MADIT)-II enrolled patients with prior MI (=4 weeks before
entry) and left ventricular ejection fraction <30%. Of note, in this trial, 88% of
patients had suffered their MI more than 6 months prior to enrollment. Patient
having undergone percutaneous coronary revascularization or coronary artery
bypass grafting surgery within 3 months were specifically excluded. Once again,
ICD implantation was associated with improved overall survival [55].

Although MADIT, MUSTT, and MADIT-II clearly demonstrated the utility
of prophylactic ICD implantation in patients with an ischemic cardiomyopathy,
these studies either excluded patients early post-MI or did not actually enroll
patients who had recently suffered a MI. This is of importance because sudden
death frequently occurs in the early post-MI period. The valsartan in acute
myocardial infarction trial (VALIANT) enrolled 14,703 patients with a MI com-
plicated by heart failure, left ventricular dysfunction (ejection fraction <40%),
or both. Patients were randomized to receive captopril, valsartan, or both. The
highest risk of sudden death (1.4% per month) was observed in the first 30 days
of MI; patients with severe left ventricular dysfunction (ejection fraction <30%)
were at highest risk (2.3% per month event rate) [56].

Although these data suggest that there may be an opportunity to intervene
with ICDs early after MI, the available data do not support their efficacy in this
patient population. The defibrillators in acute myocardial infarction trial
(DINAMIT) randomized 674 postinfarct patients (6 to 40 days after MI) with
left ventricular dysfunction (ejection fraction <35%) and depressed heart rate
variability to receive either an ICD or continued medical therapy. No difference
in overall mortality was observed in the two groups [57]. Although ICDs were
associated with a reduction in the rate of arrhythmic death, this was offset by
an increase in the rate of death from nonarrhythmic causes [57].

Finally, it has been asked whether electrophysiologic testing in the early post-
MI setting can identify patients most likely to benefit from ICD implantation.
The beta-blocker strategy plus ICD (BEST-ICD) trial evaluated 1,060 postinfarct
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patients (5 to 30 days after MI) with left ventricular dysfunction (ejection frac-
tion <35%) and one other high-risk marker of sudden death. The latter included
210 PVCs/h, depressed heart rate variability or an abnormal signal-averaged
electrocardiogram. Patients were randomized in a 2:3 manner to either con-
ventional management or an electrophysiology study-guided approach, in
which patients with inducible VT/VF underwent ICD implantation. Ultimately,
only 138 patients were randomized, and no difference in outcome was observed
between the two strategies [58].

Conclusion

Ventricular arrhythmias remain an important concern after AMI. Appropriate
revascularization followed by evidence-based medical therapies, including
beta-blockers, ACE inhibitors, statins, and (when appropriate) aldosterone
antagonists, remain a cornerstone of therapy. However, some patients remain
at risk for sudden death, most commonly due to a sustained ventricular
arrhythmia.

The ICD has been demonstrated to be the most effective intervention against
sudden death. However, ICDs do not appear to be of benefit within the first 40
days of MI (and are generally excluded within 3 months of revascularization).
Currently available data show that patients in whom ventricular function
remains depressed (ejection fraction <35%) 3 months after MI and revascular-
ization benefit from ICD implantation. Whether an electrophysiologic testing-
guided approach is warranted in certain high-risk patients during this “waiting
period” remains to be determined. In the future, additional tools for risk strati-
fication will be necessary and welcomed.
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Management of Cocaine-Induced
Chest Pain

Olivier Frankenberger, Tseday Sirak, Sripal Bangalore,
and Henry H. Greenberg

Cocaine is the most commonly used illicit drug among individuals seeking care
in hospital emergency departments or drug treatment centers. More than 30%
of men and 20% of women between the ages of 26 and 34 years, representing
an estimated 25 million Americans, report that they have used cocaine at least
once [1-3]. Of those, 3.7 million had used it within the previous year, and 1.5
million were current users [1-3]. As cocaine use reaches epidemic proportions,
the number of cocaine-related cardiovascular events, including angina pectoris,
myocardial infarction (MI), cardiomyopathy, and sudden death from cardiac
causes, has increased multifold. It has become the most frequent cause of drug-
related deaths reported by medical examiners [1-3].

Pharmacology and Mechanism of Action

Cocaine (benzoylmethylecgonine; C,;H,,NO,) is an alkaloid extract from the
leaf of the Erythroxylum coca plant, which mainly grows in South America [4].
It is available in two forms: the free base and the hydrochloride salt. The free
base is the heat-stable form that melts with heating, allowing it to be smoked
as “crack” and is considered the most addictive form. The hydrochloride salt
is water soluble and decomposes when heated. This form can be taken orally,
intranasally, or intravenously. Depending on the route of administration, peak
effects are reached within 1 to 90 minutes [5, 6]. The serum half-life of cocaine
ranges from 45 to 90 minutes and the duration of action ranges from 15 minutes
to 3 hours [5, 6].

Cocaine is metabolized to its inactive water-soluble form (benzoylecgonine
and ecgonine methyl ester) by liver and plasma cholinesterase as well as by
nonenzymatic hydrolysis and eliminated via the urinary system [7]. Metabolites
of cocaine are detectible in urine or blood for up to 24 to 72 hours after inges-
tion, providing clues to recent use of cocaine.

Cocaine acts as a local anesthetic by inhibiting membrane permeability to
sodium during depolarization and thus blocking the initiation and transmis-
sion of electrical signals. Cocaine also blocks the presynaptic reuptake of nor-
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epinephrine and dopamine, producing an excess of these neurotransmitters at
the site of the postsynaptic receptor. Cocaine is a potent sympathomimetic
agent, and its actions at the cellular level are mediated by stimulation of both
the alpha and beta adrenergic receptors [8].

Pathophysiology of Cocaine on the Cardiovascular System

Vagotonic response or bradycardia predominates with initial use of cocaine [9].
However, this episode is rapidly followed by an increase in sympathetic stimu-
lation producing tachycardia and hypertension [9]. By the same token, the
initial effect of cocaine on the coronary arteries is vasodilation, which decreases
coronary perfusion pressure by 13% to 68% [10]. This vasodilatory effect is
rapidly replaced by sustained vasoconstriction, which is associated with a 5%
to 20% reduction in epicardial coronary artery diameter [10]. In addition,
cocaine indirectly causes vasoconstriction by inhibiting the production of nitric
oxide, a potent vasodilator [11]. There is also evidence that cocaine increases
blood viscosity by increasing red blood cells (RBCs) by 4% to 6% and increases
platelet aggregation and in situ thrombus formation [12, 13]. It also results in
a 40% increase in von Willebrand factor and increased plasminogen activator
inhibitor levels facilitating further thrombus formation [12, 13].

Cardiovascular Effects of Cocaine

Chest pain, cardiac ischemia, and acute coronary syndrome (ACS) are the most
common findings in patients with recent use of cocaine, independent of the
route of intake of cocaine [14, 15]. Other common cardiac problems include
arrhythmias, cardiomyopathy, and myocarditis.

Cocaine-Related Chest Pain and Myocardial Infarction

Complications from cocaine abuse involve nearly all organ systems, and thus,
when a patient presents with symptoms of chest pain, or dyspnea, anxiety,
palpitations, dizziness and/or nausea, the initial evaluation should be directed
toward ruling out MI [5, 16]. ACS and MI can occur minutes to a few days after
cocaine use [17]. However, the risk of MI is increased up to 24 times over the
baseline in the first hour after cocaine administration irrespective of the route
of use [14, 18]. In one study, 1% of the patients who had an acute MI had used
cocaine within the previous year and 25% of these had used cocaine 60 minutes
before the infarct [18, 19]. Two prospective studies report that only 6% of
cocaine-induced chest pains are attributable to MI [20, 21], with 77% of cocaine-
induced MI involving the anterior wall [21, 22].

The typical patient with cocaine-associated MI is a young, tobacco-smoking
male with a history of repetitive cocaine use but few other cardiac risk factors
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[23, 24]. In these young patients, ECGs in the setting of cocaine-induced MI are
difficult to interpret, because they have a higher incidence of early repolariza-
tion and left ventricular hypertrophy with associated repolarization changes.
The reported ECG sensitivity for detecting an MI is only 36% with a specificity
of 90% [14, 25]. In addition, increased concentration of creatine kinase (CK)
and CK-MB occurs in 50% of patients after cocaine use, even in the absence of
MI, primarily due to increased motor activity, hyperthermia, and rhabdomy-
olysis [26, 27]. Thus, serum CK is not a reliable indicator of myocardial injury.
In contrast, the immunoassay for cardiac troponin I has no detectible cross-
reactivity with human skeletal muscle troponin I, making it more a specific and
sensitive test for assessing myocardial injury even when coexistent skeletal
muscle injury exists [26].

Cardiac Arrhythmias

Although the exact arrhythmogenic potential of cocaine is poorly defined,
several benign and malignant arrhythmias have been reported with cocaine use,
including sinus tachycardia and bradycardia, supraventricular arrhythmias,
bundle branch block, ventricular fibrillation or asystole, ventricular tachycar-
dia, and torsade de pointes [14, 27-29]. Cocaine is known to reduce vagal activ-
ity, which may potentiate cocaine’s sympathomimetic effects, thereby increasing
ventricular irritability and lowering the threshold for fibrillation [30]. Its sodium
channel blocking properties inhibit the generation and conduction of the action
potentials, which prolong the duration of the QRS and QTc, much like class I
agents [31, 32]. Therefore, concomitant use of class I antiarrhythmic drugs,
such as quinidine, procainamide, and disopyramide, should be avoided and
could increase the risk in cocaine users, because they exacerbate the prolonga-
tion of the QRS and QT intervals and slow the metabolism of cocaine and its
metabolites [33].

Aortic Dissection

Acute aortic dissection or rupture, albeit an uncommon cause of chest pain, is
commonly associated with antecedent cocaine use in most inner-city hospitals
as reviewed by Hsue et al. [34]. Cocaine, especially crack cocaine, seems to initi-
ate dissection very infrequently, but when it does, it occurs in the descending
aorta and afflicts predominately young, black and Hispanic, hypertensive indi-
viduals [34]. The profound sympathetic stimulation related to cocaine use is
presumed to cause sheer stress on the aorta’s intimal surface, causing a “nick”
or a tear [35]. Such tears are said to occur in the region of the ligamentum
arteriosum, where the aorta is fixed anatomically and hence less able to with-
stand the accelerating aortic pressure wave generated after contraction of the
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left ventricle [36]. It is also believed that chronic use makes the endothelium
more permeable to atherogenic low-density lipoprotein and facilitates the
migration of leukocytes into the aortic wall, leading to premature and acceler-
ated atherosclerosis [37].

Cardiomyopathy, Myocarditis, and Endocarditis

Long-term cocaine abuse has been reported to cause dilated cardiomyopathy,
left ventricular hypertrophy, systolic dysfunction, as well as profound myocar-
dial depression after binge cocaine use [38-40]. The direct toxic effect of cocaine
on the heart induces the transcription of genes responsible for changes in the
composition of myocardial collagen and myosin, induces myocyte apoptosis
leading to myofibril destruction, interstitial fibrosis, and myocardial dilation
and systolic dysfunction [41]. Repetitive sympathetic stimulation, similar to
that seen in pheochromocytoma, is associated with cardiomyopathy and char-
acteristic subendocardial contraction band necrosis [42].

Myocarditis was reported in 20% to 30% of patients dying from cocaine
abuse as well as in active users after myocardial biopsies. The mechanism for
the myocarditis is believed to be due in part from concomitant administration
of adulterants or infectious agents, especially in intravenous cocaine users and
in part from hypersensitivity reactions leading to vasculitis in cocaine abusers
[19, 43].

Cocaine-related endocarditis, unlike the endocarditis associated with
other intravenous drug use, often involves the left-sided cardiac valves
[44]. Cocaine use seems to be a greater independent risk factor for developing
endocarditis than the use of other illicit drugs [44]. Although the reason for
this is unknown, it is presumed that the increase in interventricular, and arte-
rial pressure related to cocaine use may lead to valvular and vascular injury
that predisposes users to bacterial invasion of the left-sided heart valves
[45].

Takotsubo Cardiomyopathy

Takotsubo in Japanese means “an octopus fishing pot with a round bottom
and a narrow neck.” This reversible left ventricular cardiomyopathy exhibits
both apical akinesis and basal hyperkinesis in the left ventriculography in the
acute phase and normalizes within hours to a few weeks [46]. Although the
exact mechanism of this dysfunction has not been clarified, several case studies
have elucidated that coronary spasms or catecholamine cardiotoxicity, espe-
cially cocaine use, are suspected as possible causes of this disease [46]. This
cardiomyopathy has a clinical course associated with an acute MI-like ST-
segment change, usually acute heart failure, but mostly good prognosis with
no sequelae and is not associated with atherosclerotic coronary arterial
disorder [46].
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Treatment of Cocaine-Related Chest Pain

There are no well-designed, randomized, prospective clinical trials to compare
treatment algorithms for cocaine-associated ischemia. However, there is a
general agreement that treatment of cocaine-induced myocardial ischemia
differs in several ways from that of acute MI due to other causes. According to
the American College of Cardiology/American Heart Association (ACC/AHA)
guidelines, the first-line treatment in patients with cocaine-related chest pain
and ECG changes is focused on benzodiazepines, aspirin, and nitrates [9, 47].
The benefit of benzodiazepines results from a reduction in blood pressure,
tachycardia, or anxiety, and thus a reduction in myocardial oxygen demand
[48]. Aspirin prevents thrombus formation, and nitrates reverse cocaine-
induced vasoconstriction [49].

Second-line treatments include calcium channel blockers and alpha-blockers
[50-52]. Calcium channel blockers such as diltiazem, nifedipine, and verapamil
have beneficial effects on cocaine-induced ischemia, but all three have been
associated with an increased risk of seizures in animal models [53]. Hence,
these second-line treatments must be administered after benzodiazepines have
been given. Beta-blockers have commonly been avoided in the acute stage of
cocaine use, because they may worsen vasospasm by permitting unopposed
stimulation of alpha receptors [54]. The use of combination alpha/beta blockers
such as labetalol was shown to reduce the cocaine-induced rise in mean arterial
pressure with no effect on coronary vasoconstriction [55].

Thrombolytic therapy in patients with cocaine-induced MI remains contro-
versial. Factors that mitigate the use of thrombolytics in the management of
cocaine-induced MI include the overall difficulty in making a reliable diagnosis,
the low mortality of patients with cocaine-induced infarction, and higher risk
of treatment complications in this population, especially the risk of intracranial
hemorrhage and the fact that a large proportion of patients is markedly hyper-
tensive at the time of presentation [56, 57]. Therefore, thrombolytic therapy
should only be considered when immediate coronary angiography and angio-
plasty are not available [56, 57].

Cocaine-induced ventricular arrhythmias shortly after ingestion of the drug
may safely be treated with sodium bicarbonate, because it reverses cocaine-
induced QRS prolongation [58]. Although limited data in humans suggest that
lidocaine is safe to use several hours after cocaine use, some concern exists
about its use, because both cocaine and lidocaine have proarrhythmic and
proconvulsant effects mediated through sodium-channel blockade [59]. Hence,
cautious use of lidocaine several hours after cocaine use may be reasonable.

Conclusion

Early recognition and understanding of cocaine-related cardiovascular com-
plications are crucial for their optimal management. Cocaine use should
always be considered in a young patient with myocardial ischemia or infarction,
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arrhythmias, myocarditis, or dilated cardiomyopathy. Primary prevention such
as educating the public about the considerable risks of cocaine use and encour-
aging the young to refrain from cocaine use are paramount, as cocaine-related
visits to the emergency departments continue to rise dramatically.
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Acute Coronary Syndrome in Women
and the Elderly

Jacqueline E. Tamis-Holland, Catherine R. Weinberg, Simbo Chiadika,
and Bette Kim

Cardiovascular disease (CVD), specifically coronary heart disease (CHD), is the
leading cause of death in women and men. Approximately 6 million females in
the United States have CHD, and more than 250,000 women die each year from
CHD [1]. Over a lifetime, 1 in 2.6 women will die of CVD, and 1 in 30 women
will die of breast cancer [1].

In women, there is a 10-year delay in the incidence of obstructive coronary
artery disease (CAD) compared with aged-matched males and a 20-year delay
in the incidence of major CHD events such as myocardial infarction (MI) and
death [1]. The prevalence of CAD is low in women before menopause, but it
begins to equal the prevalence in men at about the seventh decade of life [1].
Over the years, overall deaths from CVD have progressively declined [2]. In
men, the decline in CVD deaths has been steady; however, in women, death
rates from CVD actually increased over time until the year 2000, after which
they began to decline [1].

Overall, CHD incidence and mortality increase with increasing age. In the
2006 Heart and Stroke Statistics, the annual incidence of a first myocardial
infarction steadily increased with increasing age [1]. Approximately 83% of
deaths from CHD occur in patients over age 65 years [1].

Risk Factors

Traditional Risk Factors

The presence of traditional CVD risk factors will confer an increased risk for
developing CHD in both women and men. However, there are sex and age dif-
ferences in the prevalence and significance of these risk factors. For example,
among patients presenting to the hospital with acute coronary syndromes
(ACS), women are older and more likely to have a history of hypertension,
diabetes, and high cholesterol but are less likely to have a history of cigarette
smoking [3-7]. Hypertension appears more prevalent in older patients with
ACS, but smoking history is less often noted in older patients [8, 9].
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In addition, the presence of CVD risk factors may confer a different
degree of risk in women and men. Women with diabetes are at a higher
risk for CHD compared with age-matched diabetic men [10]. The relative
risk for developing nonfatal cardiovascular events in young women smokers
is higher than that for young male smokers [11]. High-density lipoprotein
(HDL) cholesterol, an important CVD risk predictor, is considered low
in women if levels are less than 50 mg/dL, whereas in men levels less than
40mg/dL are abnormal. A low HDL cholesterol has been shown to predict
fatal CHD events in women and young men, but it has not been shown to
affect fatal CHD outcomes in older men [12]. Elevated triglycerides appear to
be an independent risk factor for CHD events in women, but not in men
[13].

Risk Assessment Tools and Unique Risk Factors

The Framingham risk score, a useful tool for assessing long-term CVD risk,
largely underestimates risk in young females and has been shown to be a poor
predictor of cardiovascular risk in many female subsets. Several recent studies
have demonstrated that approximately 30% to 50% of “low risk women” as
measured by the Framingham risk score actually had evidence of CHD as
demonstrated by elevated coronary calcium scores on electron-beam computed
tomography (CT) [14, 15]. In young women with multiple risk factors, an alter-
native approach to risk assessment needs to be considered. On the other hand,
older patients are often placed in a high-risk category for CVD events when
assessed using the Framingham risk score, just by virtue of the large number
of “points” allotted for advanced age.

The metabolic syndrome is a constellation of findings that has been shown
to contribute to increased CVD risk. The NCEP III defines the metabolic syn-
drome as three of the following risk factors [16]: central obesity, hypertension,
insulin resistance, hypertriglyceridemia, low HDL, or small low-density lipo-
protein (LDL) particles. The metabolic syndrome is the most common risk
factor for women with premature CHD and is more common among women
with documented premature CHD than among men with premature CHD [17].
The WISE study demonstrated that among women with angiographically sig-
nificant CHD, the presence of the metabolic syndrome increased the risk for
CVD events by nearly fivefold when compared with women with a normal
metabolic status [18].

In the WISE study, endogenous estrogen deficiency as is seen in hypoestro-
genemia of hypothalamic origin was associated with a 7.4-fold higher incidence
of CHD in premenopausal women with suspected ischemia [19] while prior oral
contraceptive use conveys a protective effect on postmenopausal atherosclero-
sis [20]. In another study examining women with CAD, polycystic ovaries were
associated with more severe and extensive disease on cardiac catheterization
[21].



214 J.E. Tamis-Holland et al.
Presentation

Presenting Signs and Symptoms

Although chest pain is the most common presenting symptom for women and
men with ACS [22-24], some studies [6, 22, 24], but not all [25, 26] have shown
that women are less likely than men to present with this symptom. Overall,
more women than men have atypical symptoms [24, 27]. This is particularly
apparent in younger women, who tend to have dyspnea more often than
younger men [6, 22]. Among patients with atypical symptoms, women are more
likely than men to present with dyspnea or congestive heart failure, back pain,
nausea and/or vomiting, and indigestive symptoms [23, 25]. After adjustment
for other potentially confounding variables, dyspnea does not appear to be
significantly more notable in women than men [22, 23]. Older patients are more
likely to have no chest pain or atypical symptoms when compared with younger
patients [28].

Some studies of women with ACS have demonstrated that women tend to
present to the hospital after a longer delay than men [6, 7, 24, 25, 27, 29-35],
whereas others have not demonstrated longer delay times in women [3, 26, 36].
The longer delay times, when present, may reflect a misperception by women
that their symptoms are not a result of a serious cardiac disorder, because of
either the atypical nature of symptoms in some women or the lack of CVD
awareness [37]. The latter has resulted in the development of large nationwide
campaigns created by the National Heart, Lung, and Blood Institute (NHLBI)
and American Heart Association (AHA) focused on improving heart disease
awareness in women. Alternatively, some studies demonstrated that women
were more likely to consult their physician by phone to discuss symptoms,
whereas men were more likely to go directly to the emergency room (ER) [27,
32]. In one study, consultation with a physician by phone prior to an ER visit
seemed to be responsible for the delay in presentation to the ER [27].

Women with ACS are older than men and significantly more likely to have a
history of hypertension, diabetes, and prior congestive heart failure [4-7, 31,
38, 39]. They are less likely than men to have ever smoked, or have a history of
prior MI, prior angioplasty (PCI), or coronary artery bypass surgery (CABG)
[3-6, 31]. On presentation to the ER, women with ACS are sicker than men.
They have faster heart rates [4, 6, 40], higher blood pressure [4, 29, 40], and are
more likely to be in congestive heart failure [4-6, 31, 33] or shock [25, 27, 30,
36] than their male counterparts. This is particularly notable among younger
women when compared with younger men [6].

Elderly patients with ACS also tend to have a greater burden of comorbid
conditions, including hypertension, diabetes mellitus, congestive heart failure,
and prior cardiac disease compared with younger patients [9, 41, 42]. The inci-
dence of cardiac hypertrophy and ventricular dysfunction, particularly diastolic
dysfunction, is higher in the elderly in part due to decreased beta-sympathetic
response, arterial compliance, and arterial hypertension [43]; hence, the elderly
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are more likely to have congestive heart failure on presentation to the hospital
[42].

Electrocardiogram and Cardiac Biomarkers

Women presenting to the hospital with ACS tend to present with less severe
syndrome. When examining patients with all forms of ACS, women are less
likely than men to have ST elevation on 12-lead ECG [4, 6, 31]. This is particu-
larly more notable in younger women compared with younger men [6]. When
ST elevation is present, the magnitude of ST changes is less pronounced than
that seen in men [44]. Among patients with no ST-segment elevation on ECG,
women have more T-wave inversions [40, 45, 46] and are less likely to have
cardiac enzyme elevations [4, 5, 40, 45-47]. Older patients (>65 years) are also
less likely to have ST elevations when compared with younger patients [9, 42],
but they are more likely to have positive cardiac markers [42].

Hospital Management and Treatment

Sex and Age Differences in Management of ACS

Women and men are not created equal, and therefore response to treatment
administered may differ. The reasons for such differences are not entirely
understood but may relate to sex differences in thrombotic and fibrinolytic
activity, enzymatic activities, glomerular filtration, levels of endogenous hor-
mones, body surface area, and proportion of body fat. As a result, women may
have an increased risk for untoward events from certain therapies used in treat-
ing ACS. However, most studies have demonstrated a favorable treatment
response in women, justifying the use of such therapies. Therefore, the overall
management of women with ACS should parallel that given to men with focus
on instances where differences may play a role in increasing risk related to
therapy and modifying therapy when indicated to attenuate this risk.

Drug responses in the elderly are influenced by decreased cardiac output,
plasma volume, and perfusion and function of the kidneys and liver, as well as
lower vasomotor tone, baroreceptor and beta-adrenergic responses [43].
Because the elderly are more prone to hypotension and medication toxicity,
medications used for the treatment of ACS should be initiated at lower doses
and patients should be observed for toxicity [5, 43]. Despite the potential for
increased side effects from certain therapies, older patients have a higher risk
for events after ACS, and hence, they actually derive a larger absolute benefit
from such therapies.

Unfortunately, despite the favorable risk/benefit ratio of most therapies,
women and the elderly are generally less aggressively treated with American
College of Cardiology/American Heart Association (ACC/AHA) guideline rec-
ommended therapy for ACS [5-7, 27, 31, 33, 42, 48-50]. This may in part be
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related to the presence of other comorbidities, including advanced age, and the
higher incidence of hypertension and congestive heart failure, which might
raise a concern by physicians regarding the increased risk related to certain
therapies. In addition, the less specific symptoms seen in women and older
patients, and the less pronounced ST changes on ECG can often lead to a mis-
diagnosis on initial presentation. Another reason for gender and age disparities
is that women and the elderly are less likely to be treated by a cardiologist
during hospitalization [5, 24, 51]. Cardiologists use a higher proportion of
procedures and medications associated with improved survival, and treatment
by a cardiologist is associated with a better outcome [51].

Antithrombotic Therapy

Unfractionated heparin (UFH) is commonly used in the treatment of ACS.
Bleeding is a recognized complication from UFH and appears to be related to
activated partial thromboplastin time (aPTT) levels [52]. Studies have demon-
strated that female sex and age are independent predictors of a high aPTT level
and bleeding complications after use with UFH [52, 53]. Bleeding complications
in patients with ACS may be related to excess dosing of antiplatelet and anti-
coagulant therapies. In the CRUSADE registry, excess dosing of UFH, low-
molecular-weight heparin, and glycoprotein (GP) IIb/IIla agents occurred in
42% of patients and was associated with higher rates of bleeding. Women and
older patients were more likely to get excess dosing of these therapies [42]. In
an attempt to minimize the bleeding risk from UFH, the ACC/AHA guidelines
recommend that UFH be administered as a weight-based drip [54]. Although
there are no specific guidelines on dosing in women and older patients, some
authors have suggested even lower dosing of UFH in these subsets of patients,
especially when GP IIb/IIla agents are anticipated during PCI [55].

Glycoprotein IIb/llla Agents

Glycoprotein IIb/IIla agents have been shown to decrease the likelihood for
adverse outcomes among high-risk patients with unstable angina (UA)/non-
ST-elevation myocardial infarction (NSTEMI) [56-58]. The benefit of these
agents is particularly notable for patients with elevated troponin levels, high
TIMI risk scores, or for those patients with a planned early invasive strategy.
Tirofiban has been shown to be equally efficacious in women and men, and
older and younger patients in the early days after UA/NSTEMI [56, 57]. However,
the benefit of eptifibatide in women and older patients with UA/NSTEMI is less
apparent [58]. Both of these agents when used for extended periods of time
result in an increased risk of bleeding complications [56, 57, 59]. Bleeding
complications are higher in women and older patients and are independent of
baseline variables [59, 60]. In view of the increased risk of bleeding in women
and older patients associated with upstream use, these agents should be reserved
for high-risk patients, who will derive the most benefit [56-58].



20. Acute Coronary Syndrome in Women and the Elderly 217

Acute Reperfusion Therapy

Thrombolytic Therapy

Thrombolytic therapy is a commonly used method for acute reperfusion in the
treatment of ST-elevation myocardial infarction (STEMI). The introduction of
thrombolytic therapy has resulted in a 25% to 35% reduction in all-cause mor-
tality associated with acute myocardial infarction (AMI). The benefits of throm-
bolytic therapy in terms of myocardial salvage, infarct-related artery patency,
and improvement in left ventricular function have been shown to be similar in
women and men [61, 62].

The elderly also benefit from the use of thrombolytic therapy. For every
1,000 patients treated, 34 lives are saved in patients older than 75 years versus
only 28 lives in younger patients; however, the relative benefit of this therapy
is equal or lower in the older population [54]. Compared with younger patients,
the elderly patients are less likely to achieve normal flow after fibrinolytic
therapy and have a higher mortality whether they receive therapy or not
[54].

Bleeding complications after thrombolytic therapy, including intracerebral
hemorrhage (ICH), are more prevalent in women and older patients [29, 39,
61-66]. Much of this sex/age difference in bleeding risk is attenuated by adjust-
ment for baseline variables, including age, history of hypertension, and (in
some studies) body weight [29, 61]. Despite adjustment, some studies still
demonstrate that female gender is an independent predictor of ICH [63] and
bleeding [29, 52, 63, 67]. Older age has also been shown to be an independent
predictor of bleeding after fibrinolytic therapy [63, 67]. Bleeding may be attenu-
ated by altering the dosing of adjunctive anticoagulation or choosing a different
fibrinolytic agent [29, 52, 53].

Primary Angioplasty

Primary angioplasty (primary PCI) is the preferred approach of reperfusion
therapy for the treatment of AMI in most hospitals with cardiac catheterization
laboratories and PCI facilities [54]. It has been shown to be superior to throm-
bolytic therapy in many large-scale studies. Potential benefits include a lower
early mortality, less nonfatal disabling stroke, lower rates of re-myocardial
infarction (MI), and shorter hospital stays [68-70]. Several studies have dem-
onstrated that women may derive a larger absolute benefit from treatment with
primary PCI [39, 64]. Treatment with primary PCI instead of fibrolytic therapy
prevents an estimated 56 events for every 1,000 women treated compared with
42 events for every 1,000 men treated [39]. Therefore, in women, primary PCI
is the recommend treatment for STEMI if available [55].

The benefits of primary PCI in older patients are not as well understood.
Subgroup analysis of the randomized trials of primary PCI to fibrinolytic
therapy has suggested improved outcomes with primary PCI for older patients
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[69] although these data are limited by the small number of elderly patients
enrolled in these studies. In a recent randomized clinical trial of primary PCI
and fibrinolytic therapy for older patients with STEMI (Grines, 2005; unpub-
lished data), primary PCI was not found to be superior in decreasing the primary
end point of death, or nonfatal stroke, although the composite of death, non-
fatal disabling stroke, and re-MI was reduced with primary PCI.

Women and men seem to be referred for primary PCI at equal rates [62, 71],
and most studies report that the time to reperfusion therapy with primary PCI
is similar in women and men [35, 62, 71]. Angiographic and procedural vari-
ables including initial and final TIMI flow, extent of coronary artery disease,
left ventricular ejection fraction on left ventricle (LV) angiogram, and success
of PCI are not significantly different in women and men undergoing primary
PCI [30, 35, 36, 39, 62, 64, 72].

Time to reperfusion therapy with primary PCI also appears similar in older
and younger patients [73]. The elderly have smaller reference vessel diameters
during primary PCI, but they have similar success rates as younger patients,
with no significant differences by age in final TIMI flow or percent diameter
stenosis [73, 74].

Subsequent Diagnostic Studies and Revascularization

Cardiac Catheterization and Percutaneous Coronary Intervention

Cardiac catheterization is an important tool to assess coronary anatomy and
help to determine subsequent management options. Women with ACS are
more likely than men to have normal coronary arteries or insignificant disease
at cardiac catherization [4, 40, 47, 75]. This is noted among patients with
STEMI, NSTEMI, and UA [4] . Women also tend to have less extensive disease
than men [40, 45-47, 75].

Women have significantly more major bleeding after PCI than men [30, 36,
38, 47, 76-78]. This is noted even after adjustment for baseline characteristics
and mean activated clotting time [38, 47]. Women are also more likely to have
other vascular access-related complications [36, 79-81]. Major bleeding rates
with PCI are reduced in women with the use of bivalirudin instead of the com-
bination of GP IIb/IIla inhibitors and UFH [82]. In the REPLACE 2 study, the
higher bleeding risk associated with PCI in women was no longer apparent
when bivalirudin was used [82].

In older patients, coronary disease at cardiac cath is more extensive [73] and
reference vessel diameters are smaller [73, 74]. Older patients undergoing PCI
with balloon angioplasty have more adverse events and less successful revas-
cularization compared with younger patients [83]. Access for PCI is more dif-
ficultin the elderly with peripheral vascular disease and with tortuous aorto-iliac
or subclavian vessels [83]. Bleeding [8, 83, 84], vascular complications [79, 80],
and renal failure [83] after PCI are also more common in older patients.
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Coronary Artery Bypass Grafting Surgery

Coronary artery bypass grafting (CABG) surgery is recommended when feasible
for patients with ACS, who have left main disease, triple-vessel disease, or
complex single- or double-vessel disease [85]. CABG improves long-term sur-
vival in moderate- to high-risk patients with a risk reduction of approximately
40% compared with medical therapy alone [85]. On average, women who
undergo CABG tend to be older, have smaller body surface area, more unstable
angina, congestive heart failure, and other comorbid conditions, as well as
worse LV function, smaller vessels, and less multivessel disease than their male
counterparts [85-87]. Elderly patients have a higher rate of urgent revascular-
ization and more severe disease than younger patients [88].

Complications after CABG including neurologic events [89, 90] and bleeding
[91] are higher in women than in men. Surgical mortality has also been shown
to be higher in women [89, 80, 92, 93]. After adjustment for other confounding
variables and body surface area, mortality is equal in women and men [92-94].
Perioperative morbidity and morality rates are also higher in the elderly
[88].

The Role of Early Invasive Strategy Versus Early
Conservative Strategies

An early invasive strategy with catheterization within 48 hours and appropriate
revascularization are preferable in patients with UA/NSTEMI who are at high
risk for death and MI [43]. Multiple studies have demonstrated benefits for
men; however, controversy arises with early invasive versus early conservative
strategies in women [40, 45, 47]. In TACTICS-TIMI 18 [47], women and men
had a similar reduction in risk of death, re-MI, or rehospitalization from an
early invasive strategy. This benefit was further enhanced in women after
adjusting for baseline variables and was particularly marked in those women
with an elevated baseline troponin T. Treatment of women in the early invasive
arm resulted in similar outcome compared with men, including death and MI
after PCI or CABG, although rates of major bleeding were independently associ-
ated with female gender. In this study, women at lower risk and those with
negative troponins had more events in the invasive strategy than in the conser-
vative strategy. On the other hand, in the RITA-3 and FRISC II studies, an early
invasive strategy did not appear to offer any significant improvement in
outcome for women [40, 45], although outcome was better for men treated with
this approach.

The CRUSADE registry allows us to explore outcomes from each approach
in a large, nonrandomized population of patients during a more contemporary
era of revascularization. In this registry of patients with UA/NSTEM]I, an early
invasive strategy (catheterization within 48 hours) was associated with a lower
in-hospital mortality than a strategy of deferred catheterization and revascu-
larization. These findings were similarly evident in women and men [95].
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So, what is the most appropriate management strategy for women with UA/
STEMI? Certain conclusions can be drawn from looking at these studies as a
whole. It seems that women in the RITA-3 and FRISC II studies were at lower
risk than those enrolled in TACTICS-TIMI 18 or the CRUSADE registry [96].
Women who are at lower risk for MI and death are exposed to an early upfront
risk, with little to gain from an invasive procedure, therefore allowing the pro-
cedural risk to influence the ultimate outcome. On the other hand, high-risk
women with UA/NSTEMI should be referred for early catheterization and
revascularization when appropriate, whereas women with low-risk features will
likely benefit from a conservative strategy.

Death or nonfatal MI rates are lower in elderly patients who receive early
invasive versus early conservative therapy [8]. Although outcome is worse in
older patients compared with younger patients, early invasive therapy with
percutaneous or surgical revascularization is still beneficial in elderly patients
with ACS. Despite these findings, older patients are less often treated with this
aggressive therapy [95].

Outcome

Nearly all studies examining women and men with ACS have demonstrated that
women have higher unadjusted early mortality compared with men [5, 6, 97-
100] and higher long-term mortality rates [101, 102]. The increase in mortality
in women is largely related to the higher incidence of other comorbidities, such
as older age, higher prevalence of congestive heart failure on presentation,
systemic hypertension, and diabetes mellitus. After adjustment for age and
these other comorbidities, there is a diminution in risk in women so that
short-term mortality rates [5, 7, 103] and long-term mortality rates [25, 36,
38, 63] appear similar in women and men. However, some studies still show
a higher mortality in women that is independent of baseline variables [24,
29, 32, 34, 104].

Why is there such a discrepancy in the literature regarding outcomes in
women? Most of the variability in results relates to differences in study design
and the populations that are examined in the various reports. Sex difference in
outcomes among different studies may vary with age, type of ACS, and era in
which the study was conducted.

Younger women as a subset appear to be at higher risk of increased mortality
[6, 98]. Analysis of the National Registry of Myocardial Infarction (NRMI-2)
showed a higher mortality in women compared with men for patients less than
75 years of age. There was an 11% greater risk of death in women than men for
every 5-year decrease in age. After adjusting, younger women were more than
2 times more likely to die in the hospital after MI compared with younger men,
whereas older women and men had similar outcomes. Similarly, in another
paper of hospitalized patients with an acute MI [98], adjusted in-hospital and
long-term mortality was significantly higher among younger women compared
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with younger men, but older women actually had a lower adjusted mortality
when compared with older men.

It has been hypothesized that young women may have more aggressive CHD
or other “unknown” risk factors that override the protective effects of estrogen.
Psychosocial variables including depression, poorer access to health care
resources, and lifestyle variables that might limit women’s ability to comply with
standard post-MI care may also contribute to differences in outcome in younger
women and men. It has been reported that younger women have a lower rate of
use of established treatments for myocardial infarction such as aspirin, beta-
blockers, and thrombolytic therapy [6]. Alternative mechanism for the increased
risk in younger women may relate to sex differences in the pathophysiology of
disease, which may interfere with standard therapies provided for patients with
ACS including antiplatelet agents and anticoagulants (see Chapter 5).

The outcome by gender for patients with ACS may also depend on the type
of presenting syndrome. In the GUSTO II-B study [4], overall event-free sur-
vival at 30 days was worse in women than in men. However, when stratified by
the type of presenting ACS and adjusted for differences in comorbidities,
women with unstable angina actually had a better outcome than men with
unstable angina, women and men with NSTEMI had similar outcome, and
women with STEMI tended to have a worse outcome than men with STEMI.
Similarly, in another study examining outcomes by type of acute coronary
syndrome [33], the investigators found that adjusted short-term outcomes were
higher among women than men with a first Q-wave infarction, but similar for
women and men with a non-Q-wave MI or unstable angina. Other studies
examining only patients with unstable angina have demonstrated better
outcome in women when compared with men [48].

Finally, differences in outcome for women and men in various studies may
reflect difference in management. In this era of aggressive medical therapy,
overall outcomes have improved for women and men, and this improvement
parallels the changes in practice patterns resulting from evidence-based guide-
lines. When examining contemporary studies of patients aggressively treated
with ACC/AHA guideline therapies, there are no reported differences in mortal-
ity in women and men [5, 30, 38].

Advanced age has always been a predictor of poor outcome [9, 24, 74, 105].
The elderly have a higher overall rate of mortality from ACS compared with
younger patients despite successful intervention [46, 54]. The risk increases
with increasing age [9]. Although some of this increased risk may be related to
differences in baseline variables, advanced age has been shown to be an inde-
pendent predictor of mortality with ACS [9].

In summary, women and older patients with ACS should receive an individu-
alized approach to management, with early recognition of disease potential and
aggressive administration of guideline-recommended therapies. Modification
of such therapies should be instituted when indicated to avoid the potential for
increased risk. It is essential that these subgroups of patients are given appro-
priate treatment to ensure optimal outcomes.
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Acute Coronary Syndrome in African

Americans and Hispanic Americans
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and Claude Simon

Among African Americans and Hispanics in the United States, coronary heart
disease (CHD) is highly prevalent and is the single most frequent cause of
myocardial infarction and death in that population [1]. However, multiple
factors contribute to overall poorer care and worse outcomes among African
Americans and Hispanics when compared with whites. These factors include
difference in disease manifestation, socioeconomic status, access to care, patient
perception of the health care system and of providers, attitudes of health care
providers toward minority patients, therapeutic modalities and responses to
treatment, and patient education.

Although race-specific CHD data are sparse among black and Hispanic
persons, rates of death among African Americans are among the highest in
the industrialized world. This may be due to the complexities of race as a
health factor or to controversies regarding whether health issues should
even be considered in terms of race, as race is inextricably linked with socio-
economic status in the United States. Nevertheless, current data indicate that
there are increasing disparities in cardiovascular health care among African
Americans and Hispanics [1-3]. Compared with whites, African Americans
are more likely to present with CHD at an earlier age, have higher out-of-
hospital coronary death rates, and are more likely to have sudden cardiac
death as the initial clinical presentation of CHD. Although the reasons for
these differences are not well understood, it is possible that these health con-
sequences are explained by significant heterogeneity in acute coronary syn-
drome manifestation among African Americans. A high prevalence of certain
coronary risk factors, delays in identification and treatment of high-risk indi-
viduals, limited access to cardiovascular care, and lack of compliance and trust
in the health care system appear to contribute to the burden of CHD among
African Americans.

229



230 T. Sirak et al.

Coronary Risk Factors

African Americans are 1.5 times more likely to have multiple risk factors than
whites [4, 5]. This clustering of risk factors synergistically increases the preva-
lence of CHD. Although the relationship between the incidence of coronary
heart disease and standard risk factors, including low-density lipoprotein (LDL)
cholesterol level, high-density lipoprotein (HDL) cholesterol level, high blood
pressure, smoking, and diabetes are well described and established in several
populations, the risk of sequelae attributable to some risk factors (i.e., hyper-
tension, diabetes, smoking, obesity, and physical inactivity) is greater for
African and Hispanic Americans [6, 7].

Hypertension

Although both systolic and diastolic blood pressures are risk factors for CHD
mortality, systolic blood pressure is a better predictor of CHD, stroke, heart
failure, end-stage renal disease, and overall mortality [8]. Hypertension is
known to cause left ventricular hypertrophy (LVH), endothelial dysfunction
leading to atherosclerosis, and decrease in compliance of large arteries and
overall left ventricular dysfunction. Greater disease severity is associated with
LVH and higher mortality rate [6]. At any given blood pressure level, African
Americans appear to have greater cardiovascular and renal damage compared
with whites [9-11]. In African Americans, hypertension is more prevalent,
develops at younger ages, and is associated with 3 to 5 times higher cardiovas-
cular mortality than whites [12-14]. Between the ages of 35 to 54 years, blacks
died 6 to 10 times as frequently from hypertensive diseases according to a 1973
statistic [15], an excess far out of proportion to the approximate 2 to 3 times
excess of prevalence of hypertensive blacks. After the age of 55 years, the excess
mortality is more nearly proportionate to the prevalence, especially in older age
groups [9, 15]. Overall, African Americans die 3 times as frequently as whites
from hypertension-related diseases in the United States [15].

Left Ventricular Hypertrophy

As a manifestation of the end-organ effects of hypertension, LVH represents a
particularly important index of preclinical disease that carries incremental
prognostic value beyond that afforded by traditional coronary risk factors [16].
In African Americans, LVH is highly predictive of ischemic heart disease mor-
bidity and mortality and seems to be a stronger risk factor than hypertension
itself, cigarette smoking, or hypercholesterolemia [6, 17]. Patients with LVH
have a two- to four-fold higher incidence of CHD, myocardial infarction, stroke,
heart failure, or other cardiovascular diseases, [6, 14, 10] possibly as a result of
increased susceptibility of the hypertrophied heart to subendocardial hypo-
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perfusion especially during exertion. Earlier studies have found left ventricular
relative wall thickness (RWT) to be higher in black normotensive [18, 19] and
hypertensive [19-22] subjects compared with whites. Whatever the cause for
the ethnic differences in LV mass and geometry, these findings have potentially
far-reaching implications, hence the importance of screening in this popula-
tion. Because electrocardiography is insensitive and less specific in black indi-
viduals than in whites for detection of LVH, echocardiographic evaluation is
especially valuable in these individuals [23].

The Metabolic Syndrome and Diabetes

Obesity, especially visceral obesity, is a major component of the metabolic
syndrome and is associated with an increased risk of cardiovascular disease
morbidity and mortality [24, 26]. Other components of the metabolic syndrome
include insulin resistance, hypertriglyceridemia, reduced HDL cholesterol, and
hypertension. Although the prevalence of obesity among African-American
men is similar to that among white men, in African-American women, obesity
is twice as prevalent and the visceral pattern is more common than in their
white counterparts [27-29].

Diabetic patients have at least two- to four-fold higher risk for vascular
disease than nondiabetics [30, 31]. Cardiovascular disease is responsible for
approximately 80% of all deaths and more than 75% of all hospitalizations in
patients with diabetes [31]. The prevalence of type II diabetes has tripled in the
past three decades and is 2 to 3 times higher in African Americans than in
whites [32, 33]. Diabetic African-American and Hispanic patients have similar
complications as their white counterparts, but they are more likely to have a
more aggressive clinical course and far more complications at presentation
than whites.

Smoking

African Americans in the Coronary Artery Surgery Study (CASS) had a higher
mortality rate during 16 years of follow-up, regardless of whether they received
medical or surgical therapy. The increased mortality was attributed entirely to
cigarette smoking [34]. Although African-American women smoke at compa-
rable rates as white women, there is a greater prevalence of tobacco smoking
among African-American men compared with white men [34, 35].

Biologic, Biochemical, and Biomarker Differences

The greater mortality from CHD and the acute coronary syndromes [36-38] in
African Americans compared with whites has been attributed to a greater clus-
tering of risk factors such as hypertension, LVH, diabetes, and tobacco smoking
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Ficure 21.1. Annual rate of first myocardial infarction by age among African-American and white men
and women. (Adapted from American Heart Association. 1998 Heart and Stroke Statistical Update. Dallas,
TX: American Heart Association; 1998. [43].)

[14, 23, 38-41] in addition to inadequate screening and suboptimal use of evi-
dence-based treatment of this group in clinical practice [42]. There is a definite
difference between African Americans and whites of both genders with regard
to rates of first myocardial infarction by age (Fig. 21.1) [43]. It is unclear to
what extent inherent biologic factors and biochemical differences contribute to
these more adverse outcomes in African Americans and Hispanics.

Lipid Profiles

Data from the Insulin Resistance Atherosclerosis Study (IRAS) [44] on lipid
profiles (Tables 21.1 and 21.2) by ethnicity indicate that African Americans have
higher HDL, lower triglycerides, and greater LDL size than other ethnic groups.
At each level of serum total cholesterol, however, African-American men had
a lower reported incidence of coronary artery disease (CAD) than white men.
This differing impact of serum cholesterol on CAD occurrence among the races

TasLe 21.1. Pathophysiologic factors related to cardiovascular disease that may differ in black patients.

Unfavorable Favorable No effect Not well-established

7 Risk-factor prevalence T Fibrinolysis ) Lipoprotein(a) a3 Coronary flow reserve

7T Risk-factor clustering T HDL cholesterol T Platelet survival

7T Left ventricular mass 4 LDL cholesterol T Hematologic parameters*
d Vasodilatation (peripheral) 4 Insulin sensitivity

Source: Adapted from Haffner SM, D'Agostino R Jr, Goff D, et al. LDL size in African Americans, Hispanics, and non-
Hispanic whites the Insulin Resistance Atherosclerosis Study. Arterioscler Thromb Vasc Biol 1999;19:2234-2240.
*Hematologic parameters include fibrinogen, factor VI, von Willebrand factor, and antithrombin IIl.
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TasLe 21.2. Lipid profiles by ethnic group in the Insulin Resistance Atherosclerosis Study (IRAS).

African Non-Hispanic
American (n = 462) Hispanic (n =546) white (n=612)
Total cholesterol (mg/dL) 2125 211.1 213.2
LDL cholesterol (mg/dL) 143.8 139.4 140.7
HDL cholesterol (mg/dL)* 47.0 423 44.0
Triglycerides (mg/dL)* 102.1 147.7 134.0
LDL size (A)* 262.1 257.6 259.2

Source: Adapted from Haffner SM, D’Agostino R Jr, Goff D, et al. LDL size in African Americans, Hispanics, and non-
Hispanic whites the Insulin Resistance Atherosclerosis Study. Arterioscler Thromb Vasc Biol 1999;19:2234-2240.
*P < 0.001 for all.

highlights the importance of cholesterol subfractions as more accurate deter-
minants of risk and mediators of atherosclerosis.

Lipoprotein(a)

A disparity between levels of lipoprotein(a) in adult African Americans com-
pared with whites is evident. Lipoprotein(a) has been shown to be a leading
independent risk factor for CAD, stroke, and peripheral vascular disease in
non-black men [45]. However, despite the finding that lipoprotein(a) levels
are in general twice as high among African Americans, this finding does
not impart a higher risk of CAD or atherosclerosis for African Americans
[46].

High-Sensitivity C-reactive Protein

There are emerging data showing racial/ethnic variations in the levels of high-
sensitivity C-reactive protein (hs-CRP), an inflammatory marker associated
with increased CAD risk [47]. A Canadian study showed that the proportions
of groups with hs-CRP levels above the high-risk level of 3mg/L were 54% in
Aboriginals, 28.5% in South Asians, 24.8% in Europeans, and 6% in Chinese
[48].

Higher levels are found in African Americans than in whites. Assessment of
hs-CRP levels among 24,455 white, 254 Hispanic, 475 African-American, and
357 Asian women in the U.S. Women’s Health Study showed median hs-CRP
levels of 2.02mg/L in whites, 2.06 mg/L in Hispanics, 2.96mg/L in African
Americans, and 1.12mg/L in Asians (P < 0.001). As expected, levels of hs-CRP
were higher in women receiving hormone replacement therapy, but the pattern
of differences among the ethnic groups was similar among users and nonusers,
with African-American women having the highest levels in both categories.
Hispanic women had the second highest levels [49].
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Endothelial Dysfunction and Vasodilatation

There has recently been considerable research on the role of the vascular wall
in the pathogenesis of hypertension and angina-like chest pain with angio-
graphically normal coronary arteries. Attenuated forearm blood flow responses
in healthy African Americans to nitric oxide-dependent and -independent
vasorelaxation have been demonstrated in well-designed experimental studies,
suggesting a possible explanation for the pathogenesis of hypertension [50].
Similar studies have sought to explain the frequent occurrence in African
Americans of angina-like chest pain with angiographically normal coronary
arteries [51].

In a study of 80 African-American and white patients with minimal CAD and
chest pain, no racial differences in coronary vascular relaxation were found,
regardless of hypertension or LVH [52].

African Americans are reported to respond less well to angiotensin-
converting enzyme (ACE) inhibitors and are at increased risk of cardiovascular
(CV) disease progression. In the ALLHAT study, African-American patients
receiving lisinopril had significantly increased risks for stroke and combined
CHD, along with a trend for increased heart failure risk and reduced blood
pressure-lowering effect when compared with non-African-American patients
receiving lisinopril [53]. In African Americans with diabetes, persistent micro-
albuminuria despite ACE inhibitor therapy may be associated with poor prog-
nosis for cardiovascular disease and mortality. African-American type II
diabetics with persistent microalbuminuria have severely impaired flow medi-
ated vasodilation and nitroglycerin-dependent dilation (NDD) when compared
with matched patients who had microalbuminuria that was eliminated by ACE
inhibitors. This may explain the poor prognosis for cardiovascular disease in
patients who have persistent microalbuminuria. Alternative strategies for
reducing microalbuminuria in high-risk patients who do not respond ade-
quately to ACE inhibitor therapy such as African Americans are needed
[54].

Thrombosis, Fibrinolysis, and Other Hemostatic Correlates

A vital difference between African Americans and whites with acute coronary
syndromes may exist in the balance between thrombosis and the fibrinolytic
system. The implications of this finding are integral to understanding the devel-
opment of acute coronary syndromes and the response to treatment. Studies
performed predominately in black Africans have demonstrated enhanced
endogenous fibrinolytic activity compared with white races in Africa, Europe,
and the United States [55, 56]. The proposed mechanisms responsible for this
increased fibrinolysis are speculative but include reduced inhibition or
enhanced susceptibility to fibrinolysis. These findings are particularly relevant
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when interpreting the response of black Americans in fibrinolytic therapy
trials.

Fibrinogen has been postulated to be associated with increased atheroscle-
rotic cardiovascular risk. When fibrinogen was measured in 4,193 participants
in the Coronary Artery Risk Development In young Adults (CARDIA) study,
levels were higher in African Americans compared with whites [57]. Popula-
tion-based surveys adjusting for age and sex have demonstrated potentially
important racial differences in hemostatic factors, with African Americans
having higher levels of factor VIII, von Willebrand factor, and antithrombin III
than whites [58].

These racial differences are thought-provoking and hypothesis-generating
for ongoing research. Their direct impact on the acute coronary syndromes in
African Americans and Hispanics is still being elucidated.

Response to Antithrombotic Therapy and Fibrinolysis

More evidence for the biologic distinctions between African Americans and
whites with respect to thrombosis and fibrinolysis has been gained from some
pivotal trials of antithrombin and fibrinolytic agents. Analysis of the TIMI-II
and TAMI-I trials revealed significant clinical and hematologic differences
between African Americans and whites after receiving tissue plasminogen acti-
vator (tPA) [59, 60].

TIMI-II compared 2,564 whites and 174 African Americans receiving tPA
for suspected MI [60]. African Americans were found to have a more pro-
nounced reduction in plasma fibrinogen levels after fibrinolytic therapy.
However, infarct artery patency at 18 to 48 hours and 1-year outcomes were
similar between the races. In contrast, analysis of a smaller subgroup from the
TAMI-I trial revealed important differences between 352 white and 24 black
patients treated with tPA [59]. In this report, African Americans displayed a
significantly lower nadir of plasma fibrinogen levels, a greater fall in fibrinogen
levels, and increased levels of fibrinogen degradation products. The enhanced
sensitivity to tPA in African Americans was manifested by improved infarct-
related artery patency at 90 minutes and increased transfusion requirements.
Survival at hospital discharge did not differ in this small study between African
Americans and whites.

The Global Utilization of Streptokinase and t-PA for Occluded Arteries
(GUSTO) trial and the GUSTO Angiographic substudy provide the largest avail-
able database for examining race-dependent differences in response to fibrino-
lytic therapy [61, 62]. The GUSTO trial included 41,021 patients, of whom 1,157
were African Americans. The angiographic substudy included 2,431 patients,
of whom 103 were African Americans [63]. In this trial, the efficacy of reperfu-
sion appeared better in African Americans than in whites. Among all patients
undergoing angiography (n = 18,791), the rate of TIMI grade 3 flow was 54.8%
in African-Americans patients and 47.6% in white patients (P = 0.002) [63].
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These differences existed despite African Americans receiving fibrinolytic
therapy on the average 18 minutes later than whites, a factor known to worsen
reperfusion and survival outcomes, but occurred at the cost of increased bleed-
ing complications. Similar findings of fewer myocardial but more cerebral
events among African Americans with acute coronary syndromes (unstable
angina and non-Q-wave MI) randomly assigned to heparin or hirudin (GUSTO
II) or eptifibatide or placebo (Platelet Glycoprotein IIb/IIIa in Unstable Angina:
Receptor Suppression Using Integrilin [PURSUIT] trial) have also been
reported [64].

Differences in Presentation

It is notable that African Americans with CAD often present differently than
others. As earlier noted, there is a clustering of CAD risk factors in this group.
These patients are 1.5 times more likely to have multiple risk factors than whites
[65], and these multiple risk factors work synergistically to increase the risk of
CAD.

The majority of African Americans with acute coronary syndromes present
with typical chest pain symptoms as in whites. However, the incidence of silent
ischemic episodes and atypical symptoms is higher in African Americans than
in whites [66, 67]. It has been hypothesized that this may be due in part to the
high prevalence of hypertension and diabetes in African Americans. Diabetes,
in particular, has been associated with atypical presentations of coronary isch-
emia. This may account for some of the delay in disease recognition and in
seeking medical care seen among African Americans [68].

African Americans with acute chest pain syndromes suggestive of coronary
artery disease are more likely to have minimal or no angiographic coronary
artery disease than are whites [51, 69-71]. Paradoxically however, when sig-
nificant coronary artery disease is present on angiography, they tend to have
much more extensive burden of atherosclerosis than is observed in whites
[72].

African Americans are more likely to present with non-ST-elevation myo-
cardial infarction, or unstable angina, whereas ST-elevation myocardial infarc-
tion is seen in higher frequency in whites [68]. Despite this, however, they have
poorer overall outcomes than do whites [73]. African Americans tend to present
with acute coronary syndromes at younger ages and have higher mortality rates
at younger age than in whites [1, 2, 17]. This higher mortality rate seen at an
earlier age in this group has been speculated to be due to the greater prevalence
of coronary artery disease risk factors such as hypertension, cigarette smoking,
and diabetes [63, 74]. In the fibrinolytic era, this less definite presentation of
acute coronary syndrome in African Americans may account for why they
tended to get fibrinolytic therapy less frequently and much later than whites
[66, 75-76]. In addition to such poor short-term prognosis, worse long-term
prognosis when compared with whites has also been documented [63]. In the
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GUSTO trial of fibrinolytic therapy for myocardial infarction, the 1-year unad-
justed all-cause mortality among black patients was 11.6% compared with 9.7%
for whites (P = 0.03) [63].

There is a significantly higher incidence of out-of-hospital sudden cardiac
death as the first manifestation of coronary heart disease in African Americans
compared with whites. Sudden cardiac death rates have been reported to be 3
times higher in black men than in white men, even after adjusting for age,
socioeconomic status, and access to care [77-79].

Factors Contributing to Delay in Diagnosis and Access to Care

There is a vast disparity in treatment of acute myocardial infarction in African
Americans compared with whites [37, 80-82]. This difference has been demon-
strated to be even greater in African-American women compared with white
men and women. In an analysis of sex and racial differences in 598,911 patients
treated for myocardial infarction in the National Registry of Myocardial Infarc-
tion (NRMI) between 1994 and 2002, Vaccarino et al. noted that the rates of
reperfusion therapy and coronary angiography were significantly less for
African Americans compared with whites; the rates of reperfusion, coronary
angiography, and coronary artery bypass surgery were lowest in African-
American women; African-American women had the highest rate of adjusted
mortality across all sex and racial groups [82]. While the use of more traditional
treatments (e.g., aspirin and beta-blockers) were similar between African
Americans and whites in general in the NRMI registry, still African-American
women had significantly lower use of such treatments when compared with
white men (risk ratio: 0.94 for aspirin, 0.96 for beta-blockers; P < 0.001) [82].
These differences in care could not be accounted for by patient preferences with
respect to reperfusion therapy because there were few refusals documented
across all age and gender groups.

However, access to care and delay in diagnosis may play a role. African-
American patients who present to the emergency department with chest pain
are less likely to undergo electrocardiograms than are white patients and as
such have a relative delay in diagnosis of acute coronary ischemia [83].

Health Care Systems

In their analysis of the Cardiac Access Study from three urban hospitals, LaVeist
et al. found that the racial disparity in obtaining coronary angiography was in
part due to the health care system context in which African American and white
patients obtain their care, combined with the specific clinical characteristics of
the patients [84]. The need for transfer to another hospital for coronary angi-
ography or admission to a hospital without in-house catheterization was impor-
tant barriers to angiography in African Americans [84]. Although African
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Americans are more likely to be treated in large academic hospitals [37] and
more likely than whites to reside in areas with advanced-technology cardiac
services [85], when such services are not available, they are less likely than
whites to travel the distance to obtain advanced-technology cardiac services at
the time of acute myocardial infarction [85]. This may account for some of the
disparities in obtaining invasive procedures when unavailable to them. Even
after adjusting for provider type, number of hospital beds, geographic region,
hospital services, and hospital academic status, Sonel et al. found that differ-
ences in care still persisted [37]. Bradley et al. found that a substantial portion
of the disparity in time to acute reperfusion therapy (door to drug, door to
balloon) in patients hospitalized with ST-segment elevation myocardial infarc-
tion was accounted for by the specific hospital to which patients were admitted,
not to differential treatment by race within a given hospital, according to NRMI
data. Therefore, hospital-to-hospital differences in time to reperfusion by race
was not attributable to quality assurance factors such as hospital volume, teach-
ing status, or urban/rural location [86]. African Americans visit hospitals that
have lower rates of evidence-based medical treatment, higher rates of cardiac
procedures, and worse risk-adjusted mortality after acute myocardial infarc-
tion [87].

Certain physician characteristics have also been linked to barriers to optimal
care in African Americans. African Americans are significantly less likely to
obtain specialty cardiac care and less likely to see a board-certified physician
[84, 88]. In addition, physicians themselves may carry certain detrimental
expectations in that they may assume that African-American patients in general
are less willing to pursue more invasive treatments [84].

Patient characteristics such as socioeconomic economic status, income,
insurance factors, and education also play a role in the disparity of care [89,
90]. Even after adjustment for insurance factors, disparities were still observed
[37]. According to a Veterans study by Whittle et al. [91], when financial incen-
tives for physicians were absent, whites were still more likely than African
Americans to undergo invasive procedures. Furthermore, because of differ-
ences in attitudes from whites about procedural risk, African Americans are
generally less willing to undergo invasive procedures [92]. Also, a patient’s level
of education seems to play a role in his or her willingness to accept a physician’s
recommendation to undergo cardiac catheterization. Schecter et al. showed that
coronary care unit patients who attended high school or higher levels of educa-
tion were more likely to be white and more likely to undergo cardiac catheter-
ization [93].

African Americans are as likely as whites to receive older well-established
medical regimens (aspirin, beta-blockers, ACE inhibitors) in the setting of an
acute coronary syndrome; however the use of newer medical therapies (e.g.,
glycoprotein IIb/IIIa inhibitors, clopidogrel, and statins) is much lower [37].
Finally, Sonel et al. speculated that the underrepresentation of African Ameri-
cans in clinical trials of newer therapies may account in part for the different
expectations of the impact of administering such therapies [37].
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Compliance and Barriers to Treatment and Trust Issues

African Americans in general appear to be less likely than whites to comply
with prescribed medications. In a retrospective study comparing medication
compliance among Medicaid-insured patients who were given first-time pre-
scriptions for oral antidiabetic agents, African Americans had a 12% lower
adherence rate than whites [34]. Such low rates of adherence may be related to
lower socioeconomic status and to lower levels of education. A study published
by the Institute of Medicine in 2002 found that African Americans, Hispanics,
and Native Americans have a burden of illness and mortality from diabetes that
is between 50% and 100% higher than that among whites and that some of the
disease burden may be attributed to medication noncompliance.

To assess whether disparities in outcomes were related to medication compli-
ance, Shenolikar and colleagues at Wake Forest in Winston-Salem, North
Carolina, examined a group of Medicaid-insured patients with a new, first-time
oral prescription for diabetes. The cohort included 1,527 African Americans,
1,128 white patients, and 514 patients of other racial/ethnic backgrounds. Medi-
cation adherence was determined by assessing the ratio between prescriptions
and refills, with the assumption that a refill implies that the patient had taken
the prescribed drug. The outcome was expressed as a medication possession
ratio, calculated as the number of days that the patient possessed a prescription
divided by the number of days between refills. Multivariate regression analyses
were used to determine the difference in adherence rates, adjusting for other
covariates, including demographic characteristics (such as age and gender),
clinical confounders (such as use of health care services over the previous 12
months), type of therapy, total number of medications, and number of comor-
bidities. They found that whites had significantly higher adherence rates than
African Americans (0.59 [SD =0.31] vs. 0.54 [SD = 0.31]; P < 0.05). Whites took
their medication 59% of the time, compared with African Americans, who took
their medications 54% of the time. In multivariate analyses, the difference
translated into a 12% lower compliance rate among African Americans after
adjustment for covariates [94].

In addition to generally lower socioeconomic status and lower education
levels, lack of trust in the health care system may also contribute to noncompli-
ance and barriers to treatment in the African-American population as a whole.
The legacy of the Tuskegee experiment, which was created purportedly to
improve the health status of African Americans but ethically violated and failed
to educate and treat its study participants, has also laid the foundation for
today’s pervasive sense of African-American distrust in health professionals
and public health systems in general [95].

It is clear that patterns of trust in our healthcare system differ by race.
Although the Tuskegee experiment may have contributed largely to this mis-
trust of medical care, other broader historical and personal experiences should
not be excluded. Improved understanding of these factors is essential for
enhancing patient access to and satisfaction with the health care system. Hence,
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to help improve the health of our African-American and Hispanic patients, we
must rebuild their trust by being staunch advocates for their well-being and
holding ourselves to the highest ethical and moral standards.

Conclusion

When compared with whites in the United States, African Americans and His-
panics appear to have greater morbidity and mortality secondary to CHD. This
is due to higher prevalence and increased clustering of risk factors, occurrence
at younger ages, atypical presentations, a higher incidence of out-of-hospital
sudden cardiac death as the initial presentation, delays in disease recognition
and in presentation for medical treatment, more extensive atherosclerotic
burden at presentation, disparity in treatment and access to care, perception
biases, greater noncompliance, and generally lower socioeconomic status and
education.
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Coronary Artery Spasm and Chest Pain
with Normal Coronary Arteries

Randy E. Cohen, Atul Kukar, Olivier Frankenberger,
and Henry H. Greenberg

When evaluating acute chest pain, as in most other aspects of medicine, the
foremost concern is with immediate life-threatening conditions; conditions
that cannot afford to be missed. Although this role often falls on that of the
emergency room physicians, it is essential for all to be aware of this acute dif-
ferential diagnosis and the means by which to evaluate these conditions. In
addition to acute myocardial infarction (AMI), life-threatening chest pain syn-
dromes include aortic dissection, acute pulmonary embolism, tension pneumo-
thorax, and esophageal rupture. Other serious conditions include microvascular
disease, hypertrophic cardiomyopathy, aortic stenosis, myocarditis, pericardi-
tis, coronary artery bridging, and coronary artery spasm. These conditions can
present with a myriad of symptoms that at times makes them difficult to discern
from acute coronary syndromes (ACS).

When coronary arteries are referred to as “normal,” it implies that from a
luminographic perspective, as seen with routine coronary angiogram, there
appears to be no coronary artery disease (CAD). This normal appearance
would include a lack of any visible stenosis or ectatic coronary arteries.

To most cardiologists, chest pain syndromes with normal coronary arteries
(CPNCOR) represent a diagnostic challenge. Ruling out significant epicardial
coronary artery disease is clearly not enough as other fatal syndromes need to
be diagnosed and managed rapidly. A thorough investigation of chest pain is
indicated in order to define an etiology, initiate goal-directed therapy, alleviate
patient fears, and improve functional status [1].

Although there are many methods of classifying the various etiologies of
CPNCOR, one intuitive method is anatomical (Table 22.1): coronary versus
noncoronary. Coronary causes may be further subdivided into epicardial dis-
eases (including coronary artery spasm, endothelial dysfunction, and myocar-
dial bridging) and cardiac diseases with coronary microvascular dysfunction
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TasLe 22.1. Etiology of chest pain with normal coronary arteries.

1. Coronary

(a) Epicardial disease
i. Coronary artery spasm
ii. Endothelial dysfunction
ii. Myocardial bridging

(b) Cardiac disease with coronary microvascular dysfunction
i. Hypertension
ii. Cardiomyopathy
iii. Valvular heart disease
iv. Diabetes

2. Noncoronary
(a) Cardiac and vascular diseases
i. Pericarditis
ii. Myocarditis
iii. Large vessel vasculitis
iv. Aortic dissection
(b) Noncardiac diseases
i. Pulmonary
ii. Gastrointestinal
ii. Musculoskeletal
v. Psychological

(including hypertension, cardiomyopathy, valvular disease, and diabetes).
Noncoronary etiologies may be further subdivided into cardiac (including
myocarditis, pericarditis, large-vessel vasculitis, and aortic dissection) and
noncardiac (including pulmonary, gastrointestinal, musculoskeletal, and
psychological).

Epidemiology

Whereas the number of emergency department (ED) visits for chest pain
exceeded 4 million (almost 4% of all ED visits) for the year 2003 [2], the per-
centage of patients with self-described anginal symptoms and normal coronary
arteries is less clear. In fact, by definition, patients with CPNCOR have been
exposed to the health care system usually more than once, ruled out for epicar-
dial coronary disease by cardiac catheterization, and often discharged home
without any definitive diagnosis or management plan. The significance of the
problem has been addressed in the cardiology literature, where up to 30% of
all patients presenting to cardiac catheterization laboratories for chest pain
syndromes end up having normal coronary arteries [3-5]. The exact ethnic,
gender, and socioeconomic backgrounds of patients presenting with CPNCOR
are less well defined.
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Economic Impact

The estimated direct and indirect health care costs for CAD for the year 2006
are in the range of $142 billion [6]. Although the specific direct health care costs
as it relates to patients with CPNCOR may be more difficult to define, given the
repeated hospitalizations, diagnostic procedures, and therapeutic interven-
tions, it is certainly not insignificant. Similarly, there are sizable indirect costs
as it relates to lost productivity, sick time, and worker’s compensation.

It has also been observed that despite normal angiographic findings and the
favorable event-free survival (99% at 5 years and 98% at 10 years), up to 50%
of patients are unable to perform moderate-vigorous activities, and up to 70%
continue to experience persistent chest pain symptoms requiring return visits
to ED, outpatient centers, and medical offices, further affecting health care
resources and expenditures [7].

Etiologies of Chest Pain with Normal Coronary Arteries

Coronary
Epicardial Diseases
Coronary Artery Spasm

Variant angina, traditionally referred to as Prinzmetal angina, is believed to
be secondary to spasm in normal or mildly narrowed coronary arteries. It
usually does not present with relation to physical exercise and commonly
occurs in the setting of a trigger, such as cold temperatures or emotional stress.
Although it is a rare cause of CPNCOR, it is associated with an increased risk
of AMI, ventricular arrhythmias, and sudden cardiac death.

It needs to be considered in patients with a long history of chest pain and no
significant stenosis seen on coronary angiogram. Its pathophysiology remains
uncertain but likely has its foundation in endothelial dysfunction, platelet acti-
vation, and the subsequent release of vasoconstrictors, abnormal smooth
muscle contraction, and diminished nitric oxide levels. It appears to have a
relatively higher incidence in Japanese patients and displays a male
preponderance.

The pain of coronary spasm is often identical to that of AMI and thus is dif-
ficult to distinguish by history. It occurs more commonly in the early hours of
the morning. An absence of risk factors should increase suspicion for variant
angina, although cigarette smoking is a common risk factor for both. Hyperten-
sion and insulin resistance have been associated with a higher incidence of
variant angina. Diagnosis remains difficult to make, as angiographic demon-
stration of spasm is necessary. Although it can occur in a stenotic segment of
a coronary artery, it often occurs adjacent to a fixed stenosis. Electrocardio-
graphically, it can present with ST elevations on the ECG, as it is a form of
transient total coronary occlusion.
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Diagnostic options include a formalized period of hyperventilation preceding
treadmill testing, ambulatory ECG monitoring, and chemical provocation during
coronary angiography. The results of exercise treadmill testing are highly vari-
able and patients may equally show ST elevations, depressions or no change.

Chemical provocation has been considered to be the diagnostic test of choice
in patients. It is contraindicated in patients with fixed coronary artery stenosis,
as it may increase the risk of infarction. Ergonovine maleate, an ergot alkaloid,
exerts a direct constrictive effect on smooth muscle in the vasculature via stimu-
lation of alpha-adrenergic and serotonergic receptors. Coronary arteries prone
to spasm have an abnormal sensitivity to this agent. It is also possible to use
methylergonovine maleate, acetylcholine, and even hyperventilation. Absolute
contraindications to either ergot derivative include high-grade stenosis any-
where in the coronary tree, severe left ventricular dysfunction, moderate to
severe aortic stenosis, pregnancy, and severe hypertension. Nitrates and calcium
channel blockers (CCBs) must be held for at least 48 hours prior to the test in
order to ensure its validity. Coronary artery spasm will persist throughout systole
and diastole and usually resolve with the use of intracoronary nitroglycerin.

The mainstay of medical therapy for coronary vasospasm includes the use of
oral nitrates and CCBs. Long-acting nitrates help reduce the frequency of
attacks, and short-acting nitrates are used as the mainstay of therapy for acute
episodes of angina and myocardial ischemia. Nitrates, by acting as an exoge-
nous source of nitric oxide, induce vascular smooth muscle relaxation via
stimulation of intracellular cyclic GMP. This leads to direct vasodilation of the
coronary arteries and venous capacitance vessels, both resulting in a decrease
in myocardial oxygen consumption.

Dihydropyridines (i.e., amlodipine, nifedipine) exert a greater vascular selec-
tivity over non-dihydropyridines (i.e., verapamil, diltiazem), which also inhibit
the impulse conduction within cardiac nodal tissue. Both categories of CCBs
can be useful in coronary artery spasm because of the ability to directly relax
coronary smooth muscle cells and produce coronary vasodilation.

Although beta-blockers may seem an appropriate choice for treatment of the
often underlying coronary artery stenosis, they have the potential of allowing
unopposed alpha-mediated coronary constriction by blocking beta-induced
vasodilation. Thus, unless otherwise indicated for more serious conditions,
beta-blockers should be avoided in patients with known or suspected coronary
spasm.

Endothelial Dysfunction

The clinical presentation of the patient with isolated endothelial dysfunction
can be somewhat similar to that of patients with ACS. Both groups of patients
may give a history of chest pain symptoms ranging from typical to atypical,
both may have a wide variety of risk factors for CAD, and both may have
varying degrees of positive stress tests. The main differentiating factor is the
presence of epicardial CAD in one and its absence in the other.
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Although the diagnosis of endothelial dysfunction can be made by non-inva-
sive methods (e.g., brachial artery flow-mediated dilation), the gold standard
remains the assessment of coronary blood flow (using provocative agents such
as acetylcholine) during cardiac catheterization. Under normal conditions
when healthy coronary endothelium is exposed to acetylcholine, the vasocon-
strictive effects of the drug are counteracted upon by the normal physiologic
release of endothelial-derived vasodilators (nitric oxide, prostacyclin). When
the integrity of the endothelium is lost (due to, for example, CAD), the intrinsic
endothelial-derived vasodilators are unable to counteract the effects of acetyl-
choline, producing a net decline in coronary blood flow. A positive study is one
in which the coronary artery diameter is reduced by >20% in response to ace-
tylcholine challenge.

Despite our ability to accurately diagnose endothelial dysfunction, once the
presence of epicardial CAD has been ruled out, if the clinical suspicion exists,
there is little additional yield in performing invasive physiologic studies.
Because there is no definitive, clinically proven therapy for endothelial dysfunc-
tion, focus is directed toward aggressive risk factor modification.

Myocardial Bridging

On rare occasion, a sliver of myocardium grows over the coronary artery during
development or a coronary artery may “dive” within the myocardium and exit
further along its course to return to its normal epicardial position. This condi-
tion is often found incidentally and patients are often asymptomatic, as the
majority of blood flow in the coronary arteries occurs during diastole and
compression of the artery occurs during systole as the myocardium contracts.
The situation may worsen with exaggerated myocardial thickness as seen in the
hypertrophied myocardium of hypertensive heart disease. The extrinsic com-
pression may worsen with exercise and cause angina. On occasion, there can
be concomitant atherosclerosis of the intramyocardial segment thought to be
secondary to the additional stress placed on the artery.

The mainstay of therapy has been beta-adrenergic blocking agents. They
function by decreasing heart rate, which increases time for diastolic filling, and
decreasing the systolic phase, which is when constriction and symptoms occur.
CCBs may also be used as treatment to have the added advantage of treating
vasospasm, which has been implicated as a concomitant cause of symptoms
[8]. Long-acting nitrates should be avoided, as they may induce vasodilation in
nonbridged segments and effectively increase the degree of obstruction. Short-
acting nitrates (i.e., sublingual nitroglycerin) may be used for acute pain if felt
due to spasm as well. Myotomy of the sliver of myocardium overlying the coro-
nary artery has been successfully performed in medically refractory cases [9].

Cardiac Diseases with Coronary Microvascular Dysfunction
Hypertension

It is not uncommon for patients with a long-standing history of hypertension
(HTN) to experience symptoms of chest pain, either typical or atypical in
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nature. In fact, these patients may present with chest pain symptoms and a
spectrum of blood pressure readings ranging from normotensive to hyperten-
sive emergency. Echocardiographic evaluation of these patients often yields
findings of concentric left ventricular hypertrophy (LVH), diastolic relaxation
abnormalities, elevated filling pressures, or some combination of the above.
When patients with long-standing HTN undergo exercise stress testing (with
either echo or nuclear imaging) as part of an evaluation for chest pain symp-
toms, findings may range from normal perfusion and wall motion to significant
perfusion defects and localized wall motion abnormalities suggestive of signifi-
cant epicardial coronary disease. It is, however, not uncommon that many of
these patients with abnormal stress tests continue on to have cardiac catheter-
izations revealing normal epicardial coronary arteries. All too often, patients
with this presentation are told that the stress test was falsely positive, dis-
charged home without a clear explanation for their chest pain symptoms, and
told to follow up with their primary care physician to purse noncardiac etiolo-
gies for their symptoms. However, recent data suggest that there may in fact be
a cardiac etiology for hypertensive patients presenting with CPNCOR. One
proposed mechanism is a reduction in coronary blood flow due to an increase
in microvascular resistance. The pathophysiology behind the increased micro-
vascular resistance involves compression of the microcirculation by either
hypertrophied myocardium or by elevated filling pressures [10]. Another pos-
sibility is that in patients with HTN and LVH on ECG, there is a reduction in
coronary flow reserve that is distinctly different from hypertensive patients
without LVH or EKG and with normal controls [11]. If either or both of these
potential mechanisms are active, then the stress tests may in fact not be falsely
positive but rather consistent with severe microvascular dysfunction in the
presence of normal epicardial coronary blood flow. Therefore, if patients have
evidence of cardiac end-organ damage (LVH, diastolic dysfunction, elevated
filling pressures) from long-standing HTN, present with chest pain symptoms,
and have normal epicardial coronary arteries, perhaps consideration of coro-
nary microvasculature dysfunction is warranted.

Despite one’s suspicion for microvascular dysfunction as a cause of CPNCOR,
however, treatment will nonetheless focus on aggressive blood pressure control,
minimizing further end-organ damage from the effects of HTN (both macro
and microvascular).

Cardiomyopathy

Although there may be many etiologies for a nonischemic cardiomyopathy,
including cardiotoxic substances, valvular and infiltrative diseases, and idio-
pathic causes, chest pain may be a common symptom and the reason patients
seek out medical attention. Once ischemia has been ruled out, attention may
be directed to other causes. In patients with dilated cardiomyopathies, chest
pain symptoms are thought to be due to an oxygen supply and demand mis-
match. One proposed mechanism involves myogenic compression of the micro-
circulation and/or microvascular endothelial dysfunction leading to a reduced
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coronary flow reserve (CFR) [12]. Regardless of the exact etiology for the chest
pain symptoms, treatment is geared toward optimizing cardiac performance
and volume status, as well as managing risk factors such as HTN, diabetes, and
hyperlipidemia.

In patients with hypertrophic cardiomyopathies, studies have found evidence
of reduced CFR, as well as reductions in the amount of small arterioles [13].

In patients with a cardiomyopathy due to an infiltrative disease such as
amyloid, deposits within the tunica media have been associated with reductions
in the luminal diameter of the microcirculation leading to ischemia [14].

One form of cardiomyopathy being increasingly described in the literature
is stress cardiomyopathy (also known as Takotsubo; transient apical ballooning
syndrome). Interestingly, these patients often present with chest pain symp-
toms suggestive of ACS, with dynamic ECG changes, mildly elevated cardiac
enzymes, moderate to severely reduced left ventricular function, but normal
(or near normal) epicardial coronary arteries. The prevailing hypothesis is that
these patients suffer from some acute form of emotional (e.g., death of a family
member or close friend; intense fear or anxiety) or physical stress (e.g., recent
motor vehicle accident; major surgery; acute illness) leading to supraphysio-
logic levels of catecholamines. This in turn leads to cellular injury and sub-
sequent microvascular spasm or microvascular endothelial dysfunction.
Fortunately, the majority of these patients recover spontaneously with only
supportive measures.

Valvular Heart Disease

Although there are many reasons patients with advanced valvular heart disease
may present to the hospital, chest pain symptoms can be among the more chal-
lenging. Although it is well documented that anginal symptoms are a part of
the constellation of problems patients have with severe aortic stenosis, the etiol-
ogy of the chest pain is not clearly understood. Similarly, anginal pains have
been described with other valvular disorders as well. In aortic as well as mitral
valve disease, impaired CFR has been proposed as a possible mechanism of
ischemia-related chest pain in the absence of epicardial coronary disease [15].
While it is known that chest pain symptoms improve after aortic valve replace-
ment in patients with aortic stenosis, it has been similarly described that CFR
improves (and chest pain resolves) after mitral valve replacement for severe
mitral regurgitation [16].

Idiopathic

Perhaps one of the more common conditions seen in clinical practice is the
patient with recurrent chest pain symptoms, normal (or near normal) epicar-
dial coronary arteries, and the absence of any other preexisting cardiac disease
(e.g., cardiomyopathy, valvular, or hypertensive heart disease). When this clini-
cal syndrome is associated with microvascular dysfunction (demonstrated by
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invasive or noninvasive measures), it is commonly referred to as Syndrome X.
Although the exact mechanism is not known, studies have demonstrated the
presence of microvascular endothelial dysfunction [17]. Like many of the other
causes of chest pain in patients with normal coronary arteries, treatment is
directed toward aggressive risk factor management.

Noncoronary
Cardiac and Vascular Diseases
Pericarditis

The pericardium is a fibrous sac that overlies the heart, preventing it from
overdistending and restrains it from excessive swinging in the chest. There is
normally 15 to 20mL of pericardial fluid between the visceral and parietal
layers. Pericarditis can occur as an isolated entity or as the result of a systemic
disease [18]. It is diagnosed in about 5% of patients who present to the emer-
gency room with chest pain.

Its etiology has a wide differential diagnosis, though it is often secondary to
a viral infection or idiopathic in origin. Some of the other causes include post-
myocardial infarction, postinfectious, secondary to dissecting aortic aneurysms
that bleed back into the pericardial space, chest trauma, neoplastic invasion of
pericardium, chest radiation, uremia, post-open heart surgery, in association
with systemic diseases (autoimmune or inflammatory), and secondary to phar-
maceutical agents. It is often difficult to determine the etiology of pericarditis
as laboratory examination rarely helps. It is reasonable to send a complete
blood count (CBC) and consider an ANA and rheumatoid factor if systemic
disease is suspected. Troponin levels can be elevated as well and are believed
to be secondary to epicardial inflammation rather than the necrosis that occurs
in vascular myocardial injury. Prolonged troponin elevation, greater than 2
weeks, suggests an associated myocarditis, which carries a worse prognosis.

The history of chest pain usually involves a description of sudden onset,
sharp and pleuritic pain that worsens with inspiration. Like ischemic pain, it
can radiate to the neck, arms, or shoulders. An interesting feature in the pre-
sentation of pericarditis is its unique characteristic of radiation to the trapezius
ridges, secondary to the phrenic nerve’s proximity to the pericardium. Although
its absence does not rule out pericarditis, its presence is a sensitive finding. In
addition, the pain is often positional in nature, improving when sitting up and
leaning forward, and worsening with the recumbent position.

On physical exam, a friction rub is often heard at some point during the
course of the disease. Because of its transient nature, patients need to be exam-
ined repeatedly. It is best heard with the patient leaning forward at the left
sternal border. It can be described as a high-pitched scratchy or squeaky sound.
It has three components, corresponding with atrial systole (only if patient is in
sinus rhythm), ventricular systole, and early rapid filling during diastole. The
rub can be triphasic, biphasic, or monophasic when auscultated. It is often
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heard at end expiration, which is in sharp contrast with a pleural friction rub,
which is heard throughout inspiration and expiration and obviously disappears
with cessation of respiration.

Some of the complications include pericardial effusion, pericardial tampon-
ade, recurrent pericarditis, and pericardial constriction. Tamponade is one of
the most feared complications and occurs more frequently when pericarditis is
secondary to neoplasm, tuberculosis, or acute infection in the pericardial space.
Hemodynamically, the rapid increase in pericardial pressure leads to impaired
filling and subsequent reduction in cardiac output.

Electrocardiography is useful in helping distinguish pericarditis from other
forms of chest pain. The ECG can progress through four phases. During the
acute phase of presentation (stage I), there is classically diffuse upward concave
ST-segment elevation and PR segment depression (or PR elevation in aVR). In
stage II there is normalization of the ST and PR segments. This is followed by
widespread T-wave inversions (stage III). The last stage (stage IV) consists of
normalization of the T waves. Stage I changes can be seen in up to 80% of
patients presenting with acute pericarditis. The ST elevations seen in AMI are
usually convex, localize to a coronary artery distribution, occur without PR-
segment depression, and occur together with T-wave inversions.

All patients require an echocardiogram in order to help distinguish etiology,
determine if there is an underlying wall motion abnormality, and to evaluate
for pericardial effusion. Treatment is largely for symptomatic relief and does
not usually prevent sequelae. The mainstay of therapy is nonsteroidal anti-
inflammatory drugs (NSAIDs). In the presence of CAD or with patients who
are high risk, aspirin (in doses up to 2 to 4g/day) should be the primary agent
used. Ibuprofen and indomethacin can be used, with ibuprofen (1,600 to
3,200 mg/day) being the preferred agent because of a lower incidence of side
effects. Colchicine (0.6 mg twice daily) is also an acceptable option for therapy
and can be used alone or in combination with NSAIDs. It should be used with
caution in patients with renal failure. It is the only therapy that has been asso-
ciated with a lower incidence of recurrent pericarditis [19]. If a patient contin-
ues to have chest pain despite therapy with NSAIDs and colchicine, or has
contraindications to both or either, glucocorticoids may be used. Steroids may
increase the incidence of recurrent pericarditis and have been noted to worsen
pericardial injury secondary to viral infections [20]. Thus, its use is usually
limited to cases of pericarditis that are believed to be secondary to connective
tissue diseases or severe recurrent pericarditis not responsive to traditional
therapy.

Myocarditis

Myocarditis is a set of diseases often caused by infectious, toxic, or autoimmune
pathologies all leading to the inflammation of the myocardium. It is difficult to
study, diagnose, and treat because of the wide variation of its presentation and
the diffuse nature of its consequences. Pathophysiologically, it is characterized
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early on by an infiltration of mononuclear cells and subacutely by cytotoxic T-
cells inducing cell lysis.

Its true incidence remains unknown, because it is often asymptomatic. It is
often thought to be caused by viruses including coxsackie, influenza, echovirus,
EBV, hepatitis C, and CMV to name just a few, but has also been seen with
radiation exposure, toxins, and systemic inflammatory conditions. In addition,
it may play an etiologic role in sudden cardiac death in young patients and
peripartum cardiomyopathy. It may also be secondary to an adverse toxic reac-
tion to drugs (including antibiotics, sulfonamides, AZT, and many others) and
environmental toxins such as lead and carbon monoxide. In this setting, eosin-
ophilia and fever are present with eosinophilic infiltrates found on biopsy.
Outside of the United States, it is often caused by other infectious etiologies,
such as Chagas disease and diphtheria. Acute myocarditis rarely leads to ful-
minant heart failure and death. On average, one third recover, one third develop
some scarring, and one third develop dilated cardiomyopathy with varying
degrees of dysfunction.

Most cases are subclinical and rarely present to a physician. An antecedent
viral syndrome is often noted on history, and patients may present with fatigue,
myalgias, and arthralgias. The chest pain presentation may be similar to that
of pericarditis—a sharp, pleuritic pain syndrome or like ischemic chest pain
with substernal pressure. On physical exam, patients can present with a myriad
of signs ranging from the nonspecific findings of a viral infection to severe heart
failure (pulmonary crackles, jugular venous distention, S3 and lower extremity
edema). In addition, any physical exam findings may encompass the same
findings seen in pericarditis and pericardial effusion as they often occur
concomitantly.

Although myocarditis involves direct cardiomyocyte inflammation, it does
not necessitate that there will be necrosis and release of troponin, and thus
elevations are only seen in a minority of patients. In addition, an elevated white
blood cell count and erythrocyte sedimentation rate (ESR) may be seen, though
they are not uncommon in myocardial infarction either. As with all chest pain
syndromes, an ECG should be performed rapidly upon presentation. Although
nonspecific, one may find sinus tachycardia, ST elevation without “reciprocal”
depressions, decreased QRS amplitude, and transient block including Mobitz
type I, II, or complete heart block.

Echocardiography is usually the test of choice in evaluating these patients and
it also has a myriad of nonspecific findings, which may include impaired left
ventricular systolic and/or diastolic dysfunction, segmental wall motion abnor-
malities, impaired ejection fraction, ventricular thrombus, and a pericardial
effusion. Magnetic resonance imaging (MRI) appears to be the gold standard as
it can show abnormal signal intensity in the affected myocardium.

Though frequently caused by infectious agents, the yield from blood tests
and myocardial biopsy is extremely limited. Biopsy yield is low because of the
patchy nature of involvement and is only diagnostic in up to 30% of cases.
Treatment usually focuses on the untoward effects of the myocarditis. For
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example, left ventricular dysfunction with heart failure is managed in the same
manner as is caused by any other etiology. Direct treatment of the underlying
disorder has not led to success in clinical trials. Many studies have focused on
attempting to immunomodulate the course of the disease process using such
agents as prednisone and cyclosporine with no convincing results. Of note, it
is important to avoid sympathomimetics, beta-blocking agents, and NSAIDs,
which may worsen or enhance myocardial inflammation and possible subse-
quent necrosis.

Aortic Dissection

Thoracic aortic dissection is one of the most dreaded underlying causes of chest
pain. It is essential to always maintain a high level of suspicion for this clinical
entity as anticoagulation therapy for conditions such as myocardial infarction
or pulmonary embolism can be fatal. An intimal tear is usually the culprit and
creates a connection between the tunica media and the aortic lumen, creating
a true and false lumen. The dissection may also begin secondary to bleeding in
the tunic media, causing an expanding hematoma between the aortic layers.
Lastly, rupture of the vasovasorum in the tunic adventitia may lead to dissec-
tion and intra mural thrombus formation.

The dissection usually traverses the aorta and often stops at a branch vessel
or plaque. There are three common sites where the dissection begins: the aortic
root, 2cm above the root, and just distal to the subclavian artery. Ascending
aortic dissection is the most dangerous and may lead to death from free wall
rupture, hemopericardium and tamponade, dissection of the coronary arteries,
or acute severe aortic regurgitation—we will focus our discussion on this type
of dissection. Other complications include stroke, renal failure, mesenteric
and lower limb ischemia, and paraplegia. The mortality rate for ascending
dissections is estimated at about 1% per hour without surgery for the first two
days [21].

Although the pathophysiology of the actual dissection is not well understood,
there are known risk factors. These include hypertension, connective tissue
disorders (especially Marfan syndrome), bicuspid aortic valve, arteritis, coarc-
tation of the aorta, pregnancy, cocaine use, and trauma. There are two basic
types of classification: the DeBakey and Stanford classification schemes. The
three types of dissection in the DeBakey system are

I: involvement of the entire aorta

II: involvement of the ascending aorta only
III: involvement of the descending aorta only
IIIA: dissection remains above the diaphragm
IIIB: dissecting aorta below the diaphragm

The Stanford classification strategy is more basic and a dissection is type A if
the ascending aorta is involved and type B if the descending aorta only is
involved.
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The pain presentation has specific features that may help distinguish it from
other chest pain syndromes. For example, it often has a sudden onset with the
most severe pain occurring at the beginning of its onset. This is also the case
for a pneumothorax and pulmonary embolism. However, ischemic chest pain
and esophageal disorders usually have a crescendo presentation. Also, the pain
of aortic dissection is usually described as a tearing sensation that radiates
between the scapulae. Yet, the elderly and women will not typically present with
this pain syndrome.

Physical exam findings are nonspecific, but a few signs may suggest aortic
dissection. Pulse deficits in the arms or legs are the most specific sign and can
be found in up to 30% of patients [22]. Often quoted, but of poor specificity, is
upper extremity blood pressure differential. Although differences are com-
monly found in the general population, a differential of more than 20mm Hg
serves as an independent predictor of dissection [23].

Specific diagnostic evaluation is a necessity if aortic dissection is suspected.
Misdiagnosis is not uncommon if the physician relies on history and physical
examination alone. Plain chest radiography is not adequate to rule out an
aortic dissection. Options for more definitive diagnosis include transesopha-
geal echocardiography (TEE), spiral CT, aortography, and MRI (only used for
hemodynamically stable patients because of time delays). Although CT and
TEE are considered to be safe and accurate, use of CT is limited in patients
with renal failure because of the use of intravenous contrast dye. In these situ-
ations and in order to assess the amount of acute aortic regurgitation, TEE is
a suitable alternate. In general, CT is preferred because it has a slightly higher
specificity and sensitivity, is not operator-dependent, and does not have the
“blind spot” (2cm proximal to the innominate artery) of a TEE [24]. Aortog-
raphy usually does not play an active role in acute diagnosis and may be per-
formed in stable patients when coronary anatomy needs to be visualized.
However, this need may be reduced as CT scan technology is advancing (i.e.,
64-slice spiral CT) and allowing visualization of coronary arteries and pulmo-
nary circulation.

Traditionally, treatment for Stanford type A dissections is acute surgical
therapy whereas Stanford type B patients are managed with aggressive blood
pressure control [25]. Descending aorta dissections can be intervened on when
there is branch vessel compromise with either open repair or fenestration
through the dissection to return flow to compromised territories.

Noncardiac Diseases
Esophageal/Gastric Disorders

Esophageal disorders are the most common type of noncardiac chest pain,
usually due to gastroesophageal reflux disease (GERD). Clinical symptoms are
often unreliable to differentiate esophageal disorders from ischemic chest
pain. Thus, this set of disorders is often evaluated after a thorough cardiac
evaluation. In addition to GERD, esophageal spasm, Mallory Weiss tear,
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achalasia, Boerhaave syndrome, and peptic ulcer disease are just a few other
disorders that can present with chest pain. Although we will not discuss all these
conditions, we chose a few that are seen often and one that is often fatal without
prompt recognition.

A diagnostic workup for GERD includes an upper gastrointestinal endos-
copy, 24-hour esophageal pH monitoring, and esophageal manometry. However,
most patients are initially treated with high-dose acid suppression, usually
with a proton pump inhibitor, and lifestyle/diet modification. Typical instruc-
tions include refraining from tomato sauce, peppermint, chocolate, alcohol,
cigarettes, and, although controversial, spicy food. In addition, patients are
instructed to refrain from lying down for up to 2 hours after eating and never
eating within a few hours of sleep. If symptoms do not resolve, patients are
often referred to a gastroenterologist for further evaluation.

Esophageal spasm is another entity that often mimics the pain syndrome
seen in myocardial ischemia. Like coronary pain, it can radiate to the jaw and
can be relieved with nitroglycerin. It can also present with globus (the sensation
that an object is trapped in the throat), dysphagia, and regurgitation. It can
occur in the setting of diffuse esophageal spasm or as an exaggerated response
to coordinated esophageal peristalsis as seen in nutcracker esophagus. Although
its pathophysiology is poorly understood, it is often associated with GERD and
is evaluated with use of esophageal manometry and barium swallow. Treatment
options include CCBs, nitrates, tricyclic antidepressants, botulinum toxin, dila-
tation, myotomy, and esophagectomy in refractory cases.

Mallory Weiss tears and Boerhaave syndrome exist along a continuum and
are mainly caused by emesis—usually forceful and excessive—leading to a
sharp increase in intraluminal pressure against a closed cricopharyngeus. The
tears are nontransmural while the syndrome encompasses a transmural per-
foration. Diagnosis is difficult because of a lack of classic symptoms, though
a recent history of vomiting and recent excessive dietary or alcohol intake is
usually present. The pain may radiate to the back or left shoulder and is aggra-
vated by swallowing. Hematemesis is usually seen with tears and not perfora-
tion. Shortness of breath is also common with perforation and is due to
pleuritic pain and/or pleural effusions. Also, subcutaneous emphysema and
pneumomediastinum can occasionally be noted on chest radiography and
physical exam (it may sound like a friction rub as it is coincident with each
heartbeat). Mallory Weiss tears are treated conservatively with intravenous
fluids, nothing per oral (NPO), and careful observation. Surgical intervention
is rarely required.

For Boerhaave syndrome, an esophagram or CT scan can help confirm the
diagnosis and is performed with Oral Contrast Agents, as barium can induce a
chemical mediastinitis. Boerhaave syndrome can be complicated by mediasti-
nitis, sepsis, and shock and is treated with broad-spectrum antibiotics, intra-
venous fluids, strict cessation of oral intake, and urgent surgery. Without
surgical intervention, it carries an excessively progressive and high mortality
rate—up to 90% after 48 hours.
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Pulmonary Disorders

Pulmonary disorders can present with a myriad of symptoms that can con-
found the diagnosis of chest pain. Some of the more common etiologies of
pulmonary-induced chest pain include pneumonia, pleurisy, pulmonary hyper-
tension, tension pneumothorax, and acute pulmonary embolism. The latter two
are the most acutely dangerous and will be the focus of discussion.

Tension pneumothorax occurs with the accumulation of air under pressure,
which is confined by the pleural space. This occurs when a “one-way” valve is
created that allows air to enter this potential space and prevents its natural
escape. As the pressure increases, the ipsilateral lung collapses, causing hypoxia
and a shift toward the contralateral side impinging both the lung and the vas-
culature entering the right atrium. This compromises venous return and leads
to progressively worsening cardiac output. Regardless of its cause, tension
pneumothorax leads to respiratory distress, cardiovascular collapse, and ulti-
mately death without treatment. Patients often present with chest pain, dyspnea,
and anxiety. On exam, hyperresonance and diminished breath sounds on the
affected side, tracheal deviation to the contralateral side, hypotension, dis-
tended neck veins, and cyanosis may be present. Although a chest x-ray can
confirm the diagnosis, there is often not enough time to obtain one. Treatment
consists of acute needle decompression followed by the more definitive therapy
with tube thoracostomy.

Acute pulmonary embolism (PE) has often been likened to a great masquer-
ader. As per findings in the PIOPED [26] (Prospective Investigation of Pulmo-
nary Embolism Diagnosis), the most common findings were dyspnea (73%),
pleuritic chest pain (66%), cough (37%), and hemoptysis (13%).

If left undiagnosed and untreated, it can lead to subsequent death usually as
the result of further embolic episodes. It is mainly a consequence of venous
thrombosis, which usually arises from the lower extremities though it may also
originate in the pelvic, renal, or upper extremity veins or in the right heart itself.
Most events are multiple in nature, affect the lower lobes more frequently, and
often produce pleuritic chest pain secondary to an inflammatory response.

Although the chest pain may be difficult to distinguish from that of an acute
myocardial infarction, the ECG is unlikely to show ischemic changes and the
pain does not usually resolve with nitroglycerin. The most common ECG find-
ingsincludesinustachycardiaand nonspecific ST-T wave changes. The “popular”
S1-Q3-T3 pattern of right heart strain is only seen in about 20% of patients with
proven PE. An essential part of the diagnosis is based on risk factors for venous
thrombosis, including recent surgery, prolonged immobility, pregnancy, oral
contraceptive use (especially with concomitant smoking), malignancy, long
bone fractures, indwelling venous catheters, and a hypercoagulable state.

Laboratory evaluation plays an important role in the diagnosis of PE. Arterial
blood gases are often performed and may show hypoxemia, hypocapnia, and
respiratory alkalosis. However, it can also be completely normal and should not
be used to make a definitive decision. D-dimer, on the one hand, is an excellent
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test as a normal result has a high negative predictive value. A positive test, on
the other hand, does not help in confirming the diagnosis. As part of a thorough
evaluation, deep vein thrombosis is looked for by using lower extremity ultra-
sound. However, this imaging form is limited in that it can only evaluate the
lower extremities up to the femoral veins and will “miss” deep vein thrombosis
in the iliac, pelvic, or inferior vena cava.

The diagnosis of PE is often further evaluated with imaging protocols. A
ventilation-perfusion (V/Q) scan is often performed, though usually a clear
chest x-ray is required for proper interpretation. In addition, the scans are
interpreted in reference to the pretest probability, as are most forms of cardiac
stress testing. They can be separated into diagnostic (normal or high probabil-
ity) or nondiagnostic (low or intermediate probability) and are further inter-
preted based on pretest likelihood. For example, a high-probability study may
have a specificity of ~85% and with a high pretest likelihood this may increase
to up to 95%.

The preferred imaging modality is the high-resolution spiral CT. This type of
imaging has the ability to detect lobar and segmental pulmonary emboli with a
sensitivity of greater than 90%. The disadvantages are that it may not detect
small subsegmental emboli, it requires the use of intravenous contrast, and the
patient must be able to hold their breath for at least 20 to 30 seconds in order to
maintain the sensitivity of the test. The gold standard is pulmonary angiography
though it is an invasive procedure (i.e., carries a risk of morbidity and mortality)
and also requires intravenous contrast dye. Other modalities that are employed
include MRI and echocardiography. TEE may be able to detect large central
emboli, and TTE is often used to demonstrate right ventricular dysfunction.

Acute respiratory distress is usually secondary to a combination of alveolar
dead space, pneumoconstriction, hypoxemia, and hyperventilation. Pulmonary
infarction, though uncommon because of bronchial arterial collateral circula-
tion, may ensue, leading to necrosis of the lung tissue. Although regional
hypoxemia occurs, systemic arterial hypoxemia is not a given. It is caused by
ventilation-perfusion mismatch, intrapulmonary shunts, and reduced cardiac
output. Hemodynamically, there is an increase in the pulmonary vascular resis-
tance thereby increasing right ventricular afterload. If severe, right ventricular
failure may ensue. Although a healthy lung and heart may be able to handle
substantial insult, a patient with poor cardiopulmonary status to begin with,
may experience more severe consequences.

There are a few different options for treatment. The mainstay of therapy
includes anticoagulation with a heparin and eventual long-term therapy with
warfarin sodium. The duration of therapy remains controversial depending on
the etiology and other clinical factors of the individual patient, but is usually
maintained for at least 6 to 9 months. Thrombolytic therapy is reserved for
those patients who are hemodynamically unstable or those with poor underly-
ing cardiopulmonary reserve. An echocardiogram demonstrating right heart
strain is often used to help guide therapy because it may herald systemic car-
diovascular collapse. In patients who have a contraindication to anticoagula-
tion or in those in which another PE may prove fatal, inferior vena cava filter
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may be used to help prevent further embolization to the lungs. However, recent
studies have shown that these filters may only have a role in acute prevention
(i.e., for only a few weeks).

Other etiologies of chest pain with normal coronary arteries include, but are
not limited to, postherpetic neuralgia, chronic pain syndromes, psychiatric
disorders, and muscular skeletal disorders.

Conclusion

Despite significant advances in the field of medicine, there are still many syn-
dromes that continue to challenge and mystify the practicing physician. One
classic example of this is the patient presenting with an unknown chest pain
syndrome. The differential can range from the most acute and life-threatening
(e.g., aortic dissection) to more chronic and debilitating syndromes such as
recurrent chest pain from endothelial or microvascular dysfunction. The initial
approach to these patients should focus on history and physical exam, as these
two methods alone can diagnose the majority of both acute and life-threatening
as well as chronic chest pain syndromes. Once the initial workup is complete
and significant obstructive CAD has been ruled out by coronary angiography,
other etiologies can be pursed as outlined in our algorithm (Fig. 22.1). Until

| Evaluation of the Patient with Chest Pain and Normal Coronaries |

Clinical presentation ¢ Patient with chest pain ) History suggestive of
consistent with aortic myocarditis, pericarditis or
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catheterization lab

v

History suggestive of . Myocardial Bridge
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Ficure 22.1. Approach to the patient with chest pain and normal coronary arteries.
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more definitive therapies exist for patients with chest pain and normal coronar-
ies, they will likely continue to present to our medical offices and emergency
rooms. Adequate documentation of testing and attempted therapies is key to
keep these patients as functional and pain-free as possible.
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Antihypertensive Therapy in the Acute
Coronary Syndrome Patient

Lauren Rosenberg, Gurusher Panjrath, Eyal Herzog,
and Franz Messerli

Hypertension is a well-known risk factor for coronary artery disease. It is there-
fore not uncommon that when patients present with acute coronary syndrome
(ACS), hypertension will be an important part of the management. In this short
review, we address the initial assessment and management of elevated blood
pressure in patients presenting with ACS.

Pathogenesis/Pathophysiology

Myocardial ischemia and infarction occur when the myocardial oxygen demand
cannot be met because of a decrease in myocardial blood flow or an increase
in myocardial oxygen demand. As a consequence, the goal of therapy in ACS
is twofold. The first goal is to increase or at least to maintain coronary flow,
and the second is to decrease the overall demand of oxygen by the myocardium.
Oxygen demand is determined by several factors among which the most impor-
tant ones are heart rate, myocardial contractility, myocardial wall tension or
stress, and myocardial mass.

Myocardial wall tension is proportional to the aortic pressure, and myocar-
dial oxygen demand doubles when the mean aortic pressure increases from 75
to 175mm Hg at a constant heart rate and a constant stroke volume. Conversely,
lowering the pressure will, in general, reduce myocardial oxygen demand. It
stands to reason therefore that treating hypertension in the setting of ACS will,
in general, have a beneficial effect. We have to remember though that there are
no outcome data attesting to this.

A not uncommon complicating factor of long-standing hypertension is left
ventricular hypertrophy (LVH), which has been shown to increase myocardial
oxygen demand. LVH is a blood pressure-independent risk factor for myocar-
dial infarction, congestive heart failure, and stroke. Patients with LVH are
therefore at a particularly high risk for ACS. The hypertrophied myocardium
has been shown to be relatively underperfused making it more prone to
ischemia[1].
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Similar to blood pressure, an increase in heart rate has been shown to increase
myocardial oxygen demand. Conversely, lowering heart rate will diminish
oxygen demand.

Clinical Considerations

It must be emphasized that there are currently no outcome studies showing
that decreasing blood pressure in hypertensive patients in the setting of ACS is
beneficial. Therefore, treatment strategies outlined here are based on the patho-
genetic mechanisms of the disorder and on the theoretical advantage of improv-
ing myocardial oxygen balance. Several questions need to be considered in the
hypertensive patients with ACS. Perhaps the most important one is what the
goal blood pressure should be. Although there are no data behind any number
or percentage, American College of Cardiology (ACC) guidelines recommend
that mean arterial pressure should not be lowered by more than 25%. This
recommendation is based on the thought that in lowering blood pressure too
abruptly, perfusion pressure may drop and this may have deleterious effects.
Indeed, we have shown in the INVEST study [2], in which all 22,000 patients
had coronary artery disease and hypertension, that too low a diastolic pressure
can be harmful. When diastolic pressure fell below 70 mm Hg, primary outcome
doubled. When it fell below 60 mmHg, it actually quadrupled. The primary
outcome was a composite end point of all-cause death, nonfatal stroke, and
nonfatal myocardial infarction. The nadir for diastolic blood pressure was
84mm Hg and the nadir for systolic pressure in INVEST was 119 mm Hg, with
a much more shallow curve than for diastolic pressure. Because coronaries are
the only vascular bed that is perfused during diastole only, a J-shaped curve
between diastolic pressure and coronary events should not be surprising. Of
note, however, patients in the INVEST study had chronic, stable coronary heart
disease and any extrapolation from this entity to ACS patients is speculative.
Nevertheless, we think that, similar to the situation with stable CAD, lowering
diastolic pressure below 70 to 80mmHg in the setting of ACS should be
avoided.

Another issue to consider in a hypertensive patient with ACS is the possibility
that the ACS may actually be the result of a hypertensive emergency. The deci-
sion, which is the chicken and which is the egg, is a clinical one but not unim-
portant. The pathogenetic mechanism of disease is different, and as a
consequence, therapy may be different as well, particularly with regard to anti-
coagulation and platelet inhibition.

Treatment

By definition, all antihypertensive drugs lower blood pressure, and there are
numerous drug classes available for the treatment of hypertension. For obvious
reasons, the therapeutic choices become somewhat restricted. In this chapter,
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we outline the various agents available and the appropriate dose for their use
in the management of hypertension in the setting of ACS. We should remember
that patients presenting with ACS often require emergent reperfusion or throm-
bolytics. A systolic blood pressure above 180mmHg or a diastolic above
110mm Hg is a relative contraindication to the use of thrombolytics. Regardless
of whether the patient will go to the cardiac catheterization lab or will be treated
with thrombolytics, reperfusion is first priority, and administration of antihy-
pertensive therapy should not be a cause for delay.

Nitroglycerin

Nitroglycerin is an endothelium independent vasodilator with many effects on
the cardiovascular system. The primary physiologic action of nitrates is vaso-
dilation of veins, arteries, and arterioles through the relaxation of vascular
smooth muscle. It decreases preload by venodilation, therefore causing periph-
eral pooling and a decrease in myocardial oxygen consumption (MVO,).
Nitrates also reduce afterload via dilation of the arterial system, although to a
lesser extent. Nitroglycerin dilates both normal and atherosclerotic coronary
arteries and promotes redistribution of coronary blood flow to ischemic regions.
Nitroglycerin also has an effect on the systemic arterial circulation, causing
decrease in afterload, and therefore a decrease in wall stress and MVO,.

Dosage and Administration

Patients are often treated initially by EMS or in the emergency department
with sublingual nitroglycerin or nitroglycerin paste, which may or may not be
effective in decreasing anginal symptoms and blood pressure. However, for
the management of hypertension, the intravenous formulation is more
appropriate.

Treatment should be initiated with a bolus of 12.5 to 25ug and should be
followed by intravenous infusion at a rate of 10 to 20 lg/min. Patients on intra-
venous nitroglycerin should be monitored closely with frequent blood pressure
measurement and assessment of clinical response. The dose can be increased
by 10pug/min every 3 to 5 minutes if blood pressure or anginal pain has not
adequately decreased. Once a partial blood pressure or symptom response is
achieved, the dosing increments should be decreased and the time between
increasing doses should be lengthened. The maximal dose for intravenous infu-
sion of nitroglycerin is generally thought to be 200 ug/min.

Patients who are treated with nitroglycerin, either by transdermal patch or
with intravenous infusion, may develop tolerance to the medication. This has
in fact been seen in up to 50% of patients treated with the intravenous formula-
tion [3]. This should be suspected in any patient receiving high doses of nitro-
glycerin with little clinical response and indicates that another agent may be
necessary. To avoid the development of tolerance in patients being treated with
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transdermal nitroglycerin, we recommend a 6-hour nitroglycerin-free period
every 24 hours.

Contraindications

Nitroglycerin should be avoided in patients who have used phosphodiesterase
inhibitors such as sildenafil (Viagra, Pfizer, New York) in the previous 24
hours, as they can potentiate the effects of nitroglycerin and cause profound
hypotension [4]. Side effects of nitroglycerin include headache and hypo-
tension, and it should be used with caution in patients who are bradycardic
(heart rate below 50 beats per minute) or have suspicion of right ventricular
infarction.

Beta-Blockers

Beta-blockers have multiple advantageous effects in the setting of ACS. By
blocking the effects of circulating catecholamines on cell membrane beta-
adrenergic receptors, they have antiarrhythmic, anti-ischemic, and antihyper-
tensive properties. Beta-blockers decrease myocardial oxygen demand and
cardiac workload by reducing heart rate and contractility. This contributes in
lowering systemic blood pressure. In addition, the effect of increasing diastolic
time increases coronary perfusion time.

Multiple trials have shown the advantages of early treatment with beta-
blockers. In ISIS-1 [5], more than 16,000 patients were assigned to treatment
with atenolol or usual care. Overall mortality from vascular causes was reduced
by 15%, and this mortality benefit was still significant at 1 year. In TIMI IIB [6],
1,434 patients who were treated with tissue plasminogen activator (TPA) for
ST-elevation myocardial infarction were given either immediate metoprolol
followed by daily dosing or a delayed start of metoprolol at days 6 to 8. At 6
days, fewer patients in the immediately treated group had nonfatal reinfarction
or recurrent chest pain. There was no mortality difference between these groups,
but this may have been due to an overall small number of deaths.

In the COMMIT trial [7], 45,852 patients who presented with an acute myo-
cardial infarction were randomized to receive up to 15mg of intravenous meto-
prolol followed by a daily dose of 200mg metoprolol or placebo. The two
primary end points of the study were (1) composite of death, reinfarction, or
cardiac arrest; and (2) death from any cause during the scheduled treatment
period. Patients were followed up at day of discharge or at 28 days, whichever
came first. In this study, there was no significant difference between metoprolol
and placebo for the primary end points that were specified. Further analysis
showed that a greater number of patients in the placebo group had reinfarction
and a greater number had ventricular arrhythmias. This positive effect of meto-
prolol was counterbalanced by a greater number of patients in the metoprolol-
treated group having cardiogenic shock. There was some criticism of this study,
because the study included patients in overt heart failure. Some have argued
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that this inclusion may have caused the increased number of patients that
developed cardiogenic shock. In our opinion, the results of this study reinforce
that the use of beta-blockers in the setting of acute myocardial infarction should
be selective and only given in the appropriate clinical setting.

Dosage and Administration

Beta-blockers should be administered to all high-risk patients intravenously
followed by an oral dose. There is no evidence that one agent is superior to
another; however, a beta-blocker without sympathomimetic effects should be
used. We recommend use of intravenous metoprolol 5mg every 5 minutes for
a total of 3 doses (15mg total), followed by 25 to 50 mg orally every 6 to 12
hours. This is a general guideline, and heart rate and blood pressure responses
should be monitored for optimal dosing with the goal for heart rate between
50 and 60bpm. Although we describe the use of metoprolol, patients at our
institution are generally discharged on either metoprolol succinate or
carvedilol.

Contraindications

Beta-blockers should be avoided in patients with symptomatic bradycardia,
prolonged first-degree atrioventricular (AV) block, high-grade second-degree
block, third-degree block, and in patients in overt heart failure. There is a rela-
tive contraindication to beta-blockers in patients with a history of asthma and
in patients with a history of severe chronic obstructive pulmonary disease
(COPD). Response to beta-blockers in patients with asthma or COPD can be
tested with a small dose of a short-acting 3, selective agent, and if it is tolerated,
longer-acting agents can be used.

Calcium Channel Blockers

Calcium channel blockers have antianginal, vasodilatory, and antihypertensive
properties. Calcium channel blockers are composed of two groups: dihydro-
pyridine calcium channel antagonists (e.g., nifedipine and amlodipine) and
non-dihydropyridine calcium channel antagonists (e.g., verapamil and diltia-
zem). Both decrease the influx of calcium ions across cardiac and smooth
muscle cell membranes. Whereas the dihydropyridines primarily affect the
peripheral vascular smooth muscle and cause its relaxation, non-dihydropyri-
dines have more potent cardiac effects, including depression of myocardial
contractility, heart rate, and AV node conduction. All of these agents have
similar coronary vessel dilation properties.

The calcium channel blocker nifedipine, a dihydropyridine, has been exten-
sively studied in the setting of ACS. In the TRENT study [8], 4,491 patients
with suspected myocardial infarction were assigned to receive nifedipine
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(10mg four times daily) or placebo within 24 hours of onset of chest pain. In
this study, there was a 7% increase in mortality in the nifedipine group;
this increased mortality was a trend, with a non-significant P value. This trend
of higher mortality was also seen in the SPRINT II [9] trial in which 1,358
patients received either 20mg of nifedipine or placebo in the setting of acute
myocardial infarction. This trial was terminated early because of a failure to
show benefit and a trend toward higher mortality in the nifedipine-treated
group.

Nifedipine and other rapid-release, short-acting dihydropyridines are con-
traindicated in the setting of unstable angina/non-ST-elevation myocardial
infarction (UA/NSTEMI) by causing a rapid drop in blood pressure and a reflex
activation of the sympathetic nervous system. Clearly, no short-acting calcium
antagonist should be used in an ACS patient. Indeed, American College of
Cardiology/American Heart Association (ACC/AHA) guidelines strongly rec-
ommend against the use of immediate-release dihydropyridine calcium antago-
nists unless a beta-blocker is administered concurrently. ACC/AHA guidelines
recommend the alternative administration of a non-dihydropyridine calcium
antagonist to patients with persistent or frequently recurring ischemia, or in
patients with atrial fibrillation or atrial flutter with rapid ventricular response,
if a beta-blocker is contraindicated and severe left ventricular dysfunction is
absent. An oral, long-acting calcium antagonist such as amlodipine is certainly
an acceptable antihypertensive drug in a patient who has been given a
beta-blocker.

Angiotensin-Converting Enzyme Inhibitors

There are multiple large, randomized clinical trials that have proved the benefit
of administration of angiotensin-converting enzyme (ACE) inhibitors early on
in the course of an acute myocardial infarction. They have been shown to
reduce LV dysfunction and dilatation and slow the progression to congestive
heart failure. Most of these trials suggest benefit within the first 24 hours after
presentation, after reperfusion, and once blood pressure has stabilized. In ISIS-
4 [10], 58,050 patients were assigned to treatment with captopril (titrated from
an initial dose of 6.25mg) or placebo for 28 days. The study found a 7% reduc-
tion in mortality at 35 days and this benefit was also seen at 1 year.

In CONSENSUS II [11], more than 6,000 patients who presented with acute
myocardial infarction were treated with intravenous enalapril, followed by oral
enalapril or placebo for 6 months. This trial was terminated early because of
hypotension that was seen in predominately elderly patients and a high proba-
bility that enalapril was not superior to placebo. This adverse effect and the lack
of benefit were attributed to the early use of intravenous enalapril. This has
been adapted by the ACC/AHA guidelines, and an intravenous ACE inhibitor
is relatively contraindicated in the first 24 hours of a ST-elevation myocardial
infarction (STEMI), because of the risk of hypotension.
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Morphine

Morphine sulfate is commonly used in myocardial infarction for its potent
analgesic and anxiolytic properties. Additionally, morphine has beneficial
hemodynamic effects, including venodilation and reduction in heart rate and
systolic blood pressure. However, no randomized trials have established the
unique impact of morphine on myocardial ischemia. Intravenous morphine
sulfate administered to relieve anginal symptoms, pulmonary congestion, or
anxiety may contribute to reduction of blood pressure. Adverse effects include
hypotension, nausea, vomiting, and respiratory depression.

Nitroprusside

Nitroprusside is effective at both arterial and venous dilation and therefore in
reducing both preload and afterload. It is rapidly metabolized, its onset of
action is very rapid, and it is therefore very easily titrated for the desired hemo-
dynamic effect. It is a commonly used drug in hypertensive emergency for these
reasons.

Nitroprusside should not be used in the setting of active ischemia because
the dramatic afterload-reducing effects may cause decreased flow in coronary
arteries with significant lesions, with an increase in flow through normal
vessels.

Hydralazine

The main effect of hydralazine is reduction of afterload by a mechanism that
remains unclear. It has a short half-life and may cause a reflex increase in sym-
pathetic nervous system activity. Because of the unpredictable effect of hydrala-
zine on blood pressure and the risk of hypotension, it is contraindicated in the
setting of ACS.
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Hyperglycemia Complicating the Acute
Coronary Syndrome: Algorithm for
Hyperglycemia Management During ACS

Emad Aziz, Eyal Herzog, and Nicholas H.E. Mezitis

Acute coronary syndrome (ACS) remains one of the most common reasons for
hospital admission worldwide. Diabetes mellitus (DM) has reached epidemic
proportions in the United States, affecting an estimated 21 million Americans
and generating health care expenses in excess of $130 billion annually in the
United States [1-2]. It is the fourth most common comorbid condition compli-
cating all hospital discharges, present in 9.5% of all hospital discharges and in
29% of patients undergoing cardiac surgery. Furthermore, diabetic patients
after acute myocardial infarction have at least a twofold increased risk of dying
compared with the nondiabetic population [3-6]. In addition, the plasma
glucose level on admission is predictive of in-hospital mortality after acute ST-
elevation myocardial infarction (STEMI). This applies not only to patients with
established DM but also to those with so-called stress hyperglycemia [5-9].

The Umpierrez study outcome demonstrated that in-hospital hyperglycemia
is a common finding and represents an important marker of poor clinical
outcome and mortality in patients with and without a history of diabetes [4].
Patients with newly diagnosed hyperglycemia had a significantly higher mortal-
ity rate and a poorer functional outcome than patients with a known history of
diabetes or normoglycemia [4].

The American Diabetes Association (ADA) supported an extensive technical
review evaluating the relationships between glycemic control and its impact on
hospital outcomes [5]. This review became the basis of the 2005 ADA Clinical
Practice Guidelines.

Hyperglycemia and Cardiovascular Disease

Review of epidemiologic evidence by Saydah et al. demonstrated the relation-
ship between hyperglycemia and cardiovascular disease (CVD) [6]. Sixteen-
year follow-up of 3,092 adults in the second U.S. National Health and Nutrition
Examination Survey who underwent an oral glucose tolerance test in the period
1976-1980 showed that diabetes, whether diagnosed from fasting or 2-hour
glucose values, was associated with increased mortality [6].

272



24. Hyperglycemia Complicating ACS 273

The Finish East-West Study of 1,373 nondiabetic and 1,059 diabetic persons
showed the CVD risk of persons with diabetes to be similar to that of persons
who had had a myocardial infarction [7].

Among the population of any cardiac care unit (CCU), about 20% of the
patients are likely to have type 2 DM. Another 20% may have undiagnosed
diabetes and present with hyperglycemia upon admission, while 15% to 20% of
patients admitted have impaired glucose intolerance. This suggests that almost
60% of the CCU patient population has glucose intolerance.

The cardiac risk associated with hyperglycemia is significant. In one study
by Bolk, the 1-year mortality rate was 19.3% and rose to 44% in patients with
glucose levels > 11.1 mmol/L [8]. Mortality was higher in diabetic patients than
in nondiabetic patients (40 vs. 16%; P < 0.05).

The recent position statement from the ADA [9] recognized hyperglycemia
on admission to be attributable to one of three problems:

1. Patients with stress hyperglycemia, whose glucose levels return to normal
within 4 to 5 days and who do not require additional care.

2. Patients with admission hyperglycemia, who have some baseline level of
insulin resistance, may have undiagnosed diabetes, and develop diabetes
after discharge.

3. Patients with hyperglycemia who have diabetes.

All three groups have hospital events related to their glucose levels. Interven-
tions for these patients were validated by findings from the Van den Berghe
et al. [10] and the DIGAMI-I [11] trials, which were prospectively conducted
clinical trials with patients randomized between tight versus conventional
diabetes control.

The Metabolic Effects of Hyperglycemia

Hyperglycemia has been shown to induce proinflammatory cytokines and che-
mokine genes in monocytes. Certain cytokines, such as tumor necrosis factor-o
(TNF-0.), impair insulin action in peripheral tissue and have a direct role in
obesity-linked insulin resistance. Interleukin-6 (IL-6) also influences glucose
metabolism by alteration of insulin sensitivity [12, 13]. The harmful effects of
hyperglycemia exceed those of simple inflammation. The biochemistry of the
myocardial cell is altered in patients with hyperglycemia because of a radical
shift in energy production resulting in fatty acid excess during ischemia, which
leads to cell membrane injury and arrhythmias [14]. Studies evaluating the
effects of hyperglycemia on the immune system have consistently demonstrated
immunosuppression, resulting mainly from phagocyte dysfunction, which can
be reversed through normalization of blood glucose levels [15]. Numerous
consequences of hyperglycemia-mediated immunosuppression have been
observed in the cardiovascular system, including impairment of ischemic
preconditioning, reduced coronary blood flow, cardiac myocyte death, blood
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pressure changes, catecholamine elevations, platelet abnormalities, electro-
physiologic changes, as well as hyperglycemia-induced platelet hyperreactivity,
which may be responsible for increased thrombotic events [16]. Hyperglyce-
mia-related vascular endothelial cell dysfunction may also be responsible for
the poor cardiovascular outcomes.

The Evidence Behind Supporting Tighter Glycemic Control

There is a large body of evidence, both observational and in controlled studies,
documenting the relationship between hyperglycemia and outcomes in hospi-
talized patients. In 1998, Pomposelli et al. [17] evaluated 97 patients with dia-
betes undergoing general surgery procedures and monitored blood glucose
every 6 hours. The investigators observed that a single blood glucose level
>222mg/dL on the first postoperative day was a sensitive (85%) yet relatively
nonspecific (35%) predictor of nosocomial infections.

Krinsley observed a close correlation between blood glucose level and in-
hospital mortality rates in 1,826 consecutive patients admitted to the ICU [18].
The lowest hospital mortality, 9.6%, occurred among patients with mean glucose
values between 80 and 99 mg/dL. Mortality increased progressively as glucose
values increased, reaching 42.5% among patients with mean glucose values
exceeding 300mg/dL (P < 0.001). In a study by Van den Berghe et al., 1,548
CABG patients admitted to the ICU [19] requiring respiratory support and
parenteral glucose infusion were randomized to two groups with glucose targets
of 110 versus 180 to 200 mg/dL, respectively. Forty-three percent lower mortal-
ity was observed in the intensively treated group (8% vs. 4.5%). Mortality was
particularly reduced for those in the ICU >5 days (10.6% vs. 20.2%). The inci-
dence of multiorgan failure, renal failure, bacteremia, critical illness polyneu-
ropathy, and the need for prolonged stay in the ICU were also reduced.

The first Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial
infarction (DIGAMI 1) study enrolled diabetic patients treated within 24 hours
of acute myocardial infarction (AMI). Patients were randomized to intensive
diabetes management using intravenous insulin for at least 24 hours with target
glucose levels 126 to 196 mg/dL or to standardized therapy. Participants in the
intensively treated group had a 30% 1-year and 28% 3.4-year decrease in mor-
tality [20].

DIGAMI 2 was designed to compare three treatment strategies in patients
with AMI. Group 1 received an insulin-glucose infusion acutely, followed by
insulin-based long-term glucose control. Group 2 also received an initial insulin-
glucose infusion followed by standard glucose control, and group 3 received
routine metabolic management according to local practice. Unfortunately, this
study did not reach recruitment goals and showed no treatment differences.
Moreover, the primary treatment goal of fasting blood glucose of 90 to 126 mg/
dL was never achieved. Fasting glucose levels (149 mg/dL) and hemoglobin A1C
(6.8%) were similar among groups. Thus, if glycemia is predictive of outcomes,
no differences would have been expected, and none were observed [21].
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In CREATE-ECLA, more than 20,000 patients with ST-elevation myocardial
infarction were treated with a 24-hour glucose-insulin-potassium (GIK) infu-
sion or placebo, irrespective of baseline glucose [22]. GIK did not improve
mortality; however, the relative hyperglycemia that did result in active therapy
patients may have obscured any treatment benefit.

In conclusion, there is a strong clinical rationale for aggressive short-term
intensive insulin therapy, which appears to improve outcomes in cardiac as well
as critically ill diabetic and nondiabetic patients.

Major Gap Between Recommended Guidelines and
Current Practice

Americans do not always receive the care that scientific evidence suggests they
should, despite national health care spending approaching 14% of gross domes-
tic product (GDP). Efforts to make evidence-based recommendations available
to medical practitioners, through the development and promulgation of clinical
practice guidelines, are a necessary step toward solving that problem. Applying
those guidelines in practice requires restructuring the environment in which
health care is delivered so that “doing the right thing” becomes intuitive. Tools
that simplify and embed the recommendations for evidence-based care into the
care itself are of particular usefulness.

Inpatient management of hyperglycemia and avoidance of hypoglycemia
have become important measures of the quality of health care afforded to hos-
pitalized patients. Translation of clinical trials evidence relating to hyperglyce-
mia management into performance metrics should be useful in inpatient
settings throughout the country. Critical care algorithms (“pathways”) and
management plans for hospitalized patients are becoming increasingly popular,
optimizing the quality of care.

Systemic Barriers and Challenges to Improved
Hyperglycemia Management

Many of the changes needed to improve the management of the inpatient with
hyperglycemia involve changes to culture, long-standing practice patterns, pro-
cesses of care, and workflow habits. Competing priorities and limited resources
can present a major barrier to mobilizing the institutional support that is essen-
tial for success. Other barriers include:

+ A shortage of skilled nurses further complicated by inadequate support
systems. Nurses are essential to successfully implement protocols, order sets,
more intensive glucose monitoring, and educational programs targeting
enhanced glycemic control.

+ Skepticism about the benefits of good inpatient glycemic control, in spite of
the preponderance of evidence suggesting it is beneficial. This may be an
expression of general resistance to change.



276 E.Aziz et al.

Fear of hypoglycemia.

Inadequate knowledge and understanding of diabetes, hyperglycemia, and its
management by health care providers and patients alike.

+ Lack of integrated information systems that allow comprehensive tracking
and trending of glucose values and interventions to permit successful man-
agement of glycemia using specialized programs.

Diabetes and hyperglycemia are prevalent on all services in the hospital,
requiring broad educational efforts and process change. Patients frequently
move across a spectrum of care providers and geographic locations during a
single inpatient stay, entailing numerous transfers, communication chal-
lenges, and opportunities for error [23].

Hypoglycemia Concern

According to the American College of Endocrinology’s recommendations, the
target glucose level within 6 hours of myocardial infarction should be 80 to
110 mg/dL. This goal can be attained; however, hypoglycemia is a major concern
for clinicians caring for hospitalized patients with diabetes, and it constitutes
a major barrier to aggressive treatment of hyperglycemia, even though the
likelihood of its occurrence is low [24].

In one protocol, the incidence of hypoglycemia defined as less than 60 mg/dL
was 1.5% with a target range of 70 to 110 mg/dL; when the target range was 125
to 170 mg/dL, the incidence was 0. According to the aggregate of medical litera-
ture evaluating more than 10,000 cases, not a single patient has died from
hypoglycemia [25].

Implementing Guidelines for Hyperglycemia Control
in the Cardiac Patient

Insulin is the most effective agent for achieving glycemic control in hospitalized
patients, whether given as a continuous intravenous infusion or subcutane-
ously. Several insulin infusion protocols have been published, providing algo-
rithms for a safe and effective procedure in the medical ICU. These have resulted
in a reduction in errors in managing hyperglycemia [26, 27]. There have been
no large studies to investigate the efficacy and safety of different protocols.
Furthermore, the limitation inherent in most of these protocols is their com-
plexity for the nonspecialist responsible for the patient’s hospital care.

The Pathway of Management of Hyperglycemia in Cardiac
Care Units

We sought to address the issues related above by assembling a multidisciplinary
group of physicians and nurses from the divisions of cardiology, endocrinol-
ogy, intensive care medicine, and general internal medicine to develop a simpli-
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fied protocol for the management of hyperglycemia in the hospitalized patient
(Fig. 24.1) [28]. This pathway is comprehensive yet simple and provides guide-
lines for the treatment of patients in a critical care unit (cardiac, open heart

recovery unit, medical ICU, surgical ICU) and for those in a cardiac step-down
unit.

Pathway For The Management Of Hyperglycemia In %_.::E:;w
Critical Care Units Pbosevart

Continuum Heslth Partners, Inc.

Is patient screened for Critical Care Unit?

Management of DKA an 1. Inftial Assessment: History and

: ry , Weight
Bolus 0.1 units kg of regular insulin V. | g %:gﬁn\m Wetabolic Panal CBC, LFTs.HbA1c, TSH Sarum Kelones ,Urine Analysis/ Microalbumin
Bolus 0.1 units kg of regular Insuln.

FS gihr
FS qthr Does patent have hyperasmolar stale? (BG > B00mo/dl) BG > 140 myid?

follow tier 3 Insulin Infusion dosing.
T
follaw tier 2 insulin Infusion dosing.
o -

|

no 3
R i Does patient have previous Dx of DM? %
Provide 1 ltar per hour of NS for the first 4 hours,

tolowed by 250-500 cohr of 172 NS lor the next 4

hours, Weimtenance rate of 100 - 2001 o5 i of 112
NS Gluoose <250mgidl chenga fluid to DSNS.

f na change over
[ZE®| 24 hours change FS o 412hr

[

Infusa Regular insulln 0.1 unitkgmr and
Patient have DKA?
{HCO3 < 15meq Anion Gap >15, and positve serum ketones) FS g6 hours
Infusa regular Insulln 0.1 univkgrhr and = HE;

Start Insulin drip:prepare 100 units Peg Insulin/1p0m| NG ves -

Bolus 4 units Regular Insulin lor BG > 250 mgidl
For pafients = 70 KG Infuse 0.5 unlts/ hr Rogular Insulin. {use tier 1)
> 70 KG infuse 1.0 unit / br Reqular Insulin. (use tier 2)

F3 Monitoring:
= S10p insulin infusion

(@) FE athr. eI
Tollow patient fier and changs insulin inusion reie = Assess paliert, is patient
i consgious and cooperative?

1 ® Management

{6} 1 n0 chenge In B renge for .
mesasurerments move up & tier within the same
wange,

)13l goal for 3 cansscullve S can changs FS.
0 2he and i again at goal for & consecifive o &
‘measuraments can changs FS 1o g4hr, , - -

B . . Lol \ Qe Patent 40z Give 1 amp
1 Sanifcart changs in inical confion 1 281 of Gange Juice [ | o1 Dsow IV ana
2 Intation or oessston of co eostaros {
\

or vasopressors.
2 8 15 86 > 100 mgicl
4. Initition, cossation, or ohengs in = 7
nutrtonsl supart

3. Inltatien or cezsetion of hemadilyaia.

For non-Gardlovascular
palient congider goal of
glucosa = 150 maid

Calculate total insulin requirement over the last 24 hours pre-transfer to floor.
T

ves

et previously Dx with type | iring mul e a7 e
Insulin injections or DKA an their acmission et procedurss or Gr» 1.2
Is sarum glucosa
110 mgid ?

Mode of Feeding

Adet starderd regiman and

vea
it
ADA Hospital Diet Entaral, parenteral or no feading B3 180 -250 mg| give 2 unis Insulin Aspart Establish No need
v 50% of raquisment 251 - 350 gl 4 tmits NS Aspart SO Standard for further
‘&3 Ineulin Gilargine (Lanmug) 4ns L 2351 mg 6 Units Aspart 5Q oo moritoring
nd i

50% pen @z in
3 squal dosss P8

Ficure 24.1. Pathway for the management of hyperglycemia in critical care units.
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for Critical Care Unit?

1. Initial Assessment: History and Physical, Weight
2. Labs: Complete Metabolic Panel, CBC, LFTs,HbA1c, TSH,Serum Ketones ,Urine Analysis/ Microalbumin
3. EKG, CXR

Ficure 24.2. Initial assessment of patients with hyperglycemia who are screened to a critical care unit.

The Initial Assessment and Management of Patients
with Hyperglycemia

Initial assessment of the patient should include history, physical examination,
and recording of weight. We have defined a basic laboratory test panel required
for all patients (Fig. 24.2). We included patients with diabetic ketoacidosis
(DKA) and patients with hyperosmolar state and provided guidelines for their
management (Fig. 24.3). Patients managed in this protocol have a diagnosis of
DM. If the patient is not known to have DM, capillary blood glucose determina-
tions (BG) every 6 hours will be required. A BG >140 mg/dL qualifies patients
for enrollment into our pathway (Fig. 24.4). Initiation of the insulin infusion is
achieved by providing a bolus of 4 units of regular insulin for patients with
a BG >250mg/dL and starting an infusion protocol that is based on weight
(Fig. 24.5).

Bolus 0.1 units/kg of regular insulin V.
Infuse Regular insulin 0.1 unit/kg/hr and
follow tier 3 insulin infusion dosing.

FS qthr i Does Patient have DKA?
——— . (HCOB3<15megAnion Gap >15, and positive serum ketones),

Bolus 0.1 units/kg of regular insulin. NO
Infuse regular insulin 0.1 unit/kg/hr and

follow tier 2 insulin infusion dosing. Does patient have hyperosmolar sate? (BG > 600mg/dl)

FS qhr

'

Replace fluid and electrolytes.

Provide 1 liter per hour of NS for the first 4 hours,
followed by 250-500 cc/hr of 1/2 NS for the next 4
hours. Maintenance rate of 100-200 cc/hr of 1/2
NS. if Glucose < 250mg/dI change fluid to DSNS.

Ficure 24.3. Management of diabetes ketoacidosis (DKA) and hyperosmolar state.
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FS 46 hours
BG > 140 mg/dI?

NO

Does patient have previous Dx of DM?
If no change over

YES YES 24 hours change FS to g12hr

Start Insulin drip:prepare 100 units Reg Insulin/100ml NS YES BG > 140 mg/dI?

Ficure 24.4. Blood glucose determination for enroliment into the hyperglycemia pathway.

The Key Feature of the Pathway

The key feature of this pathway is the “wheel,” which provides treatment
instruction for insulin administration (Fig. 24.6). This wheel features four con-
centric circles. The innermost circle represents blood glucose ranges. The three
outer circles represent three increasing rates of insulin infusion. For patients
who weigh less than 70kg, the insulin infusion rate should be calculated based
on tier 1.

For patients who weigh more than 70kg, the infusion rate is based on tier 2.
BG monitoring is performed every hour. The infusion rate is then adjusted
according to the instructions corresponding with the BG of the same tier:
“dialing up and down the wheel within the tier.” If there is no decrease in BG
range for three consecutive measurements, we move up a tier at the same
glucose range.

Bolus 4 units Regular Insulin for BG > 250 mg/dI

For patients =< 70 KG infuse 0.5 units/ hr Regular Insulin. (use tier 1)
> 70 KG infuse 1.0 unit / hr Regular Insulin. (use tier 2)

Ficure 24.5. Initiation of insulin infusion protocol.
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For non-Cardiovascular
patient consider goal of
glucose <150 mg/dl

Ficure 24.6. The “wheel” as a tool for insulin infusion.

Hypoglycemia Protocol

Prevention of hypoglycemia is essential in the aggressive management of hyper-
glycemia. If a patient is found to be hypoglycemic (BG <60 mgmg/dL), a pro-
tocol for management is provided as seen in Figure 24.7. We named this protocol
SAM to reflect the key components of treatment: Stop insulin infusion, Assess
the patient for consciousness and cooperation, and Manage the patient (with
orange juice or D5OW infusion). If a patient’s BG exceeds 100 mg/dL, the man-
agement using the “wheel” is resumed with the initial insulin infusion rate
based on tier 1 and the corresponding BG.

Frequency of Blood Glucose Monitoring

Instructions for frequency of BG monitoring are provided to the health care
provider. Initially, all monitoring is performed every hour. If BG results are at
goal for three consecutive readings, then the frequency of monitoring is
decreased to every 2 hours and again, if there is no change for three consecutive
readings, it is decreased to every 4 hours. Return to frequent monitoring (BG
every hour) is required for the following conditions: significant change in clini-
cal condition; initiation or cessation of corticosteroids or vasopressors; or ini-
tiation, cessation, or change in nutritional support (Fig. 24.8).
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Conversion to Subcutaneous Insulin

A protocol was developed to convert from the insulin infusion to subcutaneous
insulin injections without sacrificing diabetes control (Fig. 24.9). Calculations
are based on the total insulin requirement over the last 24-hour period on
insulin infusion. The patients are then divided into two groups.

Group 1

This group is composed of patients with a prior diagnosis of type 1 DM requir-
ing multiple insulin injections or patients with a diagnosis of DKA. Patients
receive a combination of long-acting insulin, glargine (Lantus, Bridgewater, NJ)
in the evening (bedtime), and rapid-acting insulin Aspart in three equal doses
before every meal (Fig. 24.9).

Group 2

For patients with type 2 DM, the mode of feeding determines the insulin injec-
tion regimen (Fig. 24.9). Patients who receive a hospital diet are introduced to
Premix 70/30 insulin Aspart (Novolog Mix). Forty percent of the calculated
dose is given before breakfast and 60% before dinner. For patients who are
fasting or on enteral or parenteral feedings, the rapid-acting insulin Aspart is
used exclusively with 25% of the calculated total dose given every 6 hours.

Hypoglycemia SAM protocal
B Stop insulin infusion

B Assess patient, is patient
conscious and cooperative?

® Management

Is Patient Censcious and Cooperative

YES NO

Give Patient 40z Give 1 amp
of Orange Juice of D50W IV and
Repeat FS in 20 min
Is BG > 100 mg/dl

YES

Resume management per tier 1

Ficure 24.7. Management of hypoglycemia.
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insulin infusion rate

consecutive
within the same

Ficure 24.8. Guidelines for finger-stick monitoring for patients with hyperglycemia.

Calculate total insulin requirement over the last 24 hours pre-transfer to floor.

Was patient previously Dx with type I DM requiring multiple
Insulin injections or DKA on their admission?

" Catch up” Insulin Aspart pen: If BG 180 - 300 mg/dl give extra 3 units/ If BG > 300 mg/dl give 6 units

In 2 d pm Caloul

Ficure 24.9. A protocol for conversion from insulin infusion to subcutaneous injection.
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Continue Current
DM regimen. Hold Metformin for contrast

YES
NO
related procedures or Cr > 1.2
Is serum glucose
>110 mg/dI?

Adjust standard regimen and if
BG 180 -250 mgl give 2 units Insulin Aspart
251 - 350 mgl 4 units Insulin Aspart SQ
=351 mg 6 Units Aspart SQ

Ficure 24.10. Management of diabetes in patients who are not screened to a critical care unit.

The conversion protocol described uses supplemental insulin at two dose
levels: 3 units of insulin Aspart are given for BG between 180 and 300 mg/dL
and 6 units of the same insulin type are administered for BG >300 mg/dL. This
arrangement replaces the conventional “sliding scale.” Adjustments in the dose
of 70/30 Premix Aspart insulin are made daily to accommodate the supplemen-
tal units used over the past 24-hour period. The need for “catchup” insulin
doses is hereby gradually reduced.

We have provided a separate algorithm for hyperglycemia management for
cardiac care patients managed in areas of the hospital other than the critical
care units, as seen in Figure 24.10. Patients with a prior diagnosis of DM con-
tinue their current DM regimen with BG monitoring before every meal and
every evening. For these patients, a standard regimen is adjusted by using
insulin Aspart with three “catch-up” doses as appears in Figure 24.10.

The illustration of our proposed pathway provides detailed reference infor-
mation about the insulin products used (Fig. 24.11).

Ficure 24.11. Insulin products used in the hyperglycemia pathway.
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Conclusion

This comprehensive pathway provides a detailed algorithm for management of
hyperglycemia cardiac care units. It introduces 2 new novel concepts: the
“wheel”, which is the primary tool permitting rapid restoration of euglycemia
and is the focus of this pathway, and “catchup” insulin, which permits a simple
response to excessive glucose excursions while facilitating adjustments in the
basic insulin regimen in anticipation of the patient’s discharge from the
hospital.
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Transition from Acute Phase to Chronic
Phase: Secondary Prevention for Patients
with Cardiovascular Disease

Merle Myerson

Algorithm

Step 1. Assess individual risk factors:
+ Dyslipidemia
+ Hypertension
* Obesity
« Sedentary lifestyle
+ Tobacco abuse
+ Diabetes
Step 2. Obtain measures:
+ Fasting lipid panel (within 24 hours of onset symptoms): review past mea-
sures if available
+ Blood pressure: assess baseline blood pressure; review past readings if
available
Assess weight, height, body mass index (BMI), waist circumference
+ Exercise: assess current activity level and obstacles to participation in an
exercise program
+ Smoking: assess current tobacco use and willingness to quit
Step 3. Therapeutic plan:
+ Lipids: begin high-dose statin; consider use of fibrate for high triglycerides
(TG) (if no contraindications)
+ Blood pressure: choose medication based on cardiac status
+ Diet: instruction by nutritionist or health educator
+ Sedentary lifestyle/exercise: referral to cardiac rehabilitation
+ Smoking cessation: behavior modification with or without pharmacologi-
cal therapy
Step 4. Goals for therapy:
Lipids
+ LDL cholesterol <70 mg/dL
+ TG <150 mg/dL
+ HDL cholesterol >40 mg/dL for men and >50 mg/dL for women
Blood pressure
+ Goal of <130/80 mmHg
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Diet

+ BMI <25

+ Waist circumference <40 inches for men and <35 inches for women

+ Adoption of a heart-healthy diet

Exercise

+ Completion of cardiac rehabilitation

+ Moderate-intensity aerobic exercise at least 30 minutes 5 times a week
Smoking

+ Complete and sustained cessation

Introduction

Prevention can take place at many levels. Primary prevention targets people
who may have asymptomatic or preclinical disease or have risk factors for
developing disease. Secondary prevention targets people who have clinically
manifest cardiovascular disease—myocardial infarction, stroke, or peripheral
vascular disease. One may wonder how beneficial secondary prevention is; after
all, the patient has already suffered an event. Studies in this area have shown
that identifying and aggressively treating risk factors in these patients can sig-
nificantly impact future morbidity and mortality.

Results from these studies prompted the American Heart Association and
the American College of Cardiology in 2006 to release updated guidelines out-
lining secondary prevention for patients with known cardiovascular disease.
The guidelines follow earlier documents but are notable for the major changes
with respect to intensity of risk-factor management [1]. The principal author
of the guidelines, Dr. Sidney Smith, comments that patients do not receive
treatment for risk factors for many reasons. Hospital stays after heart proce-
dures are short, which limits the time during which a patient can be educated.
Furthermore, there is often a lack of communication between the cardiologist
and the primary care provider [2].

The approach to the patient who presents with an acute coronary syndrome
(ACS) begins with the understanding that this patient is at very high risk for
having another event simply by virtue of having had an event. Identification of
individual risk factors prior to discharge and a specific treatment plan for each
risk factor is now considered standard of care.

Lipids

A fasting lipid panel should be obtained preferably within 24 hours of onset of
symptoms. Values obtained after this will be artificially low and will not return
to baseline for 2-3 months. It is also helpful to see if past lipid panels are
available.

The use of statin drugs during or shortly after ACS has been studied. A
number of trials (PROVE IT-TIMI 22, MIRACL, ESTABLISH) have shown a
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benefit although some have shown mixed (A to Z) or negative (SYMPHONY)
findings. The statin drugs may have a number of biological actions that have
relevance in the acute setting. Some of these pleiotropic effects are believed to
include a reduction in plasma viscosity, inflammation, platelet aggregation,
thrombin generation, and endothelial dysfunction [3, 4].

Therapeutic plan:

+ All patients should receive instruction in a heart-healthy diet. This can be
provided by a nutritionist, nurse, or health educator. Educational material
should be given to the patient.

+ Existing data support the use of a statin after an acute coronary event. Most
studies used high doses. There is most likely a class effect.

* Bringing a patient to goal may require use of different classes of lipid-
lowering medication; however, statins appear to offer benefits other than
lipid-lowering.

Goals for therapy:

+ Low-density lipoprotein (LDL) should be less than 70 mg/dL. Statin drugs are
generally recommended for the LDL lowering effects as well as the non-LDL
lowering (pleiotropic) benefits.

+ Triglycerides should be less than 150 mg/dL. This may be accomplished with
a statin drug, niacin, fibrate, or fish oil. Fibrates and fish oil specifically target
triglycerides. Choice of medication depends on TG level, and levels of LDL
and high-density lipoprotein (HDL).

+ HDL should be >40mg/dL in men and >50mg/dL in women. Statins and
niacin can raise HDL; patients with metabolic syndrome and high TG and low
HDL can have an increase of HDL with lowering of TG.

Statin Drugs
Agents and Dose

Lovastatin (Mevacor): 10, 20, 40, 60 mg (Merck, Whitehouse Station, NJ)
Pravastatin (Pravachol): 10, 20, 40, 80 mg (BMS, New York, NY)
Simvastatin (Zocor): 5, 10, 20, 40, 80 mg (Merck, Whitehouse Station, NJ)
Fluvastatin (Lescol): 20, 40, 80 mg (Novartis, Switzerland)

Atorvastatin (Lipitor): 10, 20, 40, 80 mg (Pfizer, New York, NY)
Rosuvastatin (Crestor): 5, 10, 20, 40 mg (Astrazeneca, Wilmington)

Side Effects

+ Muscle: myopathy, myalgia, myositis

+ Rhabdomyolysis

+ Liver: transaminitis, acute liver failure (rare), cholestasis (rare), hepatitis
(rare)

+ Drug interactions
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Absolute Contraindications

 Active or chronic liver disease

Monitoring
+ Myopathy and creatinine kinase (CK) elevations

The National Cholesterol Education Program Guidelines recommend an
initial CK measurement and evaluation of muscle symptoms. Muscle symptoms
should be evaluated at each follow-up visit and a CK level obtained when there
is a complaint of muscle soreness, tenderness, or pain. Patients on high doses
of statins and on combinations of lipid-lowering agents may be at greater risk
for myopathy and elevations of CK.

The incidence of statin-related myopathy is low (0.1% to 0.2%) but mild
elevations in CK (less than 3 times the upper limit of normal) with or without
muscle soreness are more common but should not preclude the use of
statins.

It is important to rule out other causes of muscle soreness or elevated CK
(exercise, trauma, strenuous work, hypothyroidism, inflammatory muscle
weakness). If CK elevation or symptoms are mild, use of statin with regular
monitoring (every 6 to 8 weeks) is recommended. More careful consideration
should be given to elevations 3 to 10 times normal. Statins should not be used
for elevations greater than 10 times normal without full evaluation.

Statin Liver Effects

The National Cholesterol Education Program Guidelines recommend an base-
line evaluation of alanine aminotransferease and aspartate aminotransferase
(AST/ALT) and approximately 12 weeks after beginning statin therapy.

Acute liver failure, hepatitis, and cholestasis are relatively rare. Transami-
nitis, the asymptomatic elevation of AST and ALT greater than 3 times normal,
is reported in approximately 1% of patients on statin drugs. This is usually
dose-related and occurs within the first 3 to 6 months and is reversible.

Patients with mild elevations (less than 3 times normal) should be evaluated
for secondary causes of elevations. If no other cause is found, they may be kept
on a statin with routine monitoring. For higher elevations, patients should have
the statin dose reduced or stopped and a complete evaluation performed.

Nonalcoholic fatty liver disease may be a cause of elevated liver enzymes.
Once diagnosed, statins may be continued in some patients with careful
monitoring.

Additional Notes on Statin Drugs

+ Metabolized by cytochrome P450 or CYP3A4: lovastatin, simvastatin,
atorvastatin.

+ Not metabolized, or metabolized to lesser extent by CYP3A4: pravastatin,
fluvastatin, rosuvastatin.
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+ Water soluble: pravastatin.

+ Lipid soluble: lovastatin, atorvastatin.

+ Best to prevent myopathy: pravastatin is transported in the muscle with a
transporter that the muscle does not have. So, there may be fewer muscle side
effects.

Blood Pressure

Patients who have just had an acute event may not be at their baseline
blood pressure because of impairment of pump function and use of other
medications in the acute setting. Blood pressure may need to be monitored
and treated as an outpatient. The 2003 Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure defines a blood pressure of less than 120/80 as
“normal” and values from 120/80 to 140/90 as a new category, “prehyperten-
sion” [5].

There is limited data from large, placebo-controlled, randomized clinical
trials to suggest that treatment of prehypertension is beneficial. In the Heart
Outcomes Prevention Evaluation (HOPE) trial, treatment based on angioten-
sin-converting enzyme (ACE) inhibitors compared with a regimen that did not
reduced incidence of cardiovascular (CV) events and death from any cause
among more than 9,000 high-risk patients with or without elevated BP [6].
In the Comparison of Amlodipine vs. Enalapril to Limit Occurrences of
Thrombosis (CMAELOT) Study, 1,991 patients with angiographically docu-
mented coronary artery disease and an average baseline BP of 129/78 showed
a reduced incidence of CV events by 31% with an amlodipine (10 mg) but not
an enalapril (20mg) based treatment regimen [7]. Whereas a blood pressure
goal less than 130/80 mm Hg is recommended.

Lifestyle Modification

Modification Recommendation Expected drop SBP
Weight reduction BMI 18.5 to 24.9 5to 20mmHg/10kg
DASH diet* Diet of fruits, vegetables, low-fat dairy, reduced saturated 8to 14mmHg

and total fat
Sodium restriction No more than 100 mEq/L (2.4 g sodium or 6 g sodium chloride 2to 8mmHg
Physical Activity Aerobic activity at least 30 minutes 3 to 5 days a week 4to 9mmHg
Alcohol modification Limit to no more than two drinks per day, men; one for women 2 to 4mmHg

and lighter-weight persons

“Dietary Approaches to Stop Hypertension.
SBP, systolic blood pressure.



25. Transition from Acute Phase to Chronic Phase 291

TasLe 25.1. Selection of medication.*

Condition Recommended Drugs

Mi Beta-blocker, ACE inhibitor, aldosterone antagonist

High risk for CAD Diuretic, beta-blocker, ACE inhibitor

Heart failure Diuretic, beta-blocker, ACE inhibitor, ARB, aldosterone antagonist
Diabetes ACE inhibitor, ARB

Chronic kidney ACE inhibitor, ARB

*Choice of medication should be based on other comorbidities present.

Drug Therapy

General Guidelines for Drug Therapy (Table 25.1)

Thiazide-type diuretics should be used as initial therapy for most patients
with hypertension, either alone or in combination with agent from different
class (ACE inhibitors, angiotension receptor blockers [ARBs], beta-blockers,
calcium channel blockers [CCBs])

Most patients with hypertension will require two or more antihypertensive
medications to achieve their BP goals. Addition of a second drug from a dif-
ferent class should be initiated when use of a single drug in adequate doses
fails to achieve the BP goal.

When BP is more than 20 mmHg systolic and 10 mmHg diastolic above goal,
consideration should be given to initiating therapy with two drugs, either as
separate prescriptions or in fixed-dose combinations.

Therapeutic plan:

All patients should be provided with lifestyle modification counseling.
Individual class of drugs chosen for cardiac patients is often determined by
other needs (see table above)

Goals for therapy:

Titrate medication to achieve a blood pressure of 130/80 with consideration
for <130/80

Diet and Nutrition

The importance of diet cannot be overemphasized. As noted above, diet can
impact on blood pressure, lipids, weight, and diabetes. Patients should be seen
by a nutritionist or health educator prior to or shortly after discharge [8].
Rather than having a patient go on any particular diet, it is far more preferable
for the patient to change his or her eating patterns for a lifetime.
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Specific Diets
Mediterranean Diet

Many studies have demonstrated the CV benefits of a Mediterranean style diet.
There’s no one “Mediterranean” diet but the common Mediterranean dietary
pattern has the features listed below. More than half of the fat calories in a
Mediterranean diet come from monounsaturated fats (mainly from olive oil).
Monounsaturated fat does not raise blood cholesterol levels the way saturated
fat does.

+ High consumption of fruits, vegetables, bread and other cereals, potatoes,
beans, nuts and seeds

+ Olive oil is an important monounsaturated fat source

+ Dairy products, fish, and poultry are consumed in low to moderate amounts,
and little red meat is eaten

+ Eggs are consumed 0 to 4 times a week

+ Wine is consumed in low to moderate amounts

Very-Low-Fat Diets

Very-low-fat diets consist of less than 15% of total calories from fat. The Pri-
tikin Diet recommends less than 10% of calories come from fat and the Ornish
Program recommends 7%. These diets have been shown to lower cholesterol
and reduce risk but require a highly motivated individual. Because of the strin-
gent program, the long-term adherence rates for these diets are often poor.

Low-Carbohydrate Diets

Low-carbohydrate diets recommend limiting complex and simple sugars,
causing the body to oxidize fat to meet energy requirements. There is a rapid
initial weight loss, possibly due to a diuretic effect; however, there are long-term
nutritional and CV concerns. These diets are high in protein, high in saturated
fat and cholesterol, and low in fruits, vegetables, and whole grains. The Atkins
Diet recommends 68% of calories from fat, 27% from protein, and 5% from
carbohydrates.

MyPyramid.gov

A federal government-sponsored Website, mypyramid.gov allows individuals
to determine their daily caloric requirements and then choose a food “pyramid”
that specifies quantities of grains, vegetables, fruits, dairy, protein, sugar, solid
fats, and oils allowed per day.

Therapeutic plan:

* Measurement of body weight, height, body mass index, and waist
circumference
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+ Identification, evaluation, and treatment of specific dietary needs (weight
reduction, low sodium, low-fat, diabetic) and educational material provided

+ Physical activity and exercise recommendations

+ Determine the role of medication and surgical approaches

Goals for therapy:

« BMI less than 25
» Waist circumference less than 40 inches for men and 35 inches for women
+ Adoption of a heart-healthy eating plan

Physical Activity

Sedentary lifestyle is a risk factor for coronary artery disease. Physical activity
and exercise offer numerous benefits including weight loss, lowering of blood
pressure and LDL cholesterol and triglycerides, raising HDL cholesterol,
improving insulin sensitivity, and improving overall cardiovascular fitness.
Patients who have had an acute coronary event should be referred to cardiac
rehabilitation programs. In the past, there has been limited reimbursement
from Medicare and insurance plans; however, Medicare has recently expanded
indications as have private insurers.

Cardiac rehabilitation consists of three phases. Phase I, or inpatient services,
focuses on physical therapy to mobilize the patient and preparation for dis-
charge and function at home. Education and activity assessment can also take
place at this time. Phase II is a supervised exercise program, generally three
sessions a week for 12 weeks to optimize physical fitness. Phase III is an unsu-
pervised exercise program.

Therapeutic plan:

+ Patients have a symptom-limited, submaximal treadmill or bicycle exercise
stress test prior to beginning cardiac rehabilitation. This test serves to risk
stratify the patient and allow for a precise exercise prescription. This can be
done before hospital discharge or shortly thereafter [9].

+ All patients should be asked about their physical activity or exercise.

+ Identify obstacles to participation in an exercise program with attempts to
address and work around these obstacles.

Goals for therapy:

+ Enrollment in a cardiac rehabilitation program.

+ In the event cardiac rehabilitation is not available or not covered by insur-
ance, a symptom-limited stress test should be performed prior to or shortly
after discharge to help plan an exercise program. Medically supervised pro-
grams are strongly recommended.

+ Goal for patient is 30 minutes a day a minimum of 5 days a week of moderate-
intensity exercise. Patients may work up to this goal
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Smoking Cessation

See Chapter 26.
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Smoking Cessation in the Cardiac Patient

Mary O’Sullivan

The most critical issue facing cardiac patients who smoke is that they must
understand not only how much the cigarette endangers their survival but
also how rapidly and thoroughly stopping smoking will change their course.
They must be convinced that they will be able to safely succeed in their
efforts, especially under the guidance of the person they trust the most in
this regard: their cardiologist. The role of the cardiologist in caring for
a smoking patient must focus on several issues that will lead to the
patient’s success and will bring about a critical change in the patient’s
prognosis.

First, the physician must teach the patient that much of the effect of smoking
on their disease is reversible and that when they stop smoking, within 3 years,
their risk for recurrent coronary events becomes that of a nonsmoker [1]. The
benefits begin immediately. Within hours, the carbon monoxide that poisons
the oxygen delivery system and the adrenergically mediated vasoconstriction
that is acutely induced by the cigarette dissipate.

Second, the physician must select a pharmacological cessation plan that will
best suit the patient’s risks and needs, be it nicotine replacement alone and/or
bupropion or varenicline. Encouragement is needed for patients to use such an
approach, but if they comply, their chance of success doubles.

Third, the physician must use the simple principles of behavioral modifica-
tion that significantly enhance the patient’s success rate. The key features
involved are to:

+ Convince the patient that he or she can succeed.

+ Have the patient make a concrete plan for what he or she will do when he or
she gets a craving.

+ Identify and plan for avoidance of triggers such as coffee, alcohol, friends who
smoke, and so forth.

« Identify substitutes that the patient likes and can look forward to, (e.g.,
movies, museums, friends who do not smoke, magazines, etc.).

+ Plan to be busy as much as possible, especially immediately after finishing a
meal.

295
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+ Most important, discuss with the patient the permanence of the addiction and
the need to be on guard even years later, especially in situations of stress.
Unfortunately, the thought of picking up another cigarette recurs for a very
long time, and one puff can lead to full relapse.

How Does Cigarette Smoking Affect the Heart?

Cigarette smoking affects the heart as follows [2]:

+ Smoking cigarettes induces a hypercoagulable state that is the predominant
cause of acute cardiovascular events induced by smoking. It is responsible
for 25% to 50% of the link between smoking and coronary artery disease
(CAD) [3] and is not reversed by aspirin. It affects both antithrombotic and
prothrombotic factors as well as platelet function. This is borne out in mul-
tiple clinical situations:

Smoking increases the risk of myocardial infarction (MI) and sudden death
much more than it increases the risk of angina, reflecting the importance of
acute thrombus formation [4].

Similarly, in smokers, the prognosis after thrombolysis is better than in
nonsmokers. This reflects the greater share that clot plays in the disease
process [5].

Sudden cardiac death is correlated with the presence of acute thrombosis and
not the level of plaque burden [4].

Smokers who continue to smoke after thrombolysis or angioplasty have a
substantially increased risk of reinfarction or reocclusion [6, 7].

At least a part of the thrombotic effects of smoking are induced by even passive
smoke [8, 9]. The remarkable sensitivity of the coagulation system to the effect
of cigarette smoke [2] mandates that the cardiac patient must cease all smoking,
not just cut down their habit, to achieve reversal of these effects. Patients should
be taught the seriousness of this issue.

+ Carbon monoxide acutely poisons the oxygen delivery system, placing the
patient at risk for arrhythmia and MI [4].

+ Progression of atherosclerosis by smoking appears to be mediated by free-
radical oxidative stress [2, 4] resulting in:
Diminished nitric oxide, resulting in impaired vasodilatory function at the
macrovascular level (e.g., coronary arteries as well as at the microvascular
level) [7, 10].
Inflammatory effects on the vessel wall with recruitment of leukocytes and
an increase in multiple inflammatory markers, including C-reactive protein,
interleukin-6, and tumor necrosis factor.
Lipid peroxidation possibly mediated via insulin resistance.
Genetic predisposition resulting in increased susceptibility. Importance at
this time is unknown. Smoking may be a more powerful risk factor for MI
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and sudden death in women than in men. In one study, it was the strongest
risk factor for sudden death among women [11].

Does Nicotine Play a Role in the Development of Heart Disease?

Nicotine is the severely addicting substance in the cigarette that causes the
release of several neurotransmitters (dopamine, y-aminobutyric acid, norepi-
nephrine, serotonin). The hemodynamic effects of nicotine are adrenergically
mediated, including increased cardiac output, heart rate, and blood pressure,
and constriction of coronary arteries [12]. However, its role in the development
of atherothrombotic disease remains controversial, and it is the free-radical
oxidative stress that appears to be the driving force [2, 4].

Is Nicotine Replacement Safe in the Cardiac Patient?

The safety of nicotine replacement therapy in the cardiac patient has long been
a concern. The nicotine patch has a slow delivery system and is not associated
with increased 24-hour epinephrine excretion or with activation of coagulation
[13]. It is the preferred delivery system in this group of patients. Standard doses
of nicotine replacement (21 mg patch for a 1-pack per day smoker and 14mg
patch for a 10 cigarette per day smoker) generally result in lower nicotine levels
than smoking. Nicotine replacement doubles a person’s success rate.

Three randomized controlled clinical trials in patients with stable cardiovas-
cular disease and one in outpatients with cardiac or respiratory disease have
been published and support the safety of nicotine replacement in stable cardiac
patients [14].

+ In the first trial of 156 cardiac patients, symptoms were recorded in daily
diaries and some underwent 24-hour ambulatory electrocardiographic moni-
toring. Transdermal nicotine did not affect the frequency of angina, arrhyth-
mias, or ST-segment depression on electrocardiographic monitoring [15].

+ Inan outpatient VA trial, 584 patients with at least one cardiovascular disease
were randomized to receive the nicotine patch versus placebo [16]. There was
no significant difference in the incidence of death, MI, cardiac arrest, or hos-
pital admission for increased angina, dysrhythmia, or congestive heart failure.
Concomitant use of the patch and smoking were not associated with an
increase in adverse events. The long-term success rate was no better for the
patch versus placebo.

+ Another small trial of 106 patients with CAD, using transdermal nicotine
versus placebo, monitored with repeated ambulatory electrocardiographic
monitoring and exercise testing, did not show significant increase in adverse
events [17].

These studies support the safety of the use of the patch in cardiac patients.
Any risk involved in the use of the patch must be balanced against the need for
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the patient to be able to succeed in their smoking cessation efforts, and the
safety profile shown above supports that use.

These studies do not, however, address the issue of the use of transdermal
nicotine in a patient admitted with the acute coronary syndrome. Current rec-
ommendations do not support the use of nicotine replacement in patients with
unstable angina or MI in the prior 2 weeks because of a lack of data to support
the safety of nicotine replacement therapy used in this interval [18]. This issue
was addressed in only one study from the Duke University Cardiovascular
Databank [19]. After a propensity analysis, two cohorts of 187 patients each
were identified that were similar in measured variables (age, sex, race, hyper-
tension, hyperlipidemia, diabetes mellitus, previous heart failure, previous MI,
ejection fraction, and acute MI). They found no difference in short- or long-
term mortality in patients who did or did not receive patches.

Smoking cessation in the cardiac care unit is recognized as a vital part of the
patient’s care. Current recommendations do not support the use of nicotine
replacement in these patients, and further research is needed to clarify this
issue. As with any multifaceted clinical decision, balancing the risks and bene-
fits must be undertaken carefully

Bupropion for Smokers with Cardiovascular Disease

Bupropion, an atypical antidepressant with a structure related to amphetamine,
has, like nicotine replacement, been shown to be an effective smoking cessation
tool. After approximately 10 days on treatment, the desire to smoke diminishes
significantly. In addition, the depression that not uncommonly surfaces in
patients stopping smoking is prevented. The contraindications include a seizure
history, alcoholism, bipolar disorder, bulimia, and panic attacks. The side
effects include dry mouth, headache, agitation, and insomnia, especially if
taken late in the day. Hypertension has been described, especially in patients
taking both bupropion and the nicotine replacement. The treatment is usually
begun at bupropion 150 mg slow release (SR) and subsequently increased to
150mg SR twice daily. The side effects are dose-dependent, and some patients
may obtain an adequate therapeutic benefit with the 150 mg daily dose. The
drug is metabolized in the liver, and so dose adjustment is advised with signifi-
cant liver disease. The drug inhibits the activity of CYP2D6 isoenzyme, which
metabolizes beta-blockers, antiarrhythmics, certain antidepressants, selective
serotonin reuptake inhibitors, and antipsychotics. In particular, bupropion
should not be administered concomitantly with thioridazine secondary to risks
of thioridazine toxicity and risk for ventricular arrhythmias.

After the approval of bupropion SR as a smoking cessation aid in the United
Kingdom, 18 deaths were reported. The Canadian Adverse Reaction Monitoring
Program reported 70 severe adverse cardiovascular reactions to bupropion SR,
including nine myocardial infarctions and three cardiac deaths. The contribu-
tion of bupropion SR to these deaths is not known, because these case reports
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could not control for other significant risk factors and therefore contribute little
to safety assessment [14].

More recently, in a five-hospital, double-blind, placebo-controlled trial,
patients who were admitted with acute cardiovascular disease were randomized
to receive either bupropion SR 150mg twice daily and intensive counseling
versus placebo and intensive counseling. Bupropion and placebo groups did
not differ in cardiovascular mortality at 1 year, in blood pressure at follow-up,
or in cardiovascular events at end-of-treatment or 1 year. Bupropion did
improve short-term quit rates but not long-term rates over intensive counseling
but did appear to be safe for smokers hospitalized with acute cardiovascular
disease [20].

There is one randomized trial for smoking cessation comparing bupropion
SR 150mg twice daily with placebo in outpatients with stable cardiovascular
disease [21]. At 1 year, the quit rates were 27% for the bupropion arm versus
11% for the placebo arm. There were no clinically significant changes in blood
pressure and heart rate throughout the treatment phase. In studies of bupro-
pion SR being used as an antidepressant in patients with cardiac disease, few
adverse cardiac effects were seen. There was occasional hypertension but no
effect on cardiac conduction or ejection fraction.

Despite the concern raised by case reports, current evidence suggests that
bupropion SR may be a safe and possibly efficacious treatment for smoking
cessation for patients with cardiovascular disease. Full evaluation of bupropion
SR in patients with cardiac disease is needed. Bupropion may be used in com-
bination with nicotine replacement. The success rate of this combination has
not been shown to be statistically superior [22, 23] and has not been evaluated
in the cardiac patient. It is suggested that while on combined therapy, blood
pressure should be monitored.

Varenicline

Varenicline is a new, effective, non-nicotine agent, developed expressly for
smoking cessation. It is a selective nicotinic acetylcholine receptor partial
agonist releasing 35% to 65% of the dopamine observed with nicotine. Vareni-
cline also has a competitive antagonist effect on nicotine due to higher affinity
for the receptor. It successfully blocks both the desire to smoke and the pleasure
of smoking. It appears to have great potential [24]. It has yet to be studied in
the cardiac patient.

Conclusion

Smoking cessation in the cardiac patient covers a spectrum of therapy from
simple measures of behavioral modification to complex decisions involving
pharmacotherapeutic options, for which further research is needed, especially
in patients with acute coronary syndrome.



300

M. 0’Sullivan

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Kannel WB, Dagostino RB, Belanger AJ. Fibrinogen, cigarette-smoking, and risk of
cardiovascular diseases—insights from the Framingham study. Am Heart ] 1987;
113:1006-1010.

. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and cardiovascu-

lar disease, an update. ] Am Coll Cardiol 2004;43:1731-1737.

. Mueller HS, Cohen LS, Braunwald E, et al. Predictors of early morbidity and mortal-

ity after thrombolytic therapy of acute myocardial infarction. Analyses of patient
subgroups in the Thrombolysis in Myocardial Infarction (TIMI) trial, phase II
Circulation 1992;85:1254-1264.

. Benowitz NL, Gourlay SG. Cardiovascular toxicity of nicotine: implications for nico-

tine replacement therapy. ] Am Coll Cardiol 1997;29:1422-1431.

. Barbash GI, Reiner ], White HD, et al. Evaluation of paradoxic beneficial effects of

smoking in patients receiving thrombolytic therapy for acute myocardial infarction:
mechanism of the “smoker’s paradox” from the GUSTO-I trial, with angiographic
insights. Global Utilization of Streptokinase and Tissue-Plasminogen Activator for
Occluded Coronary Arteries. ] Am Coll Cardiol 1995;26:1222-1229.

. Rivers JT, White HD, Cross DB, et al. Reinfarction after thrombolytic therapy for

acute myocardial infarction followed by conservative management: incidence and
effect of smoking. ] Am Coll Cardiol 1990;16:340-348.

. Galan KM, Deligonul U, Kern MJ, et al. Increased frequency of restenosis in patients

continuing to smoke cigarettes after percutaneous transluminal coronary angio-
plasty. Am J Cardiol 1988;61:260-263.

. Glantz SA, Parmley WW. Passive smoking and heart disease: mechanisms and risk.

JAMA 1995;273:1047-1053.

. Barnoya J, Glantz SA. Cardiovascular effects of secondhand smoke: nearly as large

as smoking. Circulation 2005;111:2684-2698.

Barua RS, Ambrose JA, Eales-Reynolds LJ, et al. Dysfunctional endothelial nitric
oxide biosynthesis in healthy smokers with impaired endothelium-dependent vaso-
dilatation. Circulation 2001;104:1905-1910.

Talbott E, Kuller LH, Perper J, et al. Sudden unexpected death in women: biologic
and psychosocial origins. Am ] Epidemiol 1981;114:671-682.

Quillen JE, Rossen JD, Oskarsson HJ, et al. Acute effects of cigarette smoking on the
coronary circulation: constriction of epicardial resistance vessels. ] Am Coll Cardiol
1993;22:642-647.

Benowitz NL, Fitzgerald GA, Wilson M, et al. Nicotine effects on eicosanoid forma-
tion and hemostatic function: comparison of transdermal nicotine andcigarette
smoking. ] Am Coll Cardiol 1993;22:1159-1167.

Joseph A, Fu S. Safety issues in pharmacotherapy for smoking in patients with car-
diovascular disease. Prog Cardiovasc Dis 2003;45:429-441.

Working Group for the Study of Transdermal Nicotine in Patients with Coronary
Artery Disease. Nicotine replacement therapy for patients with coronary artery
disease. Arch Int Med 1994;154:989-995.

Joseph AM, Norman SM, Ferry LH, et al. The safety of transdermal nicotine as an
aid to smoking cessation in patients with cardiac disease. N Engl ] Med 1996;335:
1792-1798.

Tzivoni D, Keren A, Meyler S, et al. Cardiovascular safety of transdermal nicotine
patches in patients with coronary artery disease who try to quit smoking. Cardiovasc
Drugs Ther 1998;12:239-244.



18.

19.

20.

21.

22.

23.

24.

26. Smoking Cessation in the Cardiac Patient 301

Fiore MC, Bailey WC, Cohen S]J, et al. Treating tobacco use and dependence, clinical
practice guideline. Rockville, MD: U.S. Department of Health nd Human Services,
Public Health Service; 2000.

Meine T, Patel M, Washam J, et al. Safety and effectiveness of transdermal nicotine
patch in smokers admitted with acute coronary syndromes. Am ] Cardiol 2005:
95:976-978.

Rigotti N, Thorndike A, Regan S, et al. Bupropion for smokers hospitalized with
acute cardiovascular disease. Am ] Med 2006;119:1080-1087.

Tonstad S, Farsang C, Klaene G, et al. Bupropion SR for smoking cessation in
smokers with cardiovascular disease: a multicentre, randomized study. Eur Heart J
2003;24:946-955.

Jorenby D, Leischow S, Nides M, et al. A controlled trial of sustained-release bupro-
pion, a nicotine patch, or both for smoking cessation. N Engl ] Med 1999;340:
685-691.

Simon J, Duncan C, Carmody T, et al. Bupropion for smoking cessation. Arch Intern
Med 2004:164;1797-1803.

Nides M, Oncken C, Gonzales D, et al. Smoking cessation with varenicline, a selective
a4B2 nicotinic receptor partial agonist. Arch Intern Med 2006;166:1561-1568.



27
Future Developments
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The optimal “therapy” for acute coronary syndrome (ACS) is undoubtedly the
prevention of its occurrence. Multiple primary [1] and secondary prevention
trials [2], mainly with statins, have shown their beneficial effects. However,
despite their overall reduction in cardiovascular events, statins affecting mainly
low-density lipoprotein (LDL) levels have not been shown to significantly affect
the coronary heart disease or overall mortality [1]. Furthermore, high-density
lipoprotein (HDL) level at the time of ACS presentation, not LDL level or the
change in LDL level by statin, predicted the short-term prognosis [3]. There-
fore, a new therapeutic target to raise HDL, such as with cholesteryl ester
transfer protein inhibitor, was investigated with great hope [4]. The results of
this therapy were eagerly anticipated, but the first randomized trial suggested
potential increase in mortality with this therapy, possibly related to associated
hypertension (unpublished data). Despite this setback, there are other agents
in the same class with possibly different side-effect profile that may ultimately
improve the lipid profile. In addition, infusion of recombinant HDL may
promote regression of coronary atherosclerosis [5] and contribute to stability
of the plaques, although this intermittent intravenous infusion would be
impractical for most patients. Theoretically, the symbiotic combination of LDL-
lowering and HDL-raising therapies could result in the best cardioprotection.

Antiplatelet therapy, especially clopidogrel monotherapy [6] or combination
therapy with aspirin [7], has been shown to provide substantial benefit in pre-
vention of secondary cardiovascular events. The hypothesis that dual antiplate-
let therapy in high-risk patients, such as diabetics, could provide primary
prevention was studied in the CHARISMA trial [8], but ultimately the random-
ized trial could not provide a definitive answer because of insufficient enroll-
ment of these patients [9]. Novel antiplatelet agents, such as prasugrel [10], may
further improve the cardioprotection.

In addition, current emphasis on banning smoking in public, thereby pre-
venting secondhand smoke, improving diet and exercise for children and the
general population, and educating the public regarding lifestyle modifications
will result in overall reduced risk for developing ACS. Furthermore, in the
future it would be ideal to be able to detect patients at risk from their genetic
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profile [11] and possibly tailor the therapy according to their individual risk
[12].

Imaging Modalities to Detect Subclinical Vulnerable Plaques

Even with optimal therapy and compliance with medical therapy and lifestyle
modification, there are patients at risk for rupture of the vulnerable plaques
and ACS. For these patients, it would be preferable to have a noninvasive
imaging modality to detect the subclinical plaques at risk for rupture. Although
many different coronary imaging modalities have been investigated for this
purpose [13], currently there is no reliable noninvasive methodology. Recently,
multislice computed tomographic angiography has gained some acceptance for
detecting subclinical coronary artery disease [14]. However, this modality does
not address the plaque composition and is similar to traditional invasive coro-
nary angiography in that it is alumenogram. Furthermore, during ACS, patients
with high likelihood would need to go to the catheterization laboratory for
definitive diagnosis and subsequent revascularization if needed. There are inva-
sive modalities with potential for detecting vulnerable plaques [15]. Because of
their invasive nature, especially in asymptomatic patients, these modalities are
not as desirable for detection of vulnerable plaques.

An indirect measure of the presence of vulnerable coronary artery plaques
may be the presence of “echolucent” carotid plaques, as reported by Honda et
al. [16]. They showed that those patients with echolucent carotid plaques, sug-
gestive of lipid core, had greater frequency of subsequent ACS versus others
with similar amount of carotid plaque but without the lipid core. Therefore,
increased scrutiny of easily accessible peripheral arteries, such as the carotid
or other noncoronary arteries, may provide early clues to the presence of vul-
nerable plaques.

Laboratory Tests to Facilitate the Diagnosis of ACS

Once patients present with ACS, it is important not to miss this diagnosis.
Unfortunately, the rate of missed diagnosis still remains high, between 2% and
4% [17], and missed diagnosis of acute coronary syndrome is associated with
a twofold increase in patient mortality rate [18]. This is because initial decision
making, which is based on a patient’s risk factors, electrocardiogram, and the
level of cardiac enzymes, will often be ineffective, especially in patients with
initial normal enzyme levels or nondiagnostic electrocardiographic changes.

There have been reports of novel biomarkers, such as resistin [19], albumin
cobalt binding test [20], and pregnancy-associated plasma protein A [21]. The
potential advantages could be earlier detection of the ACS status, with some of
the markers elevated even prior to myocardial necrosis and prior to troponin
elevation [20].
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Therapies

After the occurrence of ACS, current therapies, including both pharmacological
and revascularization options, have greatly improved the survival rates.
However, none of the therapies can prevent the reperfusion injury [22], and the
amount of myocardial salvage is limited. Therefore, future treatments aimed at
preventing reperfusion injury [23] or preserving ischemic myocardium for
eventual survival by therapeutic hypothermia [24] could maximize myocardial
salvage. In addition, bone marrow infusion could provide progenitor cells for
repopulation of the infarcted area and improve myocardial function [25].
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with normal coronary arteries,
246-247
of coronary origin, 246-247, 248-253
economic impact of, 248
epidemiology of, 247
of non-coronary origin, 246, 247,
253-261
pericardial, 145-147

racial differences in, 234, 236
in women, 213
“Chest pain centers,” 104-105
“Chest pain pathway.” See PAIN
pathway, for acute coronary
syndromes management
Cholesteryl ester transfer protein, 302
Clopidogrel, 45, 65, 78-79, 302
Coagulation studies, 41
Cocaine
as aortic dissection risk factor, 256
as atherosclerotic plaque rupture risk
factor, 32
cardiovascular effects of, 205-209
pharmacology and action mechanisms
of, 204-205
Columbia University, College of
Physicians and Surgeons, 9, 20-24
Computed tomography
of aortic dissection, 257
spiral, of pulmonary embolism, 260
Computed tomography angiography,
multislice, 303
Conduction system, cardiac
anatomy and function of, 163-164
blood supply of, 164-165
impulse propagation failure in, 163,
168-172
Congestive heart failure, 119-131
acute decompensated, 119-131
bedside assessment of, 124-125
diagnosis, 121-125
natriuretic peptide assays of,
121-123
new-onset versus acute exacerbation
of, 123-124
treatment of, 125-129, 270
chronic, exacerbation of, 123-124
in elderly patients, 214-215
non-ST-segment elevation myocardial
infarction-related, 67-68
supraventricular tachycardia-related,
175
treatment of
angioplasty versus fibrinolytic
treatment, 52-53
with angiotensin-converting enzyme
inhibitors, 269
with beta-blockers, 193



guidelines for, 119
with nitrates, 63
in women, 214
Coronary arteries
dissection of, aortic dissection-related,
256
normal, in chest pain, 246-247
of coronary origin, 246-247,
248-253
economic impact of, 248
epidemiology of, 247
of non-coronary origin, 246, 247,
253-261
right
in inferior myocardial infarction,
177
occlusion of, 165, 166
spasms of, 2, 64, 248-249
Coronary artery bypass grafting (CABG)
after primary angioplasty, 51
complications of, 219
in elderly patients, 219
myocardial protection during, 159
as non-ST-segment-elevation
myocardial infarction treatment,
155, 156
as ST-segment-elevation myocardial
infarction treatment, 140, 155,
157-158
urgent or emergent, 52
in women, 219
Coronary artery disease (CAD)
incidence of, 25
as mortality cause, 37
smoking-related, 296
in women, 212
Coronary calcium scanning, 87, 90, 94
Coronary heart disease
incidence of, 25
risk factors for, 212
in African Americans, 230-233
in Hispanics, 230, 231
in older adults, 212-213
in women, 212-213
C-reactive protein, 233
Creatine kinase
cocaine-related increase in, 206
in statin-related myopathy, 289
Creatine kinase-MB, 41-43, 55, 56, 62
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cocaine-related increase in, 206
in noncardiac conditions, 43
Cytokines, inflammatory, 28-29

D
D-dimer, 260-261
Defibrillators. See Implantable
cardioverter defibrillators
Diabetes mellitus
blood pressure levels in, 290
as cardiovascular disease risk factor,
272-273
in African Americans, 231-232, 234,
236
gender factors in, 213
in Hispanics, 231
as epidemic, 272
hyperglycemia management in,
276-283
hyperosmolar state in, 278
hypertension associated with, 236
ketoacidosis associated with, 278, 281
as myocardial infarction-related
mortality risk factor, 272
in women, 212
Diet, cardioprotective, 288, 291-292
Digoxin, as atrial fibrillation treatment,
186
Diltiazem
as atrial fibrillation treatment, 185
contraindication in left ventricular
dysfunction, 81
Discharge planning, 20-24
Diuretics
as congestive heart failure treatment,
125, 126, 129
thiazide, 291
Dobutamine
cardiogenic shock-related, 139
as congestive heart failure treatment,
128
Dobutamine stress echocardiography,
105
Dofetilide, 196
Dopamine, in cardiogenic shock, 139
Dressler’s syndrome, 147, 151
Dyslipidemia. See also
Hypercholesterolemia
statin therapy for, 287-290
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Dyspnea
in older patients, 213
in women, 213

E
Echocardiography, 96-107
of cardiac aneurysms, 116, 117
of cardiac tamponade, 150
for cardiogenic shock evaluation, 137
color flow Doppler, 97-98
in the coronary care unit, 103-104
in the emergency department, 104-106
of interventricular septal rupture, 111,
112
of left ventricular hypertrophy, 231
of myocardial infarction, 97-99, 108
of myocarditis, 255
of papillary muscle rupture, 114
of pericardial disease, 147
of pericarditis, 254
stress, 87, 88, 92, 94, 104-105
transesophageal, 96-97
of aortic dissection, 257
for cardiogenic shock evaluation,
137
in the coronary care unit, 103, 104
intraoperative, 154
of papillary muscle rupture, 101
of pulmonary embolism, 260
of ventricular free wall rupture, 149
transthoracic, 96
in the coronary care unit, 103, 104
of left ventricular thrombus, 102
of ventricular free wall rupture, 110,
149
Edema, pulmonary, 183
Elderly patients
acute coronary syndrome in
clinical signs and symptoms of,
214
comorbid conditions in, 214-215
mortality rate in, 221
adverse drug effects in, 215
aortic dissection in, 256
Electrocardiography (ECG)
of acute coronary syndromes, 37-38,
39-40, 61, 62
in elderly patients, 215
for risk stratification, 62
in women, 215

of atrial infarction, 177-178
of cocaine-related myocardial
infarction, 206
of pericardial disease, 147, 254
12-lead, 40
of ST-segment-elevation myocardial
infarction, 48
Electrophysiological studies
of congestive heart failure, 128
post-myocardial infarction, 197,
198-199
Embolism, pulmonary
as chest pain cause, 11, 37, 259-261
diagnosis of, 259-260
differentiated from aortic dissection,
256
as myocardial infarction complication,
2
treatment of, 260-261
Emergency departments
acute coronary syndromes evaluation
in, 37-44
acute coronary syndromes treatment
in, 44-46
echocardiography use in, 104-106
Enalapril, 269, 290
Encainide, 195
Endocarditis, cocaine-related, 207
Endothelium, vascular
atheroprotective function of, 27
desquamation of, 29
dysfunction of, 249-250
in African Americans, 234
hyperglycemia-related, 274
inflammation-related, 27-29
microvascular, 253
Enoxaparin, 79
Eplerenone, 195
Eptifibatide, 46, 65-66, 79-80
racial differences in response to, 236
Ergonovine maleate, 249
Esmolol, 45, 185
Esophageal disorders
as chest pain cause, 257-258
differentiated from aortic dissection,
256
spasms, 257-258
tears/ruptures, 48
Estrogen, cardioprotective effects of, 221
Estrogen deficiency, 213



European Society of Cardiology, 119
Exercise stress testing, 249, 251, 293

F
Fat, dietary, 292
Fibrinogen, 235
Fibrinolysis, racial differences in,
234-235
Fibrinolytic therapy
arterial reocclusion after, 52
for myocardial infarction
mortality rate in, 236-237
racial differences in response to,
236-237
for ST-segment elevation myocardial
infarction
cardiac biomarker assessment of,
55-56
contraindications to, 50-51
versus reperfusion therapy, 49-50
timing of, 49, 50
Filters, inferior vena cava, 260-261
Flecanide, 195
Fluvastatin, 288, 289
Framingham Heart Study, 25
Framingham Risk Score, 213
Free wall rupture. See Ventricular free
wall rupture
Friction rubs
pericardial, 147, 253-254
pleural, 253-254

G
Gastroesophageal reflux disease (GERD),
257-258
Genetic factors, in acute coronary
syndrome, 302-303
Glucose intolerance, in cardiac care unit
patients, 273
Glycoprotein IIb/IIIa inhibitors, 46
adjuvant use of, 4
administration prior to percutaneous
interventions, 66, 67
in combination with
facilitated angioplasty, 54
low-molecular-weight heparin, 79
as hemorrhage cause, 216
as myocardial infarction treatment,
139
in female or elderly patients, 216
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in non-ST-segment elevation
myocardial infarction, 65-66, 216
in ST-segment elevation myocardial
infarction, 13
preoperative administration of, 154
as unstable angina treatment, 79-80,

216

H

Health care, racial disparities in,
237-238

Heart block, complete, 170-171
idioventricular rhythm in, 168
junctional bradycardia in, 167

Heart murmurs, papillary muscle

rupture-related, 114

Heart rate
in acute coronary syndrome, 181
effect on myocardial oxygen demand,

264-265
Hemopericardium, 109, 149, 256
Hemorrhage
aortic dissection-related, 256
glycoprotein IIb/IIIa inhibitors-related,
80

intracranial, 50

percutaneous coronary interventions-
related, 218

risk evaluation of, 39

thrombolytic therapy-related, 217

Hemostatic factors, racial differences in,

234-235

Heparin
as cardiogenic shock treatment, 139
low-molecular-weight, 46

as non-ST-segment elevation
myocardial infarction treatment,
66-67
as unstable angina treatment, 79
preoperative administration of, 154
racial differences in response to, 236
unfractionated, 46, 66, 79
action mechanism of, 79
as acute coronary syndrome
treatment, 216
as hemorrhage cause, 216
as non-ST-segment elevation
myocardial infarction treatment,
66
as unstable angina treatment, 79
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High-density lipoprotein (HDL)
as acute coronary syndrome treatment,
302
cholesteryl ester transfer protein-
related increase in, 302
high levels of, 302
in African Americans, 232
low levels of
gender differences in, 213
as metabolic syndrome component,
213, 231
treatment of, 288
statin-related increase in, 81
Hirudin, racial differences in response to,
236
His bundle
anatomy of, 164
blood supply to, 164
in complete heart block, 170
Hispanics
acute coronary syndromes in, 229-245
C-reactive protein in, 233
diabetes mellitus in, 231
Hormone replacement therapy, 233
Hydralazine, contraindication to, 270
3-Hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors, 194, 287-290
action mechanism of, 67, 81
as acute coronary syndromes
prophylaxis, 302
as acute coronary syndromes
treatment, 67, 302
contraindications to, 289
monitoring of, 289
as non-ST-segment elevation
myocardial infarction treatment,
67
side effects of, 288
Hypercholesterolemia
as ischemic heart disease risk factor,
230
in women, 212
Hyperglycemia
as acute coronary syndrome
complication, 272-285
as cardiovascular disease risk factor,
272-273
in hospitalized cardiac patients,
management of, 274-283

as hypoglycemia cause, 276, 280
pathway for, 276-283
metabolic effects of, 273-274
stress, 272, 273
Hypertension
in African Americans, 230, 231-232,
236
as chest pain cause, 250-251, 259
as contraindication to thrombolytic
therapy, 266
diabetes mellitus-associated, 236
endothelial dysfunction in, 234
left ventricular hypertrophy-related,
251
as metabolic syndrome component,
213, 231
prevalence of, 230
pulmonary, as chest pain cause, 259
treatment of
with diet and nutrition, 291
with pharmacotherapy, 264-271,
290, 291
uncontrolled, 51
in women, 212
Hypertensive emergency, 265, 270
Hypoglycemia, 276, 280
Hypoperfusion, cardiogenic shock-
related, 132, 139
Hypotension
angiotensin-converting enzyme
inhibitors-related, 81, 269
cardiac tamponade-related, 149
cardiogenic shock-related, 132, 136,
138-139
junctional bradycardia-related, 167
morphine-related, 81, 270
nitrates-related, 1
sinus bradycardia-related, 167
ventricular free wall rupture-related,
148
Hypothermia, therapeutic, 304
Hypoxia, 63

I

Idioventricular rhythms, 166, 168

Immunosuppression, hyperglycemia-
related, 273-274

Implantable cardioverter defibrillators,
197-199



versus antiarrhythmic drug therapy,
194
Inflammation, in atherogenesis, 27-29,
31, 32
Insulin resistance, as metabolic
syndrome component, 231
Insulin therapy, in hospitalized patients,
276-283
conversion to subcutaneous insulin,
281-283
Interferon-vy, 29, 31
Internal mammary arteries, 160
Interventricular septum, post-infarct
rupture of, 110-112
Intraaortic balloon counterpulsation
(IABP), 158-159
as cardiogenic shock treatment, 139
with off-pump surgery, 160
as ventricular free wall rupture
treatment, 109, 110
Ischemia. See also Myocardial ischemia
aortic dissection-related, 256
atrial, 177
persistent refractory, 155
post-myocardial infarction, 97, 98
Ischemic cascade, 97, 98
Ischemic heart disease
antiarrhythmic drug therapy for, 195
left ventricular hypertrophy-related,
230

J

Jugular venous distention, 136

Junctional atrioventricular bradycardia,
167

Junctional tachycardia, nonparoxysmal,
183

K
Ketoacidosis, diabetic, 278, 281
Kussmaul’s sign, 138

L
Labetalol, 208
Left anterior descending artery, 109
Left atrial circumflex artery, 177
Left circumflex artery, 164, 177
as papillary muscle blood supply, 113
in ventricular free wall rupture, 109

Index 317

Left ventricle
dysfunction of
antiarrhythmic drug therapy for,
193, 195, 196
as contraindication to diltiazem, 81
non-ST-segment elevation
myocardial infarction-related, 67
supraventricular tachyarrhythmia-
related, 181
hypertrophy of
in African Americans, 230-232
echocardiography of, 231
hypertension associated with, 251,
264
myocarditis-related, 255-256
rupture of, echocardiographic
assessment of, 99-100
thrombi in, 101-102
Left ventricular assist devices, 139-140
Left ventricular failure, as cardiogenic
shock cause, 134-135, 136, 138,
140
Leukocyte adhesion molecules, 28
Lidocaine
use in cocaine-using patients, 208
as ventricular arrhythmia prophylaxis,
192
Lifestyle modifications, 290, 302
Lipid-lowering drugs, 194, 302
Lipid profiles, of African Americans,
232-233
Lipoprotein (a), in African Americans,
232, 233
Lisinopril, 46, 234
Liver disease, as contraindication to
statin therapy, 289
Liver failure, statin therapy-related, 288,
289
Lovastatin, 288, 290
Low-density lipoprotein (LDL), 288
small-particle, as metabolic syndrome
component, 213
statin-related reduction in, 81
Low-fat diets, 292

M

Macrophage colony-stimulating factor,
28

Mallory-Weiss tears, 257-258



318 Index

Marfan syndrome, 256
Matrix metalloproteases, 31
Mechanical assist devices, as cardiogenic
shock treatment, 140
Medicare, 293
Mediterranean diet, 291-292
Metabolic syndrome, 213, 231, 288
Metoprolol
as acute myocardial infarction
treament, 267-268
as atrial fibrillation treatment, 185
as ventricular fibrillation treatment,
193
Microalbuminuria, in African Americans,
234
Microvascular dysfunction, coronary,
250-251, 252-253
Milrinone
as congestive heart failure treatment,
128
limitations to use of, 139
Mitral regurgitation
as cardiogenic shock cause, 134, 136,
137
coronary artery bypass graft surgery
for, 155
post-myocardial infarction, 102, 103
Mitral valve disease, as chest pain cause,
252
Moricizine, 195
Morphine, 1, 45, 270
hemodynamic effects of, 270
as unstable angina treatment, 81
Morphine sulfate, 64
Muscles, cardiac, 154
Myocardial bridging, 250
Myocardial infarction, acute
in African Americans, 232
barriers to treatment of, 237-239
age factors in, 212
anterior
biomarkers of, 43
interventricular septal rupture
associated with, 110, 111
preshock syndrome of, 132-133
arrhythmias associated with
atrial tachyarrhythmias, 175-176
as mortality cause, 2
atrial infarction associated with,
177-178

as cardiogenic shock cause, 132-143
cocaine-related, 204, 205-206
coronary artery plaque rupture-
related, 29
differentiated from
coronary spasm, 248
pericarditis, 145-147
incidence of, 25
infarct size limitation in, 3
inferior
interventricular septal rupture
associated with, 110, 111
sinus bradycardia in, 166
with ventricular septal rupture, 100
inferoposterior, 165
as left ventricular dysfunction cause, 3
left ventricular hypertrophy-related,
230-231
mechanical complications of, 108-118
cardiac aneurysm and
pseudoaneurysm, 108, 115-118
echocardiographic assessment of,
99-102
interventricular septum rupture,
110-112
papillary muscle rupture, 113-115
ventricular free wall rupture,
109-110
as mortality cause, 2, 272
gender differences in, 220-221
non-ST-segment elevation (NSTEMI)
cardiogenic shock associated with,
133
congestive heart failure associated
with, 67-68
diagnosis of, 61-62
early invasive versus early
conservative approach to, 76-78,
219-220
early revascularization in, 67-68
in elderly patients, 220
emergency department treatment of,
37
evidence-based approach to, 68-69
with left ventricular dysfunction, 67
pathophysiology of, 3, 60-61
prognosis in, 68-69
racial differences in, 236
treatment of, 63-68
in women, 219-220



pathogenesis/pathophysiology of, 264
pericardial involvement in, 147-149
posterior, sinus bradycardia in, 166
recurrent, prevention of, 6, 66
reinfarction, 43
risk stratification of, 98
smoking-related, 296
ST-segment depression prior to, 40
ST-segment elevation (STEMI)
anterior, 52
cardiac biomarkers of, 55-56
cardiac output in, 181
cardiogenic shock associated with,
133, 140
diagnosis and treatment of, 48-59
early invasive versus conservative
approaches to, 5
facilitated angioplasty of, 54
fibrinolytic versus reperfusion
therapies for, 49-50
incidence of, 5
mechanical complications of, 49
“open artery hypothesis” of, 55
PAIN pathway protocol for, 12-14
pathophysiology of, 3
plasma glucose levels in, 272
primary angioplasty of, 4
racial differences in, 236
reperfusion therapy for, 48-49
rescue (salvage) angioplasty of,
54-55
supraventricular tachyarrhythmia
in, 181
thrombolytic therapy for, 3, 217
treatment algorithm for, 48
treatment guidelines for, 48-49, 140
ventricular free wall rupture in,
148-149
supraventricular tachyarrhythmias
associated with, 175
treatment of
“armchair” treatment, 2
bed rest as, 1, 2
during pre-coronary care unit era,
1-2
ventricular arrhythmias after, 190-203
accelerated idioventricular rhythm,
190-191
implantable cardioverter-
defibrillators for, 197-199
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lidocaine prophylaxis for, 192
medical therapy for, 193-196
nonsustained ventricular
tachycardia, 191
premature ventricular contractions,
190
sustained ventricular tachycardia,
191-192
therapeutic approach to, 192-199
ventricular fibrillation, 191-192
Myocardial infarction, old, coronary
plaque rupture in, 25
Myocardial ischemia
cocaine-related, 208
evaluation of, 40
as myocardial damage cause, 3
pathogenesis/pathophysiology of,
264
relationship to angina, 86
“silent,” 86
Myocardial salvage, 304
Myocarditis, 254-256
as chest pain cause, 255
cocaine-related, 207, 208-209
subclinical, 255
Myocardium, ischemic, preservation
strategy for, 304
Myoglobin, as cardiac biomarker,
43-44, 55, 56, 62
Myopathy, statins-related, 288, 289,
290
MyPyramid.gov, 292

N
Natriuretic peptides, 43, 121-123
Neutropenia, azimilide-related, 196
Nicotine, 297. See also Smoking
Nicotine replacement therapy, 297-298
Nifedipine, 81, 268-269
Nitrates, 45
action mechanism of, 80
in combination with morphine, 81
contraindication in cardiogenic shock,
138
as hypotension cause, 1
therapeutic applications of
cocaine-related myocardial
infarction, 208
coronary artery spasms, 249
myocardial bridging, 250
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Nitrates (cont.)
unstable angina, 80
theraputic applications of
non-ST segment elevation
myocardial infarction, 63-64
Nitric oxide, 29
Nitroglycerin
cardiovascular effects of, 267
contraindications to, 139, 167, 267
preoperative administration of, 154
therapeutic applications of
coronary spasm, 2
hypertension, 267-268
non-ST segment elevation
myocardial infarction, 63-64
unstable angina, 80
Nitroprusside, 270
Nonsteroidal anti-inflammatory drugs
(NSAIDs)
contraindication in myocarditis, 256
as pericardial pain treatment, 254
as ventricular free wall rupture risk
factor, 109
Nuclear factor 5%, 29
Nurses, arrhythmia treatment by, 1, 2

(¢
Obesity, as metabolic syndrome
component, 213, 231
Off-pump surgery, 159, 160
“Open artery hypothesis,” 55
Oral contraceptives, 213
Oxygen demand, myocardial,
hypertension-related decrease in,
264-265
Oxygen therapy
for acute myocardial infarction, 2
for non-ST segment elevation
myocardial infarction, 63
for ST-segment-elevation myocardial
infarction, 49
for supraventricular tachyarrhythmia,
182

P

Pacemakers, biventricular, 128-129

PAIN pathway protocol, 9-19, 48, 86
Advanced Risk, 9, 14-16, 37-38, 44
goals of, 11-18

as indication for cardiac
catheterization, 44
initial assessment in, 11
Intermediate Risk, 9, 16-17, 37-38
as indication for stress testing,
86-95
Low or Negative Risk, 9, 17-18, 37-38,
44, 87
as indication for stress testing,
86-95
Priority Risk, 9, 12-14, 37-38
for ST-segment elevation myocardial
infarction, 12-14
Papaverine, as coronary spasm
treatment, 2
Papillary muscle rupture, 137
diagnosis and management of,
113-115
echocardiographic assessment of, 101
as indication for mitral valve repair/
replacement, 102
as mitral regurgitation cause, 101
right ventricular infarction-related, 100
Peptic ulcers
as chest pain cause, 48, 257-258
as contraindication to fibrinolytic
therapy, 51
perforated, 48
Percutaneous coronary interventions. See
also Angioplasty
glycoprotein IIb/IIIa inhibitor therapy
prior to, 66, 67
as hemorrhage cause, 218
transfer of patients for, 53-54
Pericardial constriction, 254
Pericardial disease, 144-153
Pericardial effusions, 11, 102, 147-149,
150, 254
Pericardiocentesis, as cardiac tamponade
treatment, 149
Pericarditis
acute, diagnostic tests for, 48
as chest pain cause, 11, 253-254
differentiated from myocardial
infarction, 145-147
infarction, 147-148
Pericardium
anatomy of, 144, 253
physiology of, 144-145



Phosphodiesterase inhibitors, 139, 267
Physical activity, cardioprotective effects
of, 293
Pleurisy, as chest pain cause, 259
Pneumomediastinum, diagnostic tests
for, 48
Pneumonia, as chest pain cause, 259
Pneumothorax
differentiated from aortic dissection,
256
tension, 48, 259
Post-myocardial infarction syndrome,
147, 151
Prasugrel, 302
Pravastatin, 288, 289, 290
Pregnancy
as aortic dissection risk factor, 256
as contraindication to fibrinolytic
therapy, 51
Pregnancy-associated plasma protein A,
303
Prehypertension, 290
Premature atrial complexes, 178, 183
Premature ventricular arrhythmias, 193
Premature ventricular contractions,
190
Principles of Internal Medicine
(Harrison), 2
Pseudoaneurysm, ventricular, 101, 108
Pulmonary disorders, as chest pain
cause, 256, 259-261
Pulsus paradoxus, 138
Purkinje fibers, anatomy and function of,
164

Q

Quinidine, 1

R

Rales, 2, 136-137

Rehabilitation, cardiac, 2, 293

Remodeling, cardiac, 103-104

Renal disease, blood pressure levels in,
290

Renal failure, aortic dissection-related,
256

Reperfusion injury, 157-158, 304

Reperfusion therapy, 4

for cardiogenic shock, 140
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for ST-segment-elevation myocardial
infarction, 48-49
cardiac biomarker assessment of,
55-56
versus fibrinolytic therapy, 49-50
versus primary angioplasty, 51-53
with primary angioplasty, 48-49,
51-54
time to, 238
Resistin, 303
Revascularization, 155-158. See also
Coronary artery bypass grafting
(CABG)
early, versus conservative therapy, 5,
219-220
as non-ST-segment elevation
myocardial infarction treatment,
67-68
as ST-segment elevation myocardial
infarction treatment, 140
Risk stratification, cardiac, 37-38, 62-63.
See also PAIN pathway, for acute
coronary syndromes management
with electrocardiography, 39-40
with stress testing, 86-95
with computed tomography
angiography, 87, 90, 93
with coronary calcium scanning, 87,
90, 94
of low-to-intermediate risk chest
pain patients, 86-95
with SPECT imaging, 87, 88, 90,
92-93
with stress echocardiography, 87, 88,
92, 94
in unstable angina/non-ST-segment
elevation myocardial infarction,
5
Rosuvastatin, 288, 289

S
St. Luke’s Roosevelt Hospital Center, 9,
20-24
Secondary prevention, in cardiovascular
disease, 5, 286-294
algorithm for, 286-287
with statins, 302
Sedentary lifestyle, as coronary artery
disease risk factor, 293
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Shock, cardiogenic, 80, 132-143
diagnosis of, 136-137
echocardiographic evaluation of, 137
etiology of, 134-136
incidence of, 133
left ventricular, 134-135, 138
as mortality cause, 132
nonhypotensive, 132
preshock syndrome of, 132-133, 136
prognosis in, 140-141
right ventricular, 134, 136-137, 138
risk factors for, 133-134
supraventricular tachyarrhythmias-

related, 175, 183
treatment of, 138-140
angioplasty versus medical
treatment of, 52
with coronary artery bypass
grafting, 155
with intraaortic balloon
counterpulsation, 158
in women, 214
Simivasatin, 288, 289
Single-positron emission computed
tomography (SPECT), in stress
testing, 87, 88, 90, 92-93

Sinoatrial node
anatomy and function of, 163, 164
blood supply to, 164
in bradyarrhythmia, 165
cardiac pacemaker function of, 166

Sinoatrial node artery, 164, 166

Sinus bradycardia, 163

Sinus node, in junctional bradycardia,

167

Sinus node artery, 164, 177

Sinus tachycardia, 178
persistent, 183
ST-segment elevation myocardial

infarction-related, 182-184
treatment of, 183

Smokers, atherosclerotic plaques in, 32

Smoking
cardiovascular effects of, 296-297

acute coronary syndromes, 212
in African Americans, 231-232
coronary spasm, 248

gender factors in, 213

ischemic heart disease, 230

myocardial infarction, 248
public ban on, 302
Smoking cessation, in cardiac disease
patients, 295-301
Sotalol, 195-196
Spironolactone, effect on ventricular
ectopy, 195
Statins. See 3-Hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors
Stents
coronary, 76
arterial reocclusion rates of, 52
drug-eluting, 4
metallic, 4
Steroids, as ventricular free wall rupture
risk factor, 109
Streptokinase
contraindications to, 51
as coronary thrombosis treatment, 3
Stress testing, 86-95
echocardiographic, 87, 88, 90, 92-93,
104-105
of low-to-intermediate risk chest pain
patients
with computed tomography
angiography, 87, 90, 93
with coronary calcium scanning, 87,
90, 94
imaging protocol selection for, 92
with SPECT imaging, 87, 88, 90,
92-93
with stress echocardiography, 87, 88,
92, 94
Stroke
aortic dissection-related, 256
as contraindication to fibrinolytic
therapy, 50
left ventricular hypertrophy-related,
230-231
ST-segment depression, 40
cardiac ischemia/infarction-related, 62
ST-segment elevation. See also
Myocardial infarction, acute, ST-
segment elevation
cardiac ischemia/infarction-related, 62
in women, 215
Sudden cardiac death
acute coronary syndromes-related, 25
arrhythmias-related, 25



cardiac pump failure-related, 25
cocaine-related, 204
coronary atherosclerosis-related, 25
prevention of
with amiodarone, 196
with beta-blockers, 193
with eplerenone, 195
with implantable cardioverter
defibrillator, 197-199
with valsartan, 198
racial differences in, 237
smoking-related, 296
thrombotic, 29
Supraventricular tachyarrhythmias, 175
hemodynamic consequences of, 181
initial evaluation and treatment of,
182-186
mechanisms of, 175-176
paroxysmal, 183
Supraventricular tachycardia, treatment
of, 183, 184
Surgical management, of acute coronary
syndromes, 154-162
intraaortic balloon counterpulsation
(IABP), 158-159
intraoperative considerations in,
159-160
off-pump surgery, 160
preoperative assessment for, 154-155
revascularization, 67-68, 140, 155-158
ventricular assist devices and, 160-161
Syndrome X, 252-253

T
Tachycardia. See also specific
tachycardias
cardiac tamponade-related, 149
cardiogenic shock-related, 132, 136
narrow QRS complex, 175
Tamponade, cardiac, 149-151
aortic dissection-related, 256
as cardiogenic shock cause, 134, 136-
137, 138
pathophysiology of, 149
pericardial, 147, 254
pericardial effusion associated with,
147
signs and symptoms of, 149-151
treatment of, 151
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ventricular free wall rupture-related,
109
Thrombolytic therapy
for cocaine-related myocardial
infarction, 208
in elderly patients, 217
as hemopericardium cause, 149
history of, 3
hypertension as contraindication to,
266
as ventricular free wall rupture risk
factor, 109
in women, 217
Thrombosis
in acute coronary syndrome
pathophysiology, 26
coronary
early experimental studies of, 1
as mortality cause, 1
treatment of, 3
left ventricular, 101-102
as myocardial infarction cause, 3
in non-ST-segment elevation
myocardial infarction, 60
overlying atherosclerotic plaques, 32
pathophysiology of, 29, 30, 60
racial factors in, 234-235
venous
deep, 260
as myocardial infarction
complication, 2
Ticlopidine, 65
TIMI (Thrombolysis in Myocardial
Infarction) risk score, 62-63, 76,
77
Tirofiban, 46, 79-80
as non-ST-segment elevation
myocardial infarction treatment,
65-66, 216
as unstable angina treatment, 216
use in women and the elderly, 2166
Tissue factor, 29, 32
Tissue-plasminogen activator, 3
racial differences in response to,
235-236
Torsade de pointes, azimilide-related,
196
Transfer, of patients, for percutaneous
coronary interventions, 53-54
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Trauma, as aortic dissection risk factor,
256
Tricuspid regurgitation, right ventricular
infarction-related, 100
Triglyceride levels
elevated
as metabolic syndrome component,
213, 231
treatment of, 288
racial differences in, 232
Troponins I and T, 4, 41-42, 44, 62
cocaine-related increase in, 206
as myocarditis treatment, 255
in noncardiac conditions, 42
in non-ST segment elevation
myocardial infarction, 63
in ST-segment-elevation myocardial
infarction, 55-56
in women, 21
Tuskegee experiment, 239

\Y
Valsartan, 198
Valvular heart disease, as chest pain
cause, 252
Varenicline, 299
Vascular lesions, intracranial, as
contraindication to fibrinolytic
therapy, 50
Vasoconstriction, in acute coronary
syndromes, 29-30
Vasodilatation, coronary, in African
Americans, 234
Vasospasm. See also Coronary arteries,
spasms of
as impaired arterial blood flow cause,
29
nitrate therapy for, 63
Ventilation-perfusion (V/Q) scans, 260
Ventricular arrhythmias
cocaine-related, 208
life-threatening, 155
post-myocardial infarction, 190-203
accelerated idioventricular rhythm,
190-191
antiarrhythmic drug therapy for,
195-196
implantable cardioverter-
defibrillators for, 197-199
lidocaine prophylaxis for, 192

medical therapy for, 193-196
nonsustained ventricular
tachycardia, 191
premature ventricular contractions,
190
sustained ventricular tachycardia,
191-192
therapeutic approach to, 192-199
ventricular fibrillation, 191-192
Ventricular assist devices, 160-161
Ventricular fibrillation, after myocardial
infarction, 191-192
Ventricular free wall rupture, 109-110
aortic dissection-related, 256
in ST-segement-elevation myocardial
infarction, 148-149
Ventricular infarction
left, with right ventricular infarction,
100
right
as cardiogenic shock cause, 134, 136
echocardiographic assessment of,
100-101
with left ventricular infarction, 100
with posterior septal wall rupture,
100
Ventricular septal defects/rupture
as cardiogenic shock cause, 134, 137,
138, 140
echocardiographic assessment of, 100
inferior myocardial infarction-related,
100
Ventricular systole, 253
Ventricular tachyarrhythmia,
supraventricular tachyarrhythmia-
related, 183
Ventricular tachycardia
nonsustained, 191
sustained, 191-192
treatment of, 1, 193, 194-195
Ventriculography, 138, 154
Verapamil, as atrial fibrillation
treatment, 185
Viagra (sildenafil), 267

w
Women, cardiovascular disease/acute
coronary syndrome in
aortic dissection, 256
clinical presentation of, 214-215
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coronary artery disease, 212 outcome of, 220-221
coronary thrombi, 32 risk factors for, 212-213
hospital-based management and

treatment of, 215-220 Z

as mortality cause, 212 Zofenopril, 194
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