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Purpose: To review the cause, epidemiology, pathophys-
iology, and treatment of cardiogenic shock.

Data Sources: A MEDLINE search of the English-
language reports published between 1976 and 1998 and a
manual search of bibliographies of relevant papers.

Study Selection: Experimental, clinical, and basic re-
search studies related to cardiogenic shock.

Data Extraction: Data in selected articles were reviewed,
and relevant clinical information was extracted.

Data Synthesis: Cardiogenic shock is a state of inade-
quate tissue perfusion due to cardiac dysfunction, most
commonly caused by acute myocardial infarction. Mortal-
ity rates for patients with cardiogenic shock remain frus-
tratingly high, ranging from 50% to 80%. The pathophys-
iology of cardiogenic shock involves a downward spiral:
Ischemia causes myocardial dysfunction, which, in turn,
worsens ischemia. Areas of nonfunctional but viable
(stunned or hibernating) myocardium can also contribute
to the development of cardiogenic shock. The key to
achieving a good outcome is an organized approach that
includes rapid diagnosis and prompt initiation of therapy
to maintain blood pressure and cardiac output. Expedi-
tious coronary revascularization is crucial. When available,
emergency cardiac catheterization and angioplasty seem
to improve survival. More recent developments, such as
placement of coronary stents and use of glycoprotein IIb/
IIIa antagonists, are promising but have not yet been well
studied in patients with cardiogenic shock. In hospitals
without direct angioplasty capability, stabilization with
intra-aortic balloon counterpulsation and thrombolysis
followed by transfer to a tertiary care facility may be the
best option.

Conclusions: Improved understanding of the pathophys-
iology of shock and myocardial infarction has led to im-
proved treatment. If cardiogenic shock is managed with
rapid evaluation and prompt initiation of supportive mea-
sures and definitive therapy, outcomes can be improved.
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Cardiogenic shock is a state of inadequate tissue
perfusion due to cardiac dysfunction, usually

acute myocardial infarction (1). Shock, in turn, is the
most common cause of death in hospitalized pa-
tients with acute myocardial infarction; reported mor-
tality rates range from 50% to 80% (1). Rapid eval-
uation and prompt initiation of supportive measures
and definitive therapy in patients with cardiogenic
shock may improve early and long-term outcomes.

Methods

We reviewed the cause, epidemiology, pathophys-
iology, and treatment of cardiogenic shock. Using the
keywords shock, cardiogenic shock, myocardial infarc-
tion, thrombolytic therapy, angioplasty, and complica-
tions, we performed a MEDLINE search of English-
language reports published between 1976 and 1998
and manually searched bibliographies of relevant
papers. We included experimental, clinical, and ba-
sic research studies related to cardiogenic shock.

Definition

The clinical definition of cardiogenic shock is de-
creased cardiac output and evidence of tissue hy-
poxia in the presence of adequate intravascular
volume. Hemodynamic criteria are sustained hypo-
tension (systolic blood pressure , 90 mm Hg for at
least 30 minutes) and a reduced cardiac index (,2.2
L/min per m2) in the presence of elevated pulmo-
nary capillary occlusion pressure (.15 mm Hg) (2).

Circulatory shock is diagnosed at the bedside by
observing hypotension and clinical signs indicating
poor tissue perfusion, including oliguria; clouded sen-
sorium; and cool, mottled extremities. Cardiogenic
shock is diagnosed after documentation of myocar-
dial dysfunction and exclusion or correction of such
factors as hypovolemia, hypoxia, and acidosis.

Incidence

Recent estimates of the incidence of cardiogenic
shock have ranged from 5% to 10% of patients with
myocardial infarction. The precise incidence is dif-
ficult to measure because patients who die before
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reaching the hospital are not given the diagnosis (3–7).
In contrast, early and aggressive monitoring can in-
crease the apparent incidence of cardiogenic shock.
The Worcester Heart Attack Study (3), a community-
wide analysis, found an incidence of cardiogenic shock
of 7.5%; this incidence remained stable from 1975
to 1988. In the Global Utilization of Streptokinase
and Tissue Plasminogen Activator for Occluded Ar-
teries (GUSTO-1) trial (8), the incidence of cardio-
genic shock was 7.2%, a rate similar to that found
in other multicenter thrombolytic trials (4–6).

Cause and Epidemiology

The most common cause of cardiogenic shock is
extensive acute myocardial infarction, although a small-
er infarction in a patient with previously compromised
left ventricular function may also precipitate shock.
Shock that has a delayed onset may result from infarc-
tion extension, reocclusion of a previously patent in-
farcted artery, or decompensation of myocardial func-
tion in the noninfarction zone because of metabolic
abnormalities. It is important to recognize that large
areas of nonfunctional but viable myocardium can
also cause or contribute to the development of cardio-
genic shock in patients after myocardial infarction.

Cardiogenic shock can also be caused by me-
chanical complications—such as acute mitral regur-
gitation, rupture of the interventricular septum, or
rupture of the free wall—or by large right ventric-
ular infarctions. Other causes of cardiogenic shock
include myocarditis, end-stage cardiomyopathy, myo-
cardial contusion, septic shock with severe myo-
cardial depression, myocardial dysfunction after

prolonged cardiopulmonary bypass, valvular heart
disease, and hypertrophic obstructive cardiomyo-
pathy (Table 1). In a recent report of the SHOCK
(SHould we emergently revascularize Occluded Cor-
onaries for shocK) trial registry of 1160 patients
with cardiogenic shock (1, 9), 74.5% of patients had
predominant left ventricular failure, 8.3% had acute
mitral regurgitation, 4.6% had ventricular septal
rupture, 3.4% had isolated right ventricular shock,
1.7% had tamponade or cardiac rupture, and 8%
had shock that was a result of other causes.

Patients may have cardiogenic shock at initial
presentation, but shock often evolves over several
hours (10, 11). In the SHOCK trial registry (1, 9),
75% of patients developed cardiogenic shock within
24 hours after presentation; the median delay was 7
hours from onset of infarction. Results from the
GUSTO trial (8) are similar: Among patients with
shock, 11% were in shock on arrival and 89% de-
veloped shock after admission.

Among patients with myocardial infarction, shock
is more likely to develop in those who are elderly,
are diabetic, and have anterior infarction (10, 12–
14). Patients with cardiogenic shock are also more
likely to have histories of previous infarction, pe-
ripheral vascular disease, and cerebrovascular dis-
ease (13, 14). Decreased ejection fractions and
larger infarctions (as evidenced by higher cardiac
enzyme levels) are also predictors of the develop-
ment of cardiogenic shock (13, 14).

Cardiogenic shock is most often associated with
anterior myocardial infarction. In the SHOCK trial
registry (1, 9), 55% of infarctions were anterior,
46% were inferior, 21% were posterior, and 50%
were in multiple locations. These findings were con-
sistent with those in other series (15). Angiographic
evidence most often demonstrates multivessel coro-
nary disease (left main occlusion in 29% of patients,
three-vessel disease in 58% of patients, two-vessel
disease in 20% of patients, and one-vessel disease
in 22% of patients) (9). This is important because
compensatory hyperkinesis normally develops in
myocardial segments that are not involved in an
acute myocardial infarction; this response helps
maintain cardiac output. Failure to develop such
a response because of previous infarction or high-
grade coronary stenoses is an important risk factor
for cardiogenic shock and death (11, 16).

Pathophysiology

Systemic Effects

Cardiac dysfunction in patients with cardiogenic
shock is usually initiated by myocardial infarction or
ischemia. The myocardial dysfunction resulting from
ischemia worsens that ischemia, creating a down-

Table 1. Causes of Cardiogenic Shock

Acute myocardial infarction
Pump failure

Large infarction
Smaller infarction with preexisting left ventricular dysfunction
Infarction extension
Reinfarction
Infarction expansion

Mechanical complications
Acute mitral regurgitation caused by papillary muscle rupture
Ventricular septal defect
Free-wall rupture
Pericardial tamponade

Right ventricular infarction
Other conditions

End-stage cardiomyopathy
Myocarditis
Myocardial contusion
Prolonged cardiopulmonary bypass
Septic shock with severe myocardial depression
Left ventricular outflow tract obstruction

Aortic stenosis
Hypertrophic obstructive cardiomyopathy

Obstruction to left ventricular filling
Mitral stenosis
Left atrial myxoma

Acute mitral regurgitation (chordal rupture)
Acute aortic insufficiency
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ward spiral (Figure 1). When a critical mass of left
ventricular myocardium is ischemic or necrotic and
fails to pump, stroke volume and cardiac output
decrease. Myocardial perfusion, which depends on
the pressure gradient between the coronary arterial
system and the left ventricle and on the duration of
diastole, is compromised by hypotension and tachy-
cardia. This, in turn, exacerbates ischemia. The in-
creased ventricular diastolic pressures caused by pump
failure further reduce coronary perfusion pressure,
and the additional wall stress elevates myocardial
oxygen requirements, further worsening ischemia.
Decreased cardiac output also compromises sys-
temic perfusion, which can lead to lactic acidosis
and further compromise of systolic performance.

When myocardial function is depressed, several
compensatory mechanisms are activated, including
sympathetic stimulation to increase heart rate and
contractility and renal fluid retention to increase
preload. These compensatory mechanisms may be-
come maladaptive and can actually worsen the sit-
uation when cardiogenic shock develops. Increased
heart rate and contractility increase myocardial
oxygen demand and exacerbate ischemia. Fluid re-
tention and impaired diastolic filling caused by
tachycardia and ischemia may result in pulmonary
congestion and hypoxia. Vasoconstriction to main-
tain blood pressure increases myocardial afterload,
further impairing cardiac performance and increas-
ing myocardial oxygen demand. This increased de-
mand, in the face of inadequate perfusion, worsens
ischemia and begins a vicious cycle that will end in
death if uninterrupted (Figure 1).

One important consequence of this downward
spiral, in which ischemia worsens myocardial perfor-
mance, is that early intervention to relieve ischemia
reduces the incidence of cardiogenic shock. The fact
that most cases of cardiogenic shock occur after hos-
pital admission emphasizes the importance of initiat-
ing therapy for myocardial infarction—including
aspirin, nitrates, and b-blockers, as outlined in the
American College of Cardiology/American Heart
Association guidelines (17)—as soon as possible
after presentation. Prompt initiation of reperfu-
sion therapy with direct angioplasty or thrombolytic
agents is crucial once cardiogenic shock has ensued.

Myocardial Pathology

Cardiogenic shock is characterized by both sys-
tolic and diastolic myocardial dysfunction (11, 18).
Progressive myocardial necrosis has been consis-
tently observed in clinical and pathologic studies of
patients with cardiogenic shock (11, 19). Patients
who develop shock after admission often have evi-
dence of infarct extension, which can result from
reocclusion of a transiently patent infarct artery,
propagation of intracoronary thrombus, or a combi-

nation of decreased coronary perfusion pressure
and increased myocardial oxygen demand (13, 14).
Myocytes at the border zone of an infarction are
more susceptible to additional ischemic episodes;
therefore, these adjacent segments are at particular
risk (20). Mechanical infarct expansion, which is
seen most dramatically after extensive anterior myo-
cardial infarction, can also contribute to late devel-
opment of cardiogenic shock (13, 21).

Ischemia that is remote from the infarct zone
may be particularly important in producing systolic
dysfunction in patients with cardiogenic shock (16,
22). Patients with cardiogenic shock usually have
multivessel coronary artery disease (1, 9, 11), with
limited vasodilator reserve, impaired autoregulation,
and consequent pressure-dependent coronary flow
in several perfusion territories (23). Hypotension and
metabolic derangements may therefore impair the
contractility of noninfarcted myocardium in patients
with shock (24). This can limit hyperkinesis of un-
involved segments, which is a compensatory mech-
anism usually seen early after myocardial infarction
(16, 22).

Myocardial diastolic function is also impaired in
patients with cardiogenic shock. Myocardial ische-
mia causes decreased compliance, increasing the left
ventricular filling pressure at a given end-diastolic
volume (25). Compensatory increases in left ventric-
ular volumes to maintain stroke volume further in-
crease filling pressures. Elevation of left ventricular

Figure 1. The downward spiral in cardiogenic shock. LVEDP 5 left
ventricular end-diastolic pressure.

6 July 1999 • Annals of Internal Medicine • Volume 131 • Number 1 49



pressures can lead to pulmonary edema and hypox-
emia (Figure 1).

In addition to abnormalities in myocardial per-
formance, valvular abnormalities can contribute to
increased pulmonary congestion. Papillary muscle
dysfunction caused by ischemia is common and can
lead to substantial increases in left atrial pressure;
the degree of mitral regurgitation may be lessened
by afterload reduction. Complete rupture of the pap-
illary muscle presents dramatically, with pulmonary
edema and cardiogenic shock.

Cellular Pathology

Tissue hypoperfusion and consequent cellular
hypoxia lead to anaerobic glycolysis, with depletion
of adenosine triphosphate and intracellular energy
reserves. Anaerobic glycolysis also causes accumula-
tion of lactic acid and resultant intracellular acidosis.
Failure of energy-dependent ion transport pumps
decreases transmembrane potential, causing intra-
cellular accumulation of sodium and calcium and
myocyte swelling (26). Cellular ischemia and intra-
cellular calcium accumulation can activate intra-
cellular proteases (26). If the ischemia is severe and
prolonged, myocardial cellular injury can become
irreversible, with the classic pattern of myonecrosis:
mitochondrial swelling; accumulation of denatured
proteins and chromatin in the cytoplasm; lysosomal
breakdown; and fracture of the mitochondria, nu-
clear envelope, and plasma membrane (26).

Accumulating evidence indicates that apoptosis
(programmed cell death) may also contribute to myo-
cyte loss in myocardial infarction (20, 27). Although
myonecrosis clearly outweighs apoptosis in the core
of an infarcted area, evidence of apoptosis has been
consistently found in the border zone of infarctions
after ischemia and reperfusion and sporadically in
areas remote from the area of ischemia (20, 27). Acti-
vation of inflammatory cascades, oxidative stress, and
stretching of myocytes have been proposed as mech-
anisms that activate the apoptotic pathways (27). Al-
though the magnitude of apoptotic cell loss in myo-

cardial infarction remains uncertain, inhibitors of
apoptosis have been found to attenuate myocardial
injury in animal models of postischemic reperfusion;
these inhibitors may also have therapeutic potential
for myocyte salvage after large infarctions (27).

Reversible Myocardial Dysfunction

A key to understanding the pathophysiology and
treatment of cardiogenic shock is to realize that
large areas of nonfunctional but viable myocardium
can also cause or contribute to the development of
cardiogenic shock in patients after myocardial in-
farction (Figure 2). This reversible dysfunction can
be described in two main categories: stunning and
hibernation.

Myocardial stunning represents postischemic dys-
function that persists despite restoration of normal
blood flow; eventually, however, myocardial perfor-
mance recovers completely (28, 29). Originally de-
fined in animal models of ischemia and reperfusion
(30), stunning has been seen in the clinical arena
(28, 29, 31). The pathogenesis of stunning has not
been conclusively established but seems to involve a
combination of oxidative stress (32), perturbation of
calcium homeostasis, and decreased myofilament re-
sponsiveness to calcium (33), all in the setting of
antecedent ischemia (29). In addition to these direct
effects, recent data have suggested that circulating
myocardial depressant substances may contribute to
contractile dysfunction in myocardial stunning (34).
The intensity of stunning is determined primarily by
the severity of the antecedent ischemic insult (29).

Hibernating myocardium is in a state of persistent-
ly impaired function at rest because of severely re-
duced coronary blood flow; inherent in the defini-
tion of hibernating myocardium is the notion that
function can be normalized by improving blood flow
(35, 36). Hibernation can be seen as an adaptive re-
sponse to reduce contractile function of hypoper-
fused myocardium and restore equilibrium between
flow and function, thereby minimizing the potential
for ischemia or necrosis (37). Revascularization of
hibernating myocardium can lead to improved myo-
cardial function (38), and improved function seems
to improve prognosis (39).

Although hibernation is conceptually and patho-
physiologically different from myocardial stunning,
the two conditions are difficult to distinguish in the
clinical setting and may in fact coexist (28, 29).
Repetitive episodes of myocardial stunning can co-
exist with or mimic myocardial hibernation (29, 36).
Consideration of myocardial stunning and myocar-
dial hibernation is vital in patients with cardiogenic
shock because of the therapeutic implications of
these conditions. Hibernating myocardium improves
with revascularization, and stunned myocardium re-
tains inotropic reserve and can respond to inotropicFigure 2. Potential consequences of myocardial ischemia.
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stimulation (29). In addition, the fact that the se-
verity of the antecedent ischemic insult determines
the intensity of stunning (29) provides one rationale
for reestablishment of patency of occluded coronary
arteries in patients with cardiogenic shock. Finally,
the notion that some myocardial tissue may recover
function emphasizes the importance of measures to
support hemodynamic and minimize myocardial ne-
crosis in patients with shock.

Clinical Assessment and Initial
Management

Evaluation

Cardiogenic shock is an emergency. The clinician
must initiate therapy before shock irreversibly dam-
ages vital organs; at the same time, he or she must per-
form the clinical assessment required to understand
the cause of shock and target therapy to that cause.
A practical approach is to make a rapid initial eval-
uation on the basis of a limited history, physical exam-
ination, and specific diagnostic procedures (Figure
3). Cardiogenic shock is diagnosed after documenta-
tion of myocardial dysfunction and exclusion of alter-
native causes of hypotension, such as hypovolemia,
hemorrhage, sepsis, pulmonary embolism, tamponade,
aortic dissection, and preexisting valvular disease.

Patients with shock are usually ashen or cyanotic
and can have cool skin and mottled extremities. Ce-
rebral hypoperfusion may cloud the sensorium. Pulses
are rapid and faint and may be irregular if arrhyth-
mia is present. Jugular venous distention and pul-
monary rales are usually present, although their ab-
sence does not exclude the diagnosis. A precordial
heave resulting from left ventricular dyskinesis may
be palpable. The heart sounds may be distant, and
third or fourth heart sounds, or both, are usually pres-
ent. A systolic murmur of mitral regurgitation or ven-
tricular septal defect may be heard, but these compli-
cations may also occur without an audible murmur.

Electrocardiography should be performed imme-
diately; other initial diagnostic tests usually include
chest radiography and measurement of arterial blood
gas, electrolytes, complete blood count, and car-
diac enzymes.

Echocardiography is an excellent initial tool for
confirming the diagnosis of cardiogenic shock and
ruling out other causes of shock; therefore, early
echocardiography should be routine. Echocardiogra-
phy provides information on overall and regional
systolic function and can lead to a rapid diagnosis of
mechanical causes of shock, such as papillary muscle
rupture and acute mitral regurgitation, acute ventric-
ular septal defect, and free-wall rupture and tampon-
ade (40). Unsuspected severe mitral regurgitation
is not uncommon. In some cases, echocardiography

may show findings that are compatible with right
ventricular infarction.

Invasive hemodynamic monitoring can be useful
to exclude volume depletion, right ventricular infarc-
tion, and mechanical complications (11, 26). The he-
modynamic profile of cardiogenic shock includes a
pulmonary capillary occlusion pressure greater than
15 mm Hg and a cardiac index less than 2.2 L/min
per m2 (2). It should be recognized that optimal
filling pressures may be greater than 15 mm Hg in
individual patients because of left ventricular dia-
stolic dysfunction. Right-heart catheterization may
show a “step-up” in oxygen saturation that is diag-
nostic of ventricular septal rupture or a large “V”
wave that suggests severe mitral regurgitation. The
hemodynamic profile of right ventricular infarction
includes high right-side filling pressures in the pres-
ence of normal or low occlusion pressures (41).

Initial Management

The initial approach to the patient in cardiogenic
shock should include fluid resuscitation unless pul-
monary edema is present. Central venous and arte-
rial access, bladder catheterization, and pulse oxim-
etry are routine. Oxygenation and airway protection
are critical; intubation and mechanical ventilation
are often required, if only to reduce the work of

Figure 3. An approach to the diagnosis and treatment of cardio-
genic shock caused by myocardial infarction. CABG 5 coronary artery
bypass grafting; IABP 5 intra-aortic balloon pumping.

6 July 1999 • Annals of Internal Medicine • Volume 131 • Number 1 51



breathing and facilitate sedation and stabilization
before cardiac catheterization. Electrolyte abnormali-
ties should be corrected. Hypokalemia and hypo-
magnesemia are predisposing factors to ventricular
arrhythmia, and acidosis can decrease contractile
function. Relief of pain and anxiety with morphine
sulfate (or fentanyl if systolic pressure is compro-
mised) can reduce excessive sympathetic activity and
decrease oxygen demand, preload, and afterload.
Arrhythmia and heart block may substantially affect
cardiac output and should be corrected promptly
with antiarrhythmic drugs, cardioversion, or pacing.
Cardiology consultation has been shown to be asso-
ciated with improved outcomes in patients with myo-
cardial infarction and is strongly indicated in the
setting of cardiogenic shock (42). In addition, med-
ications proven to improve outcome after myocar-
dial infarction, such as nitrates, b-blockers, and an-
giotensin-converting enzyme inhibitors (43), may
exacerbate hypotension in a patient with cardiogenic
shock; therefore, therapy with these medications
should be discontinued until the patient stabilizes.

In patients with inadequate tissue perfusion and
adequate intravascular volume, cardiovascular sup-
port with inotropic agents should be initiated. Do-
butamine, a selective b1-adrenergic receptor agonist,
can improve myocardial contractility and increase
cardiac output without markedly changing heart
rate or systemic vascular resistance; it is the initial
agent of choice in patients with systolic pressures
greater than 80 mm Hg (44–46). Dobutamine may
exacerbate hypotension in some patients and can
precipitate tachyarrhythmia. Dopamine acts directly
on myocardial b1-adrenergic receptors and acts in-
directly by releasing norepinephrine. It has both
inotropic and vasopressor effects, and its use is pref-
erable in the presence of systolic pressures less than
80 mm Hg (23, 47, 48). Tachycardia and increased
peripheral resistance with dopamine administration
may exacerbate myocardial ischemia. In some situ-
ations, a combination of dopamine and dobutamine
can be more effective than either agent alone (49).
When hypotension remains refractory, norepi-
nephrine—a natural catecholamine with potent a-
and b1-adrenergic effects—may be necessary to
maintain organ perfusion pressure (50, 51).

Catecholamine infusions must be carefully titrat-
ed in patients with cardiogenic shock to maximize
coronary perfusion pressure with the least possible
increase in myocardial oxygen demand. Invasive he-
modynamic monitoring can be extremely useful in
allowing optimization of therapy in these unstable
patients because clinical estimates of filling pressure
can be unreliable (52); in addition, changes in myo-
cardial performance, compliance, and therapeutic
interventions can change cardiac output and filling
pressures precipitously. Optimization of filling pres-

sures and serial measurements of cardiac output (and
other measures, such as mixed venous oxygen satura-
tion) allow titration of the dosage of inotropic agents
and vasopressors to the minimum dosage required
to achieve the chosen therapeutic goals. This mini-
mizes the increases in myocardial oxygen demand
and arrhythmogenic potential (53).

The phosphodiesterase inhibitors amrinone and
milrinone have positive inotropic and vasodilatory
actions (54–56). They have long half-lives and may
cause hypotension and thrombocytopenia (57); there-
fore, they are reserved for use only when other
agents have proven ineffective (11). Because they do
not stimulate adrenergic receptors directly, they may
be effective when added to catecholamines (58) or
when b-adrenergic receptors have been downregulat-
ed (59). Compared with catecholamines, phospho-
diesterase inhibitors have minimal chronotropic and
arrhythmogenic effects (60).

Diuretics should be used to treat pulmonary con-
gestion and enhance oxygenation. Vasodilators should
be used with extreme caution in the acute setting be-
cause of the risk for precipitating further hypoten-
sion and decreasing coronary blood flow. After blood
pressure has been stabilized, however, vasodilator ther-
apy can decrease both preload and afterload. Sodium
nitroprusside is a balanced arterial and venous vaso-
dilator that decreases filling pressures and can increase
stroke volume in patients with heart failure by reduc-
ing afterload (61). Nitroglycerin is an effective venodi-
lator that reduces the pulmonary capillary occlusion
pressure and can decrease ischemia by reducing left
ventricular filling pressure and redistributing coronary
blood flow to the ischemic zone (62). Both agents may
cause acute and rapid decreases in blood pressure,
and dosages must be titrated carefully; invasive hemo-
dynamic monitoring can be useful in optimizing filling
pressures when these agents are used.

Thrombolytic Therapy

Although it has been convincingly demonstrated
that thrombolytic therapy reduces mortality rates in
patients with acute myocardial infarction (4, 63–65),
the benefits of this therapy in patients with car-
diogenic shock are less certain. It is clear that
thrombolytic therapy can reduce the likelihood of
subsequent development of shock after initial pre-
sentation (7, 8, 63, 64). This is important because
most patients develop cardiogenic shock more than
6 hours after hospital presentation (1, 8, 9).

Nonetheless, no trials have demonstrated that
thrombolytic therapy reduces mortality rates in pa-
tients with established cardiogenic shock. The num-
bers of patients are small because most thrombo-
lytic trials have excluded patients with cardiogenic
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shock at presentation (66). In the Gruppo Italiano
per lo Studio della Streptochinasi nell’Infarto Mio-
cardico (GISSI) trial (4, 66), 30-day mortality rates
were 69.9% in 146 patients with cardiogenic shock
who received streptokinase and 70.1% in 134 pa-
tients receiving placebo. The International Study
Group reported a mortality rate of 65% in 93 pa-
tients with shock who received streptokinase and a
mortality rate of 78% in 80 patients treated with
recombinant tissue plasminogen activator (5). In the
GUSTO trial (7), 315 patients had shock on arrival;
the mortality rate was 56% in patients treated with
streptokinase and 59% in patients treated with re-
combinant tissue plasminogen activator (8, 67).

The failure of thrombolytic therapy to improve sur-
vival in patients with cardiogenic shock may seem
paradoxical in light of evidence that the absolute
reduction in mortality rates resulting from use of
thrombolytic agents is greatest in persons who are
at highest risk at presentation. The meta-analysis per-
formed by the Fibrinolytic Therapy Trialists Collab-
orative Group (68) demonstrated a reduction in
mortality rate from 36.1% to 29.7% when thrombo-
lytic therapy was used in patients with initial systolic
blood pressures less than 100 mm Hg. In patients
with initial heart rates greater than 100 beats/min,
the mortality rate decreased from 23.8% to 18.9%.
However, most patients in these subgroups did not
meet the criteria for cardiogenic shock.

Consideration of the efficacy of thrombolytic ther-
apy once cardiogenic shock has been established
makes the disappointing results in this subgroup of
patients easier to understand. The degree of reper-
fusion correlates with outcome (69, 70), and reper-
fusion is less likely for patients in cardiogenic shock
(15, 70, 71). When reperfusion is successful, mortality
rates have been shown to be substantially reduced
(70). The lower rates of reperfusion in patients with
shock may explain some of the disappointing results
in this subgroup in the thrombolytic trials.

The reasons for decreased thrombolytic efficacy
in patients with cardiogenic shock are not fully un-
derstood but probably include hemodynamic, me-
chanical, and metabolic factors. Decreased arterial
pressure limits the penetration of thrombolytic agents
into a thrombus (72). Passive collapse of the infarct
artery in the setting of hypotension can also con-
tribute to decreased thrombolytic efficacy, as can
acidosis, which inhibits the conversion of plasmino-
gen to plasmin (72). Two small studies (73, 74) sup-
port the notion that vasopressor therapy to increase
aortic pressure improves thrombolytic efficacy.

Intra-Aortic Balloon Pumping

Intra-aortic balloon pumping (IABP) reduces sys-
tolic afterload and augments diastolic perfusion pres-

sure, increasing cardiac output and improving coro-
nary blood flow (75). These beneficial effects, in
contrast to those of inotropic or vasopressor agents,
occur without an increase in oxygen demand. Intra-
aortic balloon pumping is efficacious for initial sta-
bilization of patients with cardiogenic shock (76).
Small randomized trials in the prethrombolytic era,
however, did not show that IABP alone increases
survival (77, 78). Intra-aortic balloon pumping alone
does not substantially improve blood flow distal to a
critical coronary stenosis (79).

Intra-aortic balloon pumping is probably not best
used as an independent method to treat cardiogenic
shock. It may, however, be an essential support mech-
anism to allow definitive therapeutic measures to be
undertaken. In the GUSTO trial, patients who pre-
sented with shock and had early IABP placement
showed a trend toward lower mortality rates, even
after exclusion of patients who had revascularization
(7, 80). A similar trend was seen in the SHOCK trial
registry (1), although it did not persist after adjust-
ment for age and catheterization. Several observation-
al studies have also suggested that IABP can improve
outcome in patients with shock, although revascu-
larization procedures are a confounding factor in
these studies (81–84). Intra-aortic balloon pumping
has been shown to decrease reocclusion and cardiac
events after emergency angioplasty for acute myo-
cardial infarction (85, 86).

In hospitals without direct angioplasty capability,
stabilization with IABP and thrombolysis followed
by transfer to a tertiary care facility may be the best
management option. Intra-aortic balloon pumping
may be a useful adjunct to thrombolysis in this set-
ting by increasing drug delivery to the thrombus, im-
proving coronary flow to other regions, preventing
hypotensive events, or supporting ventricular func-
tion until areas of stunned myocardium can recover
(87). Two retrospective studies (83, 84) have shown
that patients with cardiogenic shock who were treated
in a community hospital with IABP placement fol-
lowed by thrombolysis had improved in-hospital sur-
vival and improved outcomes after subsequent trans-
fer for revascularization, although selection bias is
clearly a confounding factor. The role of IABP as
an adjunct to thrombolytic agents in the community
hospital is being addressed in the ongoing ran-
domized, multicenter Thrombolysis And Counter-
pulsation To Improve Cardiogenic Shock Survival
(TACTICS) trial.

Revascularization

Pathophysiologic considerations and extensive ret-
rospective data favor aggressive mechanical revascu-
larization for patients with cardiogenic shock caused
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by myocardial infarction. Recently, a landmark study
(the SHOCK trial [88]) presented data from a ran-
domized, controlled trial.

Direct Coronary Angioplasty

Reestablishment of brisk (TIMI [Thrombolysis in
Myocardial Infarction] grade 3) flow in the infarct-
related artery is an important determinant of left
ventricular function and survival after myocardial in-
farction (69). Direct percutaneous transluminal cor-
onary angioplasty (PTCA) can achieve TIMI grade
3 flow in 80% to 90% of patients with myocardial
infarction (89–91), compared with rates of 50% to
60% 90 minutes after thrombolytic therapy (69, 92).
In the Primary Angioplasty in Myocardial Infarction
(PAMI) trial (89), which compared direct angio-
plasty with thrombolytic therapy, a mortality benefit
for PTCA (in-hospital mortality rate, 2.0% com-
pared with 10.4%; P 5 0.01) was seen in high-risk
patients (age .70 years, large anterior myocardial
infarction, heart rate .100 beats/min). Therefore,
patients with cardiogenic shock are candidates for
direct angioplasty. In addition to improving wall
motion in the infarct territory, increased perfusion
of the infarct zone has been associated with aug-
mented contraction of remote myocardium, possibly
caused by recruitment of collateral blood flow (16).

Several retrospective trials (15, 71, 93–114) have
examined the effect of angioplasty on mortality rates
in patients with cardiogenic shock (Table 2). Re-
searchers have consistently found that patients with
successful reperfusion have much better outcomes

than those without successful reperfusion. In a sub-
group analysis of the 2972 patients with cardiogenic
shock, the GUSTO-1 trial (8) showed that the 30-
day mortality rate was significantly lower in patients
who had angioplasty (43% compared with 61% for
patients with shock on arrival; 32% compared with
61% for patients who developed shock). In this trial,
patients treated with an aggressive strategy (coronary
angiography performed within 24 hours of shock
onset with revascularization by PTCA or bypass sur-
gery) had a significantly lower mortality rate (38%
compared with 62%) (71). This benefit was present
even after adjustment for baseline characteristics (71)
and persisted for up to 1 year (115).

The role of newer developments in PTCA for
acute myocardial infarction in patients with cardio-
genic shock remains to be defined. Recent reports
have suggested that placement of coronary stents
may improve outcome, after either failed or subop-
timal PTCA (116) or as a primary approach (117,
118). The PAMI stent pilot trial (119) and the In-
tracoronary Stenting and Antithrombotic Regimens
(ISAR) trial (120) have recently shown that primary
stenting is feasible in patients with acute myocardial
infarction; TIMI grade 3 flow is restored in more
than 90% of patients, and short-term outcome is
good. Data in patients with cardiogenic shock are
more sparse. A recent study of direct PTCA in pa-
tients with shock (114) reported a success rate of
94%, with placement of stents in 47% of patients;
the in-hospital mortality rate was 26%. Another study

Table 2. Studies of Coronary Angioplasty for Cardiogenic Shock*

Study (Reference) Year Patients Overall Survival Reperfusion Rate Survival after
Successful PTCA

Survival after
Unsuccessful PTCA

n 4OOOOOOOOOOOOOOOOOOO%OOOOOOOOOOOOOOOOOOO3

O’Neill et al. (93) 1985 27 70 89 75 33
Shani et al. (94) 1986 9 67 67 83 0
Heuser et al. (95) 1986 10 70 60 83 25
Disler et al. (96) 1987 7 43 71 60 0
Landin et al. (97) 1988 34 59 79 70 14
Laramee et al. (98) 1988 39 59 86 NR NR
Lee et al. (99) 1988 24 50 54 77 18
Verna et al. (100) 1989 7 86 100 86 –
Kaplan et al. (101) 1990 88 58 61 65 29
Meyer et al. (102) 1990 25 53 88 59 0
Brodie et al. (103) 1991 22 50 68 NR NR
Lee et al. (104) 1991 69 55 71 69 20
Bengtson et al. (15) 1992 44 57 84 62 29
Gacioch et al. (105) 1992 48 55 73 61 7
Hibbard et al. (106) 1992 45 56 62 71 29
Moosvi et al. (107) 1992 38 NR 78 56 8
Yamamoto et al. (108) 1992 26 38 76 56 10
Seydoux et al. (109) 1992 21 57 85 67 0
Laney et al. (110) 1993 52 81 94 86 0
Morrison et al. (111) 1995 17 47 71 67 0
Eltchaninoff et al. (112) 1995 33 64 75 76 25
Berger et al. (71) 1997 175 75 75 65 19†
Antoniucci et al. (114) 1998 66 74 94 79 0

* NR 5 not reported; PTCA 5 percutaneous transluminal coronary angioplasty.
† Includes patients who had PTCA only; excludes patients who had PTCA followed by coronary artery bypass grafting.
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of stenting for failed angioplasty in patients with car-
diogenic shock reported a mortality rate of 27% (121).

The role of adjunctive antiplatelet therapy is also
evolving. Platelet glycoprotein IIb/IIIa antagonists
have been shown to improve short-term clinical out-
comes after angioplasty, especially in patients at high
risk for complications (122, 123). Published experi-
ence with IIb/IIIa receptor inhibition in patients with
cardiogenic shock is thus far limited to case reports
(124), but extrapolation from other settings suggests
that they may play an important adjunctive role in
patients with shock who undergo angioplasty (125).

Coronary Artery Bypass Surgery

Many trials have reported favorable outcomes for
patients with cardiogenic shock who have coronary
artery bypass surgery (81, 121, 126, 127). Left main
and three-vessel coronary disease are common in
patients with cardiogenic shock (1, 9, 69), and the
potential contribution of ischemia in the noninfarct
zone to myocardial dysfunction in patients with shock
would support complete revascularization. Nonethe-
less, the logistic and time considerations involved in
mobilizing an operating team, the high surgical mor-
bidity and mortality rates, and the generally favor-
able results of percutaneous interventions discour-
age routine bypass surgery for these patients. In
DeWood and colleagues’ series (81), IABP support
was used successfully as a bridge to coronary artery
bypass surgery. The roles of other supportive mea-
sures, such as emergency cardiopulmonary bypass
surgery (128), remain to be defined.

These studies of revascularization in patients with
cardiogenic shock were retrospective and uncon-
trolled. Selection bias is clearly present because pa-
tients selected for revascularization tend to be young-
er, less critically ill, and more likely to receive IABP
support; they also tend to have less comorbidity (1,
8, 71). In addition, patients whose conditions deteri-
orate before planned revascularization is performed
are counted in the nonrevascularized group. In the
SHOCK trial registry (1), not only was the mortality
rate in patients selected for cardiac catheterization
lower than in those not selected (51% compared
with 85%), but the mortality rate was also lower in
catheterized patients who did not undergo revascu-
larization (58%). A small randomized study, the
Swiss Multicenter Evaluation of Early Angioplasty
for SHock (SMASH) trial (129), showed no signif-
icant difference in mortality rate between patients
who were randomly assigned to undergo angioplasty
and those who were randomly assigned to receive
medical treatment (69% compared with 78%), al-
though the trial was stopped early because of diffi-
culties in patient recruitment (129).

The recently presented multicenter SHOCK trial
(88) is a landmark study because it contains the

only data from a randomized, controlled study ad-
dressing revascularization in patients with cardio-
genic shock. The SHOCK trial randomly assigned
patients with cardiogenic shock to receive optimal
medical management—including IABP and throm-
bolytic therapy—or cardiac catheterization with re-
vascularization using PTCA or coronary artery by-
pass grafting. The results of the trial were recently
presented at the annual meeting of the American
College of Cardiology (88).

The trial was powered to detect a 20% absolute
decrease in 30-day all-cause mortality rates; 302 pa-
tients were enrolled. The mortality rate at 30 days
was 46.7% in patients treated with early interven-
tion and 56% in patients treated with initial medical
stabilization; however, this difference did not reach
statistical significance (absolute risk reduction, 29.3%
[95% CI, 220.5 to 1.9%]; P 5 0.11). At 6 months, the
absolute risk reduction was 12% (54% compared with
66%). Preliminary analysis suggested that this dif-
ference was statistically significant. Subgroup analy-
sis showed a substantial improvement in mortality
rates in patients younger than 75 years of age at 30
days (41% compared with 57%) and 6 months (48%
compared with 69%).

It is important to note that the controls (patients
who received medical management) had a lower mor-
tality rate than that reported in previous studies; this
may reflect the aggressive use of thrombolytic ther-
apy (64%) and IABP (86%) in these controls (88).
These data provide indirect evidence that thromboly-
sis plus IABP may produce the best outcomes when
cardiac catheterization is not immediately available.

In our judgment, the SHOCK trial was under-
powered to detect the primary end point (30-day
mortality). This may have been due to a lower mor-
tality rate among controls than might have been
expected (88). The improved survival with revascu-
larization at 6 months and in patients younger than
75 years of age strongly supports the superiority of
a strategy of early revascularization in most patients
with cardiogenic shock (Figure 3).

Specific Conditions

Right Ventricular Infarction

Right ventricular infarction occurs in up to 30%
of patients with inferior infarction and is clinically
significant in 10% (130). Patients present with hypo-
tension, elevated neck veins, and clear lung fields.
Diagnosis is made by identifying ST-segment eleva-
tion in right precordial leads or characteristic hemo-
dynamic findings on right-heart catheterization (ele-
vated right atrial and right ventricular end-diastolic
pressures with normal to low pulmonary artery occlu-
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sion pressure and low cardiac output). Echocardiog-
raphy can show depressed right ventricular contractil-
ity (41). Patients with cardiogenic shock on the basis
of right ventricular infarction have a better progno-
sis than those with left-sided pump failure (130). This
may be due in part to the fact that right ventricular
function tends to return to normal over time with
supportive therapy (131), although such therapy
may need to be prolonged.

Supportive therapy for patients with right ventricu-
lar infarction begins with maintainance of right ven-
tricular preload with fluid administration. In some
cases, however, fluid resuscitation may increase pul-
monary capillary occlusion pressure but may not in-
crease cardiac output, and overdilation of the right
ventricle can compromise left ventricular filling and
cardiac output (131). Inotropic therapy with dobut-
amine may be more effective in increasing cardiac
output in some patients, and monitoring with serial
echocardiography may also be useful to detect right
ventricular overdistention (131). Maintenance of
atrioventricular synchrony is also important in these
patients to optimize right ventricular filling (41).
For patients with continued hemodynamic instabil-
ity, intra-aortic balloon pumping may be useful, par-
ticularly because elevated right ventricular pressures
and volumes increase wall stress and oxygen consump-
tion and decrease right coronary perfusion pressure,
exacerbating right ventricular ischemia.

Reperfusion of the occluded coronary artery is
also crucial. A recent study using direct angioplasty
(132) showed that restoration of normal flow result-
ed in dramatic recovery of right ventricular function
and a mortality rate of only 2%, whereas unsuccess-
ful reperfusion was associated with persistent hemo-
dynamic compromise and a mortality rate of 58%.

Acute Mitral Regurgitation

Ischemic mitral regurgitation is usually associated
with inferior myocardial infarction and ischemia or
infarction of the posterior papillary muscle, which has
a single blood supply (usually from the posterior de-
scending branch of a dominant right coronary artery)
(133). Papillary muscle rupture usually occurs 2 to 7
days after acute myocardial infarction; it presents
dramatically with pulmonary edema, hypotension, and
cardiogenic shock. When a papillary muscle rup-
tures, the murmur of acute mitral regurgitation may
be limited to early systole because of rapid equal-
ization of pressures in the left atrium and left ven-
tricle. More important, the murmur may be soft or
inaudible, especially when cardiac output is low (134).

Echocardiography is extremely useful in the dif-
ferential diagnosis, which includes free-wall rupture,
ventricular septal rupture, and infarction extension
pump failure. Hemodynamic monitoring with pul-
monary artery catheterization may also be helpful.

Management includes afterload reduction with nitro-
prusside and intra-aortic balloon pumping as tem-
porizing measures. Inotropic or vasopressor therapy
may also be needed to support cardiac output and
blood pressure. Definitive therapy, however, is sur-
gical valve repair or replacement, which should be
undertaken as soon as possible because clinical de-
terioration can be sudden (134, 135).

Ventricular Septal Rupture

Patients who have ventricular septal rupture have
severe heart failure or cardiogenic shock, with a pan-
systolic murmur and a parasternal thrill. The classic
finding is a left-to-right intracardiac shunt (a “step-
up” in oxygen saturation from right atrium to right
ventricle). On pulmonary artery occlusion pressure
tracing, ventricular septal rupture can be difficult to
distinguish from mitral regurgitation because both
can produce dramatic “V” waves. The diagnosis is
most easily made with echocardiography.

Rapid stabilization— using intra-aortic balloon
pumping and pharmacologic measures—followed by
surgical repair is the only viable option for long-
term survival. The timing of surgery is controversial,
but most experts now suggest that operative repair
should be done early, within 48 hours of the rupture
(135–137).

Free-Wall Rupture

Ventricular free-wall rupture usually occurs dur-
ing the first week after myocardial infarction; the
classic patient is elderly, female, and hypertensive.
The early use of thrombolytic therapy reduces the
incidence of cardiac rupture, but late use may in-
crease the risk. Free-wall rupture presents as a cat-
astrophic event with a pulseless rhythm. Salvage is
possible with prompt recognition, pericardiocentesis
to relieve acute tamponade, and thoracotomy with
repair (138).

Reversible Myocardial Dysfunction

In addition to hibernating and stunned myocar-
dium, potentially reversible causes of myocardial
dysfunction include sepsis-associated myocardial de-
pression, myocardial dysfunction after cardiopulmo-
nary bypass, and inflammatory myocarditis (139). In
sepsis and, to some extent, in myocarditis, myocar-
dial dysfunction seems to result from the effects of
inflammatory cytokines, such as tumor necrosis fac-
tor and interleukin-1 (140–142). Myocardial dysfunc-
tion can be self-limited or fulminant, with severe con-
gestive heart failure and cardiogenic shock (139). In
the latter situation, cardiovascular support with a
combination of inotropic agents (such as dopamine,
dobutamine, or milrinone) and IABP may be re-
quired for hours or days to allow sufficient time for
recovery. If these measures fail, mechanical circula-
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tory support with left ventricular assist devices can
be considered (143). These devices can be used as a
bridge to cardiac transplantation in eligible patients
or as a bridge to myocardial recovery; functional im-
provement with such support can be dramatic (143).

Conclusions

Mortality rates in patients with cardiogenic shock
remain frustratingly high (50% to 80%). The patho-
physiology of shock involves a downward spiral:
Ischemia causes myocardial dysfunction, which in
turn worsens ischemia. Areas of nonfunctional but
viable myocardium can also cause or contribute to
the development of cardiogenic shock. The key to a
good outcome is an organized approach with rapid
diagnosis and prompt initiation of therapy to main-
tain blood pressure and cardiac output. Expeditious
coronary revascularization is crucial. When avail-
able, emergency cardiac catheterization and revascu-
larization with angioplasty or coronary surgery seem
to improve survival and represent standard therapy
at this time. In hospitals without direct angioplasty
capability, stabilization with IABP and thrombolysis
followed by transfer to a tertiary care facility may be
the best option. The SHOCK multicenter random-
ized trial (88) provides important data that help
clarify the appropriate role and timing of revascu-
larization in patients with cardiogenic shock.

Requests for Reprints: Steven M. Hollenberg, MD, Section of
Cardiology, Rush-Presbyterian-St. Luke’s Medical Center, 1725
West Harrison Street, Suite 1159, Chicago, IL 60612.

Current Author Addresses: Dr. Hollenberg: Sections of Cardiology
and Critical Care Medicine, Rush-Presbyterian-St. Luke’s Medi-
cal Center, 1725 West Harrison Street, Suite 1159, Chicago, IL
60612.
Drs. Kavinsky and Parrillo: Section of Cardiology, Rush-Presby-
terian-St. Luke’s Medical Center, 1653 West Harrison Street,
Chicago, IL 60612.

References

1. Hochman JS, Boland J, Sleeper LA, Porway M, Brinker J, Col J, et al.
Current spectrum of cardiogenic shock and effect of early revascularization
on mortality. Results of an International Registry. SHOCK Registry Investiga-
tors. Circulation. 1995;91:873-81.

2. Forrester JS, Diamond G, Chatterjee K, Swan HJ. Medical therapy of
acute myocardial infarction by application of hemodynamic subsets (second
of two parts). N Engl J Med. 1976;295:1404-13.

3. Goldberg RJ, Gore JM, Alpert JS, Osganian V, deGroot J, Bade J, et
al. Cardiogenic shock after acute myocardial infarction. Incidence and mor-
tality from a community-wide perspective, 1975 to 1988. N Engl J Med.
1991;325:1117-22.

4. Effectiveness of intravenous thrombolytic treatment in acute myocardial in-
farction. Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Mio-
cardico (GISSI). Lancet. 1986;1:397-402.

5. In-hospital mortality and clinical course of 20,891 patients with suspected
acute myocardial infarction randomised between alteplase and streptokinase
with or without heparin. The International Study Group. Lancet. 1990;336:
71-5.

6. ISIS-3: a randomised comparison of streptokinase vs tissue plasminogen ac-
tivator vs anistreplase and of aspirin plus heparin vs aspirin alone among
41,299 cases of suspected acute myocardial infarction. ISIS-3 (Third Interna-
tional Study of Infarct Survival) Collaborative Group. Lancet. 1992;339:753-
70.

7. An international randomized trial comparing four thrombolytic strategies for
acute myocardial infarction. The GUSTO Investigators. N Engl J Med. 1993;
329:673-82.

8. Holmes DR Jr, Bates ER, Kleiman NS, Sadowski Z, Horgan JH, Morris
DC, et al. Contemporary reperfusion therapy for cardiogenic shock: the
GUSTO-I trial experience. The GUSTO-I Investigators. Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Ar-
teries. J Am Coll Cardiol. 1995;26:668-74.

9. Hochman J. Cardiogenic shock. Annual Scientific Sessions, American Heart
Association. Dallas, TX; 1998.

10. Scheidt S, Ascheim R, Killip T 3d. Shock after acute myocardial infarction.
A clinical and hemodynamic profile. Am J Cardiol. 1970;26:556-64.

11. Califf RM, Bengtson JR. Cardiogenic shock. N Engl J Med. 1994;330:1724-
30.

12. Killip T 3d, Kimball JT. Treatment of myocardial infarction in a coronary
care unit. A two year experience with 250 patients. Am J Cardiol. 1967;20:
457-64.

13. Hands ME, Rutherford JD, Muller JE, Davies G, Stone PH, Parker C, et
al. The in-hospital development of cardiogenic shock after myocardial infarc-
tion: incidence, predictors of occurrence, outcome and prognostic factors.
The MILIS Study Group. J Am Coll Cardiol. 1989;14:40-6.

14. Leor J, Goldbourt U, Reicher-Reiss H, Kaplinsky E, Behar S. Cardio-
genic shock complicating acute myocardial infarction in patients without
heart failure on admission: incidence, risk factors, and outcome. SPRINT
Study Group. Am J Med. 1993;94:265-73.

15. Bengtson JR, Kaplan AJ, Pieper KS, Wildermann NM, Mark DB, Pryor
DB, et al. Prognosis in cardiogenic shock after acute myocardial infarction in
the interventional era. J Am Coll Cardiol. 1992;20:1482-9.

16. Grines CL, Topol EJ, Califf RM, Stack RS, George BS, Kereiakes D,
et al. Prognostic implications and predictors of enhanced regional wall
motion of the noninfarct zone after thrombolysis and angioplasty therapy of
acute myocardial infarction. The TAMI Study Groups. Circulation. 1989;80:
245-53.

17. Ryan TJ, Anderson JL, Antman EM, Braniff BA, Brooks NH, Califf RM,
et al. ACC/AHA guidelines for the management of patients with acute
myocardial infarction. A report of the American College of Cardiology/Amer-
ican Heart Association Task Force on Practice Guidelines (Committee on
Management of Acute Myocardial Infarction). J Am Coll Cardiol. 1996;28:
1328-428.

18. Greenberg MA, Menegus MA. Ischemia-induced diastolic dysfunction:
new observations, new questions. J Am Coll Cardiol. 1989;13:1071-2.

19. Page DL, Caulfield JB, Kastor JA, DeSanctis RW, Sanders CA. Myocar-
dial changes associated with cardiogenic shock. N Engl J Med. 1971;285:
133-7.

20. Olivetti G, Quaini F, Sala R, Lagrasta C, Corradi D, Bonacina E, et al.
Acute myocardial infarction in humans is associated with activation of pro-
grammed myocyte cell death in the surviving portion of the heart. J Mol Cell
Cardiol. 1996;28:2005-16.

21. Weisman HF, Healy B. Myocardial infarct expansion, infarct extension, and
reinfarction: pathophysiologic concepts. Prog Cardiovasc Dis. 1987;30:73-
110.

22. Widimsky P, Gregor P, Cervenka V, Visek V, Sladkova T, Dvorak J, et
al. Severe diffuse hypokinesis of the remote myocardium—the main cause of
cardiogenic shock? An echocardiographic study of 75 patients with ex-
tremely large myocardial infarctions. Cor Vasa. 1988;30:27-34.

23. McGhie AI, Golstein RA. Pathogenesis and management of acute heart
failure and cardiogenic shock: role of inotropic therapy. Chest. 1992;102(5
Suppl 2):626S-632S.

24. Webb JG. Interventional management of cardiogenic shock. Can J Cardiol.
1998;14:233-44.

25. Harizi RC, Bianco JA, Alpert JS. Diastolic function of the heart in clinical
cardiology. Arch Intern Med. 1988;148:99-109.

26. Hollenberg SM, Parrillo JE. Shock. In: Fauci AS, Braunwald E, Wilson JD,
Margin JB, Hauser SL, Longo DL, et al, eds. Harrison’s Principles of Internal
Medicine. 14th ed. New York: McGraw-Hill; 1998:214-22.

27. Bartling B, Holtz J, Darmer D. Contribution of myocyte apoptosis to
myocardial infarction? Basic Res Cardiol. 1998;93:71-84.

28. Bolli R. Myocardial ’stunning’ in man. Circulation. 1992;86:1671-91.
29. Bolli R. Basic and clinical aspects of myocardial stunning. Prog Cardiovasc

Dis. 1998;40:477-516.
30. Arnold JM, Braunwald E, Sandor T, Kloner RA. Inotropic stimulation of

reperfused myocardium with dopamine: effects on infarct size and myocar-
dial function. J Am Coll Cardiol. 1985;6:1026-34.

31. Ballantyne CM, Verani MS, Short HD, Hyatt C, Noon GP. Delayed
recovery of severely “stunned” myocardium with the support of a left ven-
tricular assist device after coronary artery bypass graft surgery. J Am Coll
Cardiol. 1987;10:710-2.

32. Jeroudi MO, Hartley CJ, Bolli R. Myocardial reperfusion injury: role of
oxygen radicals and potential therapy with antioxidants. Am J Cardiol. 1994;
73:2B-7B.

33. Atar D, Gao WD, Marban E. Alterations of excitation-contraction coupling
in stunned myocardium and in failing myocardium. J Mol Cell Cardiol. 1995;
27:783-91.

34. Brar R, Kumar A, Schaer GL, Hollenberg SM, Hursey T, Sun Y, et al.
Release of soluble myocardial depressant activity by reperfused myocardium
[Abstract]. J Am Coll Cardiol. 1996;27:386A.

35. Kloner RA, Przyklenk K. Stunned and hibernating myocardium. Annu Rev
Med. 1991;42:1-8.

36. Wijns W, Vatner SF, Camici PG. Hibernating myocardium. N Engl J Med.
1998;339:173-81.

6 July 1999 • Annals of Internal Medicine • Volume 131 • Number 1 57



37. Marban E. Myocardial stunning and hibernation. The physiology behind the
colloquialisms. Circulation. 1991;83:681-8.

38. Topol EJ, Weiss JL, Guzman PA, Dorsey-Lima S, Blanck TJ, Humphrey
LS, et al. Immediate improvement of dysfunctional myocardial segments
after coronary revascularization: detection by intraoperative transesophageal
echocardiography. J Am Coll Cardiol. 1984;4:1123-34.

39. Bonow RO. The hibernating myocardium: implications for management of
congestive heart failure. Am J Cardiol. 1995;75:17A-25A.

40. Nishimura RA, Tajik AJ, Shub C, Miller FA Jr, Ilstrup DM, Harrison CE.
Role of two-dimensional echocardiography in the prediction of in-hospital
complications after acute myocardial infarction. J Am Coll Cardiol. 1984;4:
1080-7.

41. Kinch JW, Ryan TJ. Right ventricular infarction. N Engl J Med. 1994;330:
1211-7.

42. Jollis JG, DeLong ER, Peterson ED, Muhlbaier LH, Fortin DF, Califf
RM, et al. Outcome of acute myocardial infarction according to the spe-
cialty of the admitting physician. N Engl J Med. 1996;335:1880-7.

43. Gunnar RM, Bourdillon PD, Dixon DW, Fuster V, Karp RB, Kennedy
JW, et al. ACC/AHA guidelines for the early management of patients with
acute myocardial infarction. A report of the American College of Cardiology/
American Heart Association Task Force on Assessment of Diagnostic and
Therapeutic Cardiovascular Procedures (subcommittee to develop guidelines
for the early management of patients with acute myocardial infarction).
Circulation. 1990;82:664-707.

44. Tuttle RR, Mills J. Dobutamine: development of a new catecholamine to
selectively increase cardiac contractility. Circ Res. 1975;36:185-96.

45. Gillespie TA, Ambos HD, Sobel BE, Roberts R. Effects of dobutamine in
patients with acute myocardial infarction. Am J Cardiol. 1977;39:588-94.

46. Keung EC, Siskind SJ, Sonneblick EH, Ribner HS, Schwartz WJ,
LeJemtel TH. Dobutamine therapy in acute myocardial infarction. JAMA.
1981;245:144-6.

47. Holzer J, Karliner JS, O’Rourke RA, Pitt W, Ross J Jr. Effectiveness of
dopamine in patients with cardiogenic shock. Am J Cardiol. 1973;32:79-84.

48. Goldberg LI, Hsieh YY, Resnekov L. Newer catecholamines for treatment
of heart failure and shock: an update on dopamine and a first look at
dobutamine. Prog Cardiovasc Dis. 1977;19:327-40.

49. Richard C, Ricome JL, Rimailho A, Bottineau G, Auzepy P. Combined
hemodynamic effects of dopamine and dobutamine in cardiogenic shock.
Circulation. 1983;67:620-6.

50. Moyer J, Skelton J, Mills L. Norepinephrine: effect in normal subjects; use
in treatment of shock unresponsive to other measures. Am J Med. 1953;15:
330-43.

51. Hollenberg SM, Parrillo JE. Pharmacologic circulatory support. In: Shires
GT, Barie PL, eds. Surgical Critical Care. New York: Little, Brown; 1993:417-
51.

52. Hansen RM, Viquerat CE, Matthay MA, Wiener-Kronish JP, DeMarco
T, Bahtia S, et al. Poor correlation between pulmonary arterial wedge
pressure and left ventricular end-diastolic volume after coronary artery by-
pass graft surgery. Anesthesiology. 1986;64:764-70.

53. Hollenberg SM, Hoyt J. Pulmonary artery catheters in cardiovascular dis-
ease. New Horiz. 1997;5:207-13.

54. Benotti JR, Grossman W, Braunwald E, Davalos DD, Alousi AA.
Hemodynamic assessment of amrinone. A new inotropic agent. N Engl
J Med. 1978;299:1373-7.

55. Millard RW, Dube G, Grupp G, Grupp I, Alousi A, Schwartz A. Direct
vasodilator and positive inotropic actions of amrinone. J Mol Cell Cardiol.
1980;12:647-52.

56. Jaski BE, Fifer MA, Wright RF, Braunwald E, Colucci WS. Positive
inotropic and vasodilator actions of milrinone in patients with severe con-
gestive heart failure. Dose-response relationships and comparison to nitro-
prusside. J Clin Invest. 1985;75:643-9.

57. Ansell J, Tiarks C, McCue J, Parrilla N, Benotti JR. Amrinone-induced
thrombocytopenia. Arch Intern Med. 1984;144:949-52.

58. Gage J, Rutman H, Lucido D, LeJemtel TH. Additive effects of dobut-
amine and amrinone on myocardial contractility and ventricular performance
in patients with severe heart failure. Circulation. 1986;74:367-73.

59. Bristow MR, Ginsburg R, Minobe W, Cubicciotti RS, Sageman WS,
Lurie K, et al. Decreased catecholamine sensitivity and b-adrenergic-recep-
tor density in failing human hearts. N Engl J Med. 1982;307:205-11.

60. Benotti JR, Grossman W, Braunwald E, Carabello BA. Effects of amri-
none on myocardial energy metabolism and hemodynamics in patients with
severe congestive heart failure due to coronary artery disease. Circulation.
1980;62:28-34.

61. Cohn JN, Burke LP. Nitroprusside. Ann Intern Med. 1979;91:752-7.
62. Flaherty JT, Becker LC, Bulkley BH, Weiss JL, Gerstenblith G, Kallman

CH, et al. A randomized trial of intravenous nitroglycerin in patients with
acute myocardial infarction. Circulation. 1983;68:576-88.

63. Wilcox RG, von der Lippe G, Olsson CG, Jensen G, Skene AM, Hamp-
ton JR. Trial of tissue plasminogen activator for mortality reduction in acute
myocardial infarction. Anglo-Scandinavian Study of Early Thrombolysis
(ASSET). Lancet. 1988;2:525-30.

64. Effect of intravenous APSAC on mortality after acute myocardial infarction:
preliminary report of a placebo-controlled clinical trial. AIMS Trial Study
Group. Lancet. 1988;1:545-9.

65. Randomised trial of intravenous streptokinase, oral aspirin, both, or neither
among 17 187 cases of suspected acute myocardial infarction: ISIS-2. ISIS-2
(Second International Study of Infarct Survival) Collaborative Group. Lancet.
1988;2:349-60.

66. Col NF, Gurwitz JH, Alpert JS, Goldberg RJ. Frequency of inclusion of
patients with cardiogenic shock in trials of thrombolytic therapy. Am J

Cardiol. 1994;73:149-57.
67. Bates ER, Moscucci M. Post-myocardial infarction cardiogenic shock. In:

Brown DL, ed. Cardiac Intensive Care. Philadelphia: WB Saunders; 1998:215-
28.

68. Indications for fibrinolytic therapy in suspected acute myocardial infarction:
collaborative overview of early mortality and major morbidity results from all
randomised trials of more than 1000 patients. Fibrinolytic Therapy Trialists’
(FTT) Collaborative Group. Lancet. 1994;343:311-22.

69. The effects of tissue plasminogen activator, streptokinase, or both on coro-
nary-artery patency, ventricular function, and survival after acute myocardial
infarction. The GUSTO Angiographic Investigators. N Engl J Med. 1993;329:
1615-22.

70. Kennedy JW, Gensini GG, Timmis GC, Maynard C. Acute myocardial
infarction treated with intracoronary streptokinase: a report of the Society
for Cardiac Angiography. Am J Cardiol. 1985;55:871-7.

71. Berger PB, Holmes DR Jr, Stebbins AL, Bates ER, Califf RM, Topol EJ.
Impact of an aggressive invasive catheterization and revascularization strat-
egy on mortality in patients with cardiogenic shock in the Global Utilization
of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary
Arteries (GUSTO-I) trial. An observational study. Circulation. 1997;96:122-7.

72. Becker RC. Hemodynamic, mechanical, and metabolic determinants of
thrombolytic efficacy: a theoretic framework for assessing the limitations of
thrombolysis in patients with cardiogenic shock [Editorial]. Am Heart J. 1993;
125:919-29.

73. Garber PJ, Mathieson AL, Ducas J, Patton JN, Geddes JS, Prewitt RM.
Thrombolytic therapy in cardiogenic shock: effect of increased aortic pres-
sure and rapid tPA administration. Can J Cardiol. 1995;11:30-6.

74. Prewitt RM, Gu S, Garber PJ, Ducas J. Marked systemic hypotension
depresses coronary thrombolysis induced by intracoronary administration of
recombinant tissue-type plasminogen activator. J Am Coll Cardiol. 1992;20:
1626-33.

75. Mueller H, Ayres SM, Giannelli SJ Jr, Conklin EF, Mazzara JT, Grace
WJ. Effect of isoproterenol, l-norepinephrine, and intraaortic counterpulsa-
tion on hemodynamics and myocardial metabolism in shock following acute
myocardial infarction. Circulation. 1972;45:335-51.

76. Willerson JT, Curry GC, Watson JT, Leshin SJ, Ecker RR, Mullins CB, et
al. Intraaortic balloon counterpulsation in patients in cardiogenic shock,
medically refractory left ventricular failure and/or recurrent ventricular tachy-
cardia. Am J Med. 1975;58:183-91.

77. O’Rourke MF, Norris RM, Campbell TJ, Chang VP, Sammel NL. Ran-
domized controlled trial of intraaortic balloon counterpulsation in early myo-
cardial infarction with acute heart failure. Am J Cardiol. 1981;47:815-20.

78. Flaherty JT, Becker LC, Weiss JL, Brinker JA, Bulkley BH, Gerstenblith
G, et al. Results of a randomized prospective trial of intraaortic balloon
counterpulsation and intravenous nitroglycerin in patients with acute myo-
cardial infarction. J Am Coll Cardiol. 1985;6:434-46.

79. Kern MJ, Aguirre F, Bach R, Donohue T, Siegel R, Segal J. Augmen-
tation of coronary blood flow by intra-aortic balloon pumping in patients
after coronary angioplasty. Circulation. 1993;87:500-11.

80. Anderson RD, Ohman EM, Holmes DR Jr, Col I, Stebbins AL, Bates
ER, et al. Use of intraaortic balloon counterpulsation in patients presenting
with cardiogenic shock: observations from the GUSTO-I Study. Global Utili-
zation of Streptokinase and TPA for Occluded Coronary Arteries. J Am Coll
Cardiol. 1997;30:708-15.

81. DeWood MA, Notske RN, Hensley GR, Shields JP, O’Grady WP,
Spores J, et al. Intraaortic balloon counterpulsation with and without
reperfusion for myocardial infarction shock. Circulation. 1980;61:1105-12.

82. Waksman R, Weiss AT, Gotsman MS, Hasin Y. Intra-aortic balloon
counterpulsation improves survival in cardiogenic shock complicating acute
myocardial infarction. Eur Heart J. 1993;14:71-4.

83. Stomel RJ, Rasak M, Bates ER. Treatment strategies for acute myocardial
infarction complicated by cardiogenic shock in a community hospital. Chest.
1994;105:997-1002.

84. Kovack PJ, Rasak MA, Bates ER, Ohman EM, Stomel RJ. Thrombolysis
plus aortic counterpulsation: improved survival in patients who present to
community hospitals with cardiogenic shock. J Am Coll Cardiol. 1997;29:
1454-8.

85. Ishihara M, Sato H, Tateishi H, Uchida T, Dote K. Intraaortic balloon
pumping as the postangioplasty strategy in acute myocardial infarction. Am
Heart J. 1991;122:385-9.

86. Ohman EM, George BS, White CJ, Kern MJ, Gurbel PA, Freedman RJ,
et al. Use of aortic counterpulsation to improve sustained coronary artery
patency during acute myocardial infarction. Results of a randomized trial.
The Randomized IABP Study Group. Circulation. 1994;90:792-9.

87. Bates ER, Stomel RJ, Hochman JS, Ohman EM. The use of intraaortic
balloon counterpulsation as an adjunct to reperfusion therapy in cardiogenic
shock. Int J Cardiol. 1998;65(Suppl 1):S37-42.

88. Hochman JS. Should We Emergently Revascularize Occluded Coronary Ar-
teries for Cardiogenic Shock (SHOCK—An International Randomized Trial of
Emergency PTCA/CABG). American College of Cardiology Scientific Session.
New Orleans; 1999.

89. Grines CL, Browne KF, Marco J, Rothbaum D, Stone GW, O’Keefe J,
et al. A comparison of immediate angioplasty with thrombolytic therapy for
acute myocardial infarction. The Primary Angioplasty in Myocardial Infarction
Study Group. N Engl J Med. 1993;328:673-9.

90. Zijlstra F, de Boer MJ, Hoorntje JC, Reiffers S, Reiber JH, Suryapra-
nata H. A comparison of immediate coronary angioplasty with intravenous
streptokinase in acute myocardial infarction. N Engl J Med. 1993;328:680-4.

91. Gibbons RJ, Holmes DR, Reeder GS, Bailey KR, Hopfenspirger MR,
Gersh BJ. Immediate angioplasty compared with the administration of a

58 6 July 1999 • Annals of Internal Medicine • Volume 131 • Number 1



thrombolytic agent followed by conservative treatment for myocardial infarc-
tion. The Mayo Coronary Care Unit and Catheterization Laboratory Groups.
N Engl J Med. 1993;328:685-91.

92. The Thrombolysis in Myocardial Infarction (TIMI) trial. Phase I findings. TIMI
Study Group. N Engl J Med. 1985;312:932-6.

93. O’Neill W, Erbel R, Laufer N, Walton J, Bates E, Topol E, et al.
Coronary angioplasty therapy of cardiogenic shock complicating acute myo-
cardial infarction [Abstract]. Circulation. 1985;72(Suppl II):309.

94. Shani J, Rivera M, Greengart A, Hollander G, Kaplan P, Lichstein E.
Percutaneous transluminal coronary angioplasty in cardiogenic shock
[Abstract]. J Am Coll Cardiol. 1986;7:149A.

95. Heuser RR, Maddoux GL, Ramo BW, Raff GL, Shadoff N. Coronary
angioplasty in the treatment of cardiogenic shock: the therapy of choice
[Abstract]. J Am Coll Cardiol. 1986;7:219A.

96. Disler L, Haitas B, Benjamin J, Steingo L, McKibbin J. Cardiogenic
shock in evolving myocardial infarction: treatment by angioplasty and strep-
tokinase. Heart Lung. 1993;16:649-52.

97. Landin RJ, Rothbaum DA, Linnemeier TJ, Ball MW. Hospital mortality of
patients undergoing emergency angioplasty for acute myocardial infarction:
relationship of mortality to cardiogenic shock and unsuccessful angioplasty
[Abstract]. Circulation. 1988;78(Suppl II):II-9.

98. Laramee LA, Rutherford BD, Ligon RW, McConahay DR, Hartzler GO.
Coronary angioplasty for cardiogenic shock following myocardial infarction
[Abstract]. Circulation. 1988;78(Suppl II):II-634.

99. Lee L, Bates ER, Pitt B, Walton JA, Laufer N, O’Neill WW. Percutaneous
transluminal coronary angioplasty improves survival in acute myocardial in-
farction complicated by cardiogenic shock. Circulation. 1988;78:1345-51.

100. Verna E, Repetto S, Boscarini M, Ghezzi I, Binaghi G. Emergency
coronary angioplasty in patients with severe left ventricular dysfunction or
cardiogenic shock after acute myocardial infarction. Eur Heart J. 1989;10:
958-66.

101. Kaplan AJ, Bengtson JR, Aronson LG, Frid OJ, Phillips HR, Quigley PJ,
et al. Reperfusion improves survival in patients with cardiogenic shock after
acute myocardial infarction [Abstract]. J Am Coll Cardiol. 1990;15:155A.

102. Meyer P, Blanc P, Baudouy M, Morand P. [Treatment of primary cardio-
genic shock by coronary transluminal angioplasty during the acute phase of
myocardial infarction]. Arch Mal Coeur Vaiss. 1990;83:329-34.

103. Brodie BR, Weintraub RA, Stuckey TD, LeBauer EJ, Katz JD, Kelly TA,
et al. Outcomes of direct coronary angioplasty for acute myocardial infarc-
tion in candidates and non-candidates for thrombolytic therapy. Am J Car-
diol. 1991;67:7-12.

104. Lee L, Erbel R, Brown TM, Laufer N, Meyer J, O’Neill WW. Multicenter
registry of angioplasty therapy of cardiogenic shock: initial and long-term
survival. J Am Coll Cardiol. 1991;17:599-603.

105. Gacioch GM, Ellis SG, Lee L, Bates ER, Kirsh M, Walton JA, et al.
Cardiogenic shock complicating acute myocardial infarction: the use of cor-
onary angioplasty and the integration of the new support devices into pa-
tient management. J Am Coll Cardiol. 1992;19:647-53.

106. Hibbard MD, Holmes DR Jr, Bailey KR, Reeder GS, Bresnahan JF,
Gersh BJ. Percutaneous transluminal coronary angioplasty in patients with
cardiogenic shock. J Am Coll Cardiol. 1992;19:639-46.

107. Moosvi AR, Khaja F, Villanueva L, Gheorghiade M, Douthat L, Gold-
stein S. Early revascularization improves survival in cardiogenic shock com-
plicating acute myocardial infarction. J Am Coll Cardiol. 1992;19:907-14.

108. Yamamoto H, Hayashi Y, Oka Y, Sumii K, Taniguchi C, Maeda Y, et
al. Efficacy of percutaneous transluminal coronary angioplasty in patients
with acute myocardial infarction complicated by cardiogenic shock. Jpn Circ
J. 1992;56:815-21.

109. Seydoux C, Goy JJ, Beuret P, Stauffer JC, Vogt P, Schaller MD, et al.
Effectiveness of percutaneous transluminal coronary angioplasty in cardio-
genic shock during acute myocardial infarction. Am J Cardiol. 1992;69:
968-9.

110. Laney PL, Dell’Italia LJ, Brooks SR, Harrell RR, Sawyer JA, Hood WP,
et al. Follow-up exercise function in patients presenting with cardiogenic
shock and acute transmural myocardial infarction [Abstract]. J Am Coll
Cardiol. 1993;21:77A.

111. Morrison D, Crowley ST, Bies R, Barbiere CC. Systolic blood pressure
response to percutaneous transluminal coronary angioplasty for cardiogenic
shock. Am J Cardiol. 1995;76:313-4.

112. Eltchaninoff H, Simpfendorfer C, Franco I, Raymond RE, Casale PN,
Whitlow PL. Early and 1-year survival rates in acute myocardial infarction
complicated by cardiogenic shock: a retrospective study comparing coronary
angioplasty with medical treatment. Am Heart J. 1995;130(3 Pt 1):459-64.

113. Vogt A, Niederer W, Pfafferott C, Engel HJ, Heinrich W, Merx W, et
al. Direct percutaneous transluminal coronary angioplasty in acute myocar-
dial infarction. Predictors of short-term outcome and the impact of coronary
stenting. Study Group of The Arbeitsgemeinschaft Leitender Kardiologischer
Krankenhausarzte (ALKK). Eur Heart J. 1998;19:917-21.

114. Antoniucci D, Valenti R, Santoro GM, Bolognese L, Trapani M, Mos-
chi G, et al. Systematic direct angioplasty and stent-supported direct an-
gioplasty therapy for cardiogenic shock complicating acute myocardial in-
farction: in-hospital and long-term survival. J Am Coll Cardiol. 1998;31:294-
300.

115. Berger PB, Tuttle RH, Holmes DR Jr, Topol EJ, Aylward PE, Horgan
JH, et al. One-year survival among patients with acute myocardial infarction
complicated by cardiogenic shock, and its relation to early revascularization:
Results From the GUSTO-I Trial. Circulation. 1999;99:873-8.

116. Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I, et
al. A randomized comparison of coronary-stent placement and balloon an-
gioplasty in the treatment of coronary artery disease. Stent Restenosis Study
Investigators. N Engl J Med. 1994;331:496-501.

117. Serruys PW, de Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyn-
drickx G, et al. A comparison of balloon-expandable-stent implantation
with balloon angioplasty in patients with coronary artery disease. Benestent
Study Group. N Engl J Med. 1994;331:489-95.

118. Grines CL. Aggressive intervention for myocardial infarction: angioplasty,
stents, and intra-aortic balloon pumping. Am J Cardiol. 1996;78:29-34.

119. Stone GW, Brodie BR, Griffin JJ, Morice MC, Costantini C, St Goar FG,
et al. Prospective, multicenter study of the safety and feasibility of primary
stenting in acute myocardial infarction: in-hospital and 30-day results of the
PAMI stent pilot trial. Primary Angioplasty in Myocardial Infarction Stent Pilot
Trial Investigators. J Am Coll Cardiol. 1998;31:23-30.

120. Schomig A, Neumann FJ, Walter H, Schuhlen H, Hadamitzky M,
Zitzmann-Roth EM, et al. Coronary stent placement in patients with acute
myocardial infarction: comparison of clinical and angiographic outcome af-
ter randomization to antiplatelet or anticoagulant therapy. J Am Coll Car-
diol. 1997;29:28-34.

121. Webb JG, Carere RG, Hilton JD, Rabinowitz A, Buller E, Dodek AA, et
al. Usefulness of coronary stenting for cardiogenic shock. Am J Cardiol.
1997;79:81-4.

122. Use of a monoclonal antibody directed against the platelet glycoprotein
IIb/IIIa receptor in high-risk coronary angioplasty. The EPIC Investigation.
N Engl J Med. 1994;330:956-61.

123. Platelet glycoprotein IIb/IIIa receptor blockade and low-dose heparin during
percutaneous coronary revascularization. The EPILOG Investigators. N Engl
J Med. 1997;336:1689-96.

124. Schultz RD, Heuser RR, Hatler C, Frey D. Use of c7E3 Fab in conjunction
with primary coronary stenting for acute myocardial infarctions complicated
by cardiogenic shock. Cathet Cardiovasc Diagn. 1996;39:143-8.

125. Tcheng JE. Glycoprotein IIb/IIIa receptor inhibitors: putting the EPIC,
IMPACT II, RESTORE, and EPILOG trials into perspective. Am J Cardiol. 1996;
78:35-40.

126. Laks H, Rosenkranz E, Buckberg GD. Surgical treatment of cardiogenic
shock after myocardial infarction. Circulation. 1986;74(5 Pt 2):III11-6.

127. Subramanian VA, Roberts AJ, Zema MJ, Abel RM, McCabe JC,
Hoover E, et al. Cardiogenic shock following acute myocardial infarction;
late functional results after emergency cardiac surgery. N Y State J Med.
1980;80:947-52.

128. Matsuwaka R, Sakakibara T, Shintani H, Yagura A, Masai T, Hira-
yama A, et al. Emergency cardiopulmonary bypass support in patients with
severe cardiogenic shock after acute myocardial infarction. Heart Vessels.
1996;11:27-9.

129. Stauffer JC, Urban P, Bleed D, Phister ME, Bertel O, Amann FW, et al.
Result of the “Swiss” multicenter evaluation of early angioplasty for shock
following myocardial infarction [Abstract]. Circulation. 1997;96(Suppl 1):I-
209.

130. Zehender M, Kasper W, Kauder E, Schonthaler M, Geibel A,
Olschewski M, et al. Right ventricular infarction as an independent pre-
dictor of prognosis after acute inferior myocardial infarction. N Engl J Med.
1993;328:981-8.

131. Dell’Italia LJ, Starling MR, Blumhardt R, Lasher JC, O’Rourke RA.
Comparative effects of volume loading, dobutamine, and nitroprusside in
patients with predominant right ventricular infarction. Circulation. 1985;72:
1327-35.

132. Bowers TR, O’Neill WW, Grines C, Pica MC, Safian RD, Goldstein JA.
Effect of reperfusion on biventricular function and survival after right ven-
tricular infarction. N Engl J Med. 1998;338:933-40.

133. Voci P, Bilotta F, Caretta Q, Mercanti C, Marino B. Papillary muscle
perfusion pattern. A hypothesis for ischemic papillary muscle dysfunction.
Circulation. 1995;91:1714-8.

134. Khan SS, Gray RJ. Valvular emergencies. Cardiol Clin. 1991;9:689-709.
135. Bolooki H. Emergency cardiac procedures in patients in cardiogenic shock

due to complications of coronary artery disease. Circulation. 1989;79(6 Pt
2):I137-48.

136. Chaux A, Blanche C, Matloff JM, DeRobertis MA, Miyamoto A. Postin-
farction ventricular septal defect. Semin Thorac Cardiovasc Surg. 1998;10:
93-9.

137. Killen DA, Piehler JM, Borkon AM, Gorton ME, Reed WA. Early repair
of postinfarction ventricular septal rupture. Ann Thorac Surg. 1997;63:138-
42.

138. Reardon MJ, Carr CL, Diamond A, Letsou GV, Safi HJ, Espada R, et al.
Ischemic left ventricular free wall rupture: prediction, diagnosis, and treat-
ment. Ann Thorac Surg. 1997;64:1509-13.

139. Hollenberg SM, Parrillo JE. Reversible causes of severe myocardial dys-
function. J Heart Lung Transplant. 1997;16:S7-12.

140. Kumar A, Thota V, Dee L, Olsen J, Uretz E, Parrillo JE. Tumor necrosis
factor a and interleukin 1b are responsible for in vitro myocardial cell de-
pression induced by human septic shock serum. J Exp Med. 1996;183:949-58.

141. Barry WH. Mechanisms of immune-mediated myocyte injury. Circulation.
1994;89:2421-32.

142. Lange LG, Schreiner GF. Immune mechanisms of cardiac disease. N Engl
J Med. 1994;330:1129-35.

143. Hunt SA, Frazier OH. Mechanical circulatory support and cardiac trans-
plantation. Circulation. 1998;97:2079-90.

6 July 1999 • Annals of Internal Medicine • Volume 131 • Number 1 59


