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espite advances in the treatment
of patients with acute coronary
syndromes, in recent years, there
has been no significant decrease in the
incidence of cardiogenic shock1-3. Indeed,
the occurrence of cardiogenic shock complicating acute myocardial infarction in
Worcester, USA, remained relatively stable over a 23-year period (from 1975 to
1997), averaging 7.1 percent among patients with acute myocardial infarction1.
The in-hospital death rates were relatively
constant until the mid-to-late 1990s, averaging approximately 77 percent, 61 percent
of patients with cardiogenic shock died in
1993 and 1995 and 59 percent in 1997 1.
Cardiogenic shock remains one of the
major causes of death among patients with
all types of acute coronary syndromes 4-6
and there is a growing interest in the identification of patients at risk for developing
cardiogenic shock and in the exploration of
different therapeutic approaches for its
primary and secondary prevention.

D

Definition and diagnosis
Cardiogenic shock is a disorder caused
by decreased systemic cardiac output in the
presence of adequate intravascular volume,
resulting in tissue hypoxia. The diagnosis
itself is straightforward when there is a
systolic blood pressure <90mm Hg in the
absence of hypovolemia or other potential
causes of hypotension. The reduction in
systolic blood pressure leads to systemic
signs of hypoperfusion, including altered
mental state, cold clammy skin and oliguria.
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In randomized trials5-8 that enrolled
patients with acute coronary syndromes,
the definition of cardiogenic shock has
been uniform and is defined as systolic
blood pressure <90mm Hg for >1h that is:
ñ Not responsive to fluid administration
ñ Secondary to cardiac dysfunction, or
ñ Associated with signs of hypoperfusion
or cardiac index< 2.2L/min/m 2 and
pulmonary capillary wedge pressure>
18mm Hg
Also considered in this definition are:
ñ Patients with systolic blood pressure
increase (>90mm Hg) within 1h after
administration of inotropic agents, and
ñ Patients who died within 1 h of hypotension and met the other criteria of cardiogenic shock.
In equivocal circumstances, haemodynamic data derived from right heart catheterization may be useful in the diagnosis of cardiogenic shock. However, the
widespread availability of bedside echocardiography has rendered the use of invasive
haemodynamics in the decision-making
process .
Etiology and pathophysiology
Left ventricular failure is the most
common cause of shock among patients
with acute coronary syndromes, associated
with the loss of more than 40% of the
contractile myocardium of the left ventricle9,10. It accounted for about 78% of
cases in the SHOCK trial Registry11, whilst
2.8% was attributed to isolated right ventricular failure In the same trial Registry
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mechanical causes of shock (mitral regurgitation,
ventricular septal rupture and tamponade) amounted to 12%. In-hospital Registry mortality was 60%
and ventricular septal rupture was associated with a
significantly higher mortality (87.3%) than all other
causes11.

consecutive and not revascularised patients with ST
and non ST-segment elevation myocardial infarction
complicated by cardiogenic shock, development of
shock later than 48h after myocardial infarction
carries an extremely high 30-day mortality (more
than 80%)9.

Epidemiology

Predictors of shock

Cardiogenic shock can occur as a complication of all
types of acute coronary syndromes, (unstable angina,
acute myocardial infarction with or without ST-segment elevation), however it is more common in myocardial infarction with ST-segment elevation8. The
incidence of shock in unstable angina is about 2,9%
and 2,1% in non-ST-elevation myocardial infarction6. In three large, international series of patients
receiving thrombolytic therapy for acute myocardial
infarction, the occurrence of cardiogenic shock ranged from 4,2% to 7,2%5,7,8.
The median time to the occurrence of shock
among patients with persistent-ST-segment elevation is 10h and most of the patients develop shock
within the first 48h after acute myocardial infarction 5,8. In the SHOCK trial Registry, shock onset
occurred within 24h after acute myocardial infarction, in 74% of the patients with predominant left
ventricular failure12. Mortality was slightly higher in
patients developing shock earlier than later (62,6% vs
53,6%, p=0,022) 12. Patients with acute ischemic
syndromes without ST-segment elevation develop
shock later (median time 76h after enrolment) than
those with ST-segment elevation8 suggesting a different etiology. In patients with ST-segment elevation,
acute coronary artery occlusion may lead to massive
necrosis and loss of a large amount of myocardium,
whereas in patients without ST-segment elevation,
shock may be a result of recurrent ischemia, or reinfarction8. Indeed, Holmes and his colleagues8 found
that patients with shock without ST-segment
elevation had significantly more extensive coronary
artery disease, and less TIMI grade 0 flow than
patients with ST-elevation, this being consistent with
the theory that ST-segment elevation usually results
from acute coronary occlusion, whereas more preserved antergrade flow causes ischemia, ST-segment
depression, or T-wave inversion, often without infarction.
More recent data9 suggest that the timing of cardiogenic shock after onset of myocardial infarction
provides important prognostic information. In 444

As a result of the high mortality of cardiogenic shock,
identification of subgroups of patients with acute
ischemic syndromes who are at high risk of developing
shock is important. Hasdai and his colleagues 14
analyzing data from the GUSTO-I trial revealed that
certain demographic and clinical variables were
strongly related to the development of cardiogenic
shock in patients with persistent ST-segment elevation
myocardial infarction. Age was the variable most
strongly associated with shock: for every ten-year
increase in age, the risk of developing shock was increased by 47%. Together with the patient’s age, systolic blood pressure, heart rate and Killip class provided more than 85% of the predictive information14.
Despite differences in the pathophysiology and
clinical presentation of cardiogenic shock between
patients with persistent ST-segment elevation myocardial infarction and patients with other acute coronary syndromes, the predictors of shock are quite
similar. In another report of Hasdai and his colleagues6, using data from the PURSUIT trial, it was
shown that, patients with myocardial infarction were
more likely to develop shock than were patients with
unstable angina. In addition, patients with significant
ST-segment depression in the initial electrocardiogram were more prone to the development of shock.
Management of shock
Attempts to improve outcome of cardiogenic shock
need to take into account its multifactorial pathophysiology: circulatory support is required during
restoration of reperfusion at both the macro- and
microvascular levels, while at the same time attempts
are made to limit ongoing myocyte necrosis and
minimize reperfusion damage.
Supportive therapy
Whilst catecholamines acutely increase cardiac output,
there is no evidence that they improve survival15,16.
This point is underscored by the static mortality of
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shock during the period of increasing inotrope use1.
Inotropes do have a role in stabilizing patients during
assessment or transfer and in situations where a
reversible etiology has been identified; however as a
treatment in isolation they should be regarded as
essentially palliative. Levosimendan, a calcium sensitizer that increases myocardial contractility, has been
shown to reduce mortality in patients with acute
myocardial infarction complicated by heart failure17.
However it has not been tried yet in patients with
shock. Nitrates should be avoided because of their
hypotensive effect. Administration of diuretics or
fluids depends on left ventricular filling pressures
values.
Patients with mechanical causes of shock should
be first pharmacologically stabilized and the decision
regarding the optimum timing for surgical intervention should be taken by the cardiologist and the
surgeon together. Free wall rupture or pseudoaneurysm should be treated with prompt surgical
repair18. In case of mitral regurgitation it is better to
postpone the operation for 2-4 weeks if the patient
can be stabilized after having been weaned from
pharmacological and/or mechanical support19. Finally,
recent data20,21 suggest early surgical closure of post
infarction ventricular septal defect using newer surgical techniques, (double patch approach), which
have been shown to reduce in-hospital mortality.
Left ventricular assist devices
Circulatory support devices have been used to assist
patients in cardiogenic shock due to acute myocardial infarction, usually as a bridge to cardiac transplantation. Although some successful series have
been published22,23, other reports have been less encouraging24,25. The disparity between the numbers of
patients developing cardiogenic shock and the availability of donor organs, make this treatment option
impossible for the majority of patients.
Thrombolytic therapy
The outcome of cardiogenic shock is closely linked
to the patency of the culprit coronary artery 18. Accordingly, reperfusion therapy with thrombolytic
agents has decreased the occurrence of shock in
acute myocardial infarction with persistent ST elevation1. GUSTO-I demonstrated that tissue-plasminogen activator is more efficacious than streptokinase in preventing shock4. However, new throm394 ñ HJC (Hellenic Journal of Cardiology)

bolytic agents such as reteplase, which supposedly
have higher reperfusion rates19 and are associated
with an incidence of shock similar to that observed
with tissue-plasminogen-activator treatment6.
When cardiogenic shock has already been established, thrombolytic therapy is often unsuccessful20.
It has been suggested that the impaired fibrinolytic
activity of thrombolytic therapy is in part related to
the profound hemodynamic abnormalities that exist
in these patients21. In order for a thrombolytic agent
to dissolve an occlusive coronary thrombus, the agent
must reach and then infiltrate the thrombus22. When
mean arterial pressure falls below 65-70mm Hg, coronary blood flow begins to fall and ceases when mean
arterial pressure drops below 30mm Hg23.
Intra-aortic balloon pump (IABP)
The IABP is an intravascular, catheter-mounted
counterpultation device with a balloon volume between 30 to 50ml. The device is inserted through the
common femoral artery and positioned in the
descending thoracic aorta. The balloon is inflated
during cardiac diastole (set to inflate at the dicrotic
notch of the arterial pressure waveform) and deflated
during the isovolumetric phase of left ventricular
contraction24.
The diastolic inflation of the balloon augments
the diastolic blood pressure and thereby increases
the coronary artery perfusion and myocardial oxygen
supply25. Systolic deflation of the balloon decreases
systemic afterload and myocardial oxygen consumption. The net effect is a favorable shift in the myocardial oxygen supply/demand ratio, with a small increase
in systemic perfusion.
Unfortunately clinical experience to date demonstrated that although patients can frequently be
stabilized, they cannot subsequently be weaned and
that the overall outcome remains unchanged 35,36.
Thus, the indication for IABP insertion in cardiogenic
shock is to provide temporary hemodynamic stability
until permanent therapy / treatment is effected.
Intra-aortic balloon pump-assisted thrombolysis
Experimental studies have demonstrated that augmentation of diastolic blood pressure by IABP increase both the rate and extent of coronary thrombolysis21. Nanas et al36 showed that reperfusion and
intraaortic balloon pump increased salvage of ischemic myocardium, more than that achieved by
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reperfusion alone in a canine occlusion-reperfusion
model.
Moreover, several clinical studies have suggested
an improved outcome for patients with AMI complicated by cardiogenic shock that were treated with
the combination of IABP and thrombolytic therapy37 38. Barron et al39 found a significant reduction in
mortality rates in patients who received thrombolytic
therapy in combination with IABP (67%vs 49%).
However there are no definitive data from randomized trials that can accurately answer this important question, thus the role of balloon-assisted thrombolysis in the management of shock remains undefined.
Interventional revascularisation
The discouraging results with thrombolytic therapy
in patients with cardiogenic shock lead to an emerging interest in the use of interventional revascularization.
The information suggesting a benefit from interventional revascularization (the majority of which
related to PTCA) is derived from three sources: small
series, registry data and two randomized controlled
trials.
There were several small single-center series40-43
between 1985 and 2003, involving a total of 1303
patients with an in-hospital mortality of 50% or less.
Although these are frequently presented as an improvement on the 90% mortality of historical controls, the limited number of patients and the likelihood of the selection bias make interpretation difficult.
The registry data derived from the SMASH R44,
SHOCKR45,48, Californian46 and Second National Registry39 studies; with additional data from GUSTO-I
trial5,49 showed that revascularisation was associated
with improved survival. Moreover, Berger and colleagues47 showed that among GUSTO-I patients with
cardiogenic shock, early revascularisation (within 30days of myocardial infarction) was associated with
marked reduction in mortality, independent of differences in baseline clinical characteristics between
patients who did and who did not undergo early revascularisation, and this benefit was still apparent
after 1 year.
However, the limitation of this type of data are
illustrated by the fact that those patients selected to
undergo catheterization in SHOCKR had lower mortality than those not selected (51% vs 85%) even if

they were not subsequently revascularised 45. Similarly, patients selected for aggressive treatment in
GUSTO-I were younger, had a lower incidence of
prior infarction and a shorter time to treatment49.
Thus, despite data involving almost 27,000 patients, a definitive answer remained elusive, setting
the scene of the two randomized trials. The first of
these, SMASH44 enrolled 55 patients over a 4-year
period in nine European centers. The study was terminated prematurely due to inadequate recruitment,
with no significant mortality difference between the
invasive and non-invasive groups (69% vs 78%). In
SHOCK50, the second of the randomized trials, 302
patients with ST elevation were randomized within
36h of infarction and within 18h of the onset of shock.
The comparison was made between immediate
revascularisation and revascularisation preceded by
a period of medical management (21% of patient in
this latter group were subsequently revascularised).
Mortality was not significantly different between the
two groups at the primary end point of 30 days (47%
vs 56%), but was reduced after 6-months (50% vs 63%
p<0.03) and after 1 year (53% vs. 66%, p<0.03). πt
should be noted that benefit was limited in patients
younger than 75 years, which is in accordance with
both prior studies and clinical experience. In a recent sub-study of the SHOCK trial, Picard and his
colleagues 51 found that both short- and long-term
mortality appear to be associated with initial left
ventricular systolic function and mitral regurgitation
as assessed by echocardiography. The benefit of
early revascularisation is noted regardless of baseline
left ventricular ejection fraction or mitral regurgitation. The fundamental problem with both randomized trials is that they were underpowered, as the
expectation by the registry studies of a 20% reduction
of mortality was never proved (a trial of >1000 patients would be required to reliably detect the 9%
difference that was actually found).
We are thus left in the uncomfortable position of
deciding whether or not to adopt an expensive and
high-risk procedure on the basis of incomplete information. With the prospect of the significantly
improved survival at 6 and 12 months, the evidence
favours early revascularisation in selected patients,
but this leads to the question of what selection criteria are appropriate. Based on the results of the
SHOCK trial50 the generally poor prognosis for elderly patients with shock underscores the need for
careful consideration of revascularisation procedures
in this age group. For patients younger than 75 years,
(Hellenic Journal of Cardiology) HJC ñ 395

K. Bouki et al

early revascularisation should be regarded favourable, especially if experienced cardiologists can do it
promptly. A summary of the SHOCK trial 52 which
has been recently published reported that in patients
younger than 75 years of age, early revascularisation
saves 20 lives at 6 months per 100 patients treated.
According to these results, the current American
College of Cardiology and American Heart Association (ACC/AHA) guidelines recommend the adoption of an early revascularisation strategy for patients
<75 years of age with cardiogenic shock complicating acute ST elevation/Q-wave or new left bundle
branch block myocardial infarction.
However, what these trials clearly demonstrate is
that even with revascularisation, mortality remains
unacceptably high and we need to focus
on efforts to maximize myocardial salvage once
reperfusion has been achieved.
Prospects for maximizing myocardial salvage
Attempts to improve myocardial salvage have focused
on preventing and treating the no-reflow phenomenon
(reducing the microvasculature damage) whilst
maximizing the ischemic tolerance of the myocytes.
Prevention of no-reflow phenomenon
No-reflow phenomenon (decrease or cessation of the
blood flow after restoration of an epicardial coronary
artery occlusion) is caused by abnormalities at the
level of microvasculature, although the exact mechanism is uncertain53. Platelet glycoprotein IIb/IIIa
inhibitors prevent platelet and neutrophil adhesion,
and are expected to prevent the no-reflow phenomenon by reducing the formation of microthrombi54,55. In
a post hoc analysis of the PURSUIT trial, Hasdai and
his colleagues6 demonstrated that patients with shock
(with unstable angina or non-ST elevation myocardial
infarction) treated with eptifibatide had significantly
reduced 30-day mortality (77,2% vs. 52,7% p = 0.001).
Moreover, there is evidence of improved outcome of
angioplasty with the use of abxicimab in cardiogenic
shock56-57. Giri and his collegues56 showed that abxicimab therapy improves the 30-day outcome of
primary PTCA in acute myocardial infarction complicated by cardiogenic shock, especially when combined with coronary stenting (composite event rate
of death, myocardial reinfarction and target vessel
revascularisation 31% in abxicimab group vs. 63%,
p=0.002). Further controlled trials58,59 confirmed the
396 ñ HJC (Hellenic Journal of Cardiology)

clinical benefit of this group of platelet inhibitors
and supported that their mechanism was not only
related to better epicardial blood flow but was also
related to less no-reflow phenomenon and better
flow at the level of the microcirculation.
Myocyte protection
Once no-reflow phenomenon has been established,
other treatment options are available. The two more
intense studied agents, verapamil60 and adenosine61,
have been claimed to prevent the no-reflow phenomenon when given intracoronary. Nicorandil62, an
ATP-sensitive K+ channel opener results in a reduction of the no-reflow zone and improved left ventricular function following angioplasty in acute myocardial infarction. In addition, there has been renewed interest in the use of glucose/insulin/ potassium infusion, which aim to stimulate glycolytic
activity whilst reducing free fatty acid consumption
and consequently intracellular acidosis63. Finally,
there is animal data to support the use of direct inhibititors of the Na+/H+ pump64. However, clinical
experience with Na +/H + inhibition has produced
conflicting results65,66.
Thus, the potential for improving myocardial salvage following reperfusion already exists, although
much remains to be done before this emerges as a
clinical strategy. At present, clinical use is restricted
to adenosine and verapamil for the treatment of
angiographic no-reflow phenomenon.
Conclusion
Mortality of cardiogenic shock remains frustratingly
high, while attempts to demonstrate benefit from
revascularisation have been fraught with difficulty.
We have arrived at a point where we should accept
that in patients with shock, inotropes are essentially
palliative, thrombolysis is of limited value and that
evidence favours a policy of revascularisation in selected patients.
However, even with revascularisation, mortality
remains high (>of 50%) and in order to make further progress, our attention must now shift from the
open artery to maximizing microvascular integrity
and optimizing myocardial protection. It seems that,
although the previous two decades were the decades
of reperfusion of large epicardial arteries, the first
decade of the new millennium will be the decade of
the microvasculature perfusion.
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