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“Evidence based medicine is the conscientious, explicit, and
judicious use of current best evidence in making decisions about
the care of individual patients. The practice of evidence based
medicine means integrating individual clinical expertise with the
best available external clinical evidence from systematic research”
Sackett et al., BMJ 1996 (1).
The 2 sentences above summarize the basic essence of
evidence-based medicine (EBM). However, as the devil
hides in the details, the concept of integrating best evidence
with individual clinical expertise harbors the seed of a
conflict not always easy to resolve in clinical practice. One of
the best examples of the conflict between EBM and clinical
practice is the use of mechanical circulatory support (MCS)
devices in patients with cardiogenic shock. As clinicians, we
recognize that cardiogenic shock is an extremely serious,
rapidly evolving condition that sometimes benefits from the
use of devices capable of supporting the circulation while
coronary revascularization is performed, or that are able to
bridge the patient to the next level of care: upgrade of left
ventricular assist devices, cardiac surgery for mechanical
complications or heart transplant for terminal heart failure.
At the same time, as scientists, we must acknowledge the
virtual lack of evidence supporting this belief.
Intraaortic balloon pump (IABP) is the most widely
used MCS device; it allows augmentation of the diastolic
blood pressure, improvement of coronary perfusion and
reduction of myocardial oxygen consumption, with a small
but significant effect on cardiac output. Importantly, it relies
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on the existence of a spontaneous circulation and cannot
be applied to patients without intrinsic heart action. Until
recently, the vast majority of interventional cardiologists,
including myself, would have been ready to claim that
the IABP was effective beyond any reasonable doubt in
improving the prognosis of patients with acute myocardial
infarction and cardiogenic shock (AMICS). The argument
of the parachute was often used to support the thesis
that no formal testing was needed for this postulate (2).
Over the years, this seemingly unshakable certainty has
been progressively eroded by a series of consistently
negative data coming from the randomized IABP-SHOCK
II trial, comparing IABP versus control in patients with
AMICS undergoing early revascularization (3). The direct
consequences of the IABP-SHOCK II trial were: (I)
downgrading of routine use of IABP in AMICS to a class
III recommendation, level of evidence B, in the European
Society of Cardiology guidelines (4); (II) strong reduction of
IABP use in clinical practice (5,6); (III) progressive increase
in use of different, more powerful, MCS devices like the
Impella (Abiomed, Danvers, MA, USA), the Tandem Heart
(Cardiac Assist Inc, Pittsburgh, PA, USA), and veno-arterial
extracorporeal membrane oxygenation (VA-ECMO).
The last chapter of the IABP-SHOCK II study was the
recently published paper reporting the 6-year results (7).
After the neutral short-term results of IABP vs. control in
the primary endpoint analysis, the main rationale to look
at the long-term follow-up was that even if a difference
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could not be demonstrated early, perhaps a better early
management could be associated with positive effects that
manifest only over time. That was the case, for example,
of the SHOCK trial, upon which is based the class I
recommendation for early revascularization in AMICS (8).
To support this hypothesis, in a previous study of IABP
in elective high-risk percutaneous coronary intervention
(PCI), IABP actually showed no benefit at short-term
follow-up but a strong trend for mortality reduction at
5-year (9). Mirroring the previously reported findings at
30-day and 12-month, however, in the IABP-SHOCK II
long-term follow-up there was no significant difference
between groups in terms of mortality and quality of life.
An important additional finding was that, despite modern
medical treatment and state-of-the-art revascularization, twothird of the patients had died at 6 years (7).
Is this the end of the IABP life in this setting? Should
we immediately shift to different MCS devices? The
answers are not straightforward and source of passionate
controversy. For sure, EBM does not support routine use
of IABP in AMICS. Disappointingly, there is also no clue
about potential utility in any specific subgroup analyzed.
According to guidelines, a niche utilization for IABP could
be stabilization of patients with a mechanical complication
of acute myocardial infarction (4). Before addressing the
subgroup issue, let’s focus on the second question. There is
a solid rationale for use of other and more powerful MCS
in AMICS. However, whilst preliminary data for other
MCS devices were promising, data from randomized trials
powered for clinical outcomes are either lacking or did not
support superiority over IABP. The Impella provides better
support and a higher cardiac index in comparison with
IABP (10). However, with the important limitation of small
sample size, the IMPRESS-in-Severe-SHOCK trial showed
similar 30-day mortality and increased bleeding in patients
treated with the Impella CP (maximum output around
3.7 L/min) as compared with IABP (11). Similar findings
came from a matched-pair analysis between Impella and
IABP (12) and from retrospective studies (13). Somewhat
relevant for the interpretation of the IMPRESS-in-shock
trial is the analysis of patient population: 92% of enrolled
patients had been resuscitated from cardiac arrest and almost
one-half had time to ROSC longer than 20 min. As a result,
46% of patients died due to anoxic brain damage vs. 29%
with refractory shock or multiorgan failure (11). In a similar
scenario, any potential advantage on cardiac support is likely
diluted by the overwhelming impact of adverse neurologic
conditions. The evidence is not stronger nor better for
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ECMO. It can provide full circulatory support to both the
left and the right ventricle and several observational studies
reported excellent results (3), but rigorous evaluation is
lacking. Further, if surgical insertion was burdened by
many complications, percutaneous insertion of VA-ECMO
represents an important advancement but the increase in
LV afterload is an important issue and LV venting is often
necessary. Randomized trials with clinical endpoints for
ECMO and Impella in AMICS are ongoing (3).
A potentially relevant advancement in management
of AMICS came recently from the National Cardiogenic
Shock Initiative. Using a standard protocol emphasizing
invasive hemodynamic monitoring and early initiation
of MCS (>90% Impella) before PCI, this multicenter
single-arm registry reported an unprecedented 72%
survival to discharge (14). Additional study finding was the
identification of creatinine ≥2, lactate >4, cardiac power
output (CPO) <0.6 W, and age ≥70 years as very powerful
predictors of mortality.
What conclusions are possible from available data (Table 1)?
Remembering that EBM “de-emphasizes intuition, unsystematic
clinical experience, and pathophysiologic rationale as sufficient
grounds for clinical decision making” (15), we must accept a very
marginal role for IABP in AMICS and ask for a rigorous
evaluation of other MCS. However, as clinicians, it is our
duty to provide patients with the best possible treatment
according to our experience and expertise, and sometimes
MCS represent an extraordinary ally in the deadly battle
against AMICS. While waiting for more data and randomized
trials to be completed, the best way to reconcile evidence
and experience seems development of protocols that shift
the attention from a devices-centered to a patient-centered
pathway of care. Selective use of MCS must be in the
therapeutic algorithm but it should be guided by pre-defined
and measurable parameters. Beyond hemodynamic status
(and CPO), age and comorbidity should play a major role:
younger patients without severe neurologic compromise, no
severe peripheral artery disease and without end-stage disease
of other organs could represent the best candidates for MCS.
The next steps will be filling present knowledge gaps
including:
(I) Which patient’s subgroup do actually benefit from
MCS.
(II) Should we start MCS in a progressive fashion
(e.g., stepwise escalation from IABP to Impella to
ECMO) or start immediately with one of the more
powerful devices? In this second scenario, Impella
might represent the best choice because it combines
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Table 1 Key messages
There is the urgent need to reduce mortality in AMICS
o Despite state-of-the-art revascularization mortality of AMICS remains in the range of 40–50% at 30-day and up to 70% at 6-year
IABP should not been used routinely because it does not improve prognosis
o Should be considered when there are mechanical complications of MI as underlying causes of cardiogenic shock
o Very selective use could be considered as a support to allow appropriate revascularization, bridge to recover or bridge to other MCS
in early stage AMICS
More powerful MCS devices improve circulatory support and surrogate endpoints but in head-to-head comparisons vs. IABP failed to
demonstrate clinical superiority and are associated with higher rates of complications
o Their safety and efficacy must be tested in rigorous and adequately powered RCTs
o Before more evidence is available, use of MCS should be integrated within a “best practice”, well defined and patient-centered protocol of care for AMICS
Methodological considerations for clinical research
o Need to apply same definitions of cardiogenic shock and its sub-categories (e.g., SCAI classification) across different trials
o Patients with undefined neurologic status should either not be enrolled in MCS trials or separately tested
o Clearly define if there are situations where formal testing can be omitted (MCS parachute-like or end-of-life/futility conditions)
o Test different strategies beyond single devices
AMICS, acute myocardial infarction with cardiogenic shock; IABP, intra-aortic balloon pump; MCS, mechanic cardiac support; RCT,
randomized controlled trial.

the advantage of powerful ventricular assistance,
is less invasive than ECMO and efficiently unload
the left ventricle without the need of an additional
venting device.
(III) Best timing for MCS: before or after PCI. The latter
hypothesis is aimed at avoiding un-necessary use
of MCS in patients that will likely start recovering
immediately after PCI. The former, supported by
the National Cardiogenic Shock Initiative, is based
on the rationale that early LV unload could be
beneficial and help best coronary disease treatment.
A strategic help in this scenario comes from the SCAI
clinical expert consensus statement on the classification of
cardiogenic shock, which may help in predicting prognosis,
designing therapeutic algorithm and standardize future
clinical research (16).
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