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Since 1999, after the SHOCK trial demonstrated a reduction
in mortality with early myocardial revascularization in
patients with acute myocardial infarction complicated by
cardiogenic shock,1 intensive care specialists and interven-

tionalists have searched for
additional ways to reduce
the persistently high mortal-

ity, often in the range of 40% to 50%.2 After other reports
demonstrated that intra-aortic balloon pump (IABP) support
failed to reduce mortality,3-5 the next step was development
and evaluation of other approaches for active mechanical cir-
culatory support, including microaxial left ventricular assist
devices (LVADs), in the treatment of cardiogenic shock.

Microaxial LVADs consist of a small catheter-mounted
pump that can be inserted percutaneously through a periph-
eral artery (often the femoral artery). The device is posi-
tioned across the aortic valve with its distal end in the left ven-
tricle and its outlet in the proximal aorta. The device draws
blood from the left ventricle and pumps it into the aorta and
generates forward blood flow from the left ventricle to the
aorta. In this manner, the device is intended to unload the left
ventricle and improve forward blood flow. This approach is
theoretically appealing as mechanical circulatory support de-
vices might improve perfusion of critical organs such as the
heart, brain, and kidneys. However, any invasive measure is
also associated with complications. Since sufficiently pow-
ered randomized clinical trials (RCTs) of mechanical circula-
tory support devices are scarce,6-8 large-scale registry stud-
ies with propensity matching represent an important data
source and method to provide additional evidence.

In this issue of JAMA, Dhruva et al9 report findings from
an observational study that compared the outcomes associ-
ated with an intravascular microaxial LVAD vs the IABP in a
propensity-matched analysis of patients with cardiogenic
shock related to myocardial infarction. In the overall registry
cohort of 28 304 patients with acute myocardial infarction
who underwent percutaneous coronary intervention (PCI)
from October 2015 to December 2017, 29.9% received treat-
ment with IABP compared with 6.2% who received treatment
with the microaxial LVAD (the Impella heart pump), with an
increasing trend in use of the latter device over the study
period. In the propensity-matched analyses, which included
a total of 1680 matched pairs, the microaxial LVAD, com-
pared with IABP, was associated with a significantly higher
risk of in-hospital death (45.0% vs 34.1%; absolute risk differ-
ence, 10.9 percentage points [95% CI, 7.6-14.2]; P < .001) and
in-hospital bleeding (31.3% vs 16.0%; absolute risk differ-
ence, 15.4 percentage points [95% CI, 12.5-18.2]; P < .001),

irrespective of the timing of device implantation pre- or post-
PCI. Further propensity-matched analyses confirmed the re-
sults of the IABP-SHOCK II trial by showing no benefit asso-
ciated with IABP compared with optimal medical treatment.3-5

In contrast to the IABP-SHOCK II trial, IABP treatment was as-
sociated with a higher risk of in-hospital death and an in-
creased risk of major in-hospital bleeding than optimal medi-
cal treatment.

Despite propensity matching, the observed differences in
outcomes between use of the microaxial LVAD and use of the
IABP reported by Dhruva et al9 may have been related to limi-
tations in these registry-based analyses, and the findings
should not be considered definitive. Since the indication for
mechanical circulatory support strongly depends on the
familiarity of the operator with the device and the severity of
cardiogenic shock, findings derived from observational regis-
tries may be limited by selection bias and confounding,
which cannot be completely accounted for even with sophis-
ticated statistical matching and analyses.

The finding that IABP support was not associated with bet-
ter outcomes compared with optimal medical treatment has
been well known for years since the large-scale randomized
IABP-SHOCK II trial.3-5 In 2014, routine use of the IABP in pa-
tients with cardiogenic shock was subsequently downgraded
in clinical guidelines and is no longer recommended by
European guidelines (class III level of evidence B),10,11 whereas
US guidelines from the American College of Cardiology/
American Heart Association in 2013 include a class IIa level of
evidence B recommendation for use of IABP in patients with
cardiogenic shock.12 Against this background, a 30% rate of
IABP use in the United States between 2015 and 2017 is sur-
prising, and by comparison, adoption of the latest scientific evi-
dence has been seemingly faster in European countries, as
shown in several European registries with rates of IABP use of
less than 10%, from 2012 to 2017.13-15

Approval of mechanical circulatory support devices
by the US Food and Drug Administration (FDA) and by
European regulatory agencies led to a steadily increasing use
of these devices. In the study by Dhruva et al,9 use of the
microaxial LVAD increased from 3% to 8% between 2015 and
2017. However, no adequately powered RCT exists for any of
the available active mechanical circulatory support devices
in the setting of cardiogenic shock.8 In 2008, an early ver-
sion of the microaxial LVAD (the Impella 2.5 device) received
FDA 510(k) clearance for high-risk PCI; subsequently, other
models of the device (Impella CP, Impella 5.0) received FDA
approval with an expanded indication for cardiogenic shock.
Initially, this microaxial LVAD approval was granted for
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high-risk PCI procedures for a duration of 6 hours. However,
the only RCT that compared this device with IABP in stable
patients (PROTECT II trial) was stopped prematurely for
futility, and despite a lack of benefit regarding the primary
end point (a composite of 11 intra- and postprocedural
adverse events at 30 days) this device was approved.16 In
subsequent years, FDA approval for several models of the
microaxial LVAD (Impella 2.5, 5.0, LD, and CP) was extended
for use for up to 14 days in the management of cardiogenic
shock related to acute myocardial infarction and postcardi-
otomy. For infarct-associated cardiogenic shock, the only
available RCT at that point in time (ie, in 2008) was
the ISAR-SHOCK trial (Impella 2.5 vs IABP), with a total
of 26 patients. In 2017, the IMPRESS in Severe Shock trial
(Impella CP vs IABP) randomized a total of 48 patients.
Despite some benefit in hemodynamic variables, both trials
showed no difference between the treatment groups in
30-day mortality.17,18 Nevertheless, FDA approval was
obtained, and the use of the microaxial LVAD has become an
important component for temporary treatment of severe
infarct-associated cardiogenic shock, despite limited data of
improved patient outcomes.

The study by Dhruva et al9 questions the approval of
such devices without showing evidence for improvement in
outcomes, and it challenges the increasingly frequent use of
the microaxial LVAD in the United States. The results of the
current analysis are consistent with the results of a multina-
tional registry of 237 patients with infarct-related cardiogenic
shock that were matched with 237 patients from the IABP-
SHOCK II trial.19 That study also showed significantly higher
risks of bleeding (8.5% vs 3.0%) and peripheral vascular com-
plications (9.8% vs 3.8%) in patients treated with this micro-
axial LVAD device (compared with IABP or no IABP) without
any survival benefit (30-day mortality 48.5% vs 46.4%).19

Another recent study using a US registry (the Premier Health-
care Database), which included 48 306 patients undergoing
percutaneous coronary intervention and who were deemed

to require circulatory support, also showed higher mortality
with this microaxial LVAD than with the IABP (odds ratio,
1.24 [95% CI, 1.13-1.36]).20 The mechanism of possible harm
associated with this microaxial LVAD is likely an excess in
device-related complications (which might outweigh any
hemodynamic benefit). Furthermore, recent biomarker
analyses support the theory that worse outcomes in cardio-
genic shock at a certain stage are not related to impairment in
cardiac function but more to a systemic inflammatory
response syndrome associated with cardiogenic shock.21

The conflicting and insufficient evidence of active
mechanical circulatory support in cardiogenic shock sup-
ports the need for large clinical trials to more definitively
assess this important issue. Currently, no device, including
the extracorporeal membrane oxygenator (ECMO), has been
adequately studied in a well-powered RCT, which will be
required to generate reliable evidence for use of mechanical
circulatory support devices in clinical practice. Several ongo-
ing clinical trials are currently examining the use of mechani-
cal circulatory support devices: (1) the Danish-German Shock
trial (DanGer; n = 360; NCT01633502); the Extracorporeal
Life Support in Cardiogenic Shock trial (ECLS-SHOCK;
n = 420; NCT03637205); the Assessment of ECMO in Acute
Myocardial Infarction Cardiogenic Shock trial (ANCHOR;
n = 400; NCT04184635); the Testing the Value of Novel
Strategy and Its Cost Efficacy in Order to Improve the Poor
Outcomes in Cardiogenic Shock trial (EUROSHOCK; n = 428;
NCT03813134); and the ExtraCorporeal Membrane Oxygen-
ation in the Therapy of Cardiogenic Shock trial (ECMO-CS;
n = 120; NCT02301819).

The results of these trials will help to define appropriate
use of mechanical circulatory support devices. However, un-
til reliable evidence from RCTs is available, the study by Dhruva
et al,9 together with other registry studies, provide evidence
to support a more restrictive use of these devices and as based
on current guidelines, only in selected patients with refrac-
tory cardiogenic shock.
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