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Mechanical circulatory support (MCS) devices, such as 
venoarterial extracorporeal membrane oxygenation (VA-
ECMO) and micro-axial flow pumps, are increasingly 
employed in managing severe shock and cardiac arrest. 
Emerging evidence suggests that these devices could sig-
nificantly improve patient outcomes. While evidence for 
perioperative cardiac surgery MCS is currently limited, 
insights from recent trials in related populations could 
guide future research in this area.

Perioperative MCS is generally employed as a “bridge-
to-recovery” measure in patients who experience post-
cardiotomy shock, a syndrome that occurs in 2–6% of 
patients. A large retrospective multicenter study of 2058 
patients has shown a high mortality of 60.1% during the 
index hospitalization but with 76.4% of survivors being 
alive at 10  years, making it a viable strategy (Mariani 
et  al. 2023). The high mortality noted is likely reflective 
of the heterogeneity of cardiac surgical patients and the 
increased risk of bleeding, infection, hemolysis, and vas-
cular complications introduced by MCS, which may dis-
proportionately affect surgical patients. As such, expert 
consensus recommendations are primarily based on 
expert opinion due to limited evidence on indications, 

timing, patient selection, and treatment strategies 
(Lorusso et al. 2021).

After two major negative studies regarding MCS in 
acute myocardial infarction-associated cardiogenic 
shock (Thiele et  al. 2012, 2023), a recent breakthrough 
in understanding MCS’s role in cardiogenic shock is the 
DanGer Shock trial (Møller et  al. 2024). This interna-
tional, multicenter, and randomized trial compared the 
outcomes of patients receiving micro-axial flow pump 
devices alongside standard medical care to those receiv-
ing standard care alone in patients with ST-elevation 
myocardial infarction (STEMI) complicated by cardio-
genic shock. The findings are promising: at 180 days, the 
group receiving the micro-axial pump had a significantly 
lower mortality rate than the control group. Criticisms 
regarding the higher-than-expected mortality in the 
Danish centers, which were the main drivers of positive 
outcomes, are warranted and require careful consid-
eration. However, the decreased mortality in the pres-
ence of increased adverse events in the micro-axial flow 
pump group underscores the potential of MCS devices 
to impact outcomes, potentially from early mitigation of 
shock, decreased end-organ failure, and improved car-
diac recovery.

Two essential elements from DanGer Shock appear rel-
evant to perioperative MCS.

•	 First, the sustained survival benefit at 180  days, 
beyond the early shock period, supports the idea that 
cardiac recovery could be improved by LV decom-
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pression, a concept yet to be proven in human out-
come-based research. Research data has consistently 
shown that inotropic support for cardiogenic shock 
leads to increased myocardial oxygen demand, which 
is detrimental to cardiac recovery, especially in non-
revascularized patients. Postcardiotomy shock shares 
similar characteristics with AMI-associated cardio-
genic shock, including a depressed cardiac function 
and a cytokine-storm-associated vasoplegic com-
ponent leading to end-organ dysfunction. In both 
patient populations, reducing the need for vasoac-
tive medications could minimize cardiac stress and 
improve recovery during the acute phase. LV decom-
pression also decreases LV filling pressures, which 
could facilitate myocardial microvascular perfu-
sion. The vasopressor and inotrope requirements of 
micro-axial flow pump patients in the DanGer Shock 
trial rapidly decreased while maintaining or improv-
ing clinical perfusion. This is undeniably beneficial 
in cardiac recovery if adverse events from the device 
that impair systemic recovery can be mitigated.

•	 Second, the DanGer Shock trial emphasized the 
value of early MCS intervention, showing that 
patients who received the micro-axial flow device 
promptly after identifying shock had better sur-
vival outcomes than patients with recognized shock 
treated early with medical therapy. Devices were all 
inserted within 12  h of revascularization and evi-
dence of shock, with 88 out of 179 devices inserted 
before revascularization. As a result, the micro-
axial flow pump group normalized their lactate, on 
average, 12  h faster than the control group, with 
an initial similar starting point. Subgroup analy-
ses of DanGer Shock do reveal an increased rate 
of acute kidney injury (AKI) and renal replacement 
therapy (RRT) in the micro-axial flow pump group 
despite adjusting for mortality. This contradiction 
may indicate device-related adverse events such 
as hemolysis from high-power levels or suction 
events. Hemolysis is an unavoidable major compli-
cation from Impella CP devices in frank cardiogenic 
shock with vasoplegia requiring higher-power level 
use. Importantly, it is a high morbidity problem in 
postoperative cardiac surgery patients predisposed 
to renal injury and coagulopathy from exposure to 
cardiopulmonary bypass. Suction events may be 
caused by under-recognized RV dysfunction, a fre-
quent problem often recognized late in postopera-
tive cardiac surgery settings and usually uncovered 
after isolated LV MCS support. New techniques 
such as venous excess ultrasound are increasingly 
finding a high rate of subclinical RV dysfunction 
and end-organ congestion in cardiac surgery popu-

lations, which may also independently cause renal 
dysfunction (Beaubien-Souligny et al. 2020).

As a result of these two points, perioperative car-
diovascular teams are increasingly considering a more 
proactive and early approach to using MCS. The perio-
perative setting offers a unique opportunity for early use 
of devices with better adverse event profiles. The surgi-
cally implanted Impella 5.5 is characterized by increased 
hemodynamic support, reduced adverse events rate, and 
improved outcomes in postcardiotomy shock (Ramzy 
et  al. 2021). Anecdotally, hemolysis appears much less 
frequent with this device, which may mitigate the AKI 
noted in DanGer Shock. An initial small single-center 
study showed a good safety profile in this population 
(Benke et  al. 2022). Currently, the IMpella-Protected 
cArdiaC Surgery Trial (IMPACT) is recruiting patients 
with severely decreased LV function to prophylactically 
implant Impella 5.5 devices and assess the safety profile 
(Abiomed Inc. 2024). Early insertion of Impella 5.5 in 
patients requiring VA-ECMO post-cardiac surgery is also 
rapidly gaining traction, allowing early LV unloading and 
rapid de-escalation to single ventricle support with better 
LV protection during cardiac and systemic recovery. In 
the AMI population, this combined strategy, ECPELLA, 
has shown similar adverse events to VA-ECMO without 
a concomitant micro-axial flow device (Modi et al. 2023). 
Additionally, this technique offers the opportunity to 
transition from sequential to parallel recovery. Sequen-
tial, or serial, recovery prioritizes the patient’s cardiac 
recovery at the expense of delayed systemic recovery. 
Parallel recovery is an evolving paradigm rendered possi-
ble by centrally inserting a micro-axial flow pump or VA-
ECMO through tunneled axillary or aortic grafts. These 
configurations allow chest closure, rapid patient awak-
ening, early liberation from mechanical ventilation, and 
early physiotherapy while heart function recovers.

Perioperative mechanical circulatory support rep-
resents a frontier in cardiac surgery that promises to 
improve outcomes for high-risk patients, yet substantial 
questions remain. Future research must address gaps in 
our understanding, mainly through randomized con-
trolled trials tailored to surgical populations, to ensure 
MCS’s safe and effective integration into perioperative 
cardiac surgery and to better harness the potential of 
these lifesaving devices.
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