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in cardiogenic shock: Have we jumped the gun?
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Abstract

Despite increasing therapeutic options and disposable resources, cardiogenic shock (CS) remains a formidable condi-
tion with high mortality. Today, veno-arterial extracorporeal membrane oxygenation and microaxial flow devices
(Impella, Abiomed, Danvers, USA) are established forms of mechanical circulatory support (MCS) in CS, with increas-
ing application over the years. Despite this trend, incorporation into current ESC (Class lla, evidence C) and AHA/ACC
(Class lla, evidence B-NR) guidelines is based nearly exclusively on observational results. Despite these recommenda-
tions and increasing application, current evidence from randomized controlled trials has not provided clear mortality
benefit. Thus, reflection on current evidence is hereby justified.
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Evidence V-A ECMO

Results from small RCTs have failed to show mortal-
ity benefit of V-A ECMO in acute myocardial infarction
(AMI)-CS [1]. The ECLS-SHOCK trial recently added
to the evidence by providing the largest V-A ECMO
RCT to date, failing to show mortality improvement in
420 (AMI)-CS patients [2]. Despite a large sample size,
limitations to this RCT and preceding studies exist: (1)
Open-labeled design of the ECLS-SHOCK trial may have
affected decisions of treating physicians when imple-
menting MCS, (2) high cross-over rates and subsequent
delay of V-A ECMO initiation in control patients may
weaken potential benefit, (3) cross-over to alternative
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MCS devices in control arms does not justify calling
results a comparison against “medical-therapy alone’, as
this likely reflects common real-world practice, in which
treatment strategies such as inotropic support or differ-
ent MCS devices must be adapted according to patient
characteristics, and (4) despite need for pragmatic inclu-
sion criteria in RCTs, comparing patients receiving man-
datory MCS use once inclusion criteria are met with
patients receiving medical therapy that receive MCS sup-
port, when deemed useful, is a limitation across all trials.

Further, a recent individual patient data meta-analy-
sis incorporating 567 AMI-CS patients from four RCTs
showed no significant 30-day mortality benefit for V-A
ECMO (45.7%) versus medical-therapy (47.7%) (OR 0.93;
95%CI 0.66—1.29) [3]. Given the above-mentioned mor-
tality outcomes, evidence regarding the following aspects
must be scrutinized: (1) Do specific subgroups ben-
efit from V-A ECMO? Current guidelines do not reflect
upon patient selection to guide MCS initiation. Sub-
group analyses from the above-mentioned meta-analysis,
assessing age (>65 vs.<65y), sex (male vs. female), lac-
tate (<5 vs.>5 mmol/l), cardiac arrest, type or location
of infarction (STEMI vs. NSTEMI, anterior vs. other)
as well as post-PCI results (TIMI 0/1 vs. 2/3), provided
no survival benefit [3]. (2) Does timing of V-A ECMO
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influence outcomes? Observational results suggesting
benefit of initiation pre-PCI were refuted in the ECLS-
SHOCK trial, where roughly 50% implementation prior
or during revascularization provided no mortality benefit
[2]. (3) Do current safety outcomes following V-A ECMO
justify application? Across all studies, moderate or severe
bleeding occurred more often in V-A ECMO versus con-
trol patients (OR 2.44; 95%CI 1.55-3.84) [3]. This indi-
cates that guideline directed therapy may be harmful, as
bleeding in AMI-CS leads to worse outcomes. Further,
higher peripheral ischemic complication rates were seen
in V-A ECMO versus control patients, despite high ante-
grade perfusion cannulae application (OR 3.53; 95%CI
1.70-7.34) [3]. Lastly, scrutiny of V-A ECMO modifi-
cation such as left ventricular (LV)-unloading via V-A
ECMO +Impella (ECMELLA) or V-A ECMO +intra-
aortic balloon pump (IABP) is warranted due to associ-
ated increase in bleeding or hemolysis. Thus, V-A ECMO
is associated with serious complications that worsen out-
comes, making future selection based on solid evidence
essential. While awaiting randomized evidence for mor-
tality benefit of V-A ECMO, increasing application and
high complication rates justify questioning the validity of
this approach.

Evidence Impella
Since IABP application decline in CS following guideline
recommendation downgrade, use of Impella—like V-A
ECMO—has steadily increased. Despite this trend, sound
evidence assessing benefit is limited to few small RCTs.
In a meta-analysis including four RCTs comparing MCS
(two TandemHeart and two Impella) with IABP (con-
trol), the ISAR-SHOCK and IMPRESS in Severe Shock
trials found no short-term mortality difference follow-
ing Impella vs. IABP (RR 1.01; 95%CI 0.70-1.44, p=0.98,
’=0%). Also, increased bleeding and a numerically
higher incidence of limb ischemia following MCS were
reported [4—6]. Larger propensity-matched studies have
shown similar or even higher in-hospital mortality and
increased major bleeding following Impella compared
to IABP. One recent large observational adjusted study
comparing 23,478 AMI-CS patients receiving Impella
versus alternative treatments again found higher Impella-
associated 30-day mortality across multiple analyses [7].
As with V-A ECMO, these results beg the question of
clinical benefit in certain subgroups. Unfortunately, lack
of meaningful subgroup analyses in the above-mentioned
studies clouds the question of which patient (if any) will
prove to be the “optimal” Impella candidate. As data from
larger RCTs such as DanGer Shock (NCT01633502) are
eagerly anticipated, evidence providing clear advantages
of Impella remains non-existent. Until available, indica-
tions of growing Impella use despite higher complication
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rates without mortality benefit should be alarming, forc-
ing us to question which (if any) future role it will play in
CS management.

Future application of MCS in CS: is there still a spot

at the table?

Management of CS beyond initial V-A ECMO or Impella
implementation binds many resources and requires expe-
rienced multidisciplinary teams. Both efficacy and safety
outcomes demonstrate that a “one-size fits all” applica-
tion in AMI-CS finds no justification, and thus the ques-
tion of whether we are harming patients with current
guideline recommendations remains. Lessons can be
taken from the past, as it was not until RCTs proved a lack
of mortality benefit of commonly used IABP in AMI-CS
that forced a recommendation downgrade in ESC guide-
lines (Class III, level B). Thus, the question remains: Does
MCS provide a mortality benefit, and if yes, in which CS
subgroup? Surely, if existent, this subgroup will likely be
small (<10% of all CS patients) considering high mortal-
ity rates of 40—50% across all CS patients [3].

With stagnating CS mortality rates, high resource
requirements, and increasing number of patients requir-
ing hemodynamic stabilization, finding the right therapy
for the right patient will become increasingly difficult.
Though questioning MCS in other clinical scenarios
would be premature, results from the upcoming rand-
omized DanGer Shock trial, which excluded patients
with out of hospital cardiac arrest (OHCA), may shed
light on whether patients without OHCA benefit from
MCS. Until then, application in patients with OHCA
should be restricted due to low likelihood of mortality
benefit. Until further RCTs provide better understanding
of MCS-associated benefits, complications, and manage-
ment, this costly therapy should be allocated to a very
small group of patients with foreseeable survival and rea-
sonable long-term prognosis.

Acknowledgements
We thank Dr. med. Leonhard Binzenhafer for careful reading of the present
manuscript.

Author contributions
EL and HT did the conception of the manuscript. EL and HL wrote the main
manuscript. HT critically reviewed the manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
All ethical standards were met in writing and submitting this correspondence.



Lisebrink et al. Critical Care (2024) 28:80

Competing interests
The authors have no competing interests to declare that are relevant to the
content of this article.

Received: 29 December 2023 Accepted: 28 February 2024
Published online: 15 March 2024

References

1. Ostadal P, Rokyta R, Karasek J, Kruger A, Vondrakova D, Janotka M, Naar
J, Smalcova J, Hubatova M, Hromadka M, Volovar S, Seyfrydova M,
Jarkovsky J, Svoboda M, Linhart A, Belohlavek J; ECMO-CS Investigators.
Extracorporeal membrane oxygenation in the therapy of cardiogenic
shock: results of the ECMO-CS randomized clinical trial. Circulation.
2023;147(6):454-64. https://doi.org/10.1161/CIRCULATIONAHA.122.
062949.

2. Thiele H, Zeymer U, Akin |, Behnes M, Rassaf T, Mahabadi AA, Lehmann R,
Eitel |, Graf T, Seidler T, Schuster A, Skurk C, Duerschmied D, Clemmensen
P, Hennersdorf M, Fichtlscherer S, Voigt |, Seyfarth M, John S, Ewen S,
Linke A, Tigges E, Nordbeck P, Bruch L, Jung C, Franz J, Lauten P, Goslar T,
Feistritzer HJ, Poss J, Kirchhof E, Ouarrak T, Schneider S, Desch S, Freund
A; ECLS-SHOCK Investigators. Extracorporeal life support in infarct-related
cardiogenic shock. N Engl J Med. 2023;389(14):1286-97. https://doi.org/
10.1056/NEJM0a2307227.

3. Zeymer U, Freund A, Hochadel M, Ostadal P, Belohlavek J, Rokyta R, Mass-
berg S, Brunner S, Lusebrink E, Flather M, Adlam D, Bogaerts K, Banning
A, Sabaté M, Akin |, Jobs A, Schneider S, Desch S, Thiele H. Venoarterial
extracorporeal membrane oxygenation in patients with infarct-related
cardiogenic shock: an individual patient data meta-analysis of ran-
domised trials. Lancet. 2023;402(10410):1338-46. https://doi.org/10.1016/
S0140-6736(23)01607-0.

4. Thiele H, Jobs A, Ouweneel DM, Henriques JPS, Seyfarth M, Desch S,

Eitel I, P&ss J, Fuernau G, de Waha S. Percutaneous short-term active
mechanical support devices in cardiogenic shock: a systematic review
and collaborative meta-analysis of randomized trials. Eur Heart J.
2017;38(47):3523-31. https://doi.org/10.1093/eurheartj/ehx363.

5. Ouweneel DM, Eriksen E, Sjauw KD, van Dongen IM, Hirsch A, Packer EJ,
Vis MM, Wykrzykowska JJ, Koch KT, Baan J, de Winter RJ, Piek JJ, Lagrand
WK, de Mol BA, Tijssen JG, Henriques JP. Percutaneous mechanical circula-
tory support versus intra-aortic balloon pump in cardiogenic shock after
acute myocardial infarction. J Am Coll Cardiol. 2017,69(3):278-87. https://
doi.org/10.1016/jjacc.2016.10.022.

6. Seyfarth M, Sibbing D, Bauer |, Frohlich G, Bott-Fligel L, Byrne R, Dirsch-
inger J, Kastrati A, Schomig A. A randomized clinical trial to evaluate the
safety and efficacy of a percutaneous left ventricular assist device versus
intra-aortic balloon pumping for treatment of cardiogenic shock caused
by myocardial infarction. J Am Coll Cardiol. 2008;52(19):1584-8. https://
doi.org/10.1016/j,jacc.2008.05.065.

7. Almarzooq ZI, Song Y, Dahabreh 1), Kochar A, Ferro EG, Secemsky EA,
Major JM, Farb A, Wu C, Zuckerman B, Yeh RW. Comparative effectiveness
of percutaneous microaxial left ventricular assist device vs intra-aortic
balloon pump or no mechanical circulatory support in patients with
cardiogenic shock. JAMA Cardiol. 2023;8(8):744-54. https://doi.org/10.
1001/jamacardio.2023.1643.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 3 of 3


https://doi.org/10.1161/CIRCULATIONAHA.122.062949
https://doi.org/10.1161/CIRCULATIONAHA.122.062949
https://doi.org/10.1056/NEJMoa2307227
https://doi.org/10.1056/NEJMoa2307227
https://doi.org/10.1016/S0140-6736(23)01607-0
https://doi.org/10.1016/S0140-6736(23)01607-0
https://doi.org/10.1093/eurheartj/ehx363
https://doi.org/10.1016/j.jacc.2016.10.022
https://doi.org/10.1016/j.jacc.2016.10.022
https://doi.org/10.1016/j.jacc.2008.05.065
https://doi.org/10.1016/j.jacc.2008.05.065
https://doi.org/10.1001/jamacardio.2023.1643
https://doi.org/10.1001/jamacardio.2023.1643

	Scrutinizing mechanical circulatory support in cardiogenic shock: Have we jumped the gun?
	Abstract 
	Evidence V-A ECMO
	Evidence Impella
	Future application of MCS in CS: is there still a spot at the table?
	Acknowledgements
	References


