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ORIGINAL RESEARCH

National Use Patterns and Comparative 
Effectiveness of Extracorporeal Membrane 
Oxygenation in Myocardial Infarction–Related 
Cardiogenic Shock
Ajar Kochar , MD, MHS; Christina Lalani , MD, MSc; Yang Song , PhD; Zaid Almarzooq , MD; 
Andrew Farb, MD; Changfu Wu , PhD; Bram Zuckerman, MD; Navin K. Kapur , MD; Jacob E. Moller , DMSc;  
Eric A. Secemsky , MD, MSc; Arthur R. Garan , MD; Robert W. Yeh , MD, MSc

BACKGROUND: Extracorporeal membrane oxygenation (ECMO) provides bi-ventricular support for patients with myocardial 
infarction–related cardiogenic shock (MI-CS); comparative effectiveness data relative to other mechanical circulatory support 
remain limited. We characterize contemporary ECMO utilization for MI-CS and compare short-term mortality across ECMO 
and non-ECMO treatment strategies.

METHODS: We compared baseline characteristics and temporal trends in mechanical circulatory support utilization among 
Medicare beneficiaries hospitalized with MI-CS from 2016 to 2023 and treated with ECMO, Impella, intra-aortic balloon 
pump, or medical management alone. Patient outcomes for each group were evaluated using inverse probability of treatment 
weighting, G-formula approach, and grace period analysis. The primary endpoint was 30-day all-cause mortality.

RESULTS: The cohort included 102 718 patients: 1165 (1.1%) treated with ECMO, 10 064 (9.8%) Impella, 24 631 (24.0%) intra-
aortic balloon pump, and 66 858 (65.1%) medical management alone. From 2016 to 2023, ECMO use for MI-CS increased 
from 0.8% to 1.8%. The percentage of hospitals using ECMO increased from 9.2% to 17.1%. Unadjusted 30-day mortality 
was higher for ECMO (69%) compared with Impella (60%), intra-aortic balloon pump (39%), and medical management (46%) 
(all P<0.0001). Adjusted inverse probability of treatment weighting and G-formula analyses revealed a 30-day mortality rate 
of 68%–70% for ECMO, which was higher than that for other therapies. The grace period analysis revealed similar mortality 
between patients treated with ECMO (54%) and Impella (54%).

CONCLUSIONS: ECMO use in a contemporary Medicare cohort of patients with MI-CS was infrequent (1.1%) and associated 
with high 30-day mortality. Despite use of complementary causal inference methods, we were unable to establish valid causal 
inferences on ECMO use and patient survival.
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Despite advancements in the care of patients with 
myocardial infarction–related cardiogenic shock 
(MI-CS), mortality rates remain as high as 30%–

50%. MI-CS is often managed with percutaneous 

mechanical circulatory support (MCS) devices to 
provide hemodynamic support and increase tissue 
perfusion.1–4 There are a variety of MCS device plat-
forms, including intra-aortic balloon pumps (IABPs) 
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and percutaneous microaxial flow pumps, both 
of which are intended to support the left ventricle. 
Veno-arterial extracorporeal membrane oxygenation 
(VA-ECMO) has increasingly been used in MI-CS in 
recent years and can provide biventricular support 
and oxygenation, which may be advantageous in cir-
cumstances such as biventricular dysfunction and 
profound hypoxemia.5–8

Because of the acute presentation of cardiogenic 
shock (CS), need for rapid clinical decision making, 
and frequent inability of CS patients to participate in 
the informed consent process, CS clinical trials are 
very challenging to run.9 These challenges have limited 
the completion of adequately powered, US-based, ran-
domized clinical trials in patients with MI-CS over the 
past 2 decades. The ECLS-SHOCK (Extracorporeal 
Life Support in Cardiogenic Shock) trial, the largest 

randomized controlled trial to evaluate VA-ECMO in MI-
CS, was only conducted outside the United States, in 
Germany and Slovenia. This trial revealed that the rou-
tine use of VA-ECMO did not result in an improvement 
in mortality for patients with MI-CS compared with 
medical therapy alone.6 ECLS-SHOCK, while informa-
tive, enrolled a highly selected population of younger 
patients, almost 80% of whom required cardiopulmo-
nary resuscitation, and may have limited generalizability 
to the broader US MI-CS population. The enrollment of 
exclusively younger patients is a particularly important 
limitation given that age is one of the most important 
risk factors for developing MI-CS and for mortality in 
MI-CS.10 Furthermore, analyses of other MCS devices 
suggest that older adults may derive less benefit from 
routine MCS use in MI-CS, highlighting the need for 
age-specific evidence.11 Additionally, ECLS-SHOCK 
primarily compared VA-ECMO to medical therapy and 
not to other mechanical circulatory support (MCS) de-
vices (such as microaxial flow pumps).

As of June 30, 2026, based on publicly available 
sources, we are unaware of planned randomized trials 
designed to examine VA-ECMO in MI-CS in the United 
States, which makes leveraging observational data to 
inform practice critical. However, observational studies 
evaluating MCS devices in cardiogenic shock patients 
may be particularly susceptible to both residual con-
founding and immortal time bias.12 In this study, our 
objectives were to: (1) examine the contemporary utili-
zation of VA-ECMO in patients with MI-CS using a large 
national US-based data set; (2) explore the feasibility of 
estimating the treatment effect of VA-ECMO compared 
to alternative MI-CS therapies using causal inference 
techniques.

METHODS
The data underlying this analysis are not publicly 
available because of data use agreement restrictions. 
The statistical analysis plan was pre-specified and 
collaboratively developed by researchers at the 
Smith Center for Outcomes Research at Beth Israel 
Deaconess Medical Center and the FDA.

Study Aims
MI-CS is a rapidly evolving disease state with a large 
proportion of cases progressing to more severe shock 
stages during the index hospitalization.13,14 Our first aim 
was to describe trends and patterns of MCS use in MI-
CS. Next, we sought to evaluate the comparative effec-
tiveness of VA-ECMO in 3 ways: 1) comparing patients 
treated with VA-ECMO within the first 2 days of admis-
sion to those treated with alternative strategies, 2) com-
paring the outcomes of VA-ECMO versus alternatives 

RESEARCH PERSPECTIVE

What Is New?
•	 In this study of Medicare beneficiaries with my-

ocardial infarction–related cardiogenic shock,  
extracorporeal membrane oxygenation use was  
infrequent, but increased from 0.8% to 1.8%  
between 2016 and 2023.

•	 Despite the use of complementary causal infer-
ence methods including inverse probability treat-
ment weighting, G-formula analyses, and grace  
period analyses, we were unable to establish 
valid causal inferences on extracorporeal mem-
brane oxygenation use and patient survival be-  
cause of limitations in the granularity of Medicare 
administrative claims.

What Question Should Be Addressed 
Next?
•	 It will be important for future studies to evaluate  

the feasibility of using purpose-built cardiogenic 
shock registries to evaluate the comparative  
effectiveness of mechanical circulatory support 
devices among Medicare-age adults.

Nonstandard Abbreviations and Acronyms

CS	 cardiogenic shock
FDA	 US Food and Drug Administration
IABP	 intra-aortic balloon pump
MI-CS	 myocardial infarction–related 

cardiogenic shock
MCS	 mechanical circulatory support
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within the first 2 days of admission among patients for 
whom the treatment received was driven by local prac-
tice preferences at a given hospital, and 3) comparing 
patients treated with VA-ECMO within the first 7 days 
of admission to those treated using alternative strate-
gies (Table S1). Comparator groups included patients 
treated with IABP, microaxial flow pump, or medical 
treatment only. For all analyses, time zero was desig-
nated as the time of hospital admission. Hereafter, the 
VA-ECMO configuration will be referred to as “ECMO” 
and the microaxial flow pump platform will be referred 
to as “Impella.”

Study Population
We used 100% inpatient Centers for Medicare & Medicaid 
Services claims files for Medicare fee-for-service patients 
between January 1, 2016, and December 31, 2023, to 
identify our patient population. The study began in 2016 
to ensure International Classification of Diseases, Tenth 
Revision (ICD-10) codes were fully established and 
ended in 2023 since that was the latest data available at 
the time of the analysis. Patients were identified as MI-
CS if they had a primary diagnosis code of MI (ICD-10 
code I21.XX) and a secondary diagnosis code of car-
diogenic shock (ICD-10 code R57.0). The ICD-10 codes 
used to identify ECMO were “5A15223” and “5A1522G,” 
Impella were “5A0221D” and “5A0211D,” and IABP were 
“5A02210” and “5A02110.” For the comparison of base-
line characteristics and trends in MCS use over time, we 
excluded patients who did not have Medicare claims 
data for 1 year before the index hospitalization. For the 
comparative effectiveness analysis, we used data from 
2016 to 2022 and additionally excluded patients for the 
following reasons: (i) missing covariates; (ii) admission 
to hospitals caring for <10 patients with MI-CS during 
the study period; and (iii) admission to hospitals that did 
not provide all treatment modalities [medical therapy, 
IABP, Impella, and ECMO]. We also selected a subset 
of the patients with MI-CS who could be linked to the  
American Hospital Association hospital survey file and 
had complete covariate information (Figure S1).

Covariates and Outcomes
Information on patient demographics including age, 
sex, and race was obtained from the Master Beneficiary 
Summary File. Patient comorbidities were obtained from 
the Medicare Chronic Conditions Warehouse. Patients 
were characterized by the most intensive MCS support 
received on the day of initial receipt of MCS with ECMO 
> Impella > IABP. The primary outcome of interest was 
30-day all-cause mortality. We also evaluated the 30-
day rate of the composite of all-cause mortality and all-
cause rehospitalizations, both of which were obtained 
using vital status and claims data.

Statistical Analysis
To demonstrate temporal trends in ECMO use in MI-CS, 
we first evaluated the annual rate of use of each MCS 
type among all patients who were admitted with MI-CS 
from 2016 to 2023 and had ≥1 year of Medicare claims 
data. To assess overall MCS utilization across hospitals, 
we evaluated the percentage of hospitals using each 
MCS type during each year of the study period. Then, 
using data from 2016 to 2022, we compared baseline 
characteristics between individuals receiving each MCS 
type and determined how often individuals received 
multiple MCS therapies. In patients who received >1 
MCS device, we determined the sequence of addition 
of each therapy.

To evaluate the comparative effectiveness of initiat-
ing treatment within 2 days of admission, inverse prob-
ability treatment weighting (IPTW) was first employed 
to adjust for measured differences between treatment 
groups. Treatment groups were defined as follows: 
initiation of ECMO, IABP, Impella, or no MCS within 2 
calendar days of admission. Patients were categorized 
according to whichever device treatment they received 
first; if they received no MCS after 2 days, they were 
categorized as medical therapy only. To compare in-
dividual treatment strategies (ECMO versus no-MCS, 
IABP, Impella), we used a generalized IPTW analysis 
allowing for multiple treatment groups. The propensity 
scores were estimated using a multinomial regression 
model with the treatment strategies included as a nom-
inal outcome variable and all covariates as the predic-
tors. Each observation was weighted by the inverse of 
the estimated probability of the treatment received. To 
improve the statistical efficiency, the top 1% of weights 
in each treatment group were truncated. Standardized 
mean differences were used to compare patient char-
acteristics in the original and re-weighted samples, and 
a standardized mean difference >10% was used to rep-
resent a significant difference between groups.

Next, given the potential for misspecification of the 
propensity score model, we performed a similar com-
parison using the G-formula approach as a sensitivity 
analysis. The G-formula approach is a causal inference 
method that estimates marginal treatment effects by 
modeling the outcome as a function of treatment and 
covariates, then standardizing predicted outcomes over 
the covariate distribution of the full study population.15 
Unlike IPTW, which achieves confounding adjustment 
through a correctly specified propensity score model, 
the G-formula relies on a correctly specified outcome 
model; because the 2 approaches depend on differ-
ent modeling assumptions, agreement between them 
provides greater confidence in the resulting estimates. 
The same risk differences reported from the IPTW ap-
proach were calculated, allowing direct comparisons 
against the IPTW analysis, under different modeling 
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assumptions. To estimate the marginal risks, a logistic 
regression model was built for each treatment strat-
egy using all baseline covariates. For each treatment 
strategy, the corresponding outcome regression model 
was employed to estimate the predicted probabilities 
for all individuals included in the analysis cohort had 
they been treated by this treatment strategy. The aver-
age of these predicted probabilities is the marginal risk 
of the treatment strategy among the analysis cohort. 
The same processes were applied to estimate the mar-
ginal risk of each treatment strategy.

In the above approach, 2 important sources of po-
tential bias included confounding attributable to un-
measured differences among treatment groups and 
immortal time bias attributable to post-time zero fac-
tors governing treatment group membership. We ex-
amined the feasibility of using an instrumental variable 
approach based on variation in hospital preferences 
for use of ECMO versus alternative treatments, which, 
under certain assumptions, can provide valid estimates 
of treatment effects even in the presence of unmea-
sured treatment confounders. This approach would 
help identify the treatment effect among patients whose 
treatment strategy is “induced” by their presentation at 
different hospitals. Unfortunately, there was insufficient 
variation across hospitals in the use of ECMO for MI-CS, 
which violated the relevance assumption and precluded 
use of this approach.

Finally, a grace period approach was performed to 
assess the effectiveness of initiating treatment within 
7 days of admission. The 7-day grace period was cho-
sen because 90% of patients in the sample received 
ECMO within 7 days of hospital admission. Compared 
with the IPTW and G-formula approaches, grace period 
analyses are specifically designed to address immor-
tal time bias in conditions such as MI-CS where early 
mortality rates are high and there is often delayed ini-
tiation of treatment. The grace period approach allows 
for strategy comparisons in which treatment initiation 
occurs after time zero by cloning each patient into all 
treatment strategies from time zero and applying cen-
soring only as patients deviate from a given strategy 
(Data S1).16,17 This analytical approach helps ensure that 
early deaths among patients who died before planned 
receipt of ECMO are not misclassified. The 95% CIs 
from IPTW, G-formula, and grace period approaches 
were computed using the nonparametric bootstrap re-
sampling method based on 500 resamplings. All sta-
tistical analyses were performed using SAS version 9.4 
(SAS Institute Inc, Cary, NC). A P value of <0.05 was 
selected for statistical significance. This study was re-
viewed by the Institutional Review Board of Beth Israel 
Deaconess Medical Center and exempted from over-
sight under 45 CFR 46.101(b)(4). As this was a retro-
spective study conducted under an IRB exemption, 
informed consent was not required.

RESULTS
Trends in ECMO and Other MCS Use in 
MI-CS
Of the 175 222 Medicare patients admitted with MI-
CS from 2016 to 2022, 102 718 patients had ≥1 year 
of Medicare claims data and were included in the 
comparison of baseline characteristics among each 
MCS therapy. Among this cohort, 1165 patients (1.1%) 
received ECMO, 10064 (9.8%) received Impella, 
24 631 (24.0%) received IABP, and 66 858 (65.1%) re-
ceived medical therapy alone as their most intensive 
therapy. Patients who received ECMO were younger 
(mean age ECMO: 68.8 years, Impella: 72.9 years, 
IABP: 73.7 years, medical therapy: 75.6 years) and 
more likely to have presented with an ST-segment–el-
evation myocardial infarction (STEMI) than those who  
received other therapies (Table 1). Patients who received 
ECMO were also less likely to have comorbidities includ-
ing Alzheimer’s disease and stroke/transient ischemic 
attack than other groups. In terms of hospital charac-
teristics, patients who received ECMO were more likely 
to receive care at hospitals that were larger, metropoli-
tan teaching hospitals, and located in the northeast 
than patients who did not receive ECMO. Only 2.2%  
of patients received 2 or more MCS therapies within 
2 days of hospital admission (Table 2). Among those 
who received 2 devices, the most frequent sequence 
was IABP and Impella on the same day. Out of the 100 
patients who received 3 MCS devices, 47% received 
all devices on the same day.

Temporal trends in the use of each device are 
shown in Figure 1. The proportion of ECMO use in MI-
CS increased from 0.8% of all MI-CS to 1.8% between 
2016 and 2023. Use of medical therapy remained rela-
tively constant during the same time period while there 
was a decrease in IABP use (from 28.0% to 19.6%) 
and increase in Impella use (from 5.7% to 12.4%) 
(Figure 1). Most hospitals did not use ECMO through-
out the study period but there was a slow increase in 
the percentage of hospitals offering ECMO (from 9.2% 
to 17.1%) (Figure 1).

In unadjusted analyses, patients who received ECMO 
had a higher rate of 30-day all-cause mortality and the 
composite outcome (death or all-cause readmission) 
than patients who received Impella, IABP or medical 
therapy (Table  S2). Unadjusted 30-day mortality was 
69% for ECMO, 60% for Impella, 39% for IABP and 46% 
for medical therapy (all P<0.0001 for differences be-
tween ECMO and alternative therapies).

Comparative Effectiveness Analysis
Out of the 102 718 patients in the MI-CS sample, 
23 658 patients were linked to the American Hospital 
Association hospital survey file of which 723 (3.1%) 
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Table 1.  Patient and Hospital Characteristics Stratified by Mechanical Circulatory Support Received

Subject characteristic
ECMO 
n=1165

Impella 
n=10 064

IABP 
n=24 631

Medical 
therapy 
n=66 858

SMD (%) 
ECMO-Impella

SMD (%) 
ECMO-IABP

SMD (%) 
ECMO-
medical 
therapy

Demographics

Age (y)

Mean±SD 68.8±7.7 72.9±8.8 73.7±9.1 75.6±10.3 −50.0 −57.8 −74.2

Male 70.6% 68.5% 64.6% 58.4% 4.7 12.9 25.8

Race

White 85.5% 85.5% 85.2% 84.4% 0.1 0.7 3.0

Black 7.5% 6.7% 7.2% 8.4% 3.0 1.4 −3.2

Other 7.0% 7.8% 7.6% 7.2% −3.1 −2.4 −0.7

Comorbidities

Prior myocardial infarction 23.9% 26.4% 17.2% 12.0% −5.8 16.5 31.4

Prior PCI 8.5% 11.7% 10.7% 14.6% −10.8 −7.6 −19.2

Prior CABG 2.2% 2.7% 2.5% 4.5% −3.0 −1.7 −12.7

Atrial fibrillation 6.3% 10.4% 8.7% 8.5% −15.0 −9.4 −8.5

Heart failure 26.4% 37.2% 27.5% 20.8% −23.4 −2.6 13.1

Stroke/transient ischemic 
attack

6.1% 12.8% 10.3% 8.8% −23.2 −15.5 −10.2

Hypertension 40.0% 54.1% 44.4% 31.9% −28.6 −8.9 16.9

Diabetes 27.5% 38.0% 28.6% 21.6% −22.6 −2.6 13.7

Alzheimer’s disease 1.8% 6.8% 6.6% 6.2% −24.9 −24.1 −22.4

Chronic kidney disease 23.3% 37.3% 27.6% 22.7% −30.6 −9.8 1.6

Chronic obstructive 
pulmonary disease

11.9% 19.6% 17.0% 15.2% −21.0 −14.5 −9.5

Cancer 6.7% 9.9% 8.8% 6.1% −11.7 −7.7 2.2

Cardiogenic shock–related factors

Presenting AMI type

STEMI 70.4% 65.1% 61.0% 41.1% 11.4 19.8 61.6

NSTEMI 29.6% 34.9% 39.0% 58.9% −11.4 −19.8 −61.6

Cardiac arrest on 
presentation

21.1% 18.3% 11.8% 11.3% 7.2 25.5 26.8

RHC/PA catheters 13.4% 12.4% 5.5% 2.5% 2.9 27.1 41.0

Intubation 47.1% 44.7% 27.2% 14.8% 4.9 42.2 74.6

Hospital characteristics

Hospital size (No. of beds)

Mean±SD 519.7±342.5 433.6±320.1 412.2±315.9 394.5±305.9 26.0 32.6 38.6

Teaching status

Metropolitan teaching 77.7% 68.1% 65.8% 63.6% 21.7 26.5 31.2

Metropolitan non-teaching 22.0% 31.4% 33.5% 35.0% −21.4 −26.0 −29.1

Rural 0.4% 0.5% 0.7% 1.4% −2.9 −4.4 −11.2

JCAHO accredited 87.0% 85.7% 84.9% 85.0% 3.8 6.2 5.7

Region

Northeast 28.0% 14.3% 17.0% 16.8% 34.2 26.8 27.3

Midwest 12.5% 16.0% 15.1% 14.1% −10.0 −7.3 −4.8

South 44.3% 49.8% 49.8% 49.2% −11.0 −10.9 −9.8

West 15.1% 19.9% 18.2% 19.8% −12.6 −8.4 −12.6

Racial and ethnic minority-
serving hospital

18.8% 22.5% 20.2% 20.9% −9.3 −3.7 −5.4

AMI indicates acute myocardial infarction; CABG, coronary artery bypass graft; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; 
JCAHO, Joint Commission on Accreditation of Healthcare Organizations; NSTEMI, non-ST-segment–elevation myocardial infarction; PA, pulmonary artery; PCI, 
percutaneous coronary intervention; RHC, right heart catheterization; SMD, standardized mean difference; and STEMI, ST-segment–elevation myocardial infarction.
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were treated with ECMO, 6042 patients (25.5%) with 
IABP, 2597 patients (11.0%) with Impella, and 14 296 
patients (60.4%) with medical management only 
(Table S3). Among patients treated with ECMO, 68.5% 
(n=495) were also treated with at least one additional 
MCS device (Table S4).

For the IPTW analysis, weighting balanced several 
differences between the ECMO group and other treat-
ment groups that were present at baseline (Tables S3 
and S5). However, there remained some important 
imbalanced characteristics, including age, heart fail-
ure, prior coronary artery bypass graft, hypertension, 
Alzheimer’s disease, chronic kidney disease, and dia-
betes. The propensity score distributions showed that 
most patients had a low propensity to receive ECMO 
(Figure S2). After weighting for baseline confounders, 

patients who received ECMO had a higher 30-day 
mortality rate (68.6%, 95% CI: 64.1%–73.6%) com-
pared with Impella (57.4%, 95% CI: 55.0%–59.9%), 
IABP (36.2%, 95% CI: 35.0%–37.5%), and medical 
management (43.7%, 95% CI: 43.0%–44.6%) pa-
tients (Table 3). The rate of the composite outcome 
of death or all-cause readmissions at 30 days was 
also highest in the ECMO group (Table S6). The G-
formula approach demonstrated similar findings to 
the IPTW approach (Figure 2). The grace period anal-
ysis showed a 30-day mortality rate of 53.6% (95% 
CI: 45.1%–64.4%) for ECMO, 53.5% (95% CI: 45.0%–
63.5%) for Impella, 39.3% (95% CI: 35.2%–42.3%) for 
IABP, and 37.9% (95% CI: 35.9%–38.8%) for medical 
management. In the grace period analysis, there was 
no difference in the rate of the composite outcome 
between the ECMO and Impella groups, but the rate 
was higher in ECMO than in IABP and medical ther-
apy (Table S6).

DISCUSSION
There are limited data on contemporary utiliza-
tion patterns and outcomes of patients with MI-CS 
treated with ECMO in the United States. We sought 
to examine these factors in Medicare patients and 
explore the use of different causal inference tech-
niques to determine the association of ECMO and  
clinical outcomes in MI-CS. Our study had 4 key 
findings: (1) ECMO was infrequently employed as a 
treatment modality for older adults with MI-CS (1.1%), 
although its overall use increased from 0.8% to 1.8% 
from 2016 to 2023. (2) ECMO was often (68.5%) used 
in conjunction with at least one additional MCS de-
vice (IABP or Impella). (3) The observed unadjusted 
30-day mortality for patients with MI-CS treated 
with ECMO was very high at 69% and higher than 
the mortality rates in patients receiving other MI-CS  
treatments: Impella (60%), IABP (39%), and medical 
management (46%). (4) Despite using several meth-
odologies (IPTW, G-formula approach, and grace 
period analysis), the differing mortality rates across 
treatment strategies persisted. It is unknown the 
extent to which these differences reflect true differ-
ences versus residual/unmeasured confounding by  
indication; however, the similar mortality rates across 
treatment groups observed in recent trials suggest 
a significant component of confounding in our re-
sults. We conclude that Medicare claims data do 
not capture a sufficient degree of granularity about 
cardiogenic shock severity, diagnosis, and treatment 
to allow for advanced statistical methodologies to 
overcome key biases in comparative effectiveness 
analyses of MCS use in MI-CS.

Table 2.  Pattern of Mechanical Support Devices Used in 
Combination With ECMO

Device use pattern All patients (n=102 718)

No. of MCS device types used within 2 d of admission

0 65.1% (66 858/102718)

1 32.7% (33 614/102718)

2 2.1% (2146/102718)

3 0.1% (100/102718)

Single device

ECMO only 0.9% (311/33614)

Impella only 25.8% (8672/33614)

IABP only 73.3% (24 631/33614)

2 devices

IABP or Impella with 
escalation to ECMO*

12.5% (268/2146)

ECMO with secondary device 
added for venting/additional 
support†

22.7% (486/2146)

IABP and Impella‡ 64.9% (1392/2146)

3 devices

ECMO with additional devices 
for venting/additional support§

62.0% (62/100)

Escalation to ECMO|| 38.0% (38/100)

ECMO indicates extracorporeal membrane oxygenation; IABP, intra-aortic 
balloon pump; and MCS, mechanical circulatory support.

*IABP or Impella with escalation to ECMO includes the following device 
sequences: Impella → ECMO; IABP → ECMO.

†ECMO with secondary device added for venting/additional support 
includes: Impella and ECMO on same day; ECMO → Impella; IABP and 
ECMO on same day; ECMO → IABP.

‡IABP and Impella includes: IABP → Impella; IABP and Impella on same 
day; Impella → IABP.

§ECMO with additional devices for venting/additional support includes: 
IABP, Impella, and ECMO on same day; IABP and ECMO on same day → 
Impella; Impella and ECMO on same day → IABP; ECMO → Impella → IABP; 
ECMO → IABP → Impella; ECMO → IABP and Impella on same day.

||Escalation to ECMO includes: IABP and Impella on same day → ECMO; 
IABP → Impella and ECMO on same day; Impella → ECMO → IABP; Impella 
→ IABP and ECMO on same day; IABP → Impella → ECMO; IABP → ECMO 
→ Impella; Impella → IABP → ECMO.
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Our findings add important contextual data to the 
contemporary MCS utilization practice patterns among 
older adults in the United States. Although the overall 
rate of ECMO utilization remains low, this is not unex-
pected since age, as it pertains to the risk of complica-
tions, is often a key consideration in decisions to initiate 
ECMO. This practice is consistent with findings from 
the ECLS-SHOCK trial, which suggest that ECMO be 
reserved as a bailout strategy for patients with MI-CS.6 
There are several reasons why early ECMO may not 
have improved survival for patients with MI-CS in the 
ECLS-SHOCK trial, including a high rate of complica-
tions and increasing afterload with a corresponding 
rise in myocardial oxygen demand.18,19 Observational 
data suggest that among patients with MI-CS treated 
with ECMO, actively unloading the left ventricle with 
a microaxial flow pump may be associated with a re-
duced risk of mortality.20,21 Our data show that about 
2/3 of patients who received ECMO were treated with 
concomitant IABP or Impella, both of which can be 
employed as a left ventricular venting device. The opti-
mal timing and device selection for left ventricular vent-
ing have yet to be defined.18

The substantial differences in baseline characteristics 
across MCS treatment groups in our study reflect the 
clinical and systemic factors that drive device selection. 

For example, patients who received ECMO were sub-
stantially younger than patients receiving other thera-
pies, reflecting physicians’ tendency to reserve ECMO 
for patients with a lower risk of complications from the 
therapy. Notably, rates of Alzheimer’s disease were lower 
among ECMO-treated patients compared with all other 
treatment groups, and rates of cancer were lower among 
ECMO-treated patients compared with Impella-treated 
patients, further reflecting the tendency to reserve ECMO 
for patients with lower frailty burden. ECMO-treated pa-
tients also had higher rates of features associated with 
high acuity presentations, including STEMI and cardiac 
arrest, consistent with preferential selection of ECMO for 
the most hemodynamically compromised patients. Sex 
differences across treatment groups were also notable: 
70.6% of ECMO-treated patients were male compared 
with 58.4% of those receiving medical therapy alone, 
a pattern consistent with prior reports of differential 
MCS use by sex in cardiogenic shock.22 Prior studies 
suggest that women with MI-CS tend to be older and 
have more comorbidities, features that may discourage 
ECMO use.22 Women are also more likely to present at 
a more advanced stage of cardiogenic shock, potentially 
because of delays in recognition and triage, which may 
paradoxically result in less aggressive device escala-
tion.22 Ultimately, the presence of important differences 

Figure 1.  Trends in MCS use and hospital utilization of MCS for MI-CS between 2016 and 2023.
Percentage of patients with MI-CS who received ECMO, Impella, IABP, and medical therapy per year and the percentage of 
hospitals offering each type of MCS over the time period from 2016 to 2023. MI-CS, myocardial infarction cardiogenic shock; ECMO, 
extracorporeal membrane oxygenation; and IABP, intra-aortic balloon pump.
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in measured baseline characteristics across treatment 
groups raises concern that unmeasured differences in 
cardiogenic shock severity and clinician intent at the time 
of device selection may limit valid comparison between 
therapies, particularly for analytic approaches that rely 
on measured covariates to adjust for confounding. Even 
within each treatment group, substantial heterogeneity 
in patient characteristics and shock severity likely exists, 
further complicating the interpretation of outcome differ-
ences across therapies. For example, the medical ther-
apy cohort was the oldest group, yet had lower rates of 
several cardiovascular comorbidities compared with the 
Impella and IABP groups, likely reflecting a combination 
of factors driving the decision to manage MI-CS without 
device support. Some patients managed with medical 
therapy alone may have presented with less hemody-
namically severe shock, and thus not have had a medical 
need for MCS support. Others may have been older with 
greater frailty, leading clinicians to defer MCS in favor of a 
less invasive approach. This breadth of patient character-
istics across and within treatment groups highlights the 
need to fully characterize disease severity and the drivers 
of clinical decision-making in order to make valid com-
parisons in observational analyses of MI-CS.

In our study, the crude 30-day mortality rate in pa-
tients with MI-CS treated with ECMO was higher than 
that of patients treated with alternative therapies. A prior 
analysis of National Inpatient Sample claims-based data 
in a younger cohort of CS patients treated with ECMO 
(mean age 58 years) than the cohort in our study found a 
58% in-hospital mortality rate.23 Our cohort likely had a 
higher mortality rate because of the older age of patients 

and higher rates of comorbidities. Because 30-day mor-
tality was so high among patients treated with ECMO, the 
composite endpoint of all-cause mortality and all-cause 
rehospitalization added limited incremental information in 
this group, as few patients survived to be re-hospitalized. 
By contrast, in the lower-mortality IABP and medical 
therapy groups, the composite endpoint captured a 
meaningful additional burden of rehospitalization among 
survivors, with approximately 10 percentage point differ-
ences between the mortality-alone and composite rates 
in each group in the unadjusted analysis.

Using observational data to address device safety 
and effectiveness questions is often challenged by a 
variety of biases.24–26 A key component of interpreting 
observational comparative effectiveness research is crit-
ically evaluating whether biases that threaten the causal 
interpretation of the findings are present and whether the 
assumptions required for valid causal inference are met. 
In contrast to randomized clinical trials, comparative ob-
servational data are often characterized by imbalanced 
measured baseline covariates. In our study, despite 
propensity-score based weighting, there remained sig-
nificant baseline imbalances in clinical characteristics, 
which could have been related to model misspecifica-
tion or insurmountable differences between the patient 
populations receiving each device. The IPTW and the 
G-formula regression resulted in a similar magnitude of 
association to the crude observed event rates. Given 
that patients who received ECMO were younger and 
had fewer comorbidities compared with other treatment 
groups, it would be expected that comorbidity adjust-
ment would result in widening of the gap in outcomes 

Table 3.  Mortality Outcomes Stratified by Methodology: Crude Observed Event Rates, Inverse Probability Treatment 
Weighting, G-Formula, and Grace Period Approach

ECMO (n=723)
Impella 
(n=2597) IABP (n=6042)

Medical 
Therapy 
(n=14 296)

ECMO – Impella 
Difference  
[95% CI]

ECMO 
– IABP 
Difference 
[95% CI]

ECMO – 
Medical 
Therapy 
Difference 
[95% CI]

Observed event rates

All-cause 
mortality at 30 d

67.9% 
(491/723)

58.5% 
(1518/2597)

35.6% 
(2149/6042)

44.7% 
(6386/14296)

9.5%
[5.6%, 13.4%]

32.3%
[28.7%, 
36.0%]

23.2%
[19.7%, 
26.7%]

IPTW

All-cause 
mortality at 30 d

68.6%
[64.1%, 73.6%]

57.4%
[55.0%, 59.9%]

36.2%
[35.0%, 37.5%]

43.7%
[43.0%, 44.6%]

11.1%
[5.8%, 16.7%]

32.4%
[27.8%, 
37.6%]

24.8%
[20.2%, 
30.0%]

G-Formula

All-cause 
mortality at 30 d

70.2%
[64.9%, 74.8%]

55.9%
[53.6%, 58.3%]

36.4%
[35.2%, 37.7%]

43.5%
[42.8%, 44.4%]

14.3%
[8.5%, 19.0%]

33.8%
[28.4%, 
38.4%]

26.7%
[21.2%, 
31.1%]

Grace period

All-cause 
mortality at 30 d

53.6%
[45.1%, 64.4%]

53.5%
[45.0%, 63.5%]

39.3%
[35.2%, 42.3%]

37.9%
[35.9%, 38.8%]

0.1%
[−0.1%, 2.5%]

14.3%
[6.4%, 24.8%]

15.6%
[8.1%, 
26.9%]

ECMO indicates extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; and IPTW, inverse probability of treatment weighting.
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between ECMO and alternative therapies. The lack of 
change in the event rates with comorbidity adjustment 
through IPTW and G-formula regression suggests the 
possible presence of a persistent bias, such as unmea-
sured confounding (possibly attributable to the lack of 
shock severity captured in Medicare claims data) or im-
mortal time bias. It is likely that our models are unable to 
fully account for differences between treatment groups, 
such as the higher acuity and more advanced shock 
stage that are likely to characterize patients selected for 
ECMO. Similarly, although the grace period analysis is 
designed to address immortal time bias, the Medicare 
claims data set does not capture adequate time-varying 
clinical parameters (such as worsening shock severity) 
that predict ECMO initiation, limiting the validity of this 
approach in our setting. Therefore, although it is possible 
that ECMO is associated with higher mortality in older 
Medicare beneficiaries than in the younger populations 
enrolled in clinical trials, the assumptions required for 
valid causal inference are not met in this analysis, and the 
adjusted estimates should not be interpreted as causal 
effect estimates.

While large national claims data sets may not cap-
ture sufficient granularity, cardiogenic shock specific 
registries, such as the cardiogenic shock working 
group (CSWG) and the American Heart Association 
(AHA) cardiogenic shock registry, may contain more 

detailed data for comparative effectiveness research. 
Combining these purpose-built registries with carefully 
selected causal inference methodologies may accel-
erate much needed data generation in cardiogenic 
shock care.27 This combination can inform the design 
of future clinical trials as investigators can emulate tar-
get trials and extend causal inferences from completed 
randomized trials to under-studied patient cohorts, 
such as women, older patients, and minorities who are 
often under-represented in randomized trials.4,13,28–33 
To date, there have been relatively few adequately 
powered randomized clinical trials including patients 
with cardiogenic shock attributable to the ethical and 
logistical challenges of enrolling critically ill patients.9,34 
Therefore, it is important that rigorous observational 
research synergizes with randomized trials to drive ev-
idence generation in cardiogenic shock.

There are several strengths of our analysis and some 
important limitations. First, although we employed a va-
riety of causal inference techniques to address various 
biases that limit the validity of our analysis, there remains 
concern for unmeasured confounding. MI-CS is a het-
erogeneous disease state with a broad spectrum of se-
verity and a highly dynamic physiological state. Many 
pertinent clinical factors that capture cardiogenic shock 
severity such as lactate, pH, dose of vasoactive medi-
cations, and Glasgow coma scale are not captured in 

Figure 2.  Thirty-day mortality rates stratified by causal inference techniques.
Differences in the unadjusted and adjusted all-cause mortality rates for patients receiving ECMO vs Impella vs 
IABP vs medical management for the treatment of MI-CS. The adjusted all-cause mortality rates were estimated 
using inverse probability of treatment weighting (IPTW), G-formula methods, and grace period study design 
methods. ECMO indicates extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; and IPTW, 
inverse probability of treatment weighting.
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an administrative data set like Medicare.35,36 Additionally, 
there may be measurement error in the capture of some 
patient factors because of the use of Medicare admin-
istrative claims data that was not designed for research 
purposes. For example, intubation status may be under-
coded, as events occurring before hospital arrival or not 
assigned a discrete billing code may not be reflected in 
the data. Utilization of pulmonary artery catheters is likely 
also undercaptured because of inconsistent coding in 
cases with intensive care unit line placement. Similarly, 
we were only able to include select outcomes (eg, death 
or rehospitalization) as endpoints for our study because 
many important clinical outcomes, such as bleeding and 
vascular complications, are not well captured in Medicare 
administrative claims. Second, we were specifically inter-
ested in exploring ECMO utilization and outcomes in older 
adults, but this MCS modality is less frequently employed 
in older adults which may have limited our sample size. 
A third limitation is that we were unable to assign time 
zero as the time of cardiogenic shock onset because 
of limitations in the Medicare claims data set. Estimates 
from the SHOCK trial and registry suggest that the me-
dian time from symptoms to cardiogenic shock onset in 
MI-CS is 5–6 hours.37 For patients with delayed shock 
onset, the inclusion of the pre-shock interval in the risk 
window from hospital admission introduces a source of 
bias that our analytic framework does not fully address. 
Finally, we lack information on the clinician’s intent at the 
time of MCS implantation, making it difficult to interpret 
the outcomes associated with multiple MCS device use 
based on claims data. For example, an Impella may have 
been placed initially as a venting strategy for subsequent 
ECMO, or ECMO may have been deployed in response 
to inadequate support from an Impella.

In conclusion, we found that ECMO was infrequently 
used for MI-CS management in a contemporary older 
cohort (1.1%), although utilization has increased and 
the percentage of hospitals using ECMO for MI-CS has 
also grown. When utilized, ECMO was often used in 
conjunction with either IABP or Impella. The observed 
30-day mortality for patients treated with ECMO was 
high, exceeding 68%. Despite the use of complemen-
tary causal inference approaches, the lack of data 
granularity on the severity of cardiogenic shock pre-
cludes the use of a claims data set for comparative 
effectiveness evaluations in MI-CS. Further research, 
including the use of registries that collect granular MI-
CS data, is needed to better define the safety and ef-
fectiveness of ECMO use in MI-CS.

ARTICLE INFORMATION
Received January 17, 2026; accepted August 26, 2026.

Affiliations
Richard and Susan Smith Center for Outcomes Research, Beth Israel 
Deaconess Medical Center, Harvard Medical School, Boston, MA (A.K., C.L., 

Y.S., Z.A., E.A.S., R.W.Y.); Division of Cardiovascular Medicine, Brigham and 
Women’s Hospital, Boston, MA (A.K., Z.A.); Division of Cardiology, Beth Israel 
Deaconess Medical Center, Boston, MA (C.L., E.A.S., A.R.G., R.W.Y.); Food and 
Drug Administration, Washington, DC (A.F., C.W., B.Z.); The Cardiovascular 
Center, Tufts Medical Center, Boston, MA (N.K.K.); and Copenhagen University 
Hospital Rigshospitalet, Copenhagen, Denmark (J.E.M.).

Acknowledgments
The contents of this article represent the views of the authors and do not 
necessarily represent the views of, and are not an endorsement by, the 
NLM, NHLBI, FDA, Department of Health and Human Services (HHS), or the 
US Government. The views, findings, and interpretations contained in this 
document do not constitute FDA guidance, position on this matter, or legally 
enforceable requirements.

The content is solely the responsibility of the authors and does not 
necessarily represent the official views of NLM, NHLBI, PCORI, PCORI’s 
Board of Governors or PCORI’s Methodology Committee.

Sources of Funding
This work was supported by the FDA’s Center for Devices and Radiological 
Health under a contract (75F40121C00063) awarded to International Consulting 
Associates, Inc. (ICA). Under this award, ICA subcontracted Beth Israel Deaconess 
Medical Center, Inc. to execute this project ($78 300; 100% of total costs).

Disclosures
Dr Kochar reports project funding from PCORI, AHA, Shockwave Inc, 
and Rampart Inc; consulting/honoraria from Abiomed Inc and Faraday 
Pharmaceuticals. Dr. Lalani reports funding from the NIH T32 HL160522. 
Dr. Almarzooq reports grants from Kuwait Foundation for the Advancement 
of Science. Dr. Kapur reports employment at Abiomed. Dr. Møller reports 
institutional research grants from Abiomed and the Novo Nordisk Foundation 
and advisory board consultant fees from Boston Scientific. Dr. Secemsky 
reports funding from NIH/NHLBI K23HL150290; grants to institution from BD, 
Boston Scientific, Cook, Medtronic, Philips; consulting from Abbott, Asahi, 
BD, Boston Scientific, Conavi, Cook, Cordis, Endovascular Engineering, 
Evident Vascular, Gore, InfraRedx, Medtronic, Penumbra, Philips, RapidAI, 
Rampart IC, R3, Regeneron, Shockwave, Siemens, SoniVie, Teleflex, 
Terumo, Thrombolex, VentureMed, and Zoll. Dr. Garan reports consulting 
from Abiomed, Boston Scientific, Teleflex, and NuPulseCV; honoraria from 
Getinge. Dr. Yeh reports research grants from Abbott Vascular, Boston 
Scientific, Edwards Lifesciences, Elixir Medical, JenaValve, Medtronic, 
Siemens; consulting at Abbott Vascular, Boston Scientific, CathWorks, 
Centers for Medicare and Medicaid Services, Edwards Lifesciences, Elixir 
Medical, JenaValve, Magenta Medical, Medtronic; employment as special 
government employee and at the US Food and Drug Administration.

Supplemental Material
Data S1
Tables S1–S6
Figures S1–S2 

REFERENCES
	 1.	 Geller BJ, Sinha SS, Kapur NK, Bakitas M, Balsam LB, Chikwe J, Klein 

DG, Kochar A, Masri SC, Sims DB, et al. Escalating and De-escalating 
temporary mechanical circulatory support in cardiogenic shock: a sci-
entific statement from the American Heart Association. Circulation. 
2022;146:e50–e68.

	 2.	 Berg DD, Bohula EA, van Diepen S, Katz JN, Alviar CL, Baird-
Zars VM, Barnett CF, Barsness GW, Burke JA, Cremer PC, et  al. 
Epidemiology of shock in contemporary cardiac intensive care units. 
Circ Cardiovasc Qual Outcomes. 2019;12:e005618. doi: 10.1161/
CIRCOUTCOMES.119.005618

	 3.	 Strom JB, Zhao Y, Shen C, Chung M, Pinto DS, Popma JJ, Yeh RW. 
National trends, predictors of use, and in-hospital outcomes in me-
chanical circulatory support for cardiogenic shock. EuroIntervention. 
2018;13:e2152–e2159. doi: 10.4244/EIJ-D-17-00947

	 4.	 van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur 
NK, Kilic A, Menon V, Ohman EM, Sweitzer NK, et al. Contemporary 
Management of Cardiogenic Shock: a scientific statement from the 
American Heart Association. Circulation. 2017;136:e232–e268. doi: 
10.1161/CIR.0000000000000525

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 1, 2026

https://doi.org//10.1161/CIRCOUTCOMES.119.005618
https://doi.org//10.1161/CIRCOUTCOMES.119.005618
https://doi.org//10.4244/EIJ-D-17-00947
https://doi.org//10.1161/CIR.0000000000000525


J Am Heart Assoc. 2026;15:e049443. DOI: 10.1161/JAHA.126.049443� 11

Kochar et al� Comparative Effectiveness of ECMO

	 5.	 Vallabhajosyula S, Prasad A, Bell MR, Sandhu GS, Eleid MF, Dunlay 
SM, Schears GJ, Stulak JM, Singh M, Gersh BJ, et al. Extracorporeal 
membrane oxygenation use in acute myocardial infarction in the United 
States, 2000 to 2014. Circ Heart Fail. 2019;12:e005929. doi: 10.1161/
CIRCHEARTFAILURE.119.005929

	 6.	 Thiele H, Zeymer U, Akin I, Behnes M, Rassaf T, Mahabadi AA, 
Lehmann R, Eitel I, Graf T, Seidler T, et al. Extracorporeal life support in 
infarct-related cardiogenic shock. N Engl J Med. 2023;389:1286–1297. 
doi: 10.1056/NEJMoa2307227

	 7.	 Thiele H, Jobs A, Ouweneel DM, Henriques JPS, Seyfarth M, Desch 
S, Eitel I, Pöss 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;38:3523–3531. doi: 10.1093/eurheartj/ehx363

	 8.	 Møller JE, Engstrøm T, Jensen LO, Eiskjær H, Mangner N, Polzin A, 
Schulze PC, Skurk C, Nordbeck P, Clemmensen P, et al. Microaxial flow 
pump or standard Care in Infarct-Related Cardiogenic Shock. N Engl J 
Med. 2024;390:1382–1393. doi: 10.1056/NEJMoa2312572

	 9.	 Arrigo M, Price S, Baran DA, Pöss J, Aissaoui N, Bayes-Genis A, 
Bonello L, François B, Gayat E, Gilard M, et al. Optimising clinical tri-
als in acute myocardial infarction complicated by cardiogenic shock: a 
statement from the 2020 critical care clinical trialists workshop. Lancet 
Respir Med. 2021;9:1192–1202. doi: 10.1016/S2213-2600(21)00172-7

	10.	 Blumer V, Kanwar MK, Barnett CF, Cowger JA, Damluji AA, Farr M, 
Goodlin SJ, Katz JN, McIlvennan CK, Sinha SS, et  al. Cardiogenic 
shock in older adults: a focus on age-associated risks and ap-
proach to management: a scientific statement from the American 
Heart Association. Circulation. 2024;149:e1051–e1065. doi: 10.1161/
cir.0000000000001214

	11.	 Klein A, Beske RP, Hassager C, Jensen LO, Eiskjær H, Mangner N, 
Linke A, Polzin A, Schulze PC, Skurk C, et al. Treating older patients in 
cardiogenic shock with a microaxial flow pump: is it DANGERous? J Am 
Coll Cardiol. 2025;85:595–603. doi: 10.1016/j.jacc.2024.11.003

	12.	 Almarzooq ZI, Song Y, Dahabreh IJ, Kochar A, Ferro EG, Secemsky EA, 
Major JM, Farb A, Wu C, Zuckerman B, et al. Comparative effective-
ness 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;8:744–754. doi: 10.1001/
jamacardio.2023.1643

	13.	 Kapur NK, Kanwar M, Sinha SS, Thayer KL, Garan AR, Hernandez 
-Montfort J, Zhang Y, Li B, Baca P, Dieng F, et  al. Criteria for defin-
ing stages of cardiogenic shock severity. JACC. 2022;80:185–198. doi: 
10.1016/j.jacc.2022.04.049

	14.	 Kochar A, Smilowitz NR, Hochman JS. Dynamic cardiogenic shock 
classification: 2 steps forward, 1 step Back. J Am Coll Cardiol. 
2022;80:199–201. doi: 10.1016/j.jacc.2022.04.050

	15.	 Naimi AI, Cole SR, Kennedy EH. An introduction to g methods. Int J 
Epidemiol. 2017;46:756–762. doi: 10.1093/ije/dyw323

	16.	 Orellana L, Rotnitzky A, Robins JM. Dynamic regime marginal structural 
mean models for estimation of optimal dynamic treatment regimes, part 
I: main content. Int J Biostat. 2010;6:8. doi: 10.2202/1557-4679.1200

	17.	 Orellana L, Rotnitzky A, Robins JM. Dynamic regime marginal structural 
mean models for estimation of optimal dynamic treatment regimes, Part 
II: proofs of results. 2010. Accessed June 10, 2025 https://​dro.​deakin.​
edu.​au/​artic​les/​journ​al_​contr​ibuti​on/​Dynam​ic_​regime_​margi​nal_​struc​
tural_​mean_​models_​for_​estim​ation_​of_​optim​al_​dynam​ic_​treat​ment_​
regim​es_​Part_​II_​proofs_​of_​resul​ts/​20914​471/​2.

	18.	 Ezad SM, Ryan M, Donker DW, Pappalardo F, Barrett N, Camporota L, 
Price S, Kapur NK, Perera D. Unloading the left ventricle in Venoarterial 
ECMO: in whom, when, and how? Circulation. 2023;147:1237–1250. 
doi: 10.1161/CIRCULATIONAHA.122.062371

	19.	 Cheng R, Hachamovitch R, Kittleson M, Patel J, Arabia F, Moriguchi 
J, Esmailian F, Azarbal B. Complications of extracorporeal membrane 
oxygenation for treatment of cardiogenic shock and cardiac arrest: a 
meta-analysis of 1,866 adult patients. Ann Thorac Surg. 2014;97:610–
616. doi: 10.1016/j.athoracsur.2013.09.008

	20.	 Schrage B, Becher PM, Bernhardt A, Bezerra H, Blankenberg S, 
Brunner S, Colson P, Cudemus Deseda G, Dabboura S, Eckner 
D, et  al. Left ventricular unloading is associated with lower mortal-
ity in patients with cardiogenic shock treated with Venoarterial ex-
tracorporeal membrane oxygenation: results from an international, 

multicenter cohort study. Circulation. 2020;142:2095–2106. doi: 
10.1161/CIRCULATIONAHA.120.048792

	21.	 Schrage B, Burkhoff D, Rübsamen N, Becher PM, Schwarzl M, 
Bernhardt A, Grahn H, Lubos E, Söffker G, Clemmensen P, et  al. 
Unloading of the left ventricle during Venoarterial extracorporeal mem-
brane oxygenation therapy in cardiogenic shock. JACC Heart Fail. 
2018;6:1035–1043. doi: 10.1016/j.jchf.2018.09.009

	22.	 Fisher T, Hill N, Kalakoutas A, Lahlou A, Rathod K, Proudfoot A, Warren 
A. Sex differences in treatments and outcomes of patients with cardio-
genic shock: a systematic review and epidemiological meta-analysis. 
Crit Care. 2024;28:192. doi: 10.1186/s13054-024-04973-5

	23.	 Chung M, Zhao Y, Strom JB, Shen C, Yeh RW. Extracorporeal membrane 
oxygenation use in cardiogenic shock: impact of age on in-hospital 
mortality, length of stay, and costs. Crit Care Med. 2019;47:e214–e221. 
doi: 10.1097/CCM.0000000000003631

	24.	 Fanaroff AC, Califf RM, Harrington RA, Granger CB, McMurray JJV, 
Patel MR, Bhatt DL, Windecker S, Hernandez AF, Gibson CM, et  al. 
Randomized trials versus common sense and clinical observation: 
JACC review topic of the week. J Am Coll Cardiol. 2020;76:580–589. 
doi: 10.1016/j.jacc.2020.05.069

	25.	 Kochar A, Al-Khalidi HR, Hansen SM, Shavadia JS, Roettig ML, 
Fordyce CB, Doerfler S, Gersh BJ, Henry TD, Berger PB, et  al.  
Delays in primary percutaneous coronary intervention in ST-segment 
elevation myocardial infarction patients presenting with cardiogenic 
shock. JACC Cardiovasc Interv. 2018;11:1824–1833. doi: 10.1016/j.
jcin.2018.06.030

	26.	 Tehrani BN, Truesdell AG, Sherwood MW, Desai S, Tran HA, Epps KC, 
Singh R, Psotka M, Shah P, Cooper LB, et al. Standardized team-based 
Care for Cardiogenic Shock. J Am Coll Cardiol. 2019;73:1659–1669. 
doi: 10.1016/j.jacc.2018.12.084

	27.	 Lalani C, Dahabreh IJ, Cohen DJ, Kazi DS, Song Y, Secemsky 
EA, Yeh RW. Evaluating cardiovascular devices using observa-
tional analyses. Circulation. 2026;153:1573–1592. doi: 10.1161/
CIRCULATIONAHA.125.065903

	28.	 Dahabreh IJ, Robertson SE, Steingrimsson JA, Stuart EA, Hernán MA. 
Extending inferences from a randomized trial to a new target popula-
tion. Stat Med. 2020;39:1999–2014. doi: 10.1002/sim.8426

	29.	 Hernán MA, Robins JM. Using big data to emulate a target trial when 
a randomized trial is not available. Am J Epidemiol. 2016;183:758–764. 
doi: 10.1093/aje/kwv254

	30.	 Hernán MA, Wang W, Leaf DE. Target trial emulation: a framework for 
causal inference from observational data. JAMA. 2022;328:2446–2447. 
doi: 10.1001/jama.2022.21383

	31.	 Ya’qoub L, Lemor A, Dabbagh M, O’Neill W, Khandelwal A, Martinez 
SC, Ibrahim NE, Grines C, Voeltz M, Basir MB. Racial, ethnic, and 
sex disparities in patients with STEMI and cardiogenic shock. JACC 
Cardiovasc Interv. 2021;14:653–660. doi: 10.1016/j.jcin.2021.01.003

	32.	 Hernandez-Montfort J, Sinha SS, Thayer KL, Whitehead EH, Pahuja 
M, Garan AR, Mahr C, Haywood JL, Harwani NM, Schaeffer A, et al. 
Clinical outcomes associated with acute mechanical circulatory sup-
port utilization in heart failure related cardiogenic shock. Circ Heart Fail. 
2021;14:e007924. doi: 10.1161/CIRCHEARTFAILURE.120.007924

	33.	 Invasive Hemodynamic Assessment and Classification of In-Hospital 
Mortality Risk Among Patients With Cardiogenic Shock | Circulation: 
Heart Failure. Accessed June 10, 2025. https://www.ahajournals.org/
doi/10.1161/CIRCHEARTFAILURE.120.007099.

	34.	 Bhardwaj A, Khan S, Sinha SS, Pirlamarla P, Sankaranarayanan R, 
Hajduczok A, Thiele H, Kapur NK. Clinical trials in cardiogenic shock. 
JACC: Advances. 2023;2:100708. doi: 10.1016/j.jacadv.2023.100708

	35.	 Muller G, Flecher E, Lebreton G, Luyt C-E, Trouillet J-L, Bréchot N, 
Schmidt M, Mastroianni C, Chastre J, Leprince P, et al. The ENCOURAGE 
mortality risk score and analysis of long-term outcomes after VA-ECMO 
for acute myocardial infarction with cardiogenic shock. Intensive Care 
Med. 2016;42:370–378. doi: 10.1007/s00134-016-4223-9

	36.	 Pöss J, Köster J, Fuernau G, Eitel I, de Waha S, Ouarrak T, Lassus J, 
Harjola V-P, Zeymer U, Thiele H, et al. Risk stratification for patients in 
cardiogenic shock after acute myocardial infarction. J Am Coll Cardiol. 
2017;69:1913–1920. doi: 10.1016/j.jacc.2017.02.027

	37.	 Samsky MD, Morrow DA, Proudfoot AG, Hochman JS, Thiele H, Rao 
SV. Cardiogenic shock after acute myocardial infarction: a review. 
JAMA. 2021;326:1840–1850. doi: 10.1001/jama.2021.18323

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 1, 2026

https://doi.org//10.1161/CIRCHEARTFAILURE.119.005929
https://doi.org//10.1161/CIRCHEARTFAILURE.119.005929
https://doi.org//10.1056/NEJMoa2307227
https://doi.org//10.1093/eurheartj/ehx363
https://doi.org//10.1056/NEJMoa2312572
https://doi.org//10.1016/S2213-2600(21)00172-7
https://doi.org//10.1161/cir.0000000000001214
https://doi.org//10.1161/cir.0000000000001214
https://doi.org//10.1016/j.jacc.2024.11.003
https://doi.org//10.1001/jamacardio.2023.1643
https://doi.org//10.1001/jamacardio.2023.1643
https://doi.org//10.1016/j.jacc.2022.04.049
https://doi.org//10.1016/j.jacc.2022.04.050
https://doi.org//10.1093/ije/dyw323
https://doi.org//10.2202/1557-4679.1200
https://dro.deakin.edu.au/articles/journal_contribution/Dynamic_regime_marginal_structural_mean_models_for_estimation_of_optimal_dynamic_treatment_regimes_Part_II_proofs_of_results/20914471/2
https://dro.deakin.edu.au/articles/journal_contribution/Dynamic_regime_marginal_structural_mean_models_for_estimation_of_optimal_dynamic_treatment_regimes_Part_II_proofs_of_results/20914471/2
https://dro.deakin.edu.au/articles/journal_contribution/Dynamic_regime_marginal_structural_mean_models_for_estimation_of_optimal_dynamic_treatment_regimes_Part_II_proofs_of_results/20914471/2
https://dro.deakin.edu.au/articles/journal_contribution/Dynamic_regime_marginal_structural_mean_models_for_estimation_of_optimal_dynamic_treatment_regimes_Part_II_proofs_of_results/20914471/2
https://doi.org//10.1161/CIRCULATIONAHA.122.062371
https://doi.org//10.1016/j.athoracsur.2013.09.008
https://doi.org//10.1161/CIRCULATIONAHA.120.048792
https://doi.org//10.1016/j.jchf.2018.09.009
https://doi.org//10.1186/s13054-024-04973-5
https://doi.org//10.1097/CCM.0000000000003631
https://doi.org//10.1016/j.jacc.2020.05.069
https://doi.org//10.1016/j.jcin.2018.06.030
https://doi.org//10.1016/j.jcin.2018.06.030
https://doi.org//10.1016/j.jacc.2018.12.084
https://doi.org//10.1161/CIRCULATIONAHA.125.065903
https://doi.org//10.1161/CIRCULATIONAHA.125.065903
https://doi.org//10.1002/sim.8426
https://doi.org//10.1093/aje/kwv254
https://doi.org//10.1001/jama.2022.21383
https://doi.org//10.1016/j.jcin.2021.01.003
https://doi.org//10.1161/CIRCHEARTFAILURE.120.007924
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007099
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007099
https://doi.org//10.1016/j.jacadv.2023.100708
https://doi.org//10.1007/s00134-016-4223-9
https://doi.org//10.1016/j.jacc.2017.02.027
https://doi.org//10.1001/jama.2021.18323

	National Use Patterns and Comparative Effectiveness of Extracorporeal Membrane Oxygenation in Myocardial Infarction–Related Cardiogenic Shock
	METHODS
	Study Aims
	Study Population
	Covariates and Outcomes
	Statistical Analysis

	RESULTS
	Trends in ECMO and Other MCS Use in MI-CS
	Comparative Effectiveness Analysis

	DISCUSSION
	Acknowledgments
	Sources of Funding
	Disclosures
	References


