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Abstract 

Background  Patients who undergo extracorporeal cardiopulmonary resuscitation (ECPR) are at risk of left ventricular 
distention and complications. There is emerging evidence that concurrent mechanical left ventricular (LV) unloading 
(e.g. an intra-aortic balloon pump, or microaxial left ventricular assist device) may improve survival. Despite this, there are 
no large, well-conducted studies investigating the impact of LV unloading on outcomes in ECPR.

Methods  We queried the Extracorporeal Life Support Organisation (ELSO) registry between 2020 and 2023, and used 
an emulated target trial framework to investigate the association between concurrent mechanical left ventricular unload-
ing and outcomes in patients receiving ECPR. We imputed missing data using multiple imputation with chained equations, 
and identified potential confounders implicated in the causal pathway between ECPR and survival time up to 90 days 
(primary outcome). We used propensity score-matching to adjust for potential confounders, and analysed the primary out-
come using a Cox proportional hazards model. We then emulated further target trials based on the inclusion criteria of prior 
ECPR RCTs to assess whether concurrent unloading was associated with better outcomes based on these criteria. Second-
ary outcomes included complications from ECPR as classified by ELSO, and survival with favourable functional outcome 
defined as a Cerebral Performance Category (CPC) 1–2.

Results  Of the 3,215 patients included in our analysis, we matched 621 pairs of patients who did and did not receive LV 
unloading. There were no significant differences in survival time between both groups (HR 0.92, 95%-CI 0.79–1.08), nor sur-
vival with favourable functional outcomes (OR 1.15, 95%-CI 0.67–1.99). This was concordant across several sensitivity analy-
ses. Of note, LV unloading was associated with a higher rate of renal (OR 1.55, 95%-CI 1.16–2.07) and cardiovascular (OR 1.60, 
95%-CI 1.14–2.26) complications. LV unloading was also associated with central nervous system bleeding (OR 1.75, 95%-CI 
1.03–2.96), arrhythmias (OR 1.56, 95%-CI 1.04–2.36), and haemolysis (OR 1.85, 95%-CI 1.10–3.09).

Conclusions  Left ventricular unloading was not associated with improved survival in the context of ECPR and may increase 
complication rates. Randomised data are required to confirm these findings.
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Introduction
Cardiac arrest imposes a major healthcare burden– 
approximately 600,000 people suffer from cardiac 
arrests annually in the United States of America alone, 
half of which are in-hospital cardiac arrests (IHCA) and 
the other half originate out-of-hospital [1, 2]. Globally, 
nearly 4 million people suffer from out-of-hospital car-
diac arrest (OHCA) annually [3]. The risk-adjusted inci-
dence of IHCA was 8.5 per 1,000 hospital admissions [4], 
the majority of which occur in intensive care units[5]. 
Survival rates have plateaued since 2014 [6], and more 
recently, decreased during the COVID-19 pandemic [7].

In refractory cardiac arrest, where conventional man-
agement with medications and cardiopulmonary resus-
citation may be insufficient, the use of venoarterial 
extracorporeal membrane (VA ECMO) as extracorpor-
eal cardiopulmonary resuscitation (ECPR) may improve 
outcomes. Meta-analyses of propensity score-matched 
studies and randomised controlled trials have found that 
ECPR is associated with lower mortality in both IHCA 
and OHCA [8–12]. However, given its retrograde aortic 
blood flow based on the femoral access of the perfusion 
cannula, peripheral VA ECMO may be associated with 
increased left ventricular afterload, leading to complica-
tions [13]. In the setting of cardiogenic shock, studies and 
meta-analyses have found that the use of a left ventricu-
lar (LV) unloading device may be associated with reduc-
tions in mortality [14, 15]. More recently, a meta-analysis 
of unadjusted observational studies on ECPR reported 
lower mortality in patients with a concurrent microaxial 
left ventricular assist device (mLVAD) [16] and intra-aor-
tic balloon pump (IABP) [17]. However, adjusted analy-
ses in studies using propensity score-matching did not 
report a significant reduction in mortality with mLVAD 
[16]; the meta-analysis on IABP did not conduct adjusted 
analyses. In addition, the studies recorded in the meta-
analysis were mostly single-centre studies and of small 
sample size. On this backdrop, we analysed the Extracor-
poreal Life Support Organization (ELSO) registry – an 
international multicentre registry of patients supported 
on ECMO and used a target trial emulation framework to 
assess the association between LV unloading and mortal-
ity in patients receiving ECPR.

Methods
Study design and setting
In this cohort study, we harnessed the target trial emu-
lation framework [18, 19] to assess the association of 
LV unloading in patients receiving ECPR with mortal-
ity. More information about target trial emulation is 
described in the Supplementary Methods. In this hypo-
thetical target trial, we specified two arms. The first 

arm was assigned to receive ECPR during cardiac arrest 
(control arm), and the second arm was assigned to 
receive ECPR and mechanical LV unloading (interven-
tion arm, either IABP or mLVAD). We then emulated the 
hypothetical target trial using observational data from 
the ELSO registry, which collects anonymised data on 
patients receiving ECMO from more than 300 active cen-
tres globally. All data entered into the ELSO registry are 
based on a standardised form by site managers who have 
been trained and certified for data entry. We received 
approval by the institutional review board of the National 
University Hospital, Singapore (NUH-RNR-2024–0024), 
and adhered to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) state-
ment. We received approval for analysis by ELSO after 
external peer review by members of the ELSO Scientific 
Oversight Committee (ELSO request #2811).

Eligibility criteria
We included adults (≥ 18  years) who received ECPR 
for either IHCA or OHCA between 1/1/2020 through 
31/12/2023; follow up data were last updated on 28/3/24. 
If patients received more than one run of ECMO, we 
used the data from their first run of ECMO. We excluded 
patients who received other modes of ECMO (including 
venoarterial ECMO in cardiogenic shock without cardiac 
arrest and venovenous ECMO).

Treatment strategy and assignment
We defined mechanical LV unloading using the appro-
priate Current Procedural Terminology (CPT®) codes, 
which are recorded by the ELSO registry (see Supple-
mentary Methods). Patients were allocated into one 
of the two treatment strategies based on whether they 
received mechanical LV unloading during the ECPR run.

Follow‑up and outcomes
Follow-up was started from initiation of ECPR, when 
patients were eligible to receive mechanical LV unload-
ing. The primary outcome was survival time up to 
90  days; patients who were alive beyond 90  days of fol-
low-up were censored at 90  days. Secondary outcomes 
included the duration of ECMO, length of hospital stay, 
and complications after ECMO initiation. We defined 
complications broadly as classified by ELSO (see Sup-
plementary Methods), and specifically looked at several 
mechanical (circuit change, circuit venous thromboem-
bolism), neurological (central nervous system infarct/
ischaemia, central nervous system bleeding), car-
diovascular (cardiopulmonary resuscitation required, 
arrhythmia, tamponade), and metabolic (haemolysis) 
complications.
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Data synthesis
We summarised participant demographics and clinical 
characteristics using descriptive statistics. We summa-
rised continuous variables using the median and inter-
quartile range (25–75th percentiles) and for categorical 
variables, we used counts and percentage.

In order to estimate the treatment effect of receiving LV 
unloading while receiving ECPR, we identified potential 
confounders which required adjustment in the analysis 
using a causal directed acyclic graph, and used a propen-
sity score-matching analysis to adjust for these covari-
ates (see Supplementary Methods). We then estimated 
survival time up to 90 days from initiation of ECPR using 
the Kaplan–Meier method, and compared survival time 
between both groups using a Cox proportional hazards 
model, and the log-rank test. In the presence of miss-
ing data, we used multiple imputation to propagate the 
uncertainty of the missingness (see Supplementary 
Methods) [20]. Assuming a two-tailed α value of 0.05, 
and a β value of 0.20, equal distribution of participants 
between both groups, and a conservative relative hazards 
of 0.8 (given that the literature suggests that unloading is 
associated with a 0.33 to 0.5 odds of mortality) [16], the 
minimum number of events (deaths) required is 158.

We conducted sensitivity analyses to assess the robust-
ness of the primary analysis. First, we conducted the 
analysis using an inverse probability of treatment weight-
ing method. Second, to reduce the amount of residual 
confounding, we assessed the standardised mean differ-
ence (SMD) of each covariate in the matched cohort, and 
reiterated the matching algorithm, including any covari-
ates with an SMD > 0.10 [21]. Separately, we performed 
double-adjustment, repeating the primary analysis and 
adjusting for the covariates included in the original 
matching algorithm. Third, we conducted the analysis 
using a complete-case analysis, excluding patients who 
had missing data. Fourth, we conducted additional tar-
get trial emulations of previously published RCTs [8–10] 
investigating ECPR in cardiac arrest, with the aim of 
understanding whether LV unloading is associated with 
any benefits compared to ECPR in the context of these 
trials. Briefly, using multiple imputed data, we adopted 
the inclusion and exclusion criteria of each trial, matched 
patients using the propensity score model, and estimated 
the difference in survival time between patients who did 
and did not receive LV unloading (see Supplementary 
Methods).

We then conducted several subgroup analyses. We 
stratified the analysis based on the type of LV unloading 
(IABP or mLVAD), the aetiology of cardiac arrest (cardiac 
vs. non-cardiac), the initial presenting rhythm (shock-
able [pulseless ventricular tachycardia or fibrillation] or 
non-shockable [pulseless electrical activity, asystole]), 

and location of cardiac arrest (OHCA or IHCA). For con-
tinuous covariates of interest (age [for every increase by 
10 years], centre volume [for every increase by 10 cases 
per year] and duration of cardiopulmonary resuscitation 
(CPR) prior to ECMO [for every increase by 10 min]), we 
introduced an interaction term to assess if each covari-
ate altered the association between LV unloading and 
survival time. Given the increased risk of type 1 error 
with multiple testing, the results of the subgroup analyses 
should be viewed as exploratory and we did not adjust for 
multiplicity.

For secondary outcomes, we analysed continuous out-
comes by estimating the absolute difference and 95% con-
fidence intervals, and categorical outcomes using logistic 
regression and estimating the odds of each complication.

Protocol deviations
We did a post-hoc meta-analysis, summarising the lit-
erature and pooling the available data of propensity 
score-matched studies reporting on LV unloading during 
ECPR. Briefly, we conducted random-effects Mantel–
Haenszel meta-analyses [22, 23], and reported the asso-
ciation between LV unloading and mortality using pooled 
odds ratios. As all the included studies reported 30-day 
mortality, we estimated the adjusted 30-day mortal-
ity rate from the propensity score-matched cohort, and 
included these results in the meta-analysis. More details 
on the meta-analysis are described in the Supplementary 
Methods.

We also conducted two additional post-hoc sensitiv-
ity analyses. First, we shortlisted a number of potential 
pre-existing conditions which may be deemed as con-
traindications to ECPR and LV unloading in accordance 
with previous RCTs and generally accepted practice 
(stroke/severe neurological impairment, severe bleed-
ing, limb ischaemia, and vasoplegia); we did a sensitivity 
analysis excluding these patients. Second, we repeated 
the primary analysis, adding percutaneous coronary 
interventions (PCI) into the propensity score-matching 
algorithm.

Role of the funding source
There was no funding source for this study.

Results
Between 1 January, 2020, and 31 December, 2023, 7,911 
patients receiving ECPR were reported to the ELSO regis-
try, of which 3,736 patients had a valid ECPR addendum. 
After applying our inclusion and exclusion criteria, we 
included 3,215 patients in our study (median centre vol-
ume: 7, IQR: 3–13, Fig. 1). The median age was 57 years 
(IQR:  45–66), and 2,198 (68.4%) were males. 1,419 
(44.1%) patients presented with a shockable rhythm, and 
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1,876 patients (74%) had an IHCA. The median dura-
tion of conventional CPR was 44  min (IQR: 22–58), 
and patients received ECMO for 67  h (IQR: 21–136). 
344 patients received IABP, while 323 patients received 
mLVAD as the mechanical LV unloading device (Tables 
S1-S3). After applying propensity score-matching, we 
matched 621 pairs of patients who did and did not receive 

LV unloading. The baseline characteristics between both 
groups were well balanced (Table  1). The median age 
was 59  years (50–67), and 901 (72.5%) were male. 370 
(30.0%) presented with a shockable rhythm. The median 
duration of conventional CPR was 36  min (20–55), and 
patients received ECMO for 76 h (29–144). 301 patients 
received IABP, while 320 patients received mLVAD as the 

Fig. 1  STROBE patient inclusion flowchart
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mechanical LV unloading device. 839 patients had died at 
the end of follow-up. 

Table  2 summarises the results with regards to sur-
vival time up to 90  days. In the matched cohort, there 
was no difference in survival time between patients who 
did and did not receive LV unloading (HR 0.92, 95%-CI 
0.79–1.08, Fig.  2). This was concordant in several sen-
sitivity analyses, including inverse probability of treat-
ment weighting (OR 0.92, 95%-CI 0.82–1.03, Figure S1), 
and complete case analysis (HR 0.99, 95%-CI 0.86–1.15, 

Figure S2). As sex had an SMD > 0.1, we reiterated the 
matching algorithm, including it as a covariate. The point 
estimates did not substantially change with this (HR 0.92, 
95%-CI 0.80–1.06) nor double-adjustment of the origi-
nal propensity score matching algorithm (HR 0.94, 95%-
CI 0.81–1.09). Post-hoc sensitivity analyses excluding 
patients with potential contraindications to ECPR and 
LV unloading (HR 0.93, 95%-CI 0.78–1.11), and includ-
ing PCI as a covariate in the propensity score-matching 

Table 1  Characteristics of cohort following propensity score matching

Abbreviations: BMI: body mass index, ECPR: extracorporeal cardiopulmonary resuscitation, ECMO: extracorporeal membrane oxygenation, IABP: intra-aortic balloon 
pump, IHCA: in-hospital cardiac arrest, LV: left ventricular, mLVAD: mechanical left ventricular assist device, OHCA: out-of-hospital cardiac arrest, PCI: percutaneous 
coronary intervention
* Included in propensity score model

Characteristic Overall N = 1,242 No LV unloading 
N = 621

LV unloading N = 621 SMD

Sex

Female 339 (27%) 197 (32%) 142 (23%) 0.28

Male 901 (73%) 424 (68%) 477 (77%) 0.27

Age (Years)* 59 (50–67) 59 (50–67) 59 (49–67)

BMI (kg/m2) 29 (25–34) 28 (25–34) 29 (25–34) 0

Year of ECMO initiation*

2020 204 (16%) 95 (15%) 109 (18%) 0.047

2021 238 (19%) 123 (20%) 115 (19%) 0.050

2022 370 (30%) 191 (31%) 179 (29%) 0.053

2023 430 (34%) 212 (34%) 218 (35%) 0.033

Presenting rhythm*

Non-shockable 536 (43%) 267 (43%) 269 (43%) 0.026

Shockable 648 (52%) 326 (52%) 322 (52%) 0.028

Unknown 58 (4.7%) 28 (4.5%) 30 (4.8%) 0.014

Precipitating Event*

Cardiac 1,095 (88%) 547 (88%) 548 (88%) 0.019

Non-Cardiac 56 (4.5%) 29 (4.7%) 27 (4.3%) 0.013

Unknown 91 (7.3%) 45 (7.2%) 46 (7.4%) 0.021

Time to ECPR* 36 (20–55) 36 (20–55) 37 (20–55) 0.081

Number of epinephrine doses 5.0 (3.0–8.0) 5.0 (3.0–8.0) 5.0 (3.0–8.0) 0

Type of LV unloading

Nil 621 (50%) 621 (100%) 0 (0%) NA

IABP 301 (24%) 0 (0%) 301 (48%)

mLVAD 320 (26%) 0 (0%) 320 (52%)

Number of ECPR cases per year* 9 (4–25) 9 (4–25) 9 (4–31) 0.031

High volume centre 492 (40%) 249 (40%) 243 (39%) 0.028

PCI 242 (20%) 58 (9.3%) 184 (29.6%) 0.53

Time of arrest*

Morning 720 (58%) 362 (58%) 358 (58%) 0.033

Afternoon 369 (30%) 184 (30%) 185 (30%) 0.032

Night 153 (12%) 75 (12%) 78 (13%) 0.013

Location of cardiac arrest*

IHCA 883 (71%) 439 (71%) 444 (71%) 0.013

OHCA 359 (29%) 182 (29%) 177 (29%)
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algorithm (HR 0.94, 95%-CI 0.81–1.09) did not substan-
tially alter the point estimates either.

When emulating previously published RCTs, concur-
rent LV unloading when initiating ECPR based on the cri-
teria in the ARREST (HR 0.89, 95%-CI 0.75–1.07, Figure 
S3), Prague-OHCA (HR 0.92, 95%-CI 0.77–1.10, Figure 
S4), and INCEPTION trials (HR 1.05, 95%-CI 0.79–1.08, 
Figure S5) was similarly not associated with any differ-
ences in survival time.

LV unloading was not associated with differences in 
survival time when stratified based on the type of LV 
unloading device (IABP 0.93, 95%-CI 0.74–1.17 mLVADs 
0.90, 95%-CI 0.69–1.16, p-interaction = 0.87, Figure S6), 
aetiology of arrest (cardiac 0.92, 95%-CI 0.78–1.10, non-
cardiac: 0.91, 95%-CI 0.43–1.93, p-interaction = 0.97, 
Figure S7), presenting rhythm (shockable 1.06, 95%-CI 

0.84–1.33, non-shockable rhythm 0.79, 95%-CI 0.64–
0.98, p-interaction = 0.067, Figure S8), or location of car-
diac arrest (OHCA 0.91, 95%-CI 0.69–1.19, IHCA 0.88, 
95%-CI 0.73–1.06, p-interaction = 0.88, Figure S9). Simi-
larly, an increase in centre volume (interaction HR 1.03, 
95%-CI 0.97–1.10, p-interaction = 0.36), age (interaction 
HR 0.99, 95%-CI 0.88–1.12, p-interaction = 0.88), and 
duration of CPR prior to ECMO (HR 0.95, 95%-CI 0.90–
1.01, p-interaction = 0.11) did not alter the association 
between LV unloading and survival time.

Table 3 summarises the results of the secondary out-
comes. Concurrent LV unloading was associated with 
an increase in renal (OR 1.55, 95%-CI 1.16–2.07) and 
cardiovascular (OR 1.60, 95%-CI 1.14–2.26) compli-
cations. When analysing specific complications, LV 
unloading was associated with an increase in central 

Table 2  Association between mechanical left ventricular unloading with survival time up to 90 days in patients receiving 
extracorporeal membrane resuscitation

Abbreviations: ARREST: Advanced reperfusion strategies for patients with out-of-hospital cardiac arrest and refractory ventricular fibrillation; CI: confidence interval; 
CPR: Cardiopulmonary resuscitation ECMO: Extracorporeal membrane oxygenation; IABP: Intra-aortic balloon pump; LVAD: Left ventricular assist device; INCEPTION: 
Early Initiation of Extracorporeal Life Support in Refractory Out-of-Hospital Cardiac Arrest

Result Hazards ratio (95%-CI)

Propensity score-matched cohort 0.92 (0.79–1.08)

Sensitivity analyses

Inverse probability treatment weighting 0.92 (0.82–1.03)

Complete case analysis (propensity score matched) 0.99 (0.86–1.15)

Including sex in the propensity score-matching algorithm 0.92 (0.80–1.06)

Double adjustment on propensity score-matching algorithm 0.94 (0.81–1.09)

Target trial emulations

ARREST trial 1.17 (0.84–1.63)

Prague OHCA trial 0.92 (0.77–1.10)

INCEPTION trial 1.05 (0.79–1.40)

Subgroup analyses

Type of mechanical unloading device (p-interaction = 0.87)

IABP 0.91 (0.74–1.12)

mLVAD 0.89 (0.68–1.16)

Aetiology of cardiac arrest (p = interaction = 0.97)

Cardiac 0.92 (0.78–1.10)

Non-cardiac 0.91 (0.43–1.93)

Presenting rhythm (p-interaction = 0.067)

Shockable 1.06 (0.84–1.33)

Nonshockable 0.79 (0.64–0.98)

Location of arrest (p-interaction = 0.88)

Out-of-hospital cardiac arrest 0.91 (0.69–1.19)

In-hospital cardiac arrest 0.88 (0.73–1.06)

Interaction analyses

Centre volume (per 10 cases per year) 1.03 (0.97–1.10)

Age (per 10 years) 0.99 (0.88–1.12)

Duration of CPR prior to ECMO (per 10 min) 0.95 (0.90–1.01)
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nervous system bleeding (OR 1.75, 95%-CI 1.03–2.96), 
arrhythmias (OR1.56, 95%-CI 1.04–2.36), and hae-
molysis (OR 1.85, 95%-CI 1.10–3.09). In addition, 
LV unloading was not associated with an increase in 
favourable functional outcomes (OR 1.15, 95%-CI 
0.67–1.99). Patients receiving LV unloading had longer 
durations of ECMO (absolute difference: 23.3 h, 95%-
CI 8.3–38.4), but there were no significant differences 
in hospital length of stay (absolute difference: 0.94, 
95%-CI -2.05 to + 3.93).

Finally, our post-hoc meta-analysis yielded five other 
propensity score-matched studies [14, 24–27] with six 
cohorts for analysis (Figure S10, Table S4). There were 
no randomised controlled trials. When including our 
results in the meta-analysis, mechanical LV unloading 
may be associated with a lower 30-day mortality rate 
(OR 0.55, 95%-CI 0.35–0.87, low certainty), however, it 
was uncertain if IABP (OR 0.66, 95%-CI 0.37–1.17) or 
mLVAD (OR 0.51, 95%-CI 0.25–1.04) individually were 

associated with lower 30-day mortality (both very low 
certainty, Figures S11-13).

Discussion
In this international, multicentre cohort study of the 
ELSO registry, we found that mechanical LV unloading 
during ECPR was not associated with improved out-
comes, and this was consistent across several subgroups 
and sensitivity analyses. More importantly, we found that 
concurrent unloading was associated with a higher risk 
of renal, neurological and cardiovascular complications.

Our study addresses an important aspect of ECPR in 
cardiac arrest. We harnessed observational data and pro-
pensity score-matching to emulate a theoretical RCT 
investigating the effect of LV unloading during ECPR, 
which allowed us to adjust for potential confounders at 
baseline. There are currently no RCTs investigating LV 
unloading during ECPR, and this is likely contributed 
to by challenges with patient enrolment, and ethical and 
logistical challenges in randomising and withholding 

Fig. 2  Adjusted survival curves of the propensity score-matched cohort, comparing the surviving proportion of patients who received and did 
not receive mechanical left ventricular unloading during extracorporeal cardiopulmonary resuscitation
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what are believed to be potentially lifesaving therapies. 
Ultimately, evidence suggests that outcomes in patients 
receiving ECPR may be superior compared to patients 
receiving conventional CPR [8, 9, 11, 12]. In the absence 
of RCTs in the context of ECPR, our results represent 
the highest level of evidence investigating mechanical 
LV unloading during ECPR. Prior observational studies 
are limited by smaller sample sizes within a homogenous 
group of patients or centres, or unadjusted analyses. In 
fact, while a recent meta-analysis found that LV unload-
ing was associated with reduced mortality during ECPR, 
it also found that certain patients (primarily acute coro-
nary syndrome) were more likely to receive LV unload-
ing than others (eg pulmonary embolism) during ECPR, 
underscoring the need to adjust for potential confound-
ers [16]. In addition, our analysis is based on a large 
sample size across nearly 300 centres globally, which 
increases precision and the generalizability of our results.

Contrary to prior published observational studies and 
meta-analyses [14, 16, 17, 24–26], we found that mechan-
ical LV unloading during ECPR was not associated with 
a significant reduction in mortality. While the meta-
analysis suggested that mechanical LV unloading may be 

associated with lower 30-day mortality, this was based 
on low certainty as well. Several factors may account 
for these findings. First, prior studies were either single-
centre or based on centres in countries or regions with 
substantial experience in ECPR, which may have well-
defined protocols on initiating mechanical LV unload-
ing in a highly specific subset of patients (three studies 
in the meta-analysis from Japan, one from Germany, one 
multinational study in Europe) [14, 24–26]. On the other 
hand, the ELSO registry amalgamates data across centres 
globally. Although centre experience may theoretically 
result in larger benefits [15], this was not observed in our 
interaction analysis based on centre volume. In addition, 
the variables utilised in estimating the propensity score 
were different. Previous studies used variables including 
demographics (age, sex), physiological variables (mean 
arterial pressure, heart rate), clinical variables (etiology of 
cardiogenic shock/cardiac arrest, previous cardiac arrest, 
time to ECMO), and biochemical tests (lactate, pH). In 
order to ensure a sufficient range and a robust variable 
selection process, we conducted a literature review prior 
to the analyses and based on this, used a causal directed 
acyclic graph to select variables when estimating the pro-
pensity score. Similar to our primary analysis, our sensi-
tivity analysis investigating ECPR initiation based on the 
ARREST (40% of patients received LV unloading in the 
original trial), PRAGUE-OHCA and INCEPTION (30% 
of patients received unloading in the original trial) trial 
criteria did not reveal a significant benefit with concur-
rent mechanical LV unloading. Third, initiating VA-
ECMO and LV unloading in the context of cardiac arrest 
(Society of Cardiovascular Angiography and Interven-
tions [SCAI] E shock) versus cardiogenic shock (SCAI 
C-D shock) are fundamentally different [28, 29]. Though 
difficult to quantify and analyse, the severity of post-car-
diac arrest syndrome may contribute to complications 
and potentially reduce the benefit of LV unloading.

Of note, LV unloading was associated with higher 
odds of renal and cardiovascular (primarily arrhythmias) 
complications, central nervous system haemorrhage, 
and haemolysis. These have been reported in prior stud-
ies in ECPR and in VA-ECMO for cardiogenic shock 
[15, 16, 30–32]. There are several potential explanations 
underlying this association. First, the introduction of an 
additional mechanical circulatory support device may 
increase wall shear stress on blood components, resulting 
in haemolysis [33]. Computational fluid dynamics stud-
ies have shown that at certain flows, the zone of “mixing” 
and turbulence occurs at the level of the renal arteries, 
which can cause acute kidney injury [34, 35]. Previous 
clinical studies have reported  that mLVAD was associ-
ated with hemorrhagic strokes at durable LVAD implan-
tation [36], and that an mLVAD was associated with 

Table 3  Association between mechanical left ventricular 
unloading and complications after initiation of extracorporeal 
membrane resuscitation, favourable functional outcomes, and 
duration of ECMO and hospital stay

Results which have crossed the threshold for statistical significance have been 
indicated with an asterisk. Complications have been classified based on the 
Extracorporeal Life Support Organisation Registry

Result Odds ratio (95%-CI)

Mechanical 0.92 (0.61–1.37)

Circuit change 0.90 (0.40–2.02)

Haemorrhagic 0.95 (0.70–1.29)

Neurological 1.37 (0.99–1.90)

Central nervous system infarct/ischae-
mia

1.27 (0.89–1.83)

Central nervous system bleeding 1.75 (1.03–2.96)*

Renal 1.57 (1.16–2.12)*

Cardiovascular 1.55 (1.06–2.26)*

Cardiopulmonary resuscitation 
required

1.57 (0.68–3.60)

Arrhythmia 1.56 (1.04–2.36)*

Tamponade 1.23 (0.58–2.62)

Pulmonary 1.10 (0.60–2.03)

Metabolic 1.46 (0.95–2.26)

Haemolysis 1.85 (1.10–3.09)*

Limb ischemia 1.15 (0.67–1.99)

Favourable functional outcome 0.77 (0.42–1.43)

Duration of ECMO 23.3 h longer (8.3–38.4)*

Duration of hospital stay 0.95 days longer (-2.05 to + 3.93)
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higher rates of hemorrhagic strokes than IABP in car-
diogenic shock [30]. Our finding of a higher hemorrhagic 
stroke risk in patients with LV unloading may be driven 
by patients who received mLVAD.

Given that LV unloading was not associated with lower 
mortality, but was associated with complications, it is 
possible that some patients may benefit from unloading, 
and that these benefits were negated by increases in mor-
tality due to complications in other patients. Ultimately, 
clearer indications and clinical criteria are needed for 
better patient selection and prognostic enrichment to 
better identify the potential benefits of LV unloading. 
Streamlining of ECPR services by including bundles of 
care that focusses on neuroprotection and downstream 
revascularization in addition to LV unloading might 
contribute to better outcomes in this cohort. Upcom-
ing trials investigating LV unloading during VA-ECMO 
for cardiogenic shock (NCT06336655, NCT05577195, 
NCT05913622) may help better define these criteria, and 
pave the way for future trials in ECPR.

We recognise several limitations of our review. First, 
the use of propensity score-matching and weighting can 
adjust for potential confounders. However, this does not 
eliminate the possibility of residual unmeasured con-
founding. In addition, the use of matching may exclude 
certain patients who were eligible for analysis, reduc-
ing sample size and precision. We aimed to mitigate this 
using inverse probability of treatment weighting. Fur-
thermore, the degree of cardiac dysfunction and indica-
tions for LV unloading in the context of ECPR were not 
recorded by the ELSO registry, though most patients 
receiving ECPR have moderate-to-severe degrees of car-
diac dysfunction. Based on this, the analysis assumes that 
LV unloading is used systematically; this may not be true 
in all situations or institutions. Second, we did not have 
a group of patients who only received conventional CPR 
(standard care) in this cohort, and we cannot draw any 
associations between LV unloading and ECPR compared 
to conventional CPR alone. We also cannot exclude the 
possibility that a subset of patients were referred for VA 
ECMO for cardiogenic shock, but subsequently devel-
oped cardiac arrest just prior to cannulation and were 
recorded as receiving ECPR; such patients may have 
better prognosis. Third, in our emulation of prior RCTs, 
the ELSO registry did not record information regarding 
certain exclusion criteria and comorbidities (e.g. life-
limiting comorbidities, treatment limitations, poor base-
line functional status), and our study may have included 
these patients. In addition, the data available may have 
underestimated the severity of illness or unmeasured or 
unrecorded factors that contributed to a patient receiving 
LV unloading to begin with. Although there is a poten-
tial for bias, we believe that the impact is small, given that 

these patients form an especially small proportion of the 
population eligible for ECPR in routine clinical practice. 
Fourth, the sensitivity analysis adjusting for PCI may 
be limited by the fact that the ELSO registry does not 
record the timing nor indication for PCI. Fifth, there is a 
potential for immortal time bias, and that patients must 
first survive sufficiently long enough before receiving LV 
unloading (as has been described in prior studies inves-
tigating ECMO [37–39]); this may artificially inflate the 
potential benefit of LV unloading. Sixth, very few centres 
sufficiently recorded neurological outcomes at discharge. 
Finally, the exact timing of mechanical LV unloading vis-
à-vis initiation of ECPR and duration of mechanical LV 
unloading is not recorded in the ELSO registry, and it 
is unclear if this is associated with divergent outcomes 
depending on the timing to unloading [14, 40, 41].

Conclusions
In conclusion, our analysis of the ELSO registry found 
that LV unloading during ECPR was not associated with 
a reduction in mortality, regardless of the LV unload-
ing device, aetiology of arrest, initial presenting rhythm, 
and demographic and centre characteristics. Emulating 
the criteria of prior RCTs also did not yield any signifi-
cant benefits with LV unloading. Although our results are 
limited by their observational nature, they highlight an 
urgent need to re-examine LV unloading in the context of 
ECPR, and for randomised data to verify these findings.
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