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Left-Ventricular Unloading With Impella

During Refractory Cardiac Arrest Treated With
Extracorporeal Cardiopulmonary Resuscitation:
A Systematic Review and Meta-Analysis*

OBIJECTIVES: Extracorporeal cardiopulmonary resuscitation (ECPR) is the im-
plementation of venoarterial extracorporeal membrane oxygenation (VA-ECMO)
during refractory cardiac arrest. The role of left-ventricular (LV) unloading with
Impella in addition to VA-ECMO (“ECMELLA") remains unclear during ECPR.
This is the first systematic review and meta-analysis to characterize patients
with ECPR receiving LV unloading and to compare in-hospital mortality between
ECMELLA and VA-ECMO during ECPR.

DATA SOURCES: Medline, Cochrane Central Register of Controlled Trials,
Embase, and abstract websites of the three largest cardiology societies (American
Heart Association, American College of Cardiology, and European Society of
Cardiology).

STUDY SELECTION: Observational studies with adult patients with refractory
cardiac arrest receiving ECPR with ECMELLA or VA-ECMO until July 2023
according to the Preferred Reported Items for Systematic Reviews and Meta-
Analysis checklist.

DATA EXTRACTION: Patient and treatment characteristics and in-hospital mor-
tality from 13 study records at 32 hospitals with a total of 1014 ECPR patients.
Odds ratios (ORs) and 95% CIl were computed with the Mantel-Haenszel test
using a random-effects model.

DATA SYNTHESIS: Seven hundred sixty-two patients (75.1%) received
VA-ECMO and 252 (24.9%) ECMELLA. Compared with VA-ECMO, the
ECMELLA group was comprised of more patients with initial shockable electro-
cardiogram rhythms (58.6% vs. 49.3%), acute myocardial infarctions (79.7% vs.
51.5%), and percutaneous coronary interventions (79.0% vs. 47.5%). VA-ECMO
alone was more frequently used in pulmonary embolism (9.5% vs. 0.7%). Age, rate
of out-of-hospital cardiac arrest, and low-flow times were similar between both
groups. ECMELLA support was associated with reduced odds of mortality (OR,
0.53 [95% CI, 0.30-0.91]) and higher odds of good neurologic outcome (OR,
2.22 [95% CI, 1.17-4.22]) compared with VA-ECMO support alone. ECMELLA
therapy was associated with numerically increased but not significantly higher
complication rates. Primary results remained robust in multiple sensitivity analyses.

CONCLUSIONS: ECMELLA support was predominantly used in patients with acute
myocardial infarction and VA-ECMO for pulmonary embolism. ECMELLA support dur-
ing ECPR might be associated with improved survival and neurologic outcome despite
higher complication rates. However, indications and frequency of ECMELLA support
varied strongly between institutions. Further scientific evidence is urgently required to
elaborate standardized guidelines for the use of LV unloading during ECPR.

KEYWORDS: cardiac arrest; extracorporeal cardiopulmonary resuscitation;
extracorporeal membrane oxygenation; Impella; left ventricular unloading
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@\ KEY POINTS

Question: How are patients receiving veno-
arterial extracorporeal membrane oxygenation
(VA-ECMO) plus Impella (ECMELLA) during extra-
corporeal cardiopulmonary resuscitation (ECPR)
characterized, and how is the in-hospital mortality
rate between patients receiving ECMELLA and
VA-ECMO alone during ECPR?

Findings: In this systematic review and meta-
analysis, patients with ECMELLA had more fre-
quently shockable electrocardiogram rhythms,
acute myocardial infarctions, and percuta-
neous coronary interventions than patients with
VA-ECMO. ECMELLA support might be asso-
ciated with reduced odds of mortality compared
with VA-ECMO alone. Results were heteroge-
neous across studies.

Meaning: ECMELLA support might be consid-
ered in patients with acute myocardial infarction

during ECPR.
. J

Extracorporeal cardiopulmonary resuscitation (ECPR)
is the implementation of venoarterial extracorporeal
membrane oxygenation (VA-ECMO) during refractory
cardiac arrest when return of spontaneous circulation
is not achieved. The use of ECPR has shown conflicting
results with one recent smaller, randomized controlled
trial (RCT) showing a survival benefit, whereas two
other RCTs did not (1-3). It has been shown in a recent
systematic review and meta-analysis that ECPR was
associated with improved outcomes compared with
conventional cardiopulmonary resuscitation (CPR)
(4). Given its immediate provision of full circulatory
support, ECPR can be considered in selected patients
with regards to important considerations, such as pro-
cedural complexity and post-procedural complications
according to international guidelines (5-7).

Although VA-ECMO allows for full circulatory sup-
port, its retrograde aortic flow may result in increased
left ventricular (LV) afterload, leading to increased wall
stress and oxygen demand, blood stasis, thrombus for-
mation, pulmonary edema, and ventricular arrhyth-
mias impairing myocardial recovery (8-10). In the
field of cardiogenic shock, additional LV unloading
with an Impella microaxial flow pump (“ECMELLA”;
Abiomed, Danvers, MA) has been shown to be a

Critical Care Medicine

feasible and effective percutaneous strategy to reduce
LV wall stress and oxygen demand (“LV unloading”),
to improve cardiac perfusion, and to attenuate car-
diac injury in preclinical models (11, 12). Additionally,
associations with improved survival have been shown
in retrospective cohort studies, although with a rela-
tively high risk of bias due to confounding (13-18).
In the field of refractory cardiac arrest, single-cohort
studies suggested that an ECMELLA approach might
be associated with better survival; however, RCTs tar-
geting this question are lacking (19-21).

To our best knowledge, there is no systematic lit-
erature review and meta-analysis on LV unloading in
ECPR. Therefore, the primary aim of this systematic
literature review and meta-analysis was to describe
the landscape of LV unloading during ECPR, that is,
characteristics of patients undergoing treatment with
ECMELLA or VA-ECMO and to investigate treatment
effects of ECMELLA compared with VA-ECMO alone,
both used as part of ECPR, on in-hospital mortality in
adult patients with refractory cardiac arrest.

MATERIALS AND METHODS

The protocol of this study was registered at the
PROSPERO registry (identifier: CRD42022339499).
The systematic review and meta-analyses were con-
ducted according to the Preferred Reported Items
for Systematic Reviews and Meta-Analysis checklist
(Supplemental Table 1, http://links.Iww.com/CCM/
H470) (22).

Information Sources, Search Strategy, Study
Selection, and Data Collection

The systematic literature review was performed by three
independent and blinded reviewers with clinical and sci-
entific experience (T.T., L.E, M.E) on Medline, Cochrane
Central Register of Controlled Trials (CENTRAL),
Embase, and abstract websites of the three largest car-
diology societies (i.e., American Heart Association,
American College of Cardiology, and European Society
of Cardiology). Additionally, all references from included
studies were reviewed. Studies were screened if they were
published until July 30, 2023, in English or German lan-
guage on adult patients with refractory cardiac arrest
treated either with ECMELLA or with VA-ECMO as part
of ECPR. Search strings included: “extracorporeal mem-
brane oxygenation,” “Impella,” “microaxial pump,” “shock,
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cardiogenic,” and/or “heart arrest” (see Supplemental
Material: “Search strategy, http://links.lww.com/CCM/
H470). Although this study was aimed to include records
with refractory cardiac arrest, “cardiogenic shock” was
also considered as a search term since certain studies on
cardiogenic shock included subgroup analyses on patients
with refractory cardiac arrest and ECPR treatment.

The search results were retrieved and imported
into “Rayyan,” an application for managing systematic
reviews (23). Each of the following steps was performed
upon agreement of all three reviewers: First, duplicate
studies were removed manually. Second, animal stud-
ies, case reports, comments, letters to the editor, edi-
torials, reviews, and study protocols were excluded by
screening the title and abstract of each study. Third, the
full-text articles of all remaining studies were reviewed.
Studies were included if ECMELLA or VA-ECMO
were used as part of ECPR during refractory cardiac
arrest. ECPR cases with another method of LV unload-
ing added to VA-ECMO different than Impella (e.g.,
intra-aortic balloon pump or atrial septostomy) were
excluded. Studies on refractory cardiac arrest due to
trauma or surgical cases were excluded. Fourth, of the
remaining studies, information was extracted using
a standardized data extraction form (Supplemental
Table 2, http://links.lww.com/CCM/H470). If data
were not provided or unclear in the publication, the
study’s corresponding author was consulted via email.
If the corresponding author did not respond within
21 days, coauthors were contacted via email. If there
was no email response within 12 weeks, studies were
excluded from the meta-analysis.

Quality Assessment

The risk of bias of each included study was assessed in-
dependently by two reviewers (T.T., L.E) using the “The
Risk Of Bias In Non-randomized Studies of Interventions”
(ROBINS-I) tool (24). The level of certainty was assessed
with the “Grading of Recommendations, Assessment,
Development, and Evaluation” (GRADE) approach (25).
The ROBINS-I tool and GRADE approach are commonly
used methods in Cochrane reviews.

Study Outcome

The a priori defined primary outcome was risk of
in-hospital or 30-day mortality after treatment with
ECMELLA compared with VA-ECMO alone in the
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overall patient population. As the majority of included
studies reported in-hospital mortality as study out-
comes, the primary outcome was further specified to
in-hospital mortality to allow for better inter-study
comparability. With an exploratory intent, neuro-
logic outcomes and complication rates after ECPR
with ECMELLA compared with VA-ECMO were ana-
lyzed. A good neurologic outcome was defined by a
Cerebral Performance Category (CPC) scale of 1 or 2.
Complications were defined by the Extracorporeal Life
Support Organization (ELSO) code (26).

Statistical Analyses

The authors (T.T,, L.F) had full access to all the data in the
study and take responsibility for its integrity and the data
analysis. Patient and treatment characteristics of each
study were tabulated and average total values across all
included studies were calculated. Odds ratios (ORs) for
mortality outcomes were calculated. The pooled OR and
95% CI were computed with the Mantel-Haenszel test
using a random-effects model (27). Results for each study
and pooled results for all studies were visualized with a
forest plot. Statistical significance was defined as a p value
of less than 0.05 (two-sided).

Heterogeneity among the included studies was
assessed by using the Cochrane Q test to compute I?
(28). Publication bias was estimated by visual inspec-
tion of asymmetry in funnel plots as well as the Egger’s
regression test (29). All data were processed using R
Studio (R Core Team, Vienna, Austria).

Sensitivity Analyses

The primary analysis was repeated in sensitivity anal-
yses stratified by type of statistical method, centers,
cardiac arrest characteristics of patients, and study out-
comes. In one sensitivity analysis, only peer-reviewed
articles were analyzed excluding “gray literature” with
no affiliation to a peer-reviewed publication in a scien-
tific journal at the time of the meta-analysis (e.g., con-
ference abstracts).

RESULTS

Search Results

A total of 704 records were identified in the initial lit-
erature review (PubMed: n = 481, CENTRAL: n = 99,
Embase: n = 102, conference websites: n = 22), out of
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which 607 records were excluded based on a priori de-
fined exclusion criteria (e.g., no original research ar-
ticle, no ECPR, or no human subjects; Fig. 1). Thirteen
records contained unclear information as to whether
patients with ECPR were included, out of which cor-
responding authors of seven records provided num-
bers upon email requests, whereas the remaining six
records were excluded due to missing author response.
Nine of the included studies had patients with ECPR
as subgroups while the main study was on cardiogenic
shock. Overall, 13 records were included in the final
meta-analysis, out of which one study was considered
to be gray literature (30).

The 13 studies were performed at 32 tertiary care
centers over an average study period of 7.0 years (+ 3.1
yr), out of which 23 centers (71.9%) were located in
European countries, eight centers (25.0%) in the United
States, and one center (3.1%) in Asia (Supplemental
Fig. 1, http://links.lww.com/CCM/H470; and Table
1). All records, except for one, included studies that
were performed after the year 2010. Three records
were designed as multicenter studies, 11 records had

a retrospective observational design while two records
were prospectively conducted. No RCT on LV unload-
ing during ECPR was published. The study size varied
from seven to 256 patients with ECPR across study
centers. Differences across included studies can ex-
plain 38.7% of the heterogeneity (I* = 38.7%).

Study Population

A total of 1,014 adult patients with ECPR were in-
cluded in the meta-analysis, out of whom 762 (75.1%)
were treated with VA-ECMO and 252 (24.9%) with
ECMELLA (Supplemental Table 3, http://links.lww.
com/CCM/H470). Impella was on average implanted
56 minutes ([interquartile range (IQR) 35-97min)
after VA-ECMO initiation. ECMELLA and VA-ECMO
groups had a similar patient age (55.5 yr [+ 13.4 yr]
vs. 56.4 yr [+ 13.7 yr]), rate of out-of-hospital cardiac
arrests (OHCAs) (132 [55.7%] vs. 366 [60.8%] patients),
low-flow times (53min [IQR 37-78 min] vs. 54 min
[IQR 36-69 min]), pre-ECPR pH (7.07 [0.26] vs. 7.11 [+
0.27]), and lactate levels (10.9 mmol/L [+ 4.19 mmol/L]

Additional records idntified
through other sources:

— AHA conference website: N =7
— ACC conference website: N =7
— ESC conference website: N = 8

»| Duplicates excluded: N=24

Records excluded: N =607
— Case report, comment, review, letter, educational article,

simulation study, or study protocols: N = 559
— Population (surgical, pediatric, animal): N = 48

Full-text articles excluded: N = 60

= Records identified through
.9 database searching:
-
©
= — PubMed: N = 481
- — CENTRAL:N =99
5 — Embase: N= 102
=
v v
w0 Records identified:
= N =704
c
[} I
ol v
151
(%] Records screened:
N =680
Z i 1
E Full-text articles assessed for eligibility:
.U-D N=73
w
.
Studies included for quallitative synthesis:
-] N=13
Q
-]
=]
o v
£ Articles included in g itative synth
(meta-analysis):
N=13

— No ECPR: N=33

— No use of VA-ECMO only or ECMELLA: N =21

— Unclear if ECPR cohort and no response from corresponding author
upon email requests: N =6

Figure 1. Preferred Reported ltems for Systematic Reviews and Meta-Analysis flow chart of study literature retrieval. ACC = American
College of Cardiology, AHA = American Heart Association, CENTRAL = Cochrane Central Register of Controlled Trials, ECMELLA =
concomitant treatment with venoarterial extracorporeal membrane oxygenation and Impella microaxial pump, ECPR = extracorporeal
cardiopulmonary resuscitation, ESC = European Society of Cardiology, VA-ECMO = venoarterial extracorporeal membrane oxygenation.
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TABLE 1.
Characteristics of Included Studies

Study

References Center(s)

Study Duration

Study Design Mortality?

Lim (31) United Kingdom 1
Akanni et al (32) United States 1
Garan et al (33) United States 1
Gongalves-Teixeira (30) Portugal 1
Axtell et al (34) United States 1
Schrage et al (16) Germany, United 16
States, France, ltaly
Mork et al (35) Denmark 4
Vakil et al (36) United States 1
Thevathasan et al (20) Germany 3
Alonso-Fernandez- Spain 1
Gatta et al (37)
Gaisendrees et al (38) Germany 1
Mork et al (39) Denmark 1
Unoki et al (21) Japan 1

January 2015 to

January 2012 to

January 2012 to
January 2016

January 2010 to
October 2014

Retrospective, cohort 30-d mortality

Retrospective, cohort Hospital mortality

April 2015 to Prospective, cohort Hospital mortality
March 2017
2011-2018 Retrospective, cohort Hospital mortality

January 2009 to
January 2019

2005-2019

Retrospective, cohort Hospital mortality

Retrospective, cohort  30-d mortality

July 2011 to
December 2020

January 2018 to

Retrospective, cohort  30-d mortality

Prospective, cohort Hospital mortality

June 2020

January 2016 to Retrospective, cohort  30-d mortality
June 2021

2013 to October Retrospective, cohort Hospital mortality
2020

January 2016 to
December 2020

Retrospective, cohort Hospital mortality

Retrospective, cohort Hospital mortality

December 2019

Retrospective, cohort Hospital mortality

January 2020

3n-hospital mortality was requested for meta-analysis from corresponding authors of all included studies.

vs. 104 mmol/L [+ 5.69 mmol/L]). Patients with
ECMELLA had more frequently shockable electrocar-
diogram rhythms (139 [58.6%] vs. 297 [49.3%] patients)
as well as an acute myocardial infarction (AMI) as the
cause of cardiac arrest and received a percutaneous cor-
onary intervention (PCI), compared with VA-ECMO:
189 (79.7%) vs. 312 (51.8%) patients with AMI and 181
(79.0%) vs. 265 (47.5%) patients with PCI, respectively.
In contrast, VA-ECMO support was more frequently
used for pulmonary embolism (PE) and miscellaneous
causes of cardiac arrest: 49 (9.5%) vs. 1 (0.7%) and 145
(28.2%) vs. 11 (7.2%), respectively.

Study Outcomes

ECMELLA support was associated with reduced odds
of mortality compared with VA-ECMO support alone
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(OR, 0.53 [95% CI, 0.30-0.91]; p = 0.023 and abso-
lute risk difference, —0.09 [95% CI, —-0.21 to -0.02; and
Fig. 2). Patients with ECMELLA had a longer hos-
pital length of stay (18.7 d [IQR 6.7-39.7 d] vs. 10.4 d
[IQR 3.4-24.3 d]). The average treatment effect for in-
hospital mortality was in favor of ECMELLA therapy
across all studies except for three smaller studies. The
Funnel plot showed a symmetric distribution (Egger’s
regression test: p = 0.821; Fig. 3). Trim-and-fill anal-
ysis resulted in imputation of two potentially missing
studies and the overall effect estimate was in favor of
ECMELLA therapy (Supplemental Fig. 2, http://links.
lww.com/CCM/H470). The average risk of bias was se-
rious to critical according to ROBINS-I tool, mostly
caused by confounding given the observational study
design (Supplemental Table 4, http://links.Iww.com/
CCM/HA470). Assessment of the certainty of included
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1 0,
A In-hospital mortality more sepsis (25.4% vs.
Study - Odds Ratio [95% C1] 15.1%).
Lim, etal, 2018 022[0.02, 297]
Garan, etal, 2019 0.17[0.01, 451] eye s
e, etal, 2019 3851036, 4120) Sensitivity Analyses
Akanni, etal, 2019 —_— 052[0.08, 356]
Schrage, et al, 2020 i 084043, 163] LI
Axtell, etal, 2020 — . 056011, 271) Sen51t1v1ty analyses re-
Mork, et al, 2021 —— 100(0.38, 268] vealed that ECMELLA
Thevathasan, et al, 2021 L 028[0.08, 0.90]
Alonso-Fernandez-Gatlam, et al, 2021 060(0.02, 19.41] therapy was beneﬁ—
Vakil_ et al, 2021 380(0.19, 77.75] . N .
Gaisendrees, et al, 2022 —— 0.29[0.10, 0.85] c1al mn peer -rev1ewed
Unoki, etal, 2022 — S 121004, 029) ublications (without
Mork, et al, 2022 35310.18,6792] p
RE Model p— 0.53(0.30, 091] gray h‘Ferature), S.tl',ld—
; y : ; ies without critical
0 1 10 100 . . .
0dds Ratio risk of bias, adjusted
B Good neurologic outcome analyses (including
Study Odds Ratio [95% CI) .
—— @ propensity score [PS]
matching), centers
Lim, etal, 2018 450(0.34, 60.15) .
Axann, etal, 2019 ¥ S ST with greater than 50
Schwage, etal, 2020 —— 120[061, 236] ECPR cases, as well as
Mork et al, 2021 —— 108038, 308) in studies with higher
Thevathasan, etal, 2021 L 361[1.11,11.77) rates of in_hospital
Alonso-Femandez-Gattam, et al, 2021 1.67 [0.05,5392) Cardiac arrest (IHCA)
b
Unoki_ et al, 2022 P o———y 5.04 [1.45, 17.56] h t 1 ﬂ t
i Favors ECMELLA shorter low-Ilow umes
_ < . i
_— . apan 4z | (< 69 min), p?tter met
r ' r ' Favors VA-ECMO abolic conditions (pre-
(1] 1 10 100 ___‘
Odds Ratio ECPR pH 2 7.0 and
lactate levels < 11.1

Figure 2. Forest plot on in-hospital mortality (A) and good neurologic outcome (B) in patients treated
with venoarterial extracorporeal membrane oxygenation (VA-ECMO) and Impella microaxial pump
(ECMELLA) or VA-ECMO during extracorporeal cardiopulmonary resuscitation. The green arrow indicates
a favor of ECMELLA therapy. The red arrow indicates a favor of VA-ECMO therapy. RE = random effect.

studies with the GRADE approach showed a very low
level of certainty (Supplemental Table 5, http://links.
lww.com/CCM/H470).

Patients with ECMELLA support showed a similar
average CPC scale at hospital discharge compared with
patients treated with VA-ECMO (2 [IQR 1.3-2.4] vs. 2
[IQR 1-2]; and Supplemental Table 3, http://links.lww.
com/CCM/H470). Notably, ECMELLA patients had a
significantly higher rate of good neurologic outcomes
(CPC 1 or 2) than VA-ECMO patients at hospital dis-
charge: 27.9% vs. 15.3% (p = 0.015; Fig. 2).

There were no statistically significant differences be-
tween both treatment groups across all complications
(Supplemental Table 6, http://links.Iww.com/CCM/
H470). ECMELLA therapy showed numerically more
bleedings (62.8% vs. 28.1%), more hemolysis (26.0%
vs. 5.6%), more strokes (14.2% vs. 8.0%), more access-
site-related ischemia (21.9% vs. 10.4%), higher need
for renal replacement therapies (48.5% vs. 27.7%), and

Critical Care Medicine

mmol/L), and higher
proportion of AMI as
the cause of cardiac
arrest (Supplemental
Table 7, http://links.lww.com/CCM/H470 and
Supplemental Fig. 3, http://links.lww.com/CCM/
H470). In an additional analysis, ECMELLA therapy
showed a 41% lower mortality risk than VA-ECMO in
patients with AMI only (Supplemental Fig. 4, http://
links.lww.com/CCM/H470; OR, 0.58 [95% CI, 0.35-
0.98]; p = 0.041).

DISCUSSION

ECMELLA supportwas predominantly used in patients
with AMI and VA-ECMO for PE. ECMELLA support
during ECPR might be associated with improved sur-
vival and neurologic outcome despite numerically
higher complication rates. However, indications and
frequency of ECMELLA support varied strongly be-
tween institutions. There are multiple recent meta-
analyses on VA-ECMO and ECMELLA support during
cardiogenic shock (40-44), but, to our best knowledge,
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with a ten-fold increase in
use (46), the indication, pa-
tient criteria, and clinical
benefits of ECMELLA treat-
ment in the setting of ECPR
is still unclear: the number
of facilities providing ECPR
with  ECMELLA therapy
appears to be limited to
few specialized tertiary care
centers with broad experi-
ence in mechanical circula-
tory support (MCS) and the
+ Teleira, etal, 2019 distribution in ECPR case
p volumes was asymmetric:
\ eight study records included
“Na el ;‘G}R}, less than 10 ECMELLA
cases each, whereas the re-

3 .
maining five study records

\
3
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contributed 82.1% of all

\_\ included ECMELLA cases.

- Additionally, =~ VA-ECMO

T S was used more than three
2 4 times as often as ECMELLA

(75.1% vs. 24.9%) dur-

Figure 3. Funnel plot analysis.

this is the first systematic review and meta-analysis on
patient and treatment characteristics as well as mor-
tality outcomes after LV unloading during ECPR.

ECPR Patient Selection

The characteristics of the pooled study cohort in this
meta-analysis fulfilled the present international ECPR
guideline criteria across institutions (5, 45); younger age
(56.0 yr), reversible cause of cardiac arrest (e.g., AMI in
49.4% or PE in 4.9% of ECPR cases), average low-flow
time of 54 minutes as well as average pre-ECPR pH of
7.09, and lactate level of 10.7 mmol/L. Hence, the in-
cluded study centers appeared to screen patients dili-
gently and performed ECPR in well-selected patients in
accordance with international recommendations.

Variations in ECMELLA Use Between
Institutions

While ECPR with VA-ECMO is advocated in recent in-
ternational guidelines and has gained wider application
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ing ECPR. Mortality rates

varied widely across institu-
tions from 22.7% to 89.6% after VA-ECMO treatment
and from 14.3% to 100% after ECMELLA treatment.
Furthermore, certain study records included cases in
which ECPR was provided exclusively for patients with
AMI as cause of cardiac arrest, in contrast to other cen-
ters, where patients with AMI comprised only 15.4%
of all ECPR cases.

These significant interinstitutional variations in
ECMELLA use and ECPR patient characteristics
might be explained by the circumstance that the de-
cision for LV unloading is presently left to the dis-
cretion of the treating clinicians based on clinical,
echocardiographic, radiographic, and invasive hemo-
dynamic signs. The ELSO published indicators for
LV overload in VA-ECMO therapy but standardized,
evidence-based guideline recommendations have not
yet been published on indications and timing of LV
unloading with Impella concomitant to VA-ECMO
during ECPR. Given the aforementioned variations
between institutions, standardized operating proce-
dures are urgently required.
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Mortality After ECPR

In this study cohort, 523 patients (68.6%) died in
the VA-ECMO and 123 (48.8%) in the ECMELLA
group. The average treatment effects were in favor of
ECMELLA therapy in almost all included studies. All
sensitivity analyses remained robust for the main find-
ings. The overall mortality in this meta-analysis was
considerably high with 63.7% (absolute risk difference
between both groups, -0.09), which however was sim-
ilar to other published ECPR studies (8).

Survival was superior in the ECMELLA group al-
though pre-ECPR pH and lactate levels were similar to
the VA-ECMO group. Survivors of ECMELLA therapy
also more frequently exhibited a better neurologic out-
come at hospital discharge after ECPR. First, one po-
tential explanation for the survival benefit in favor of
ECMELLA might be the differential use of ECMELLA
and VA-ECMO during ECPR: most of the ECMELLA
cases had an AMI as the cause of cardiac arrest (79.7%)
while VA-ECMO alone was less frequently used in
these patients (51.8%). Instead, VA-ECMO was em-
ployed for indications such as PE (9.5%) or miscel-
laneous causes of cardiac arrest (28.2%), which have
worse prognosis: PE has been reported in 2-5% of
OHCA cases with high-mortality rates between 65%
and 95% (47, 48). The current use of ECMELLA and
VA-ECMO for different clinical indications across
institutions highlights the urgent need for further re-
search informing guideline recommendations on MCS
during ECPR. Additionally, studies investigating ho-
mogenous cohorts (i.e., a single etiology of cardiac
arrest) are required, as, for example, the multicenter
International Registry on Unloading during Cardiac
Arrest registry (NCT05175898) studying patients
with cardiac arrest and ECPR due to AMI exclusively.
Second, the percentage of patients with initial shock-
able electrocardiogram rhythms was higher in the
ECMELLA group, which could have influenced its bet-
ter outcome. Third, another explanation for the dimin-
ished survival outcomes in the VA-ECMO group might
be the retrograde aortic perfusion leading to increased
LV afterload resulting in higher LV end-diastolic
volume and pressure, elevated cardiac wall stress, and
stroke work associated with increased myocardial ox-
ygen consumption and mitochondrial dysfunction
(49), as being previously reported (50). LV overload
may result in pulmonary edema, LV blood stasis, and

Critical Care Medicine

hampered myocardial recovery. Thus, mechanical LV
unloading with Impella should be considered, which
has become an increasingly used and effective solu-
tion in recent years (17, 18). Impella causes three main
effects: increase in cardiac power output, increase in
oxygen supply, and decrease in oxygen demand, which
may explain the better survival rate compared with
VA-ECMO alone during refractory cardiac arrest.
Indeed, survival benefits with ECMELLA compared
with VA-ECMO alone have recently been shown in ob-
servational studies and meta-analyses in patients with
AMI-induced cardiogenic shock, while research on LV
unloading during refractory cardiac arrest has only
been emerging recently (19-21). As of now, there is a
lack of RCTs showing a benefit of ECMELLA therapy in
refractory cardiac arrest. This meta-analysis included
sensitivity analyses across studies with PS match-
ing and confounder adjustment, in which the pooled
results showed stronger benefits toward ECMELLA
therapy. The stronger benefits might be explained due
to a higher proportion of patients with AMI in the
PS-matched studies and exclusion of extremely criti-
cally ill patients based on covariate balancing as a con-
sequence of PS matching. However, the results of the
aforementioned sensitivity analyses were not statisti-
cally significant due to smaller study sizes and, thus,
lower study power. Although ECPR criteria have been
defined by international committees (5), there are
currently no established consensus criteria when LV
unloading should be considered during ECPR. Hence,
there is an urgent need for further research to better
define indications and timeframes of LV unloading on
VA-ECMO therapy in ECPR as reinforced by the data
presented in this meta-analysis.

Of note, clinicians should consider complications
caused by MCS during ECPR, such as increased risk
of bleeding, hemolysis, or renal replacement therapy
that can have a significant impact on mortality.
Therefore, close monitoring of ECPR patients is nec-
essary. However, the analysis of complications in this
study clearly indicated that the survival advantage of
ECMELLA therapy might not be due to an increased
complication rate with VA-ECMO therapy.

LV unloading during ECPR is an emerging treat-
ment strategy with an increasing number of stud-
ies being published in recent years from a limited
number of ECPR centers. While there are three
smaller and conflicting RCTs comparing ECPR
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to conventional CPR (1-3), there has not yet been
a single RCT investigating LV unloading during
ECPR. Therefore, all studies included into this meta-
analysis were observational, either based on retro-
spective or prospective data collection. Hence, the
quality assessment for risk of bias showed an overall
serious to critical risk of bias and the evidence was
very uncertain. However, as ECPR represents a chal-
lenging field for clinicians with time constraints and
limited patient information before ECPR initiation,
as well as ethical restrictions (given no patient con-
sent during cardiac arrest), the collection of prelim-
inary study data is crucial to inform best clinical
practice and eventually the conception of a future
RCT on LV unloading during ECPR.

Study data revealed interinstitutional heterogeneity.
Possible reasons might be a limited number of studies
on LV unloading during ECPR, clinician-based vari-
ations in decisions on LV unloading and a strong im-
balance in ECPR use across institutions. Additionally,
variations in the etiology of cardiac arrest between
different studies (e.g., different rates of AMI) may in-
crease study heterogeneity. Furthermore, the type of
Impella being used and the time of implantation were
not recorded in this meta-analysis. The relatively strict
approach by clinicians to consider patients for ECPR
treatment may explain publication bias due to a lack
of larger ECPR study cohorts. To increase the number
of included studies, we included gray literature and
contacted study authors to provide missing data.
Additionally, ECPR subgroups from primary cardio-
genic shock studies were included. The main results on
mortality remained robust in all sensitivity analyses.

CONCLUSIONS

Indications, frequency, and mortality for ECMELLA
support varied strongly between institutions because
heterogeneous causes of cardiac arrest cases were
treated with ECMELLA. ECMELLA support during
ECPR might be associated with improved survival and
good neurologic outcomes across studies. In partic-
ular, ECMELLA therapy showed a significant survival
benefit in study populations with higher proportions
of AMI, IHCA, shorter low-flow times, and benign
pre-ECPR metabolic conditions as well as in cen-
ters with greater ECPR volumes. Despite better sur-
vival, ECMELLA therapy was associated with higher
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complication rates than VA-ECMO therapy. Therefore,
ECMELLA therapy might be considered in well-
selected patients with refractory cardiac arrest in close
consideration of potential post-procedural complica-
tions. Given considerable risk of bias and a very uncer-
tain evidence of the included studies, further scientific
evidence is urgently required to formulate best clinical
practice and to inform standardized guidelines on the
use of LV unloading during ECPR.
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