International Journal of Cardiology 419 (2025) 132690

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

ELSEVIER

Check for

The effect of intra-aortic balloon pump on survival and neurological
outcome in patients treated with extracorporeal cardiopulmonary
resuscitation: A meta-analysis and systematic review

Alberto Marabotti ", Giovanni Cianchi®, Pietro Bertini”, Simona di Valvasone ?,
Chiara Lazzeri®, Pasquale Bernardo ¢, Fabio Sangalli ¢, Gianluca Paternoster ¢, Luca Biavati’,
Adriano Peris?, Manuela Bonizzoli ®

2 Intensive Care Unit and Regional ECMO Referral Centre, Azienda Ospedaliero-Universitaria Careggi, Florence, Italy

b Anesthesia and Intensive Care Medicine, Casa di Cura San Rossore, Pisa, Italy

¢ Cardiac Intensive Care Unit, Careggi University Hospital, Florence, Italy

d Anesthesia and Intensive Care, ASST Valtellina e Alto Lario, Sondrio, Italy

€ Department of Health Science, Anesthesia and ICU, School of Medicine University of Basilicata San Carlo Hospital, Potenza, Italy
f Albert Einstein College of Medicine, Jacobi Medical Center, New York, USA

ARTICLE INFO ABSTRACT

Keywords:

ECPR

Extracorporeal cardiopulmonary resuscitation
Intra-aortic balloon pump

Introduction: Extracorporeal cardiopulmonary resuscitation (ECPR) is increasingly used to treat refractory cardiac
arrest, although with variable results in survival and neurological outcomes. The intra-aortic balloon pump
(IABP) showed mixed effects on survival in veno-arterial extracorporeal membrane oxygenation. Furthermore,
the impact of IABP on survival and neurological outcomes in ECPR recipients has yet to be fully investigated.

IABP . . o . .
Cardiac arrest Methods: We searched relevant databases for studies concerning ECPR recipients and intra-aortic balloon pump
ECMO with information on survival and neurological outcomes. The inverse variance method (95 % confidence in-

tervals) was used to determine the odds ratios of outcomes. We decided on a priori use of the random-effects
model with the Hartung-Knapp adjustment.

Results: We included in our analysis nine cohort studies dealing with a total of 4994 patients. The association of
IABP with ECPR was associated with a survival benefit compared to ECPR alone: 1029/3124 (32.9 %) patients
survived in the ECPR+IABP group versus 379/1870 (20.2 %) in the ECPR group, OR 1.94, 95 % CI [1.36 to
2.771. Survival with good neurological outcome was analyzed in 4 studies for 4018 patients. The association of
ECPR and IABP was associated with a not significant advantage in survival with favorable neurological outcome
compared with ECPR alone: 555/2687 (20.7 %) patients with good neurological outcome in the group of
ECPR+IABP versus 149/1331 (11.2 %) patients in the group of ECPR, OR 1.33, 95 % CI [0.61 to 2.92].
Conclusions: The association of IABP and ECPR significantly increases survival rates compared to ECPR alone.
Nevertheless, the impact on favorable neurological outcomes remains uncertain.

1. Introduction refractory CA [3,4]. ECPR aims to guarantee oxygenated blood flow

adequate for metabolic needs, preventing exceeding the threshold of

Cardiac arrest (CA) is the third leading cause of death in Europe, with
an annual incidence of out-of-hospital-cardiac arrest (OHCA) between
67 and 170 per 100,000 inhabitants [1]. Similar data come from the U.S.
with an incidence of OHCA of 74.3 individuals per 100,000 inhabitants
[2]. Extracorporeal cardiopulmonary resuscitation (ECPR) is a type of
veno-arterial extracorporeal membrane oxygenation (ECMO) implanted
during the conventional cardiopulmonary resuscitation (cCPR) of

irreversible organ damage [4]. The interest in ECPR has progressively
grown: the Extracorporeal Life Support Organization (ELSO) Registry
documented an increase in annual ECPR cases from less than 100 in
2009 to almost 2500 in 2023 [5]. Three recent randomized control trials
(RCT) obtained different results in survival and neurological outcomes
of ECPR recipients. Nevertheless, the ARREST [6], Prague OHCA [7], and
INCEPTION [8] trials presented substantial differences in eligibility,
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randomization, setting, and hospital organization, explaining the dif-
ference in the outcomes achieved [9]. A recent meta-analysis [10]
demonstrated that ECPR is associated with a reduction in mortality
compared to cCPR (OR 0.67, 95 % CI 0.51-0.87, p = 0.0034), but this
benefit is lost when including only the OHCA population (OR 0.76, 95 %
CI 0.54-1.07, p = 0.12). The growing pieces of evidence on ECPR
induced the American Heart Association (AHA) to make a recommen-
dation on ECPR [11]: “Use of ECPR for patients with cardiac arrest re-
fractory to standard ACLS is reasonable in select patients when provided
within an appropriately trained and equipped system of care” (Class of
recommendation 2a; Level of evidence B-R).

The intra-aortic balloon pump (IABP) is a polyethylene balloon that
inflates and deflates by electrocardiogram or pressure triggers. IABP
increases diastolic blood pressure, decreases afterload, increases coro-
nary perfusion pressure, and provides modest ventricular unloading
[12]. After the publication of the IABP-Shock II trial in 2012, in which
IABP was not able to improve survival [13] and 6-year outcomes [14] in
patients with cardiogenic shock due to acute coronary syndrome, the use
of counterpulsation has progressively declined. The European Society of
Cardiology guidelines [15] downgraded the use of IABP in cardiogenic
shock from Class I to Class III (“not recommended”). However, IABP still
has a role in veno-arterial ECMO as it could reduce left ventricular
afterload, facilitating the unloading, even if it seems to provide only a
modest leftward shift in the pressure-volume loop during VA ECMO
[12]. A recent meta-analysis demonstrated the survival benefit of ECMO
plus IABP compared to no mechanical circulatory support and that
ECMO plus IABP was superior to ECMO alone in patients with cardio-
genic shock [16].

Nevertheless, the role of IABP in ECPR recipients is not completely
clear. During the initial phase of ECPR, patients have no ventricular
ejection, so the unloading role of IABP is negligible. Conversely, the
pulsatility induced by IABP or the early unloading at the recovery of
cardiac native function could have a positive impact on survival.

This study investigates whether IABP plus ECPR is associated with
increased survival and favorable neurological outcomes compared to
ECPR alone.

2. Materials and methods

We registered the meta-analysis in the PROSPERO International
Prospective Register of systematic.

reviews (CRD42024505985.). We used the PICOS (Population,
Intervention, Comparison, Outcome, Study design) criteria:

e Patients receiving ECPR (P);

e ECPR plus IABP (D);

e ECPR alone (C);

e Survival and neurological outcome at the hospital discharge (O);

e Randomized clinical trials and observational studies (retrospective,
prospective) (S).

The systematic search was performed according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [17] by two reviewers (A. M. and G. C.).

2.1. Search strategy and study selection

We searched the MEDLINE (including PubMed) and Embase data-
bases using the search string: (“ECPR” OR “extracorporeal cardiopul-
monary resuscitation”) AND (“intra-aortic balloon pump” OR “IABP” OR
“counterpulsation”). References of relevant studies were hand-searched
to identify any additional studies. We did not apply any restriction on
publication dates. We followed the succeeding inclusion and exclusion
criteria to select relevant studies for the analysis. Inclusion criteria: all
studies concerning ECPR recipients and intra-aortic balloon pump, in-
formation on survival, and neurological outcomes. Exclusion criteria:
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non-human experimental studies, case reports. Two investigators (A. M.
and G. C.) independently assessed compliance with the selection criteria
and selected the studies for the final analysis. The PRISMA flow diagram
of the search strategy is shown in Fig. 1.

2.2. Data collection and risk of bias

We checked the eligibility assessment at the title and abstract level.

Subsequently, the final selection of included articles was based on
the complete manuscripts, in agreement between the two investigators.
Every disagreement was solved by consensus.

We created a data collection sheet based on data of interest extracted
by the two investigators. The following variables were collected: jour-
nal, first author, year of publication, country, study design, number of
patients who received ECPR plus IABP, number of patients who received
ECPR alone, number of survivals, and favorable neurological outcomes
in each group, as shown in Table 1.

We assessed the risk of bias using the Cochrane risk-of-bias tool for
randomized trials version 2 (RoB 2) [18] for each RCT included and the
Newcastle-Ottawa Scale (NOS) [19] for non-randomized studies.

The funnel plot revealed publication bias, which was confirmed by
Egger’s test [20]. When the p-value was less than 0.05, publication bias
was presumed.

2.3. Data analysis and synthesis

Computations were performed using Meta-Mar software [21]. The
inverse variance method (95 % confidence intervals [CI]) was used to
determine the odds ratios (OR) of binary outcomes.

Given the diversity of studies and populations, the authors did not
assume a common effect size and expected considerable heterogeneity.
Therefore, we decided on a priori use of the random-effects model to
reduce the probability of type II errors. The Hartung-Knapp adjustment
for the random-effects model [22] was used to obtain more adequate
error rates than the DerSimonian and Laird approach [23,24].

Effect estimates were displayed for each research as squares, and
proportions were shown with their 95 % CI as horizontal lines. Study
heterogeneity was assessed using the Q-statistic [25], tau-square, and I2
tests [26]. We assumed 12 as the main source of information about the
extent of heterogeneity: low (25 %), moderate (50 %), and high (75 %)
heterogeneity levels were used to classify it.

3. Results

We updated our search until 26 February 2024. The search yielded a
total of 184 articles, 33 after excluding duplicates. Afterward, two re-
viewers (A. M. and G.C.) independently screened titles and abstracts to
exclude studies irrelevant to our purpose. We obtained 25 articles for the
full-text review. Sixteen studies did not meet our criteria (Fig. 1). We
included in our analysis nine cohort studies dealing with a total of 4994
patients [27-35]. We did not find any randomized controlled trial
assessing our scope. The study of Chen and colleagues [30] is in the
Chinese language: we obtained data necessary for the analysis from the
English abstract. Two of the studies analyzed [28,29] included patients
for whom VA-ECMO was also implanted immediately after the return of
spontaneous circulation (ROSC) due to severe cardiogenic impairment.
We presented the studies’ characteristics in Table 1. In the supplementary
material, we presented the assigned risk of bias for each study through
the Newcastle-Ottawa quality assessment scale for the non-randomized
trials.

3.1. Analysis
We analyzed a total of 4994 patients for the survival analysis. The

association of IABP with ECPR was associated with a survival benefit
compared to ECPR alone: 1029/3124 (32.9 %) patients survived in the
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram.
Table 1
Studies’ characteristics.
Article Journal Country  Study Design ECPR + ECPR Survival in Survival in Favorable Favorable
IABP (n) (n) ECPR + IABP  ECPR (n) neurological outcome neurological
(n) in ECPR + IABP (n) outcome in ECPR (n)
Kagawa et al. Circulation Japan Retrospective 71 15 25 0 No data No data
2012 cohort study
Guru et al. Journal of Cardiac USA Retrospective 50 51 26 21 13 16
2021 Surgery cohort study
Kuroki et al. Resuscitation Japan Retrospective 762 143 282 44 257 43
2021 cohort study
Chen et al. Zhonghua Wei China Retrospective 31 168 16 46 No data No data
2022 Zhong Bing Ji Jiu Yi cohort study
Xue
Sun et al. Perfusion China Retrospective 23 10 5 1 No data No data
2023 cohort study
Scquizzato Resuscitation Plus Italy Retrospective 200 107 44 7 No data No data
et al. 2023 cohort study
Kashiura Resuscitation Japan Retrospective 1173 962 362 139 176 64
et al. 2023 cohort study
Nishimura Resuscitation Japan Retrospective 702 175 224 42 109 26
et al. 2023 cohort study
Li et al. 2024 American Journal of ~ China Prospective 112 239 45 79 No data No data
Emergency Multicenter Study
Medicine

ECPR+IABP group versus 379/1870 (20.2 %) in the ECPR group, OR
1.94, 95 % CI [1.36 to 2.77], (Fig. 2). The visual inspection of the funnel
plot does not reveal a substantial asymmetry. The Egger’s test confirmed
the absence of publication bias (p = 0.9289). Subsequently, we re-

analyzed the data after excluding the two studies involving patients
with VA-ECMO implanted immediately after ROSC [28,29] to precisely
assess the effect of IABP on ECPR recipients only. In this secondary
analysis, the survival benefit of the association of ECPR and IABP was
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Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sun etal. 2023 5 23 1 10 1.6% 250[0.25; 24.72]
Scquizzato et al. 2023 44 200 7 107 83% 4.03[1.75; 9.30] &
Kagawa et al. 2012 25 71 0 15 1.0% 17.00[0.98;296.04]
Li etal. 2024 45 112 79 239 152% 1.36[0.86; 2.16] =
Nishimura etal. 2023 224 702 42 175 17.3% 1.48[1.01; 217]
Kashiura et al. 2023 362 1173 139 962 21.3% 264[212; 3.29] (|
Chen etal. 2022 16 31 46 168 9.1% 2.83[1.29; 6.18] i
Guru et al. 2021 26 50 21 51 9.0% 155[0.70; 3.40] -ﬁ—
Kuroki et al. 2021 282 762 44 143 172% 1.32[0.90; 1.94] .
Total (95% CI) 3124 1870 100.0% 1.94 [1.36; 2.77] <
Heterogeneity: Tau? = 0.0957; Chi® = 21.74, df = 8 (P < 0.01); I* = 63% f T T 1

001 01 1 10 100

Fig. 2. Forest plot of survival analysis.

confirmed: 721/2312 (31.2 %) patients survived in the ECPR+IABP
group versus 314/1676 (18.7 %) in the ECPR group, OR 2.20, 95 %
[1.39 to 3.48]. Survival with good neurological outcome was analyzed
in 4 studies [28,29,31,34] for 4018 patients. The combination of ECPR
and IABP was associated with a not significant advantage in survival
with favorable neurological outcome compared with ECPR alone: 555/
2687 (20.7 %) patients with good neurological outcome in the group of
ECPR+IABP versus 149/1331 (11.2 %) patients in the group of ECPR,
OR 1.33, 95 % CI [0.61 to 2.92], (Fig. 3). The visual inspection of the
funnel plot reveals a mild degree of asymmetry.

Regarding neurological outcome, we did not meta-analyze data
excluding the two studies involving VA-ECMO even implanted after
ROSC [28,29] due to the scarcity of the remaining data.

The drapery plots and funnel plots are presented in supplementary
materials.

4. Discussion
4.1. Key findings

Our analysis demonstrated a significant increase in survival rates for
ECPR recipients when an intra-aortic balloon pump is used in conjunc-
tion with extracorporeal membrane oxygenation compared to ECMO
alone. Specifically, survival rates were 32.9 % in the ECPR-+IABP group
versus 20.2 % in the ECPR group alone (Fig. 2). This finding is robust, as
it persisted even when excluding patients who received VA-ECMO
immediately after the return of spontaneous circulation (ROSC), indi-
cating a direct benefit from IABP use. Only four studies evaluated
neurological outcome. Applying a random-effect model (Fig. 3 and
supplementary materials), we did not obtain a statistically significant
advantage in survival with a favorable neurological outcome in the
group of IABP+ ECPR.

4.2. Relationship to previous studies

Previous studies have shown mixed results regarding the survival
benefits of IABP with VA-ECMO in cardiogenic shock. Some meta-
analyses reported no benefit of ECMO plus IABP in cardiogenic
[36,37] or post-cardiotomy shock [38]. Conversely, one study reported
a beneficial effect only on weaning from extracorporeal support [39],
others a survival advantage only in the subgroup of patients with

cardiogenic shock after acute myocardial infarction [40,41], and yet
another study demonstrated a decreased in-hospital death in the whole
cardiogenic shock population [42]. The recent network meta-analysis by
Low et al. [16] showed a lower mortality rate when IABP is used with
VA-ECMO compared to all other forms of mechanical circulatory sup-
port (HR, 0.55, 95 % CI 0.46-0.66). However, patients undergoing ECPR
seem to be a peculiar group of subjects receiving VA-ECMO, and it is
challenging to interpret data obtained from studies of patients with
cardiogenic shock from the perspective of ECPR. Our study uniquely
contributes to this literature by explicitly focusing on the ECPR popu-
lation, suggesting that adding IABP to ECMO may improve survival in
refractory cardiac arrest.

4.3. Significance of study findings and what this study adds to our
knowledge

Our research suggests that IABP may enhance survival in ECPR
scenarios. As ECPR is used as a last-resort therapy in cardiac arrest and
mortality is still high, the potential advantage of IABP combined with
ECPR could be relevant in clinical practice. While IABP is traditionally
used to manage cardiac after-load and to improve coronary perfusion, its
application in ECPR could be particularly beneficial, providing a pul-
satile flow and unloading the left ventricle in the recovery phase.
However, the hemodynamic effects of IABP in ECPR may differ from
those displayed in patients with cardiogenic shock treated with veno-
arterial ECMO.

In an animal model of ECPR [43], the combination of IABP and VA-
ECMO does not significantly modify carotid blood flow but induces a
statistically significant decrease in coronary blood flow compared to VA-
ECMO alone (p = 0.004). Farag et al. obtained similar results in a mock
circulation loop study showing no significant variation in cerebral
perfusion, but an incremental reduction in coronary blood flow at the
progressive reduction of biventricular function [44]. However, the ef-
fects on regional blood flow could be affected by cardiac function re-
covery. Yang and colleagues divided their patients into a low pulse
pressure group (< 10 mmHg) and a high pulse pressure group (> 10
mmHg). They demonstrated that adding IABP in patients with poor
native function (pulse pressure < 10 mmHg) significantly decreases
cerebral blood flow [45]. Similarly, Xu et al. demonstrated a dramatic
decrease in left carotid artery blood flow, but not in right carotid and
efflux tract of aorta, in patients on IABP and pulse pressure less than 5

Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nishimura etal. 2023 109 702 26 175 259% 1.05[0.66;1.68] ———
Kashiura et al. 2023 176 1173 64 962 29.8% 2.48[1.84;3.34] i ——
Guru et al. 2021 13 50 16 51 165% 077[0.32;183] ———B———
Kuroki et al. 2021 257 762 43 143 27.8% 1.18[0.80;1.74] —l—
Total (95% CI) 2687 1331 100.0% 1.33[0.61;2.92] .
Heterogeneity: Tau® = 0.1908; Chf = 16.35, df = 3 (P < 0.01); I = 82%

05 1 2

Fig. 3. Forest plot of neurological outcome analysis.
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mmHg. In their study, the reduction in carotid blood flow was reversed
at the interruption of aortic counterpulsation, but also by increasing
ECMO blood flow [46]. Therefore, in the case of extremely reduced
native cardiac output, IABP may jeopardize the achievement of
adequate cerebral perfusion pressures, arising as an obstacle to the
countercurrent ECMO blood flow, although the interplay of cardiac
output, ECMO flow, and IABP effects are difficult to predict.

The role of a pulsatile flow in extracorporeal support needs to be
clarified. During cardiopulmonary bypass, the pulsatile flow has been
advocated instead of continuous flow devices, but short-term or long-
term benefits have not yet been established [47-49]. The loss or the
persistence of low pulse pressure (< 10 mmHg) in ECPR patients has
been strongly associated with a reduction in the chance of weaning and
survival [50,51]. Recently, an analysis (not yet peer-reviewed) of more
than nine thousand patients on peripheral VA-ECMO in the ELSO reg-
istry [52] found that pulsatile pressure < 10 mmHg in the first 24 h was
independently associated with acute brain injuries (adjusted odds ratio
1.25, 95 % confidence interval = 1.06-1.48, p = 0.01). In experimental
models of cardiac arrest, assuring pulsatile extracorporeal perfusion
maintains endothelial integrity [53,54] and improves cerebral oxygen-
ation [55].

Nevertheless, more relevant determinants of neurological recovery
in post-cardiac arrest patients treated with ECPR seem to be the times of
‘no-flow’ and ‘low-flow’ [56-58]. Our research found no studies
providing information on ‘no-flow’ time and only two studies reporting
data on bystander CPR rate and ‘low-flow’ time [31,34]. The first one
showed similar rates of bystander CPR and no statistically significant
difference in ‘low-flow’ time between the two groups [31]. Conversely,
the other study reported substantial differences: the group of IABP
exhibited a shorter ‘low-flow’ time and a higher incidence of bystander
CPR compared to the group of ECPR alone [34].

Furthermore, VA-ECMO increases left ventricular after-load leading
to ventricular distension that can impair myocardial recovery [59].
Several strategies have been proposed to deal with this issue (intra-
aortic balloon pump, trans-septal atrial or pulmonary catheters, direct
left ventricular venting, transaortic devices like Impella®) with mixed
results on mortality [60]. In this context, IABP demonstrated a lower
complication rate than the other unloading techniques [61,62].

Therefore, during VA ECMO support, the addition of IABP could be
beneficial, providing a pulsatile flow in the early phases of resuscitation
when cardiac activity is still compromised and preventing left ventric-
ular distension. In this respect, the timing of the IABP insertion could be
pivotal, modifying regional blood flow.

4.4. Strengths of the study

This is the first meta-analysis specifically addressing the effects of
IABP on the restricted population of patients for whom VA-ECMO is
implanted for refractory cardiac arrest.

Our meta-analysis showed a survival benefit in patients treated with
IABP and ECPR. Therefore, this preliminary finding could suggest
considering the early insertion of IABP in cardiac arrest patients sub-
mitted to extracorporeal resuscitation.

4.5. Limitations of the study

The absence of randomized controlled trials in our analysis and the
reliance on retrospective data limits the ability to infer causality from
the observed associations. The heterogeneity in study designs and their
retrospective nature increase the risk of ‘selection bias,” perhaps
contributing to the observed survival advantage in IABP recipients:
patients treated with ECPR for whom was expected an unfavorable
neurological recovery or a bad prognosis in the early stages could not
have received aortic counterpulsation due to futility. Otherwise, the
observational nature of studies analyzed, the absence of precise data
concerning IABP insertion timing, and the high risk of early mortality
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could lead to the development of the ‘immortal time bias’: all patients
received ECPR at time zero; some also received IABP at a not-
prespecified time. Therefore, all the patients who experienced death
before the IABP insertion were necessarily included in the ‘ECPR alone’
group. Consequently, the IABP recipients appear to be ‘immortal’ until
they receive the treatment (aortic counterpulsation) analyzed, thus
potentially favoring survival in IABP+ECPR recipients.

The interpretation of our results on survival with favorable neuro-
logical recovery is challenging: we found only four studies, with no data
on ‘no flow’ time and unreliable data on ‘low-flow’ time.

Finally, the timing of IABP insertion and removal during ECPR was
unknown in the studies analyzed, making it more challenging to un-
derstand regional blood flow variation induced by IABP during coun-
tercurrent ECMO blood flow in the stages of cardiac recovery.

4.6. Future studies and prospects

The accurate timing of the intra-aortic balloon pump insertion could
be pivotal in affecting survival and modifying regional blood flow.
Moreover, assessing the impact of aortic counterpulsation on the
neurological outcome should consider the times of “no-flow” and “low-
flow” intervals. Therefore, a randomized control trial is crucial to
investigate these issues through the precise selection and randomization
of ECPR recipients. Understanding patient-specific factors that influence
the effectiveness of IABP could also lead to more targeted and individ-
ualized therapeutic strategies. Nevertheless, given the restricted number
of subjects receiving ECPR, we acknowledge the complexities of real-
izing an RCT that targets this issue.

5. Conclusions

This meta-analysis systematically evaluates the efficacy of intra-
aortic balloon pump (IABP) in conjunction with extracorporeal cardio-
pulmonary resuscitation (ECPR). It reveals that IABP is associated with a
significant increase in survival rates compared to ECPR alone. Never-
theless, the impact on favorable neurological outcome remains uncer-
tain, indicating that while IABP can improve immediate survival
chances, its role in long-term recovery warrants further investigation. As
such, our study underscores the need for rigorous randomized controlled
trials to explore these findings comprehensively and to optimize IABP
application in ECPR settings, ensuring the best possible outcomes for
patients experiencing refractory cardiac arrest.
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