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Intraoperative extracorporeal support 
for lung transplant: a systematic review 
and network meta-analysis
Tommaso Pettenuzzo1†, Honoria Ocagli2†, Nicolò Sella1, Alessandro De Cassai1, Francesco Zarantonello1, 
Sabrina Congedi3, Maria Vittoria Chiaruttini2, Elisa Pistollato3, Marco Nardelli3, Martina Biscaro3, 
Mara Bassi3, Giordana Coniglio3, Eleonora Faccioli4, Federico Rea4, Dario Gregori2, Paolo Navalesi1,3*†, 
Annalisa Boscolo1,3,4† and the PADOVA ICU Group 

Abstract 

Background In the last decades, veno-arterial extracorporeal membrane oxygenation (V-A ECMO) has been gaining 
in popularity for intraoperative support during lung transplant (LT), being advocated for routinely use also in uncom-
plicated cases. Compared to off-pump strategy and, secondarily, to traditional cardiopulmonary bypass (CPB), V-A 
ECMO seems to offer a better hemodynamic stability and oxygenation, while data regarding blood product transfu-
sions, postoperative recovery, and mortality remain unclear. This systematic review and network meta-analysis aims 
to evaluate the comparative efficacy and safety of V-A ECMO and CPB as compared to OffPump strategy during LT.

Methods A comprehensive literature search was conducted across multiple databases (PubMed Embase, Cochrane, 
Scopus) and was updated in February 2024. A Bayesian network meta-analysis (NMA), with a fixed-effect approach, 
was performed to compare outcomes, such as intraoperative needing of blood products, invasive mechanical ventila-
tion (IMV) duration, intensive care unit (ICU) length of stay (LOS), surgical duration, needing of postoperative ECMO, 
and mortality, across different supports (i.e., intraoperative V-A (default (d) or rescue (r)) ECMO, CPB, or OffPump).

Findings Twenty-seven observational studies (6113 patients) were included. As compared to OffPump surgery, V-A 
ECMOd, V-A ECMOr, and CPB recorded a higher consumption of all blood products, longer IMV durations, prolonged 
ICU LOS, surgical duration, and higher mortalities. Comparing different extracorporeal supports, V-A ECMOd and, 
secondarily, V-A ECMOr overperformed CPB in nearly all above mentioned outcomes, except for RBC transfusions. The 
lowest rate of postoperative ECMO was recorded after OffPump surgery, while no differences were found compar-
ing different extracorporeal supports. Finally, older age, male gender, and body mass index ≥ 25 kg/m2 negatively 
impacted on RBC transfusions, ICU LOS, surgical duration, need of postoperative ECMO, and mortality, regardless 
of the intraoperative extracorporeal support investigated.
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Interpretation This comparative network meta-analysis highlights that OffPump overperformed ECMO and CPB 
in all outcomes of interest, while, comparing different extracorporeal supports, V-A ECMOd and, secondarily, V-A 
ECMOr overperformed CPB in nearly all above mentioned outcomes, except for RBC transfusions. Older age, male 
gender, and higher BMI negatively affect several outcomes across different intraoperative strategies, regardless 
of the intraoperative extracorporeal support investigated. Future prospective studies are necessary to optimize 
and standardize the intraoperative management of LT.

Keywords Lung transplant, Transplantation, ECMO, Extracorporeal membrane oxygenation, CPB, Cardiopulmonary 
bypass

Background
Lung transplant (LT) is the definitive life-saving option 
for the treatment of selected patients with end-stage 
pulmonary disease. Although in the last decades several 
efforts have been made to improve short- and long-term 
outcomes, as a complex surgery on fragile patients, LT is 
burdened by high postoperative morbidity and mortality, 
with an estimated 5-year survival rate around 60%, lower 
than for all other solid organ transplants [1, 2]. Aiming at 
optimizing intraoperative management and maintaining 
hemodynamic and respiratory stability, extracorporeal 
life support has been increasingly applied during LT with 
evolving strategies [3]. While initially off-pump surgery 
was the traditional choice for LT and cardiopulmonary 
bypass (CPB) was reserved for intraoperative mechani-
cal support only in high-risk cases, more recently veno-
arterial extracorporeal membrane oxygenation (V-A 
ECMO) has been gaining in popularity, being applied 
routinely also in uncomplicated patients [4]. Actually, 
since the study by Hoetzenecker et  al. that in a retro-
spective cohort of 582 bilateral LT demonstrated lower 
primary graft dysfunction (PGD) rate and greater sur-
vival in patients intraoperatively supported by preemp-
tive V-A ECMO compared to those transplanted without 
ECMO [5], other works confirmed the beneficial effects 
of the routine use of default ECMO for LT compared to 
off-pump surgery with rescue mechanical support [3, 
5–10]. Despite these promising results, the intraopera-
tive use of extracorporeal life support for LT remains a 
matter of debate with no universally accepted indications 
and high practice variability among referral centers [3, 
5–10]. Indeed, while extracorporeal mechanical support 
guarantees intraoperative lung protective ventilation, 
hemodynamic stability, and controlled graft reperfusion, 
minimizing the stress to the patient and grafts, it also 
carries the risks associated with cannulation, hepariniza-
tion, and inflammatory response [3, 11–13].

Therefore, we designed the present systematic review 
and meta-analysis of randomized controlled trials (RCT) 
and observational studies, aiming at assessing among 
adult patients undergoing LT (P), whether the intraop-
erative mechanical support with CBP or V-A ECMO (I), 

compared to off-pump technique (C), results in different 
clinical outcomes (i.e., intraoperative transfusion require-
ments, duration of postoperative invasive mechanical 
ventilation (IMV), intensive care unit (ICU) length of stay 
(LOS), surgical duration, rate of postoperative prolonga-
tion of ECMO support, and mortality) (O).

Materials and methods
This review was written according to the PRISMA Exten-
sion Statement for Reporting of Systematic Reviews 
Incorporating Network Meta-analyses of Health Care 
Interventions [14, 15] and according to a predefined pro-
tocol registered in PROSPERO (CRD42023421857) on 
May 7, 2023.

Data sources and searches
A comprehensive search was conducted in PubMed 
(through Medline), Embase, Cochrane (through Ovid), 
and Scopus from their inception and was updated in Feb-
ruary 2024. Supplementary Table  1 (Table  S1) provides 
the search strategies for the four databases.

Two reviewers (PT, SN) independently screened the 
titles and abstracts to assess potential eligibility. Any 
entry identified by either reviewer advanced to the full-
text eligibility review. Pretested eligibility forms were 
used for the full-text review, which was also conducted 
in duplicate. Any disagreements were resolved by a third 
adjudicator (BA or OH) through consensus.

Study selection
The review focused on RCTs and observational studies 
that included adult patients aged 18 years or older under-
going LT and compared the effects of intraoperative V-A 
ECMO, whether used prophylactically (default ECMO, 
ECMOd) or as a rescue support in case of complications 
(rescue ECMO, ECMOr), and CPB versus off-pump pro-
cedures (comparator) on intraoperative and postopera-
tive outcomes.

The main outcomes assessed were intraoperative red 
blood cell (RBC) transfusion (units), fresh frozen plasma 
(FFP) transfusion (units), platelet (PLT) transfusion 
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(units), postoperative IMV duration (days), ICU LOS 
(days); then, surgical duration (hours), rate of postop-
erative ECMO support, and mortality (within the first 
90 days after ICU admission).

Data extraction
Data extraction was conducted by two reviewers (DCA, 
CS), with any disagreements resolved by an expert 
reviewer (BA or OH). For each eligible study, the follow-
ing data were extracted: number of patients, sex, mean 
age, preoperative body mass index (BMI), end-stage 
lung disease, and all details concerning the outcomes of 
interest. We also collected means, standard deviations 
(SD), confidence intervals (CI), and significance levels 
for continuous data, and proportions for dichotomous 
data. If data were missing, a request was sent by email 
to the corresponding author of the study. If no response 
was received after the initial request, a second request 
was sent 1 week later. A third and final request was sent 
1 week after the second one.

Quality and certainty of evidence assessment
Two authors (DCA, CS) independently assessed the qual-
ity of the included study using the Risk Of Bias in Non-
randomized Studies of Interventions (ROBINS-I) tool 
[16, 17], because no RTCs were included. The options 
for an overall RoB judgment are as follows: (i) low risk 
of bias, indicating the study is similar to a well-executed 
randomized trial; (ii) moderate risk of bias, meaning the 
study offers solid evidence for a non-randomized study 
but does not match the quality of a well-executed ran-
domized trial; (iii) serious risk of bias, where the study 
has notable issues; (iv) critical risk of bias, suggesting the 
study is too flawed to provide useful evidence and should 
be excluded from any synthesis; and (v) no information 
available to assess the risk of bias [16]. The risk of bias 
plots were prepared using the robvis tool [18, 19].

To evaluate the credibility of our NMA results, we 
employed the Confidence in Network Meta-Analysis 
(CINeMA) tool [20]. This evaluation encompasses six 
critical domains: within-study bias addresses the risk of 
bias within the included studies; reporting bias exam-
ines the completeness and appropriateness of eligible 
study inclusion; indirectness assesses the relevance of the 
included studies to the research question; imprecision 
is determined by the width of CIs around the estimates; 
heterogeneity examines the variability in results among 
the contributing studies; and incoherence evaluates the 
consistency and transitivity assumptions. We conducted 
this assessment using the CINeMA web application, 

categorizing concerns within the evidence base as major, 
some, no concerns, or undetected concerns [20].

Data synthesis and analysis
For each outcome, the following different interven-
tions have been compared through a Bayesian network 
meta-analysis (NMA) with a fixed-effect approach [21]: 
intraoperative V-A ECMOd, ECMOr, CPB support, and 
off-pump surgery.

Poster distribution of the interventions effects was esti-
mated via Markov Chain Monte Carlo (MCMC) simula-
tions (5 chains with 50,000 iterations each, burn-in for 
the initial 5000 and thinning interval of 1). The analysis 
was conducted using the “rnmamod” package in R (ver-
sion 4.3.2) (rnmamod: Bayesian Network Meta-Analysis 
with Missing Participants (r-project.org)).

Additionally, we explored the influence of potential 
mediators on the estimated interventions such as age, 
gender, and BMI fitting network meta-regression (NMR) 
models.

Further, as sensitivity analysis, we conducted subgroup 
analyses stratifying the included studies by risk of bias 
(moderate and serious), publication year (< 2010, 2010–
2019, > 2020), and geographic region (USA, Europe, 
other).

For each outcome were reported net plots visualizing 
the evidence network where each node represents a dif-
ferent intervention, and the lines between nodes indicate 
direct comparisons available from the included studies. 
The thickness of each edge correlates with the number of 
trials investigating the corresponding comparison, unless 
specified otherwise. The Surface Under the Cumulative 
Ranking (SUCRA) statistics were used to rank the inter-
ventions from best to worst for each outcome based on 
their cumulative probabilities of being ranked at each 
possible position in each simulation [22].

For each pair of compared interventions, we present 
the summarized effect measures (EM) such as the mean 
difference (MD) for continuous outcomes and odds ratios 
(OR) for binary outcomes, along with their 95% cred-
ible intervals. These effect measures provide a quanti-
fied estimate of the difference in outcomes between two 
interventions, helping to guide clinical decision-making. 
As mediation analysis results, we present the posterior 
median and 95% credible interval from NMR of the MD 
or OR for each comparison, setting the off-pump inter-
vention as a reference.

For model diagnostics, we checked for the convergence 
of the MCMC algorithm in the EM estimation and for 
the consistency between direct and indirect NMA esti-
mations for those outcomes that presented at least one 
indirect comparison: intraoperative FFP, intraoperative 
PLT, postoperative ECMO, and late mortality.
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Finally, the deviance information criterion (DIC) was 
used to compare the NMA model with the NMR model. 
If the difference in DIC exceeds 5, the network meta-
regression model is preferred; if the difference in DIC 
is less than − 5, the network meta-analysis model is pre-
ferred; otherwise, models are considered equivalent [19].

Results
Descriptive characteristics and risk of bias of the included 
studies
The search yielded a total of 10,082 results. After iden-
tifying and removing 4313 duplicates, 5769 studies 
remained for the title and abstract screening phase. This 
process resulted in 122 articles being selected for full-text 
assessment, of which 27 studies were ultimately included 
in the review, encompassing a total of 6113 patients 
available for analysis (Fig.  1). The characteristics of the 
included studies are overviewed in Table  1, while the 
individual contribution of the studies to each outcome is 
summarized in Table S2.

Figure 2 and Tables S3 and S4 report the analysis of the 
risk of bias. Overall, 24 (89%) studies were rated at seri-
ous risk [5, 9, 23–45], while 3 (11%) were rated at moder-
ate risk [46–48].

Effects of intervention
Figure  3 provides the net plot of the network for each 
outcome, while Tables  2 and S5 report the estimated 
overall effect measures for each outcome.

RBC, FFP, and PLT transfusions
Compared to off-pump strategy, all intraoperative extra-
corporeal supports were associated to a greater need of 
RBC transfusions (ECMOd: mean 2.09 units, 95% CrI 
1.84–2.34; ECMOr: mean 2.37 units, 95% CrI 1.75–2.99; 
and CPB: mean 1.41 units, 95% CrI 0.93–1.90, respec-
tively). In addition, CPB overperformed both ECMOd 
and ECMOr in terms of RBC transfusions (mean − 0.68 
units, 95% CrI − 1.16, − 0.20 and − 0.96 units, 95% 
CrI − 1.73, − 0.18, respectively).

ECMOd, ECMOr, and CPB needed more FFP trans-
fusions (mean 2.39 units, 95% CrI 2.03–2.74; mean 1.99 
units, 95% CrI 1.19–2.78; and mean 3.61 units, 95% CrI 
2.94–4.28, respectively). However, CPB required more 
FFPs than ECMOd and ECMOr (mean 1.22 units, 95% 
CrI 0.64–1.80 and mean 1.62 units, 95% CrI 0.60–2.66, 
respectively).

Concerning PLT transfusions, only CPB needed more 
PLTs as compared to off-pump surgery (mean 1.87 units, 
95% CrI 0.74–3.05) and compared to ECMOd (mean 1.29 
units, 95% CrI 0.75–1.93).

IMV duration
Compared to OffPump strategy, ECMOd and CPB 
required longer postoperative IMV (mean 2.11 days, 95% 
CrI 1.80–2.45 and mean 6.95  days, 95% CrI 6.23–7.66, 
respectively), and CPB performed worse than ECMOd 
(mean 4.84 days, 95% CrI 4.11–5.57).

ICU LOS
Compared to OffPump strategy, ECMOd, ECMOr, and 
CPB were characterized by more prolonged ICU LOS 
(mean 2.34 days, 95% CrI 1.76–2.94; mean 2.27 days, 95% 
CrI 1.01–3.52; and mean 8.48  days, 95% CrI 7.19–9.77, 
respectively), and CPB performed worse as compared to 
ECMOd or ECMOr (mean 6.14 days, 95% CrI 4.91–7.38 
and mean 6.21 days, 95% CrI 4.40–8.03, respectively).

Surgical duration
Surgical duration was barely longer during ECMOd 
(mean 0.52 h, 95% CrI 0.33–0.72) and CPB (mean 0.69 h, 
95% CrI 0.02–1.18), as compared to OffPump surgery.

Postoperative ECMO support
A greater incidence of postoperative ECMO support was 
assessed considering all extracorporeal supports in com-
parison to OffPump strategy, with no differences between 
different extracorporeal supports.

Mortality
Mortality was greater during ECMOd (mean 2.51, 95% 
CrI 1.77–3.60), ECMOr (mean 1.82, 95% CrI 0.68–4.71), 
and CPB (mean 2.39, 95% CrI 1.63–3.49), compared to 
OffPump surgery. While, among extracorporeal sup-
ports, ECMOd was associated with the lowest mortality 
(mean 0.73, 95% CrI 0.26–1.97, compared to ECMOr, 
and mean 0.95, 95% CrI 0.64–1.40 compared to CPB).

Sensitivity analysis
The results of the sensitivity analysis according to RoB, 
publication year, and country are shown in Table 2.

Most results concerning the need of blood products 
were confirmed except for:

i) RBC transfusions, more frequently requested dur-
ing CPB as compared to ECMOd (mean 2.10 units, 
95% CrI 0.00–4.20) or ECMOr (mean 1.85 units, 95% 
CrI − 0.33–4.03), considering only studies published 
in Europe.

ii) FFP transfusions, because ECMOd overperformed 
ECMOr either considering publications realized 
between 2010 and 2019 (2.08, 95% CrI 1.41–2.74) 
or those papers published in America (1.82, 95% 
CrI 1.28–2.35). In addition, CPB decreased the need 
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of FFP transfusions, as compared to ECMOd and 
ECMOr, considering only publications released after 
2019 and from Europe.

Considering postoperative IMV, ECMOd was associ-
ated with a shorter duration of IMV after LT compared to 
CPB (mean − 7.59 days, 95% CrI − 12.68, − 2.52) consider-
ing the oldest publications.

Fig. 1 PRISMA flowchart
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When examining ICU LOS, ECMOr performed worse 
as compared to ECMOd (mean 7.17 days, 95% CrI 4.94–
9.38) considering publications released between 2010 and 
2019. Conversely, CPB performed better as compared to 
ECMOd (mean − 0.72 days, 95% CrI − 2.61–1.16) and to 
ECMOr (mean − 2.22 days, 95% CrI − 4.53–0.10), consid-
ering papers from Europe.

Finally, ECMOd overperformed OffPump surgery 
in terms of postoperative ECMOs in the case of papers 
published between 2010 and 2019 (mean − 0.64, 95% 
CrI − 1.28–0.00).

Mediation analysis
The overall effect estimates for each outcome were recal-
culated based on the studies with available mediation 
variables (i.e., age, gender, BMI) (Table 3), and the values 
reported under different conditions tell us how much the 
estimated mean effect of the mediation changes when we 
consider different levels of the mediating variables.

Considering age, the most relevant effects were 
recorded in ICU LOS, remarkably longer among patients 
aged above 50 or older, and in surgical duration, shorter 
in older patients, irrespective of the intraoperative sup-
port. All other findings were confirmed.

With regard to gender, male patients required more 
blood transfusions, experienced longer surgical dura-
tions, and a greater need of postoperative ECMOs 
compared to female patients and across different intraop-
erative strategies.

Finally, patients with a BMI above 25  kg/m2 experi-
enced worse outcomes in terms of ICU LOS, needing 
postoperative ECMO, and mortality, regardless of intra-
operative strategy.

SUCRA 
As shown in Table  4, off-pump surgery consistently 
ranked highest, with a posterior mean of 1.00 (95% CI 

1.00–1.00), recording the most favorable outcomes in 
terms of lower need of RBC and FFP transfusions, shorter 
postoperative IMV, and ICU LOS.

Moreover, OffPump demonstrated favorable benefits 
also in terms of lower rates of postoperative ECMOs 
(posterior mean of 0.99, 95% CI 1.00–1.00) and mortality 
(posterior mean of 0.96, 95% CI 0.67–1.00).

Quality of the evidence
We assessed the quality of the evidence across vari-
ous outcomes using the CINeMA tool, which resulted 
in a very low confidence rating for most comparisons 
(Table 2). The key factors that reduced the quality of evi-
dence were the high within-study bias. This bias stemmed 
mainly from methodological limitations (i.e., inadequate 
randomization, lack of blinding, and incomplete data 
handling). In many cases, reporting bias was assessed as 
low risk, but other domains such as indirectness, impre-
cision, and heterogeneity frequently presented concerns. 
For most comparisons, the evidence was downgraded 
by at least two levels due to major concerns in multiple 
domains.

The lack of adequate studies across some comparisons 
further compounded the issue, limiting our ability to test 
for publication bias or to evaluate consistency between 
direct and indirect evidence. The frequent presence of 
heterogeneity and incoherence, especially in compari-
sons with very low confidence, indicated that the effects 
might be less reliable.

Discussion
The present systematic review and meta-analysis, based 
on 27 observational studies enrolling 6113 patients, pro-
vide comprehensive insights into perioperative and post-
operative outcomes in LT recipients undergoing different 
intraoperative support (i.e., ECMOd, ECMOr, or CPB), as 
compared to OffPump strategy. The preliminary findings 

Fig. 2 Risk of bias
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of this analysis suggest that OffPump overperformed 
ECMO and CPB in all outcomes of interest, while, com-
paring different extracorporeal supports, V-A ECMOd 
and, secondarily, V-A ECMOr overperformed CPB in 
nearly all above mentioned outcomes, except for RBC 
transfusions. In fact, CPB is associated with prolonged 
recovery and weaning from IMV, greater intraoperative 
needing of FFP and PLTs, while not of RBCs.

To the best of our knowledge, the present system-
atic review and meta-analysis is the first investigation, 
focused on LT, exclusively aiming to evaluate the com-
parative efficacy and safety of V-A ECMO and CPB, as 

compared to off-pump strategy, using a well-designed 
Bayesian qualitative analysis.

Although the preliminary findings confirmed data 
of previous studies [5, 9, 23–48], a few notable devia-
tions emerged after the sensitivity analysis. Indeed, our 
analysis revealed that RBCs and FFP requirements were 
influenced by geographical and temporal variations. The 
geographical shifts could be explained, at least in part, 
by different clinical practices or perioperative protocols 
between European and American hospitals, impact-
ing on transfusion thresholds. Conversely, changes in 
coagulopathy management and the progressive replacing 

Fig. 3 Network plots of comparative outcomes for OffPump, rescue ECMO, default ECMO, and CPB. Abbreviations: ECMOd, default ECMO; ECMOr, 
rescue ECMO; ECMO, extracorporeal membrane oxygenation; CPB, cardiopulmonary bypass
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Table 2  Estimated overall effect measures and sensitivity analysis (risk of bias, publication year, country). For each estimate is reported 
the mean effect measure and the 95% credible interval. For each estimate is reported the mean and the 95% credible interval (CrI)
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of CPB with intraoperative VA-ECMO at the different 
institutions may have influenced the temporal paradigm. 
Indeed, the most recent reports demonstrated lower 
blood product transfusion rates in the ECMO group rela-
tive to the CPB one [31, 37, 41, 46]. However, no similar 
data are available on previous analysis and no compari-
son is possible.

In keeping with previous studies, on perioperative 
outcomes of mechanical support strategy in LT patients 
[32, 34, 48], our updated meta-analysis confirms that off-
pump and ECMOd groups experienced a shorter IMV 
duration and ICU LOS, as compared to CPB patients. 
Notably, our results, corroborating previous findings, 
highlight the significant impact of the variables such 
as age and BMI on ICU LOS, the rate of postoperative 
ECMOs, and mortality. In fact, older patients and those 
recipients with a BMI above 25 kg/m2 experienced longer 
ICU LOS. Even though historically, overweight LT recipi-
ents have been linked with poor post-surgical outcomes 
and BMI was incorporated as a component of the lung 
allocation score [49, 50], in a recent retrospective cohort 
of 108 bilateral LT adult recipients, a linear relation was 
reported among the BMI and ICU LOS [51]. Moreo-
ver, the relevant impact of the age on ICU LOS prob-
ably reflects the general observation that older patients 
tend to have more complex recoveries, regardless of the 
intraoperative mechanical support provided to LT recipi-
ents. Similarly, the older age seems to negatively impact 
also on surgical duration, probably due to more difficult 
cannulation, a higher risk of cardiovascular disease, and 
hemodynamic instability [52].

Finally, consistent with the result of the largest and 
most recent studies on this topic [7, 10], investigating 
the mortality rate in LT patients according to extracor-
poreal support strategy, our meta-analysis confirms that 
OffPump strategy overperforms all extracorporeal sup-
ports, although we observed a great heterogeneity among 
enrolled populations (i.e., cystic fibrosis, severe pulmo-
nary hypertension), and concerning clinical indications 
for intraoperative extracorporeal support. In fact, in the 
last decades, several authors reported promising results 
also in favor of ECMOd, and not only in the case of off-
pump [7, 10], and although our analysis suggests that 
off-pump procedures appear superior to ECMO and 
CPB in the various outcomes considered, studies sup-
porting ECMOd show positive results not only in the 

most critically ill recipients but also in recipients with 
mixed profiles. Moreover, the use of intraoperative sup-
port could limit and prevent the onset of severe PGD (an 
outcome not included in our analysis due to the high het-
erogeneity of the extracted data, which rendered it unan-
alyzable). Therefore, the development of prospective, 
ideally randomized and controlled studies is warranted to 
assess the impact of ECMO use on PGD prevention and 
survival, with standardized timing for data collection. 
Although our analysis suggests that off-pump proce-
dures appear superior to ECMO and CPB in the various 
outcomes considered, promising initial results have also 
been reported with the use of ECMOd. Studies support-
ing ECMOd show positive results not only in the most 
critically ill patients but also in mixed cohorts, particu-
larly in efforts to limit or prevent the onset of severe PGD 
(an outcome not included in our analysis due to the high 
heterogeneity of the extracted data, which rendered it 
unanalyzable)3,5,7,11,,34,35,36. Therefore, the development 
of prospective, ideally randomized and controlled studies 
is warranted to assess the impact of ECMO use on PGD 
prevention and survival, with standardized timing for 
data collection.

Limitations
Some limitations need to be declared. Firstly, a signifi-
cant portion of included studies exhibit a serious risk of 
bias across various domains, particularly in confound-
ing and outcome measurement. This raises concerns 
about the reliability of the study findings. Moreover, 
the considerable heterogeneity among studies in terms 
of design, patient populations, and clinical practices 
may introduce substantial variability, making it chal-
lenging to draw definitive conclusions from the pooled 
data. Furthermore, the limited availability of data on 
key variables, such as patient characteristics and pro-
cedural details, may hinder the accuracy and com-
prehensiveness of the analysis. Additionally, not all 
potential confounding factors are adequately accounted 
for in the analyses, which could lead to biased effect 
estimates and undermine the validity of the results. 
Finally, while mediation analysis provides insights into 
the mechanisms underlying treatment effects, the ina-
bility to fully control for all mediating variables may 
introduce uncertainty and limit the interpretability of 
the findings.

Table 2 (continued)
* Data reported in bold are statistically significant. Data reported in red are different from the original findings reported in bold (*)

Abbreviations: CrI, credible interval; ECMOd, extracorporeal membrane oxygenation, decannulated; ECMOr, extracorporeal membrane oxygenation, recannulated; 
CPB, cardiopulmonary bypass; OffPump, off-pump coronary artery bypass; IMV, invasive mechanical ventilation; RBC, red blood cells; FFP, fresh frozen plasma; PLT, 
platelets; USA, United States of America; LOS, length of stay
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Conclusions
This comparative network meta-analysis highlights that 
OffPump overperformed ECMO and CPB in all out-
comes of interest, while, comparing different extracor-
poreal supports, V-A ECMOd and, secondarily, V-A 
ECMOr overperformed CPB in nearly all outcomes of 
interest (i.e., such as intraoperative needing of FFP and 
PLTs, IMV duration, ICU LOS, surgical duration, need-
ing of postoperative ECMO, and mortality), except for 
RBC transfusions. Older age, male gender, and higher 
BMI negatively affect several outcomes across different 
intraoperative strategies, regardless of the intraoperative 
extracorporeal support investigated. Future prospective 
studies are necessary to optimize and standardize the 

intraoperative management of LT. Future prospective 
studies are necessary to confirm these findings and opti-
mize the intraoperative management of LT.

Abbreviations
V-A ECMO  Veno-arterial extracorporeal membrane oxygenation
LT  Lung transplant
CPB  Cardiopulmonary bypass
NMA  Network meta-analysis
IMV  Invasive mechanical ventilation
ICU  Intensive care unit
LOS  Length of stay
d  Default
r  Rescue
PGD  Primary graft dysfunction
RBC  Red blood cell
FFP  Fresh frozen plasma
PLT  Platelet

Table 4 Comparative effectiveness of surgical procedures: SUCRA values for each intervention for each outcome

For each intervention is reported the posterior mean and the 95% confidence interval (CI)

Abbreviations: ECMOd, extracorporeal membrane oxygenation, decannulated; ECMOr, extracorporeal membrane oxygenation, recannulated; CPB, cardiopulmonary 
bypass; OffPump, off-pump coronary artery bypass; IMV, invasive mechanical ventilation; RBC, red blood cells; FFP, fresh frozen plasma; PLT, platelets; LOS, length of 
stay

Posterior mean 2.5% 97.5%

Intraoperative RBC OffPump 1.00 1.00 1.00

ECMO default 0.27 0.00 0.33

ECMO rescue 0.07 0.00 0.33

CPB 0.66 0.67 0.67

Intraoperative FFP OffPump 1.00 1.00 1.00

ECMO default 0.39 0.33 0.67

ECMO rescue 0.61 0.33 0.67

CPB 0.00 0.00 0.00

Intraoperative PLT OffPump 0.66 0.33 1.00

ECMO default 0.53 0.16 0.67

ECMO rescue 0.74 0.00 1.00

CPB 0.07 0.00 0.33

Postoperative IMV OffPump 1.00 1.00 1.00

ECMO default 0.5 0.5 0.5

CPB 0.00 0.00 0.00

ICU LOS OffPump 1.00 1.00 1.00

ECMO default 0.49 0.33 0.67

ECMO rescue 0.51 0.33 0.67

CPB 0.00 0.00 0.00

Surgical duration OffPump 0.98 0.5 1.00

ECMO default 0.29 0.00 0.50

CPB 0.23 0.00 1.00

Postoperative ECMO OffPump 0.99 1.00 1.00

ECMO default 0.16 0.00 0.67

ECMO rescue 0.59 0.00 0.67

CPB 0.26 0.00 0.67

Mortality OffPump 0.96 0.67 1.00

ECMO default 0.22 0.00 0.67

ECMO rescue 0.51 0.00 1.00

CPB 0.30 0.00 0.67
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BMI  Body mass index
SD  Standard deviations
CI  Confidence intervals
ROBINS-I  Risk Of Bias in Non-randomized Studies of Interventions
CINeMA  Confidence in Network Meta-Analysis
MCMC  Markov Chain Monte Carlo
NMR  Network meta-regression
SUCRA   Surface Under the Cumulative Ranking
EM  Effect measures
MD  Mean difference
OR  Odds ratios
DIC  Deviance information criterion
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