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Abstract
Background Patients undergoing Extracorporeal Membrane Oxygenation (ECMO) are particularly susceptible to 
infections: 42% experience sepsis and 26% develop a nosocomial infection (NI). Whether antibiotic prophylaxis is 
effective in reducing mortality and its effects on the rate of NIs is currently unclear.

Research question Can antibiotic prophylaxis decrease 30-day mortality for patients on ECMO? Can antibiotic 
prophylaxis prevent the occurrence of NIs in these patients?

Study design and methods A systematic review and meta-analysis was conducted. We searched PubMed, Scopus, 
and CINAHL libraries from inception to June 12, 2024. Two researchers were involved in abstract screening and three 
researchers were involved in full text selection.

Results A pooled population of 7,996 patients is represented by 5 retrospective studies. Reported mortality ranges 
between 46 and 58% and the NIs rate is between 14 and 62%. Regarding 30-day mortality, the random-effects model 
(I2 = 65%) indicates a non-statistically significant difference between the antibiotic prophylaxis group and the non-
prophylaxis group (OR 0.76; 95%CI 0.37–1.59). For the NIs rate, a fixed-effect model (I2 = 36%) shows an OR of 0.81 
(95%CI 0.71–0.92) in favor of the antibiotic prophylaxis group, with a number-needed-to-treat (NNT) of 39.7 patients.

Conclusion According to a very low degree of certainty, antibiotic prophylaxis appears to have no impact on the 
30-day mortality rate of ECMO recipients. The risk of NIs seems to decrease with antibiotic prophylaxis, even though 
the NNT is high. Prospective high-quality studies that address these specific clinical questions are necessary.

Clinical trial registration PROSPERO: International prospective register of systematic reviews, 2024, 
CRD42024567037.
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Introduction
In recent years, Extracorporeal Membrane Oxygenation 
(ECMO) has become more popular. The management of 
both adults and pediatric patients with acute respiratory 
or cardiac failure in the Intensive Care Unit (ICU) can be 
improved by using ECMO technique.

ECMO patients are known to be particularly vulner-
able to infections. According to the available evidence, 
approximately 42% of ECMO recipients experience sepsis 
after cannulation [1]. Patients who received ECMO had 
a 26% chance of developing nosocomial infections (NIs), 
according to a recent meta-analysis that included 30 ret-
rospective studies [2]. The prevalence of NIs ranged from 
1 to 93% [2]. An infection acquired during ECMO treat-
ment led to a significant increase in mortality rate, with 
an odds ratio of 1.91 (95% confidence interval of 1.75–
2.08) [3].

Although sepsis occurs frequently, there is still a lack 
of consensus on whether antibiotic prophylaxis can 
decrease mortality or NIs incidence in these patients [4]. 
The Extracorporeal Life Support Organization (ELSO) 
advises against antibiotic prophylaxis for patients under-
going ECMO [5]. Despite this, many ECMO centers fre-
quently use antibiotic prophylaxis using an empirical 
approach [6]. Antibiotic prophylaxis is prescribed in 74% 
of cases, as reported in a recent survey [6].

A systematic review was carried out to investigate the 
impact of antibiotic prophylaxis on 30-day mortality 
in ECMO patients. The second objective was to assess 
whether antibiotic prophylaxis has a negative impact on 
the rate of NIs in patients receiving ECMO treatment.

Study design and methods
A systematic review and meta-analysis of the literature 
was performed. The protocol of this review was pro-
spectively registered in the International Prospective 
Register of Systematic Reviews (PROSPERO: Interna-
tional prospective register of systematic reviews, 2024, 
CRD42024567037), and we reported this systematic 
review in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
reporting guidelines [7]. This study has been exempted 
from approval by the local Institutional Review Board 
because of the review of data collected from previously 
approved studies and the unidentifiable subject matter.

Eligibility criteria, search strategy and data collection
We considered any study that investigated the compari-
son between the administration of an antibiotic prophy-
laxis and no antibiotic preventive administration. To 
date, there is no agreement in the literature on a specific 
definition of antibiotic prophylaxis for ECMO patients. 
We included all studies that were specifically designed 

to investigate antibiotic prophylaxis as reported by the 
study authors.

Our research included randomized controlled trials 
(RCTs), observational prospective/retrospective studies, 
retrospective studies with propensity score matching and 
interventional studies.

The exclusion of editorials, comments, letters to the 
editor, conference papers, case reports, clinical guide-
lines, or literature reviews with or without meta-analysis 
was made.

Studies involving non-adult participants (i.e., < 18 years 
old), pregnant patients, animal subjects, and those that 
did not report outcome data were also excluded.

Searches were conducted using the electronic biomedi-
cal databases PubMed, Scopus, and Cumulative Index to 
Nursing and Allied Health Literature (CINAHL) from 
database inception to June 12, 2024. To ensure a com-
prehensive synthesis of the available literature, existing 
meta-analyses on the same topic were retrieved and ana-
lyzed during the screening phase to select relevant stud-
ies for inclusion.

One researcher (DO) created search strings for each 
database. Search strings were peer-reviewed prior to the 
execution [8] by an experienced researcher (FF) following 
the Peer Review of Electronic Search Strategies (PRESS) 
guidelines checklist [9]. Search results were imported 
into the Covidence platform by Veritas Health Innova-
tion Ltd. The keywords searched for were “antibiotic pro-
phylaxis”, “antibiotic prevention”, “chemoprophylaxis” and 
“ECMO” (in its various extensions and types). Details of 
search strings are given in the Supplementary Material 
(Table 1S in the Supplementary Material).

Two phases were involved in the selection process: 
title/abstract screening and full-text screening. After 
removing duplicate results, two researchers (DO and FF) 
performed the screening independently and blindly. By 
rediscussing conflicting cases, a consensus was reached 
regarding article eligibility, and the final decision was 
made after discussion until a third researcher (IC) was 
involved.

The following data were extracted: name of the 
author(s), year, study design, sample size(s), number of 
deaths in the intervention group and in the control group, 
nosocomial infections events in the intervention group 
and in the control group, type of ECMO (e.g., Venoar-
terial vs. Venovenous ECMO); type of cannulation (e.g., 
upper limbs vs. lower limbs); antibiotic administered. An 
electronic data extraction form was implemented using 
the Covidence platform and piloted with at least three 
of the selected articles to ensure its usefulness, appro-
priateness, and feasibility [8, 10]. The data was extracted 
cooperatively by two data extractors (DO and FF) who 
were previously trained and had the appropriate topic 
knowledge. Rediscussing conflicting cases resulted in a 
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consensus for data extraction, and the final decision was 
made after that consensus was established.

Risk of bias assessment
Two authors (DO and FF) independently assessed the 
risk of bias. Robins-I (Risk Of Bias In Non-randomized 
Studies - of Interventions) was utilized [11]. In the event 
of contradictory judgments, the authors discussed until 
they came to a consensus to resolve any disagreements.

Assessing the quality of evidence
Two reviewers (DO and FF) independently and in dupli-
cate applied the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) approach 
[12] to assess the quality of evidence for each outcome. 
We used the GRADEpro software (GRADEpro GDT; 
GRADEpro Guideline Development Tool [Software], 
McMaster University; 2020) to create the evidence 
profile.

Statistical analysis
In the execution of the meta-analysis, a binary outcome 
(number of events for each of the two groups) was iden-
tified. Fixed-effect and random-effect analyses were 
conducted. In the first model, the odds ratio (OR) was 
determined by the Mantel-Haenszel method. In the sec-
ond model, the inverse-variance method was used. The I2 
statistic was used to assess between-study inconsistency. 
The forest plots were employed to present the meta-anal-
ysis findings.

Our research focused on the ‘outliers’ to identify the 
potential causes of heterogeneity in studies. We con-
ducted an Influence Analysis to determine the most 
influential cases that contribute to the heterogeneity 
between studies. We performed various sub-analyses 
based on the characteristics of the groups. To identify 
possible causes of heterogeneity among studies, a meta-
regression (mixed-effect model) was conducted using the 
main features of the included studies. A Funnel Plot was 
used to evaluate publication bias.

Finally, we used a multivariate regression approach 
using structural equation modeling (SEM) to test the 
interaction between outcomes. The model was created by 
converting the effect size from OR to Hedges’ g and ana-
lyzing variance and covariance between the two outcome 
data sets.

The analysis was carried out with R version 4.3.2 and 
the packages meta, dmetar, tidyverse, metafor, ggplot2, 
gridExtra, robvis, esc, and metaSEM.

Results
Study selection
The initial identification process yielded 81 records. 
After removing non-relevant and duplicate records, we 

examined 28 studies through full text analysis (Fig.  1). 
The systematic review and quantitative synthesis [13–17] 
included 5 studies, accounting for a pooled population 
of 7,996 patients. The excluded studies were either not 
observational or did not include 30-day mortality or inci-
dence of NI among the outcomes considered.

Characteristics of the studies included
The main characteristics of the studies included are 
reported in Table 1. The studies were published between 
2016 and 2023. Four studies are retrospective, but two 
used a Propensity Score Matching technique to reduce 
the imbalance between the characteristics of the two 
groups [13, 14]. A quasi-experimental trial is performed 
in a single study [15].

The study by Kondo et al. [14] has a larger sample size 
(about 9,600 patients), followed by Tagami et al. (about 
2,800 patients) [13]. The remaining three studies enrolled 
fewer than 500 patients globally (e.g., 484 patients). Only 
two studies provided information on the type of patients 
enrolled. Tagami et al. enrolled patients treated with 
VA-ECMO following an out-of-hospital cardiac arrest 
(OHCA) [13], while Uçar et al. included patients treated 
with VV-ECMO for treatment of acute respiratory dis-
tress syndrome (ARDS) [16].

The mortality rate reported in the studies is between 
45% in Shah et al. [15] to 58% in Kondo et al. [14]. The 
NIs rate ranges from 14% in Kondo et al. [14] to 62% in 
Uçar et al. [16].

Regarding the type of ECMO, two studies considered 
both Venoarterial (VA) and Venovenous (VV)-ECMO 
[15, 17]. One study only considered VV-ECMO [15]. 
In the remaining two studies the type of ECMO is not 
specified.

The cannulation site is not specified for most stud-
ies. In two studies, the site of cannulation is mentioned, 
either with the lower limbs [16], or both the lower and 
upper limbs [15].

Most studies do not provide information on the anti-
biotic class used in prophylaxis or specify the antibiotic 
choice (and combination). Kondo et al. reports that they 
used a first or third generation of cephalosporins and gly-
copeptide [14]. The combination of cephazolin and glyco-
peptide is reported by Shah et al. [15].

The duration of prophylaxis is not reported in the 
studies.

The use of anti-fungal agents in prophylaxis is only 
reported in Shah et al. [15]. Two other studies [14, 17] did 
not use anti-fungal prophylaxis.

Risk of bias (RoB)
The selection of patients is a potential cause of bias 
(Fig.  2). In retrospective studies, selection bias is 
more likely to occur. Propensity score matching and 
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quasi-experimental design are used in three studies [13–
15] to reduce potential bias in selection.

Misconception may have resulted from the defini-
tion of intervention, particularly antibiotic prophylaxis. 
Despite the unique definition given by Kondo et al., most 
studies vary in their selection of antibiotics and time-
frame [14]. Shah et al. examined three different antibi-
otic protocols in their study, which made it challenging 
to compare them [15]. Two studies are at a critical risk of 
bias because they did not use a clear definition, deeming 
any antibiotic given within the first 48 h of cannulation as 
‘antibiotic prophylaxis’ [13, 16].

The study by Uçar et al. is deemed to have a potential 
bias in selecting the outcome due to multiple sub-anal-
yses [16]. Due to the retrospective nature of the studies 
and small sample sizes, casual results are more likely to 
occur.

Quantitative synthesis for 30-day mortality
The fixed-effect model shows an OR of 0.87 (95% confi-
dence interval 0.79–0.95) for the antibiotic prophylaxis 
group when compared to the non-prophylaxis group 
(Fig.  3). Since the between-studies inconsistency is sig-
nificant (I2 = 65%), we only considered the random-effects 
model, which exhibited an OR of 0.76 (95%CI 0.37–1.59). 
Due to the confidence interval passing through the unit 

(Fig. 3), the result is not statistically significant. The dif-
ferences in 30-day mortality between two groups of 
patients are not significant, even in studies using a Pro-
pensity Score Matching (OR 0.67; 95%CI 0.01–38.66) or 
quasi-experimental design (OR 1.21; 95%CI 0.78–1.88).

The study by Tagami et al. is particularly different from 
the other studies in terms of mortality rate [13]. Exclud-
ing this study, the corresponding OR is 0.88 (fixed-effect 
model; 95%CI 0.80–0.96; I2 = 35.1%).

Neither the type of ECMO nor the type of cannula-
tion seems to determine a different outcome (Figs.  1S 
and 2S in the Supplementary Material). Mortality rates 
are reported in either VA-ECMO or both VA- and VV-
ECMO studies, but no studies have exclusively reported 
mortality data for VV-ECMO (Fig. 1S in the Supplemen-
tary Material).

In addition, most studies do not furnish any informa-
tion about the site of cannulation (Fig. 2S in the Supple-
mentary Material). The cannulation of both the upper 
and lower limbs was reported by Shah et al. [15]. No data 
is available for separate cannulation of the upper and 
lower limbs.

The 30-day mortality is not reduced by prophylac-
tic administration of an antifungal agent (1.21 vs. 0.87) 
(Fig. 3S in the Supplementary Material). The only study 
[15] that employed prophylaxis with an anti-fungal agent 

Fig. 1 PRISMA flowchart. Eighty-one records were found during the initial identification process. Five studies were finally included and analyzed in the 
systematic review and quantitative synthesis, accounting for a pooled population of 7,996 patients
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has no significant effect on 30-day mortality (OR 1.21; 
95%CI 0.78–1.88).

The Egger test does not detect any significant publica-
tion bias (p = 0.595) (Fig. 4).

Quantitative synthesis for NIs rate
For the outcome of NIs rate, the fixed-effect model shows 
an OR of 0.81 (95%CI 0.71–0.92) in the antibiotic pro-
phylaxis group compared to the non-prophylaxis group, 
with a number-needed-to-treat (NNT) of 39.7 patients. 
The between-studies inconsistency is low (I2 = 36%), so 
we only considered the fixed-effect model (Fig.  5). No 
studies were found to be outliers. The only study that 
used a propensity score matching [14] shows a significant 
reduction in NIs rate (OR 0.82; 95%CI 0.72–0.94) while 
the study by Shah et al. (quasi-experimental design) is not 
statistically significant (OR 0.99; 95%IC 0.56–1.77).

In the study that included VV-ECMO patients, the 
antibiotic prophylaxis group is found to have a lower 
OR than the ones in the studies that included both VA 
and VV-ECMO (0.25 vs. 0.88) (Fig.  4S in the Supple-
mentary Material). The OR for studies with only lower 

limb cannulation is lower than for those with mixed can-
nulation (0.25 vs. 0.99) (Fig.  5S in the Supplementary 
Material).

The prophylactic administration of an antifungal agent 
does not result in a decrease in the incidence of NIs (0.99 
vs. 0.81) as shown in Fig. 6S in the Supplementary Mate-
rial. The only study [15] that employed prophylaxis with 
an anti-fungal agent has no significant effect on the inci-
dence of NIs (OR 0.99; 95%CI 0.56–1.77).

There is no significant publication bias (p = 0.397) 
according to Egger’s test (Fig. 6).

Multivariate analysis
To verify the mutual influence between the outcomes 
considered (i.e., incidence of NIs and 30-day mortal-
ity), we performed a multivariate analysis using a SEM 
approach. The results are inconclusive because of the 
small sample size and wide confidence intervals (Fig. 7). 
The fixed-effect model shows an estimated effect of -0.07 
(95%CI -0.12 – -0.02; p = 0.005) for the 30-day mortality 
outcome; and -0.11 (95%CI -0.18 – -0.04; p = 0.001) for 
the NIs rate. The random-effects model shows an esti-
mated effect of 0.03 and -0.003 for the two outcomes, 

Table 1 Characteristics of the studies included in the systematic review. PSM: propensity score matching; NS: not specified; HAP: 
hospital-acquired pneumonia; AKI: acute kidney Injury; MRSA: Methicillin-Resistant Staphylococcus aureus; PM: pacemaker; ICD: 
Implantable cardioverter-defibrillator; ICU-LOS: ICU length of stay; VV: Venovenous; LL: lower limbs; C. Diff: Clostridioides difficile
Study Design Sam-

ple 
size

Timeframe Type 
of 
ECMO

Cannulation Antibiotic protocol Outcome Mor-
tality 
rate

Nosoco-
mial In-
fections 
rate

Tagami 
et al.
2016 
[13]

Retrospective 
with PSM

2,803 2007–2013 NS NS All antibiotics adminis-
tered within 2 days after 
cannulation

Primary: 30-day 
mortality
Secondary: incidence 
of HAP

53% NS

Kondo 
et al.
2021 
[14]

Retrospective 
with PSM

9,615 2010–2017 NS NS 1st or 3rd generation 
cephalosporins (cefazoline, 
cefalotin, and cefsulodin) 
and glycopeptides (vanco-
mycin or teicoplanin)

Primary: 30-day mortal-
ity; incidence of HAP
Secondary: incidence 
of AKI, diarrhoea.

58% 14%

Shah 
et al.
2021 
[15]

Quasi-experi-
mental inter-
rupted time 
series analysis

338 2011–2014 (no 
protocol)
2014–2017 
(first protocol)
2018–2019 
(second 
protocol)

Mixed Mixed Cefazoline/vancomy-
cin (if colonized by 
MRSA) + fluconazole 
or vancomycin + ce-
fepime + fluconazole if 
implantation PM, ICD, pros-
thetic valves (first protocol)
Cefazoline/vancomycin (if 
colonized by MRSA) + flu-
conazole (second protocol)

Primary: 30-day 
mortality
Secondary: ICU LOS, 
duration of mechanical 
ventilation and nosoco-
mial infections rate

45% 17%

Uçar et 
al.
2023 
[16]

Retrospective 50 2018–2021 VV LL NS Primary: Nosocomial 
infections rate

NS 62%

Kishk 
et al.
2018 
[17]

Retrospective 96 2009–2012 Mixed NS NS Primary: Nosocomial 
infections rate
Secondary: Multidrug 
resistent bacteria isola-
tion, C. diff. isolation

46% 39%
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Fig. 3 Forest plots for 30-day mortality. The random effects model exhibited an OR of 0.76 (95%CI 0.37–1.59). Since the confidence interval crosses the 
unit, the difference was not statistically significant. We considered only the random-effect model since the high between-study inconsistency found 
(65%)

 

Fig. 2 Risk of bias in the included studies. For observational studies, the Robins-I was used to assess the risk of bias. The main source of risk of bias was in 
the definition of intervention (i.e. antibiotic prophylaxis). The two studies considered at risk of critical bias did not use an unambiguous definition, consid-
ering any antibiotic administered within the first 48 h of cannulation as an ‘antibiotic prophylaxis’
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respectively, but this model is not statistically significant 
(with a significant amount of heterogeneity: I2 = 87% for 
the first outcome and 82% for the second outcome).

Assessment of the quality of evidence
The quality of evidence for both outcomes is very low, 
highlighting the risks of bias, inconsistency, and pos-
sible confounding factors. The assessment is resumed 
in Table  2. The wide heterogeneity, inconsistency 
between studies and confounding factors linked to the 

retrospective nature of the studies make the conclusions 
reached very uncertain. Furthermore, the RoB score sug-
gests that the selection of patients is the main cause of 
the low quality of evidence obtained.

Discussion
This systematic review is the first to use rigorous selec-
tion criteria for the studies it encompasses. Our review 
suggests that antibiotic prophylaxis has no signifi-
cant effect on reducing 30-day mortality. Antibiotic 

Fig. 5 Forest plots for nosocomial infections rate. The fixed-effect model showed an OR of 0.81 (95%CI 0.71–0.92) in antibiotic prophylaxis group com-
pared to no prophylaxis group, with a number-need-to-treat (NNT) of 39.7 patients. The between-studies inconsistency was low (I2 = 36%), so we only 
considered the fixed-effect model

 

Fig. 4 Funnel plot for 30-day mortality. Egger’s test was not statistically significant (p = 0.595)
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prophylaxis seems to reduce the incidence of NIs, with 
a NNT of around 40 patients. Due to the high NNT 
found, the clinical application of antibiotic prophylaxis 
to decrease the incidence of NIs remains uncertain. The 
results may be biased due to the retrospective nature 

of the studies included. The poor quality of the studies 
included is affecting both conclusions.

Lee et al. found that the predictive factors of 30-day 
mortality are both the development of renal failure, 
hypotension, and failure to wean from ECMO [18]. 
According to the literature, cardiac and renal function 

Fig. 7 Multivariate meta-analysis model (SEM). Due to the small sample size, the results were inconclusive due to the wide confidence intervals. The 
fixed-effect model showed an estimated effect of -0.07 (95%CI -0.12 – -0.02; p = 0.005) for the 30-day mortality outcome; and -0.11 (95%CI -0.18 – -0.04; 
p = 0.001) for the nosocomial infections rate. The random-effects model showed an estimated effect of 0.03 and -0.003 for the two outcomes, respec-
tively, but this model was non statistically significant (with a significant amount of heterogeneity: I2 = 87% for the first outcome and 82% for the second 
outcome)

 

Fig. 6 Funnel plot for nosocomial infections rate. Egger’s test was not statistically significant (p = 0.397)
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are the most significant predictors of 30-day mortality in 
VA-ECMO [19–21]. The outcomes of patients undergo-
ing ECMO for ARDS are influenced by several factors, 
potentially intertwining with a synergistic effect, and are 
not easily discernible [22]. Sepsis is a common occur-
rence in these patients, but its impact on the outcome 
is uncertain. Although NIs have an impact on survival, 
with increases reported in the risk of death up to 63% in 
infected patients, an antibiotic prophylactic strategy does 
not appear to significantly alter the prognosis of these 
patients [3, 23]. Our meta-analysis suggests that the out-
come is not significantly affected by the use or absence 
of antibiotic prophylaxis. The study by Tagami et al. [13], 
which focused on OHCA patients, showed a significant 
decrease in 30-day mortality. It is uncertain whether this 
outcome is due to the patient population or the study 
design. More research is recommended to focus on spe-
cific populations that are undergoing ECMO.

Due to the scarce data regarding the different mortal-
ity and impact of antibiotic prophylaxis depending on the 
type of ECMO (i.e., VA-ECMO vs. VV-ECMO), conclu-
sions in this respect can only be provisional. The influ-
ence of the cannulation site on mortality in the presence 
of antibiotic prophylaxis is still unknown based on avail-
able data.

NIs in this population are mostly ventilation-related 
pneumonia and bloodstream infections. In both cases, 
the most implicated microorganisms are Pseudomonada-
ceae, Enterococcus species, and Candida species [23, 24]. 
Gram-positive bacteremia has been reported to occur 
with isolates of Enterococcus species and Staphylococcus 
species in other studies [25]. Given this epidemiology, it 
is probable that the use of third and fourth-generation 
cephalosporins has a positive impact on reducing the 
incidence of NIs in this population [26]. But the effective-
ness of such prophylactic choices is strongly correlated 
with the implicated microorganism. The effect observed 

in the group of patients receiving prophylaxis with the 
addition of a glycopeptide is something that should be 
taken into consideration. Glycopeptide usage could be 
burdened by several high-impact adverse events, such as 
hypotension and pancytopenia [27].

The incidence of NIs in patients with ECMO has been 
observed to partially be influenced by the clinical sever-
ity and duration of treatment, as well as by the antibiotic 
therapy itself [28]. The probability of bloodstream infec-
tion increases after 7 to 10 days after cannulation [29]. 
Extending antibiotic prophylaxis or starting early or pre-
ventive empirical therapy for cases of ECMO support 
beyond this period is still a matter of uncertainty. Infor-
mation on the duration of antibiotic prophylaxis was not 
provided in the studies included, and the literature does 
not adequately address this clinical variable. According 
to the available data, the duration of ECMO treatment 
directly affects the incidence of nosocomial infections 
[16]. However, they show that antibiotic prophylaxis is 
associated with an increase in the duration of ECMO 
treatment [15].

The risk of infection seems to be higher for patients 
who receive VA-ECMO than those who receive VV-
ECMO. During VA-ECMO initiation, the immune 
response was demonstrated to be characterized by 
immunosuppressive cytokines that were linked to an 
increased risk of infection in critical illness [30]. Accord-
ing to literature data, VA-ECMO and VV-ECMO have 
distinct differences not only in susceptibility to infec-
tions, but also in the bacteria involved and onset time 
[31]. The absence of information about the various types 
of ECMO, along with 30-day mortality, prevents us from 
determining if certain subpopulations can benefit from 
antibiotic prophylaxis to prevent NIs. In addition, the site 
of cannulation may be affected differently from antibiotic 
prophylaxis in terms of the risk of NIs. Unfortunately, the 
studies included lack sufficient data to draw conclusions 

Table 2 A summary of the GRADE evaluation for assessing the quality of evidence
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on this point. The goal of future research is to determine 
if antibiotic prophylaxis is more effective for various 
types of ECMO and cannulation, which could result in 
more precise patient selection.

Antifungal agents seem to have no effect on the effec-
tiveness of prophylaxis. In a single study, anti-fungal 
prophylaxis was utilized, but there was no statistically 
significant improvement in 30-day mortality or NIs 
observed [15]. The guidelines currently suggest the use 
of anti-fungal prophylaxis in individuals with hematopoi-
etic malignancies or neutropenia [32]. Patients may be 
exposed to drug interactions and may experience a syner-
gistic effect on prolonging the QT interval on ECG when 
using triazole agents [32]. Moreover, antifungal agents, 
especially fluconazole, exhibit comparable pharmacoki-
netic properties to glycopeptides. A decrease in serum 
concentrations can be caused by a drug seizure caused by 
circuit and membrane [33, 34].

The cost-effectiveness ratio of a prophylactic antibi-
otic strategy is unclear, particularly when considering 
the possibility of early diagnosis through Polymerase 
Chain Reaction techniques and the use of biomarkers 
[35, 36]. According to epidemiology and the prevalence 
of bacteria, on-demand treatment could appear to be the 
most efficient approach [5]. The potential risks of antibi-
otic resistance, drug interactions, intestinal microbiota 
depletion, and Clostridioides difficile (C. difficile) colitis 
can lead to the burden of routine antibiotic prophylaxis 
[37]. The emergence of antibiotic resistance is due to 
the use of antibiotics that are overused or inappropriate, 
along with the incorrect duration or dosage of therapy. 
The rate of drug-resistant bacteria infecting patients is 
steadily rising: 131 infections per 100,000 patients, and 
63% are attributed to health-care facilities (hospitals and 
other health-care settings). Drug-resistant bacteria infec-
tions have a significant risk of death of 6.44 per 100,000 
patients [38]. The costs and duration of hospitalizations 
have increased due to the emergence of multi-resistant 
bacterial infections [38]. Kishk et al. found no differ-
ence in the incidence of multidrug-resistant bacterial 
infections between the group treated with antibiotic 
prophylaxis and the group not treated with antibiotic 
prophylaxis [17]. The small sample size of this mono-
centric study makes it challenging to obtain definitive 
conclusions.

An increase in intestinal bacterial translocation may 
be caused by low blood perfusion through a non-occlu-
sive intestinal ischemia mechanism [39], but C. difficile 
infection has been linked to damage to the intestinal epi-
thelium and an increased incidence of bacterial translo-
cation [40]. It is well-known that the primary cause of C. 
difficile infections is the use of systemic antibiotic therapy 
[41]. What impact antibiotic prophylaxis in ECMO recip-
ients can have on this scenario, especially considering the 

need for infection prevention strategies in this particu-
larly susceptible population, is therefore an open field of 
research. Among the studies included in this systematic 
review, Kondo et al. found no significant difference in the 
incidence of diarrhea between the antibiotic prophylaxis 
group and the non-prophylaxis group [14]. More specifi-
cally, Kishk et al. did not find an increase in the incidence 
of C. difficile infections in the group treated with antibi-
otic prophylaxis [17]. Due to the small sample size and 
number of cases, further investigation is needed to draw 
conclusions in this case as well.

By using ECMO, serum levels of drugs, particularly 
antibiotics, can be reduced [42]. A mechanism depen-
dent on serum concentration plays a role in the effective-
ness of vancomycin or teicoplanin. Some authors suggest 
a therapeutic drug monitoring approach to reduce side 
effects and increase effectiveness [43, 44]. Failure to 
achieve minimum dosing can result in clinical ineffective-
ness, and overdosing can increase the risk of renal failure 
and mortality [45, 46]. However, the study by Kondo et 
al. did not find a higher incidence of acute kidney injury 
(AKI) in patients who received antibiotic prophylaxis 
than in the control group [14]. Neither Tagami et al. nor 
Kondo et al. demonstrated a higher requirement for con-
tinuous renal replacement therapy (CRRT) in the antibi-
otic-treated group of patients [13, 14].

Multiple treatments that involve extra-corporal circuits 
are common for critically ill patients admitted to the ICU. 
In these circumstances, it is a challenge to determine 
the influence of ECMO on both pharmacokinetic inter-
actions and effects. The concomitant use of CRRT and 
ECMO has been reported to increase the clearance of 
several antibiotics (e.g. cefepime, meropenem, piperacil-
lin-tazobactam) and antifungals [47–51]. The interaction 
between various devices should always be considered.

Specific clinical guidelines are necessary for extracor-
poreal life support patients in an era of growing interest 
in antimicrobial stewardship due to their specific char-
acteristics [52]. Further research is needed to determine 
the indication for prophylaxis, the most appropriate mol-
ecules for prophylaxis, and the epidemiological context. 
Moreover, it is crucial to compare these variables to col-
lateral damage that may result from adverse events. There 
are currently no randomized controlled trials (RCTs) in 
the literature that have addressed the topic of this sys-
tematic review. Due to the retrospective nature of the 
studies included, the conclusions of this review are only 
provisional and not completely reliable.

In summary, to determine whether antibiotic prophy-
laxis is useful in reducing the mortality of the patients 
treated with ECMO or the incidence of NIs, further con-
trolled studies as RCTs are needed to answer several clin-
ical questions raised in this review.
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Limitations
The impact of antibiotic prophylaxis on the outcome of 
ECMO patients is extremely challenging to determine. 
The first methodological limitation lies in the absence 
of agreement on a specific definition of antibiotic pro-
phylaxis for ECMO patients, leading to heterogeneity 
in clinical interventions between studies. The difficulty 
is further exacerbated due to the influence of different 
factors on the mortality of these extremely critically ill 
patients. All the studies that have evaluated the effects 
of antibiotic prophylaxis are notably different from each 
other in terms of the type of patients included, the type 
of antibiotic used, the duration of the prophylaxis, etc. 
Despite this inevitable and emerging heterogeneity, our 
systematic review and meta-analysis is an attempt to 
summarize all the available evidence to raise the attention 
of clinicians and researchers to this patient-centred topic, 
stimulating further research on the field. Some variables 
among those not reported in the studies or reported 
inconsistently, such as previous exposure to antibiotic 
therapy or the duration of ECMO treatment, could be 
relevant to determine a significant impact on mortality 
or incidence of NIs. The reliability of our results can be 
biased due to the lack of data.

Furthermore, the Kondo et al. study enrolled a signifi-
cantly larger number of participants than the other stud-
ies. This study may have had an adverse impact on the 
outcome.

Despite using methods to correct potential imbalances 
in patient characteristics in at least three of five studies, 
they are all retrospective studies, which could be affected 
by selection bias or other confounding bias. Due to this 
reason, the evidence supporting our review’s conclusions 
is very limited and provisional.

Conclusions
According to a very low degree of certainty, antibiotic 
prophylaxis appears to have no impact on the 30-day 
mortality rate of ECMO recipients. While antibiotic pro-
phylaxis appears to decrease the risk of NIs, the NNT 
is high (40 patients treated to prevent one nosocomial 
infection). Due to the absence of prospective controlled 
studies, these conclusions are circumstantial and provi-
sional. Conducting high-quality prospective studies that 
are specifically focused on antibiotic choice, prophylactic 
duration, and clinical predictors of infection, as well as 
other unanswered clinical questions, is necessary. RCTs 
are currently justified and necessary. Presently, due to the 
lack of strong evidence, following the guidelines is the 
most appropriate approach.
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