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Abstract 

Background Veno-venous extracorporeal membrane oxygenation (V-V ECMO) is a rapidly expanding life-support 
technique worldwide. The most common indications are severe hypoxemia and/or hypercapnia, unresponsive 
to conventional treatments, primarily in cases of acute respiratory distress syndrome. Concerning potential contrain-
dications, there is no mention of microbiological history, especially related to multi-drug resistant (MDR) bacteria 
isolated before V-V ECMO placement. Our study aims to investigate: (i) the prevalence and incidence of MDR Gram-
negative (GN) bacteria in a cohort of V-V ECMOs; (ii) the risk of 1-year mortality, especially in the case of predetected 
MDR GN bacteria; and (iii) the impact of annual hospital V-V ECMO volume on the probability of acquiring MDR GN 
bacteria.

Methods All consecutive adults admitted to the Intensive Care Units of 5 Italian university-affiliated hospitals 
and requiring V-V ECMO were screened. Exclusion criteria were age < 18 years, pregnancy, veno-arterial or mixed 
ECMO-configuration, incomplete records, survival < 24 h after V-V ECMO. A standard protocol of microbiological 
surveillance was applied and MDR profiles were identified using in vitro susceptibility tests. Cox-proportional hazards 
models were applied for investigating mortality.

Results Two hundred and seventy-nine V-V ECMO patients (72% male) were enrolled. The overall MDR GN bacteria 
percentage was 50%: 21% (n.59) detected before and 29% (n.80) after V-V ECMO placement. The overall 1-year mortal-
ity was 42%, with a higher risk observed in predetected patients (aHR 2.14 [1.33–3.47], p value 0.002), while not in ‘V-V 
ECMO-acquired MDR GN bacteria’ group (aHR 1.51 [0.94–2.42], p value 0.090), as compared to ‘non-MDR GN bacteria’ 
group (reference). Same findings were found considering only infections. A larger annual hospital V-V ECMO volume 
was associated with a lower probability of acquiring MDR GN bacteria during V-V ECMO course (aOR 0.91 [0.86–0.97], 
p value 0.002).
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Background
Veno-venous extracorporeal membrane oxygenation 
(V-V ECMO) is a rapidly expanding life-support tech-
nique worldwide [1–4. An extracorporeal oxygenator 
operates in series, completely substituting the patient’s 
lung physiological gas exchange function 1, 5–8. To date, 
the Extracorporeal Life Support Organisation (ELSO) 
registry has recorded more than 56.000 cases of adult 
respiratory ECMO, mostly due to severe acute respira-
tory distress syndrome (ARDS) 1. While there are some, 
internationally accepted, indications for V-V ECMO ini-
tiation, identifying potential contraindications for V-V 
ECMO placement is still a matter of debate 1, 3, 5. In 
fact, few conditions are considered contraindications due 
to their association with poor outcome 1. These include 
mechanical ventilation with non-protective settings for 
more than 7 days before V-V ECMO placement, recent or 
expanding central nervous system hemorrhage, advanced 
age, non-recoverable comorbidities and terminal malig-
nancy 1. To date, pre-existing microbiological history 
is not included among V-V ECMO contraindications 9. 
However, a retrospective analysis of the ELSO interna-
tional registry, among 2.355 adult patients treated by V-V 
and V-A ECMO, identified infectious complications as an 
important variable independently associated with poor 
hospital survival 10. In addition, many authors described 
as bloodstream infections (BSI), mostly occurring dur-
ing V-A ECMOs, can impact on ECMO duration, wean-
ing from mechanical ventilation and ICU stay 11, 12. The 
situation may be even more challenging in the case of 
isolation of multi-drug resistant (MDR) Gram-negative 
(GN) pathogens [13–15. Indeed, the isolation of MDR 
GN bacteria has been shown to be an independent risk 
of death in several studies enrolling mixed populations 
in Intensive Care Unit (ICU) [16–19. In patients affected 
by ARDS and requiring V-V ECMO, data are still lack-
ing about the real incidence of MDR GN bacteria, includ-
ing extended-spectrum β-lactamase-producing (ESBL) 
Enterobacteriaceae, AmpC β-lactamase-producing 
Enterobacteriaceae (AmpC), carbapenem-resistant 
Enterobacteriaceae (CRE), Pseudomonas aeruginosa 
and Stenotrophomonas maltophilia with difficult-to-
treat resistance (DTR) and carbapenem-resistant Aci-
netobacter baumannii (CRAB), according to the Center 

for Disease Control definition (https:// www. cdc. gov/ 
infec tionc ontrol/ index. html)14 , 15, 20. Therefore, we 
designed the present multicenter retrospective study, 
aiming at investigating, for the first time, in a wide cohort 
of V-V ECMOs: (i) the prevalence and incidence of MDR 
GN bacteria, detected by routine microbiological surveil-
lance (i.e., rectal swabs and respiratory tract samples) 
or by additional biological samples collected on clinical 
suspicion; (ii) the risk of 1-year mortality, according to 
MDR GN bacteria isolation (i.e., in ‘predetected MDR 
GN bacteria’ group, including those patients with colo-
nizations or infections due to MDR GN bacteria isolated 
before V-V ECMO cannulation; in ‘V-V ECMO-acquired’ 
MDR GN bacteria group; and in ‘non-MDR GN bacteria’ 
group, including patients never detecting MDR GN bac-
teria during V-V ECMO treatment); and (iii) the impact 
of annual hospital V-V ECMO volume on the prob-
ability of MDR GN bacteria acquisition after V-V ECMO 
placement.

Methods
This multicenter observational study was conducted 
between January 1, 2017 and December 31, 2022 in 5 
Intensive Care Units (ICU) of Italian university-affiliated 
hospitals, overall accounting for a total of 70-ICU beds 
(i.e., Mater Domini Hospital (Catanzaro); Padua Univer-
sity Hospital; Verona University Hospital; Policlinico Uni-
versity Hospital (Bari) and Fondazione IRCSS Gerardo 
Hospital dei Tintori Hospital (Monza)). We included 
adult patients, over 18  years of age, who received V-V 
ECMO for respiratory support during the study period. 
The exclusion criteria were age < 18 years old, pregnancy, 
veno-arterial (V-A) or mixed ECMO-configuration 
(e.g., V-VA), incomplete records for the main outcomes 
(absence of 1-year mortality and/or microbiological 
surveillance), and survival < 24  h after cannulation. The 
study was conducted in compliance with the Declaration 
of Helsinki and the approval for the investigation was 
granted by the local Ethics Committee "Comitato Etico 
Territoriale Regione Calabria" (approval n. 22 on Septem-
ber 27, 2023), which waived the need for informed con-
sent due to the retrospective observational nature of the 
study. All patient data was anonymised and de-identified 
before analysis. This study followed the ‘Strengthening 

Conclusions 21% of MDR GN bacteria were detected before; while 29% after V-V ECMO connection. A history of MDR 
GN bacteria, isolated before V-V ECMO, was an independent risk factor for mortality. The annual hospital V-V ECMO 
volume affected the probability of acquiring MDR GN bacteria.

Trial Registration ClinicalTrial.gov Registration Number NCTNCT06199141, date 12.26.2023.

Keywords ECMO, ESBL, Extracorporeal membrane oxygenation, Extended-spectrum beta-lactamase, Multi-drug 
resistant, MDR, MDRO
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the Reporting of Observational Studies in Epidemiology 
(STROBE) statement guidelines for observational cohort 
studies’ (additional-Table 1) 21.

The decision to start V-V ECMO treatment was made 
by senior intensivists (PN, FL, EB, GF, LG, SG), accord-
ing to the ELSO guidelines/recommendations 1. All V-V 
ECMOs were placed exclusively in ICU and a femoro-
jugular configuration was preferred. All centers kept the 
ECMO circuit, as much as possible, isolated (e.g. with-
drawals or infused medications were not recommended). 
Antimicrobial prophylaxis, at the time of cannulation, 
was uniformly not administered 1. Routine microbiologi-
cal surveillance was uniformly conducted in all centers: 
rectal swabs and respiratory tract samples were collected 
at ICU admission and, subsequently, every 48–72  h. 
Blood and urine samples were collected on clinical sus-
picion, as well as other biological samples collected from 
skin, soft tissue, cannula insertion etc 15, 22. All positive 
microbial cultures were independently evaluated, consid-
ering the available clinical, laboratory and radiographic 
data, by specialized intensivists and infectious diseases 
specialists. The routine protocol for infection control/
prevention, shared by all enrolled ICUs is reported clari-
fied in additional-Methods 1.

To prevent the occurrence of MDR patterns, each par-
ticipating center adopted an institutional antimicrobial 
stewardship program, which involved strict communica-
tion between ICUs and microbiology laboratories, and 
daily review of antibiotic regimens by dedicated infec-
tious disease specialist consultants 23. The antimicrobial 
therapy was defined as ‘empiric’ when started before any 
microbiological evidence; or as ‘targeted’ strategy when 
started after microbiological evidence and according to 
in vitro susceptibility tests 24.

Patients were divided into three groups according to 
the time of MDR GN bacteria detection: (1) ’predetected 
MDR GN bacteria’ group, including those patients with 
a history of MDR GN isolation within 48 h after ECMO 
cannulation; (2) ‘V-V ECMO-acquired MDR GN bacte-
ria’ group, including patients with isolation of MDR GN 
bacteria after 48 h from ECMO start and 48 h after dis-
connection 25, 26; and (3) ‘non-MDR GN bacteria’ group, 
including patients never culturing MDR GN bacteria 
during V-V ECMO support.

Data collection
The electronic health records were retrospectively exam-
ined and the following variables were collected: (i) demo-
graphic and baseline characteristics before V-V ECMO 
placement, Charlson’s Comorbidity index, Sequential 
Organ Failure Assessment (SOFA) score at ICU admis-
sion and at cannulation, initiation of invasive mechani-
cal ventilation (IMV), respiratory parameters, indications 

for V-V ECMO, interfacility transport (defined as trans-
fer from any medical facility outside of our ECMO cent-
ers  and without ECMO capabilities 1, 27), year of V-V 
ECMO connection (Table  1); (ii) outcomes of interest 
(see full description below and in Table  2); (iii) culture 
results during V-V ECMO support, type of isolated bac-
teria, site of isolation, resistance profiles, and data on 
antibiotic usage (Fig. 1, Tables 3 and 4).

Outcomes
The primary outcome was assessing the rate of MDR GN 
bacteria in a cohort of V-V ECMOs. The MDR GN path-
ogens (i.e., ESBL, AmpC, CRE, DTR profiles, and CRAB), 
were classified according to the Center for Disease Con-
trol definition (https:// www. cdc. gov/ infec tionc ontrol/ 
index. html)14 , 15, 20 and in  vitro susceptibility tests 
(https:// www. eucast. org/ clini cal_ break points). Infec-
tion was defined by organ-specific diagnostic guidelines 
criteria inspired by CDC/NHSN manuals (https:// www. 
cdc. gov/ nhsn/ pdfs/ pscma nual/ 17psc nosin fdef_ curre nt. 
pdf, see additional-Methods 1) [28–31; sepsis and sep-
tic shock was defined according to the Sepsis-3 criteria 
32; while colonizations occurred in absence of clinical 
signs of infection 25, 26, 32. The definitions of ventilator-
associated pneumonia (VAP) or non-VAP, bloodstream 
infection (BSI)/catheter-related bloodstream infection 
(CR-BSI), urinary tract infection (UTI) etc. are provided 
in additional-Methods 115 , 20, 28–31.

Other outcomes of interest included: (i) 1-year mortal-
ity; (ii) annual hospital V-V ECMO (defined as the spe-
cific number of patients treated with V-V ECMO per 
year 27); (iii) weaning success (defined as extubation and 
absence of invasive ventilatory support 48  h following 
extubation) and weaning failure (defined as failure of the 
first spontaneous breathing trial, and/or reintubation or 
resumption of ventilatory support within 48 h after extu-
bation and/or death within 48 h following extubation 33); 
(iv) ventilation free days (VFD) (reference: 28 days) 34; (v) 
overall V-V ECMO duration; (vi) need of renal replace-
ment therapy (RRT) after V-V ECMO start, and (vii) ICU 
length of stay (Table 2).

Statistical analysis
Continuous variables are presented as medians and inter-
quartile ranges [IQR] or as mean and standard deviation 
(SD); while categorical variables are presented as num-
bers (percentages). Baseline patients’ characteristics and 
outcome variables were compared between two or three 
pre-defined subpopulations, as follows: (1) ‘predetected 
MDR GN bacteria’ group, (2) ‘V-V ECMO-acquired 
MDR GN bacteria’ group, and (3) ‘non-MDR GN bacte-
ria’ group. The sample size could not be calculated due 
to the explorative design of our investigation and the 

https://www.cdc.gov/infectioncontrol/index.html)
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scarcity of data regarding the prevalence of precoloni-
zations in patients eligible to V-V ECMO support. The 
t-test, Mann–Whitney test, ANOVA or Kruskal Wallis 
test were properly used to compare continuous variables 
and adjusted by Benjamini and Hochberg method. Chi-
square and Fisher’s exact tests were used for comparing 
categorical variables.

Regarding 1-year mortality, the Kaplan Meier curves 
were provided only as graphical support. For investi-
gating the risk of mortality, the unadjusted (HR) and 

adjusted hazard ratio (aHR), 95% confidence intervals 
[CI], were calculated using Cox-proportional hazards 
models (additional-Tables  2–4). Cox-proportional haz-
ards models assume that the hazard ratio is constant over 
time, therefore the test for proportional-hazard assump-
tion was verified for each covariate included in the uni-
variable model. The time-dependent variable started 
from V-V ECMO connection for patients without MDR 
GN pathogens and in case of previous colonizations; 
while, for patients acquiring MDR GN bacteria after V-V 

Table 1 Patients’ characteristics at V-V ECMO connection

Data are presented as absolute frequency (% of the included patients) or as median and [interquartile range] or as mean ± SD. ’Predetected’ group includes patients, 
infected or colonized, by MDR GN bacteria cultured before VV-ECMO placement
a Annual hospital V-V ECMO volume is defined as the specific number of patients treated with V-V ECMO per year 27
b (1) vs (2) p-value 0.041, (1) vs (3) p-value 0.017
c (1) vs (2) p-value 0.013
d (2) vs (3) p-value 0.011
e (1) vs (2) p-value 0.001, (2) vs (3) p-value 0.025
f (1) vs (3) p-value 0.005, (2) vs (3) p-value < 0.001
g (1) vs (3) and (2) vs (3) p-values < 0.001

ICU Intensive Care Unit; IMV Invasive mechanical ventilation; IBW Ideal body weight; ECMO Extracorporeal membrane oxygenation; MDR Multidrug resistant; GN Gram-
negative; N or n Number; SD Standard deviation; w/o Without; V-V Veno-venous; CLAD Chronic lung allograft dysfunction; PaO2/FiO2 The ratio of arterial oxygen partial 
pressure to fractional inspired oxygen

< 0.001f referes to both lines (2017-19 and 2020-2022)

Overall 
population 
(N = 279, 100%)

Predetected 
patients (1) (N = 59, 
21%)

V-V ECMO-acquired 
MDR GN (2) (N = 80, 
29%)

Non-MDR GN 
(3) (N = 140, 
50%)

P-value

Baseline characteristics

Age, years 54 [44–61] 49 [38–58] 56 [46–62] 55 [46–62] 0.046b

Gender (male), n (%) 200 (72) 35 (59) 64 (80) 101 (72) 0.028c

IBW, Kg 65 ± 8 64 ± 10 66 ± 7 65 ± 9 0.734

Charlson Comorbidity Index (w/o age) 1 [0–2] 1 [0–2] 1 [0–1] 1 [0–2] 0.350

Sepsis Organ Failure Assessment

at ICU admission 8 [6–11] 8 [6–12] 8 [7–10] 8 [5–12] 0.732

at V-V ECMO connection 9 [7–12] 10 [8–14] 9 [7–11] 8 [6–12] 0.057

IMV prior to V-V ECMO connection, days 2 [1–5] 2 [0–6] 3 [1–6] 2 [1–5] 0.067

Driving pressure at V-V ECMO initiation,  cmH2O 16 [10–17] 15 [10–16] 15 [9–16] 15 [10–17] 0.140

PaO2/FiO2 ratio at V-V ECMO initiation 87 [67–118] 77 [59–106] 85 [72–110] 96 [79–120] 0.064

Time between H admission and V-V ECMO connec-
tion, days

4 [2–8] 4 [2–10] 4 [2–8] 4 [2–8] 0.983

Time between ICU admission and V-V ECMO connec-
tion, days

1 [0–3] 1 [0–3] 1 [0–4] 0 [0–3] 0.019d

Indications for V-V ECMO support

Acute respiratory distress syndrome, n (%) 233 (84) 50 (85) 66 (82) 117 (84)

23 (16)

}

0.939

Trauma, major burn, autoimmune disease, CLAD, n 
(%)

46 (16) 9 (15) 14 (18)

Interfacility transport on V-V ECMO, n (%) 79 (28) 9 (15) 33 (41) 37 (26) 0.003e

Year of V-V ECMO connection, n (%)

2017–2019 101 (36) 16 (27) 16 (20) 69 (49)

71 (51)

}

 < 0.001f

2020–2022 178 (64) 43 (73) 64 (80)

Annual hospital V-V ECMO  volumea, n 12 [10–20] 12 [6–12] 10 [7–20] 12 [10–22]  < 0.001 g
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ECMO connection, the time-dependent variable started 
from the first MDR GN bacteria isolation (to avoid 
immortal time bias). All variables described in Tables 1, 
3 and 4, with a significance p value < 0.10, were included 
in an univariable Cox-proportional hazards model inves-
tigating 1-year mortality (*) (additional-Table  4). Then, 
as shown in additional-Tables  2 and 3, the multivari-
able adjustment was provided according to significant 
confounders (p value < 0.05) identified through the uni-
variable Cox-proportional hazards model, as mentioned 
above (*). Finally, additional analysis, exclusively focused 
on subjects infected by MDR GN bacteria; or only on 
patients with predetected MDROs, were reported on 
additional-Tables 2 and 4.

For investigating the impact of the annual hospital V-V 
ECMO volume 27 on the incidence of MDR GN bacte-
ria acquisition after V-V ECMO connection (predetected 
patients were excluded from this analysis), a multivari-
able logistic regression was applied, after adjustment for 
potential confounders (p value < 0.05) identified through 
an univariable logistic regression model exclusively 
focused on the risk of MDR GN bacteria isolation after 
V-V ECMO start (additional-Table  5). The unadjusted 
(OR) and adjusted odds ratio (aOR), 95% CI were cal-
culated, and all tests were two-sided and p values < 0.05 
were considered statistically significant. The analyses 

were performed using R (version 4.0.3, R foundation for 
Statistical Computing, Vienna, Austria).

Results
From January 2017 to December 2022, 482 ICU patients 
treated with V-V ECMOs for severe respiratory failure 
were screened. After excluding 199 subjects needing V-A 
or mixed ECMO-configuration, 2 patients because of 
incomplete records, and 2 due to a survival shorter than 
24  h after V-V ECMO initiation, 279 patients (median 
age 54 years; 72% male) were included in the final analy-
sis (see additional-Fig.  1). Patients’ demographic char-
acteristics, SOFA scores, indications for V-V ECMO 
support and other baseline information are summarized 
in Table 1.

i) MDR GN bacteria detection.

In our cohort, the overall rate of MDR GN bacte-
ria was 50%: 59 (21%) patients recorded predetected 
MDROs; 80 (29%) adults acquired MDR GN bacteria 
(generally 8 [6–11] days) after V-V ECMO cannulation; 
and 140 (50%) subjects had no occurrence of MDR GN 
bacteria during extracorporeal treatment. As described 
in Table  1, age, gender distribution, time of cannula-
tion (after ICU admission) and the need for interfacility 
transport were differently distributed among the three 

Table 2 Outcomes

Data are presented as absolute frequency (% of the included patients) or as median and [interquartile range]
* Of those non-survivors, 10 subjects were pre-infected by MDR GN bacteria at V-V ECMO initiation
a (1) vs (3) p value < 0.001
b (1) vs (2) p value < 0.001, (1) vs (3) p value 0.043, (2) vs (3) p value < 0.001
c (1) vs (3) p value 0.005, (2) vs (3) p value < 0.001
d (1) vs (2) p value 0.042, (1) vs (3) 0.028, (2) vs (3) p value < 0.001
e (1) vs (2) p value < 0.001, (2) vs (3) p value < 0.001

ICU Intensive Care Unit; RRT  Renal replacement therapy; IMV Invasive mechanical ventilation; ECMO Extracorporeal membrane oxygenation; MDR Multidrug resistant; 
GN Gram-negative; N or n Number; V-V Veno-venous

< 0.001a referes only to the first line (1-year mortality, n (%)

Overall population 
(N = 279, 100%)

Predetected patients 
(1) (N = 59, 21%)

V-V ECMO-acquired 
MDR GN (2) (N = 80, 29%)

Non-MDR GN (3) 
(N = 140, 50%)

P-value

1-year mortality, n (%) 116 (42) 36 (61) 35 (44) 45 (32)  < 0.001a

infections due to MDR GN bacteria, n (%) – 33 (56)* 29 (36) –

colonizations due to MDR GN bacteria 
colonization, n (%)

– 3 (5) 6 (8) –

Overall V-V ECMO duration, days 12 [8–22] 13 [7–28] 16 [12–27] 11 [6–17]  < 0.001b

28-day ventilator-free days 0 [0–8] 0 [0–4] 0 [0–2] 0 [0–12]  < 0.001c

Weaning success, n (%) 95 (34) 17 (29) 14 (18) 64 (45)

50 (36)

26 (19)







 < 0.001d

Weaning failure, n (%) 119 (43) 22 (37) 47 (59)

Never extubated, n (%) 65 (23) 20 (34) 19 (24)

RRT after V-V ECMO connection, n (%) 99 (35) 25 (42) 30 (38) 44 (31) 0.306

ICU LOS, days 27 [18–43] 22 [15–37] 39 [26–57] 24 [17–35]  < 0.001e
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Fig. 1 MDR GN bacteria. A In predetected patients. B. In ‘V-V ECMO-acquired MDR GN bacteria’ group. Data are presented as absolute frequency 
(% of the patients belonging to predetected MDR GN bacteria (n. 59, 100%) or as % of patients belonging to ‘V-V ECMO acquired MDR GN bacteria 
‘group (n. 80, 100%). *: including Enterobacter sp., Escherichia Coli; **: including Serratia marcescens, Enterobacter sp. and Escherichia Coli. Abbreviations; 
MDR: multidrug resistant; GN: Gram-negative; N: number; ESBL: extended spectrum beta-lactamase; AmpC: AmpC β-lactamase-producing; DTR: 
difficult-to-treat resistance; sp.: species
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subgroups of patients. Interestingly, a higher proportion 
of V-V ECMO (64%) has been placed after the year 2020 
(p value < 0.001), probably due to the Sars-Cov-2 pan-
demic; and, similarly, the incidence of MDR GN bacteria 
recently increased (Table 1). Forty-eight out of 59 (81%) 
predetected patients, and 61 out of 80 (76%) subjects 
belonging to the ‘V-V ECMO-acquired MDR GN bacte-
ria’ group, developed infections due to MDR GN bacteria 
(Table  3). Focusing on ‘predetected MDR GN bacteria’ 
group, only 10 patients were pre-infected at the time of 
cannulation; while 38 subjected developed infections 
after an initial pre-colonization. According to the site of 
infection, VAP/non-VAP (64% vs. 55%), BSI/CR-BSI (7% 
vs. 9%) etc. were uniformly distributed among patients 
with predetected MDR GN bacteria and those subjects 
with V-V ECMO-acquired MDR GN bacteria, respec-
tively (p value 0.0.699, see full description in Table 3). In 
predetected patients, the prevalent MDROs, initially iso-
lated, were CRAB (30%) and DTR or carbapenem-resist-
ant Klebsiella pneumoniae (25%); while, after V-V ECMO 
placement, the prevalent MDROs were DTR or carbap-
enem-resistant Klebsiella pneumoniae (25%) and DTR-
Pseudomonas aeruginosa (23%), as described in Fig.  1. 
No differences were found considering the concomitant 
isolation of virus, fungi or Gram-positive (GP) bacteria 
(Table 4 and additional-Table 6).

ii) 1-year mortality.

As shown in Table  2, the overall 1-year mortality 
was 42% (n. 116): 36 (61%) patients had predetected 
MDR GN bacteria, 35 (44%) subjects belonged to ‘V-V 
ECMO-acquired MDR GN bacteria’ group; and 45 (32%) 
adults belonged to ‘non-MDR GN bacteria’ group (p 
value < 0.001) (Fig.  2A). Indeed, predetected patients 
recorded a higher risk of death (aHR 2.14 [1.33–3.47], p 
value 0.002), while the ‘V-V ECMO-acquired MDR GN 
bacteria’ group did not (aHR 1.51 [0.94–2.42], p value 
0.090), as compared to those patients never culturing 
MDR GN bacteria (reference) (Fig. 2B, additional-Tables 2 
and 3). Similar findings were found considering only 
those patients experiencing infections during V-V ECMO 
course 25, 26, 32 (in ‘predetected’ group, aHR 2.35 [1.44–
3.86] (p value < 0.001); in ‘V-V ECMO-acquired MDROs, 
aHR 1.57 [0.95–2.57] (p value 0.076)); or considering only 
pre-detected infections (n. 10) and pre-detected colo-
nizations (n. 49) at V-V ECMO cannulation (aHR 4.44 
[1.69–11.66], p value 0.002, and aHR 2.25 [1.02–4.98], 
p-value 0.044, respectively, see additional-Tables 2 and 4), 
as compared to those patients never culturing MDR GN 
bacteria (reference).

More information related to univariable analysis are 
reported in additional-Table 4.

Table 3 Microbiological characteristics of MDR GN bacteria

Data are presented as absolute frequency (% of the included patients)
a Of those patients, only 10 subjects were pre-infected by MDR GN bacteria at V-V ECMO initiation
b 1 CR-BSI; c: 2 CR-BSI. Additional information is reported in Fig. 1. For more details about microbiological surveillance and diagnostic criteria see Methods and 
additional-Methods 1

ECMO extracorporeal membrane oxygenation; MDR Multidrug resistant; GN Gram-negative; N or n Number; ESBL Extended spectrum beta-lactamase; V-V Veno-
venous; AmpC AmpC β-lactamase-producing; CRE Carbapenem-resistant Enterobacteriaceae; DTR Difficult-to-treat resistance (mainly Pseudomonas aeruginosa); CRAB 
Carbapenem-resistant Acinetobacter baumannii; BSI Blood stream infection; VAP Ventilator-associated pneumonia; CR-BSI Catheter-related bloodstream infection; UTI 
Urinary tract infection

0.960 referes to the first (ESBL, AmpC) and second line (CRE, CRAB, DTR)

Predetected patients (N = 59, 
100%)

V-V ECMO-acquired MDR GN (N = 80, 
100%)

P value

Microbiological pattern

ESBL, AmpC, n (%) 10 (17) 15 (19)

65 (81)

}

0.960

CRE, CRAB, DTR, n (%) 49 (83)

Infections due to MDR GN bacteria, n (%) 48 (81)a
61 (76)

19 (24)

}

0.535

Colonizations due to MDR GN bacteria, n (%) 11 (19)

Type of infection due to MDR GN bacteriaa

VAP/non-VAP, n (%) 38 (64) 0.699

BSI/CR-BSI, n (%) 4 (7)b

UTI, n (%) 0 (0)

Others (i.e., soft tissue etc.), n (%) 6 (10)
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iii) Annual hospital V-V ECMO volume.

The overall annual hospital V-V ECMO volume was 12 
[10–20] per year, with a significant difference between 
subgroups (p value < 0.001) (Table 1). To note, there was 
a significant inverse association between the annual hos-
pital V-V ECMO volume and the probability of acquiring 
MDROs after V-V ECMO connection (OR 0.91 [0.86–
0.96], p value < 0.001) (additional-Table 5). These findings 
were confirmed also after adjustment for potential con-
founders (aOR 0.91 [0.86–0.97], p value 0.002), such as 
the need of interfacility transport and year of V-V ECMO 
connection, both additional risk factors for MDR GN 
bacteria acquisition (Fig. 3).

iv) Secondary outcomes.

The overall duration of V-V ECMO and ICU LOS 
were longer in ‘V-V ECMO-acquired MDR GN bacte-
ria’ group, as compared to the other subgroups (both p 
values < 0.001); while the successful liberation from IMV 

was more frequent, and 28-day VFD were longer, in those 
patients never experiencing MDR GN bacteria (both 
p values < 0.001) (Table  2). A full description of all out-
comes of interest is reported in Table 2.

Discussion
In this multicenter retrospective study, we found that 
among 279 consecutive adult patients supported by 
V-V ECMO for acute respiratory failure, the prevalence 
of MDR GN colonization at V-V ECMO placement was 
21%, while the incidence was 29% among patients acquir-
ing MDR GN bacteria during their V-V ECMO course. 
In the overall population, 1-year mortality was 42%, with 
a higher risk of death in patients with MDR GN detec-
tion before V-V ECMO cannulation (61%) compared 
to those patients with V-V ECMO-acquired MDR GN 
bacteria (44%) or with absent MDR GN bacteria (32%). 
Same findings were found considering only infections. 
Indeed, to the best of our knowledge, pre-existing MDR 

Table 4 Concomitant pathogens and antibiotics

Data are presented as absolute frequency (% of the included patients) or as median and [interquartile range]. For more details about microbiological surveillance see 
Methods and additional-Methods 1
* Moreover, 39 (28%) subjects detected multisensitive GN bacteria and only 23 (16%) patients never recorded positive cultures
a for more details concerning Gram-positive bacteria see additional-Table 6
b in case of multiple bacterial isolations, only the worst resistance pattern was counted
c 1 out of 7 patients isolated Candida sp. and Aspergillus sp. simultaneously
d 3 out of 17 patients isolated Candida sp. and Aspergillus sp. simultaneously
e 1 out of 7 patients isolated Candida sp. and Aspergillus sp. simultaneously

ECMO Extracorporeal membrane oxygenation; MDR Multidrug resistant; GN Gram-negative; N or n Number; VRE Vanco-resistant enterococcus; LRE Linezolid-resistant 
enterococcus; V-V Veno-venous; sp Species

Overall 
population 
(N = 279, 100%)

Predetected 
patients (N = 59, 
21%)

V-V ECMO-acquired 
MDR GN (N = 80, 
29%)

Non-MDR  GN* 
(N = 140, 50%)

P-value

Concomitant isolation of

Sars-Cov-2, influenza virus, n (%) 157 (56) 34 (58) 40 (50) 83 (59) 0.399

Candida sp., n (%) 73 (26) 13 (22) 24 (30) 36 (26) 0.564

Aspergillus sp., n (%) 41 (15) 7 (12)c 17 (21)d 17 (12)e 0.146

Concomitant infections due to Gram-positive  bacteriaa, 
n (%)

103 (37) 20 (34) 31 (39) 52 (37) 0.840

Resistance patternb (only Gram-positive bacteria)

VRE, n (%) 29 (10) 8 (14) 10 (13) 11 (8)

46 (33)

13 (9)







0.645

Multi-sensitive, n (%) 91 (33) 17 (29) 28 (35)

Other resistances (i.e. LRE), n (%) 32 (11) 9 (15) 10 (13)

Empiric broad-spectrum antibiotics

Penicillins, β-lactam-inhibitor/III, IV cephalosporins 
or fluoroquinolones, n (%)

132 (47) 27 (46) 39 (49) 66 (47)

44 (32)

30 (21)







0.915

Carbapenems, ceftazidime-avibactam, ceftolozane-
tazobactam, cefiderocol, etc., n (%)

82 (29) 17 (29) 21 (26)

Only targeted therapy or nothing, n (%) 65 (24) 15 (25) 20 (25)
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GN bacteria isolations, have never been demonstrated 
as an independent risk factor correlated with poor sur-
vival in patients requiring V-V ECMO, highlighting a 
clear association, rather than a causality, between MDR 
GN bacteria predetection and mortality. Furthermore, we 
showed that the risk of acquiring MDR GN bacteria, dur-
ing ECMO treatment, was greater in centers with lower 
annual hospital V-V ECMO volume, also after adjust-
ment for potential confounders such as the need of inter-
facility transport and year of V-V ECMO placement.

In the last decade, a worrying burden of GN bacte-
ria with high levels of antimicrobial resistance has been 
reported, especially in the critical care setting where 
MDR GN bacteria are isolated in a high percentage of 
patients 24, 35–38. Confirming this alarming trend, 
our study showed that MDR GN bacteria were isolated 
in almost half of the patients, either before or after V-V 
ECMO connection, with a clear increase in the last years. 
To date, based on the most recent literature, the inci-
dence of MDR GN pathogens during V-V ECMO support 
is still unclear and no epidemiological data are available 
on this specific population for providing a reliable com-
parison with our study. According to the ELSO registry, 
that includes data of both V-A and V-V ECMO from all 
ELSO centers worldwide, GN pathogens, in particular 
Pseudomonas aeruginosa and Enterobacteriaceae, are 
among the most common bacteria isolated during ECMO 

support, second only to coagulase-negative Staphylococci 
(more prevalent in V-A ECMO) 37. In line with our find-
ings, Grasselli et al. reported, in a cohort of 90 non-sur-
gical patients undergoing V-A and V-V ECMO, an overall 
incidence of GN bacteria of 48% after ECMO connec-
tion 17. Of those, 60% of GN bacteria were classified as 
MDROs, while no data were reported about pre-existing 
isolations of MDROs 17. An even higher incidence was 
described by Gao et al., who retrospectively investigated 
a Chinese cohort of 109 patients receiving ECMO from 
2014 to 2022: in the subgroup of 29 patients supported 
by V-V ECMO, the incidence of MDR-GN bacteria was 
78% after ECMO placement 39. In line with our study, 
where MDR GN bacteria were collected mainly from 
airway samples, several previous single-center experi-
ences defined GN bacteria, especially Enterobacteriaceae, 
as the major determinant of respiratory infections in 
patients requiring V-V ECMO 40, 41, being MDR GN 
pathogens the cause of the 35% of cases of VAP during 
ECMO support 17. These epidemiological results should 
not be surprising, since ECMO patients present several 
risk factors for the development of infectious compli-
cations. In fact, the extreme severity of illness seems to 
be associated with the risk of difficult-to-treat bacte-
ria detection 42. Both invasiveness of care, with several 
paracorporeal devices (e.g., tracheal intubation, vascu-
lar lines, urine catheter, drainages), and critical illness 

Fig. 2 A1-year survival curves. Kaplan Meier survival curve at 1 year. The unadjusted and adjusted (covariates: age, SOFA score at V-V ECMO 
connection, interfacility transport, annual hospital V-V ECMO volume) HRs were calculated according to the univariable and multivariable 
Cox-proportional hazards models described in additional-Tables 2 and 4, respectively. Data are presented as HR, aHR and [95% CI]. Abbreviations: 
ECMO: extracorporeal membrane oxygenation; MDR: multidrug resistant; GN: Gram-negative; HR: hazard ratio; aHR: adjusted hazard ratio; CI: 
confidential interval; V-V: veno-venous
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itself contribute to alter the patients’ microbiota and to 
increase susceptibility to bacterial isolations [43–45. In 
particular, a diagnosis of MDR GN bacteria, prior to V-V 
ECMO placement, seems to be a marker of pre-existing 
overall illness burden rather than a discrete disease entity 
causing mortality. To note, not only pre-infected patients, 
but also pre-colonized subjects recorded a higher risk of 
death, probably justified by a great frailty of predetected 
patients and a high susceptibility to progress from colo-
nization to overt MDR GN bacteria-related infections. 
So, despite the need for further well-designed studies for 
confirming the negative impact of pre-existing MDROs 
on patients’ survival, we believe that all patients, eligible 
to V-V ECMO treatment, should be microbiologically 
screened (i.e. rectal swabs), both for better defining the 
risk of death, and for encouraging a strict clinical moni-
toring and follow-up, especially among predetected MDR 
GN patients, with the aim to avoid any progress from col-
onization to overt infections.

Furthermore, ECMO patients are frequently exposed 
to broad-spectrum antibiotics, which impose a selec-
tion pressure favoring the emergence of antimicrobial 
resistances 9, 38, 46. However, in keeping with the find-
ings of Grasselli et  al. 17, 38, in our cohort the empiric 
exposure to carbapenems or to other broad-spectrum 
antibiotics was remarkably low and equally distributed 
among subpopulations. This result may be ascribable 
both to the encouragement of adopting carbapenem-
sparing targeted strategies rather than empiric broad-
spectrum therapies 47, 48, and to the implementation of 
an ICU-dedicated antimicrobial stewardship program in 
all centers participating in our study, aiming at promot-
ing the prompt selection of optimal (hopefully targeted) 
antimicrobial regimens 23. Therefore, our results do not 
support the use of broad-spectrum antimicrobial proph-
ylaxis during V-V ECMO placement, in line with the last 
ELSO guidelines 1, but may suggest a proactive behavior, 
with an early identification of infections and a prompt 

Fig. 3 Adjusted odds of V-V ECMO-acquired MDR GN bacteria according to annual hospital V-V ECMO volume. Adjusted odds of MDR GN 
bacteria acquisition among patients receiving V-V ECMO support, when volume is modeled continuously. Hospital V-V ECMO volume is defined 
as the specific number of patients treated with V-V ECMO per year in each hospital 27. The adjusted odds of MDR GN bacteria acquisition are 
presented according to the results described in additional-Table 5. Abbreviations: ECMO: extracorporeal membrane oxygenation; MDR: multidrug 
resistant; GN: Gram-negative; OR: odds ratio; CI: confidential interval; IMV: invasive mechanical ventilation; V-V: veno-venous
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administration of targeted therapies, for limiting the 
development of difficult-to-treat resistances.

Interestingly, in heterogeneous populations, including 
either adult or pediatric patients and both V-A and V-V 
ECMO, infectious complications during extracorporeal 
support were associated with an increased risk of death, 
ranging from 38 to 63% 37, 38, 49. To note, our study, 
exclusively focused on V-V ECMOs, newly recorded the 
highest risk of death among predetected subjects. This 
finding may underline the great importance of applying 
standardized precautions for preventing the development 
of ‘difficult-to-treat’ infectious complications and the 
need for most current eligibility criteria for V-V ECMO 
in light of a significant increase of MDROs in a few years. 
Moreover, our findings showed that many patients cul-
turing MDR GN bacteria during V-V ECMO support 
(and not exclusively before) recorded poorer secondary 
outcomes, as compared to those subjects never detecting 
MDROs 38, 41, 50, 51. Probably, these results reflect the 
need for a higher invasiveness of treatment in these spe-
cific subgroups of patients, likely due to a higher degree 
of critical illness, as already shown in previous investiga-
tions 17, 41.

Finally, inspired by Barbaro et  al., who reported, in 
10.588 adult patients receiving ECMO, a significantly 
higher risk of mortality for those patients who were 
treated at hospitals with annual-volume < 6 ECMO cases 
for year, we hypothesized (and showed) that a low annual 
hospital V-V ECMO volume increased the probability of 
V-V ECMO-acquired MDR GN bacteria 27. These find-
ings highlight the strong relationship existing between 
effective microbiological surveillance programs and a 
high ICU-quality, usually provided by expert ECMO-
teams/centers 52.

This study had several limitations. First, it is a retro-
spective observational study which bears the limits of 
this design. Second, despite a wide population consisting 
exclusively of V-V ECMO adult patients, the categoriza-
tion of the cohort according to the MDR GN isolation 
status inevitably resulted in three small-size subgroups. 
We believe that a broader cohort in the future would bet-
ter delineate outcomes and validate our findings. Third, 
we marginally described the impact of virus, fungi and 
GP bacteria on our cohort, first, because out of our pri-
mary aim and, second, because vancomycin-resistant 
Enterococci are more prevalent during V-A ECMO 11, 
12, 37 and have been recently described in declining in 
ICU patients 53, 54. However, several information con-
cerning virus, fungi and GP pathogens are reported in 
Table 4 and additional-Table 6. Fourth, we did not inves-
tigate whether the cannulation site may influence the 
infectious risk, despite the internal jugular and femo-
ral vein being the most common sites of catheterization 

(> 80% in our cohort) 55. Fifth, according to our findings, 
describing an inverse relationship between MDR GN 
bacteria occurrence and local institutional experience, we 
cannot exclude also a higher rate of other complications, 
in addition to infectious ones, occurring in those centers 
with a lower annual hospital V-V ECMO volume. Sixth, 
although we believe that the comparison of MDR acqui-
sition between ECMO and non-ECMO patients would 
be extremely interesting, we believe that such an analy-
sis is far beyond the aim of the present study and would 
deserve a dedicated study protocol.

Conclusions
In conclusion, in this multicenter retrospective study 
investigating the prevalence and incidence of MDR GN 
bacteria in V-V ECMO adult patients, the isolation of 
MDR GN bacteria was 21% before and 29% after V-V 
ECMO connection (overall rate: 50%). We reported an 
overall 1-year mortality of 42%, with a higher risk of 
mortality in predetected patients. Finally, a larger annual 
hospital V-V ECMO volume was associated with a lower 
probability of acquiring MDR GN bacteria during ECMO 
treatment.

Home point
Study question: Could a pre-existing isolation of MDR 
GN bacteria, or the acquisition during V-V ECMO sup-
port, affect patient’s survival at 1  year? What about the 
annual hospital V-V ECMO volume on the risk of acquir-
ing MDR GN pathogens?

Results: 1-year mortality is higher in patients with pre-
existing history of MDR GN bacteria, while not in those 
patients acquiring MDR GN bacteria after V-V ECMO 
placement. Similar findings were found considering only 
infections. A larger annual hospital V-V ECMO volume 
is associated with a lower probability of acquiring MDR 
GN bacteria.

Interpretation: 21% of MDR GN bacteria was detected 
before and 29% after V-V ECMO connection. A previ-
ous history of MDR GN bacteria prior to V-V ECMO 
was an independent risk factor for mortality, also when 
only infections were considered. The annual hospital V-V 
ECMO volume affected the probability of acquiring MDR 
GN bacteria.
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