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Abstract 

Background: Bloodstream infections (BSIs) are frequent on veno‑arterial extracorporeal membrane oxygenation 
(V‑A ECMO). Performing routine blood cultures (BCs) may identify early paucisymptomatic BSIs. We investigated the 
contribution of systematic daily BCs to detect BSIs on V‑A ECMO.

Methods: This was a retrospective study including all adult patients requiring V‑A ECMO and surviving more than 
24 h. Our protocol included routine daily BCs, from V‑A ECMO insertion up to 5 days after withdrawal; other BCs were 
performed on‑demand.

Results: On the 150 V‑A ECMO included, 2146 BCs were performed (1162 routine and 984 on‑demand BCs); 190 (9%) 
were positive, including 68 contaminants. Fifty‑one (4%) routine BCs revealed BSIs; meanwhile, 71 (7%) on‑demand 
BCs revealed BSIs (p = 0.005). Performing routine BCs was negatively associated with BSIs diagnosis (OR 0.55, 95% CI 
[0.38; 0.81], p = 0.002). However, 16 (31%) BSIs diagnosed by routine BCs would have been missed by on‑demand 
BCs. Independent variables for BSIs diagnosis after routine BCs were: V‑A ECMO for cardiac graft failure (OR 2.43, 95% 
CI [1.20; 4.92], p = 0.013) and sampling with on‑going antimicrobial therapy (OR 2.15, 95% CI [1.08; 4.27], p = 0.029) 
or renal replacement therapy (OR 2.05, 95% CI [1.10; 3.81], p = 0.008). Without these three conditions, only two BSIs 
diagnosed with routine BCs would have been missed by on‑demand BCs sampling.

Conclusions: Although routine daily BCs are less effective than on‑demand BCs and expose to contamination and 
inappropriate antimicrobial therapy, a policy restricted to on‑demand BCs would omit a significant proportion of BSIs. 
This argues for a tailored approach to routine daily BCs on V‑A ECMO, based on risk factors for positivity.
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Introduction
Veno-arterial extracorporeal membrane oxygenation 
(V-A ECMO) is increasingly used to support various 
causes of refractory shock [1]. Although it is life-saving 
support, it generates new issues and side effects. Emer-
gent management, invasive procedures and devices, 
and intensive care unit (ICU)-acquired immunodepres-
sion increase infectious risk. Indeed, half of patients will 

Open Access

*Correspondence:  nicolas.mongardon@aphp.fr
1 Service d’Anesthésie‑Réanimations Chirurgicales, DMU CARE, DHU 
A‑TVB, Assistance Publique‑Hôpitaux de Paris (AP‑HP), Hôpitaux 
Universitaires Henri Mondor, 1 rue Gustave Eiffel, 94000 Créteil, France
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-4323-876X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-021-03658-7&domain=pdf


Page 2 of 11de Roux et al. Crit Care          (2021) 25:241 

further develop sepsis on V-A ECMO support [2]. Infec-
tious complications are associated with an around 50% 
increase of mortality [3].

The diagnosis of sepsis in adult population supported 
by V-A ECMO is challenging. Body temperature can-
not be interpreted because of blood exposure to heat 
exchanger. White blood cell count and common bio-
markers lack of specificity in the setting of cardiogenic 
shock both on medical treatment and on V-A ECMO [4, 
5]. To overcome diagnosis, routine blood cultures (BCs) 
are proposed [6, 7]. In a survey of the Extracorporeal Life 
Support Organization (ELSO), one-third of the Ameri-
can centers performed daily routine BCs [8]. However, 
this practice is still debated and has never been evaluated 
on V-A ECMO [9, 10]. According to the low incidence of 
poorly symptomatic BSIs and the high rate of contami-
nants leading to unnecessary antimicrobial therapy, we 
hypothesized that systematic BCs have a lowest interest 
than clinically guided BCs.

Beyond determining incidence, risk factors, and con-
sequences of positive BCs, the aim of this study was to 
determine the respective contribution of routine versus 
on-demand BCs in a population of adult patients requir-
ing V-A ECMO for refractory cardiogenic shock.

Patients and methods
Study design and population
All adult patients who underwent peripheral V-A ECMO 
for medical or surgical refractory cardiogenic shock, or 
for refractory cardiac arrest, in our 15-bed cardiovascular 
surgical ICU (Henri Mondor Teaching Hospital, Créteil, 
France) from January 2013 to January 2017 were retro-
spectively included. Patients who died within 24 h after 
V-A ECMO implantation were excluded.

V‑A ECMO management
In case of refractory cardiac arrest or refractory cardio-
genic shock, femoro-femoral V-A ECMO was inserted 
through surgical approach. Indications for V-A ECMO 
assistance followed recommendations for management 
of shock refractory to fluid optimization and inotrope/
vasopressive drugs administration [11]. Withdrawal was 
performed according to standard recommendations [12].

Antimicrobial strategy and hygiene practices
Our protocol does not include antimicrobial prophylaxis 
in case of V-A ECMO implantation in ICU [13]. When 
the implantation is performed in the operating room in 
case of immediate cardiopulmonary bypass weaning fail-
ure, antibiotic prophylaxis is restricted to the ongoing 
surgical procedure (repeated dose of cefazolin up to chest 
skin closure, or a single bolus of vancomycin in case of 
beta-lactam allergy). Neither digestive decontamination 

nor systemic antimicrobial prophylaxis is implemented 
during ICU stay. If sepsis is suspected, an empiric antimi-
crobial therapy is initiated according to our local protocol 
and secondarily tailored to the laboratory findings. Daily 
rounds with microbiologists and infectious diseases spe-
cialists are carried out [14].

In case of scheduled cardiac surgery, nasal carriage of 
Staphylococcus aureus is screened the day before surgery 
and treated by a five-day course of nasal mupirocin in 
case of positivity, or otherwise stopped.

For body routine care, daily skin washing with chlo-
rhexidine 4% (Hibiscrub®, BCM Limited, Nottingham, 
UK) is performed during the first seven postoperative 
days in Staphylococcus aureus nasal carriers; other usual 
hygiene procedures are applied [15]. The sites of can-
nulations are cleaned with chlorhexidine 2% in alcohol 
isopropyl 70% (Bactiseptic®, Vesismin S.L., Barcelona, 
Spain) and covered with occlusive dressings changed 
each two days. No antiseptic dressing is used. Care bun-
dles for the prevention of ventilator-associated pneumo-
nia follow international recommendations [16].

Blood culture microbiological samples practices
Our local protocol recommends daily routine BCs, from 
V-A ECMO implantation up to five days after withdrawal. 
After decontamination of the skin and lid of bottles with 
chlorhexidine 2%, 10 mL of blood is sampled in one aero-
bic and anaerobic bottle from the arterial line [17]. BCs 
performed between 4 and 7 a.m. were defined as routine 
BCs; all other BCs were considered as on-demand BCs. 
BCs results from the day of V-A ECMO implantation up 
to five days after withdrawal were included. Other micro-
biological samples were left to the intensivist’s discretion.

Bloodstream infection definition
As defined by the Centers for Disease Control and Pre-
vention, Corynebacterium spp, Bacillus spp, Cutibac-
terium spp, coagulase-negative Staphylococci (CoNS), 
viridians group Streptococci, Aerococcus spp and Micro-
coccus spp were considered as common skin contami-
nants unless the same bacterial strain was isolated from 
two separate BCs within 48 h of each other [18, 19]. All 
other pathogens were considered as BSIs from the first 
positive BC. BSI was considered as primary when the 
microorganism isolated in the BC was not clinically 
related to an infectious source. Otherwise, if the patho-
gen isolated in the BC corresponded to a pathogen iden-
tified from another sterile site, BSI was considered as 
secondary. Several BCs positive with the same pathogen 
on consecutive samples or days were considered as multi-
ple positive BCs but belonging to the same single episode 
of BSI [20].
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Appropriateness of antimicrobial therapy
We considered antimicrobial therapy as appropriate 
(defined as the use of agents with in vitro activity against 
the etiologic pathogens) when it was administered for 
relevant BSI and within 24 h after the final antimicrobial 
report [21, 22]. Antimicrobial therapy was a posteriori 
deemed inappropriate when beginning for a single BC 
positive with a contaminant pathogen.

Data collection and ethical considerations
Data were collected from patient’s medical files and from 
the microbiological department database. We collected 
pre-morbid and demographic conditions, characteristics 
of V-A ECMO support, clinical and biological param-
eters, and ICU/hospital course and outcomes. For each 
BC, body temperature, site of sampling, and sampling 
conditions were analyzed.

According to the French law, patients were informed of 
the anonymous data extraction and analysis from medi-
cal files [23]. This study was approved by the Comité 
d’Ethique pour la Recherche en Anesthésie-Réanimation 
(CERAR, IRB 00010254-2019-027).

Statistical analysis
Continuous variables were expressed as median and 
interquartile range [25–75%] or mean (standard devi-
ation), as appropriate. Categorical variables were 
expressed as proportions. Firstly, patients were com-
pared according to occurrence of at least one BSI episode 
using χ2 test for categorical variables and Student t-test, 

Mann–Whitney, or Kruskal–Wallis test for continuous 
variables, as appropriate. Secondly, BCs were compared 
(BSI vs no BSI) using χ2 test for categorical variables and 
Student t-test, Mann–Whitney, or Kruskal–Wallis test 
for continuous variables, considering each BC as an inde-
pendent unit. Finally, variables associated with BSI in 
univariate analysis (with p < 0.15) were included in a mul-
tivariable logistic regression to identify factors indepen-
dently associated with BSI. After multivariable logistic 
regression, we assessed the test performance (sensitivity, 
specificity, positive predictive value, and negative predic-
tive value) of risk factors identified in the multivariable 
model. A sensitivity analysis restricted to routine BCs 
was performed. As a sensitivity analysis, we performed a 
multilevel logistic modeling, considering blood samples 
as level 1 (with “level 1 variables” including collection on 
V-A ECMO, routine sampling, ongoing microbial ther-
apy, and ongoing RRT) and patients as level 2 (with BMI, 
KDIGO, lactate level, and bilirubin level as “level 2 vari-
ables”). All tests were two-sided, with p < 0.05 considered 
statistically significant. STATA/SE 15.0 software (College 
Station, TX, USA) was used for statistical analysis.

Results
During the 4-year study period, 206 consecutive VA-
ECMO were inserted for refractory cardiogenic shock 
or cardiac arrest. After exclusion of 56  V-A ECMO (9 
patients with central V-A ECMO and 47 deaths within 
24 h after implantation), 150 V-A ECMO were analyzed 
(Fig.  1). Patients who received two V-A ECMO during 

206 V-A ECMO screened in cardio-
vascular surgical ICU from January 

2013 to January 2017

150 ECMO analyzed

2146 BC collected

87 positive BC

1162 systematic BC

103 positive BC

51 pathogens 71 pathogens36 contaminants 32 contaminants

56 V-A ECMO excluded : 
- 9 central V-A ECMO
- 47 deaths within 24 
hours after implantation 

984 “on-demand” BC

Fig. 1 Flow chart
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hospitalization (n = 3) were considered as independent 
cases.

Baseline patients’ characteristics
Median age was 58 [48–69] years. Comorbidities are 
reported in Table  1. V-A ECMO indication was mainly 
acute medical heart failure (n = 85; including 39 refrac-
tory cardiac arrest); post-cardiotomy shock concerned 
65  V-A ECMO indications (including 14 primary graft 
failure after heart transplantation). All patients except 
one were mechanically ventilated. Baseline patients’ char-
acteristics did not differ regarding BSIs onset, except for 
patients with V-A ECMO for graft failure for whom BSIs 
were significantly more frequent, and for lactate level at 
admission, which was higher in patients without BSIs.

Clinical characteristics and onset of bloodstream infection 
during ECMO course
Median duration of V-A ECMO support was 7 [5–13] 
days, representing a total of 1422 ECMO-days. BSIs 
occurred in 50 (33%) patients, with increased incidence 
during the first week and after withdrawal (Fig.  2). 
Pathogens identified in BSIs were reported in Table  2. 
V-A ECMO support duration was significantly longer 
in case of BSIs (11 versus 6  days, p = 0.0002). Similarly, 

mechanical ventilation support duration for patients with 
BSIs was 6 days longer (p = 0.02). 

Overall, ICU mortality reached 56% without significant 
difference between patients with or without BSIs. ICU 
and hospital lengths of stay were significantly longer in 
case of BSIs (Table 3).

Blood cultures practices and results
Overall, 2146 BCs were collected (including 363 BCs up 
to five days after V-A ECMO withdrawal), correspond-
ing to a mean of 1.5 BCs per day. Seventy percent of the 
1422  days of V-A ECMO had been subject to one rou-
tine BC sampling. Overall, 190 BCs (9%) were positive: 
116 with bacteria and 6 with yeasts, i.e., 122 BSIs, after 
exclusion of 68 contaminants. Forty-five (36%) BSIs were 
considered as primary. During V-A ECMO course, 49 
different episodes of BSIs were observed, i.e., a BSI rate of 
34.5 cases/1.000 days of V-A ECMO support.

Regarding sampling categorization, on 1162 routine 
BCs performed, 51 were positive for non-contaminants 
pathogens (4%). Conversely, 984 on-demand BCs were 
sampled and 71 were positive for non-contaminants 
pathogens (7%) (p = 0.005). On the 68 total BCs posi-
tive for contaminants, 10 (15%) led to an inappropriate 
antimicrobial therapy; this rate did not differ whether 

Table 1 Baseline patients characteristics

Data are expressed as median (interquartile 25–75) or number (percentage), as appropriate

V-A ECMO, veno-arterial extracorporeal membrane oxygenation; BSI, bloodstream infection; BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
SAPS II, Simplified Acute Physiology Score 2; SOFA, Sepsis-related Organ Failure Assessment

Characteristics All V‑A ECMO (n = 150) Patient without BSI 
(n = 100)

Patient with BSI (n = 50) p

Age (years) 58 (16) 59 (16) 55 (15) 0.14

Male gender 104 (69) 68 (68) 36 (72) 0.62

BMI (kg/m)2 25.4 (22.8–29.0) 24.7 (22.8–28.7) 27.1 (22.6–29.4) 0.13

Comorbidities
  COPD 10 (7) 7 (7) 3 (6) 0.82

  Cirrhosis 3 (2) 1 (1) 2 (4) 0.22

  Long‑term corticosteroid 7 (5) 4 (4) 3 (6) 0.58

  Diabetes 36 (24) 27 (27) 9 (18) 0.22

V‑A ECMO for post‑cardiotomy shock 65 (43) 43 (43) 22 (44) 0.91

  Including primary graft failure after heart 
transplantation

14 (21) 5 (11) 9 (41) 0.01

V‑A ECMO for acute heart failure 85 (57) 57 (57) 28 (56) 0.91

  Including refractory cardiac arrest 39 (26) 12 (24) 27 (27) 0.69

Percutaneous V‑A ECMO insertion 9 (6) 8 (8) 1 (2) 0.27

Intra‑aortic balloon pump 26 (17) 20 (20) 6 (12) 0.22

Lactate level at day 0 (mmol/L) 5.2 (3.0–9.1) 6.1 (3.7–10.3) 3.8 (2.2–8.3) 0.003

Creatinine level at day 0 (µmol/L) 159 (98) 154 (93) 169 (109) 0.39

SAPS II 54 (38–70) 56 (40–74) 50 (37–66) 0.19

Admission SOFA score 13 (11–15) 14 (12–16) 12 (11–15) 0.10

Vasoactive–inotropic score 70 (34–139) 68 (36–130) 73 (29–141) 0.91
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contaminant was isolated from routine BCs (n = 5) or 
on-demand BCs (n = 5) (13 vs. 14%, p = 0.85).

Focusing on routine BCs, 16 (31%) BSIs from routine 
BCs would not have been diagnosed by on-demand 
BCs, i.e., patients had no on-demand BCs.

Blood culture characteristics variables associated 
with bloodstream infection
Considering each BC as an independent event, clinical 
and BC characteristics during V-A ECMO course are 
summarized in Table 4. Body temperature at the time of 
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Fig. 2 Bloodstream infections per day, according to time elapsed after V‑A ECMO implantation (panel A) or withdrawal (panel B)

Table 2 Pathogens responsible for bloodstream infection on V‑A ECMO

Total numbers of pathogens differ from number of BSI due to polymicrobial BSI

Pathogen Overall Within day 0–day 7 Within day 7 withdrawal After ECMO 
withdrawal

Klebsiella pneumoniae 24 14 8 2

Enterobacter aerogenes 18 2 3 13

Proteus mirabilis 15 8 1 6

Enterobacter cloacae 13 10 2 1

Escherichia coli 11 6 2 3

Pseudomonas aeruginosa 13 3 0 10

Yeast (including Candida spp.) 6 0 5 1

Enterococcus faecalis 6 5 0 1

Hafnia alvei 5 5 0 0

Bacteroides fragilis 3 1 1 1

Klebsiella oxytoca 3 0 2 1

Pantoea spp. 3 3 0 0

Serratia marcescens 2 0 0 2

Staphylococcus aureus 2 2 0 0

Citrobacter braakii 1 1 0 0

Enterococcus faecium 1 0 0 1

Haemophilus influenzae 1 1 0 0

Lactobacillus casei 1 1 0 0

Neisseria spp. 1 1 0 0

Leuconostoc spp. 1 1 0 0

Morganella morganii 1 1 0 0

Stenotrophomonas maltophilia 1 1 0 0
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Table 3 Clinical characteristics during ECMO course

Data are expressed as median (interquartile 25–75) or number (percentage), as appropriate

V-A ECMO, veno-arterial extracorporeal membrane oxygenation; BSI, bloodstream infection; ICU, intensive care unit

All V‑A ECMO 
(n = 150)

Patient without BSI 
(n = 100)

Patient with BSI 
(n = 50)

p

ECMO implantation in the operative room 81 (54) 55 (55) 26 (52) 0.73

V‑A ECMO support duration (days) 7 (5–13) 6 (5–11) 11 (6–16) 0.0002

Total red blood cell unit transfusion during V‑A ECMO support 13 (9) 13 (9) 13 (9) 0.83

Acute mesenteric ischemia during V‑A ECMO support 14 (9) 8 (8) 6 (12) 0.43

Total duration of mechanical ventilation (days) 14 (6–27) 12 (5.5–25) 18 (10–30) 0.02

ICU mortality 84 (56) 54 (54) 30 (60) 0.49

ICU length of stay (days) 19 (10–32) 17 (9–26) 23 (14–38) 0.02

Hospital length of stay (days) 24 (14–38) 21 (10–37) 31 (17–41) 0.01

Table 4 Blood culture characteristics

Data are expressed as median [interquartile 25–75] or number (percentage), as appropriate

V-A ECMO, veno-arterial extracorporeal membrane oxygenation; BC, blood culture; BMI, body mass index; BSI, bloodstream infection; KDIGO, Kidney Disease 
Improving Global Outcomes; RRT, renal replacement therapy

All BC (n = 2146) No BSI (n = 2024) BSI (n = 122) p

Age (years) 57 (16) 57 (16) 54 (16) 0.04

BMI (kg/m)2 26.1 (4.6) 26.1 (4.6) 26.8 (4.6) 0.12

Indications for V‑A ECMO  < 0.001

   Acute heart failure 763 (36) 720 (36) 43 (35)

   Refractory cardiac arrest 466 (22) 446 (22) 20 (16)

   Post‑cardiotomy shock 722 (34) 691 (34) 31 (25)

   Primary graft failure 195 (9) 167 (8) 28 (23)

Percutaneous V‑A ECMO insertion 119 (6) 111 (9) 8 (1)  < 0.001

Hemoglobin at day 0 (g/dL) 10.0 (2.4) 9.9 (2.3) 10,2 (2.7) 0.23

White blood cell count at day 0 (G/L) 14.2 (6.8) 14.2 (6.8) 14.5 (7.5) 0.69

Total bilirubin level at day 0 (µmol/L) 33 (46) 32 (43) 46 (85) 0.002

Lactate level at day 0 (mmol/L) 6.0 (4.1) 6.1 (4.2) 4.5 (3.4)  < 0.0001

KDIGO stage 0.026

  0 813 (38) 781 (39) 32 (26)

  1 634 (30) 587 (29) 47 (39)

  2 276 (13) 255 (13) 21 (17)

  3 423 (20) 401 (20) 22 (18)

Timing between V‑A ECMO implantation 
and BC sampling

0.001

  < 7 days 1124 (52) 1069 (53) 55 (45)

  7–15 days 733 (34) 696 (34) 37 (30)

  > 15 days 289 (13) 259 (13) 30 (25)

BC sampling on V‑A ECMO 1783 (83) 1694 (84) 89 (73) 0.002

Routine BC 1162 (54) 1111 (55) 51 (42) 0.005

Body temperature 36.8 (36.4–37.3) 36.8 (36.4–37.3) 36.9 (36.4–37.3) 0.57

    ≥ 38.3 °C 156 (7) 150 (7) 6 (5) 0.30

BC sampling site  < 0.001

  Arterial line 1705 (82) 1629 (83) 76 (66)

  Central venous catheter 210 (10) 186 (9) 24 (21)

  Peripheral venipuncture 161 (8) 146 (7) 15 (13)

Ongoing antimicrobial therapy 1318 (61) 1231 (61) 87 (72) 0.02

Ongoing RRT 582 (27) 527 (26) 55 (45)  < 0.001
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BC sampling was not different in case of BSI. Whereas 
BCs were preferably drawn from arterial line (70%), BSI 
was more observed when BCs were retrieved from cen-
tral venous line or direct venipuncture (p < 0.001).

In multivariate analysis considering all BCs (Table  5), 
independent risk factors associated with BSIs were: BMI 
(OR 1.1, 95% CI [1.0; 1.1], p = 0.007), lactate level at 
admission (OR 0.90, 95% CI [0.85; 0.95], p < 0.001), bili-
rubin level at admission (OR 1.00, 95% CI [1.00; 1.01], 
p = 0.019), BCs collected on V-A ECMO (OR 0.52, 95% 
CI [0.34; 0.81], p = 0.004), BCs collected with ongo-
ing antimicrobial therapy (OR 1.56, 95% CI [1.03; 2.35], 
p = 0.037), and BCs collected with ongoing renal replace-
ment therapy (OR 2.76, 95% CI [1.86; 4.09], p < 0.001). 
In addition, performing routine BC was negatively asso-
ciated with BSI diagnosis (OR 0.55, 95% CI [0.38; 0.81], 
p = 0.002). Sensitivity analysis with multilevel model 
adjusted found consistent results (OR of routine BC for 
BSI = 0.44, 95% CI [0.28; 0.67], p < 0.001).

Focusing on routine BCs, independent risk factors 
associated with BSIs were: V-A ECMO for graft failure 
after heart transplantation (OR 2.43, 95% CI [1.20; 4.92], 
p = 0.013) and BCs performed with ongoing antimicro-
bial therapy or renal replacement therapy (OR 2.15, 95% 
CI [1.08; 4.27], p = 0.029, and OR 2.05, 95% CI [1.10; 
3.81], p = 0.008, respectively) (Table 6).

Figure  3 represents the occurrence of BSIs when BCs 
were collected systematically according to the presence 
of none or at least one of the three independent variables 
described above. In case of the absence of all these three 
conditions, only two BSIs from routine BCs were posi-
tive and would not have been caught up by on-demand 
BCs sampling. On the contrary, 15% of routine BCs 

revealed BSIs in the presence of all the three conditions. 
Test performance of the routine BCs strategy comparing 
the existence of at least one risk factor with the absence 
of risk factor was 96%, 30%, 5%, and 99%, for sensitivity, 
specificity, positive predictive value, and negative predic-
tive value, respectively.

Discussion
In this 4-year series of 150 consecutive V-A ECMO, BSIs 
were observed in one-third of patients, with a rate of 34.5 
BSI/1.000 days of V-A ECMO support. Routine BCs iden-
tified significantly less BSIs than on-demand BCs and led 
to a high proportion of contaminations with subsequent 
inappropriate antimicrobial therapy. In addition, per-
forming routine BCs were negatively associated with BSIs 
diagnosis. However, one-third of BSIs would have been 
missed by a policy restricted to on-demand BCs. This 
argues for better selecting conditions of routine BCs pre-
scription on V-A ECMO. Indeed, this study highlighted 
three independent risk factors for BCs positivity when 
routine BCs were performed: patient with V-A ECMO 
for graft failure after heart transplantation, BCs collected 
with ongoing antimicrobial therapy or renal replacement 
therapy.

A recent study of 220  V-A ECMO reported an inci-
dence of nosocomial infections of 64%, with ventilator-
associated pneumonia and BSI being the most frequent 
(55% and 18%, respectively) [2]. The specific burden of 
infectious complications is hard to evaluate, because the 
most severe patients die early, while the survivors expe-
rience prolonged ECMO support and ICU length of 
stay. For instance, V-A ECMO support duration, ICU, 
and hospital length of stay were significantly longer 
in patients with at least one BSI, but this link reflects a 
longer vulnerability period, prone to septic complica-
tions. This precludes comparison of the mortality of 
infected versus non-infected patients, in addition to dis-
crepancies between definitions and differences of case 
mix between studies.

A few studies focused on the incidence of BSI on 
ECMO support. Unfortunately, mixture of veno-venous 
(V-V) and V-A ECMO, various indications of support 
(from acute respiratory distress syndrome to refrac-
tory cardiogenic shock), and various types of population 

Table 5 Multivariate analysis of independent variables of 
probability of blood culture to diagnose bloodstream infection

V-A ECMO, veno-arterial extracorporeal membrane oxygenation; BSI, 
bloodstream infection; BMI, body mass index; KDIGO, Kidney Disease Improving 
Global Outcomes; RRT, renal replacement therapy

BSI characteristics OR [95% CI] p

BMI (kg/m)2 1.06 [1.01; 1.11] 0.007

KDIGO stage 
  1 1.95 [1.19; 3.17] 0.007

  2 1.64 [0.91; 2.95] 0.101

  3 1.36 [0.77; 2.40] 0.285

Lactate level at day 0 (mmol/L) 0.90 [0.85; 0.95]  < 0.001

Total bilirubin level at day 0 (µmol/L) 1.00 [1.00; 1.01] 0.019

Collection on V‑A ECMO 0.52 [0.34; 0.81] 0.004

Routine sampling 0.55 [0.38; 0.81] 0.002

On‑going antimicrobial therapy 1.56 [1.03; 2.35] 0.037

On‑going RRT 2.76 [1.86; 4.09]  < 0.001

Table 6 Multivariate analysis of independent variables 
associated with positive routine blood culture

BSI, bloodstream infection; RRT, renal replacement therapy

BSI characteristics OR [95% CI] p

Primary graft failure 2.43 [1.20; 4.92] 0.013

Ongoing antimicrobial therapy 2.15 [1.08; 4.27] 0.029

Ongoing RRT 2.05 [1.10; 3.81] 0.008
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(pediatric for the most of studies, or a mix of adult and 
children) creates heterogeneity [24–28]. In addition, pro-
phylactic anti-infective strategies and BCs contaminants 
varied between studies. Similarly, while the ELSO Infec-
tious Disease Task Force does not recommend antibiotic 
prophylaxis on ECMO, 74% of centers reported perform-
ing it [29, 30]. The risk of BSIs and the well-established 
consequence of delayed or inappropriate antimicrobial 
therapy must be balanced with the negative impact of 
antibiotics on microbiota and subsequent infections [31].

Overall, a recent review (in pediatric and adult popula-
tion with V-V and V-A ECMO) found a BSIs prevalence 
ranging from 3 to 18% and a incidence range from 3 to 31 
episodes per 1.000 ECMO-days [3]. Regarding our BSIs 
rate, this large variation from a factor 1 to 10 prevents 
from drawing an “usual” rate of BSIs on ECMO. Our high 
rate of BSIs may be explained by (1) our daily routine BCs 
sampling protocol, (2) the inclusion of post-cardiac arrest 
patients who develop high rate of infectious complica-
tions, and (3) the extent of the study period up to 5 days 
after V-A ECMO withdrawal.

To deal with the challenging issue of diagnosis of infec-
tion on ECMO, routine BCs sampling is sometimes 
advocated but is still debated [6, 32]. According to ELSO 
surveys, between 34 and 49% of centers reported per-
forming routine BCs, with variable intervals [8, 30]. As 
far as we are aware, this is the first study focusing on the 
interest and impact of a policy of routine BCs on V-A 
ECMO.

Multiple and non-clinically oriented routine BCs could 
increase the probability of diagnosing paucisymptomatic 
BSIs, but also the risk of positivity with contaminants. 
Our contamination rate was 2.5%; a rate within previ-
ously reported contamination ranges from 0.6 to 6% [33]. 
This raises several points of concern. First, the isolation 
of positive BC with potential contaminants generates an 
additional cost of hospitalization of around $8000 per 

patient, an increase of antibiotic prescription, and length 
of stay [34, 35]. It has been demonstrated than half of 
patients with contaminated BCs were inappropriately 
treated with antibiotics, one-third receiving vancomy-
cin [17]. In our unit, antimicrobial therapy was deemed 
a posteriori inadequate in only 14% of cases, thanks to 
a rigorous anti-antimicrobial therapy policy and daily 
rounds with infectious diseases specialists. This may 
counterbalance our high rate of BSIs and contaminated 
BCs. Second, collecting 20 ml of blood per BC on the top 
of others daily blood samples exposes to progressive ane-
mia [36]. On the contrary, a policy of reduction of blood 
laboratory tests reduced red blood cell transfusion, hos-
pitalization costs, without impacting ICU outcome [37].

Our results question the optimal policy of BC prac-
tices. Our results could mean that BSIs are often sympto-
matic in this population, with either worsening shock or 
clinical/radiological signs of sepsis. Alternatively, physi-
cians may have not prescribed on-demand BCs, knowing 
the fact that routine BCs had been sampled a few hours 
before. This subjective point may have lowered the diag-
nosis yield of on-demand BCs. Aiming to identify the 
clinical settings that increase the putative contribution 
of systematic BCs, we highlighted three risk factors for 
BC positivity. ECMO support after cardiac transplanta-
tion raises the question of performing systematic daily 
BC, as immunodepression increases the risk of BSI, and 
thus, the suitability of routine BC. Similarly, ongoing 
renal replacement therapy denotes higher severity and 
thus higher risk of nosocomial infections. Alternatively, 
the need for intravascular dialysis catheter may be a sup-
plementary BSI risk factor. At least, BC sampling dur-
ing ongoing antimicrobial therapy may reveal creeping 
bacteremia that are uncompleted treated by antibiotics. 
Overall, we propose a mitigated strategy, i.e., performing 
daily BC in adult patients on V-A ECMO with risk fac-
tor. This approach could be an acceptable compromise 
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Fig. 3 Occurrence of bloodstream infection diagnosis (%) with routine blood culture depending on risk factors
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between an aggressive BC collection policy leading to an 
excess of contaminant identification and blood depletion, 
and a sparing policy missing clinically relevant BSI.

Our work presents limitations. First, in the absence of 
consensual definition of contaminated BCs in the pre-
sent particular clinical setting, the CDC definition was 
applied [18, 38]. Second, our study population mixed 
patients with post-cardiotomy shock, acute heart failure, 
and refractory cardiac arrest. The latter is more prone 
to infectious complications, notably BSI [39]. Third, in 
case of death on V-A ECMO support, BC may not have 
been sampled the day of death. Fourth, the retrospective 
design of this study did not allow us to assess formally 
that all BCs taken between 4 and 7 a.m. were all routine 
sampling. Fifth, the reason of performing on-demand 
BC was not collected. We also acknowledge that provid-
ers who know their patients will receive daily BCs in the 
morning might be less likely to order on-demand cul-
tures, or consider that the routine BCs were enough for 
diagnosing infection, even in the setting of new signs or 
symptoms. In addition, ongoing antimicrobial therapy 
was analyzed as a yes/no variable, but it may have dif-
ferent impact according to the duration of treatment. 
Also, we did not extract biological variables at each BC 
sampling but only those at V-A  ECMO implantation, 
i.e., at day 0. Similarly, location and number of intravas-
cular catheters were not collected, whereas they are per 
se a major risk factor for BSI. Sixth, BC was considered 
as the gold-standard of BSI diagnostic method. However, 
BC detect only culturable bacteria. Innovative techniques 
like bacterial DNA detection in rapid molecular assays 
such as PCR or more recently metagenomic next-gener-
ation sequencing (mNGS) test using cell-free DNA from 
blood could be promising tools for diagnosis supplemen-
tary BSI [40, 41]. Finally, the temporal window of BCs 
collection is debatable. Indeed, the time frame of ECMO-
related BSIs advocated by some authors is from the day of 
V-A ECMO implantation up to two days after withdrawal 
[2, 42]. However, risk of delayed V-A ECMO-related BSIs 
persists several days after withdrawal. Our results con-
firm this recent finding, arguing for large BCs sampling 
after V-A ECMO withdrawal [43].

Conclusion
We describe for the first time the consequences of BC 
practices policy in an adult population supported by 
V-A ECMO. Whereas routine daily BCs were less clini-
cally relevant than on-demand BCs and lead to a sig-
nificant proportion of inappropriate antimicrobial 
therapy, a restricting policy of BCs sampling misses a 
significant proportion of BSIs. We suggest daily BCs 
sampling on V-A ECMO support when easy-to-identify 

positive BCs risk factors are present. Further prospec-
tive studies should test these criteria.

Abbreviations
BC: Blood culture; BMI: Body mass index; BSI: Bloodstream infection; CERAR 
: Comité d’Ethique pour la Recherche en Anesthésie‑Réanimation; CoNS: 
Coagulase‑negative staphylococci; COPD: Chronic obstructive pulmonary dis‑
ease; ELSO: Extracorporeal Life Support Organization; ICU: Intensive care unit; 
KDIGO: Kidney Disease Improving Global Outcomes; RRT : Renal replacement 
therapy; SAPS II: Simplified Acute Physiology Score 2; SOFA: Sepsis‑related 
organ failure assessment; V‑A ECMO: Veno‑arterial extracorporeal membrane 
oxygenation; V‑V ECMO: Veno‑venous extracorporeal membrane oxygenation.

Acknowledgements
Not applicable.

Authors’ contributions
QdR and NM designed the study and wrote the manuscript. WB, QdR, and 
NM performed the statistical analyses. QdR, MR, JB, FH, and NM collected 
study data. All authors participated in writing and revising the manuscript. All 
authors read and approved the final manuscript.

Funding
The authors received no financial support for the study or publication.

Availability of data and materials
Data and materials are available on request to the corresponding author.

Declarations

Ethical approval and consent to participate
Patients were informed of the anonymous data extraction and analysis from 
medical files. This study was approved by the Comité d’Ethique pour la 
Recherche en Anesthésie‑Réanimation (CERAR, IRB 00010254‑2019‑027).

Consent for publication
All authors have given their consent for publication.

Competing interests
NM serves as a consultant for Amomed. The other authors have not disclosed 
any potential competing interests.

Author details
1 Service d’Anesthésie‑Réanimations Chirurgicales, DMU CARE, DHU A‑TVB, 
Assistance Publique‑Hôpitaux de Paris (AP‑HP), Hôpitaux Universitaires Henri 
Mondor, 1 rue Gustave Eiffel, 94000 Créteil, France. 2 Réanimation Polyvalente, 
Hôpital Privé Jacques Cartier, 91300 Massy, France. 3 Département de préven‑
tion, diagnostic et traitement des infections, Assistance Publique des Hôpitaux 
de Paris (APHP), Hôpitaux Universitaires Henri Mondor, 94010 Créteil, France. 
4 Unité transversale de traitement des infections, Assistance Publique des 
Hôpitaux de Paris (APHP), Hôpitaux Universitaires Henri Mondor, 94010 Créteil, 
France. 5 Service de chirurgie cardiaque, Assistance Publique des Hôpitaux 
de Paris (APHP), Hôpitaux Universitaires Henri Mondor, 94010 Créteil, France. 
6 Département d’information médicale, Assistance Publique des Hôpitaux 
de Paris (APHP), Hôpitaux Universitaires Henri Mondor, 94010 Créteil, France. 
7 Faculté de Santé, Univ Paris Est Créteil, 94010 Créteil, France. 8 U955‑IMRB, 
Equipe 03 “Pharmacologie et Technologies pour les Maladies Cardiovasculaires 
(PROTECT)”, Inserm, Univ Paris Est Créteil (UPEC), Ecole Nationale Vétérinaire 
d’Alfort (EnVA), 94700 Maisons‑Alfort, France. 

Received: 23 March 2021   Accepted: 27 June 2021



Page 10 of 11de Roux et al. Crit Care          (2021) 25:241 

References
 1. Mongardon N, De Roux Q, Clariot S. Veno‑arterial ECMO in criti‑

cally ill patients: the age of maturity? Anaesth Crit Care Pain Med. 
2018;37(3):193–4.

 2. Schmidt M, Bréchot N, Hariri S, Guiguet M, Luyt CE, Makri R, et al. 
Nosocomial infections in adult cardiogenic shock patients supported 
by venoarterial extracorporeal membrane oxygenation. Clin Infect Dis. 
2012;55(12):1633–41.

 3. Biffi S, Di Bella S, Scaravilli V, Peri AM, Grasselli G, Alagna L, et al. Infec‑
tions during extracorporeal membrane oxygenation: epidemiology, 
risk factors, pathogenesis and prevention. Int J Antimicrob Agents. 
2017;50(1):9–16.

 4. Kataja A, Tarvasmäki T, Lassus J, Sionis A, Mebazaa A, Pulkki K, et al. Kinet‑
ics of procalcitonin, C‑reactive protein and interleukin‑6 in cardiogenic 
shock—insights from the CardShock study. Int J Cardiol. 2021;322:191–6.

 5. Kim DW, Cho HJ, Kim GS, Song SY, Na KJ, Oh SG, et al. Predictive value 
of procalcitonin for infection and survival in adult cardiogenic shock 
patients treated with extracorporeal membrane oxygenation. Chonnam 
Med J. 2018;54(1):48–54.

 6. Steiner CK, Stewart DL, Bond SJ, Hornung CA, McKay VJ. Predictors of 
acquiring a nosocomial bloodstream infection on extracorporeal mem‑
brane oxygenation. J Pediatr Surg. 2001;36(3):487–92.

 7. Verboom DM, van de Groep K, Boel CHE, Haas PJA, Derde LPG, Cremer 
OL, et al. The diagnostic yield of routine admission blood cultures in criti‑
cally ill patients. Crit Care Med. 2021;49(1):60–9.

 8. Glater‑Welt LB, Schneider JB, Zinger MM, Rosen L, Sweberg TM. Noso‑
comial bloodstream infections in patients receiving extracorporeal 
life support: variability in prevention practices: a survey of the extra‑
corporeal life support organization members. J Intensive Care Med. 
2016;31(10):654–69.

 9. Elerian LF, Sparks JW, Meyer TA, Zwischenberger JB, Doski J, Goretsky 
MJ, et al. Usefulness of surveillance cultures in neonatal extracorporeal 
membrane oxygenation. ASAIO J. 2001;47(3):220–3.

 10. Abrams D, Grasselli G, Schmidt M, Mueller T, Brodie D. ECLS‑associated 
infections in adults: what we know and what we don’t yet know. Inten‑
sive Care Med. 2020;46(2):182–91.

 11. Le Gall A, Follin A, Cholley B, Mantz J, Aissaoui N, Pirracchio R. Veno‑
arterial‑ECMO in the intensive care unit: From technical aspects to clinical 
practice. Anaesth Crit Care Pain Med. 2018;37(3):259–68.

 12. Aissaoui N, El‑Banayosy A, Combes A. How to wean a patient from 
veno‑arterial extracorporeal membrane oxygenation. Intensive Care Med. 
2015;41(5):902–5.

 13. Martin C, Auboyer C, Boisson M, Dupont H, Gauzit R, Kitzis M, et al. Anti‑
bioprophylaxis in surgery and interventional medicine (adult patients). 
Update 2017. Anaesth Crit Care Pain Med. 2019;38(5):549–62.

 14. Leone M, Roberts JA, Bassetti M, Bouglé A, Lavigne J‑P, Legrand M, 
et al. Update in antibiotic therapy in intensive care unit: report from 
the 2019 Nîmes international symposium. Anaesth Crit Care Pain Med. 
2019;38(6):647–56.

 15. Climo MW, Yokoe DS, Warren DK, Perl TM, Bolon M, Herwaldt LA, et al. 
Effect of daily chlorhexidine bathing on hospital‑acquired infection. N 
Engl J Med. 2013;368(6):533–42.

 16. Leone M, Bouadma L, Bouhemad B, Brissaud O, Dauger S, Gibot S, 
et al. Hospital‑acquired pneumonia in ICU. Anaesth Crit Care Pain Med. 
2018;37(1):83–98.

 17. Lamy B, Dargère S, Arendrup MC, Parienti J‑J, Tattevin P. How to optimize 
the use of blood cultures for the diagnosis of bloodstream infections? A 
State‑of‑the Art. Front Microbiol. 2016;7:697.

 18. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of 
health care‑associated infection and criteria for specific types of infec‑
tions in the acute care setting. Am J Infect Control. 2008;36(5):309–32.

 19. Surveillance of healthcare‑associated infections and prevention indica‑
tors in European intensive care units: HAI‑Net ICU protocol, version 2.2. 
European Centre for Disease Prevention and Control. 2017. Disponible 
sur: https:// www. ecdc. europa. eu/ en/ publi catio ns‑ data/ surve illan ce‑ 
healt hcare‑ assoc iated‑ infec tions‑ and‑ preve ntion‑ indic ators‑ europ ean.

 20. Almyroudis NG, Fuller A, Jakubowski A, Sepkowitz K, Jaffe D, Small 
TN, et al. Pre‑ and post‑engraftment bloodstream infection rates and 
associated mortality in allogeneic hematopoietic stem cell transplant 
recipients. Transpl Infect Dis Off J Transplant Soc. 2005;7(1):11–7.

 21. Park SY, Kwon KH, Chung J‑W, Huh HJ, Chae SL. Coagulase‑negative 
staphylococcal bacteremia: risk factors for mortality and impact of ini‑
tial appropriate antimicrobial therapy on outcome. Eur J Clin Microbiol 
Infect Dis Off Publ Eur Soc Clin Microbiol. 2015;34(7):1395–401.

 22. Siempos II, Ioannidou E, Falagas ME. The difference between 
adequate and appropriate antimicrobial treatment. Clin Infect Dis. 
2008;46(4):642–4.

 23. Toulouse E, Lafont B, Granier S, Mcgurk G, Bazin J‑E. French legal 
approach to patient consent in clinical research. Anaesth Crit Care Pain 
Med. 2020;39(6):883–5.

 24. Kim GS, Lee KS, Park CK, Kang SK, Kim DW, Oh SG, et al. Nosocomial 
infection in adult patients undergoing veno‑arterial extracorporeal 
membrane oxygenation. J Korean Med Sci. 2017;32(4):593–8.

 25. Na SJ, Chung CR, Choi HJ, Cho YH, Yang JH, Suh GY, et al. Blood stream 
infection in patients on venovenous extracorporeal membrane 
oxygenation for respiratory failure. Infect Control Hosp Epidemiol. 
2018;39(7):871–4.

 26. Silvetti S, Ranucci M, Pistuddi V, Isgrò G, Ballotta A, Ferraris L, et al. 
Bloodstream infections during post‑cardiotomy extracorporeal mem‑
brane oxygenation: incidence, risk factors, and outcomes. Int J Artif 
Organs. 2018;391398818817325.

 27. Kutleša M, Santini M, Krajinović V, Papić N, Novokmet A, Josipović 
Mraović R, et al. Nosocomial blood stream infections in patients treated 
with venovenous extracorporeal membrane oxygenation for acute 
respiratory distress syndrome. Minerva Anestesiol. 2017;83(5):493–501.

 28. Butler DF, Lee B, Molitor‑Kirsch E, Newland JG. Extracorporeal mem‑
brane oxygenation‑associated bloodstream infections in children. 
Pediatr Infect Dis J. 2017;36(3):346–7.

 29. Extracorporeal Life Support Organization‑ECMO and ECLS > About 
Us > Task Forces > Infectious Disease Task Force. 2019. Disponible sur: 
https:// www. elso. org/ About Us/ TaskF orces/ Infec tious Disea seTas kForce. 
aspx.

 30. Kao LS, Fleming GM, Escamilla RJ, Lew DF, Lally KP. Antimicrobial prophy‑
laxis and infection surveillance in extracorporeal membrane oxygena‑
tion patients: a multi‑institutional survey of practice patterns. ASAIO J. 
2011;57(3):231–8.

 31. Bassetti M, Rello J, Blasi F, Goossens H, Sotgiu G, Tavoschi L, et al. System‑
atic review of the impact of appropriate versus inappropriate initial anti‑
biotic therapy on outcomes of patients with severe bacterial infections. 
Int J Antimicrob Agents. 2020;56(6):106184.

 32. Kaczala GW, Paulus SC, Al‑Dajani N, Jang W, Blondel‑Hill E, Dobson S, 
et al. Bloodstream infections in pediatric ECLS: usefulness of daily blood 
culture monitoring and predictive value of biological markers. The British 
Columbia experience. Pediatr Surg Int. 2009;25(2):169–73.

 33. Hall KK, Lyman JA. Updated review of blood culture contamination. Clin 
Microbiol Rev. 2006;19(4):788–802.

 34. Alahmadi YM, Aldeyab MA, McElnay JC, Scott MG, Darwish Elhajji FW, 
Magee FA, et al. Clinical and economic impact of contaminated blood 
cultures within the hospital setting. J Hosp Infect. 2011;77(3):233–6.

 35. Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource 
utilization: the true consequences of false‑positive results. JAMA. 
1991;265(3):365–9.

 36. Lyon AW, Chin AC, Slotsve GA, Lyon ME. Simulation of repetitive diagnos‑
tic blood loss and onset of iatrogenic anemia in critical care patients with 
a mathematical model. Comput Biol Med. 2013;43(2):84–90.

 37. Kumwilaisak K, Noto A, Schmidt UH, Beck CI, Crimi C, Lewandrowski 
K, et al. Effect of laboratory testing guidelines on the utilization of 
tests and order entries in a surgical intensive care unit. Crit Care Med. 
2008;36(11):2993–9.

 38. Beekmann SE, Diekema DJ, Doern GV. Determining the clinical signifi‑
cance of coagulase‑negative staphylococci isolated from blood cultures. 
Infect Control Hosp Epidemiol. 2005;26(6):559–66.

 39. Mongardon N, Perbet S, Lemiale V, Dumas F, Poupet H, Charpentier J, 
et al. Infectious complications in out‑of‑hospital cardiac arrest patients in 
the therapeutic hypothermia era. Crit Care Med. 2011;39:1359–64.

 40. Bloos F, Hinder F, Becker K, Sachse S, Mekontso Dessap A, Straube E, et al. 
A multicenter trial to compare blood culture with polymerase chain reac‑
tion in severe human sepsis. Intensive Care Med. 2010;36(2):241–7.

 41. Gu W, Deng X, Lee M, Sucu YD, Arevalo S, Stryke D, et al. Rapid pathogen 
detection by metagenomic next‑generation sequencing of infected 
body fluids. Nat Med. 2021;27(1):115–24.

https://www.ecdc.europa.eu/en/publications-data/surveillance-healthcare-associated-infections-and-prevention-indicators-european.
https://www.ecdc.europa.eu/en/publications-data/surveillance-healthcare-associated-infections-and-prevention-indicators-european.
https://www.elso.org/AboutUs/TaskForces/InfectiousDiseaseTaskForce.aspx.
https://www.elso.org/AboutUs/TaskForces/InfectiousDiseaseTaskForce.aspx.


Page 11 of 11de Roux et al. Crit Care          (2021) 25:241  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 42. Grasselli G, Scaravilli V, Di Bella S, Biffi S, Bombino M, Patroniti N, et al. 
Nosocomial infections during extracorporeal membrane oxygenation: 
incidence, etiology, and impact on patients’ outcome. Crit Care Med. 
2017;45(10):1726–33.

 43. Messika J, Schmidt M, Aubry A, Combes A, Ricard J‑D. Extracorporeal 
membrane oxygenation‑associated infections: carefully consider cannula 
infections! Crit Care Med. 2018;46(2):e171–2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Diagnostic yield of routine daily blood culture in patients on veno-arterial extracorporeal membrane oxygenation
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Study design and population
	V-A ECMO management
	Antimicrobial strategy and hygiene practices
	Blood culture microbiological samples practices
	Bloodstream infection definition
	Appropriateness of antimicrobial therapy
	Data collection and ethical considerations
	Statistical analysis

	Results
	Baseline patients’ characteristics
	Clinical characteristics and onset of bloodstream infection during ECMO course
	Blood cultures practices and results
	Blood culture characteristics variables associated with bloodstream infection

	Discussion
	Conclusion
	Acknowledgements
	References


