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Background. Incidence and impact on adult patients’ outcomes of nosocomial infections (NIs) occurring
during venoarterial extracorporeal membrane oxygenation (VA-ECMO) support for refractory cardiogenic shock
have rarely been described.

Methods. We retrospectively reviewed the charts of a large series of patients who received VA-ECMO in our
intensive care unit (ICU) from January 2003 through December 2009. Incidence, types, risk factors, and impact
on outcomes of NIs occurring during ECMO support were analyzed.

Results. Among 220 patients (49 ± 16 years old, simplified acute physiology score (SAPS) II 61 ± 20) who
underwent ECMO support for >48 hours for a total of 2942 ECMO days, 142 (64%) developed NIs. Ventilator-
associated pneumonia (VAP), bloodstream infections, cannula infections, and mediastinitis infections occurred in
55%, 18%, 10% and 11% of the patients, respectively. More critical condition at ICU admission, but not antibiotics
at the time of ECMO cannulation, was associated with subsequently developing NIs (hazard ratio, 0.73; 95%
confidence interval [CI], .50–1.05; P = .09). Infected patients had longer durations of mechanical ventilation,
ECMO support, and hospital stays. Independent predictors of death were infection with severe sepsis or septic
shock (odds ratio, 1.93; 95% CI, 1.26–2.94; P = .002) and SAPS II, whereas immunosuppression and myocarditis
as the reason for ECMO support were associated with better outcomes.

Conclusions. Cardiogenic shock patients who received the latest generation VA-ECMO still had a high risk of
developing NIs, particularly VAP. Strategies aimed at preventing these infections may improve the outcomes of
these critically ill patients.

Venoarterial extracorporeal membrane oxygenation
(VA-ECMO) is an easily applicable and widely accepted
treatment option for temporary circulatory assistance in
patients with cardiogenic shock refractory to conven-
tional medical therapies [1–3]. This procedure provides
prolonged cardiac and respiratory life support, allowing

myocardial recovery or bridging to cardiac transplanta-
tion or the implantation of a left ventricle assist device
(LVAD). Despite major advances in device technology
and the intensive care of these critically ill patients,
high short-term mortality rates persist [3–5]. Although
reasons for this high mortality are many, nosocomial
infections (NIs) occurring while on ECMO may have
dreadful consequences. Indeed, risks of developing in-
fections are markedly increased in these very sick pa-
tients with disease-induced compromised immune
systems and many indwelling medical devices (ie, large
ECMO cannulas, endotracheal tube, intra-aortic
balloon pump, and central venous catheter).

To date, only a few studies have carefully evaluated
the NI incidence and impact on outcomes of patients
receiving ECMO [6–15], and most of them were
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conducted on children [6–8, 13–15] or on a majority of pa-
tients receiving venovenous ECMO for respiratory failure [9]
or were conducted before the diffusion of the newest genera-
tion of ECMO system driven by miniaturized centrifugal
pumps and comprising biocompatible and heparin-coated cir-
cuits and membrane oxygenators [6–9, 11, 13]. Thus, the ob-
jective of this study was to analyze the NI incidence, types,
risk factors, and impact on outcomes in a homogeneous
group of adults who received the latest generation VA-ECMO
devices for refractory cardiogenic shock.

PATIENTS AND METHODS

Setting
This study was conducted in an 18-bed medical-surgical in-
tensive care unit (ICU) at La Pitié-Salpêtrière University Hos-
pital, Paris, France. Its protocol was in accordance with the
ethical standards of our institution’s Committee for the Pro-
tection of Human Research Subjects. No informed consent
was obtained because this epidemiologic study did not modify
existing diagnostic or therapeutic strategies.

Patients
We retrospectively analyzed the charts of the 271 consecutive
patients who received VA-ECMO for refractory cardiogenic
shock in our ICU from January 2003 through December 2009.
Every patient had the following signs of acute refractory car-
diogenic shock before ECMO institution: evidence of tissue
hypoxia concomitant with adequate intravascular volume and
sustained hypotension and reduced cardiac index (<2.2 L/
minutes/m2) despite infusion of high-dose catecholamines
(epinephrine >0.2 µg/kg/minutes or dobutamine >20 µg/kg/
minutes ± norepinephrine >0.2 µg/kg/minutes). Venoarterial
extracorporeal membrane oxygenation support was initiated
under the following 4 circumstances: (1) acute refractory car-
diogenic shock complicating acute myocardial infarction, end-
stage dilated cardiomyopathy, or fulminant myocarditis; (2)
postcardiotomy cardiogenic shock; (3) immediate post-
transplant cardiac graft failure, with elevated pulmonary pres-
sures and right and/or left ventricular dysfunction; (4) miscel-
laneous conditions (eg, cardiotoxic drug overdose, acute
cardiac allograft rejection, traumatic cardiac tamponade with
persistent cardiac arrest or myocardial contusion following
ballistic chest trauma). Patients receiving venovenous ECMO
and the 51 patients who had ECMO for ≤48 hours and were
not exposed to ECMO long enough to identify ECMO-related
infections were excluded from the study.

ECMO Support
The detailed surgical procedure for ECMO placement has
been described elsewhere [5, 16]. Briefly, cannulation for

VA-ECMO support was either percutaneous at the femoral
site or central (ie, intrathoracic) with right atrial and aortic
lines. Peripheral ECMO was switched to central ECMO when
acute pulmonary edema due to insufficient left ventricular un-
loading or acute leg ischemia occurred. Prophylactic antibiotic
therapy with second-generation cephalosporin or glycopep-
tides as a single intravenous injection and based on patients’
risk factors for methicillin-resistant cocci carriage was used
only for intrathoracic ECMO cannula implantation when pa-
tients were not receiving antibiotics at that time. When
ECMO weaning was impossible, bridging to an LVAD or
transplantation was considered.

Standard Care Procedure for Patients on ECMO
Standard care for these patients included at least 1 peripheral
intravenous line, orotracheal intubation and tracheostomy
when mechanical ventilation (MV) duration exceeded 10 days,
nasogastric tube insertion, and urethral catheterization. Extra-
corporeal membrane oxygenation cannula insertion sites,
central venous and arterial catheters, chest tube, and sternum
wound were observed daily. Transparent dressings at the in-
sertion sites were changed every 2 days after disinfection with
a chlorhexidine solution. A ventilator-associated pneumonia
(VAP) prevention care bundle was instituted in our ICU many
years ago, which involves hand hygiene with alcohol-based
sanitizer; use of gloves and gowns; keeping patients in a semi-
recumbent (30°– 45°) rather than supine position to prevent
aspiration; monitoring to maintain endotracheal tube cuff
pressure >20 cm water, which lowers the risk of bacterial path-
ogen leakage around the cuff into the lower respiratory tract;
and oral chlorhexidine mouth decontamination performed at
least 6 times per day. Compliance with these infection preven-
tion measures is regularly evaluated by internal audits and
remains high (>70%). If compliance with 1 of the measures of
the bundle decreases to <50%, an educational program is rein-
stituted. Standardized prophylactic or selective decontamina-
tion antibiotic regimens were not used; stress ulcer
prophylaxis was not systematic, and, when needed, proton
pump inhibitor was preferred. Tracheal aspirates, cannula or
catheter insertion sites, mediastinal wound, and blood were
not routinely cultured. However, extreme vigilance for the
onset of infectious complications was maintained throughout
hospitalization. When VAP was suspected based on clinical,
biological, or radiological signs, quantitative culture of bron-
choalveolar lavage fluid collected under fiberoptic broncho-
scopy was performed before the introduction of new
antibiotics. Subcutaneous needle aspirates at the ECMO
cannula insertion site or from the mediastinal wound were ob-
tained when cannula-related infection was suspected. When
catheter-related infection was suspected, blood cultures were
performed, and the catheter was removed and cultured. Blood
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cultures were also performed when body temperature was
>38°C or <36°C or when clinical or biological signs of sepsis
occurred. Empiric antibiotic therapy was initiated as soon as a
serious infection was suspected. To reduce unnecessary antibi-
otic prescriptions and decrease antibiotic selection pressure
and emergence of antibiotic-resistant bacteria, antibiotic
therapy was adjusted or stopped according to the results of
bacterial cultures. Duration of antibiotic therapy was based on
a procalcitonin-guided strategy [17], except for mediastinitis,
endocarditis, or cannula-associated cellulitis, when removal of
ECMO cannula was deemed impossible.

Definitions of NI
Nosocomial infection definitions agreed with those of the
Centers for Disease Control and Prevention National Nosoco-
mial Infections Surveillance System [18]. Only infections oc-
curring >24 hours after ECMO initiation and within 48 hours
after ECMO discontinuation were defined as ECMO-associated.
Pathogens and NI type and severity (ie, sepsis, severe sepsis,
or septic shock) were recorded [19]. Ventilator-associated
pneumonia was suspected when a new and persistent radio-
graphic infiltrate was accompanied by purulent secretions,
fever ≥38.3°C, or leukocyte count >109/L or when 1 of these
occurred in patients with baseline diffuse, dense infiltrates.
Ventilator-associated pneumonia was diagnosed before antibi-
otics by quantitative distal bronchoalveolar lavage cultures
growing ≥104 colony-forming units/mL [20, 21]. Poststernoto-
my mediastinitis was defined as a deep wound infection asso-
ciated with sternal osteomyelitis, with or without retrosternal
space involvement, that required surgical debridement [22, 23].
Diagnosis of cannula infections required local signs of infec-
tion at the access site with positive culture of subcutaneous
needle aspirate from the cannula site. Criteria for catheter-
related infection included culture of the intravascular tip of a
central venous or arterial catheter yielding at least 103 colony-
forming units/mL associated with catheter exit-site inflamma-
tion. Bloodstream infections were classified as catheter related
when the same organism(s) were recovered from blood and
intravascular tip of the catheter cultures; >2 positive blood cul-
tures were required for coagulase-negative staphylococci.
Urinary tract infections were not surveyed because all patients
had urethral catheters. Three physicians (M. S., S. H., and
A. C.) analyzed causes of death, and their relationships with
infection were determined.

Data Collection
Each patient’s hospital chart included the following data re-
corded at ICU admission: age, sex, body mass index, underly-
ing medical conditions and their severity stratified according
to the criteria of McCabe and Jackson [24], simplified acute
physiology score II (SAPS) [25], sequential organ failure

assessment (SOFA) at ICU admission [26], immunocompro-
mised status, reason for ECMO initiation, ICU and hospital
days before ECMO, location of ECMO cannulation (ie, opera-
tion room, ICU, catheterization laboratory, another hospital
calling upon the mobile ECMO team), site of ECMO cannula-
tion (ie, extrathoracic cannulation only, extrathoracic cannula-
tion then switched to intrathoracic cannulation, intrathoracic
cannulation only), antibiotics administered for any reason
within the 24 hours preceding ECMO, and intra-aortic
balloon pump use. Outcomes following ECMO initiation in-
cluded NI, MV duration, number and duration of each
ECMO episode, switches from femoral to intrathoracic
ECMO, ICU and hospital lengths of stay, heart transplantation
or LVAD insertion, and overall survival.

Statistical Analyses
Continuous variables are expressed as means ± standard devia-
tions and were compared with Student’s t test or the Mann−
Whitney U test, as appropriate. Categorical variables, ex-
pressed as percentages, were compared with a χ2 or Fisher’s
exact test, as appropriate. Kaplan−Meier survival analysis was
used to estimate the probability of being infection-free. Multi-
variate analysis by Cox regression was used to identify inde-
pendent risk factors for first NI and in-ICU death. All subjects
were included in the models, and follow-up began at the time
of ECMO initiation. Variables achieving P≤ .10 in univariable
analyses were entered in the multivariable models, and antibi-
otics at the time of ECMO initiation was forced in the final
models [27]. Variables with association among each other
were not included in the multivariate models. Nosocomial in-
fection with severe sepsis or septic shock was entered in the
model predicting ICU death as a time-dependent covariate.
Statistical significance was defined as P < .05. Analyses were
performed using SPSS 11.0 (SPSS Inc) software.

RESULTS

Study Population
Among 220 patients (aged 48.9 ± 15.8 years; 67% male) who
underwent ECMO for >48 hours and for a total of 2942
ECMO days, 142 (64%) developed 222 NIs, corresponding to
a rate of 75.5 infectious episodes per 1000 ECMO days. Mean
times to the first NI, first VAP, mediastinitis, and infection at
the femoral cannula insertion site were 8 ± 11, 7 ± 12, 16 ± 8,
and 12 ± 6 days, respectively, among those who had the corre-
sponding outcome. At the time of ECMO initiation, 84 (38%)
patients were receiving antibiotics. Clinical and demographic
characteristics of infected and uninfected patients were compa-
rable except that nonimmunocompromised patients and those
who were first cannulated in the ICU or received any extra-
thoracic ECMO were less likely to have infection (Table 1). All
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Table 1. Demographic and Clinical Characteristics of Extracorporeal Membrane Oxygenation Patients With and Without Nosocomial
Infections

Variable
Uninfected Patients,

n = 78
Infected Patients,

n = 142 P Value

Age, years 47.9 (15.1) 49.5 (16.9) .46
Male sex 57 (73) 90 (63) .14

SAPS IIa 60.4 (19.1) 61.3 (20.4) .76

SOFA scorea 11.6 (4.5) 12.6 (4.5) .17
Performance status ≥2 23 (30) 46 (33) .65

Body mass index, kg/cm² 25.2 (5.6) 25.3 (4.8) .85

McCabe score ≥2 37 (47) 57 (40) .29
Underlying conditionb

Diabetes mellitus 9 (12) 26 (18) .19

Renal insufficiency 1 (1) 5 (4) .33
COPD 2 (3) 6 (4) .53

Previous cardiac surgery 12 (15) 19 (13) .68

Pregnancy or postpartum 3 (4) 1 (1) .09
Immunocompromised statusc 15 (19) 49 (35) .02

Reason for ECMOd

Dilated cardiomyopathy 16 (21) 18 (13) .58
Myocarditis 14 (18) 16 (11) .68

Acute myocardial infarction 11 (14) 31 (22) .04

Cardiac arrest 11 (14) 17 (12) .66
Postcardiotomy 23 (29) 55 (39) .16

CABG 6 (8) 12 (8) .32

Valve procedure 7 (9) 7 (5) .73
CABG and valve procedure 0 2 (1) .18

Heart transplantation 6 (8) 25 (18) .007

Miscellaneous 4 (6) 9 (6) .28
Other reasons 3 (4) 5 (4)

Site of ECMO cannulatione

Extrathoracic only 45 (58) 54 (38) .005

Extrathoracic then intrathoracic 11 (14) 47 (33) .002

Intrathoracic only 22 (28) 41 (29) .71
Location of the first ECMO cannulationf

Operating room 33 (42) 73 (51) .20

Catheterization lab 1 (1) 11 (8) .04
ICU 32 (41) 33 (23) .006

Mobile ECMO team 12 (15) 24 (17) .96

ICU days before ECMO 1.4 (3.7) 2.2 (7.5) .35
Hospital days before ECMO 7.7 (14.5) 6.2 (11.8) .41

Antibiotics at the time of ECMO cannulationg 32 (41) 52 (37) .52

Data are No. (%) of patients or mean value (± standard deviation).

Abbreviations: CABG, coronary artery bypass graft; COPD, chronic obstructive airway disease; ECMO, extracorporeal membrane oxygenation; ICU, intensive care
unit; SAPS II, simplified acute physiology score; SOFA, sequential organ-failure assessment.
a Calculated at ICU admission.
b Global P value for underlying condition, P = .35.
c Includes patients with AIDs, solid organ transplantation, or hematological malignancy and those receiving chemotherapy, immunosuppressive agents, or long-
term corticosteroid therapy.
d Global P value for reason for ECMO, P = .25.
e Global P value for site of ECMO cannulation, P = .004.
f Global P value for location of the first ECMO cannulation, P = .02.
g Includes patients who received prophylactic antibiotic therapy for central ECMO placement and those treated with antibiotics for an infection at the time of
ECMO cannulation.
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patients received MV during course of ECMO, but at ECMO
initiation, 7 patients were not mechanically ventilated (5 in the
NI group).

Infected Sites and Causative Organisms
The most frequently infected site was the lung, with 163 VAP
episodes occurring in 120 patients, corresponding to a rate of
55.4 episodes per 1000 ECMO days. Poststernotomy mediasti-
nitis, cannula-related NIs, and catheter-related NIs, numbered
23 (20 patients; 7.8 episodes per 1000 ECMO days), 21 (20
patients; 7.1 episodes per 1000 ECMO days), and 10 (10 pa-
tients; 3.4 episodes per 1000 ECMO days), respectively.
Among the 47 bloodstream infections (39 patients; 16 epi-
sodes per 1000 ECMO days), 23 were associated with a VAP,
10 were associated with mediastinitis, 5 were associated with
cannula infection, 4 were associated with catheter infection,
and 5 were isolated. Rates of septic shock were higher for VAP
(36%), mediastinitis (35%), and bloodstream infections (43%)
than for cannula- (19%) and catheter-related (20%) infections.

Micro-organisms associated with NIs are detailed in Table 2.
Pseudomonas aeruginosa was the most frequently grown bacte-
rium from pulmonary samples (26%). Of the 47 bloodstream
infection episodes, 21% were due to Pseudomonas aeruginosa,
15% were due to Enterococcus species, and 13% were due to
Escherichia coli. Eight cases of Candida and 7 cases of Staph-
ylococcus epidermidis posternotomy mediastinitis were also re-
corded. Pathogens most frequently associated with cannula
infection were Escherichia coli (24%), Enterococcus species
(19%), and coagulase-negative staphylococci (19%).

Outcomes
Extracorporeal membrane oxygenation support (8 ± 5 vs
16 ± 17 days; P < .0001), MV (14 ± 18 vs 26 ± 32 days;
P < .0001) durations, and ICU (19 ± 21 vs 32 ± 25 days;
P = .0004) and hospital (26 ± 29 vs 36 ± 30 days; P = .01)
length of stays were significantly longer for the infected group.
The cumulative probability of being infection-free was 17%
(95% confidence interval [CI], 8%–28%) after 20 days of

Table 2. Microorganisms Associated With Various Nosocomial Infections in 142 Extracorporeal Membrane Oxygenation Patients

Ventilator-Associated Pneumonia,
n = 163a Cannula Infection, n = 21b Poststernotomy Mediastinitis, n = 23c

Bloodstream Infection,
n = 47d

Organism No. (%) Organism No. (%) Organism No. (%) Organism No. (%)

Pseudomonas aeruginosa 43 (26) Escherichia coli 5 (24) Candida spp. 8 (35) P. aeruginosa 10 (21)

Polymicrobiale 19 (12) Enterococcus spp. 4 (19) Staphylococcus epidermidis 7 (30) Enterococcus spp. 7 (15)
Staphylococcus aureus 16 (10) S. epidermidis 4 (19) P. aeruginosa 2 (9) Escherichia coli 6 (13)

Enterobacter sp. 16 (10) Polymicrobialf 3 (14) S. aureus 2 (9 S. epidermidis 5 (10)

Escherichia coli 14 (9) S. aureus 2 (10) Escherichia coli 2 (9) S. aureus 4 (9)
Haemophilus influenzae 14 (9) P. aeruginosa 2 (10) Enterobacter spp. 1 (4) Streptococcus spp. 3 (6)

Klebsiella spp. 10 (6) Proteus mirabilis 1 (5) Neisseria sp. 1 (4) Enterobacter spp. 3 (6)

Neisseria spp. 5 (3) Candida spp. 3 (6)
Proteus mirabilis 5 (3) Anaerobes spp.g 3 (6)

Streptococcus spp. 4 (2) Citrobacter sp. 1 (2)

Hafnia alvei 3 (2) Proteus mirabilis 1 (2)
Enterococcus spp. 3 (2) Polymicrobial 1 (2)

Serratia marcescens 3 (2)

Citrobacter spp. 2 (1)
Candida spp. 2 (1)

S. epidermidis 1 (1)

Aspergillus 1 (1)
Acinetobacter baumannii 1 (1)

Anaerobes 1 (1)

a One hundred sixty-three ventilator-associated pneumonia episodes occurred in 120 patients.
b Twenty-one cannula infections occurred in 20 patients.
c Twenty-three poststernotomy mediastinitis infections occurred in 20 patients.
d Forty-seven bloodstream infections occurred in 39 patients.
e Includes ≥2 oropharyngeal pathogens.
f Includes ≥2 pathogens.
g Anaerobes include 1 Clostridium and 2 Bacteroides.
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ECMO support (Figure 1). Only the SOFA score at ICU ad-
mission was independently associated with NI occurrence
under ECMO by Cox regression analysis (Table 3); antibiotics

at the time of ECMO cannulation was not (hazard ratio, 0.73;
95% CI, .50–1.05; P = .09).

Overall survival rates for patients with NIs or without were
comparable (51% vs 62%; P = .15). Survival without transplan-
tation and/or LVAD tended to be lower for infected patients
than for uninfected patients (34% vs 46%; P = .07). Twenty-
seven deaths were directly attributable to NIs during ECMO
support and 12 were directly attributable to NIs after ECMO
withdrawal. Independent predictors of death using Cox regres-
sion analysis were higher SAPS II at ICU admission and noso-
comial infection with severe sepsis or septic shock, whereas
myocarditis as indication for ECMO support and immuno-
suppression were associated with better outcomes (Table 4).

DISCUSSION

We described the outcomes and infectious complications of
220 patients who received VA-ECMO for refractory cardio-
genic shock. Our results indicate that 64% of these patients
developed an NI while on ECMO. Ventilator-associated pneu-
monia, bloodstream infections, mediastinitis, and cannula

Figure 1. Kaplan−Meier estimates of the unadjusted cumulative prob-
ability of being free of infection (bold line) for patients with venoarterial
extracorporeal membrane oxygenation. Upper and lower bands represent
95% confidence interval of the cumulative probability. Abbreviation:
ECMO, extracorporeal membrane oxygenation.

Table 3. Cox Regression Analyses of Factors Associated With First Nosocomial Infection Under Extracorporeal Membrane Oxygena-
tion Patients

Univariate Analysis Multivariate Analysis

Factor HR (95% CI) P Value HR (95% CI) P Value

SAPS II scorea 1.01 (.99–1.02) .09
SOFA scorea 1.05 (1.01–1.09) .03 1.04 (1.00–1.08) .05

Immunosuppressionb 1.14 (.81–1.62) .46

Reason for ECMO .38
Miscellaneousc 1

Myocarditis 0.84 (.49–1.44)

Post–cardiac surgery 1.20 (.84–1.71)
Location of ECMO cannulation .09 .07

Mobile unit 1 1

Operating room 1.10 (.70–1.74) 1.16 (.71–1.89)
ICU 0.59 (.35–1.01) 0.64 (.37–1.10)

Site of ECMO cannulation .85

Intrathoracic only 1
Extrathoracic only 0.90 (.60–1.36)

Extrathoracic then intrathoracic 0.99 (.65–1.51)

Antibiotics at the time of ECMOd 1.07 (.76–1.51) .68 0.73 (.50–1.05) .09

Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; ICU, intensive care unit; SAPS II, simplified acute
physiology score; SOFA, sequential organ-failure assessment.
a Scores calculated at ICU admission. SAPS II and SOFA scores are correlated (r = 0.57; P < .0001)
b Includes patients with AIDS, solid organ transplantation, or hematological malignancy and those receiving chemotherapy, immunosuppressive agents, or long-
term corticosteroid therapy.
c Includes dilated cardiomyopathy, acute myocardial infarction, cardiac arrest, and other medical indications.
d Includes patients who received prophylactic antibiotic therapy for central ECMO placement and those treated with antibiotics for an infection at the time of
ECMO cannulation.
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infections occurred in 55%, 18%, 11%, and 10% of patients,
respectively. The probability of remaining NI-free decreased
after prolonged ECMO support and in case of more severe
disease. As previously reported [28], higher SAPS II and
severe sepsis or septic shock were independent factors associ-
ated with mortality in this patient population, whereas immu-
nosuppression and myocarditis [16] as the reason for ECMO
support were associated with better outcomes.

To date, only a few studies [9–12] reported infectious com-
plications in adults receiving ECMO, and, in most of them,
indications for ECMO support were both respiratory and
cardiac failures. Indeed, for a large series from the Extracorpo-
real Life Support Organization (ELSO) registry, it was recently
shown that infection rates were higher for adults than new-
borns (30.6 vs 10.1 per 1000 ECMO days) and that rates were
even higher (37 per 1000 ECMO days) for adults receiving
ECMO for cardiac reasons [11]. However, detailed descrip-
tions of types of infections were not provided. Despite a rigor-
ous program to prevent NIs in our ICU, the infection rate
reported herein (75.5 per 1000 ECMO days) was higher than
that of the ELSO registry [11] and other studies from single
centers (12–57 episodes per 1000 ECMO days) [9, 10, 12]. Our

cannula, catheter-related, and bloodstream infections and me-
diastinitis rates were comparable with theirs [9, 10, 12], but we
had a higher NI rate, which is mainly explained by the high
VAP incidence (55 episodes per 1000 ECMO days; 55% of all
ECMO patients; as opposed to 4 episodes each among their
114 patients [10] and 334 patients [12]). However, the latter
group acknowledged that the frequency of respiratory tract in-
fections might have been underestimated due to their surveil-
lance system. Indeed, our VAP rate is within the range of that
previously reported for patients undergoing prolonged MV in
the ICU [29–31]. In a recent randomized trial evaluating early
tracheostomy after heart surgery, VAP frequency was >45% of
216 patients who underwent MV for 18 days on average [31].
The 28-day VAP rate was even higher (>60%) in another ran-
domized study of early tracheostomy in medical patients [29]
whose median MV duration was 15 days, as herein. Further-
more, despite high compliance to a multifaceted program for
VAP prevention, Bouadma et al [32] have recently shown that
VAP rates remain substantially high (50%–75% after 30 days
of MV). However, it should be noted that despite our patients’
extreme critical status, attested by SAPS II and SOFA score,
and the high NI rate, their overall survival (55%) was higher

Table 4. Cox Regression Analyses of Factors Associated With Death in the Intensive Care Unit

Univariate Analysis Multivariate Analysis

Factor HR (95% CI) P Value HR (95% CI) P Value

SAPS II scorea 1.02 (1.01–1.03) .0002 1.02 (1.01–1.03) .0001
SOFA scorea 1.06 (1.01–1.11) .02

Immunosuppression 0.55 (.35–.88) .01 0.54 (.33–.88) .01

Reason for ECMO .004 .01
Miscellaneousb 1 1.0

Myocarditis 0.21 (.08–.58) 0.21 (.08–.61)

Post–cardiac surgery 0.67 (.44–1.01) 0.87 (.54–1.40)
Location of ECMO cannulation .20

Mobile unit 1

Operating room 0.67 (.36–1.12)
ICU 0.86 (.47–1.56)

Site of ECMO cannulation .77

Intrathoracic only 1
Extrathoracic only 1.20 (.73–1.97)

Extrathoracic then intrathoracic 1.12 (.68–1.86)

Nosocomial infection with severe sepsis or septic shockc 1.86 (1.23–2.83) .003 1.93 (1.26–2.94) .002
Antibiotics at the time of ECMOd 0.77 (.51–1.17) .23 0.68 (.43–1.08) .10

Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; ICU, intensive care unit; SAPS II, simplified acute
physiology score; SOFA, sequential organ-failure assessment.
a Scores calculated at ICU admission. SAPS II and SOFA scores are correlated (r = 0.57; P < .0001).
b Includes dilated cardiomyopathy, acute myocardial infarction, cardiac arrest, and other medical indications.
c Nosocomial infection with severe sepsis or septic shock as a time-dependent covariate.
d Includes patients who received prophylactic antibiotic therapy for central ECMO placement and those treated with antibiotics for an infection at the time of
ECMO cannulation.
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than for Burket et al [9] (51%), Sun et al [12] (32%) and Hsu
et al [10] (25%) patients.

In agreement with previous reports [7, 8, 10–12, 33], rates of
NIs increased after prolonged ECMO support and in case of
more severe disease. Specifically, although the SOFA score at
ICU admission did not differ between patients who ultimately
did or did not develop infections, the time to first nosocomial
infection was significantly shorter with increasing number of
organ failures, suggesting reduced immune response to bacte-
rial invasion in this setting. It should also be noted that, al-
though no systematic antibiotic prophylaxis was administered
to our patients receiving peripheral VA-ECMO, risks of devel-
oping NIs were not significantly increased for patients not re-
ceiving antibiotics at the time of ECMO cannulation. Indeed,
antibiotic prophylaxis to prevent NIs in ECMO patients
remains highly controversial. To decrease VAP rates, a strategy
of selective digestive decontamination might be applied [34].
However, this strategy might be viewed as a double-edged
sword. In patients with very prolonged MV, it might just delay
the first VAP episode and select bacteria highly resistant to
antibiotics. Implementation of widespread selective digestive
decontamination is costly and has the potential for causing
serious harm to patients, not only because of the emergence
of resistance to antibiotics but also because of Clostridium dif-
ficile–associated colitis [35]. In a recent survey of 132 ELSO
centers, the majority of respondents declared that antibiotic
prophylaxis was administered at their center and that it was
frequently prescribed for the duration of ECMO support. Al-
though Hsu et al [10] used no standardized prophylactic anti-
biotic regimen, >75% of their patients received antibiotics
with glycopeptides or anti-Pseudomonas agents at the time of
ECMO insertion. Nonetheless, antibiotic therapy was not re-
tained in the multivariable model of risk factors of NIs during
ECMO use, and, as herein, most infections at the cannula in-
sertion site occurred >10 days following ECMO initiation. To
resolve this controversial issue, a randomized trial testing ad-
ministration of a single dose of intravenous antibiotics at the
time of ECMO cannulation to prevent surgical site infection
against no prophylaxis for patients who receive peripheral
ECMO might be designed.

It has been advocated that daily cultures of endotracheal as-
pirates, urine, skin and/or wound swabs, and blood samples
might provide an alternative to antibiotic prophylaxis for
ECMO patients [36]. Of the 132 ELSO centers recently sur-
veyed, 50% reported performing routine surveillance cultures
of blood (100%), sputum (48%), urine (44%) and others (9%;
ie, wound, cannulation site, circuit cultures, throat, and rectal
swabs). The periodicity of surveillance cultures was every 24–
72 hours for >80% of the cases. However, this approach is
costly and resource consuming, and to date, no randomized
trial of routine surveillance cultures has demonstrated

decreased infection-associated morbitity, compared with tar-
geted bacterial cultures of sites of suspected infections.

We are aware of several limitations of this study. First,
although this report uses one of the largest populations of
VA-ECMO published to date, this is a retrospective study per-
formed in a single canter caring for patients with acute refrac-
tory cardiogenic shock. Therefore, our results might not be
applicable to centers with different case mixes. Second, we
studied a mixed population of acute refractory cardiogenic
shock (ie, medical, postcardiotomy, or postheart transplanta-
tion) patients who had received peripheral and/or central
ECMO support, and detailed analysis of NIs in each patient
subgroup was not performed. Third, we cannot exclude that
the results of our multivariable analyses might have been
biased by residual confounding not accounted for in this
study.

In conclusion, our findings indicate that patients who re-
ceived the latest generation VA-ECMO support for refractory
cardiogenic shock still had a high risk of developing NIs, par-
ticularly VAP. Rates of NIs increased with longer ECMO
support, and NI severity was independently associated with
in-ICU death. Antibiotic prophylaxis at the time of cannula
insertion or the use of chlorhexidine gluconate–impregnated
sponges in cannula dressings [37] should be tested as poten-
tially effective means of reducing cannula-related infections in
this setting.
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