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Abstract: Extracorporeal membrane oxygenation (ECMO) provides a circulatory and/or respiratory
assistance in case of refractory cardiogenic shock or acute respiratory distress syndrome (ARDS). Due to their
extreme critical illness, these patients usually require prolonged mechanical ventilation, which is an inherent
risk of ventilator-associated pneumonia (VAP). Although microorganisms responsible of VAP on ECMO
are similar to those found in non-ECMO patients, classical suspicion criteria of VAP are no longer relevant
on ECMO. Frequent severe chest X-Ray impairments, and poor specificity of the classical biomarkers on
ECMO make VAP diagnosis challenging. In addition, significant drug pharmacokinetic modifications by
the device may lead to low plasmatic antibiotic concentration and potential treatment failure. Consequently,
rate of treatment failure and relapse appear high in that population (up to 30%), with significant impact on
mortality and on the ECMO duration.
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Extracorporeal membrane oxygenation (ECMO) is
a respiratory and circulatory support that supplies
gas exchanges and provides arterial blood flow when
conventional treatments have failed. Veno-venous
ECMO (VV-ECMO) is now considered as an option
for patients with severe ARDS for whom conventional
mechanical ventilation has failed to maintain sufficient
blood oxygenation, decarboxylation, and/or low airways
pressure (1). Its use has markedly increased since 2009 with
the HIN1 influenza pandemic and the publication of the
CESAR trial (2). Recently, the EOLIA multicenter trial has
highlighted that this technic is now safe and its early use
may be beneficial for severe patients for whom spontaneous
evolution would have been fatal (3). On the other hand,
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veno-arterial ECMO (VA-ECMO) is a mechanical
circulatory support that provides arterial blood flow in case
of refractory cardiogenic shock. Its main uses are acute
myocardial infarction, dilated cardiomyopathy, myocarditis,
pulmonary embolism, dilated cardiomyopathy, or refractory
cardiac arrest (4). Due to the high severity of these patients
at cannulation, their frequent ECMO-related complications
such as pulmonary edema, and multiple organ failure
during their intensive care unit (ICU) stay, these very severe
patients are more likely to have prolonged mechanical
ventilation duration. Consequently, they are particularly
exposed to ventilator-associated pneumonia (VAP), which
may also be favored by immune paralysis common to all
patients having a long ICU stay (5).
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Incidence of VAP on ECMO

Variable incidences of VAP afflicting ECMO patients were
previously reported by few retrospective studies. Two of
them performed in Taiwan mixed a population of 80%
VA and 20% VV ECMO between 2001 and 2007 (6,7).
VAP was diagnosed in 3.5% of patients. This low rate was
however not confirmed by the following studies and could
be explained by the frequent use of prolonged prophylactic
antibiotic during the ECMO run. More recent ones,
performed between 2005 and 2011, reported a prevalence
of VAP from 15.8% to 24% (8,9), with however a small
population studied. The largest study to date in the field,
was published by Schmidt et 4/. in 2012 (10). Two hundred
and twenty patients who underwent VA-ECMO for more
than 48 hours between 2003 and 2009 were studied. One
hundred and sixty-three (74%) developed a VAP after
of 8x11 days of mechanical ventilation. Notably, 36% of
these VAP episodes were complicated by a septic shock,
illustrating the potential severity of this complication.
More recently, Bouglé et al. studied specifically VAP
rate under VA-ECMO in 152 patients (11). Eighty-five
patients (55.9%) developed at least one VAP episode, which
represents an incidence of 60.6 VAP episode per 1,000
ECMO days after 5 [3-12] days of mechanical ventilation.
Lastly, no study specifically assessed the incidence of VAP
in a population of VV-ECMO, which is known to have a
prolonged time on mechanically ventilation (12). However,
a VAP incidence of 31 episodes per 1,000 ECMO days in a
population of 92 patients (87% VV-ECMO) was recently
reported (13). In addition, higher risk of VAP in ECMO
patients compared to other ICU patients was confirmed in a
recent meta-analysis of Biffi ez 4/., with an overall incidence
of 24.4 episodes per 1,000 ECMO days (14). Higher
severity of these patients who frequently had a SOFA score
>10 and a SAPS 2>50 is probably the main risk factor of
VAP in this population (10,11). In addition, dysfunction
of alveolar macrophages (15) or a decreased monocytes
response to pathogens (16) induced by extracorporeal
support may also contribute to this higher risk.

Causative organisms

Micro-organisms associated with VAP on ECMO did not
differ from classical epidemiology of VAP in non ECMO
patients (6-9). Gram negative bacteria were involved in
up 70% of VAP in VA-ECMO treated patients (10,11),

with Pseudomonas aeruginosa found in 18-26% of cases
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(10,11). Similar results were reported with VV-ECMO,
were 63% of VAP were due to Gram negative bacteria,
with 13% of pseudomonas aeruginosa (13). Lastly, while
Gram positive microorganisms were found in 20% of

VAP, a large predominance of Staphylococcus Aureus was
reported (10,11,13).

Risk factors and impact of VAP on ECMO

Identification of risk factors of VAP is challenging, as
most of the studies reported overall risk factors associated
with ECMO-related infection and not specifically VAP
on ECMO. However, duration of ECMO (6,7,14,17),
immunocompromised status (6), and severity of patient at
ECMO cannulation (i.e., SOFA or SAPS II scores) (8,9)
were commonly reported as associated with a higher risk
of ECMO-related infections. Impact of the ECMO setting
(i.e., VV or VA) is unclear (6,9,17), even if a higher risk of
nosocomial infection was noted with ECMO for a cardiac
indication (i.e., VA configuration) (14). Lastly, age seems to
be an important risk factor as rates were highest in the adult
vs. the pediatric and neonatal populations (30.6 vs. 20.8 wvs.
10.1 infections per 1,000 ECMO days, respectively) (17). In
addition, older age (>50 years old), ECMO for cardiogenic
shock, higher SAPS 1I score, diagnosis of VAP, and infection
by multidrug-resistant bacteria were independently associated
to increased death rate in an adult population (13). To date,
only Bouglé et al. focused on identifying risk factors of
VAP on VA-ECMO. Risk factors for VAP in univariate
analysis were: age >65 years old [risk ratio (RR) 1.73; 95%
confidence interval (CI), 1.13-2.63, P=0.01], SOFA score
at admission (RR 1.09; 95% CI, 1.02-1.17, P=0.01), history
of hypertension (RR 2.25; 95% CI, 1.43-3.53, P=0.0004),
active smoking (RR 1.55; 95% CI, 0.96-2.49, P=0.07) and
COPD (RR 2.15; 95% CI, 1.30-3.55, P=0.003) whereas
the female gender (RR 0.44; 95% CI, 0.24-0.81, P=0.008)
was protective. However, insufficient power secondary to
too many missing data, precluded to perform a multivariate
analysis (11).

Negative impact of ECMO-related bloodstream
infections on the outcome has been consistently reported.
In addition, it was also associated with a longer ICU length
of stay, mechanical ventilation and ECMO duration (13,14).
Impact of VAP on ECMO seems to be similar. VAP was
associated with longer ECMO duration [hazard ratio (HR)
1.47 (1.05+2.05), P=0.025] and an increased mortality (HR
3.05; 95% CI, 1.66-5.63, P<0.001). However, VAP was not
associated with increased length of mechanical ventilation
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in that study (11). The significant attributable mortality of
VAP, reported up to 13% (18), should prompt physicians to
focus on VAP prevention and early diagnosis.

Prevention and diagnosis of VAP on ECMO

As well demonstrated in non-ECMO patients, several
simple VAP-prevention measures should also be applied in
ECMO patients. Notably, endotracheal tube cuff pressure
maintained between 20 and 30 cmH,O, oral chlorhexidine
application four times per day, and semi recumbent body
positioning (30° to 45°) are mandatory.

Early diagnosis of VAP on ECMO is, however,
challenging as current criteria to suspect VAP seem non-
relevant and inapplicable on ECMO. Indeed, diagnosis
of VAP is commonly suspected when a patient develops
new radiologic lung infiltrates plus at least two of the
following items: fever greater than 38 °C, leukocytosis or
leukopenia, and purulent secretions (19). Strict application
of these criteria on ECMO is difficult. For instance,
new radiologic lung infiltrates is difficult to interpret on
ECMO as more than 30% of patients under VA-ECMO
develop a pulmonary edema (20,21), (i.e., common cause
of hypoxemia and new radiologic lung infiltrates), without
VAP. Similar limits are also applicable on VV, where
radiologic lesions frequently involved the four quadrants
(2,3), and ultra-protective ventilation on ECMO may cause
decruitment, which could exacerbate a chest X-ray aspect
without VAP. “Fever greater than 38 °C” is not a relevant
criterion on ECMO as fever is frequently masked by
extracorporeal circulation, inducing blood cooling. Waiting
for fever to suspect VAP on ECMO could lead to a major
diagnosis delay. Similarly, an increase in CRP, D-dimer,
leucocytes, fibrinogen decline, or thrombocytopenia are
frequent and are non-specific biological abnormalities under
ECMO. For instance, systemic inflammatory response
syndrome induced by extracorporeal circulation initiation
could, itself, explain these biological modifications.
Likewise, a decrease in fibrinogen and a thrombocytopenia
on ECMO are relatively frequent and most often related to
a circuit-related consumption coagulopathy. Thus, the usual
markers of infection are difficult to interpret under ECMO.
It seems, therefore, necessary to take into consideration the
kinetics of these markers and to interpret these anomalies
with regard to possible complications of the circuit. A
strategy combining an awareness of the medical and
nursing teams at the high risk of infection in these patients,
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combined with a pro-active strategy to get bacteriological
samples at the slightest suspicion is, to date, a way to reduce
the impact of these infections on outcome.

Treatment of VAP on ECMO

In addition to diagnosis issues, treatment of VAP on ECMO
is also challenging. Bougle et 4/. reported a recurrence of
VAP on ECMO for 37.2% of patients, with 10 persistence
(11.8%), 8 relapses (9.4%), and 19 superinfections
(22.3%) (11). Risk factors for VAP treatment failure
were renal replacement therapy [HR 13.05 (1.73; 98.56),
P=0.013] and documentation of Pseudomonas aeruginosa [HR
2.36 (1.04; 5.35), P=0.04].

Most of the common drugs daily used in ICU,
including antibiotic, have altered pharmacokinetics with
ECMO, which could lead to poor achievement of targeted
concentrations, inducing potential treatment failure
with persistence or relapse (22-24). Potential factors
affecting drug disposition in critically ill patients have
been extensively studied. Main ones are hemodynamic
instability, concurrent drug therapy, mechanical ventilation,
nutrition support, concurrent disease states, protein-
binding alterations or, endogenous cytokine release. In
addition, it is worth stressing the dynamic nature of these
factors which may change overtime. The large surface of
tubing and membrane could lead to drug sequestration, and
therefore induce an increase of the volume of distribution
(Vd). Major risk factors of drugs sequestration are: (I) drug
properties such as molecular size, plasma protein binding
or lipophilicity (25); (II) age of the circuit (26) or; (III)
type of the membrane (27). Others factors may contribute
to increase the Vd on ECMO. As reported with non-
ECMO patients, high systemic inflammation level and
severe organ failure are major risk factors, whereas large
fluid administration and frequent transfusions may also
induce hemodilution. Lastly, frequent acute kidney injury
on ECMO may also play a key role in the modifications of
pharmacokinetics in this population. To date, there is an
urgent need to fully elucidate the behaviors of drugs during
ECMO with clinical population-based pharmacokinetics
studies. In the interim, frequent antibiotics dosing on
ECMO is recommended until robust dosing guidelines
become available.

An upcoming challenge for VAP prevention will be
to likely reduce mechanical ventilation on ECMO. The
concept of “awake ECMO” has been developed a decade
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ago, and seems promising in the context of VA-ECMO and
acute on chronic respiratory failure (28,29). In the context
of VV-ECMO for severe ARDS, early extubation on
ECMO appears more complex, as it is difficult to control
the intense central respiratory drive of these patients.
Nevertheless, it is worth noting that this strategy may
be feasible for some patients (i.e., immunocompromised
patients), and few centers have starting to develop this
strategy (28,29).

Conclusions

ECMO-assisted patients are likely exposed to VAP, with a
higher incidence reported in this population compared to
non-ECMO ICU patients. Consequently, VAP on ECMO
is associated with an increased mortality and a longer
ICU length of stay. Although microorganisms involved in
VAP on ECMO are similar than classical epidemiology of
ventilated ICU patients, the diagnostic and the treatment
are both challenging. It could explain the high recurrence of
VAP in this population. Future research is urgently needed
on antibiotics pharmacokinetics on ECMO. In the interim,
frequent dosing is recommended until robust dosing
guidelines become available.
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