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Take-home message: Our results suggest
that, in patients considered for retrieval
under ECMO to a referral center: (1) the use
of age, SOFA score and a diagnosis of
influenza can accurately categorize the risk
of death; (2) the hospital mortality rate is
lower in patients with a diagnosis of
influenza-associated ARDS.
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Abstract Purpose: Patients with
severe acute respiratory distress syn-
drome (ARDS) are candidates for
extracorporeal membrane oxygena-
tion (ECMO) therapy. The evaluation
of organ severity is difficult in
patients considered for cannulation in
a distant hospital. This study was
designed to identify early factors
associated with hospital mortality in
ARDS patients treated with ECMO
and retrieved from referring hospitals.
Methods: Data from 85 consecutive
ARDS patients equipped with ECMO
by our mobile team and consequently
admitted to our ICU were prospec-
tively collected and analyzed.
Results: The main ARDS etiologies
were community-acquired bacterial
pneumonia (35 %), influenza pneu-
monia (23 %) (with 12 patients
having been treated during the first
half of the study period), and noso-
comial pneumonia (14 %). The

median (interquartile range) time
between contact from the referring
hospital and patient cannulation was 3
(1–4) h. ECMO was venovenous in
77 (91 %) patients. No complications
occurred during transport by our
mobile unit. Forty-eight patients died
at the hospital (56 %). Based on a
multivariate logistic regression, a
score including age, SOFA score, and
a diagnosis of influenza pneumonia
was constructed. The probability of
hospital mortality following ECMO
initiation was 40 % in the 0–2 score
class (n = 58) and 93 % in the 3–4
score class (n = 27). Patients with an
influenza pneumonia diagnosis and a
SOFA score before ECMO of less
than 12 had a mortality rate of 22 %.
Conclusions: Age, SOFA score, and
a diagnosis of influenza may be used
to accurately evaluate the risk of
death in ARDS patients considered
for retrieval under ECMO from dis-
tant hospitals.
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Introduction

The technique of extracorporeal membrane oxygenation
(ECMO) for patients with severe acute respiratory distress

syndrome (ARDS) involves placing them on a venove-
nous or venoarterial life-support circuit with a membrane
oxygenator to temporarily take over the gas exchange
and, sometimes, cardiac function [1]. Over the last two
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decades, the technique has progressed significantly, and
several studies have reported encouraging survival rates
using mainly venovenous ECMO in adults with ARDS
[2–8]. Recently, an ECMO-based management protocol
for selected ARDS patients transferred to a referral center
was shown to improve 6-month disability-free survival [9,
10]. However, owing to recent advances in the manage-
ment of ARDS [11, 12], ECMO remains a salvage therapy
in a limited number of patients with life-threatening
hypoxemia or respiratory acidosis [13]. Moreover,
because of its additional costs and the need for trained
expertise [14, 15], a rational allocation of this limited
resource is critical, and indications must be further
explored. ECMO centers have developed and have long
been associated with mobile units that retrieve patients
from distant hospitals immediately after cannulation [16,
17]. Approximately half of the patients treated with
ECMO for ARDS are cannulated in distant hospitals and
transported on ECMO [4, 18, 19]. For these patients, the
decision to initiate ECMO is often made by phone and is
based on the severity of respiratory failure, which is often
evaluated by blood gas results or the lung injury score
[20, 21]. Although some patients do not present with other
organ failures, most of them present with septic shock and
associated organ dysfunction. Because they may con-
tribute significantly to ECMO outcomes, an
understanding of the impact of preexisting organ dys-
function on ECMO-associated mortality is helpful in
modifying the current strategies of ECMO in the resus-
citation of these high-risk patients [5]. In the present
study, we evaluated early prognostic factors in ARDS
patients treated with ECMO in distant hospitals by our
mobile team and brought to our center during a 3-year
period. The goal was to establish simple decision rules
that could aid the clinician in the decision regarding
whether to treat patients with ECMO.

Methods

Patients and ECMO indications

Marseille North Hospital is a general acute-care, university
hospital. It is a regional referral center for the treatment of
severe respiratory infections. We established an ECMO-
based protocol in autumn 2009 that included a mobile unit
that could initiate ECMO in referring hospitals of our
region before transfer to our center [4, 22]. We prospec-
tively included all consecutive adult patients treated with
ECMO in distant hospitals (a 31,400-km2 region) by our
mobile team and immediately brought to our center
between October 2009 and March 2013. Only patients with
ARDS were included. Patients treated with ECMO as a
bridge to or following lung transplantation or any surgery
were not included. The protocol was approved by the local

research ethics committee, who waived the need for
informed consent, according to French legislation.

Referring hospitals were informed twice a year of
ECMO criteria. The indication was discussed with one of
three referees from our center who were contactable 24/7
through a hotline. A standardized form including venti-
latory and blood gas parameters and sequential organ
failure assessment (SOFA) score parameters was pro-
spectively completed. Before consideration for ECMO,
patients were all sedated using continuous neuromuscular
blockade [11] and ventilated with volume-controlled
ventilation using a tidal volume (Vt) of 5–7 ml/kg of
predicted body weight. ECMO therapy was indicated if
patients presented a PaO2 to FiO2 ratio of less than
70 mmHg for at least 6 h under an FiO2 of 1 and a PEEP
level adjusted to obtain a plateau pressure (Pplat) of
30 cmH2O, a PaO2 to FiO2 ratio of less than 100 mmHg
associated with a Pplat value greater than 35 cmH2O, or
respiratory acidosis with pH less than 7.15 despite a
respiratory rate greater than 35/min. Absolute contrain-
dications included the following: any contraindication to
heparin treatment, a chronic disease expected to be fatal
within 5 years, a SOFA score greater than 18, and age
over 70 years. The SOFA score [23] was always precisely
calculated before ECMO consideration. When feasible in
the referring hospital, prone positioning was systemati-
cally performed before considering ECMO. Relative
contraindications were body mass index (BMI) greater
than 40 kg/m2 and duration of ARDS greater than 7 days.

ECMO protocol

Venovenous ECMO was instituted using surgical cannu-
lation, usually in a femoral–jugular configuration.
Echocardiography was performed in all patients before
cannulation and each day under ECMO. This procedure
enabled venoarterial cannulation to be performed initially
or later in patients presenting with left heart failure on the
basis of echocardiography, defined as a less than 30 %
left ventricular ejection fraction. We used centrifugal
pumps (Bio-console 560; Medtronic Perfusion Systems,
Minneapolis, MN, USA) with a flow of 3–5 l/min in all
patients. Circuits were heparin-coated and composed of
Quadrox D with Bioline Coating oxygenators (Maquet,
Hirrlingen, Germany), 20–25 Fr cannulae (Edwards
Lifesciences, Irvine, CA, USA), and intersept polyvinyl
chloride (PVC) class VI tubing (Medtronic). Initial ven-
tilator settings were as follows: Pplat, 20–30 cmH2O;
PEEP, 15–20 cmH2O; respiratory rate, 5–10 breaths/min;
and FiO2 adjusted to obtain an arterial O2 saturation of
90–95 %, whereas the FiO2 was set at 1 on the oxygen-
ator. The patients were transferred to our ICU
immediately after ECMO initiation by a team comprising
one physician from our ICU, the cardiac surgeon who
cannulated the patient, and a perfusionist. Continuous
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heparin infusion maintained the activated partial throm-
boplastin time (APTT) at 40–50 s. The triggering limits
for transfusion were 50 9 103/ml for platelets and 10 g/dl
for hemoglobin. ECMO was continued until lung recov-
ery or until irreversible multiorgan failure leading to
death. Patients were weaned from venovenous ECMO
when the following criteria were met: PaO2 to FiO2

ratio greater than 150 mmHg with PEEP less than
12 cmH2O, Pplat less than 32 cmH2O with a Vt of
5–7 ml/kg, FiO2 of 0.21 on ECMO, blood flow of 1 l/min,
and gas flow of 1 l/min.

Collected data

Prospectively collected data included demographic data;
presence of identified risk factors for ARDS and major
co-morbidities; respiratory and hemodynamic parameters
at admission, before ECMO initiation, and throughout
ARDS evolution; duration of ECMO and of mechanical
ventilation; complications; and outcome. ICU and hospi-
tal mortality were recorded. The severity of the illness
was assessed based on the simplified acute physiology
score (SAPS) II [24] at ICU admission and the SOFA [23]
score before ECMO initiation and at days 1, 3, and 7 of
ECMO. The neurological score was calculated on the
basis of the Glasgow coma scale just before intubation.
Biological parameters were obtained in the 3 h preceding
cannulation for all patients. The number of ECMO-free
days at day 28 was defined as the number of days alive
and free from ECMO at this time point.

Statistical analysis

Descriptive statistics included percentages for categorical
variables and medians and interquartile ranges (IQRs) for
continuous variables. Comparisons were made using
either the Chi-square test or the Fisher exact test for
categorical variables and the Student’s t test or Mann–
Whitney U test for continuous variables, according to
their distribution. Parameters significantly associated with
hospital mortality on the basis of univariate analysis
(p \ 0.05) were introduced into a logistic regression
analysis. The final model expressed the odds ratios (OR)
and 95 % confidence intervals (CI).

To derive a simple and practical score to predict
hospital mortality, we combined the logistic regression
and the recursive partitioning analysis (RPA) [25, 26]
conducted using the RPART routine in R software [27].
Briefly, RPA accepts predictor and response values as the
inputs. As the output, this function generates a decision
tree using a recursive partitioning algorithm. Each parti-
tioning step selects the tree-branching criterion based on
the predictor variables that will split the parent data set
into two daughter data sets, with the daughter sets being

as ‘‘pure’’ (homogeneous) as possible as approximated
according to a heuristic. Here, purity is measured with the
Gini statistic with respect to the response variable, such
that the more homogeneous a daughter set, the higher the
purity. Partition steps are repeated, adding branches to the
tree, until the subgroups reach a minimum size or until no
improvement can be obtained. Firstly, the significant
variables in the multivariate logistic regression were
selected into an RPA to build a decision tree. Then the
optimal cutoff in the tree associated with each variable
was used to transform the continuous variables into cat-
egorical variables (named partial scorepsi). With the aim
to be as intuitive as possible, the score was constructed to
give a result between 0 and 4 where 0 is a lower risk of
hospital mortality and 4 a higher risk. The score can be
calculated with the following formula: score =

P3
1 psi,

where psi is the partial score assigned to each categorical
variable. The discriminative performance of the score was
evaluated with a receiver operating characteristics (ROC)
curve and quantified by calculating the area under the
curve and 95 % CI. The best cutoff value was identified
as the point with the highest sensitivity and specificity
(Youden index: SE ? SP - 1). Lastly, Kaplan–Meier
survival analysis was used to estimate the probability of
survival after ECMO initiation for groups under and over
the best cutoff value of the score. The log-rank test was
used. Statistical analysis was performed using the SPSS
statistics 20 software.

Results

During the study period, the referee from our center was
contacted for consideration for ECMO by a referring
hospital for 142 patients with ARDS (Fig. 1). Among
them, 57 patients did not meet criteria for ECMO and
were not referred and 85 consecutive patients treated with
ECMO were included. Six of them had been included in a
previous cohort study [4]. Patients’ demographic charac-
teristics are provided in Table 1. No patient had a history
of chronic heart, renal, or respiratory insufficiency. The
main cause of ARDS was documented as community-
acquired bacterial pneumonia (n = 30). Twenty patients
presented with influenza pneumonia, 12 of whom had
been treated in the first half of the study period. The
median (interquartile range) time between contact from
the referring hospital and patient cannulation was 3
(1–4) h; transfer to our center occurred within 6 (3–7) h.
No serious complications (including vascular or chest
tube displacement, ECMO malfunction, cardiac arrest, or
death) occurred during transport by our mobile unit. For
venovenous ECMO, femoral–jugular vein cannulation
was performed in 62 patients, and femoral–femoral can-
nulation was performed in 15 patients. Femoral–femoral
cannulation was performed in the eight patients treated
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with venoarterial ECMO. In all cases, venoarterial ECMO
was used for left heart failure and severe shock compli-
cating ARDS-associated disease. Prior to ECMO, all

patients had refractory hypoxemia, 20 had a PaCO2 -
greater than 70 mmHg, and 29 had an arterial pH less
than 7.2.

Fig. 1 Study flowchart. ARDS
acute respiratory disease
syndrome, ECMO
extracorporeal membrane
oxygenation

Table 1 Patient demographic characteristics according to hospital survival

Total (n = 85) Survivors (n = 37) Nonsurvivors (n = 48) p

Age (years) 47 ± 15 42 ± 12 51 ± 15 0.002
Male (gender) 52 (61) 22 (59) 30 (62) 0.8
BMI (kg/m2) 28 ± 6 29 ± 7 27 ± 7 0.8
BMI [ 30 (kg/m2) 22 (26) 11 (30) 11 (23) 0.5
SAPS II at ICU admission, mean ± SD 57 ± 15 52 ± 13 60 ± 16 0.034
ECMO period
Oldest 42 (49) 25 (59) 17 (40) 0.5
Latest 43 (51) 23 (53) 20 (47)

Comorbidities
Chronic lung disease 2 (2) 0 2 (4) 0.5
Diabetes 5 (6) 1 (3) 4 (8) 0.4
Transplantation 2 (2) 0 2 (4) 1
Malignancy 7 (8) 1 (1) 6 (12) 0.13
Immunocompromised 13 (15) 3 (8) 10 (20) 0.13
HIV 1 (1) 1 (3) 0 0.4
Drug addiction 2 (2) 1 (3) 1 (2) 1

Cause of ARDS
CAP 56 (66) 24 (65) 32 (67) 0.9
Influenza A(H1N1) pneumonia 20 (23) 14 (38) 6 (12) 0.006
Influenza pneumonia 15 (18) 9 (25) 6 (12) 0.2
Legionella pneumonia 7 (8) 3 (8) 4 (8) 1
S. pneumoniae pneumonia 6 (7) 2 (5) 4 (8) 0.7
Acute pancreatitis 5 (6) 3 (8) 2 (4) 0.6
Nosocomial pneumonia 12 (14) 5 (13) 7 (15) 0.9
Burns 3 (3) 2 (5) 1 (2) 0.6
Trauma 3 (3) 1 (3) 2 (4) 1
Aspiration pneumonia 5 (6) 2 (5) 3 (6) 1
Other 2 (2) 1 (3) 1 (2) 1

Data are provided as n (%) unless otherwise specified; p survivors
vs. nonsurvivors
SD standard deviation, BMI body mass index SAPS II simplified
acute physiology score II, HIV human immunodeficiency virus,

AIDS acquired immunodeficiency syndrome, COPD chronic
obstructive pulmonary disease, CAP community-acquired
pneumonia
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Forty-eight patients died in the ICU or at the hospital
(56 %). Causes of death were multiorgan failure fre-
quently associated with refractory hypoxemia (n = 44);
hemorrhagic complications secondary to cannulation
(n = 2); and intracerebral hemorrhage (n = 2). Forty-two
nonsurvivors died during therapy after a median (range)
of 9 (1–53) days of ECMO, and 6 of them died after
successful ECMO weaning after a median (range) of 8
(5–10) days of ECMO. Survivors had a median (range)
duration of ECMO therapy of 10 (3–25) days and were
mechanically ventilated for a median (interquartile range)
duration of 28 (24–35) days. After univariate analysis,
factors potentially collected before ECMO that were
associated with hospital mortality were age, SOFA score,
lactate level, and a diagnosis of influenza pneumonia
(Table 2). SAPS II was not considered for multivariate
analysis because it could not constantly be obtained at this
time and because SOFA score is easier to use at the
bedside. Age, SOFA score, and a diagnosis of influenza
pneumonia were introduced into the logistic regression
analysis, which showed that these three parameters were

independently associated with hospital mortality. Mor-
tality increased with age [OR 1.045, CI (1.008; 1.083),
p = 0.017] and SOFA score [OR 1.267, CI (1.053;
1.525), p = 0.01] whereas a diagnosis of influenza
pneumonia was associated with a lower risk of death [OR
0.202, CI (0.061; 0.67), p = 0.009]. Lactate level was not
introduced into the multivariate analysis because it was
not available for all patients in the 3 h before considering
ECMO. The distribution of SOFA subscores just before
ECMO is presented in Fig. 2. Hemodynamic and liver
scores were higher in nonsurvivors (p = 0.03 and
p = 0.04, respectively).

The score developed after transforming continuous
into categorical variables is displayed in Table 3. The
optimal cutoff for the score was identified as 2.5.
Finally, the probability of hospital mortality following
ECMO initiation was 40 % in the 0–2 score class
(n = 58) and 93 % in the 3–4 score class (n = 27)
(Fig. 3; p \ 0.001). The area under the ROC curve of
the performance of this scoring system was 0.802, IC
[0.710; 0.894], p \ 0.001.

Table 2 Clinical characteristics and support in the 3 h before ECMO and during ECMO according to hospital survival

Total (n = 85) Survivors (n = 37) Nonsurvivors (n = 48) p

In the 3 h before ECMO
MV duration before ECMO (days) 2 [1–8] 2 [1–8] 2 [1–7] 0.9
MV duration [7 days 22 (26) 7 (19) 15 (31) 0.4
Interval call–cannulation (h) 3 [2–4] 3 [2.5–4] 3 [2–4] 0.8
ARDS criteria (days) 2 [1–7] 1.5 [1–7.5] 2 [1–7] 0.8
Prone positioning 38 (45) 16 (43) 22 (46) 0.8
Nitric oxide 51 (60) 18 (49) 33 (69) 0.06
HFOV 4 (5) 2 (6) 2 (4) 1
RRT 9 (11) 6 (16) 3 (6) 0.2
Corticosteroids for ARDS 12 (14) 4 (11) 8 (17) 0.4
Vasopressive agents 62 (74) 25 (68) 37 (79) 0.2
Pplat (cmH2O) 32 [29–35] 32 [29–35] 32 [29–35] 0.5
pH 7.1 ± 0.2 7.1 ± 0.1 7.1 ± 0.2 0.5
PaCO2 (mmHg) 59 [50–73] 62 [50–75] 57 [51–70] 0.5
PaO2 to FiO2 ratio (mmHg) 60 [50–70] 60 [52–70] 60 [50–71] 0.6
Lactate (mmol/l)a 3.8 [2–5.9] 2.3 [1.5–3.6] 4.2 [2.7–8.1] 0.01
SOFA score 9 [7–11] 8 [6–9] 10 [7–12] 0.003
LIS 3.5 [3.3–3.7] 3.4 [3.2–3.6] 3.6 [3.5–3.7] 0.5

Under ECMO
Venovenous ECMO 77 (91) 33 (89) 44 (92) 0.7
SOFA score at day 1 10 [7–12] 8 [7–10] 11 [8–15] 0.007
SOFA score at day 3 11 [8–13] 9 [7–12] 12 [9–15] 0.004
SOFA score at day 7 9 [7–12] 8 [5–9] 12 [9–14 0.001
Lactate level at day 1 (mmol/l) 2.7 [1–5] 3.1 [1.7–5.3] 2.5 [1.6–4.3]
Lactate level at day 3 (mmol/l) 2 [1.6–2.5] 2.2 [1.7–3.4] 1.9 [1.6–2.2] 0.3
Prone positioning 17 (20) 10 (27) 7 (15) 0.2
Corticosteroids for ARDS 17 (20 7 (19) 10 (21) 0.8
RRT 41 (48) 11 (30) 30 (62) 0.003
ECMO duration 9 [7–13] 10 [8–13] 8 [6–15] 0.3
ECMO-free days at day 28 0 [0–18] 18 [15–20] 0 [0–0] 0.001

Data are provided as n (%), median [interquartile range], or
mean ± SD; p survivors vs. nonsurvivors
MV mechanical ventilation, HFOV high-frequency oscillatory
ventilation, RRT renal replacement therapy, Pplat plateau airway

pressure, SOFA sequential organ failure assessment, LIS lung injury
score
a The lactate level in the 3 h before consideration for ECMO was
available in 48 patients
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During ECMO therapy, 10 patients were treated with
high-frequency oscillatory ventilation, 17 with prone
positioning, and 17 with corticosteroids for ARDS
(Table 2). SOFA scores at day 1, 3, or 7 of ECMO were
higher in hospital nonsurvivors than in survivors. Renal
replacement therapy during ECMO was used more fre-
quently in nonsurvivors than in survivors. Hemorrhagic
complications occurred in 25 patients (29 %) under
ECMO. Major hemorrhagic complications were retro-
peritoneal hematoma secondary to cannulation (n = 2),
intracerebral hemorrhage (n = 2), and hemothorax due to
fibrinolysis requiring ECMO weaning (n = 1). Other
hemorrhagic complications were limited or moderate
respiratory tract hemorrhage (n = 10), epistaxis requiring
nasal packing (n = 2), and limited hemorrhage at

cannulation sites (n = 8). While under ECMO, patients
were transfused with a median (IQR) of 7 (4–15) units of
red blood cells [1 (1–1) U/day], 3 (2–4) units of frozen
plasma, and 1 (0–1) unit of platelets. In eight cases,
membrane exchange was required during ECMO therapy
because of acute hemolysis.

Discussion
The results of the present study show that age, SOFA
score calculated in the 3 h before ECMO, and a diagnosis
of influenza pneumonia are independently associated with
hospital mortality in ARDS patients retrieved under
ECMO from distant hospitals and brought to our ECMO

Fig. 2 Distribution of SOFA
score and subscores before
ECMO in survivors (white bars)
and in nonsurvivors (black
bars). The neurological score
was 0 and the respiratory score
was 4 in all patients
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center. These simple criteria can be included in a simple
score to help clinicians make decisions regarding whether
to treat patients with ECMO.

Our study is the first to analyze prognostic factors
prior to ECMO in patients who have all been cannulated
in distant hospitals. This population is likely to represent
the majority of patients considered for ECMO in the
future. Those patients are often considered for ECMO
under rescue conditions, and the decision to initiate
ECMO is often difficult. Our results show that simple
criteria can be useful in predicting the prognosis in those
patients despite the rapid evolution of their organ dys-
functions. Another strength of the present study is that it
only includes patients with ARDS. Previous studies have

frequently mixed patients with ARDS and cardiogenic
shock [3, 5, 28–30], whereas these diseases are likely to
affect different populations and to have different prog-
nostic factors.

Most studies have shown that ECMO can be applied
with encouraging survival rates [2–8]. Although the 56 %
mortality rate found in the present study is in agreement
with most other studies, some studies have reported lower
rates. In the CESAR trial [9], 63 % of patients treated
with ECMO survived. Of note, most of our patients had
pneumonia with severe septic shock requiring vasopres-
sors, and half of them required renal replacement therapy
during the ICU stay, which has been shown to have an
important prognostic impact in ECMO patients [31, 32].
Moreover, mortality rate is most likely largely influenced
by indications and contraindications defined by each
center. In the present study, indications were quite liberal
regarding the evolution of organ dysfunctions, making it
possible to accurately evaluate their prognostic impact.
To date, decision criteria given for ECMO initiation in
guidelines and studies are still undefined. Nevertheless, a
recent study [18] showed that the application of new
criteria based on Extracorporeal Life Support Organiza-
tion (ELSO) guidelines [33] resulted in a higher mortality
compared with previous criteria used at the same center,
suggesting a strong influence of these criteria on the
reported outcomes.

Studies, some with large numbers of patients, have
identified early prognostic factors in patients treated with
ECMO [3, 5, 18, 29, 31, 32, 34, 35]. The analysis of the
ELSO multicenter database has notably identified age as a
pre-ECMO factor associated with prognosis in patients
with acute respiratory failure [5]. For this reason, only a
few patients over 60 years of age are treated with ECMO
[5, 9, 18]. Recently, Schmidt et al. [35] reported that age
over 45 years was associated with a higher mortality. In
the present study, we also observed that patients less than
45 years old had a markedly better prognosis and that
outcome was independent of other organ dysfunctions in
those very young patients. This important finding suggests
that ECMO should not be contraindicated on the basis of
organ dysfunction in young patients.

We found that the SOFA score before ECMO was
associated with mortality. The SOFA score is simple to
calculate and has been validated as a marker of organ dys-
function and of mortality in large multicenter studies in
different patient populations [36]. In a cohort of 45 patients
treated with ECMO for respiratory or heart failure, Wu et al.
[29] suggested the prognostic value of SOFA calculated
before ECMO. Recently, Lindskov et al. [18] showed that
the SOFA score calculated at day 1 after ECMO initiation
was predictive of death. In this latter study, a SOFA score of
10 or less was associated with 90 % survival. In the study by
Wu et al. [29], the mean SOFA score before ECMO was
14 ± 4 in ARDS patients, whereas it was 10 ± 3 in our
study. However, as in the study by Lindskov et al. [18],

Table 3 Hospital mortality score calculated with parameters
available just before ECMO initiation

Parameter Partial score psi

SOFA
\9 0
9–11 1
C12 2

Age
\45 years 0
C45 years 1

Influenza pneumonia
Yes 0
No 1

Total score 0–4

A higher score was associated with higher hospital mortality
SOFA sequential organ failure assessment

Fig. 3 Kaplan–Meier estimates of cumulative probabilities of
survival for patients with pre-ECMO score classes 0–2 (n = 58),
and 3–4 (n = 27). ECMO extracorporeal membrane oxygenation
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SOFA was not calculated in the same way as in the present
study. Notably, the Glasgow coma scale score was set
arbitrarily to 2 points. No patient presented with impaired
consciousness at the time of sedation in our study, resulting
in a 0-point neurological score in all patients. Pappalardo
et al. [19] proposed a prognostic score in patients with
H1N1-associated ARDS treated with ECMO that was based
on biological and clinical data similar to the data used to
determine the SOFA score. More recently, Schmidt et al.
[35] proposed a prognostic score in ARDS patients treated
with ECMO in which SOFA had a quite similar weight to
that in the present study.

We found that a diagnosis of influenza-associated
ARDS was associated with a better prognosis. Our 30 %
mortality rate is in agreement with recent studies in
patients with influenza H1N1-associated ARDS treated
with ECMO [19, 37]. Our results also confirm those of
previous observational studies suggesting that patients
treated with ECMO for influenza pneumonia have a lower
risk of death than patients presenting with other causes of
ARDS [2]. However, no study had previously clearly
shown a protective effect of influenza in ECMO patients.
Unfortunately, the diagnosis of influenza is inconsistently
confirmed but rather suspected at the time the ECMO
decision is made. Therefore, this parameter cannot be
taken into account in all patients when making ECMO
decisions. Of note, all patients in our study who had
confirmed influenza had been suspected of having influ-
enza at ECMO initiation, and only three patients with
suspected influenza were not confirmed.

Some studies have shown that the duration of
mechanical ventilation before ECMO is associated with
mortality [5, 7, 34, 35]. In our study, the duration of

mechanical ventilation prior to ECMO was not longer in
nonsurvivors. However, it is notable that our duration of
ventilation before ECMO was short. The analysis of the
ELSO database showed that the duration of mechanical
ventilation was no longer associated with mortality in the
most recently treated patients [5], whereas the number of
patients treated after 7 days of mechanical ventilation
decreased with time. Further studies are necessary to
clearly address this question.

The present study is a single-center study, which could
limit the translation of our results to other centers.
However, our population has been stringently selected on
the basis of predefined criteria and has benefited from
protocolized treatments, including medical and technical
maintenance of ECMO support. It is notable that the
predefined indications that we used for ECMO based on
gas exchange and ventilator pressure are not universally
standardized and remain an important topic of discussion.

Conclusions

In ARDS patients treated mainly with venovenous ECMO
and retrieved after cannulation from referring hospitals,
age, SOFA score just before considering ECMO, and a
diagnosis of influenza pneumonia can be used to aid the
clinician in the decision about whether to initiate ECMO.
Prognosis is much less dependent on organ dysfunction in
young patients. A diagnosis of influenza-associated
ARDS is associated with a lower mortality rate.
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