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Abstract Objective: To evaluate the
effect of extracorporeal gas exchange
(ECMO) on mortality of patients
referred with severe acute respiratory
distress syndrome (ARDS). Design
and setting: Prospective observational
study in a university hospital ICU.
Patients: 150 patients with severe
ARDS. Interventions: Multimodal
treatment with and without ECMO.
Measurements and main results: We
treated 118 patients (78.7%) conser-
vatively and 32 patients with ECMO.
Patients in the ECMO group pre-
sented with significantly more severe
disease (lung injury score 3.8 ± 0.3
vs. 3.3 ± 0.4; SOFA score 52 ± 14 vs.
43 ± 12; and SAPS score 14 ± 3.3 vs.
10 ± 3.5). Mortality in ECMO-treated
patients tended to be higher than that
with conservative treatment (46.9%
vs. 28.8%, p = 0.059). Multivariate

logistic regression analyses with
backward selection excluded ECMO
as predictor of mortality (p = 0.79).
Independent predictors of mortality
were age (odds ratio 1.044, 95%
confidence interval 1.014–1.075,
p = 0.004), mean pulmonary artery
pressure (1.082, 1.026–1.141,
p = 0.036), sequential organ failure
assessment score (1.148, 1.018–1.294,
p = 0.024), and days of mechanical
ventilation prior to referral (1.064,
1.008–1.123, p = 0.025). Conclu-
sion: ECMO treatment does not
predict mortality in patients with most
severe ARDS.

Keywords Multiple organ failure ·
Extracorporeal membrane oxygena-
tion · Community acquired pneu-
monia · Pulmonary hypertension ·
Right heart failure · Septic shock

Introduction

Extracorporeal membrane oxygenation (ECMO) provides
the theoretical advantage of dissociation of oxygena-
tion and ventilation. The failing lungs are kept inflated
and resting by the mechanical ventilator while ECMO
eliminates CO2 and improves oxygenation. In the-
ory, given a severe case of acute respiratory distress
syndrome (ARDS), this should reduce both ventilator-
induced lung injuries and the subsequent systemic
inflammation and may improve the patient’s outcome.
Randomized controlled trials, however, have failed to

demonstrate that ECMO improves outcome in ARDS [1,
2, 3]. Nevertheless, ECMO treatment is still widely
performed, and the Extracorporeal Life Support Organi-
sation counts 115 active members throughout the world
(http://www.elso.med.umich.edu). ECMO thus divides
ICU physicians into friends and foes as the role of the
procedure during treatment of severe ARDS remains
questionable.

As a tertiary ICU specialized in multimodal ARDS
treatment including ECMO we prospectively studied the
effect of ECMO treatment on mortality of patients with
severe ARDS.
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Methods

Patients and primary care

Between January 1998 and September 2003, 150 consec-
utive patients diagnosed with ARDS and referred from
external hospitals to our ICU were assessed prospectively
using a dedicated database. ARDS was defined as de-
scribed elsewhere [4] and by Lung Injury Score (LIS)
higher than 2.5 [5]. All patients had previously been
mechanically ventilated in other ICUs and were enrolled
if they fulfilled the ARDS criteria, were younger than
70 years, and weighed more than 15 kg. Exclusion criteria
were: malignancy, end-stage lung disease, and intracranial
bleeding.

For patients’ acquisition staff physicians were dis-
patched to the referring ICU to optimize the patient’s
condition prior to transport with ambulance or helicopter.
Patients unresponsive to conservative measures (arterial
oxygen saturation > 90% after positive end-expiratory
pressure, PEEP, adjustment and prone position trial)
were placed on ECMO and transported on extracorporeal
bypass. Standardized ventilatory protocol consisted tidal
volume of 6–8 ml/kg, respiratory rate (RR) of 20 bpm, and
inspiratory to expiratory ratio of 1 using a mobile intensive
care ventilator (Evita 2 dura, Dräger Medical, Lübeck,
Germany). In the case of respiratory acidosis (pHa < 7.2)
RR was increased up to 30 bpm avoiding air trapping. The
patients were sedated with fentanyl and midazolam and
were paralyzed for transport only. No patient was rejected
as unstable for transport. If hypoxemia (SaO2 < 90%)
persisted despite optimum PEEP we added inhaled nitric
oxide (2–40 ppm; Pulmonox mini, Tyco Healthcare,
Hennef, Germany). Dependency on inhaled nitric oxide
was tested by daily interruption and discontinued if it
was possible without iNO to achieve FIO2 of 0.4 or less
and pulmonary artery pressure (PAP) below 35 mmHg.
In persistent hypoxemia and/or decompensated severe
acidosis (pH < 7.1) venovenous ECMO was initiated.

Management of venovenous extracorporeal gas exchange

For ECMO two large-bore cannulae were inserted per-
cutaneously into the superior (19 F) and inferior (23 F)
caval veins via the jugular and femoral veins for blood
return and drainage, respectively (BioMedicus Cannula,
Medtronic, Düsseldorf, Germany). A heparin bonded
ECMO circuit (Super Tygon, Medtronic) was used
with two silicon membrane oxygenators (Medtronic,
I3500-2A). A bypass (CAPS, Stöckert Instrumente, Mu-
nich, Germany) flow of 30–50% of the patient’s cardiac
output was applied with oxygen sweep flow averaging
8 l/min. ECMO discontinuation criteria were: PaO2/FIO2
ratio higher than 200 torr at a mean airway pressure less
than 25 cmH2O and pHa greater than 7.2.

Measurements

The main outcome measure was hospital mortality. All
cardiopulmonary variables were recorded after admission
to our ICU along with the first laboratory findings, and
catecholamine dose. All pressures were recorded at
end-expiration at adjusted PEEP. The Simplified Acute
Physiology Score (SAPS) II [6] and Sepsis-Related
Organ Failure Assessment (SOFA) score [7] were cal-
culated from the lowest values within the first 24 h after
admission.

Statistical analysis

All metric data are presented as means (± standard
deviation). We tested the main hypothesis that ECMO
treatment would increase patients’ in-hospital mortality.
Furthermore, we compared variables of respiratory and
pulmonary function that were recorded on the day of ad-
mission between patients treated conservatively and those
undergoing ECMO. SAS 8.2 software (SAS Institute,
Cary, N.C., USA) was used for statistical analysis. The
Wilcoxon rank-sum test was used for testing continuous
variables, Fisher’s exact test for dichotomous variables,
and the χ2 test for ordinal variables. A p value less than
5% was considered significant; the α error (significance
level) was fixed at 5%. With exploratory intention we
also compared the effect of ECMO therapy on mortality
in the subgroup that were most frequently treated with
ECMO in our institution, i.e., patients with community-
acquired pneumonia (CAP). We entered the variables of
age, PaO2/FIO2 ratio, duration on mechanical ventilation
prior to admission, SOFA score, mean PAP, and ECMO
treatment in multivariate logistic regression analyses with
backward selection to identify independent predictors
of outcome. Additionally, we performed survival anal-
ysis with backward selection to confirm results of the
multivariate logistic regression.

Results

The mean survival rate of patients with severe ARDS was
67%. Of the 150 patients 32 were treated with ECMO
(21.3%). The severity of the disease was significantly
higher in ECMO treated patients (Table 1) than in those
without ECMO treatment, particularly on LIS (3.8 ± 0.3
vs. 3.3 ± 0.4, p < 0.0001), SOFA score (14 ± 3.3 vs.
10 ± 3.5, p < 0.0001), and plasma lactate concentration
(6.9 ± 3.7 vs. 3.6 ± 3.1 mg/dl, p < 0.0001). Mortality in
ECMO-treated patients was not significantly higher than
in those receiving conservative treatment (46.9 vs. 28.8%,
p = 0.059). Multivariate logistic regression revealed the
following independent predictors of death: age (odds ratio,
OR, 1.044, 95% confidence interval, CI, 1.014–1.075,
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Table 1 Biometric, hemodynamic, pulmonary, and laboratory values of patients with ARDS on admission (ECMO extracorporeal mem-
brane oxygenation, SAPS Simplified Acute Physiology Score, SOFA Sepsis-Related Organ Failure Assessment)

Variable All Conservative ECMO p
(n = 150) treatment treatment

(n = 118) (n = 32)

Survived 101 (67.3%) 84 (71.2%) 17 (53.1%) 0.059
Age (years) 41.8 ± 15 41.9 ± 16 42.2 ± 13 0.83
Days on mechanical ventilation prior to admission 6.5 ± 8 6.7 ± 8 5.5 ± 7 0.34
Lung Injury Score 3.5 ± 0.4 3.3 ± 0.4 3.8 ± 0.3 < 0.0001
SAPS II 45 ± 13 43 ± 12 52 ± 14 0.001
SOFA 11 ± 3.7 10 ± 3.5 14 ± 3.3 < 0.0001
PaO2/FIO2 ratio (mmHg) 93 ± 38 100 ± 36 63 ± 28 < 0.0001
PEEP (cmH2O) 16 ± 4 15 ± 4 19 ± 3 < 0.0001
Compliance (ml/cmH2O) 30 ± 14 33 ± 14 21 ± 10 < 0.0001
Venous admixture (Qs/Qt; %) 41 ± 13 37 ± 10 54 ± 14 < 0.0001
PaCO2 (mmHg) 77 ± 32 71 ± 25 98 ± 42 0.0002
Minute ventilation (l/min) 9.5 ± 2.7 9.7 ± 2.5 9.1 ± 2.6 0.16
Mean pulmonary artery pressure (mmHg) 35 ± 9 35 ± 8 39 ± 9 0.023
Pulmonary vascular resistance index (dyne s−1 cm−5 m−2) 385 ± 172 359 ± 162 453 ± 291 0.09
Cardiac index (l min−1 m−2) 4.4 ± 1.4 4.4 ± 1.3 4.3 ± 1.7 0.4
pHa 7.2 ± 0.1 7.23 ± 0.1 7.09 ± 0.2 < 0.0001
Lactate plasma concentration (mmol/l) 4.3 ± 3.5 3.6 ± 3.1 6.9 ± 3.7 < 0.0001
Epinephrine dose (µg kg−1 min−1) 0.3 ± 1.1 0.21 ± 1.1 0.7 ± 1.3 < 0.0001
Norepinephrine dose (µg kg−1 min−1) 0.5 ± 1.1 0.26 ± 0.5 1.5 ± 1.8 < 0.0001
Creatinine concentration (mg/dl) 1.5 ± 1.4 1.5 ± 1.5 1.7 ± 0.9 0.01

Table 2 Data of patients with severe ARDS following acute community-acquired pneumonia treated conservatively or with venovenous ex-
tracorporeal membrane oxygenation (ECMO) (SAPS Simplified Acute Physiology score, SOFA Sepsis-Related Organ Failure Assessment)

Variable Conservative (n = 30) ECMO (n = 17) p

Survived 23 (76.7%) 12 (70.6%) 0.73
Age (years) 46 ± 13 42 ± 13 0.36
Days on mechanical ventilation prior to admission 1.7 ± 1.3 1.5 ± 1.2 0.51
Lung Injury Score 3.3 ± 0.4 3.7 ± 0.3 0.003
SAPS II 41 ± 11 57 ± 15 0.0014
SOFA 11 ± 3 15 ± 3 0.0003
PaO2/FIO2 ratio (torr) 97 ± 33 57 ± 15 < 0.0001
PEEP (cmH2O) 15 ± 4 19 ± 3 0.1
Compliance (ml/cmH2O) 33 ± 13 21 ± 7 0.0003
Venous admixture (Qs/Qt; %) 38 ± 11 57 ± 14 < 0.0001
PaCO2 (torr) 65 ± 18 102 ± 42 0.0003
Minute ventilation (l/min) 9.7 ± 2.6 8.6 ± 2.6 0.06
Mean pulmonary artery pressure (mmHg) 35 ± 11 39 ± 12 0.33
Pulmonary vascular resistance index (dyne s−1 cm−5 m−2) 395 ± 190 443 ± 349 0.71
Cardiac index (l min−1 m−2) 4.1 ± 1.1 4.4 ± 2 0.72
pHa 7.2 ± 0.13 7.03 ± 0.14 0.0006
Lactate plasma concentration (mmol/l) 3.6 ± 2.8 7.9 ± 3.1 < 0.0001
Epinephrine dose (µg kg−1 min−1) 0.09 ± 0.26 1.06 ± 1.62 0.0001
Norepinephrine dosage (µg kg−1 min−1) 0.3 ± 0.3 1.9 ± 2 0.002
Creatinine concentration (mg/dl) 1.8 ± 1.7 2.1 ± 0.9 0.055

p = 0.0041), mean PAP (OR 1.082, CI 1.026–1.141,
p = 0.036), SOFA (OR 1.148, CI 1.018–1.294, p = 0.024),
and days of mechanical ventilation prior to referral (OR
1.064, CI 1.008–1.123, p = 0.025) but not ECMO treat-
ment (p = 0.79) or PaO2/FiO2 ratio (p = 0.17). Survival
analysis affirmed age (p = 0.01) and PAP (p = 0.004) as
independent predictors of survival. Main causes of death

were septic multiorgan failure (n = 25, 51%) and right ven-
tricular failure (n = 13, 26.5%). Sepsis (n = 51; 34%), CAP
(n = 47, 31.3%), hospital-acquired pneumonia (n = 24,
16%), aspiration (n = 15, 10%), and trauma (n = 13, 8.7%)
were the causes of ARDS.

ECMO was performed most frequently in patients
with CAP (53.1% of ECMO treatments; Table 2). In cases
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Table 3 Data of patients surviving and dying from severe ARDS (SAPS Simplified Acute Physiology score, SOFA Sepsis-Related Organ
Failure Assessment)

Variable Survived (n = 101) Deceased (n = 49) p

Age (years) 39 ± 15 49 ± 14 0.0002
Days on mechanical ventilation prior to admission 5.3 ± 7.7 8.7 ± 8.3 0.0014
Lung Injury Score 3.4 ± 0.4 3.5 ± 0.3 0.05
SAPS II 44 ± 14 48 ± 11 0.01
SOFA 11 ± 4 12 ± 4 0.15
PaO2/FIO2 ratio (torr) 96 ± 38 85 ± 37 0.067
PEEP (cmH2O) 16 ± 4 16 ± 4 0.7
Compliance (ml/cmH2O) 32 ± 14 26 ± 14 0.006
Venous admixture (Qs/Qt; %) 39 ± 13 47 ± 12 0.0003
PaCO2 (torr) 71 ± 23 90 ± 41 0.007
Minute ventilation (l/min) 9.2 ± 2.4 10.3 ± 2.8 0.065
Mean pulmonary artery pressure (mmHg) 34 ± 8 39 ± 10 0.006
Pulmonary vascular resistance index (dyne s−1 cm−5 m−2) 349 ± 147 444 ± 272 0.09
Cardiac index (l min−1 m−2) 4.3 ± 1.3 4.4 ± 1.5 0.63
pHa 7.2 ± 0.13 7.16 ± 0.16 0.024
Lactate plasma concentration (m/mol l) 4.1 ± 3.4 4.6 ± 3.7 0.45
Epinephrine dose (µg kg−1 min−1) 0.34 ± 1.3 0.3 ± 0.8 0.58
Norepinephrine dose (µg kg−1 min−1) 0.4 ± 0.9 0.7 ± 1.3 0.16
Creatinine concentration (mg/dl) 1.3 ± 1.1 2.0 ± 1.9 0.033

of CAP the mortality among patients treated with ECMO
was similar to that in those treated conservatively (29.4
vs. 23.3%, p = 0.73); age (OR 1.072, CI 1.003–1.145,
p = 0.039) was the only independent predictor of death in
this subgroup of patients with ARDS.

Discussion
ECMO treatment was not a predictor of mortality. In
patients with severe ARDS even though ECMO patients
had significantly more severe disease than those treated
conservatively. Age, PAP, SOFA score, and duration
of mechanical ventilation (Table 3) before initiation of
a multimodal treatment independently predicted mortality
in multivariate logistic regression. While age [8, 9, 10]
and SOFA score [6, 11, 12] are general predictors of mor-
tality in critical illness, prolonged mechanical ventilation
and pulmonary hypertension are more ARDS-specific
risk factors. Prolonged mechanical ventilation prior to
ECMO treatment has been shown by others to affect
outcome [13, 14]. In our patients with severe ARDS right
ventricular failure was the second leading cause of death,
and pulmonary hypertension proved to be an independent
predictor of survival. These data support the findings
of earlier studies reporting pulmonary hypertension in
ARDS [15, 16, 17].

Our therapeutic regimen for treating severe ARDS
focused upon avoiding ECMO because this treatment is
associated with increased transfusion requirement and
life-threatening complications [18], theoretically increas-

ing mortality. However, in our study ECMO treatment
was not significantly associated with increased mortality
despite the fact that the severity of the disease (LIS, SOFA,
and plasma lactate concentration) among these patients
was significantly higher than that in patients who were
treated conservatively. Further studies with an even greater
number of patients are needed to clarify whether the trend
towards higher mortality in the ECMO group, as observed
in our study, was a random observation or a significant
finding.

Our therapeutic strategy prevented ECMO in nearly
80% of patients with severe ARDS referred for ECMO
therapy. ECMO was most frequently implemented in
patients with severe CAP-induced ARDS. Patients with
severe CAP showed a rapid progression to ARDS and
(septic) shock refractory to standard ICU care and mech-
anical ventilation in the referring ICUs, such that ECMO
was implemented earlier after onset of the disease. Mor-
tality in patients with CAP treated with ECMO did not
differ from that in patients treated conservatively.

The main limitation of our study is the lack of ran-
domization. Therefore we are not able to drawing final
conclusions about the impact of any single treatment
modality. Randomized controlled trials that implement
disease entity-based subgrouping are useful to evaluate the
effectiveness of ECMO treatment in well-defined patient
populations.
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