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BACKGROUND: We aimed to test the performance of PRESERVE and RESP scores to predict death in
patients with severe ARDS receiving extracorporeal membrane oxygenation (ECMO) with different case
mixes. METHODS: All consecutive patients treated with ECMO for refractory ARDS, regardless of cause,
in the Caen University Hospital in northwestern France over the last decade were included in a retrospective
cohort study. The receiver operating characteristic curves of each score were plotted, and the area under
the curve was computed to assess their performance in predicting mortality (c-index). RESULTS: Forty-one
subjects were included. Pre-ECMO ventilator settings were: mean VT, 6.1 � 0.9 mL/kg; breathing
frequency, 32 � 4 breaths/min; PEEP, 11 � 4 cm H2O; peak inspiratory pressure, 48 � 9 cm H2O;
plateau pressure, 30.4 � 4.4 cm H2O. At ECMO initiation, blood gas results were: pH 7.22 � 0.17,
PaO2

/FIO2
� 63 � 22 mm Hg; PaCO2

� 56 � 18 mm Hg; FIO2
� 99 � 2%. Pre-ECMO data were

available in 35 and 27 subjects for calculation of the PRESERVE score and RESP score, respec-
tively. Pre-ECMO scoring system results were: median PRESERVE score, 4 (interquartile range 2–5),
and median RESP score, 0 (interquartile range �2 to 2). Twenty-three subjects (56%) died, including
19 receiving ECMO. In univariate analysis, plateau pressure (P � .031), driving pressure (P � <.001),
and compliance (P � .02) recorded at the time of ECMO initiation as well as the PRESERVE score
(P � .032) were significantly associated with mortality. With a c-index of 0.69 (95% CI 0.53–0.87), the
PRESERVE score had better discrimination than the RESP score (c-index of 0.60 [95% CI 0.41–0.78])
for predicting mortality. CONCLUSIONS: The use of these scores in helping physicians to determine
the patients with ARDS most likely to benefit from ECMO should be limited in clinical practice because
of their relatively poor performance in predicting death in subjects with severe ARDS receiving ECMO
support. Before widespread use is initiated, these scoring systems should be tested in large prospective
studies of subjects with severe ARDS undergoing ECMO treatment. Key words: extracorporeal mem-
brane oxygenation; ARDS; outcome. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Based on promising results from observational cohort
studies during the influenza A (H1N1) pandemic1-3 and a

positive randomized controlled trial,4 many centers have
initiated extracorporeal membrane oxygenation (ECMO)
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programs as a salvage therapy for subjects with the most
severe cases of ARDS who have refractory hypoxemia.5

However, the benefit of ECMO for survival remains con-
troversial in this setting.6 Therefore, the selection of pa-
tients most likely to benefit from ECMO presents a diffi-
cult challenge for physicians. In this context, 2 mortality
prediction scores (the PRESERVE [predicting death for
severe ARDS on venovenous ECMO] score7 and the RESP
[respiratory ECMO survival prediction] score8) have been
developed based on large retrospective observational
cohorts to help ICU physicians to select appropriate
candidates for ECMO. However, external validation
studies of these scores are scarce.9-13 The aim of this
study was to test the performance of PRESERVE and
RESP scores in predicting death in patients with severe
ARDS, candidates for ECMO, with different case mixes.

Methods

Subjects

We conducted a retrospective cohort study of all con-
secutive subjects treated with ECMO for refractory ARDS
according to the ARDS Berlin definition 2011,14 regard-
less of cause, at the Caen University Hospital between
January 2005 and September 2014. According to French
legislation at the time of the study, and given that the study
was observational and retrospective, no ethics committee
approval was requested, and thus no informed consent was
obtained from the subjects.

In our institution, ECMO was considered as a potential
rescue treatment for subjects with severe ARDS and re-
fractory hypoxemia unresponsive to a protective ventila-
tion strategy as recommended in this setting.14 The deci-
sion to initiate ECMO is made collegially and in a
multidisciplinary manner by urgent care specialists and
cardiovascular surgeons in all cases.

Cannulation Technique and Management
During ECMO

ECMO was performed only after admission into the
Caen University Hospital, where medical teams and nurses
have extensive experience with emergency extracorporeal
life support.15-17 The hardware consisted of a Biomedicus
(Medtronic, Minneapolis, Minnesota) or Maquet (Rota-
flow, Jostra-Maquet, France) portable system incorporat-

ing a centrifugal pump console. The closed ECMO circuit
consisted of preconnected polyvinyl chloride tubing
(Medtronic or PLS 20-50 [Maquet]) having a hollow-fiber
membrane oxygenator with an integrated heat exchanger.
All components were heparin-coated.

All procedures were performed by trained cardiovascu-
lar surgeons. Venovenous ECMO was initiated with an
Avalon monocannula (IST Cardiology, Caen, France), from
21 to 27 French, depending on the size of the subject,
inserted into the right internal jugular vein using a modified
Seldinger technique. The cannula was positioned to the distal
suction port at the end of the inferior vena cava, the proximal
suction port in the superior vena cava, and the injection port
on the axis of the tricuspid valve in the right atrium, under
echocardiographic guidance. Chest radiography was per-
formed daily to monitor the cannula position. Some subjects
were also treated using surgical cannulation in a femoro-
jugular or femoro-femoral configuration (Biomedicus from
17 to 21 French). The pump speed was adjusted to obtain a
blood flow of 2.5 L/m2. Intravenous unfractionated heparin
was given to maintain the activated clotting time between
150 and 200 s.

The decision to discontinue ECMO was based upon
evidence of irreversible multiple-organ failure. Subjects
were weaned off of ECMO after lung recovery if the pul-
monary function during a period of reduced pump flow
and gas flow remained stable.

Retrospective Chart Review

Data collection focused specifically on demographics,
comorbidities according to the Charlson index,18 severity
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Current knowledge

The selection of patients with severe ARDS most likely
to benefit from ECMO remains a difficult challenge for
physicians. Based on large retrospective observational
cohorts, 2 predictive mortality scores have been devel-
oped, the PRESERVE score and the RESP score, both
having good performance in helping physicians to se-
lect the most appropriate candidates for ECMO.

What this paper contributes to our knowledge

In comparison with original cohorts, we report poor
performance of these scores to predict death in subjects
with ARDS receiving ECMO with different case mixes.
Therefore, this study suggests that great caution is war-
ranted when considering these scoring systems to indi-
vidually select patients with ARDS for ECMO.
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of illness according to the Simplified Acute Physiology
Score II19 and the Sequential Organ Failure Assessment20

at ICU admission, etiology of ARDS (ie, infectious pneu-
monia, trauma, peri-/postoperative, and other), and time to
initiation of ECMO. At the time of ECMO initiation, re-
cords were kept of hemodynamic, neurological, renal (in-
cluding extrarenal support), liver, hematological, and re-
spiratory data. Respiratory data included: blood gas
measurements, PaO2

/FIO2
, pre-/post-ECMO ventilator set-

tings (ie, breathing frequency, tidal volume [VT], peak
inspiratory pressure, PEEP, plateau pressure, driving pres-
sure, and static compliance), and the use of adjunctive
respiratory therapy (ie, inhaled nitric oxide, almitrine, neu-
romuscular blocking agents, and prone position). The Se-
quential Organ Failure Assessment score was also calcu-
lated on the day of ECMO initiation.

In addition, the RESP and PRESERVE scores were cal-
culated according to the original papers.7,8 In the original
cohorts based on multivariate logistic regression analysis,
the PRESERVE score (0–14 points; higher score indicat-
ing higher probability of death) was constructed with 8
pre-ECMO subject characteristics (ie, age, body mass in-
dex, immunocompromised status, days of mechanical ven-
tilation, sepsis-related organ failure assessment, plateau
pressure, and PEEP), and the RESP score (�22 to 15
points; lower score indicating higher probability of death)
with was constructed with 12 patient characteristics (ie,
age, immunocompromised status, days of mechanical ven-
tilation, diagnosis, central nervous system dysfunction,
acute associated nonpulmonary infection, neuromuscular
blocking agents or nitric oxide use, bicarbonate infusion,
cardiac arrest, PaCO2

, and peak inspiratory pressure). No
assumptions were made for missing data. Therefore, scor-
ing was performed only for subjects with all data recorded.

Each subject’s clinical course during hospitalization was
recorded, including ECMO duration and vascular, neuro-
logic, hemorrhagic, renal, and perfusion system complica-
tions. Hospital mortality as well as survival at 6 months
and 1 y and cause of death were recorded.

Statistical Analysis

Data were expressed as mean � SD or median (inter-
quartile range [IQR]) and percentage, depending on the
type of variable of interest. Baselines were compared be-
tween groups (survivors and non-survivors) using the Fisher
exact test with qualitative variables and using the unpaired
Student t test or the Mann-Whitney test with continuous
variables.

We performed univariate analysis at the time of ECMO
implantation to identify baseline subject characteristics as-
sociated with hospital mortality and 6-month mortality.
The small sample size of the study population precluded
the performance of a valid multivariate analysis.

The receiver operating characteristic curves of the
PRESERVE score and the RESP score were plotted, and
the area under the curve was computed to assess their
performance in predicting mortality (c-index). All tests
were 2-sided, and a P value � .05 was considered statis-
tically significant. The Hosmer and Lemeshow test was
used to assess goodness of fit for both models.

Results

Subjects

During the study period, 41 subjects (12 women, 29
men, mean age 44 � 18 y), including 7 subjects with an
immunocompromised status, had been treated with ECMO
rescue. The mean body mass index was 26.7 � 7.2 kg/m2.
The mean Charlson comorbidity index was 1 � 2. The
median (IQR) severity score at ICU admission was 50
(37–63) for the Simplified Acute Physiology Score II and
10 (6–14) for the Sequential Organ Failure Assessment
score. The main reasons for ARDS were: infectious pneu-
monia (n � 20), trauma (n � 7), peri-/postoperative (n � 4),
and others (n � 10).

Baseline Characteristics at ECMO Initiation

Baseline characteristics at ECMO initiation are shown
in Table 1. ECMO was initiated 5 � 4 d after mechanical
ventilation via an endotracheal tube in all subjects. The
median (IQR) Sequential Organ Failure Assessment score
was 10 (8–13). One subject experienced out-of-hospital
cardiac arrest, and 4 subjects experienced in-hospital car-
diac arrest before ECMO implantation. Pre-ECMO venti-
lator settings were: mean � SD VT, 6.1 � 0.9 mL/kg;
breathing frequency, 32 � 4 breaths/min; PEEP, 11 � 4
cm H2O; peak inspiratory pressure, 48 � 9 cm H2O; pla-
teau pressure, 30.4 � 4.4 cm H2O. Thirty-five subjects
(85%) received a vasopressor, and 27 subjects (64%) needed
extrarenal support. All subjects were sedated and experi-
enced refractory hypoxemia despite the recourse of neu-
romuscular blocking agents in all subjects. Prone position-
ing was performed in 15 subjects (37%), and inhaled nitric
oxide and almitrine were administered in 35 subjects (85%)
and 13 subjects (32%), respectively.

At ECMO initiation, blood test results were:
pH 7.22 � 0.17, PaO2

/FIO2
� 63 � 22 mm Hg (ie, 38

subjects with severe ARDS [PaO2
/FIO2

� 100 mm Hg] and
3 subjects with mild ARDS [PaO2

/FIO2
� 200 mm Hg]),

PaCO2
� 56 � 18 mm Hg, FIO2

� 99 � 2%, serum bicar-
bonate � 23 � 5 mmol/L, and plasma lactate � 3 � 2
mmol/L.

All pre-ECMO data were available in 35 subjects and
27 subjects for calculation of the PRESERVE score and
the RESP score, respectively. In these subjects, pre-ECMO
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Table 1. Baseline Characteristics at Extracorporeal Membrane Oxygenation Initiation

Characteristics All (N � 41) Alive (n � 18) Dead (n � 23) P*

Male sex, n (%) 29 (71) 11 (61) 18 (78) .31
Age, mean � SD y 44 � 18 41 � 15 46 � 19 .35
Body mass index, mean � SD kg/m2 26.7 � 7.2 28 � 8.1 25.5 � 6.3 .30
Charlson comorbidity index, mean � SD 1 � 2 1 � 1 2 � 2 .29
Immunocompromised status,† n (%) 7 (17) 3 (17) 4 (17) .99
Severity score at ICU admission, median (IQR)

SAPS II score 50 (37–63) 48 (25–62) 55 (43–65) .07
SOFA score 10 (6–14) 9 (5–12) 12 (6–14) .14

Reasons for ARDS, n (%) .69
Pneumonia‡ 20 (49) 10 (55) 10 (44)
Trauma 7 (17) 4 (22) 3 (13)
Pre-/postoperative 4 (10) 1 (6) 3 (13)
Others 10 (24) 3 (17) 7 (27)

Pre-ECMO clinical characteristics
SOFA score, median (IQR) 10 (8–13) 9 (8–11) 12 (8–16) .059

Interval mechanical ventilation-ECMO, mean � SD 5 � 4 5 � 4 5 � 5 .74
Cardiac arrest, n (%) 5 (12) 0 5 (22) .056
Vasopressor, n (%) 35 (85) 15 (83) 20 (87) .99
Renal replacement therapy, n (%) 27 (61) 9 (50) 18 (78) .09

Pre-ECMO ventilatory settings, mean � SD
Breathing frequency, breaths/min 32 � 4 31 � 5 32 � 4 .73
Tidal volume, mL/kg 6.1 � 0.9 6.1 � 0.9 6.1 � 1 .97
Peak inspiratory pressure, cm H2O 48 � 9 45 � 5 51 � 11 .09
Positive end-expiratory pressure, cm H2O 11 � 4 12 � 4 10 � 4 .08
Plateau pressure, cm H2O 30.4 � 4.4 28.7 � 2.5 32 � 5.2 .031
Driving pressure, cm H2O 17.9 � 5.5 14.5 � 2.7 21.1 � 5.7 �.001
Compliance, mL/cm H2O 25.2 � 6.9 28.9 � 4.7 21.5 � 6.8 .02

Pre-ECMO rescue therapy, n (%)
Neuromuscular blockade agents 41 (100) 18 (100) 23 (100) .99
Nitric oxide 35 (85) 14 (78) 21 (91) .37
Almitrine 13 (32) 5 (28) 8 (35) .74
Prone position 15 (37) 5 (28) 10 (43) .34

Pre-ECMO blood gases, mean � SD
PaO2

/FIO2
63 � 22 66 � 25 61 � 19 .46

FIO2
, % 99 � 2 99 � 4 100 � 0 .26

pH 7.22 � 0.17 7.27 � 0.09 7.18 � 0.20 .08
PaO2

, mm Hg 63 � 21 66 � 25 61 � 19 .48
PaCO2

, mm Hg 56 � 18 53 � 12 59 � 21 .29
HCO3

�, mmol/L 23 � 5 24 � 5.1 22.4 � 5.3 .34
Arterial lactate, mmol/L 3 � 2 2.6 � 1.6 3.3 � 2.2 .21

Pre-ECMO scoring systems, median (IQR)
RESP score§ 0 (�1 to 2) 0 (0–3) 0 (�3.5 to 1) .47
PRESERVE score� 4 (2–5) 3 (1–5) 4 (2–7) .032

ICU length of stay, mean � SD d 33 � 30 54 � 30 15 � 14 �.001
Hospital length of stay, mean � SD d 37 � 31 62 � 29 19 � 17 �.001
Length of mechanical ventilation, mean � SD d 26 � 22 40 � 22 15 � 15 �.001

* Univariate analysis.
† Including hematological malignancies (n � 4), solid tumor (n � 1), human immunodeficiency virus infection (n � 1), and long-term corticosteroid (n � 1).
‡ Including 11 bacterial pneumonia, 6 viral pneumonia, and 3 aspiration pneumonitis.
§ Performed in 27 patients for whom no data was missing for the calculation of the score. Lower score indicates higher probability of death.
� Performed in 35 patients for whom no data was missing for the calculation of the score. Higher score indicates higher probability of death.
IQR � interquartile range
SAPS II � Simplified Acute Physiology Score II
SOFA � Sequential Organ Failure Assessment
ECMO � extracorporeal membrane oxygenation
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scoring results were: median (IQR) PRESERVE score,
4 (2–5) and median RESP score, 0 (�2 to 2).

ECMO Characteristics

Venovenous ECMO was initiated with a monocan-
nula in 28 subjects (68%) and with a double venovenous
cannulation in 9 subjects (22%). In 4 subjects (10%), a
veno-arterial cannulation was subsequently needed for
associated refractory shock. The mean � SD ECMO
flow was 4.4 � 1 L/min, and the sweep gas flow was
7 � 3 L/min.

ECMO support allowed ultraprotective mechanical ven-
tilator settings with a decrease in mean � SD VT to
3.4 � 1.4 mL/kg and an increase in mean PEEP to
14 � 5 cm H2O, with a plateau pressure maintained
� 30 cm H2O in all subjects. The mean � SD length of
ECMO therapy was 8 � 6 d, and median (IQR) was 7 d
(7–11 d).

Fourteen subjects (34%) experienced 14 severe ECMO-
related complications (ie, 7 complications related to a dou-
ble-lumen monocannula and 6 complications related to a
double venovenous cannulation). The main significant
ECMO-related complications were: 2 cardiac arrests (one
ventricular fibrillation and one perforation of the right
atrium) during the procedure and 10 cases of severe bleed-
ing (one subarachnoid hemorrhage, one intracerebral he-
matoma, one hemorrhagic shock, one tamponade, one dis-
section of jugular vein, 3 hemothorax, and 2 severe
hemoptysis), one case of inferior vena cava thrombus, and
one case of filter thrombus during ECMO support).

Mortality and Risk Factors

Twenty-two subjects (54%) were weaned off of ECMO
support alive. Twenty-three subjects (56%) died during
their hospital stay: 19 receiving ECMO and 4 after ECMO
weaning. In our cohort, 7 deaths (30%) were associated
with a severe ECMO-related complication. The main rea-
sons for the deaths were: septic shock with multiple organ
failure (n � 6), refractory cardiac arrest (n � 1), refractory
hypoxemia (n � 3), anoxic coma (n � 3), digestive isch-
emia (n � 2), hemothorax (n � 2), tanponade (n � 1),
subarachnoid hemorrhage (n � 1), intracerebral hematoma
(n � 1), hemorrhagic shock (n � 1), refractory intracranial
hypertension (n � 1), and severe hemoptysis (n � 1).

Among subjects weaned off of ECMO support, 10 sub-
jects needed a tracheostomy for weaning off of ventilator
support. Almost all subjects discharged from the hospital
alive were still alive at 6 months and at 1 y (except for one
subject who died at month 7).

In univariate analysis, only plateau pressure (P � .031),
driving pressure (P � �.001), and static compliance
(P � .02) recorded at the time of ECMO initiation as well

as the PRESERVE score (P � .03) were significantly
associated with mortality, as shown in Table 1. However,
a lower arterial pH, a lower PEEP, and a higher severity
score tended to be associated with mortality.

Demographic data, number of days receiving mechani-
cal ventilation before ECMO, and ARDS etiology were
not associated with death. No difference was found in the
data on ECMO management between survivors and non-
survivors.

The percentage of survival in our cohort and original
cohorts7,8 and other cohorts9-13 according to RESP and
PRESERVE scores at ECMO initiation are shown in Table
2. The highest score risk class is consistently associated
with the lowest probability of survival. In our study, the
PRESERVE score was significantly higher in the group of
deceased subjects: mean � SD, 4.8 � 2.7 versus 3.1 � 1.8;
median (IQR), 4 (2–7) versus 3 (1–5); P � .032. In con-
trast, the RESP score did not seem to be associated with
mortality (Table 1). The performance of the PRESERVE
and RESP scores for predicting mortality is reported in
Figure 1, showing the receiver operating characteristic
curve for predicting death. With a c-index of 0.69 (95% CI
0.53–0.87), the PRESERVE score demonstrated a better
performance than the RESP score (c-index of 0.60 [95% CI
0.41–0.78]) for predicting mortality in subjects with se-
vere ARDS receiving ECMO support The calibration test
with the Hosmer and Lemeshow goodness-of-fit test for
PRESERVE (P � .08) and RESP score (P � .89) indi-

Table 2. Percentage of Survival in Our Cohort and All Other
Cohorts, Including Original Cohorts, Compared With
RESP Score and PRESERVE Score at Extracorporeal
Membrane Oxygenation Initiation

Cohorts
RESP Risk Class,* % survival (n)

I II III IV V

RESP Schmidt
et al8

92 (164) 76 (563) 57 (1,033) 33 (449) 18 (146)

Klinzing et al9 100 (3) 61 (18) 56 (23) 29 (7) 0 (0)
Huang et al11 100 (2) 75 (8) 75 (4) 50 (4) 0 (5)
Hsin et al12‡ 75 68 63 24 38
Our cohort NA (0) 50 (6) 43 (14) 20 (5) 50 (2)

PRESERVE Risk Class,† % survival (n)

I II III IV

PRESERVE
Schmidt et al7

97 (34) 79 (38) 54 (26) 16 (38)

Enger et al10 89 (35) 72 (90) 60 (97) 36 (67)
Klinzing et al9 65 (17) 77 (13) 38 (16) 20 (5)
Our cohort 58 (12) 54 (11) 57 (7) 0 (5)

* RESP score risk classes: I (� 6), II (3–5), III (�1 to 2), IV (�5 to �2), and V (� �6).
† PRESERVE score risk classes: I (0–2), II (3–4), III (5–6), IV (� 7).
‡ Distribution of subjects according to the risk class not reported in this paper.
NA � not applicable
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cated no significant differences between observed and pre-
dicted probabilities. The performance of PRESERVE and
RESP scores in predicting death in subjects with ARDS
receiving ECMO with different case mixes, reported in the
literature, is shown in Table 3.

Discussion

The selection of patients with severe ARDS most
likely to benefit from ECMO remains a difficult chal-
lenge for physicians. In this context, based on our ex-
perience, we confirm that the PRESERVE score7 seems
to be more appropriate than the RESP score8 in select-
ing candidates for ECMO. However, the clinical impact
of these scores is limited because of their relatively poor
performance in predicting death, as reported in our co-
hort.

In this study, we report a hospital mortality and a 6-month
mortality rate of 56% each. This result is consistent with
the wide range of mortality (36–67%) reported by other
authors.3,4,7,8,10,12,21-23 Differences in baseline characteris-
tics of subjects at ECMO initiation (age, severity of ill-

ness, reasons for ARDS (influenza A [H1N1], bacterial
pneumonia, others), time elapsed from mechanical venti-
lation to ECMO, pre-ECMO ventilator settings, and re-
course to mobile ECMO could explain these differences.
Mortality rate is clearly influenced by indications and
contraindications defined in each center as shown in a
previous study.24 Therefore, considering the paucity of
randomized controlled studies in this field,4,21,25 the selec-
tion of ARDS patients most likely to benefit from ECMO
remains a difficult challenge for physicians.

In this context, based on large observational cohorts, 2
predictive mortality scores have been constructed, the PRE-
SERVE score7 and the RESP score,8 both having a good
receiver operating characteristic curve performance in the
original cohorts (c-index 0.89 [95% CI 083–0.94] for the
PRESERVE score and a c-index of 0.74 [95% CI 0.72–
0.76] for the RESP score) to help physicians select the
most appropriate candidates for ECMO. In accordance with
this study, we report that the performance of the PRE-
SERVE score seems to be better than that of the RESP
score in predicting death in subjects with ARDS receiving
ECMO support.

Fig. 1. Receiver operating characteristics curves for PRESERVE score (A) and RESP score (B) for predicting mortality.

Table 3. Survival Prediction Models in Subjects With Severe ARDS Treated With Extracorporeal Membrane Oxygenation

Prediction Model
Number of

Center
Number of

Subjects
RESP Score Internal
Validation (95% CI)

PRESERVE Score Internal
Validation (95% CI)

Our cohort 1 41 0.60 (0.41–0.78) 0.69 (0.53–1.87)
PRESERVE Schmidt et al7 3 140 NA 0.89 (0.83–0.94)
RESP Schmidt et al8 280 2,355 0.74 (0.72–0.76) NA
Enger et al10 1 304 NA 0.69 (0.62–0.75)
Klinzing et al9 1 51 0.65 (0.5–0.8) 0.67 (0.52–0.82)
Huang et al11 1 23 0.83 (0.66–1.01) NA
Lee et al13 1 50 0.79 (0.65–0.89) 0.80 (0.66–0.90)
Hsin et al12 1 107 0.66 (0.56–0.75) NA

The concordance (c) statistic is identical to the area under the receiver operating characteristic curve.
NA � not applicable
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Nevertheless, despite good external validation of the
RESP score performed by the authors,8 the clinical rele-
vance of these scores remains unclear. To our knowledge,
only 5 other studies9-13 have tested the performance of
these scores to predict death in subjects with severe ARDS
receiving ECMO with different case mixes. Except for 2
studies,11,13 all studies9,10,12 reported a poor performance
(c-index � 0.7) in accurately predicting mortality in this
setting (Table 3). In comparison with original cohorts,7,8

we cannot exclude the possibility that differences in base-
line subject characteristics in our cohort can partly explain
these results. These characteristics could pertain to factors
incorporated in the PRESERVE score calculation (lower
prevalence of immunocompromised subjects and use of
prone positioning before ECMO in our cohort) and the
RESP score calculation (higher prevalence of pneumonia,
immunocompromised subjects, use of inhaled nitric oxide
and neuromuscular blocking agents, elevated peak inspira-
tory pressure, and longer time to ECMO). However, these
differences should have only a limited impact on the per-
formance of these scores, considering that the data were
based on a large French (PRESERVE score) and interna-
tional (RESP score) population with different case mixes.
A unique aspect of our study is the high proportion
(68%) of monocannula placement compared with the
other studies (ranging from 0 to 25%).9-13 To our knowl-
edge, no difference in performance between the types of
cannulation is clearly reported in the literature.6 There-
fore, the impact of the use of double-lumen monocan-
nula on the performance of the models is probably low.
In addition, based on the cumulative predicted survival
for each risk class of these scores (Table 2), the pro-
portion of subjects (ie, PRESERVE score � 7 and RESP
score � �6) for whom the futility of recourse of ECMO
could be discussed should be limited in clinical prac-
tice. Therefore, we believe that great caution is war-
ranted when considering these scoring systems to indi-
vidually select ARDS subjects for ECMO. Before
widespread use is initiated, these scoring systems should
be tested in large prospective studies of subjects with
severe ARDS being treated with ECMO with different
case mixes, as suggested by their authors.7,8

We are aware of study limitations. The single center
retrospective observational design and the relatively small
sample size of subjects used to perform the validation of
each score calculated only in subjects with a complete data
set may limit the interpretation and relevance of our data.
Nevertheless, the recourse of ECMO in patients with ARDS
in our clinical practice is in accordance with the most
recent French recommendations in this field.6 In addition,
our findings are in accordance with those of other stud-
ies,9-10,12 suggesting a good external validation of our work.
Moreover, the high proportion of deaths associated with a
severe ECMO-related complication, reported in our co-

hort, could limit the performance of a scoring system based
on pre-ECMO patients’ characteristics in predicting mor-
tality. Unfortunately, this point was not addressed in orig-
inal cohorts.7,8 Therefore, because of the absence of robust
external validation of these scores, we believe that these
data provide important information regarding the potential
limits of these scoring systems in selecting patients most
likely to benefit from ECMO.

Conclusions

This study suggests that the use of PRESERVE and
RESP scores to help physicians determine the ARDS pa-
tients most likely to benefit from ECMO should be limited
in clinical practice because of their relatively poor perfor-
mance in predicting death in subjects with severe ARDS
receiving ECMO support. Before widespread use is initi-
ated, these scoring systems should be tested in large pro-
spective studies of subjects with severe ARDS undergoing
ECMO treatment.

REFERENCES

1. Australia and New Zealand Extracorporeal Membrane Oxygenation
(ANZ ECMO) Influenza Investigators, Davies A, Jones D, Bailey M,
Beca J, Bellomo R, et al. Extracorporeal membrane oxygenation for
2009 influenza A (H1N1) acute respiratory distress syndrome. JAMA
2009;302(17):1888-1895.

2. Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, Lacroix J,
et al. Critically ill patients with 2009 influenza A (H1N1) infection
in Canada. JAMA 2009;302(17):1872-1879.
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