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Abstract

Rationale: Because encouraging rates for hospital and long-term
survival of immunocompromised patients in ICUs have been
described, these patients are more likely to receive invasive therapies,
like extracorporeal membrane oxygenation (ECMO).

Objectives: To report outcomes of immunocompromised patients
treated with ECMO for severe acute respiratory distress syndrome
(ARDS) and to identify their pre-ECMO predictors of 6-month
mortality and main ECMO-related complications.

Methods: Retrospective multicenter study in 10 international
ICUs with high volumes of ECMO cases. Immunocompromised
patients, defined as having hematological malignancies, active
solid tumor, solid-organ transplant, acquired immunodeficiency
syndrome, or long-term or high-dose corticosteroid or
immunosuppressant use, and severe ECMO-treated ARDS,
from 2008 to 2015 were included.

Measurements and Main Results:We collected demographics,
clinical data, ECMO-related complications, and ICU- and 6
month–outcome data for 203 patients (medianAcute Physiology and
ChronicHealthEvaluation II score, 28 [25th–75thpercentile, 20–33];
age, 51 [38–59] yr; PaO2

/FIO2
, 60 [50–82] mm Hg before ECMO)

who fulfilled our inclusion criteria. Six-month survival was only 30%,
with a respective median ECMO duration and ICU stay of 8 (5–14)
and 25 (16–50) days. Patients with hematological malignancies
had significantly poorer outcomes than others (log-rank P = 0.02).
ECMO-related major bleeding, cannula infection, and ventilator-
associated pneumonia were frequent (36%, 10%, and 50%,
respectively). Multivariate analyses retained fewer than 30 days
between immunodeficiency diagnosis and ECMO cannulation as
being associated with lower 6-month mortality (odds ratio, 0.32
[95% confidence interval, 0.16–0.66]; P = 0.002), and lower
platelet count, higher PCO2, age, and driving pressure as
independent pre-ECMO predictors of 6-month mortality.

Conclusions: Recently diagnosed immunodeficiency is associated
with a much better prognosis in ECMO-treated severe
ARDS. However, low 6-month survival of our large cohort of
immunocompromised patients supports restricting ECMO to
patients with realistic oncological/therapeutic prognoses,
acceptable functional status, and few pre-ECMO mortality-risk
factors.
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Over the past decade, ICU and hospital
survival rates for immunocompromised
patients have gradually improved (1–5).
Although mortality remains high compared
with the general population of critically
ill patients, especially when associated
with mechanical ventilation (4), those
patients are increasingly admitted to ICUs.
Concurrently, successful extracorporeal
membrane oxygenation (ECMO) support
of the most severe acute respiratory distress
syndrome (ARDS) cases, as shown for the
recent influenza A(H1N1) pandemic or,
in the randomized CESAR (Conventional
Ventilatory Support versus Extracorporeal

Membrane Oxygenation for Severe Adult
Respiratory Failure) trial (6–9), led to a
steep increase of the number of venovenous
(VV)-ECMO procedures performed over
the past decade (10, 11). Thus, the reported
encouraging rates for hospital and long-
term survival of immunocompromised
patients in ICUs (4) mean that those
patients are more likely to receive invasive
therapies, like ECMO. Indeed, 19% to 31%
of ECMO-treated Patients with ARDS in
recently published cohorts (6, 12, 13) were
immunocompromised. Although the
negative impact of immunosuppression on
survival of patients who have ARDS—with
or without ECMO (12–14)—has been
constantly emphasized, their prognoses and
ECMO-related complications have not
been thoroughly examined yet. To date,
data that are available on this specific
population were mainly described in a
single-center cohort study that usually
included small numbers of patients (15).

The objectives of this international,
multicenter, retrospective study were 1) to
report outcomes of ECMO-treated moderate
or severe ARDS in immunocompromised
patients; 2) to identify pre-ECMO predictors
of 6-month mortality; and 3) to describe
ECMO-related complications and their
main risk factors within this population.

Methods

Study Design and Patients
This study included immunocompromised
patients hospitalized in 10 ICUs in seven
countries between 2008 and 2015. Fourteen
ICUs with large volumes of ECMO
cases (.20 ECMOs/yr) (16) were invited
to participate. All participating ICUs
obtained Institutional Review Board
approval in accordance with their local
legislation. All consecutive immunodeficient
patients older than 15 years old, who
received extracorporeal lung support
(i.e., venoarterial-ECMO, VV-ECMO, or
extracorporeal CO2 removal) for acute
respiratory failure were screened. Patients
undergoing extracorporeal CO2 removal
or with end-stage chronic respiratory
failure were excluded from the final
analysis. Thus, the final analysis focused

on adult immunocompromised patients
who received ECMO for moderate or severe
ARDS. Immunodeficiency was defined as
1) hematological malignancies, 2) active
solid tumor or having received specific
antitumor treatment within the previous
year, 3) solid-organ transplant, 4) AIDS, or
5) long-term or high-dose corticosteroids
(CS) or immunosuppressants (IS). Long-
term CS was defined as .7.5 mg of
prednisone per day for more than 3 months,
with a high dose defined as .1 mg/kg
for more than 1 week within the last
3 months. IS had to have been received
during the 6 months before ECMO or
within the first 48 hours after ECMO
cannulation. A recent immunodeficiency
diagnosis means that the diagnosis was
confirmed fewer than 30 days before ICU
admission (4).

Data Collection
Baseline information was recorded for
the time immediately preceding ECMO
implantation. It included age, sex, the Acute
Physiology and Chronic Health Evaluation
(APACHE) II score (17), the Sequential
Organ Failure Assessment (SOFA) score
at cannulation (18), the Respiratory
Extracorporeal Membrane Oxygenation
Survival Prediction (RESP) score (13), the
Predicting Death for Severe ARDS on
VV-ECMO (PRESERVE) score (12), the
Murray score (19), dates of hospital and
ICU admissions, origin of immunodeficiency
and its date of diagnosis, risk factors for
ARDS, concomitant therapies before
starting ECMO (neuromuscular blocking
agents, nitric oxide, prone positioning),
date that mechanical ventilation started,
ventilator settings (positive end-expiratory
pressure [PEEP], FIO2

, plateau pressure,
tidal volume), arterial blood-gas parameters,
and standard laboratory parameters. Driving
pressure was calculated as described
elsewhere (20). The Berlin definition and
grading of ARDS were applied (21).

Follow-up variables that were recorded
were the use of antimicrobials, vasopressors,
and renal replacement therapy; bleeding
complications; other ECMO-related
complications (hemolysis, ischemic stroke);
ECMO and mechanical-ventilation
durations; length of ICU and hospital stays;
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At a Glance Commentary

Scientific Knowledge on the
Subject: Because encouraging
hospital and long-term survival
rates have been reported for
immunocompromised patients
admitted to ICUs, those patients are
more likely to receive invasive
therapies, such as extracorporeal
membrane oxygenation (ECMO).
Although the negative impact of
immunodeficiency on the survival of
patients with acute respiratory distress
syndrome, ECMO-treated or not, has
been constantly stressed, patients’
prognoses and ECMO-related
complications have not been
thoroughly investigated so far.

What This Study Adds to the
Field: On the basis of a cohort of 203
severely ill, ECMO-treated,
immunocompromised patients,
6-month overall survival was only 30%,
with significantly worse outcomes for
patients with hematological
malignancies. Notably, a time span of
fewer than 30 days between
immunodeficiency diagnosis and
ECMO cannulation was independently
associated with a better 6-month
survival rate, whereas higher PaCO2

,
age, and driving pressure, and lower
pre-ECMO platelet count were
associated with 6-month mortality.
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and ICU and 6-month post–ICU admission
survival rates.

Major bleeding was defined as
requiring >2 units of packed red blood
cells due to an obvious hemorrhagic event,
leading to a surgical or interventional
procedure, an intracerebral hemorrhage, or
a fatal outcome. Neutropenia was defined
as an absolute neutrophil count ,500/ml,
whereas massive hemolysis was defined
as plasma-free hemoglobin .500 mg/L
associated with clinical signs of hemolysis.
Nosocomial infection definitions agreed
with those of the Centers for Disease
Control and the Prevention/National
Nosocomial Infections Surveillance System
(22). Quantitative cultures of distal BAL
fluids or protected specimen-brush
samples growing, respectively, >104

or >103 cfu/ml, diagnosed ventilator-
associated pneumonia before antibiotics
were started. Cannula infection diagnosis
required local signs of infection at the
access site with a positive culture of
subcutaneous needle aspirate from that
site. When the same organism(s) was
(were) recovered from both blood and the
cannula site, bloodstream infections were
considered cannula-related.

Statistical Analyses
This study followed the Consolidated
Standards of Reporting Trials (CONSORT)
recommendations for reporting cohort
studies (STROBE statement) (23).
Continuous variables (expressed as median
[25th–75th percentile]) were compared
with the student’s t test or the Mann-
Whitney U-test, as appropriate. Categorical
variables were compared with x2 tests.
Patients’ demographic, clinical, and pre-
ECMO ventilation characteristics and
laboratory results were tested in univariable
analyses for association with death
6 months after ICU admission or major
ECMO-related bleeding. Factors achieving
P< 0.10 in our univariable analyses were
entered into the multivariate model.
Thereafter, multiple backward-stepwise
logistic-regression analyses eliminated
variables with an exit threshold set at
P. 0.05. All potential explanatory
variables included in the multivariable
analyses were subjected to collinearity
analysis with a correlation matrix. Variables
associated with one another were not
included in the multivariable model. The
main analyses were on the basis of data
from patients with complete information

available for all variables. Sensitivity
analyses were computed using multiple
imputations (24) (additional details are
provided in the online supplement).

Patients for whom pre-ECMO data
permitted calculation of the PRESERVE
score (12) and nonimmunocompromised
ECMO-supported patients with ARDS
extracted from the PRESERVE cohort (12)
were matched (1:1 without replacement) on
an identical PRESERVE score. Of note, the
parameter “immunocompromised status”
was not integrated in the PRESERVE score
calculation. Multiple backward-stepwise
logistic-regression analyses were repeated
on this matched population to determine
risk factors of death 6 months after ECMO
initiation.

The area under the receiver operating
characteristic curve was used to compare
the discrimination and calibration of the
RESP, PRESERVE, SOFA at cannulation,
and APACHE II scores to predict 6-month
mortality. Pairwise comparisons of the
area under the curves of all scores used
the Delong test (25). Results are reported
as odds ratios (ORs) (95% confidence
interval [CI]). Lastly, Kaplan-Meier
survival curves were computed for
immunodeficiency etiologies and the timing
of immunosuppressant use associated with
6-month mortality, and compared with
the Mantel-Cox log-rank tests with P, 0.05
defined significance. Analyses were
computed with StatView v5.0 (SAS Institute
Inc.) and SPSS 22 (SPSS Inc.) software.

Results

Study Population
During the 8-year study period, 203 ECMO-
treated immunocompromised patients
(Figure 1) (age, 51 [38–59] yr; 62% male;
APACHE II score, 28 [20–33]) with ARDS
(197 severe and 6 moderate) were enrolled
in 10 international centers. The main center
characteristics and their local management
of patients on VV-ECMO are detailed in
Table E1 in the online supplement. Patient
characteristics at ICU admission are
reported in Tables 1, 2, and E2. Briefly,
long-term CS/IS use and hematological
malignancies were the most frequent causes
of immunodeficiency (28% and 30%,
respectively) with 51 (25%) patients recently
diagnosed as immunocompromised.

Only VV-ECMO was used for 94% of
the patients (median PaO2

/FIO2
ratio, 60

[50–82)]) and was started after a median of
3 (1–8) days on mechanical ventilation,
with a median PEEP level of 10 (8–13) cm
H2O, neuromuscular blocking agents
(77%), prone positioning (48%), and
inhaled nitric oxide (46%). Notably,
bacterial and viral pneumonias were the
two main risk factors for ARDS.

Patient Outcomes and Predictors of
6-Month Mortality
Eighty-five (42%) patients were successfully
weaned off ECMO, 69 (34%) survived to
ICU discharge, and 60 (30%) were alive at
6 months after discharge. The latter rate
was stable throughout the study period
(Figure E1). Notably, four (2%) patients
were bridged to lung transplantation.
Respective median ECMO-support,
mechanical-ventilation, and hospital-stay
durations for 6-month survivors were 8
(5–14), 17 (12–39), and 53 (41–82)
days (Table 3). As shown in Figure 2,
cumulative survival at 6 months after ICU
admission depended on the underlying
immunodeficiency etiology. Six-month
survivals were 40%, 37%, 26%, 24%,
and 20% in the solid-organ transplant,
long-term or high-dose CS or IS, AIDS,
hematological malignancies, and solid
tumor groups, respectively. Interestingly,
when each immunosuppression
category was compared with other
immunocompromised patients, patients
with hematological malignancies had
a significantly worse outcome (log-rank
P = 0.02) (Figure E2). In addition, 6-month
survival was also significantly lower for
patients diagnosed as immunocompromised
more than 30 days before ICU admission
(Figure 3 and Table E3) (P = 0.004).
Although RESP- and PRESERVE-score
performances were significantly better than
those of classical ICU disease-severity
scores, they showed modest discrimination
(c = 0.69 [95% CI, 0.6–0.76] and c = 0.65
[95% CI, 0.56–0.73], respectively; Figure E3).
Multivariable analyses retained pre-ECMO
recently diagnosed immunodeficiency (OR,
0.32 [95% CI, 0.16–0.66]; P = 0.002), older
age, lower platelet count, higher PCO2,

and higher driving pressure as being
independently associated with 6-month
mortality (Table 4). Another logistic-
regression model, using multiple imputation
methods to ascribe pre-ECMO mechanical-
ventilation data with missing observations,
showed the same tendencies (Table E4).
Lastly, a direct relationship was observed
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between the 6-month mortality rate and
pre-ECMO driving pressure, pre-ECMO
PCO2, and platelet count quartiles (Figures
E4 and E5).

Matched Cohort Analysis
One hundred and thirty-six
immunocompromised patients with
severe ARDS were compared with 94
nonimmunocompromised patients who
had received ECMO for severe ARDS
(PRESERVE cohort) (12). These two groups
differed in many aspects (see Table E5,

“before matching”). Nonimmunocompromised
patients who received ECMO were
younger, more frequently overweight,
and had signs of more severe pulmonary
failure before ECMO (lower pH, PaO2

/FIO2

ratio, SaO2
, and more frequent use of

nitric oxide). ARDS etiology was more
frequently bacterial or viral infection in
nonimmunocompromised patients.
Alternatively, immunocompromised
patients frequently had more Pneumocystis
jirovecii pneumonia and disease-specific
lung involvement. The 6-month

mortality rate was significantly higher
for immunocompromised patients (70%
versus 26%; P , 0.0001). In the 80 pairs
of patients matched with identical
PRESERVE scores (see Table E5, “after
matching”), multivariable analysis
retained immunodeficiency (OR, 5.72
[95% CI, 2.67–12.22]; P , 0.0001), older
age, and higher driving pressure as being
independently associated with 6-month
mortality (Table E6).

Major ECMO-Related Complications
ECMO-related major hemorrhages,
ventilator-associated pneumonias, and
cannula infections occurred in 36%, 50%,
and 10% of the patients, respectively. More
than half of the patients required renal
replacement therapy, whereas 7% received
chemotherapy on ECMO (Table 3).
Multivariable analyses retained AIDS,
platelet count (<753 103/ml), and a longer
ICU-admission-to-ECMO-cannulation
interval as pre-ECMO predictors of major
bleeding (Tables E7 and E8). Notably,
major ECMO-related hemorrhage was
associated with higher in-ICU and 6-month
mortality (84% vs. 63% without major
bleeding, P = 0.002).

Discussion

To our knowledge, this report describes the
largest cohort of immunocompromised
patients treated with ECMO for moderate
or severe ARDS (i.e., 203 patients from
7 countries over 8 yr). In this cohort, 6-month
survival rates were 40%, 37%, 26%, 24%, and
20% in the solid-organ transplant, long-
term or high-dose CS or IS, AIDS,
hematological malignancy, and solid
tumor groups, respectively. Notably,
a short immunodeficiency-diagnosis-to-
ICU-admission interval (,30 d) was
independently associated with a better
prognosis. As expected for this at-risk
population, ECMO-related bleeding and
nosocomial infections were frequent.

Promising hospital and 1-year survival
rates, compared with the poor outcomes
reported 15–20 years ago (4, 26, 27),
have encouraged ICU admissions for
immunocompromised patients with
acute respiratory failure. Indeed,
immunocompromised patients with ARDS
represented 15% of the patients included in
the PROSEVA (Proning Severe ARDS
Patients) study (28) and 12% of the patients

Immunocompromised patients
with ARF on ECLS

n=225

Severe/moderate ARDS on
ECMO
n=203

Successful ECMO weaning
n=85 (42%)

ICU discharge survival
n=69 (34%)

6-month survival
n=60 (30%)

Patients admitted in 10 ICUs
from 2008 to 2015

n=91,786

Immunocompromised
patients with ARF

n=5,871

-  End-stage chronic
    respiratory failure (n=15)
-  ECCO2R (n=7)

Immunocompromised
patients

n=12,918

Adult patients with
ECLS for primarily

respiratory indications
n=862

Figure 1. Flow chart of the study. ARDS = acute respiratory distress syndrome; ARF = acute
respiratory failure; ECCO2R = extracorporeal CO2 removal; ECLS = extracorporeal life support;
ECMO = extracorporeal membrane oxygenation.
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included in the LUNG SAFE (Large
Observational Study to Understand the
Global Impact of Severe ARDS) (29) study.
Nonetheless, compared with the general
population, their mortality remained high,
especially when mechanical ventilation was
necessary (4). The results of a recent
subanalysis of the LUNG SAFE study

highlighted the independent association
of active cancer, hematological malignancy,
or immunodeficiency with increased
hospital mortality of patients with ARDS
(14). For such patients, the relevance of
treatment intensification is of major
importance, because it involves ethical
and medical-economic stakes. For

instance, Extracorporeal Life Support
Organization guidelines still consider
“major pharmacological immunosuppression
(absolute neutrophil count ,400/mm3)”
a relative contraindication, although
recent VV-ECMO cohorts enrolled 19%
to 31% immunocompromised patients
(12, 13).

Table 1. Baseline Characteristics of Patients according to 6-Month Survival Status

Characteristics All Patients (N = 203)

Status 6 Months after ICU Admission

P ValueSurvivors (n = 60) Nonsurvivors (n = 143)

Male sex 127 (63) 33 (55) 94 (66) 0.15
Age, yr 51 (38–59) 49 (33–59) 52 (40–59) 0.10
APACHE II score 28 (20–33) 28 (22–33) 28 (19–33) 0.54
SOFA score at ICU admission 12 (8–15) 12 (8–16) 11 (7–15) 0.41
Body mass index, kg/m2 24.7 (21.7–28.2) 24.9 (21.5–28.1) 24.7 (22.0–28.1) 0.64
Charlson comorbidity score 3 (2–4) 3 (1–4) 3 (2–4) 0.54
Recently diagnosed immunodeficiency* 51 (25) 26 (43) 25 (17) 0.0002
Hematological malignancies 62 (30) 15 (25) 47 (33) 0.27
AML/ALL/MDS 15 (7) 2 (3) 13 (9) 0.26
NHL/Hodgkin’s/myeloma 38 (19) 10 (17) 28 (20) 0.62
CML/others 9 (4) 3 (5) 6 (4) 0.48
Recently diagnosed ,30 d 14 (7) 7 (12) 7 (5) 0.08
Allogeneic HSCT† 14 (7) 1 (2) 13 (9) 0.05

Solid tumor 39 (19) 8 (13) 31 (22) 0.17
Lung cancer 18 (9) 3 (5) 15 (10) 0.21
Recently diagnosed (,30 d) 14 (7) 6 (10) 8 (6) 0.26

Solid-organ transplant 27 (13) 11 (18) 16 (11) 0.17
Lung 13 (6) 6 (10) 7 (5) 0.17
Kidney 7 (3) 3 (5) 4 (3) 0.24
Heart/liver 7 (3) 2 (3) 5 (3) 0.32
,30 d 6 (3) 4 (7) 2 (1) 0.19

AIDS 19 (9) 5 (8) 14 (10) 0.74
Diagnosed at ICU admission 4 (2) 0 (0) 4 (3) 0.19
AIDS opportunistic infection 6 (3) 2 (3) 4 (3) 0.57
CD4 lymphocyte count, cells/mm3 130 (29–362) 130 (83–226) 109 (22–400) 0.83

Long-term CS/IS 56 (28) 21 (35) 35 (24) 0.12
Recently diagnosed ,30 d 13 (6) 9 (15) 4 (3) 0.001
Connective tissue disease 27 (13) 11 (18) 16 (11) 0.22
NSIP 8 (4) 0 (0) 8 (6) 0.09
Vasculitis 7 (3) 4 (7) 3 (2) 0.21
Crohn’s/ulcerative colitis 5 (2) 3 (5) 2 (1) 0.37
Others 9 (4) 3 (5) 6 (4) 0.62

Severe ARDS (Berlin definition) 197 (97) 59 (98) 138 (97) 0.48
ARF etiologies
Bacterial pneumonia 63 (31) 14 (23) 49 (34) 0.12
Viral pneumonia‡ 38 (19) 14 (23) 24 (17) 0.27
Pneumocystis jirovecii pneumonia 9 (4) 2 (3) 7 (5) 0.62
Specific lung involvementx 26 (13) 13 (22) 13 (9) 0.01
Post–lung transplantation 6 (3) 3 (5) 3 (2) 0.26
Aspiration pneumonia 9 (4) 4 (7) 5 (3) 0.31
No definite diagnosis 21 (10) 6 (10) 15 (10) 0.91
Miscellaneous 41 (20) 9 (15) 32 (22) 0.23

Surgery ,7 d before cannulation 27 (13) 11 (18) 16 (11) 0.17

Definition of abbreviations: ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; APACHE = Acute Physiology and Chronic Health
Evaluation; ARDS = acute respiratory distress syndrome; ARF = acute respiratory failure; CML = chronic myeloid leukemia; CS = corticosteroids;
HSCT = hematopoietic stem-cell transplant; IS = immunosuppressant use; MDS =myelodysplastic syndrome; NHL = non-Hodgkin’s lymphoma;
NSIP = nonspecific interstitial pneumonia; SOFA = Sequential Organ Failure Assessment.
Results are expressed as n (%) or median (25th–75th percentile).
*Recently diagnosed immunocompromised status was defined as confirmed fewer than 30 days before ICU admission.
†Two patients received both allogeneic and autogeneic HSCTs.
‡Eleven patients had viral and bacterial coinfections.
xTumoral lung infiltrates or pulmonary vasculitis.
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Table 2. Clinical and Biological Findings at the Time of ECMO Initiation according to 6-Month Survival Status

Characteristics All Patients (N = 203)

Status 6 Months after ICU Admission

P ValueAlive (n = 60) Dead (n = 143)

Disease severity
RESP score* 21 (22 to 1) 1 (21 to 2) 21 (23 to 1) 0.002
PRESERVE score† 7.0 (5.0 to 8.0) 6.0 (4.5 to 8.0) 8.0 (6.0 to 8.5) 0.001
SOFA at cannulation 13 (9 to 16) 13 (9 to 16) 13 (9 to 16) 0.83
Murray score 3.5 (3.25 to 3.75) 3.5 (3.25 to 3.75) 3.5 (3.25 to 3.75) 0.90

Ventilation parameters‡

No endotracheal MV 8 (4) 1 (2) 7 (5) 0.28
FIO2

, % 100 (100 to 100) 100 (100 to 100) 100 (100 to 100) 0.86
Tidal volume, ml/kg IBW 5.8 (4.8 to 6.4) 5.9 (5.0 to 6.6) 5.5 (4.8 to 6.3) 0.29
Respiratory rate, breaths/min 30 (25 to 34) 30 (24 to 32) 30 (25 to 35) 0.37
Plateau pressure, cm H2O 32 (30 to 35) 31 (28 to 34) 32 (30 to 35) 0.11
PEEP, cm H2O 10 (8 to 13) 10 (10 to 14) 10 (8 to 12) 0.33
Driving pressure, cm H2O 21.0 (17.5 to 25.0) 20.0 (15.0 to 22.0) 22.0 (19.0 to 25.5) 0.01
Static compliance, ml/cm H2O 17.3 (12.5 to 22.3) 20.3 (13.3 to 26.4) 16.7 (12.4 to 21.0) 0.11

Pre-ECMO blood gases
pH 7.26 (7.18 to 7.36) 7.28 (7.20 to 7.33) 7.25 (7.17 to 7.37) 0.98
PaCO2

, mm Hg 57 (48 to 70) 53 (45 to 64) 60 (48 to 73) 0.06
HCO3

2, mmol/L 26 (22 to 31) 24 (20 to 28) 26 (23 to 32) 0.007
SaO2

, % 90 (82 to 94) 89 (82 to 95) 90 (81 to 94) 0.96
Arterial lactate, mmol/L 2.2 (1.6 to 4.2) 2.8 (1.5 to 5.1) 2.2 (1.6 to 3.5) 0.51
PaO2

/FIO2
, mm Hg 60 (50 to 81) 59 (49 to 76) 60 (51 to 83) 0.97

Adjuvant therapies
Neuromuscular blockers 152 (75) 40 (67) 112 (78) 0.14
Recruitment maneuvers 45 (22) 15 (25) 30 (21) 0.45
Prone positioning 97 (48) 24 (40) 73 (51) 0.21
Nitric oxide 93 (46) 24 (40) 69 (48) 0.37
High-dose corticosteroids 65 (32) 17 (28) 48 (34) 0.54

Vasopressors 157 (77) 44 (73) 113 (79) 0.38
Renal replacement therapy 47 (23) 17 (29/8) 30 (21) 0.21
Antibiotics at cannulation 196 (97) 58 (97) 138 (97) 0.95
Pre-ECMO cardiac arrest 19 (9) 6 (10) 13 (9) 0.83
Pre-ECMO pneumothorax 18 (9) 4 (7) 14 (10) 0.46
Pre-ECMO neutropenia 28 (14) 5 (8) 23 (16) 0.14
Hemoglobin, g/dl 8.8 (7.9 to 10.0) 9.3 (8.1 to 10.6) 8.7 (7.6 to 10.0) 0.04
Platelet count, 3103/ml 126 (64 to 215) 158 (95 to 247) 101 (56 to 211) 0.01
Fluid balance 24 h before cannulation, ml 830 (238 to 2,192) 1,150 (2244 to 2,850) 800 (70 to 1,987) 0.45
Interval, d
Hospital admission–ECMO 9 (4 to 16) 5 (2 to 11) 11 (5 to 18) 0.003
ICU admission–ECMO 4 (1 to 10) 2 (1 to 5) 5 (2 to 12) ,0.0001
MV–ECMO 3 (1 to 8) 2 (0 to 5) 3 (1 to 10) 0.004

Main indication for ECMO
Refractory hypoxemia 157 (77) 46 (77) 111 (78) 0.88
Uncontrolled plateau pressure 21 (10) 8 (13) 13 (9) 0.36
Respiratory and cardiac failure 11 (5) 2 (3) 9 (6) 0.39
Uncompensated hypercapnia 14 (7) 4 (7) 10 (7) 0.93

Mobile ECMO team 89 (44) 26 (43) 63 (44) 0.92
Venovenous-ECMO 191 (94) 55 (92) 137 (96) 0.23
Femoral–jugular 148 (73) 46 (77) 102 (71) 0.43
Femoral–femoral 33 (16) 10 (17) 23 (16) 0.91
Dual lumen cannula 15 (7) 2 (3) 13 (9) 0.15

Venoarterial-ECMO 9 (4) 4 (7) 5 (3) 0.31
Venoarteriovenous-ECMO 2 (1) 1 (2) 1 (1) 0.52

Definition of abbreviations: ECMO= extracorporeal membrane oxygenation; IBW= ideal body weight; MV =mechanical ventilation; PEEP = positive
end-expiratory pressure; PRESERVE = Predicting Death for Severe ARDS on VV-ECMO; RESP = Respiratory Extracorporeal Membrane Oxygenation
Survival Prediction; SOFA = Sequential Organ Failure Assessment; VV = venovenous.
Results are expressed as n (%) or median (25th–75th percentile).
*Complete for 150 patients.
†Complete for 135 patients.
‡Invasive MV dates were complete for 143 patients.

ORIGINAL ARTICLE

1302 American Journal of Respiratory and Critical Care Medicine Volume 197 Number 10 | May 15 2018



Some subgroups of critically ill
immunodeficient patients on ECMO still
have a despairingly low survival rate,
associated with the characteristics of
underlying malignancies. Herein, 6-month
survival was lower for patients with
hematological malignancies, AIDS, or solid
tumors. Allogeneic hematopoietic stem-cell
transplant (HSCT) recipients had a 20%
greater risk of ICU admission than other
immunocompromised patients and they
had a higher fatality rate, especially when
invasive ventilation was required (30).

Thus, HSCT recipients should continue to
be viewed as a high-risk subgroup for ICU
admission that seemingly will not benefit
from ECMO. As recently highlighted by
Wohlfarth and colleagues, the ICU-survival
and hospital-survival rate for these fragile
patients on ECMO was only 19% (31),
which is consistent with our findings. In
addition, the poor prognoses of critically ill
patients with solid cancers were previously
emphasized, with probabilities of attaining
12 and 18 months of quality-adjusted
survival after an ICU stay reported for

only 30% and 19%, respectively (32).
Moreover, maintenance of optimal
antitumor treatment might often be
jeopardized in these patients with severely
impaired functional status or residual organ
dysfunctions after ECMO weaning. On
the other hand, ECMO may serve as a
bridge to response in ARDS cases related to
a newly diagnosed malignancy if effective
antitumor therapies are available. However,
the poor outcome of our ECMO patients
should be interpreted in light of 1) the
cause of the immunodepression and 2)

Table 3. ECMO Management and ECMO-related Complications according to 6-Month Survival Status

Parameter All Patients (N = 203)

Status 6 Months after ICU Admission

P ValueAlive (n = 60) Dead (n = 143)

Fluid balance: Day 1 on ECMO, ml 1,552 (200 to 3,454) 867 (2130 to 2,700) 1,921 (380 to 3,900) 0.04
Fluid balance: Day 3 on ECMO, ml 741 (2279 to 1,673) 887 (2244 to 1,510) 636 (2287 to 1,846) 0.40
SOFA: Day 3 on ECMO 12 (8 to 15) 11 (8 to 15) 12 (8 to 16) 0.80
DSOFA Days 1–3 0 (22 to 2) 21 (23 to 2) 0 (22 to 1) 0.13
Surgery on ECMO 44 (22) 12 (20) 32 (22) 0.70
New cannulation/site change 18 (9) 4 (7) 14 (10) 0.47
To control bleeding 13 (6) 3 (5) 10 (7) 0.59
Lung transplantation 2 (1) 0 (0) 2 (1) 0.35
ECMO-related 35 (17) 11 (18) 24 (17) 0.79
ECMO-initiation–surgery interval, d 3 (1 to 21) 1 (0 to 10) 3 (1 to 21) 0.57

Ventilatory adjuvant therapies on ECMO
Neuromuscular blockers 106 (52) 27 (45) 79 (55) 0.18
Prone positioning 14 (7) 6 (10) 8 (6) 0.26
Nitric oxide/prostacyclin 30 (15) 5 (8) 25 (17) 0.09

Other therapies on ECMO
Renal replacement therapy 107 (53) 34 (57) 73 (51) 0.46
Chemotherapy on ECMO 15 (7) 7 (12) 8 (6) 0.13
Plasmapheresis 10 (5) 7 (12) 3 (2) 0.004

Neutropenia on ECMO 41 (20) 13 (22) 28 (20) 0.73
ECMO-related major bleeding 74 (36) 12 (20) 62 (43) 0.001
Oronasal bleeding 22 (11) 3 (5) 19 (13) 0.08
Hemothorax 15 (7) 1 (2) 14 (10) 0.04
Cerebral bleeding 13 (6) 0 (0) 13 (9) 0.01
Gastric ulcer 14 (7) 1 (2) 13 (9) 0.06
Transfused RBC units 8 (4 to 16) 8 (4 to 16) 8 (4 to 16) 0.85
Transfused platelet units 1 (0 to 8) 0 (0 to 7) 2 (0 to 8) 0.49

ECMO-related infections
Ventilator-associated pneumonia 101 (50) 33 (55) 68 (48) 0.33
Cannula infection 20 (10) 3 (5) 17 (12) 0.13
ECMO–cannula-infection interval, d 14 (9 to 33) 37 (26 to 38) 14 (9 to 27) 0.12

Other complications on ECMO
Major hemolysis 29 (14) 6 (10) 23 (16) 0.26
Cardiac arrest 35 (17) 2 (3) 33 (23) 0.0007
Pneumothorax on ECMO 22 (11) 3 (5) 19 (13) 0.07

Tracheotomy 79 (41) 29 (48) 50 (35) 0.07
Tracheotomy on ECMO 49 (24) 13 (22) 36 (25) 0.59

Outcomes
Number of days on vasopressor 6 (3 to 12) 5 (2 to 8) 7 (4 to 16) 0.003
ECMO duration, d 9 (5 to 25) 8 (5 to 14) 11 (5 to 29) 0.14

Bridge to transplantation 4 (2) 3 (5) 1 (1) 0.04
Successful weaning 85 (42) 57 (95) 28 (20) ,0.0001

Mechanical ventilation duration, d 20 (9 to 41) 17 (12 to 39) 21 (9 to 41) 0.99
ICU length of stay, d 24 (14 to 43) 25 (16 to 50) 24 (12 to 42) 0.14
Hospital length of stay, d 40 (21 to 65) 53 (41 to 82) 33 (16 to 54) ,0.0001

Definition of abbreviations: ECMO= extracorporeal membrane oxygenation; RBC = red blood cell; SOFA = Sequential Organ Failure Assessment.
Results are presented as n (%) or median (25th–75th percentile).
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the outcome of immunocompromised
patients with ARDS not supported with
ECMO. Indeed, in a recent study of 1,004
cancer patients with ARDS who met the
Berlin definition, overall hospital survival
was only 36% (31% in the severe ARDS
group) (5). More recently, hospital survival
for a large population of immunocompromised
patients on invasive mechanical ventilation
mixing hematological malignancy, solid
tumor, solid-organ transplant, systemic
diseases, and drug-related immunosuppression
was only 44% (33). Lastly, hospital survival
was 55% in 2,584 AIDS patients on mechanical

ventilation for various reasons, with mechanical
ventilation during an ICU stay being strongly
associated with mortality according to
multivariate analysis (OR, 3.5 [95% CI,
2.9–4.2]) (3).

Prediction models have been developed
recently to help clinicians identify patients
most likely to survive once ECMO has been
initiated (34), with immunodeficiency
consistently associated with poorer
outcomes (12, 13, 35, 36). The external
validations of the RESP and PRESERVE
scores with our population showed
acceptable performances (i.e., areas under

the receiver operating characteristic curve
of 0.70 and 0.68, respectively), which
were considerably better than the “classical”
ICU disease severity. However, those scores
were not calculated at the same time
during the ICU course (i.e., ICU admission
versus the day of ECMO cannulation).
Integration of the pre-ECMO platelet
count and the immunodeficiency-
diagnosis-to-cannulation interval might
improve the RESP score’s performance
for this population. Similarly, because
higher driving pressure and higher PCO2
were the two pre-ECMO ventilatory
parameters that were independently
associated with 6-month mortality in
this cohort, these variables may further
improve ECMO prediction scoring systems.
Indeed, the driving pressure was recently
recognized as one of the most important
prognosis factors for patients with
ARDS either with ECMO (37) or without
(12, 13, 20).

Bleeding complications and ECMO-
related infections are two major threats for
immunodeficient patients on ECMO (38).
A low pre-ECMO platelet count was an
independent predictor of mortality, with
AIDS or a longer ICU stay before
cannulation significantly associated with a
higher risk of major bleeding. The potential
platelet-reducing effect of ECMO is
clinically important for this population,
because ECMO patients who become
thrombocytopenic may have an increased
risk of bleeding (39). However, results of a
recent study suggested that the severity of
the critical illness and platelet counts at
the time of cannulation, rather than ECMO
duration, were both associated with
platelet-count declines on ECMO (40).
As reported herein, this point is crucial
for immunocompromised patients on
ECMO, because it seems to impact the
risks of bleeding and 6-month mortality
(Tables 4 and E6). Moreover, ECMO-
related infections were frequent, with
10% and 50% of the patients, respectively,
developing cannula infections and
ventilator-associated pneumonia. Antibiotic
prophylaxis or continuous antibiotics,
which are frequently used in ECMO
centers despite no evidence of their benefit
(41), might be of interest for this
population to limit the burden of such
complications.

The significant numbers of ECMO-
related complications, the human and
financial costs, and the high mortality in this
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at-risk immunocompromised population
plead for restricting ECMO use to high-
volume and expert referral centers with
appropriate and accurate selection of the
patients who are most likely to obtain
benefits over the standard therapies (42).
On the basis of our results, a realistic
oncological/therapeutic prognosis and
adequate functional status are the first,
essential features. Specifically, ECMO
initiation in patients with severe ARDS who
also have hematological malignancies,
including HSCT, and solid tumor should

be thoughtfully discussed. In addition, our
finding that a shorter immunodeficiency-
diagnosis-to-ECMO interval was
independently associated with lower
mortality might improve the selection of
good candidates among this high-risk
population and offer them some hope.
Moreover, the duration of pre-ECMO
mechanical ventilation was significantly
longer for patients who died within 6
months after ICU admission (Table 2),
which is consistent with previous
observations of large cohorts (12, 13, 43).

Our study’s strengths include the large
cohort investigated and characterized in
detail, and its multicenter and longitudinal
design, with a 6-month post–ICU
admission follow-up. However, it also
has limitations. First, data were collected
in international centers with extensive
experience with ECMO and caring for
immunocompromised patients, which may
limit the generalizability of our results.
Second, data collection spanned 8 years.
Over the last decade, new generations of
ECMO devices have been developed (44),
and a landmark randomized trial was
published (9). Therefore, global ECMO
management of ARDS may have changed
during the study period. Third, although all
participating centers applied ultraprotective
ventilation in ECMO patients, we did not
report daily detailed mechanical-ventilation
settings, which has been highlighted as
an important determinant of the outcome
of patients on ECMO for respiratory
failure (37, 45). Fourth, due to our
study’s retrospective design, our 6-month
evaluation was limited to vitals status and
did not explore survivors’ health-related
quality of life. Quality-adjusted life-year
assessment would have been useful for this
population (32), because it provides a
patient-centered outcome measure that
adequately captures the consequences of
a disease and the effects of therapies and
interventions (46). Further prospective
evaluation of ECMO for immunocompromised
patients with ARDS is warranted. Lastly,
not having taken into account residual
confounding factors associated with the
origin of the immunodeficiency might have
biased our results.

In conclusion, on the basis of 203
ECMO-treated immunocompromised
patients with severe ARDS, analyzed
retrospectively, the overall 6-month survival
was only 30%. The best results were
obtained with patients on long-term CS/IS
or with solid-organ transplants, with
respective 38% and 41% 6-month survival
rates. Alternatively, ECMO initiation
may be discouraged in most patients
with ARDS who have hematological
malignancies, including HSCT, and solid
tumor. Considering the growing number
of immunocompromised patients admitted
to ICUs, further research should focus on
decreasing the burden of infectious and
bleeding complications. ECMO treatments
with no invasive mechanical ventilation
(47), low anticoagulation (48), and

Table 4. Pre-ECMO Predictors of 6-Month Mortality of Immunocompromised Patients
with ARDS Rescued by ECMO

Variable* OR (95% CI) P Value

Recently diagnosed immunodeficiency† 0.364 (0.148–0.899) 0.028
Platelet count 0.996 (0.992–0.999) 0.008
PCO2 1.031 (1.005–1.058) 0.019
Age 1.032 (1.002–1.062) 0.035
Driving pressure 1.079 (1.001–1.164) 0.047

Definition of abbreviations: ARDS = acute respiratory distress syndrome; CI = confidence interval;
ECMO= extracorporeal membrane oxygenation; OR = odds ratio.
*Obtained for 134 patients with complete data.
†A recently diagnosed immunocompromised status was defined as confirmed fewer than 30 days
before ICU admission.
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antibiotic prophylaxis warrant further
investigations for this specific population.
In the interim, it is worth considering
that recently diagnosed immunodeficiency
is associated with a much better prognosis
for patients with severe ARDS who
receive ECMO. However, the low
6-month survival of our large cohort of
immunocompromised patients supports
restricting ECMO to patients with realistic
oncological/therapeutic prognoses,
acceptable functional status, and few
pre-ECMO mortality-risk factors. n
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Charles Foix, Service de Pneumologie et
Reanimation Medicale (Departement “R3S”),
Paris, France: Julien Mayaux, Alexandre
Demoule, and Helene Prodanovic; Department
of Medicine I, Intensive Care Unit 13i2, Medical
University of Vienna, Vienna, Austria: Andja Bojic,
Nina Buchtele, Alexander Hermann, Peter
Jaksch, Oliver Robak, Peter Schellongowski,
Wolfgang R. Sperr, Thomas Staudinger, and
Philipp Wohlfarth.

References

1. Zuber B, Tran TC, Aegerter P, Grimaldi D, Charpentier J, Guidet B, et al.;
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membrane oxygenation in adult patients with hematologic malignancies
and severe acute respiratory failure. Crit Care 2014;18:R20.

16. Combes A, Brodie D, Bartlett R, Brochard L, Brower R, Conrad S, et al.;
International ECMO Network (ECMONet). Position paper for the
organization of extracorporeal membrane oxygenation programs
for acute respiratory failure in adult patients. Am J Respir Crit
Care Med 2014;190:488–496.

17. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity
of disease classification system. Crit Care Med 1985;13:818–829.

18. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H,
et al. The SOFA (Sepsis-related Organ Failure Assessment) score
to describe organ dysfunction/failure. On behalf of the Working
Group on Sepsis-Related Problems of the European Society of
Intensive Care Medicine. Intensive Care Med 1996;22:707–710.

19. Ferguson ND, Frutos-Vivar F, Esteban A, Fernández-Segoviano P,
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