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Abstract

Background: The aim of this study was to describe data on epidemiology, ventilatory management, and outcome
of acute respiratory distress syndrome (ARDS) in immunocompromised patients.

Methods: We performed a post hoc analysis on the cohort of immunocompromised patients enrolled in the Large
Observational Study to Understand the Global Impact of Severe Acute Respiratory Failure (LUNG SAFE) study.
The LUNG SAFE study was an international, prospective study including hypoxemic patients in 459 ICUs from 50
countries across 5 continents.

Results: Of 2813 patients with ARDS, 584 (20.8%) were immunocompromised, 38.9% of whom had an unspecified
cause. Pneumonia, nonpulmonary sepsis, and noncardiogenic shock were their most common risk factors for ARDS.
Hospital mortality was higher in immunocompromised than in immunocompetent patients (52.4% vs 36.2%;
p < 0.0001), despite similar severity of ARDS. Decisions regarding limiting life-sustaining measures were significantly
more frequent in immunocompromised patients (27.1% vs 18.6%; p < 0.0001). Use of noninvasive ventilation (NIV) as
first-line treatment was higher in immunocompromised patients (20.9% vs 15.9%; p = 0.0048), and immunodeficiency
remained independently associated with the use of NIV after adjustment for confounders. Forty-eight percent of the
patients treated with NIV were intubated, and their mortality was not different from that of the patients invasively
ventilated ab initio.

Conclusions: Immunosuppression is frequent in patients with ARDS, and infections are the main risk factors for ARDS
in these immunocompromised patients. Their management differs from that of immunocompetent patients,
particularly the greater use of NIV as first-line ventilation strategy. Compared with immunocompetent subjects, they
have higher mortality regardless of ARDS severity as well as a higher frequency of limitation of life-sustaining measures.
Nonetheless, nearly half of these patients survive to hospital discharge.

Trial registration: ClinicalTrials.gov, NCT02010073. Registered on 12 December 2013.
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Background
In recent decades, significant advances in the manage-
ment of immunocompromised patients have led to im-
proved survival rates [1–3]. Hence, intensive care unit
(ICU) admission and invasive life-sustaining treatments
are offered with increasing frequency to these patients
[3, 4]. However, several studies show that the prognosis
of critically ill patients with active malignancies or im-
munodeficiency remains poor, especially when the cause
of ICU admission is acute respiratory distress syndrome
(ARDS) requiring invasive mechanical ventilation (IMV)
[5–11]. Data about incidence, causes, management, and
outcomes of ARDS in immunocompromised patients are
scarce. The best ventilatory strategy in this population is
still uncertain, and available literature data on the role of
noninvasive ventilation (NIV) are conflicting [12–22].
Recently, researchers in the Large Observational Study
to Understand the Global Impact of Severe Acute
Respiratory Failure (LUNG SAFE study) investigated the
incidence, management, and clinical outcomes in pa-
tients with acute hypoxemic respiratory failure (AHRF)
requiring ventilatory support, with a specific focus on
ARDS [23]. This aim of this post hoc subgroup analysis
was to describe the epidemiology, clinical characteristics,
ventilatory management (with particular attention to the
use of NIV), and outcomes of ARDS in the subset of pa-
tients with clinically significant immunodeficiency.

Methods
LUNG SAFE: patients, study design, and data collection
LUNG-SAFE was an international, multicenter, pro-
spective observational cohort study conducted in a 459
ICUs worldwide. During 4 consecutive weeks in the win-
ter of 2014 (February–March 2014 in the Northern
Hemisphere and June–August 2014 in the Southern
Hemisphere), participating ICUs enrolled patients
undergoing IMV or NIV. Participating ICUs obtained
ethics committee approval and either patient consent or
waiver of consent as per local guidelines. National coordi-
nators, site investigators, and endorsing societies are listed
in Additional file 1. Exclusion criteria were age < 16 years
or lack of informed consent when required. Patients were
screened daily for AHRF, defined as follows: (1) ratio of
partial pressure of arterial oxygen to fraction of in-
spired oxygen (PaO2/FiO2) ≤ 300 mmHg while receiv-
ing IMV or NIV with positive end-expiratory pressure
(PEEP) ≥ 5 cmH2O and (2) new radiological pulmonary
parenchymal abnormalities. In patients with AHRF, a more
detailed set of data was collected to determine whether
they met the Berlin definition criteria for ARDS. Data on
comorbidities, etiology of AHRF, and risk factors for ARDS
were recorded. Data on arterial blood gases, ventilatory
support, use of adjunctive therapies (e.g., prone position-
ing, extracorporeal membrane oxygenation, neuromuscular

blockade), severity of ARDS, and other organ involvement
by modified nonpulmonary Sequential Organ Failure
Assessment (SOFA) score [24] were collected on selected
days. The following clinical endpoints were assessed: ICU
and hospital survival, censored at 90 days after enrollment;
duration of mechanical ventilation; changes in ARDS se-
verity; and decision to withhold or withdraw life-sustaining
therapies. A full description of the methods of the LUNG
SAFE study, including the full study protocol, case report
form (CRF), sample size, and quality control, can be found
in the original study paper [23].

Immunocompromised patient cohort and definitions
We defined “immunocompromised” patients as all pa-
tients with at least one of the following conditions listed
in the LUNG SAFE CRF: (1) immunosuppression (defined
as viral immunosuppression, neoplastic disease, immuno-
suppressive drugs including steroids, chemotherapy, or
congenital immunosuppression), (2) active hematologic
malignancy (i.e., still requiring treatment), and (3) active
neoplasm (i.e., a neoplasm that has not been resected, still
requires treatment, or with metastasis). Patients without
these conditions were classified as “controls.” For the pur-
poses of this analysis, the study population was restricted
to the subset of patients fulfilling ARDS criteria on day 1
or 2 following the onset of AHRF.
In regard to management, patients were subdivided in

three ventilation subgroups: (1) IMV, defined as patients
invasively ventilated from day 1, independently of the
type of support received after the eventual extubation;
(2) NIV, defined as patients treated exclusively with NIV
from day 1 to study exit (i.e., ICU discharge or death);
and (3) NIV failure, defined as patients initially treated
with NIV and subsequently intubated during the study
period. The term NIV encompassed all forms of NIV
modes and interfaces (including continuous positive
airway pressure). ARDS severity was assessed from the
first to the second day from ARDS onset, according to
the Berlin definition criteria: mild (PaO2/FiO2 201–
300 mmHg), moderate (PaO2/FiO2 101–200 mmHg),
and severe (PaO2/FiO2 ≤ 100 mmHg). Changes in ARDS
severity were evaluated in patients staying in the ICU for
at least 2 days, and they were classified into four
categories: (1) no change, (2) worsening (shift to a more
severe category), (3) improvement (shift to a less severe
category), and (4) resolution. Duration of invasive venti-
lation was computed as the number of days that the pa-
tient required IMV up to day 28. Survival was evaluated
at ICU and hospital discharge or at day 90, whichever
event occurred first.

Statistical analysis
Continuous variables were expressed as mean (SD) or
median (IQR), and categorical variables were presented
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as count and percent. No assumptions were made for
missing data, which were rare [23]. To assess differences
between groups, we used Student’s t test or the
Wilcoxon rank-sum test (according normality distribu-
tion of data) for continuous variables and the χ2 or
Fisher’s exact test (according sample size) for proportions.
We used analysis of variance or the Kruskal-Wallis test
(as appropriate) and the χ2 test (or Fisher’s exact test) to
assess differences among the NIV, NIV failure, and IMV
groups. The Bonferroni correction was applied to deter-
mine significance in the setting of multiple comparisons.
To evaluate factors associated with the use of NIV, we

applied a multivariable logistic regression model, and the
independent predictors (demographic characteristics, co-
morbidities, ARDS risk factors, and clinical parameters
concerning the illness severity of ARDS onset) were
identified through a stepwise regression approach. This
approach combines forward and backward selection
methods (combined with a significance level of 0.05 for
both entry and retention) in an iterative procedure to
select predictors in the final multivariable model. This
approach was also applied to identify factors associated
with hospital mortality in immunocompromised pa-
tients. In this case, the stepwise approach also evaluated
as possible predictors ventilator setting variables mea-
sured at ARDS onset.
Survival analysis was performed according to the

Kaplan-Meier method. We assumed that patients dis-
charged alive from the hospital before 90 days were alive
on day 90. The log-rank test was used to compare sur-
vival curves among groups.
All p values were two-sided, and values less than 0.05

were considered significant. Statistical analyses were car-
ried out with R version 3.3.3 (R Project for Statistical
Computing; https://www.r-project.org/) and SAS version
9.4 software (SAS Institute, Cary, NC, USA).

Results
Baseline patient characteristics
A total of 459 ICUs from 50 countries enrolled patients
in the LUNG SAFE study. Among 12,906 mechanically
ventilated patients, 4499 had AHRF, and of these, 2813
fulfilled the Berlin criteria for ARDS on day 1 or 2.
Among ARDS patients, 584 (20.8%) were immunocom-
promised (Fig. 1). Of these, 232 (39.7%) had an active
neoplasm and 138 (23.6%) had a hematologic malig-
nancy, whereas the causes of immunosuppression were
not specified in 38.7%. Table 1 shows baseline characteris-
tics of immunocompromised and control patients. Im-
munocompromised subjects were younger than controls
(60.3 vs 61.6 years; p = 0.0163) and had a lower body mass
index (BMI) (25.5 ± 5.8 vs 28.1 ± 9.2 kg/m2; p < 0.0001).
They had a lower prevalence of chronic obstructive
pulmonary disease, diabetes mellitus, and heart failure

(New York Heart Association classes III–IV) and a higher
incidence of pneumonia, pulmonary vasculitis, and non-
cardiogenic shock. Among immunocompromised pa-
tients, 28.6% had mild, 46.4% moderate, and 25.0% severe
ARDS, and the most common risk factors for ARDS were
pneumonia (70.5%), nonpulmonary sepsis (16.1%), and
noncardiogenic shock (10.3%). Nonpulmonary SOFA
score at day 1 and ARDS severity were similar between
immunocompromised and controls. Additional file 2 com-
pares comorbidities, ARDS severity, and nonpulmonary
SOFA score in the three ventilation subgroups (IMV, NIV,
and NIV failure) among immunocompromised patients.
Mean patient age in the NIV subgroup was older than in
the other two subgroups, and the difference between NIV
and IMV was statistically significant (65.2 vs 59.7 years;
p = 0.0045). Comorbidities and PaO2/FiO2 were not differ-
ent among the subgroups. There was a marked difference
in the mean nonpulmonary SOFA score, which was sig-
nificantly higher in IMV than in NIV (7.0 ± 3.9 vs 3.7 ± 3.1;
p < 0.0001) and NIV failure subgroups (7.0 ± 3.9 vs
5.3 ± 3.6; p = 0.0023).

Fig. 1 Flow diagram of the study. Flow diagram showing the
distribution of patients included in this analysis dataset, according to
ventilation subgroup. AHRF acute hypoxemic respiratory failure, ARDS
Acute respiratory distress syndrome, IMV Patients invasively ventilated
from day 1, independently of the type of support received after the
eventual extubation, NIV Patients treated exclusively with noninvasive
ventilation, from day 1 to study exit, independently of outcome,
NIV failure Patients initially treated with noninvasive ventilation and
subsequently intubated during the study period

Cortegiani et al. Critical Care  (2018) 22:157 Page 3 of 15

https://www.r-project.org/


Table 1 Patients characteristics in immunocompetent (Control) and immunocompromised (Study) groups

Patients characteristics Control
(n = 2229)

Study
(n = 584)

p Value

Sex, age, and BMI

Women, n (%) 837 (37.6) 247 (42.3) 0.0360

Age, yr, mean ± SD 61.6 ± 17.1 60.3 ± 15.5 0.0163

BMI (kg/m2), mean ± SD 28.1 ± 9.2 25.5 ± 5.8 < 0.0001

Comorbidities, n (%)

COPD 522 (23.4) 85 (14.6) < 0.0001

Diabetes mellitus 523 (23.5) 90 (15.4) < 0.0001

Hearth failure (NYHA classes III-IV) 260 (11.7) 30 (5.1) < 0.0001

Chronic renal failure 222 (10.0) 64 (11.0) 0.4769

Chronic liver failure (Child-Pugh class C) 91 (4.1) 21 (3.6) 0.5924

Home ventilation 52 (2.3) 7 (1.2) 0.0886

ARDS risk factors, n (%)

Pneumonia 1271 (57.0) 412 (70.5) < 0.0001

Pulmonary contusion 86 (3.9) 1 (0.2) < 0.0001

Pulmonary vasculitis 7 (0.3) 7 (1.2) 0.0140

Major trauma 111 (5.0) 1 (0.2) < 0.0001

Aspiration of gastric contents 348 (15.6) 54 (9.2) < 0.0001

Pancreatitis 54 (2.4) 5 (0.9) 0.0187

Noncardiogenic shock 154 (6.9) 60 (10.3) 0.0063

Drug overdose 46 (2.1) 5 (0.9) 0.0515

Severe burns 8 (0.4) 0 (0.0) 0.2183

Inhalational injury 58 (2.6) 12 (2.1) 0.4498

Drowning 1 (0.04) 1 (0.2) 0.3722

Nonpulmonary sepsis 361 (16.2) 94 (16.1) 0.9535

Blood transfusions 82 (3.7) 29 (5.0) 0.1550

Other risk factors 61 (2.7) 12 (2.2) 0.4925

None 194 (8.7) 40 (6.8) 0.1487

Cause of immunosuppression, n (%)

Known (hematologic and/or active neoplasm) – 357 (61.1) –

Unknown – 227 (38.9) –

Illness severity at ARDS onset

Nonpulmonary SOFA scorea, mean ± SD

First day of ARDS 6.2 ± 4.1 6.5 ± 4.0 0.1150

Second day of ARDS 6.3 ± 4.3 6.7 ± 4.3 0.0283

PaO2/FiO2 ratio, mmHg, mean ± SD 161.3 ± 67.1 157.2 ± 67.9 0.1660

Mild ARDSb, n (%) 666 (29.9) 167 (28.6) 0.5455

Moderate ARDSb, n (%) 1067 (47.9) 271 (46.4) 0.5280

Severe ARDSb, n (%) 496 (22.3) 146 (25.0) 0.1590

Abbreviations: BMI Body mass index, ARDS Acute respiratory distress syndrome, COPD Chronic obstructive pulmonary disease, NYHA New York Heart Association,
SOFA Sequential Organ Failure Assessment, PaO2/FiO2 Ratio of partial pressure of arterial oxygen to fraction of inspired oxygen
Note: Bold p values represent a statistically significant difference between the two groups
aNonpulmonary SOFA score adjusted for missing values
bSeverity of ARDS was evaluated according to the Berlin definition
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Type of ventilatory support, ventilator setting, and
adjunctive measure/therapies
Figure 1 summarizes the type of ventilatory support in
enrolled patients. On day 1 of ARDS, IMV was the most
frequent type of ventilatory approach in both groups;
however, NIV use as first-line treatment was significantly
more frequent in immunocompromised than in im-
munocompetent patients (20.9% vs 15.9%; p = 0.0044).
The proportion of patients remaining on NIV from day
1 to study exit (NIV subgroup) was similar, whereas the
incidence of NIV failure was significantly higher in im-
munocompromised patients (10.1% vs 6.4%; p = 0.0021).
A multivariable logistic regression model revealed that,

adjusting on confounders, immunodeficiency was inde-
pendently associated with the use of NIV (OR, 1.567;
95% CI, 1.217–2.017; p = 0.0005). Other factors associ-
ated with NIV are shown in Additional file 3.
Additional file 4 compares the ventilator settings on

the first day of ARDS between immunocompromised
and control patients: FiO2 and respiratory rate and PEEP
were statistically significantly higher in immunocom-
promised patients, but the difference for PEEP was not
clinically relevant. There was no difference in tidal

volume, peak and plateau pressures, and the proportion
of patients with spontaneous ventilation. No significant dif-
ferences were observed in adjunctive therapies, except for
a significantly higher use of continuous neuromuscular
blocking agents in the immunocompromised group (22.6%
vs 18.5%; p = 0.0266) (Additional file 5). Additional file 6
describes ventilator settings in immunocompromised and
immunocompetent (control) patients, stratified by the type
of ventilator support (IMV, NIV, NIV failure).

Clinical endpoints
Table 2 compares selected clinical endpoints in im-
munocompromised and control patients. Hospital mor-
tality and ICU mortality were significantly higher in
immunocompromised subjects (respectively, 52.4% vs
36.2%, p < 0.0001; and 45.5% vs 31.3, p < 0.0001),
whereas there was no difference in duration of mechan-
ical ventilation and changes in ARDS severity. Survival
curves for hospital (or 90-day) mortality are shown in
Fig. 2. The decision to withhold and/or withdraw
life-sustaining measures was significantly more frequent
in immunocompromised patients (Table 2). The same
clinical endpoints were also analyzed in the cohort of

Table 2 Clinical endpoints in immunocompetent (Control) and immunocompromised (Study) patients

Clinical endpoints Control
(n = 2229)

Study
(n = 584)

p Value

IMV during ICU stay, n (%) 1874 (84.1) 462 (79.1) 0.0044

NIV success during ICU stay, n (%) 212 (9.5) 63 (10.8) 0.3551

NIV failure during ICU stay, n (%) 143 (6.4) 59 (10.1) 0.0021

Duration of mechanical ventilation, d, median (Q1–Q3) 8.0 (4.0–15.0) 8.0 (4.0–14.0) 0.4213

Progression/regression of ARDSa, n (%) 0.5613

No change 824 (41.7) 201 (39.6)

Progression 214 (10.8) 55 (10.8)

Regression 422 (21.3) 123 (24.2)

Resolution 518 (26.2) 129 (25.4)

Limitation of life-sustaining measures, n (%)

Decision to withhold life-sustaining measures 415 (18.6) 158 (27.1) < 0.0001

Decision to withdraw life-sustaining measures 356 (16.0) 129 (22.1) 0.0005

Decision to withhold or withdraw life-sustaining measures 507 (22.7) 195 (33.4) < 0.0001

ICU mortalityb, n (%) 698 (31.3) 266 (45.5) < 0.0001

Hospital mortalityc, n (%)

All patients 804 (36.2) 304 (52.4) < 0.0001

Patients with limitations of life-sustaining measuresd 419 (82.6) 173 (88.7) 0.0473

Abbreviations: ARDS Acute respiratory distress syndrome, IMV Invasive mechanical ventilation, ICU Intensive care unit, NIV Noninvasive mechanical ventilation,
Q1 First quartile, Q3 Third quartile
aChange in ARDS severity (according Berlin definition) was not evaluable for 327 pients (251 immunocompetent and 76 immunocompromised patients)
bMortality is defined as mortality at ICU discharge or at the 90th day in the ICU after onset of acute hypoxemic respiratory failure, whichever event occurred first
cMortality is defined as mortality at hospital discharge or at the 90th day in the hospital after onset of acute hypoxemic respiratory failure, whichever event
occurred first
dMortality assessed on patients with a decision to withhold or withdraw life-sustaining measures
Note: Bold p values represent a statistically significant difference between the two groups
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immunocompromised patients according to the ventila-
tion subgroup (Table 3). Duration of mechanical ventila-
tion and decisions of limitation (both withholding and
withdrawal) of life-sustaining measures were not different
among the subgroups. ICU mortality was significantly
lower in NIV patients than in the IMV (28.6% vs
46.3%; p = 0.0078) and NIV failure (28.6% vs 57.6%;
p = 0.0012) subgroups. Of the NIV patients who died, 68%
had a limitation of life-sustaining measures. The incidence
of NIV failure was 48%. ICU and hospital mortality of pa-
tients with NIV failure were significantly higher than those
of patients managed exclusively with NIV (respectively,
57.6% vs 28.6%, p = 0.012; and 62.7 vs 39.7%, p = 0.011),
whereas they did not differ from those of IMV patients.
Survival curves for hospital (or 90-day) mortality of im-
munocompromised patients stratified by ARDS severity
and by ventilation subgroups are shown in Additional files 7
and 8, respectively. In a multivariable logistic regression
model, factors independently associated with hospital mor-
tality in immunocompromised patients were higher non-
pulmonary SOFA score (OR, 1.079; 95% CI, 1.026–1.134;
p = 0.0032), higher peak inspiratory pressure level
(OR, 1.028; 95% CI, 1.007–1.051; p = 0.0097), lower PaO2/
FiO2 ratio (OR, 0.995; 95% CI, 0.992–0.998; p = 0.0022),
lower degree of improvement in PaO2/FiO2 ratio between
day 1 and day 2 of ARDS (OR, 0.996; 95% CI, 0.993–0.999;

p= 0.0058), and lower BMI (OR, 0.944; 95% CI, 0.91–0.98;
p= 0.0023) (Additional file 9). According to the investigators’
clinical judgment, in immunocompromised patients,
the most common main factor leading to death in
ICU was respiratory failure (51.5%), followed by car-
diovascular failure. In contrast, cardiovascular failure
was the most common factor in the control group
(Additional file 10).
Additional file 11 describes patient characteristics and

clinical endpoints in immunocompetent (control) pa-
tients according to type of ventilator support. Because
the lack of a precise definition of the cause of immuno-
suppression in a relevant proportion of patients may
affect the strength of our findings, we compared baseline
patient characteristics and clinical outcomes in patients
with a “known” cause of immunosuppression (i.e., those
with active hematologic malignancy or active neoplasm)
and in patients with an unspecified (“unknown”) cause
of immunosuppression (i.e., those indicated in the CRF
with the generic term immunosuppression). The results of
this analysis are reported in Additional file 12. Briefly, pa-
tients with an unspecified cause of immunosuppression
were significantly younger (55.7 ± 15.6 vs 63.1 ± 14.8 years;
p < 0.0001) and had lower hospital mortality (41.6% vs
59.3%; p < 0.0001) and fewer limitations of life-sustaining
measures (27.3% vs 37.3%; p = 0.013).

Fig. 2 Kaplan-Meier curve for hospital survival. Mortality was defined as mortality at hospital discharge or at 90 days after onset of acute hypoxemic
respiratory failure, whichever event occurred first. We assumed that patients discharged alive from the hospital before 90 days were alive on day 90.
Note: The number of patients at risk reported at the bottom of the figure is referred to as the end of the corresponding day
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Discussion
The main findings of this analysis can be summarized as
follows: immunosuppression is frequent in ARDS pa-
tients; causes of ARDS in immunocompromised patients
are mainly related to infection; immunocompromised
patients are more likely to receive NIV as first-line venti-
latory treatment; and the outcome of ARDS is worse and
limitation of life-sustaining measures is more frequent in
immunocompromised patients. Among the 2813 ARDS
patients included in the LUNG SAFE study, one-fifth
were immunocompromised, and 62.7% of them had an
active malignancy. In line with recent literature [18, 21],
a diagnosis of active malignancy is considered as a cause of
immunosuppression, owing to the negative effects on im-
mune function of anticancer treatments and of the malig-
nancy itself. All other causes of immune deficiency were
identified by the generic variable “immunosuppression.”
To the best of our knowledge, this was the first prospect-
ive, multicenter study conducted on a large cohort of
immunocompromised patients with a diagnosis of ARDS
according to Berlin definition criteria [25], whereas
previous studies relied on the definition of the
American-European Consensus Conference on ARDS [26].
As expected, ARDS in immunocompromised patients was
associated mainly with an infectious cause. Pneumonia,

noncardiogenic shock, and pulmonary vasculitis were sig-
nificantly more frequent in immunocompromised patients,
whereas other risk factors for ARDS were more frequently
represented in the control group.
Immunocompromised subjects had a significantly

higher ICU and hospital mortality, despite similar ARDS
severity and nonpulmonary SOFA score. Another subana-
lysis of the same database confirmed that active neoplasm,
hematologic malignancies, and immunosuppression are
independently associated with increased mortality [27]. In
addition, the higher frequency of limitation of life-sustain-
ing measures (probably as a result of perceived futility)
may have contributed to the increased mortality of im-
munocompromised patients [27]. This is in line with the
results of Laffey et al., who found that immunosuppres-
sion and cancer were among the factors associated with
increased likelihood of limitation of life-sustaining
therapies [27].
Hospital mortality of our patients was lower than that

(64%) reported by Azoulay et al. in a large retrospective
analysis of 1004 patients with cancer and ARDS admit-
ted to the ICU over a period of 21 years [28]. In that
study, mortality did drop from 89% in the 1990–1995
period to 52% in the 2006–2011 period, matching the
mortality rate of our population.

Table 3 Clinical endpoints in immunocompromised (Study) patients according to ventilation subgroup

Clinical endpoints IMV
(n = 462)

NIV
(n = 63)

NIV failure
(n = 59)

p Value

Duration of mechanical ventilation, d, median (Q1–Q3) 8.0 (4.0–14.0) – 8.0 (5.0–15.0) 0.4352

Progression/regression of ARDSa, n (%)

No change 161 (40.1) 18 (32.1) 22 (43.1) 0.4449

Progression 43 (10.7) 5 (8.9) 7 (13.7) 0.7199

Regression 103 (25.7) 4 (7.1)b 16 (31.4)c 0.0045

Resolution 94 (23.44) 29 (51.8)b 6 (11.8)c < 0.0001

Limitation of life-sustaining measures, n (%)

Decision to withhold life-sustaining measures 124 (26.8) 18 (28.6) 16 (27.1) 0.9587

Decision to withdraw life-sustaining measures 101 (21.9) 14 (22.2) 14 (23.7) 0.9480

Decision to withhold or withdraw life-sustaining measures 154 (33.3) 21 (33.3) 20 (33.9) 0.9962

Before IMV or NIV start 1 (0.6) 0 (0.0) 1 (5.0) 0.2062

ICU mortalityd, n (%) 214 (46.3) 18 (28.6)b 34 (57.6)c 0.0043

Hospital mortalitye, n (%)

All patients 242 (52.8) 25 (39.7) 37 (62.7)c 0.0362

Patients with limitations of life-sustaining measuresf 137 (89.0) 17 (81.0) 19 (95.0) 0.3803

Abbreviations: ARDS Acute respiratory distress syndrome, IMV Patients invasively ventilated from day 1, independently of the type of support received after the
eventual extubation, NIV Patients treated exclusively with noninvasive ventilation, from day 1 to study exit, independently of outcome, NIV failure Patients initially
treated with noninvasive ventilation and subsequently intubated during the study period, Q1 First quartile, Q3 Third quartile
aChange in ARDS severity (according Berlin definition) was not evaluable for 76 immunocompromised patients (61 IMV, 7 NIV, and 8 NIV failure)
bStatistically significant different from the IMV group
cStatistically significant different from the NIV group
dMortality is defined as mortality at ICU discharge or at the 90th day in ICU after onset of acute hypoxemic respiratory failure, whichever event occurred first
eMortality is defined as mortality at hospital discharge or at the 90th day in hospital, after onset of acute hypoxemic respiratory failure, whichever event
occurred first
fMortality assessed in patients with a decision to withhold or withdraw life-sustaining measures
Note: Bold p values represent a statistically significant difference among the three groups
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The actual advantage of ICU admission of immuno-
compromised patients remains debated [3, 4, 10, 29, 30].
Our results demonstrate that almost 50% of immuno-
compromised patients with ARDS survive to hospital
discharge, and this may support the decision to offer
them at least an “ICU trial” [31]. Interestingly, our data
show that once immunocompromised patients are intu-
bated and invasively ventilated, they are managed very
similarly to the general ARDS population with regard to
ventilator settings and use of adjunctive therapies. As an
example, the use of advanced “rescue” treatments (such
as prone positioning and even extracorporeal membrane
oxygenation) was similar between immunocompromised
and control patients.
Two important questions on the optimal ventilatory

management of AHRF in immunocompromised patients
remain unanswered. First, is NIV the optimal first-line
ventilatory support? Two randomized controlled trials
conducted almost 20 years ago showed that NIV, com-
pared with standard oxygen therapy, significantly re-
duces the rate of intubation and mortality [16, 17], but
these findings have not been confirmed in more recent
studies. A recent randomized trial on 374 immunocom-
promised patients with AHRF did not find any benefit of
NIV over standard oxygen therapy [18]. Similarly, a post
hoc analysis on immunocompromised patients enrolled
in a large randomized trial comparing different noninva-
sive oxygenation strategies showed that first-line NIV
was associated with the highest risk of intubation and
mortality compared with standard oxygen and high-flow
nasal cannula (HFNC) oxygen [21]. In our study, 20.9%
of immunocompromised patients received NIV as
first-line ventilatory approach compared with 15.9% of
controls, and the multivariable analysis revealed that im-
munodeficiency was independently associated with the
use of NIV. This frequency of use of NIV equals exactly
that reported by Gristina in a large population of pa-
tients with hematologic malignancies admitted to ICU in
the years 2002–2006 [26]. In Azoulay’s study, the global
rate of NIV application was 38.6%, but it decreased over
the years, dropping to 26% in the period 2006–2011
[28]. In our study, patients treated exclusively with NIV
had significantly lower mortality than patients requiring in-
vasive ventilation. Of note, the majority of NIV patients
who died had a decision of limitation of life-sustaining mea-
sures. Importantly, whereas ARDS severity was not different
among ventilation subgroups, NIV patients had a markedly
lower nonpulmonary SOFA score (Additional file 2:
Table S1), indicating that patients with more severe organ
failures were more frequently treated with invasive ventila-
tory support. However, the multivariable regression ana-
lysis did not identify the need for invasive ventilation as an
independent predictor of death. This represents a major
difference with Azoulay’s study, where IMV (especially

after failure of NIV) was a strong predictor of poor out-
come [28]. Again, this can be explained at least in part by
considering that Azoulay’s study included patients from
the year 1990, when the techniques of mechanical ventila-
tion were completely different and protective ventilation
was certainly not the standard of care.
The impact of NIV failure on patients’ outcomes is the

second important issue. We observed a significantly
higher incidence of NIV failure in immunocompromised
patients than in controls, in keeping with the observa-
tion of Thille that a diagnosis of active cancer is inde-
pendently associated with NIV failure [32]. In our study,
in 48% of immunocompromised patients initially treated
with NIV, NIV failed, and they had a significantly worse
mortality than patients successfully managed with NIV,
as previously reported by Bellani et al. [23]. Less ex-
pected was the finding that mortality of NIV failure pa-
tients was not different from that of the patients
managed ab initio with IMV. However, two factors may
limit the relevance of this observation: the relatively low
number of patients in the NIV failure subgroup and the
lack of information on the actual duration (i.e., in hours
rather than days) of the NIV period before intubation,
which would be important to know in the light of litera-
ture data showing that delaying endotracheal intubation
after a prolonged NIV trial may negatively impact pa-
tient survival [19, 20]. In line with our data, Demoule et
al. recently observed a progressive reduction of the im-
pact of NIV failure on mortality in a large population of
AHRF patients also including immunocompromised
subjects [33]. Taken together, these data probably sug-
gest that better patient selection, earlier recognition of
failure, and improvement in ventilation techniques may
have contributed to limit the impact of NIV failure on
mortality in recent years.

Limitations
The present study has several limitations. First, it is a
post hoc analysis of a prospective multicenter observa-
tional trial, and unknown confounders associated with
the subgroup analysis may bias the results. Although the
data were prospectively collected from a high number of
centers from 50 countries, different approaches to clin-
ical decisions from different centers (e.g., decisions on
withholding or withdrawing of life-sustaining measures)
may have influenced the outcomes. Second, the criteria
used to define the immunocompromised cohort were
quite heterogeneous. It was impossible to stratify the pa-
tients according to the prognosis of baseline disease and
to the severity of immune deficiency. Indeed, causes of
immunosuppression, other than malignancies, were not
specified in nearly 40% of the whole cohort of immuno-
compromised patients. Moreover, in patients with can-
cer, no information was available on the type of cancer,
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its staging, and the nature and timing of anticancer
treatments. This lack of information, related to the
LUNG SAFE original CRF, should be considered a major
limitation because the outcome of immunocompromised
patients is strictly dependent on the type of underlying
diseases and associated therapeutic approach. All these
factors may limit the generalizability of our findings.
Third, to limit the burden on investigators, data were
collected once daily only, and information on the actual
hours of duration of ventilatory treatments was not
available. This is particularly relevant for patients treated
with NIV because the precise duration of NIV before
the eventual intubation might be important to under-
stand the impact of NIV failure on outcome [24]. Fourth,
no information were provided on the type of interface
used for NIV, a factor that can affect the outcome of
NIV [34]. Moreover, patients treated with HFNC oxygen
therapy were excluded from the LUNG SAFE study be-
cause they did not fulfill criteria for ARDS. Fifth, the
LUNG SAFE study was conducted in a very large num-
ber of ICUs with different experience in the treatment of
ARDS. This may be particularly relevant for immuno-
compromised patients, who may have better outcomes if
treated in highly experienced, dedicated units [35].

Conclusions
Immunocompromised patients represent an important
proportion of ARDS patients in the ICU. Compared with
immunocompetent subjects, they had higher mortality,
regardless of ARDS severity, and a higher frequency
of limitation of life-sustaining measures. Nonetheless,
nearly half of these patients survive to hospital discharge.
They were more likely to receive NIV as the first ventilator
strategy, and those who did not require invasive ventila-
tion had a lower mortality. Mortality of immunocom-
promised patients who failed NIV was not different from
that of patients treated ab initio with IMV. These data
should be considered in light of the nonspecific criteria
used to define the immunocompromised population and
the potentially heterogeneous approaches to clinical
decision making in the participating centers.
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