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a b s t r a c t 

Acute respiratory failure (ARF) in immunocompromised patients remains challenging to treat. A large number 
of case require admission to intensive care unit (ICU) where mortality remains high. Oxygenation without in- 
tubation is important in this setting. This review summarizes recent studies assessing oxygenation devices for 
immunocompromised patients. Previous studies showed that non-invasive ventilation (NIV) has been associated 
with lower intubation and mortality rates. Indeed, in recent years, the outcomes of immunocompromised patients 
admitted to the ICU have improved. In the most recent randomized controlled trials, including immunocompro- 
mised patients admitted to the ICU with ARF, neither NIV nor high-flow nasal oxygen (HFNO) could reduce the 
mortality rate. In this setting, other strategies need to be tested to decrease the mortality rate. Early admission 
strategy and avoiding late failure of oxygenation strategy have been assessed in retrospective studies. However, 
objective criteria are still lacking to clearly discriminate time to admission or time to intubation. Also, diagnosis 
strategy may have an impact on intubation or mortality rates. On the other hand, lack of diagnosis has been as- 
sociated with a higher mortality rate. In conclusion, improving outcomes in immunocompromised patients with 
ARF may include strategies other than the oxygenation strategy alone. This review discusses other unresolved 
questions to decrease mortality after ICU admission in such patients. 
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The number of immunocompromised patients is increasing
teadily, mainly due to therapeutic progress that has resulted in
n improvement in their survival and quality of life [1] . These
atients may encounter several life-threatening complications
arranting intensive care unit (ICU) admission. Among them,
cute respiratory failure (ARF) is common and remains the most
requent reason for ICU admission in immunocompromised pa-
ients [2–7] . Of patients with the hematologic disease, 10–30%
ay have a severe respiratory event at the onset or during treat-
ent of their disease [8] . This number can be much higher (al-
ost 50%) for patients with acute myeloid leukemia [ 2 , 9 ] and

hose with lung tumors (25–30%) [10] . For other patients, the
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ncidence of ARF depends on the underlying disease, immuno-
uppression, and comorbidities [8] . 

ARF is a severe complication, associated with a mortality rate
f around 50% [ 5 , 6 , 11 ]. In the TRIALOH observational cohort
hat included > 1000 patients with an hematological malignant
isease, ICU admission for ARF was strongly associated with
n-hospital mortality [1] . Although significant medical progress
as been made [ 7 , 12 , 13 ], ARF remains a challenging situation
or physicians, both in terms of etiological diagnosis and choice
f optimal oxygenation strategy. In these patients, in particular,
nvasive mechanical ventilation (IMV) has been associated with
oor prognosis [ 1 , 13–15 ], especially because of a higher risk of
nfectious complications than in non-immunocompromised pa-
ients [16] . As a result, avoiding IMV has become a priority. 
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The first strategy used to avoid IMV is non-invasive oxygena-
ion as standard oxygen, non-invasive ventilation (NIV), or hu-
idified high-flow nasal oxygen (HFNO). These devices have

een developed over the past 20 years. Nevertheless, the appli-
ation of each device is still debatable in the setting of immuno-
ompromised patients. 

The purpose of this narrative review is to describe the role
f each oxygenation strategy in immunocompromised patients
ith ARF. 

iterature Search Strategy 

We searched Medline via PubMed by using a combination of
pecific keywords and free text words including the following:
immunocompromised patients, ” “immunosuppression, ” “acute
espiratory failure, ” “ARF, ” “non-invasive ventilation, ” “high
ow nasal cannula, ” “HFNO, ” “ICU, ” and “intensive care. ” The
earch was restricted to articles published in English, between
anuary 1, 2000, and March 31, 2021. The last search was per-
ormed on April 15, 2021. 

ole of NIV 

NIV was first used for the management of patients with
hronic obstructive respiratory failure (COPD) [17] and car-
iogenic pulmonary edema [18] . In these studies, NIV pro-
ided several benefits for respiratory mechanics, as it could de-
rease inspiratory work, decrease atelectasis, and improve oxy-
enation [19] . Moreover, non-intubated patients had a lower
isk of hospital-acquired infection [20] . For these reasons, NIV
as then used in hypoxemic patients without pre-existing pul-
onary pathology [21] , namely “de novo ARF, ” to reduce the

ntubation rates [19] . In immunocompromised patients, the risk
f infection and mortality under IMV was so high that, in cases
f “de novo ” respiratory failure, NIV has been used as an alter-
ative to intubation for several years. 

The role of NIV in immunocompromised patients was first
ssessed in the early 2000s. In that period, the intubation rate
f such patients admitted to the ICU was almost 80%, and the
ortality rate of intubated patients was nearly 90% [14] . In

he early 2000s, two randomized controlled trials showed a real
enefit of NIV use on hospital mortality. Indeed, the results of
 study on 52 immunocompromised patients, randomized be-
ween a group receiving NIV and a group receiving only oxygen
22] , were strongly in favor of the use of NIV. Another random-
zed controlled trial on 40 patients with solid organ transplant
dmitted with ARF and treated with NIV or oxygen confirmed
hese results [23] . At that time, NIV, when used to avoid in-
ubation, drastically reduced the mortality rate. However, the
ntubation rate and mortality of immunocompromised patients
ho need IMV have decreased in more recent years [14] . Thus,

he use of NIV and intubation criteria have been modified in the
ecent period for such patients [ 3 , 6 , 7 , 14 , 16 , 24 ]. 

Since 2001, several studies have assessed the impact of NIV
 Table 1 ]. Most have confirmed that NIV success (e.g., with-
ut intubation) was associated with a decreased mortality rate.
owever, intubation after NIV failure was associated with a
igher mortality rate, even higher than the one after first-line
MV [25–29] . Further, NIV failure seemed to be more frequent in
mmunocompromised patients than non-immunocompromised
82 
atients [28] . However, a recent analysis using propensity
cores did not confirm a higher risk of NIV failure owing to im-
unosuppression itself [30] . 
In 2015, a study randomized 374 immunocompromised pa-

ients with ARF into a group receiving NIV and a group receiv-
ng oxygen. The primary outcome was the 28-day mortality rate.
early 40% of total population required intubation during the

CU stay. Mortality rates on day 28 for the standard oxygen
nd NIV groups were 27% and 24%, respectively ( P = 0.43).
he study did not show any other differences between the two
roups of patients with respect to intubation rates and mortal-
ty of intubated patients [31] . A post hoc analysis from another
ecent randomized controlled trial confirmed the lack of benefit
f NIV for immunocompromised patients [32] . In other words,
hese recent studies demonstrated that NIV failure is common
nd leads to intubation for 40–50% of such patients; in recent
ears, the intubation rate of immunocompromised patients ad-
itted to the ICU for ARF has been closer to 40%; and NIV is no

onger associated with a decreased mortality rate in hospitals or
CUs after adjustment for severity criteria [ 33 , 34 ]. 

For these reasons, and considering the lack of comfort of
IV related to the mask, frequent leaks, and invasive pres-

ure [21] , the use of NIV for immunocompromised patients
annot be strongly recommended [35] . If an NIV trial is per-
ormed, intensivists should be aware of the high risk of NIV
ailure. 

ole of HFNO 

Unlike standard oxygenation systems, HFNO allows constant
iO2, since the gas flow rate delivered is at least equal to the pa-
ient’s inspiratory flow rate [ 36 , 37 ]. In addition, the high flow
ates of inspired gasses create a positive pressure in the airways
wing to the Venturi effect, which improves oxygenation and
ecreases inspiratory work. Physiological studies evaluated this
ositive pressure to be up to 3.3 ± 1.1 cm H2O [38] . This pres-
ure was largely dependent on the gas flow through the system
nd whether the patient’s mouth was opened or closed [37–39] .
oreover, this system allows a constant renewal of gas in the

ead space leading to a decrease in PCO2 [39] . Finally, the use
f HFNO seemed more comfortable than that of NIV owing to
he absence of a nasal–oral mask, and was superior to standard
xygenation because of the humidification of the inspired gasses
40] . For these reasons, the device seemed suitable for immuno-
ompromised patients in whom intubation was associated with
 high mortality rate. 

Studies from non-immunocompromised patients confirmed
hat HFNO leads to an improvement in respiratory parameters
41–43] , comfort [40] , and outcome [44] . The comfort of the
evice has been highlighted in several studies [45] . However, in
n immunocompromised setting, a randomized controlled trial
omparing comfort, dyspnea, and thirst in 100 patients receiv-
ng either a Venturi mask or HFNO for 2 h failed to demonstrate
ny benefit of HFNO use [46] . 

Before 2018, studies including immunocompromised pa-
ients were scarce. Most were observational or retrospective
tudies [ Table 2 ]. In 2011, a feasibility study assessed the use of
FNO in 132 patients with solid tumors. Respiratory signs im-
roved without intubation for 41% of patients, were stable for
4%, and required intubation for 15% [47] . 
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Table 1 

Studies comparing outcomes related to NIV vs. standard oxygen in immunocompromised patients. 

Author Resource (journal, year) 
Study 
design Inclusion criteria Primary objective 

Oxygenation devices 
use, NIV/O 2 /IMV 
first line ( n ) Failure rate Mortality 

Global mortality 
after intubation 

NIV group O 2 group P -value NIV group O 2 group P -value 

Antonelli et al. [23] JAMA, 2000 Randomized Solid organ transplant Intubation rate 20/20/NA 20% 70% 0.002 20% 50% 0.005 77.7% 

Hilbert et al. [22] NEJM, 2001 Randomized All IC patients Intubation rate 26/26/NA 46% 77% 0.03 50% 81% 0.02 87% 

Azoulay et al. [24] CCM, 2001 
Retrospective 

Hematological malignancy D30 mortality 48/0/48 56% NA NA 43% NA NA 70% 

Azoulay et al. [81] Medicine, 2004 
Retrospective 

Hematological malignancy Hospital mortality 79/NA/55 56% NA NA 48% NA NA 75% 

Depuydt et al. [3] Chest, 2004 
Retrospective 

Hematological malignancy Hospital mortality 27/NA/52 69% NA NA 65% NA NA 71% 

Principi et al. [82] ∗ ICM, 2004 
Retrospective 
(Helmet vs. 
CPAP) 

Hematological malignancy Hospital mortality 17 helmet/17 CPAP 
∗ /NA 

0 41% 

∗ 
< 0.01 23% 47% 

∗ 
< 0.05 87% 

Rabitsh et al. [83] Leuk Lymph, 2005 
Retrospective 

Stem cell transplant Intubation 35/NA/47 68% NA NA 80% NA NA 100% 

Squadrone et al. [84] ICM, 2010 Randomized Hematological malignancy ICU admission 20/20/NA 10% 70% < 0.001 15% 75% < 0.001 100% 

Depuydt et al. [85] JCC, 2010 
Retrospective 

Hematological malignancy Hospital mortality 30/107 75% 69% NA 75% 66% NA 80% 

Canet et al. [86] Crit Care, 2011 
Retrospective 

Kidney transplantation Hospital mortality 64/77/59 53% 43% NA 23% 22% NA 41% 

Wermke et al. [87] BMT, 2012 Randomized Stem cell transplantation D100 mortality 42/44/NA 14% 25% NA 61% 68% NA 100% 

Molina et al. [88] Crit Care, 2012 Prospective 
cohort 

Hematological malignancy ICU mortality 131/NA/169 60% NA NA 65% NA NA 75% 

Turkoglü et al. [89] Hematology, 2013 
Retrospective 

Hematological malignancy ICU mortality 46/NA/21 78% NA NA 74% NA NA 86% 

Azevedo et al. [13] Chest, 2014 Propensity 
score 

Hematological malignancy Hospital mortality 85/NA/178 48% NA NA 55% NA NA 71% 

Lemiale et al. [90] AOIC, 2015 Propensity 
score 

Hematological malignancy Hospital mortality 55/55/NA 29% 25% 0.67 27% 20% 0.37 66% 

Lemiale et al. [31] JAMA, 2015 Randomized All IC patients D28 mortality 191/183/NA 38.2% 44.8% 0.20 24.1% 27% 0.47 49.7% 

∗ This study compared NIV with Helmet or CPAP through a facial mask.CPAP: Continuous positive airway pressure; ICU: Intensive care unit; NA: Not available; IMV: Invasive mechanical ventilation; NIV: Non-invasive 
ventilation. 
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84 
Another observational study on 45 patients conducted in
015 showed that HFNO improved oxygenation and avoided
ntubation for 33% of patients. Furthermore, the mortality of
atients treated with HFNO was lower than that of intubated
atients [48] . 

Retrospective studies comparing HFNO and standard oxygen
n this setting were controversial, showing either a reduction in
ntubation rates [49–51] or no differences [52] . Compared with
IV, HFNO use did not reduce intubation rates in one study with

olid organ transplant patients [53] , whereas the intubation rate
n the HFNO group was lower than the NIV group in a post hoc

nalysis of a randomized study [51] . 
A 2018 study on 776 ICU-admitted immunocompromised pa-

ients who received HFNO or standard oxygen for ARF did not
how any differences in the 28-day mortality rates [54] . The in-
luded patients were immunocompromised as a result of malig-
ancy, solid organ transplant, or immunosuppressive treatment.
he primary outcome was the 28-day mortality rate. No differ-
nces were found concerning other outcomes such as intubation
ates, hospital-acquired infection, or mortality of intubated pa-
ients. 

A recent meta-analysis including all these studies found a re-
uced intubation rate in patients receiving HFNO. However, this
eduction did not translate into an improved survival rate [55] .
oreover, reported cases have raised the question of late fail-

re leading to a higher risk of mortality [56] . Again, when using
FNO, the intensivist should bear in mind the high risk of mor-

ality after late failure and the extended duration of the HFNO
rial [ 14 , 56 ]. 

hen is intubation required? 

Among intubated patients, the risk of ventilator-associated
neumonia is higher in immunocompromised patients than
on-immunocompromised patients [57] . However, ventilator-
ssociated pneumonia remains common and some patients may
evelop more specific infections such as fungal infection, which
s associated with a high mortality rate [58] . Most patients
o on to develop acute respiratory distress syndrome (ARDS).
n such patients, ventilatory rules concerning ARDS in non-
mmunocompromised patients should be applied. A recent study
rom the EFRAIM cohort demonstrated the impact of driving
ressure and plateau pressure on hospital mortality. This impact
as independent of the severity of ARDS (e.g., Berlin score), but
as as high as the impact of the presence of other organ failure
r the lack of etiological diagnosis for ARF [59] . Interestingly,
n this study, neutropenia and underlying immunosuppressive
isease were not associated with mortality. In a recent observa-
ional study of ARDS patients, immunocompromised and intu-
ated patients could be managed with the same procedures as
on-immunocompromised patients. Nevertheless, hospital mor-
ality was higher in immunocompromised patients than in im-
unocompetent patients (52% vs. 36%) [28] . Additionally, the
igh rate of hospital mortality in immunocompromised patients
ay be ascribed to a higher rate of invasive fungal infection in

his particular setting of ARDS [ 60 , 61 ]. 

on-invasive oxygenation devices alone do not decrease 

ortality 

As described above, the prognosis of immunocompromised
atients with ARF has improved over the last decades. Although
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Fig. 1. Factors potentially influencing the outcome of immunocompromised patients with ARF eventually admitted to the ICU. ARF: Acute respiratory failure; HFNO: 
High-flow nasal oxygen; ICU: Intensive care unit; IMV: Invasive mechanical ventilation; NIV: Non-invasive ventilation; SpO2: Oxygen saturation. 
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he meta-analyses of recent studies in that setting have shown a
eduction in intubation rate with HFNO [ 55 , 62 , 63 ], none of the
rst-line oxygenation strategies demonstrated any reduction in
ortality rate [16] . 
Some factors could explain these results. 
First, although mortality is an important endpoint, several

actors could influence the mortality, such as patient severity at
aseline, recruiting centers’ experience, ICU practices, and end-
f-life decisions, which sometimes make it difficult to under-
tand the treatment effect [ Fig. 1 ]. As shown in Fig. 1 , patients
ay follow complicated trajectories during the ICU course and

ater, of which oxygenation strategies are only a part. Further,
ndpoints such as late mortality could only partially reflect the
ffect of initial oxygenation strategies. 

Second, the immunocompromised population comprises a
eterogeneous group of pathologies with important variability
n ARF etiologies and outcomes [ 31 , 54 ]. Indeed, the hetero-
eneity of this population was illustrated in a recent study on
he risk of intubation. In a cohort of 649 patients with ARF,
e found that in addition to baseline severity, intubation risk
aried across ARF causes [34] . This is an important point be-
ause the same oxygenation strategy is usually used in stud-
es (as in clinical practice) without any distinction of the clini-
al and radiological characteristics or the reason for ARF. Cur-
ently, data are lacking to identify the predictive criteria of fail-
re and therefore the elements to guide the choice of a strategy
ccording to the patient characteristics. Only trials with adap-
ive design may potentially identify which patient could bene-
t from a given diagnostic or therapeutic strategy, as well as a
 m  

85 
etter stratification of specific risks through machine-learning
dvances. 

Taken together, the most recent data are now suggesting that
he strategies to improve survival should not target only oxy-
enation and ventilation strategies. These strategies must be in-
luded in a multimodal approach, including the optimal diag-
ostic strategy and ideal prevention of ICU-acquired events. 

nresolved questions in decreased mortality in 

mmunocompromised patients with ARF 

arly admission 

Identifying patients at high risk for subsequent aggravation
nd reducing the delay of ICU admission could be an interesting
ay to improve patient prognosis. For example, in the TRIALOH

ohort [1] , 56.8% of hematological patients were classified as
igh-risk patients at ICU admission (e.g., without any organ fail-
re), but 20% died in the ICU within 28 days [64] . 

Early ICU admission policy has been evaluated in some case-
ontrol studies, at first in specific settings such as acute leukemia
r post-chemotherapy neutropenia [65–67] , with promising re-
ults. A recent meta-analysis, with a high level of heterogeneity,
oncluded that early ICU admission was associated with a lower
ortality rate than later admission to the ICU [68] . Some fac-

ors could mitigate these results. First, the center’s experiences
nd volume of ICU admission can make it difficult to general-
ze practices [69–71] . Furthermore, all those studies, included
nly patients who were referred to the ICU team. Some patients
ay improve with first-line treatment without ICU admission
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Fig. 2. Diagnostic strategies in immunocompromised patients with ARF. ARF: Acute respiratory failure.PCP: Pneumocystis Jirovecii pneumoniae. 
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nd were not included in the studies. Although they may be dif-
cult to conduct, prospective studies in this field remain war-
anted. 

void late failure of oxygenation strategy 

Despite significant advances over time, recent reports
howed that patients who have failed first-line NIV strategy
ould experience a higher mortality rate than patients who were
rst-line intubated [14] . This excess mortality may be due to

ack of improvement or deterioration in clinical status, with a
igher risk of cardiac arrest during the intubation procedure
72] . The deleterious effect of the non-invasive strategy has
ecently been demonstrated in patients receiving NIV sessions
ith high respiratory drive [73] . Moreover, the mortality rate in

mmunocompromised patients who require IMV has decreased
ver time, contrary to the 90% mortality rate reported in the
arly 2000s [ 22 , 23 ]. In that setting, the challenge to avoid in-
ubation should not be a major goal. 

This could offer a new research agenda. First, there is a need
o define consensual intubation criteria. For more severe pa-
ients with multiple organ failure, the decision to intubate may
e quite simple and should not be delayed because of the im-
unosuppressed status of the patient. However, for several pa-

ients without clear intubation criteria, this decision remains dif-
cult. In that setting, center effects in the multicenter studies
 69 , 74 ]clearly demonstrated differenes in physician’decisions. 

Second, accurate identification of early predictors of non-
nvasive oxygenation/ventilation failure is a major challenge.
till, two indices have been studied. Factors associated with
arly NIV failure have been summarized in an easy-to-use
nemonic, called the HACOR score, which stands for Heart

ate, Acidosis, Consciousness, Oxygenation, and Respiratory
86 
ate [75] . However, it remains difficult to use because each item
ould in itself be a major criterion for intubation. Furthermore,
he ratio of oxygen (ROX) index (ROX saturation [SpO2]) which
ncludes respiratory rate, SpO2, and FiO2, maybe an interest-
ng tool to identify patients at high risk for HFNO failure [76] .
lthough some of these indices have been assessed in immuno-
ompromised patients, none could be fairly used as intubation
riteria alone [77] . 

iagnosis 

The diagnosis of ARF could be challenging in immunocom-
romised patients, specifically due to the wide range of poten-
ial etiologies which have to be evoked [57] . Avoiding unknown
RF etiology should be a priority. Indeed, undetermined diag-
osis (a situation that affects 12–15% of patients in the recent
tudies [8] ) was an independent factor associated with mortal-
ty [ 57 , 61 ], as well as associated organ failure or hypoxemia
everity [59] . 

Therefore, the implementation of a diagnostic strategy is of
reat importance. Fig. 2 summarizes some diagnostic strategies
sed in our setting. As shown, the time from symptoms onset,
 careful analysis of the underlying immunosuppression, res-
iratory and extra respiratory manifestations, and chest imag-
ng lead to an etiological hypothesis [78] . This careful analysis
akes it possible to develop hypotheses that can be supported

y non-invasive examinations and/or broncho-alveolar lavage
BAL), a procedure that is not without the risk of intubation.
n this way, a randomized trial performed by the Grrr-OH re-
earch group that compared an invasive strategy with BAL and
 non-invasive strategy [79] , found no differences in terms of
ortality, diagnosis, or intubation rates between the two arms.
his was an important finding because BAL could be associated
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ith both intubation risk and mortality, especially in the most
evere patients [80] . Moreover, BAL is no longer the cornerstone
f ARF diagnosis in immunocompromised patients, especially
ince the development of some recent diagnostic tools such as
olymerase chain reaction (PCR) and antigen testing with good
ccuracy on various samples (e.g., blood, serum, BAL). These
ew tests may increase the diagnostic ability and modify the
eed for BAL. However, the role of BAL remains to be discussed
n certain situations (in particular to investigate Pneumocystis

irovecii pneumonia or drug-related pneumonia) depending on
he patient’s ability to receive this invasive procedure [ 79 , 80 ]. 

onclusion 

ARF is a challenging situation for the clinician, both in terms
f choice of best oxygenation/ventilation and diagnosis strate-
ies. This situation is associated with a high rate of case fatali-
ies, in particular when intubation is needed. Oxygenation and
entilation strategies to avoid IMV have been widely evaluated
n this setting, with conflicting results. The data available thus
ar are based on a large number of patients and seem to suggest
hat the ways to improve survival should not target only oxy-
enation and ventilation strategies. At the same time, immuno-
ompromised status as such should not be a reason to manage
atients in different ways regarding the non-invasive oxygena-
ion strategies when ARF occurs. In this setting, early ICU ad-
ission, implementation of diagnosis strategy, and delineating

ntubation criteria to avoid late failure of first-line oxygenation
trategy may improve survival. Further studies should confirm
hese points. 
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