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Keywords:
 Purpose: The role of high-flow nasal therapy (HFNT) as compared to conventional oxygen therapy (COT) in im-
munocompromised patients admitted to intensive care unit (ICU) with acute respiratory failure (ARF) remains
unclear. We conducted a systematic review and meta-analysis in order to address this issue.
Methods: We searched PubMed, Medline and Embase until November 7th, 2018. Randomized controlled trials
(RCTs), non-randomized prospective and retrospective evidencewere selected. Observational studies were con-
sidered for sensitivity analysis. Primary outcome was mortality rate; intubation rate was a secondary outcome.
Results:We included four studies in the primary analysis: one RCT, two RCT's post-hoc analyses and one retro-
spective study. We found no significant difference in short-term mortality comparing HFNT vs. COT: 1) ICU: n
= 872 patients, odds ratio (OR) = 0.80 [0.44,1.45], p = 0.46, I2 = 30%, p = 0.24; 2) 28-day: n = 996 patients,
OR = 0.79 [0.45,1.38], p = 0.40, I2 = 52%, p = 0.12). Conversely, we found a reduction of intubation rate in
the HFNT group (n = 1052 patients, OR = 0.74 [0.55,0.98], p = 0.03, I2 = 7%, p = 0.36). The inclusion of one
observational study for sensitivity analysis did not grossly change results.
Conclusions: We found no benefit of HFNT over COT on mortality in immunocompromised patients with ARF.
However, HFNT was associated with a lower intubation rate warranting further research.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Acute respiratory failure (ARF) represents a leading cause of Inten-
sive Care Unit (ICU) admission and death in immunocompromised
patients [1]. However, the best respiratory management strategy to
avoid endotracheal intubation and decrease mortality in this patient
population is unclear [1-5]. High flow nasal therapy (HFNT) is a
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relatively novel strategy of respiratory support that supplies high flow
(up to 60 L/min) of heated and humidified gas with a controlled and
adjustable inspiratory fraction of oxygen (FiO2) up to 100% through a
dedicated nasal cannula [6]. Several mechanisms explain the effect of
HFNT on gas exchange and respiratory function, including amore stable
pharyngeal fraction of inspired oxygen, the generation of a small posi-
tive end-expiratory pressure (PEEP), washout of nasopharyngeal dead
space and greater patient's comfort as compared to noninvasive ventila-
tion (NIV) or conventional oxygen therapy (COT). In addition, as op-
posed to NIV, since HFNT does not deliver positive pressure breaths,
the risk of delivering high tidal volumes and consequently excessive
transpulmonary pressure may be reduced [7,8].

Over the past five years, some studies have compared HFNT vs. COT
and/or NIV, with considerable heterogeneity in their design, being pro-
spective observational [9,10], post-hoc analyses [11,12], retrospective
[13,14], and in groups' comparison. The most recent meta-analysis in-
cluded six studies with a total population of almost 600 patients [15].
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The authors identified beneficial effects with the use of HFNT in
immunocompromised patients with ARF, showing a significant reduc-
tion in short-term mortality and intubation rate. However, it should
be noted that three studies compared HFNT vs. COT, while in the other
three included studies the control group receivedNIV [9,14,16]. A recent
very large and rigorous randomized controlled trial (RCT) compared
HFNT vs. COT in almost 800 immunocompromised patients [17]. Indeed,
such study found no statistically significant differences for any of the
predetermined outcomes, including mortality as primary outcome,
thus leaving uncertainty on the role of HFNT in this patient's population
[17].

We conducted a systematic review and meta-analysis with the aim
of summarizing the recently growing evidence and evaluating the effec-
tiveness of HFNT compared to COT in immunocompromised patients.
2. Methods

The protocol of our systematic review and meta-analysis was pro-
spectively registered in PROSPERO database (CRD number
42018115984). We conducted a web-based literature search of three
electronic databases (Pubmed,Medline, EMBASE) using theNHS Library
Evidence tool, from inception until 7th November 2018.We followed the
approach suggested by the PRISMA statement for reporting systematic
reviews and meta-analyses, and the PRISMA checklist is provided in
Supplemental Digital Content 1 [18]. Inclusion criteria were pre-
specified according to the PICOS approach (Table 1). The primary out-
come was mortality, which analysis was prospectively planned in
short-term (ICU, 28-day, 30-day), midterm (between 31 and 90 day,
or hospital) and long-term (anything longer than 90 day). We chose
as secondary outcomes the intubation rate and the ICU length of stay.

The core search was structured by the combination of terms
obtained from the following two groups. The first one included in
alphabetical order: “cancer” or “hematologic” or “hematological” or
“immunocompromised” or “immunosuppression” or “transplant” or
“transplantation”. The second group consisted of the following:
“HFNC” or “high-flow nasal cannula oxygen” or “high flow oxygen” or
“high flow therapy” or “humidified high-flow” or “high flow nasal”.
Study selection for eligibility of inclusion in the systematic review was
performed independently by two reviewers (CC, AN). Discrepancies
were resolved involving other authors (AC, FS, GG, CG, AG) and/or by
consensus. Three authors (AC, FS, DDF) conducted a further manual
search exploring the list of references of the included studies. When
needed,we contacted via email the corresponding authors for retrieving
available data. Data extraction from selected studies was performed in-
dependently by two authors (FS, DDF) and a final check was conducted
by a third one (AC). Meta-analysis was performed independently by
two experienced authors (AC, FS). We excluded articles referring to
the paediatric population.
Table 1
“PICOS” approach for selecting clinical studies in the systematic search. ICU: intensive care
unit.

PICOS

1. Participants Immunocompromised patients with Acute Hypoxemic
Respiratory Failure

2. Intervention High Flow Nasal Oxygen Therapy
3. Comparison Conventional Oxygen Therapy
4. Outcomes Primary outcomes: mortality at short term (ICU, 28-day),

mid-term (90 day and hospital), long-term (N90 days).
Secondary outcomes: intubation rate, length of stay in ICU
and hospital (secondary)

5. Study design Prospective (RCT, non-RCT); Retrospective; Post-hoc
analyses; pair-matching studies. Observational prospective
studies were included only for sensitivity analysis

RCT: randomized controlled trial.
Since we did not expect enough RCTs we decided to include also
non-randomized prospective and retrospective evidence, including
also studies with pair-matching analysis strategy. However, we pro-
spectively decided to include observational studies only in a sensitivity
analysis because of their high risk of selection bias, while case reports
and case series were excluded. Language restrictions were applied:
only articles published in English, Spanish, German, French or Italian
were considered.

2.1. Risk of bias assessment

Two authors (AN, FS) independently assessed the methodological
quality of the included studies. Methodological quality of included
RCTs was performed using the Cochrane Collaboration tool which
incorporated the following domains: selection, performance, detection,
attrition, reporting and other potential sources of bias [19]. The quality
of non-randomized studies was assessed using the Newcastle-Ottawa
Assessment Scale (NOS), as recommended by the Cochrane collabora-
tion [20]. This scale has three main domains and assigns one point for
each subset of assessment criteria within the selection and exposure
domains. Studies can obtain up to two points within the comparability
domain. We then classified studies as high risk (1-3 points), intermedi-
ate risk (4-5 points) and low risk of bias (6-9 points).

2.2. Statistical analysis

The Mantel–Haenszel method was used to analyse dichotomous
outcomes such as mortality and intubation rate. Results are reported
as odd ratios (OR) with 95% Confidence Intervals (CI). Continuous
outcome differences (length of stay) were analysed using an inverse
variancemodel with a 95% CI. Values are reported as standardmean dif-
ference (SMD). In both analyses p values were two-tailed and consid-
ered significant if b0.05. The presence of statistical heterogeneity was
assessed using the X2 (Cochran Q) test. Heterogeneity was likely if
QNdf (degrees of freedom) suggested and confirmed if P ≤0.10. Quanti-
fication of heterogeneity performed using I2 statistic. Values of 0-24.9%,
25-49.9%, 50-74.9% and N75% were considered as none, low, moderate
and high heterogeneity respectively [19]. If heterogeneity was quanti-
fied as low or above, a random model was used. A sensitivity analyses
was planned excluding studies with high risk of bias, providing at
least three studies remained for analysis. Another sensitivity analysis
was planned adding prospective observational studies.

3. Results

3.1. Study selection

The literature search produced 414 titles onMedline, 53 on Pubmed
and 104 on EMBASE. After removal of duplicates, 535 titles and abstracts
were identified as potentially relevant and were appraised against in-
clusion criteria. As shown in the flowchart (Fig. 1), 476 articles were ex-
cluded because not relevant and 38 because they were not clinical
studies on HFNT (n=21 review/meta-analysis; n=1 letter/reply/edito-
rial; n=7 case report/series; n=4 paediatric population; n=5 study
protocol), leaving 21 articles included initially. However, we subse-
quently excluded 16 studies as not providing data on mortality or any
of the secondary outcomes comparing HFNT with COT. Of these studies
7 were single arm observational retrospective studies or HFNT case se-
ries; 3 studies evaluated different outcomes (i.e. reduction in dyspnoea
in non-ICU patients); one study [21] compared HFNT vs. COT but was
excluded because treatment was applied only for a two-hour period;
two studies [9,16] and one conference abstract [22] compared patients
receiving HFNT vs. NIV. Another study [10] was a post-hoc joint analysis
pooling data from three other studies and investigating the risk of intu-
bation according to the initial strategy of ventilatory management. One
study [14] including patients on HFNT, COT and NIV and a mix of these
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Fig. 1. PRISMA flow chart. HHFT: High flow nasal therapy: COT: conventional oxygen therapy.
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approaches did not explicitly report the outcomes of the populations of
interest in our meta-analysis. We attempted to contact the correspond-
ing author but unfortunately data were not available. Finally, we identi-
fied four studies [11-13,17] as suitable for the meta-analysis, with one
additional observational study [4] for sensitivity analysis. Table 2
shows characteristics of included studies and also summarizes other
non-included studies (i.e. those comparing HFNT to NIV).

3.2. Primary outcome (mortality)

1. Short term mortality

Mortalitywas reported at different time points by the included stud-
ies: ICU [4,11,13,17], 28-day [12,13,17], hospital [13,17] and 90-day
[11]. The analyses of short term mortality - ICU or 28-day - included
three studies each, and both analyses did not show significant
differences: 1) ICU [11,13,17]: n=872 patients, OR=0.80 [0.44, 1.45]
p=0.46, I2=30%, p=0.24 (Fig. 2a); 2) 28-day [12,13,17]: n=996 pa-
tients, OR=0.79 [0.45, 1.38] p=0.40, I2=52%, p=0.12 (Fig. 2b).

2. Midterm Mortality

The analysis ofmidtermmortalitywas conducted pooling the results
of hospital and 90-daymortality from a total of three [11,13,17] studies,
including 872 patients. Such analysis showed no significant differences
betweenHFNT and COT:OR=0.58 [0.23, 1.45] p=0.24, I2=60%, p=0.08
(Fig. 3).

The observational study conducted by Azoulay et al in 2017 [4]
reported data on ICU mortality only and its inclusion in the
sensitivity analysis did not change the overall result ICU: n=1555
patients, OR=1.03 [0.66, 1.61] p=0.88, I2=55%, p=0.08.

3.3. Secondary outcomes

1. Intubation rate

The need for intubation was reported by four studies [11-13,17]
included in the primary analysis and pooling these results showed a
significantly lower intubation rate in theHFNT group: n=1052 patients,
OR=0.74 [0.55, 0.98] p=0.03, I2=7%, p=0.36 (Fig. 4). When we added
the prospective observational study of Azoulay et al. [4] for the
sensitivity analysis, the overall results showed no significant differences
between groups (n=1735 patients, OR=0.81 [0.63, 1.05] p=0.12, I2=
24%, p=0.26).

2. ICU Length of stay

Three studies [12,13,17] reported the length of stay in ICU and were
included in the primary analysis, which showed no significant



Table 2
Studies included in the meta-analysis (upper part) and studies excluded from the meta-analysis but of some interest (lower part).

Studies included in the meta-analysis

Study, year Study design Setting Population characteristics Primary
outcome

Case-mix N Age (y) Cancer % Severity scores RR/min PaO2/FiO2

Azoulay et al.
[17]

RCT ICU Mixed 388 HFNT 388
COT

64 vs 63 76 vs 82 SOFA 6 (4) vs 6 (4)
SAPS II 36 (18) vs 37
(20)

33 vas
32

136 vs 128 28-Days
mortality

Azoulay et al.
2017a

Prospective
observational

ICU/ED/ward
Mixed

187 HFNT 496
COT

62 vs 64 88 vs 87 SOFA 6 (4) vs 5 (5) – 150 vs 173 ICU mortality

Lemiale et al.
[12]b

Post-hoc analysis ICU Mixed 90 HFNT
90 COT

64 vs 63 87 vs 85 SOFA 4 (4) vs 3 (4) 28 vs 25 − 28-Days
mortality

Frat et al. [11] Post-hoc analysis ICU Mixed 26 HFNT 30 COT 62 vs 63 38 vs 50 SAPS II 29 (11) vs
30 (17)

32 vs 32 138 vs 155 Rate of
intubation

Roca et al. [13] Retrospective ICU Lung Tx 22 HFNT 18 COT 56 vs 53 0 vs 0 APACHE II 21 (7) vs
20 (6)

28 vs 20 − Rate of
intubation

Studies not included in the meta-analysis

Study, year Study design Setting Population characteristics Primary outcome

Case-mix N Age (y) Cancer % Severity scores RR/min PaO2/FiO2

Coudroy et al. [9] Retrospective ICU Mixed 60 HFNT 55 NIV 45 vs 44 65 vs 80 SAPS II 46 (13) vs
42 (11)

29 vs 30 149 vs 141 28-Days mortality

Gupta et al. [22]c RCT ICU Liver Tx 10 HFNT 10 NIV – – – – – Intubation rate
Lemiale et al. [21]d RCT ICU Mixed 52 HFNT 48 COT 50 vs 49 88 vs 79 SAPS II 42 (22) vs

38 (15)
26 vs 27 128 vs 100 Rate of intubation or NIV

Mokart et al. [14]e Propensity analysis ICU, Cancer 69 HFNT +NIV
69 Others

56 vs 59 100 vs 100 SAPS II 47 (18) vs
42 (21)

− 128 vs 116 28-Days mortality

Tu et al. [16] Retrospective ICU Renal Tx 20 HFNT
18 NIV

47 vs 47 0 vs 0 APACHE II 20 (4) vs
19 (4)

32 vs 30 150 vs 148 Rate of intubation

APACHE: acute physiology and chronic health evaluation. COT: conventional oxygen therapy. ED: emergency department. HFNT: high flow nasal therapy. ICU: intensive care unit. NIV:
noninvasive ventilation. RCT: randomized controlled trial. RR: respiratory rate. SAPS: simplified acute physiology score. SOFA: sequential organ failure assessment. Tx: Transplant.

a Evaluated also NIV and NIV-HFNT patient.
b The HFNT and COT groups received also NIV at day 1 (44% vs 55%, respectively).
c Conference abstract (Intensive Care Medicine Experimental; Sep 2016; vol. 4).
d The study was not included in the meta-analysis because patients were randomized to two hours only of HFNT or COT.
e The group “others” includes COT alone, HFNT alone and HFNT-COT.

Fig. 2. Forest plot analyzing the risk of ICU mortality (a - upper) and 28-day mortality (b - lower) in immunocompromised patients with acute respiratory failure treated high flow nasal
therapy (HFNT) or conventional oxygen therapy (COT).
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Fig. 3. Forest plot analyzing the risks of 90-day and hospital mortality in immunocompromised patients with acute respiratory failure treated high flow nasal therapy (HFNT) or
conventional oxygen therapy (COT).
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differences between groups: n=996 patients, SMD=0.53 [-0.19, 1.25]
p=0.15, I2=94%, pb0.0001 (Supplemental Digital Content 2).

3.4. Risk of bias assessment

The only RCT [17] included was evaluated against the Cochrane Col-
laboration criteria and was judged of high quality (six domains at low
risk of bias and one at high risk). The other included studieswere judged
of low risk of bias according to the NOS scale, scoring 7 points [12], 8
points [11,13] and 9 points [4]. Detailed assessment is provided as
Supplemental Digital Content 3.

4. Discussion

Themain findings of our study can be summarized as follows: 1) we
found no benefit of using HFNT in comparison to COT in immunocom-
promised patients with ARF; 2) we found a statistically significant re-
duction in intubation rate in patients receiving HFNT as compared
with COT (with no statistical heterogeneity). To the best of our knowl-
edge, the present meta-analysis is the most updated evidence on the
use of HFNT as compared with standard oxygen therapy in immuno-
compromised patients.

We conducted the present study based on the recent publication of a
large and well-conducted randomized trial comparing the use of HFNT
vs. COT in immunocompromised patients and showing no significant
differences inmortality and intubation rate. Conversely, a recently pub-
lishedmeta-analysis including six studies suggested benefit fromHFNT.
Nonetheless, their analysis included considerably heterogeneous stud-
ies. Indeed, in one included study HFNT was associated to NIV (which
Fig. 4. Forest plot analyzing the risk of intubation in immunocompromised patients with acute
(COT).
was the primary treatment and HFNT was used between NIV pause)
while other two studies compared HFNT with NIV [9,16]. Such studies
were not included in our meta-analysis, which remained strictly fo-
cused on a more homogeneous comparison between HFNT and COT
patients.

We focused onmortality, although this is a particularly complex out-
come in immunocompromised patients. A recent multi-centre
observational prospective cohort study (EFRAIM) reported data on
1611 immunocompromised patients with ARF [4]. The study had purely
descriptive aims and 20% of this cohort received HFNT. After propensity
score matching among other factors, the authors found that initial oxy-
genation strategy did not impact onmortality. Similarly, a post-hoc joint
analysis pooling data from three studies concluded that, after adjusting
for confounders, the initial ventilator strategy (including NIV) had no
impact on intubation rate [10]. Interestingly, the EFRAIM study showed
that failure to recognize the cause of ARF was significantly associated
with mortality [4]. Contrary to NIV, in this study HFNT resulted in a
clear trend towards lower rate of intubation (Hazard Ratio=0.77, 95%
CI 0.59-1.00, p=0.05), possibly increasing the lag time between the ini-
tial treatment and the eventual patient's deterioration, thusmaximizing
the chances to timely recognize (and treat) the true cause of ARF. The
EFRAIM study also showed that other factors such as age, PaO2/FiO2

ratio and non-pulmonary Sequential Organ Failure Assessment (SOFA)
score at day 1 were associated with mortality. In line with these find-
ings, a recent post-hoc analysis of the LUNG SAFE study on 584 immu-
nocompromised patients with acute respiratory distress syndrome
confirmed that only higher non-pulmonary SOFA score, lower PaO2/
FiO2 ratio and lower improvement of respiratory failurewere associated
with greater in-hospital mortality [5]. Importantly, as compared with
respiratory failure treated high flow nasal therapy (HFNT) or conventional oxygen therapy
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immunocompetent patients, immunocompromised subjects presented
lower survival rate regardless of disease severity, suggesting that gen-
eral conditions, underlying pathologies and ARF aetiology may have
more importance than oxygenation strategy for themanagement of im-
munocompromised patients. Of note, one recent meta-analysis includ-
ing 18 trials enrolling 3881 adult patients with ARF, demonstrated
that HFNT reduced intubation rate in comparison to COT (p=0.01)
without affecting mortality [23]. Our main results – no differences in
mortality but a significant reduction in intubation rate – point in the
same direction, although our meta-analysis suffers from lower number
of included studies. Nonetheless, the methodological quality of the in-
cluded studies was generally high and our result on intubation rate in-
dicated no statistical heterogeneity. In our opinion, such result should
be further investigated as the recent RCT [17] was possibly underpow-
ered in this regard (5.1% mean difference with large CI 12.3% to 2.0%,
p=0.17).

The ability of HFNT to reduce respiratory rate and decrease respira-
tory distress, dyspnoea and improve oxygenation [24-26], may post-
pone or avoid the need to intubate giving more time to clinicians to
investigate the ARF aetiology and to deliver appropriate treatment.
We believe this is a key endpoint in this population of patients since
avoidance of intubation could have clinical (i.e. administration of che-
motherapy), ethical (i.e. time for discussing end-of life options and ad-
vanced directives) and economical (i.e. reduction of ICU admission
and lower costs) implications. Indeed, several studies have found an as-
sociation between invasive mechanical ventilation andmortality in this
patients' population [4,5,10]. However, it should be clearly kept inmind
that delaying unavoidable intubation is associated with worse out-
comes, even in the immunocompromised population [27].

4.1. Strengths and limitations

As already reported, our meta-analysis was prompted by the dis-
crepancy between the results of the recent RCT published by Azoulay
et al. [17] comparing immunocompromised patients treated with
HFNT or COT, and the results of a previous heterogeneous meta-
analysis [15] that comparedHFNT (±NIV) to other respiratorymanage-
ment strategies (COT and/or NIV) and suggested that “use of HFNC sig-
nificantly improve outcomes of ARF in immunocompromised patients”.

The main strength of our meta-analysis is the inclusion of studies
with homogeneous comparison between respiratory support strategies.
Indeed, in all the included studies the difference between the two
groups was the use of HFNT vs. COT. Such approach decreased the role
of the confounders seen in the previous meta-analysis but in turn re-
duced the number of studies included which remains the main limita-
tion of our study. Moreover, even if our approach allowed a more
homogeneous comparison and the statistical heterogeneity was low/
moderate (mortality) or absent (intubation rate), it should be clearly
highlighted thatwe included studieswith very differentmethodological
design: one RCT [17], two post-hoc analysis of RCTs (one with pair-
matching strategy) [11,12] and one retrospective study [13], while a
prospective observational cohort study [4]was included only in the sen-
sitivity analysis for its high risk of “selection bias”. The overall popula-
tion consisted of almost 1.000 patients for the 28-day mortality, but
the recent RCT [17] accounted for 55% of the analysis weight. Finally,
there was also a degree of clinical heterogeneity since one study in-
cluded patients with lung transplantation, while the others had mixed
case mix with an average of oncological patients varying from 44%
[11] to 87% [4].

5. Conclusions

We found no benefit in short- and mid-termmortality by the use of
HFNT as compared with COT in immunocompromised patients with
ARF. However HFNT was associated with lower intubation rate as
compared with standard oxygen. Such result warrants further research
for its ethical, clinical and economic implications.
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