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BACKGROUND: Various studies have been performed to examine the effect of high-flow nasal
cannula (HFNC) in immunocompromised patients with acute respiratory failure (ARF). However,
the results were inconsistent. Thus, we conducted a meta-analysis to evaluate the effect of HFNC
oxygen therapy in immunocompromised patients with ARF versus conventional oxygen therapy
and noninvasive ventilation (NIV). METHODS: Relevant studies published prior to May 11, 2019,
were systematically searched. The primary outcome was intubation rate; secondary outcomes were
mortality (ICU mortality, in-hospital mortality, and 90-d mortality) and ICU-acquired infections.
Data were pooled using the random effects model. RESULTS: Of 832 identified studies, 8 were
eligible for inclusion in our analysis (N � 2,167 subjects). HFNC was associated with lower intu-
bation rates compared to conventional oxygen therapy (risk ratio [RR] 0.89, 95% CI 0.79–1.00,
P � .040), but we found no significant difference in the rate between HFNC and NIV (RR 0.74,
95% CI 0.46–1.19, P � .22). We also found that HFNC did not increase the risk of ICU-acquired
infections (RR 0.86, 95% CI 0.63–1.18, P � .35). However, in comparison to other noninvasive
therapies, HFNC exhibited no differences in ICU mortality (RR 0.82, 95% CI 0.58–1.17, P � .28),
in-hospital mortality (RR 0.92, 95% CI 0.74–1.15, P � .48), or 90-d mortality (RR 0.98, 95% CI
0.81–1.18, P � .82). CONCLUSIONS: Our results suggest that HFNC may be a feasible alternative
to NIV, with lower intubation rates and no increased risk for ICU-acquired infections compared to
standard oxygen therapy. However, HFNC did not appear to reduce mortality in immunocompro-
mised subjects with ARF compared with other noninvasive therapies. Further high-quality ran-
domized controlled trials should be performed to confirm these findings. Key words: high-flow nasal
cannula oxygen therapy; conventional oxygen therapy; noninvasive ventilation; acute respiratory failure;
immunocompromised host; intubation rate. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Acute respiratory failure (ARF) is a life-threatening com-
plication that affects immunocompromised patients,1 ac-

counting for 62.5% of ICU admissions.2 Those who re-
quire invasive mechanical ventilation exhibit higher
mortality,3-5 so it is imperative to avoid intubation. Several
noninvasive respiratory support methods are available, such
as noninvasive ventilation (NIV) and conventional oxygen
therapy.6-8 NIV is often ordered as the first-line ventilation
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strategy in immunocompromised patients with ARF.9 How-
ever, in a high-quality randomized controlled trial (RCT),
early NIV therapy did not improve clinical outcomes com-
pared with conventional oxygen.10 The best ventilatory
management in this population to prevent intubation is still
unclear.

In recent years, high-flow nasal cannula (HFNC) oxy-
gen therapy has been widely applied in patients experi-
encing acute hypoxemic respiratory failure, exacerbation
of COPD, postextubation, preintubation oxygenation, sleep
apnea, cardiogenic pulmonary edema, and conditions en-
tailing do-not-intubate orders.11,12 A 2015 study reported
that HFNC improved the survival rate among subjects with
acute hypoxemic respiratory failure, without impacting in-
tubation rates, compared to standard oxygen therapy or
NIV.13 HFNC refers to a technique that delivers heated
and humidified oxygen at a high flow of up to 60 L/min
through a nasal cannula.12 This technique has some ben-
eficial physiologic effects, including generating PEEP,
maintaining mucociliary clearance function, flushing ana-
tomical dead space, and reducing inspiratory effort.14,15

Thus, HFNC may help improve clinical outcomes.
Because of its physiologic efficacy and better tolerance,

HFNC has received a great deal of attention in the treat-
ment of immunocompromised patients with ARF, and
HFNC is a good alternative to NIV or conventional oxy-
gen therapy to prevent intubation.16,17 Some systematic
reviews and meta-analyses have reported that HFNC might
decrease mortality and the use of invasive mechanical
ventilation in immunocompromised subjects with ARF
compared to other noninvasive oxygen strategies.18,19

However, a recent meta-analysis,20 which included a
new large-scale trial,21 found no benefit of HFNC over
conventional oxygen therapy on mortality in immuno-
compromised subjects. These findings were consistent with
another recent meta-analysis22 that focused on a heteroge-
neous patient population, which included immunocompro-
mised subjects. As a result, the application of HFNC re-
mains controversial.

We systematically reviewed the current literature and
performed a meta-analysis to assess whether HFNC can
improve clinical outcomes of immunocompromised pa-
tients with ARF compared to conventional oxygen therapy
or NIV.

Methods

Search Strategy

We systematically searched for relevant studies pub-
lished prior to April 21, 2019 in PubMed, Embase, Web of
Science, and the Cochrane Library. The search terms were
as follows: (“high-flow nasal cannula oxygen” or “high-
flow nasal cannula” or “HFNC” or “nasal high flow” or

“humidified high-flow nasal cannula” or “high-flow nasal
oxygen therapy” or “nasal high-flow oxygen” or “high-
flow nasal oxygen” or “humidified high-flow nasal can-
nula” or “humidified high-flow nasal oxygen” or “HHFNC”
or “HHFN” or “high-flow oxygen therapy” or “nasal high-
flow oxygen therapy” or “oxygen therapy” or “oxygen
nasal cannula”) and (“acute respiratory failure” or “acute
hypoxemic respiratory failure” or “critically ill” or “respi-
ratory insufficiency” or “acute respiratory distress syn-
drome” or “ventilatory depression” or “dyspnea”) and (“he-
matologic” or “hematological” or “transplant” or “tumor”
or “cancer” or “immunosuppression” or “immunosup-
pressed” or “immunocompromised”). We applied no lan-
guage restrictions and manually screened the reference
lists from included studies to identify other relevant arti-
cles. Two reviewers (HK, ZZ) independently searched and
evaluated the quality of the studies. Any disagreement was
resolved by a third person. The PROSPERO registration
number was CRD42019130563.

Study Selection

The inclusion criteria were adult immunocompromised
subjects with ARF, studies that compared HFNC with NIV
or conventional oxygen therapy, studies that reported the
primary outcome of intubation rate or secondary outcomes
(mortality, ICU-acquired infections) that could be directly
extracted or calculated, and any observational studies or
RCT studies.

The exclusion criteria were as follows: (1) reviews, meta-
analyses, case reports, letters, expert opinions, or study
protocols; (2) content unrelated to immunocompromised
subjects with ARF or HFNC; (3) the targeted outcomes
were not reported; (4) enrolled subjects were � 18 y old or
animal studies; (5) were not clinical trials; (6) were cross-
over trials; (7) were duplicates; (8) insufficient data; (9)
experimental group did not receive HFNC; (10) control
group did not receive NIV or conventional oxygen ther-
apy; (11) use of HFNC in the postextubation or peripro-
cedural setting; (12) multiple publication; or (13) abstract.

Data Extraction and Risk of Bias Assessment

Two reviewers (HK, ZZ) independently extracted data
from included trials and assessed the risk of bias. Any
disagreement was resolved by discussion. We extracted
the following data from the eligible studies: first author,
publication year, hospital environment, study design, cri-
teria for enrollment, subject characteristics, total number
of participants, intervention description, and outcomes. If
any data were inadequate, we contacted the corresponding
authors by e-mail. The risk of bias of the included RCTs
was assessed with the Cochrane Collaboration Risk of
Bias tool23 and rated as “low,” “unclear,” or “high” in
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several domains. The risk of bias of the included obser-
vational cohort studies was assessed with the Newcastle-
Ottawa scale, which concentrated on 3 domains: selection,
comparability, and outcome. A study could be awarded a
maximum of 9 stars on items and classified as having a
high risk (1–3 points), intermediate risk (4–5 points), or
low risk of bias (6–9 points).24

Outcomes

The primary outcome was intubation rate. The second-
ary outcomes were mortality (ICU mortality, in-hospital
mortality, and 90-d mortality) and ICU-acquired infec-
tions.

Statistical Analysis

We presented the risk ratios (RR) with 95% CIs for
dichotomous outcomes. Values for continuous outcomes
were given as the mean � SD. Meta-analysis was per-
formed using the Mantel-Haenszel random-effects model.
Statistical heterogeneity across trials or subgroups under-
went I2 testing, with values � 50% regarded as being
indicative of moderate-to-high heterogeneity.25 Subgroup
analyses and sensitivity analyses were used to explore the
sources of heterogeneity. A prespecified subgroup analysis
was conducted for the main outcomes (ie, studies that
compared HFNC with NIV versus HFNC with conven-
tional oxygen therapy). We also conducted sensitivity anal-
yses by sequentially omitting one study each time or ex-
cluding nonrandomized studies to identify the potential
influence. We evaluated the possibility of publication bias
by constructing a funnel plot when � 10 studies were
included, and we defined significant publication bias as
P � .05. Statistical analyses were conducted using Review
Manager 5.2 (Cochrane IMS, Oxford, United Kingdom).

Results

Search Results

We identified 832 citations, of which 113 were dupli-
cates (Supplementary Fig. 1; see the supplementary mate-
rials at http://www.rcjournal.com). After screening the ti-
tles and abstracts, 665 records were excluded because they
did not meet the inclusion criteria. We reviewed 54 re-
cords in full, of which 46 were excluded for reasons de-
scribed in the supplemental materials (at http://www.
rcjournal.com). Ultimately, 8 studies involving a total of
2,167 subjects were included in the meta-analysis.1,21,26-31

All of the included studies received informed consent from
each participant and were approved by an ethics commit-
tee or institutional review board.

Study Characteristics and Risk of Bias

The characteristics of the included trials are listed in the
supplementary materials (see http://www.rcjournal.com).
These studies were published between 2015 and 2018. The
sample size varied from 38 to 836 participants. Two stud-
ies were RCTs,21,30 two were post hoc analysis of RCTs,27,29

and four were observational cohort studies.1,26,28,31 Two
studies compared HFNC with both conventional oxygen
therapy and NIV,1,29 two compared HFNC with NIV
only,26,28 and four compared HFNC with conventional ox-
ygen therapy only.21,27,30,31 The assessment of risk of bias
are shown in the supplementary materials (see http://
www.rcjournal.com). Four RCTs showed low risk of bias
in nearly all of the items, however, two were post hoc
analysis of RCTs. Four observational cohort studies were
also of low risk of bias with 7–8 points assessed by the
Newcastle-Ottawa scale. The publication bias was not as-
sessed because of the limited number of included trials.

Intubation Rate, Mortality and ICU-Acquired
Infections

Eight trials1,21,26-31 reported intubation rate (Fig. 1). The
results suggested that HFNC was associated with a signif-
icant reduction in intubation rates compared to the control
(RR 0.83, 95% CI 0.72–0.97, P � .02), with low hetero-
geneity among the studies (�2 � 9.95, I2 � 30%). Poten-
tial heterogeneity was explored with subgroup analysis
(Supplementary Fig. 4; see the supplementary materials at
http://www.rcjournal.com). The results indicated that
HFNC was associated with a reduction of intubation rate
in the subgroup comparing HFNC to conventional oxygen
therapy (6 studies; RR 0.89, 95% CI 0.79–1.00, P � .040;
I2 � 3%), but there was no difference between HFNC and
NIV (3 studies; RR 0.74, 95% CI 0.46–1.19, P � .22;
I2 � 67%); the P � .47 for subgroup differences (comparing
HFNC to conventional oxygen therapy or comparing HFNC to
NIV). We conducted a sensitivity analysis (Supplementary Fig.
5; see the supplementary materials at http://www.rcjournal.
com) by omitting observational trials. The results indicated
HFNC could reduce intubation rates (4 studies; RR 0.87,
95% CI 0.75–1.00, P � .050), with no statistical hetero-
geneity (�2 � 1.22, I2 � 0%). Six studies1,21,26,28,29,31 as-
sessed the effect of HFNC on ICU mortality (Fig. 2).
There were no differences between HFNC and control
group (RR 0.82, 95% CI 0.58–1.17, P � .28), with mod-
erate heterogeneity (�2 � 15.15, I2 � 67%). We per-
formed subgroup analyses and sensitivity analyses to ex-
plore the sources of heterogeneity. Pool analysis showed
that HFNC did not reduce ICU mortality in comparison to
conventional oxygen therapy (4 studies; RR 1.01, 95% CI
0.74–1.36, P � .97; I2 � 59%); the result was consistent
in the subgroup comparing HFNC to NIV (3 studies; RR
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0.61, 95% CI 0.24–1.56, P � .30; I2 � 76%) (P � .32; see
the supplementary materials at http://www.rcjournal.com).
We then conducted sensitivity analysis to explore the po-
tential heterogeneity by excluding nonrandomized studies
(Supplementary Fig. 7; see the supplementary materials at
http://www.rcjournal.com), and we found no differences
in ICU mortality between the HFNC and control group
(2 studies; RR 1.00, 95% CI 0.82–1.23, P � .99), with no

heterogeneity (�2 � 0.21, I2 � 0%). Four studies1,21,26,31

examined in-hospital mortality (Fig. 3), which did not show
significant differences between the 2 groups (RR 0.92,
95% CI 0.74–1.15, P � .48). There was mild heteroge-
neity (�2 � 5.86, I2 � 49%), and this was explored with
subgroup analysis (Supplementary Fig. 8; see the supple-
mentary materials at http://www.rcjournal.com). In the sub-
group comparing HFNC to conventional oxygen therapy,

Study Events Total Total Weight, % M-H, Random, 95% CI
Azoulay 2017
Azoulay 2018
Coudroy 2016
Frat 2016
Lemiale 2015
Lemiale 2016
Roca 2015
Tu 2017

Total (95% Cl)
Total events
Heterogeneity: Tau2 = 0.01; Chi2 = 9.95, df = 7 (P = .19); I2 = 30%
Test for overall effect: Z = 2.39 (P = .02)
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1 2 5

Fig. 1. Forest plot for intubation rate associated with high-flow nasal cannula (HFNC) in immunocompromised subjects with acute respi-
ratory failure.

Study Events Total Total Weight, % M-H, Random, 95% CI
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Azoulay 2018
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Frat 2016
Roca 2015
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Heterogeneity: Tau2 = 0.10; Chi2 = 15.15, df = 5 (P = .01); I2 = 67%
Test for overall effect: Z = 1.08 (P = .28)
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Fig. 2. Forest plot showing the effect of high-flow nasal cannula (HFNC) on ICU mortality of immunocompromised subjects with acute
respiratory failure.

Study Events Total Total Weight, % M-H, Random, 95% CI
Azoulay 2017
Azoulay 2018
Roca 2015
Tu 2017

Total (95% Cl)
Total events
Heterogeneity: Tau2 = 0.02; Chi2 = 5.86, df = 3 (P = .12); I2 = 49%
Test for overall effect: Z = 0.70 (P = .48)
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Fig. 3. Forest plot showing the effect of high-flow nasal cannula (HFNC) on in-hospital mortality of immunocompromised subjects with acute
respiratory failure.
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there was no difference in hospital mortality (3 studies;
RR 0.94, 95% CI 0.73–1.22, P � .66; I2 � 66%). In the
subgroup comparing HFNC to NIV, the result was similar
(2 studies; RR 0.89, 95% CI 0.69–1.16, P � .40; I2 � 0%)
(P � .76). We also conducted sensitivity analysis by
excluding observational cohort studies (Supplementary
Fig. 9; see the supplementary materials at http://www.
rcjournal.com), and the result was consistent (1 study; RR
0.99, 95% CI 0.84–1.17, P � .88). Two studies1,29 as-
sessed 90-d mortality (Fig. 4). There were no differences
in 90-d mortality between the HFNC and control group
(RR 0.98, 95% CI 0.81–1.18, P � .82), with no hetero-
geneity (�2 � 0.96, I2 � 0%). Subgroup analysis sug-
gested that HFNC did not reduce 90-d mortality in com-
parison to conventional oxygen therapy (2 studies; RR
0.99, 95% CI 0.71–1.38, P � .96; I2 � 12%) or NIV
(1 study; RR 0.86, 95% CI 0.68–1.09, P � .22); subgroup
differences P � .50 (Supplementary Fig. 10; see the sup-
plementary materials at http://www.rcjournal.com). Only
2 trials21,27 assessed ICU-acquired infections (Fig. 5). Use
of HFNC had no pronounced effect on ICU-acquired in-
fections (RR 0.86, 95% CI 0.63–1.18, P � .35), with no
heterogeneity (�2 � 0.54, I2 � 0%).

Discussion

ARF is the main reason for ICU admission in immuno-
compromised patients, and it is associated with a high
mortality rate.32 HFNC is easy to apply for the clinical

treatment of these patients, which may reduce work of
breathing, the risk of lung injury, and, potentially, the need
to intubate.16,33 However, compared with conventional ox-
ygen therapy or NIV, the effect of HFNC is still contro-
versial.

Our systematic review and meta-analysis indicated that
the intubation rate was lower with HFNC than with con-
ventional oxygen therapy, whereas no significant differ-
ence was found between HFNC and NIV. We also found
that HFNC did not increase the risk of ICU-acquired in-
fections, although there was no reduction in mortality rates
compared to either control group. Overall, the results dem-
onstrated that HFNC could be an alternative to NIV, with
a lower intubation rate in immunocompromised subjects
compared to conventional oxygen therapy. The results were
consistent with other meta-analyses of all kinds of ARF
patients, not just limited to immunosuppressed subjects.34,35

The lower intubation rate in the subgroup comparing
HFNC to conventional oxygen therapy could be due to
several reasons. First, HFNC’s physiologic effect of re-
ducing dead space contributes to better carbon dioxide
clearance.36,37 Second, the heated and humidified gas can
maintain functional mucociliary clearance to avoid muco-
sal injury and improve patient comfort.15 Third, the tech-
nique generates PEEP of 2–4 cm H2O, which keeps alve-
oli open and improves gas exchange.38,39 Finally, high
inspiratory flow reduces inspiratory effort and resistance.40

In summary, HFNC may reduce the need for intubation by
increasing oxygenation and reducing inspiratory effort.41

Study Events Total Total Weight, % M-H, Random, 95% CI
Azoulay 2017
Frat 2016

Total (95% Cl)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.96, df = 1 (P = .33); I2 = 0%
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Fig. 4. Forest plot showing the effect of high-flow nasal cannula (HFNC) on 90-d mortality of immunocompromised subjects with acute
respiratory failure.
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Fig. 5. Forest plot showing the effect of high-flow nasal cannula (HFNC) on ICU-acquired infections of immunocompromised subjects with
acute respiratory failure.
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Moreover, we found that HFNC did not increase ICU-
acquired infections compared with conventional oxygen
therapy. Given that intubation increases the risk of severe
complications such as ventilator-associated pneumonia in
immunosuppressed patients,42 it is necessary to use non-
invasive oxygen strategies to avoid intubation and reduce
the potential for ICU-acquired infections.

Our results indicate that there was no significant differ-
ence in intubation rates between HFNC and NIV. We
hypothesized that both HFNC and NIV have similar phys-
iological characteristics, such as generating PEEP, pre-
venting alveolar collapse, reducing dead space, and im-
proving gas exchange.37,43,44

However, we found that HFNC did not reduce mortality
rates compared with conventional oxygen therapy or NIV,
possibly because many factors relate to mortality, includ-
ing underlying immune status, which can affect patient
outcomes. For one thing, the underlying immune status
can affect patient outcomes. For example, patients who are
frequently immunocompromised may be prone to a poor
prognosis, and45 outcomes can be swayed to some extent
by different causes of immunosuppression. For instance,
some studies report lower mortality in transplant recipients
compared to the cancer patients.1,31,32 Older age, higher
Simplified Acute Physiology Score II, and worse organ
function have been associated with higher mortality.45,46

HFNC, conventional oxygen therapy, and NIV each have
their strengths, and outcomes probably depend not only on
how oxygen is delivered, but also on underlying diseases
and patients’ response to different therapies. Therefore,
other patient conditions should also be taken into consid-
eration when choosing oxygen therapy (eg, PaCO2

levels,
device tolerability, underlying disease, etc). Our findings
were different from 2 meta-analyses published in 2018,
which reported that HFNC could reduce mortality com-
pared with conventional oxygen therapy or NIV.18,19 We
attributed the difference to the fact that we were more
strict in our study selection and we included a recent high-
quality, large-scale trial done by Azoulay et al.21 This RCT
suggested that oxygenation strategies may not be the op-
timal method to improve survival in immunocompromised
subjects with ARF.21 Therefore, assessment of patient co-
morbidities before HFNC application is extremely impor-
tant, and it may reduce mortality rates.

NIV is commonly used in immunocompromised patients
with ARF as the first-line ventilation strategy.9 In our
meta-analysis, however, the impact of HFNC on outcomes
was similar to NIV. Moreover, using NIV with a face
mask can generate high tidal volumes, which may result in
ventilator-induced lung injury.47 HFNC also has other
strengths compared to NIV, including easier application
and an interface that does not affect eating and talking.47

HFNC also provides more precise FIO2
and low-level PEEP,

which can improve oxygenation and may reduce lung in-
jury, respectively.17

Potential heterogeneity could be detected in short-term
mortality (ICU mortality and in-hospital mortality). Sub-
group analysis was used to explore the source of hetero-
geneity. The results showed that subgroup analyses that
compared HFNC with NIV or conventional oxygen ther-
apy couldn’t explain the heterogeneity. The possible rea-
sons might be the small number of studies, included non-
randomized trials, and the risk of bias in some domains.
Hence, we cannot confidently conclude that the effect of
HFNC on short-term mortality was similar between sub-
groups. We performed sensitivity analyses by excluding
any observational studies, and determined statistical het-
erogeneity could not be detected, with no change in our
results. This finding suggests that the included non-ran-
domized trials had potential impact on the outcomes and
our results were reliable.

To our knowledge, this is the latest meta-analysis that
evaluates the impact of HFNC on preventing intubation in
immunocompromised subjects with ARF, comparing
HFNC to conventional oxygen therapy or NIV. The results
were partially consistent with a recently published system-
atic review20 that only compared HFNC with conventional
oxygen therapy, without comparing HFNC with NIV.

Our review has the advantage of including more high-
quality, large-scale trials that focus on immunosuppressed
subjects, with a comprehensive analysis comparing HFNC
to both conventional oxygen therapy and NIV. Neverthe-
less, this meta-analysis has some limitations. First, the
sample size was insufficient (n � 50) in 2 included trials.
More large, high-quality studies are required in the future.
Second, due to the limited number of relevant studies,
observational cohort studies were also included in our meta-
analysis, which may affect the quality of outcomes. How-
ever, we conducted sensitivity analyses by omitting these
observational studies and found results consistent with pre-
vious research, suggesting that our findings are reliable.
The low risk of bias of included observational studies may
account for the result. Third, we did not explore the effect
of HFNC on dyspnea, comfort, and respiratory rate be-
cause there were not enough trials and these were usually
considered weaker outcomes.48 Future research should also
focus on these important but easily overlooked outcomes.
Finally, given the lack of available individual subject data,
we were unable to assess the effect of immune status,
underlying comorbidity, severity of disease, and age on
subjects’ clinical outcomes. Future research should con-
centrate more on these individual subjects’ characteristics.

Although our study did not support the view that HFNC
could reduce mortality, it can be considered as an alterna-
tive noninvasive support for immunocompromised patients
with ARF to potentially avoid premature intubation. The
only concern was that HFNC may lead to unnecessary
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delays in intubation.12 Because delayed intubation is as-
sociated with increased mortality in patients treated with
HFNC,49 closely monitoring patients’ responses to HFNC
is important. Many indicators can predict the risk of HFNC
failure at an early stage, such as continued tachypnea, poor
oxygenation, and persisting thoracoabdominal asyn-
chrony.50 Monitoring patient response to HFNC from the
beginning is conducive to individualized treatment. If gas
exchange and respiratory rate are not obviously improved
within a few hours, intubation should be initiated as soon
as necessary.51

Conclusions

HFNC may be a feasible alternative to NIV for reducing
intubation rates compared to conventional oxygen therapy,
without detrimental effects on ICU-acquired infections.
However, compared with other noninvasive oxygen ther-
apies, HFNC did not reduce mortality in immunocompro-
mised subjects with ARF. The choice of the 3 types of
noninvasive oxygen therapies should also be based on the
underlying disease and patients’ response to therapy. If
necessary, intubation should be initiated without delay.
Taken together, better patient selection, improvement in
noninvasive oxygen strategies, and earlier recognition of
HFNC failure may improve patient prognosis. Because
there are some limitations in our meta-analysis, further
high-quality RCTs should be performed to confirm the
effects of HFNC on the immunocompromised population.
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