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Background: Noninvasive ventilation (NIV) is recommended as the first-line respiratory support method for pa-
tients with hypercapnic respiratory failure (HRF). However, the need for well-trained operators and the occur-
rence of treatment discomfort may limit its efficacy. High-flow nasal oxygen therapy (HFNO) is a convenient
respiratory support with user-friendly operation, high comfort, and good compliance. This systematic review and
meta-analysis was performed to compare the therapeutic effects of HFNO and other noninvasive respiratory
support methods [NIV or conventional oxygen therapy (COT)] in patients with acute HRF (AHRF) or chronic HRF
(CHREF).

Methods: We searched the PubMed, Web of Science, Embase, and Cochrane Library databases from inception to
May 2024 to identify randomized clinical trials comparing the impact of HFNO and NIV/COT in adults with HRF.
Results: Sixteen studies (1630 patients) were included. Compared with NIV, HFNO did not improve the primary
outcome of PaCO; in patients with AHRF or CHRF [AHRF: MD = —0.81, 95 % CI = —3.40 to 1.77; CHRF: MD =
1.82, 95 % CI = 0.44 to 3.20]. However, HFNO showed advantages over COT (AHRF: MD = —2.03, 95 % CI =
—3.48 to —0.59; CHRF: MD = —2.64, 95 % CI = —4.24 to —1.03).

Conclusions: The evidence of its clinical efficacy in hypercapnic patients remains inconclusive. Further studies are
needed to generate more evidence for the application of HFNO in patients with HRF and to determine the subset
of patients for whom may be preferable.

1. Background

Noninvasive ventilation (NIV) has been used to treat acute respira-
tory failure for more than 30 years, and it is undoubtedly one of the most
important advances in respiratory support [1]. With the progress made
in ventilation modes and interfaces, NIV has become an essential res-
piratory support method in the hospital setting, and it is widely applied

in the fields of critical and respiratory medicine, emergency care,
anesthesia, rehabilitation, and long-term home care [1-3]. NIV is rec-
ommended as the first-line respiratory support method for patients with
acute exacerbations of chronic obstructive pulmonary disease
(AECOPD) who develop acute hypercapnic respiratory failure (AHRF).
In addition, increasingly more evidence is indicating that long-term
home NIV is beneficial for patients with chronic hypercapnic COPD
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[3-5]. However, the foundation of effective application of NIV is the
cooperation with the ventilator and the avoidance of respiratory adverse
events [6,7]. Therefore, optimization of the ventilator parameter set-
tings and the availability of well-trained operators are necessary.

High-flow nasal oxygen therapy (HFNO) is a novel respiratory sup-
port approach that can generate a certain pressure to reduce the respi-
ratory workload, provide a stable oxygen concentration, and improve
oxygenation [8]. HFNO can also enhance the anatomical dead space
washout by high flow rates and reduce the rebreathing of exhaled car-
bon dioxide [8]. Compared with NIV, HFNO provides greater comfort,
has better compliance, and is associated with few respiratory adverse
events, and these advantages may improve the treatment time and
clinical outcomes [9]. Several studies have recently been performed to
explore the application of HFNO in patients with AHRF or chronic HRF
(CHREF). Li et al. [10] reported that HFNO can improve the prognosis (i.
e., reduce the incidence of treatment failure) of patients with compen-
sated AHRF due to AECOPD when compared with conventional oxygen
therapy (COT). Another study showed that compared with long-term
oxygen therapy, home HFNO could reduce the frequency of moderate
and severe exacerbation of CHRF over a 52-week period [11]. However,
the airway pressure generated by HFNO is low, unstable, uncontrollable,
and influenced by many factors [8,12]. Theoretically, therefore, NIV
may be superior to HFNO in terms of reducing the respiratory workload,
improving oxygenation, and accelerating carbon dioxide removal.

NIV remains the first-line treatment for patients with HRF [2,3].
However, with the extensive use and emerging evidence of HFNO in
clinical practice, effective patient selection and the optimal treatment
initiation time between different noninvasive respiratory support
methods require further clarification. Therefore, we performed this
systematic review and meta-analysis of current studies to compare the
therapeutic effects of HFNO and other noninvasive respiratory support
methods (NIV or COT) in patients with AHRF and CHRF.

2. Methods

This meta-analysis was registered in the International Prospective
Register of Systematic Reviews (PROSPERO, CRD: 42022343499). It
was written in accordance with the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis Protocols 2015 statement (PRISMA-
P). [13]

2.1. Study inclusion criteria

Only randomized studies, comparing the efficacy of HFNO with NIV
or COT in adult patients with AHRF/CHREF in pairs, were included in this
meta-analysis. Studies that did not utilize non-invasive respiratory
support for curative interventions, such as post-extubation or rehabili-
tation, were excluded. HFNO delivered high flow rate (up to 60L/min) of
heated and humidified air-oxygen mixture through a nasal cannula. NIV
provided positive pressure ventilation through a noninvasive interface
(mask or helmet), and ventilation mode was bilevel positive airway
pressure ventilation. COT was delivered through a traditional nasal
cannula or venturi mask.

2.2. Outcomes

The primary outcome of this study was arterial partial pressure of
carbon dioxide (PaCO,). Important continuous secondary outcomes
include: (1) respiratory-related indicators such as arterial partial pres-
sure of oxygen (PaO,), oxygen saturation (SpO3), pH, respiratory rate
(RR) and heart rate (HR); (2) questionnaires such as Borg, St. George’s
Respiratory Questionnaire (SGRQ) and comfort score; (3) duration of
different respiratory support treatments or hospital stay; (4) exercise
capacity: six-minute walk distance. Dichotomous outcomes include: the
incidence of acute exacerbation, endotracheal intubation, treatment
failure (endotracheal intubation or intolerance to the allocated
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treatment) and mortality.
2.3. Search strategy

Four databases: PubMed, EMBASE, Web of Science and Cochrane
Central Register of Controlled Trials (CENTRAL) were searched from
their inception to 1 May 2024. The literatures were limited to English.
Detail of the search terms was presented in the Supplementary. Un-
published studies were searched through ClinicalTrials.gov and the
World Health Organization International Clinical Trials Registry Plat-
form Search Portal (http://apps.who.int/trialsearch/).

2.4. Study selection and data collection process

All previously searched literatures were imported into EndNote
Version X9.1 software. Duplicate inclusions were screened out and
deleted. Two investigators (JY and QY) independently checked titles and
abstracts of imported articles, which met the eligibility criteria were
downloaded. Two principal investigators (JY and QY) read important
articles and decided whether to include them according to the inclusion
criteria independently. If there was a disagreement between the two
investigators, a third investigator (LG) provided comments and decided
whether to include them or not finally. The reasons for studies being
excluded were explained in detail. The data were independently
extracted from the studies by two researchers (JY and QY) using a
predesigned data extraction form.

2.5. Study quality assessment

The Cochrane Collaboration’s tool, a classic quality assessment tool,
was used to assess the risk of bias of included studies, and was finished
independently by two investigators (ZF and SS). Disagreements were
first be dealt with discussion between two investigators, and a third
investigator (LG) would provide advice when agreement cannot be
reached.

2.6. Data analysis

Analyses was finished primarily by using RevMan software (version
5.4.1). Treatment effect was estimated by using a generic inverse vari-
ance method. For continuous outcomes, the standardized mean differ-
ence with 95 % confidence intervals was used. When standardized mean
differences were not reported, it can be calculated based on other
message reported in the study, for example, t-statistics or p values.
Dichotomous outcomes were described using the odds ratio (OR) with
95 % confidence intervals. For randomized crossover studies, the
treatment effect measure was obtained by using a generic inverse vari-
ance approach if applicable. Otherwise, the analysis would be performed
based on the first period. Heterogeneity was assessed by the Cochran Q
statistic and the I? statistic. I2 values greater than 50 % was regarded as
substantial heterogeneity. If I values < 50 %, fixed-effect model was
used. The source of heterogeneity was explained by subgroup analysis,
sensitivity analysis, or the use of a random-effects model when signifi-
cant heterogeneity (I > 50 %) was discovered. If significant heteroge-
neity could not be adequately explained, meta-analysis could be
replaced by descriptive or qualitative summaries [14]. When some us-
able data were missing, researchers could obtain them by emailing the
original authors. [14-16]. But if the missing data could not be reached,
the guidelines of the Cochrane Handbook for Systematic Reviews of
Intervention was referenced to solve the problem [14].

2.7. Additional analyses
Possible sources of heterogeneity will be determined by subgroup

analysis based on the short or long-term (> 3 months) treatment effects
and presence of acidosis at baseline. Sensitivity analyses will also be
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performed to detect sources of heterogeneity. If quantitative synthesis
was not appropriate, a systematic review will be used. When the final
number of included studies was over than ten, publication bias was
assessed by the funnel plot. In addition, to evaluate the reported bias,
researchers searched the database of the registration scheme mentioned
above to confirm whether the pre-specified results of the study have not
yet been reported.

3. Results

In total, 2631 studies were identified through an initial database
search. Of these 2631 studies, 2606 were excluded by checking the titles
and abstracts. The reasons for exclusion are shown in the flowchart. The
full text of the remaining 25 studies were downloaded and assessed. Of
these 25 studies, 6 were not designed as expected and 3 did not meet the
study design requirement. Finally, the remaining 16 trials were included
in the final analysis (Fig. 1) [10,11,17-30].

3.1. Descriptions and quality assessment of studies

All 16 studies (1630 patients) compared the outcomes of HFNO
versus NIV or COT. Nine studies involved treatment of AHRF, and seven
involved treatment of CHRF. Among the nine studies of AHRF, six (435
patients) compared the efficacy of HFNO versus NIV and three (710
patients) compared the efficacy of HFNO versus COT. Among the seven
studies of CHRF, three (264 patients) compared the efficacy of HFNO
versus NIV and four (221 patients) compared the efficacy of HFNO
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versus COT. The details of each study are summarized in Table 1. The
quality assessment results of the 16 studies are shown in Fig. 2.

3.2. Effects of interventions

The results of the interventions for the two categories of patients
(AHRF and CHRF) are detailed below.

4. AHRF
4.1. HFNO vs. NIV

4.1.1. Primary outcome

The meta-analysis of the six studies that compared HFNO and NIV in
patients with AHRF showed no significant difference in PaCO; [pooled
mean difference (MD) = —0.81, 95 % confidence interval (CI) = —3.40
to 1.77,p = 0.54, 1?=39%],ata pH of either < 7.35 (MD = 0.19, 95 %
Cl=-2.78t03.16,p =0.90, 2=47 %) or >7.35 (MD = —3.97, 95 % CI
=-9.24 t0 1.30, p = 0.14, I? = 0 %) (Fig. 3a).

4.1.2. Secondary outcomes

There was a significant difference between HFNO and NIV in SpO;
(pooled MD = 1.03, 95 % CI = 0.29 to 1.76, p = 0.006, 2 =15 %)
(Fig. 3b). Additionally, a trend favoring the improvement in the pH by
NIV was detected (pooled MD = —0.01, 95 % CI = —0.02 to 0.00, p =
0.14, I = 0 %) (Fig. 3c). No benefits of HFNO over NIV were obtained
with respect to PaOo, RR, heart rate (HR), Borg scale score for perceived
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Fig. 1. The PRISMA flow diagram.
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Table 1
Characteristics of studies included in the meta-analysis.
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Author Year Study Patient population
design

Sample HFNO  NIV/ Parameters setting
size COT

Nilius, et al. 2016 RCC Stable hypercapnic COPD patients.

Nilius, et al. 2017 RCC Stable hypercapnic COPD patients.
Pisani, et al. 2017 RCC Stable hypercapnic COPD patients.

Lee, et al. 2018 RCT AECOPD with moderate decompensated
hypercapnic AHRF

Nagata, et al. 2018 RCC Stable hypercapnic COPD patients
receiving LTOT for a minimum of 16
hours per day for at least 1 month.

Sklar, et al. 2018 RCC Cystic fibrosis with compensated
hypercapnic AHRF

Braunlich, et al. 2019 RCC Stable hypercapnic COPD patients

Cong, et al. 2019 RCT AECOPD with hypercapnic AHRF

Longhini, et al. 2019 RCC AECOPD with compensated hypercapnic
AHRF

McKinstry, et al. 2019 RCC Stable hypercapnic COPD patients

Cortegiani, et al. 2020 RCT AECOPD with decompensated
hypercapnic AHRF

Li, et al. 2020 RCT AECOPD with compensated hypercapnic
AHRF

Papachatzakis, 2020 RCT Hypercapnic AHRF

et al.

Rezaei, et al. 2021 RCC AECOPD with decompensated
hypercapnic AHRF

Nagata, et al. 2022  RCT Stable hypercapnic COPD patients

Xia, et al. 2022  RCT AECOPD with compensated hypercapnic
AHRF

30 15 15 The initial HFNO flow rate was set at 35 L/min. Setting of
COT was not described.

40 20 20 Settings of HFNO and COT were not described.

28 14 14 HFNO was delivered at a flow rate of 30 L/min. NIV was set
at pressure support ventilation mode, the IPAP was set
according to the patient’s tolerance and to avoid tidal
volume >7 ml/kg. The EPAP was set to 4 cmH,0.

88 44 44 HFNO was initiated at FiO, > 50 % and a flow of 35 L/min,
titrating flow upward if tolerated to 45-60 L/min. NIV was
initiated in the S/T mode supplied with an identical mask,
with pressure-support level was adjusted to obtain an
expired tidal volume of 7-10 mL/kg of predicted body
weight. The EPAP was set at 5 cm H,0. The FiO, was
subsequently adjusted to maintain an oxygen saturation of
92 % or more.

58 29 29 HFNO was used for > 4 h/night during sleep at flow rates of
30-40 L/min and at 37 °C. The flow rate of COT was adjusted
according to SpO, > 88 %.

30 15 15 HFNO was set to a maximal inspiratory flow rate of 55 L/min
as tolerated. NIV settings were adjusted based on
oxygenation, arterial blood gases and patient tolerance and
full face mask was equipped. FiO, was adjusted to achieve a
SpO,, of at least 92 %

188 94 94 HFNO flow rate was set at 20L/min.

NIV pressure settings were adjusted to achieve optimal
tolerability and PaCO, reduction.

168 84 84 HFNO flow rate was set at 30-35L/ min. NIV was delivered
through face or nasal mask and initiated at IPAP of 10 cm
H,0 and EPAP of 5 cm H5O0, titrated by patient symptoms
and oxygenation.

60 30 30 HFOT flow rate was set at 50 L/min. COT was delivered with
a Venturi mask. FiO, was set to maintain SpO, between 90 %
and 94 %

48 24 24 HFNO was delivered at a flow rate of 45 L/min.

NIV was delivered at an IPAP of 15 cmH,0 and EPAP of 4
cmH>0

79 40 39 HFNO flow rate was initially set at 60L/min and down-
regulated to the most tolerated setting. NIV set at pressure
support ventilation mode, EPAP 3-5 cm H,0, and titrated
inspiratory pressure to achieve expiratory tidal volume equal
to 6-8 mL/kg of ideal body weight, through full face or oro-
nasal mask. The FiO, was set to maintain a SpO, target
between 88-92 %

320 160 160 The flow rate of HFNO was adjusted according to tolerance.
Patients were instructed to use HFNO for at least 15 h per
day, and the total treatment time had to be no less than 5 d.
COT was delivered via nasal prongs for at least 15 h per day.
SpO, was to maintain between 90 % to 93 %.

40 20 20 HFNO flow rate was initiated at 35L/min and titrated up as
tolerated to 45-50L/min for SaO, > 90 %. NIV was initiated
at S/T mode with pressure titrated by patient tolerance and
supplied with an identical set of masks. SaO, was targeted to

> 90 %.

30 15 15 HFNO initiated at flows of 15-35L/min. Settings of NIV was
not described.

93 47 46 HFNO was used for > 4 h/night during sleep at flow rates of

30-40 L/min combined with LTOT.
The flow rate of COT was adjusted to SpO, > 88 %.

330 158 172 The initial HFNO flow rate was set to 25 L/min and gradually
increased to maximum tolerance. COT flow rate (1-5 L/min)
was titrated to maintain an SpO5 of 90-95 %.

HFNO: high-flow nasal oxygen therapy; NIV: noninvasive ventilation; COT:
controlled cross-over trial; RCT: randomized controlled trial; AECOPD: acute

conventional oxygen therapy; LTOT: long-term oxygen therapy; RCC: randomized
exacerbations of chronic obstructive pulmonary disease; AHRF: acute hypercapnic

respiratory failure; IPAP: inspiratory positive airway pressure; EPAP: expiratory positive airway pressure; FiO,: fraction of inspiration O,; SpO,: peripheral oxygen

saturation; SaO,: arterial oxygen saturation.

exertion, visual analogue scale (VAS) for comfort, respiratory support
duration, hospital stay, mortality, rate of endotracheal intubation, or
treatment failure. A trend favoring NIV of reducing treatment failure
could be detected in the subgroup of pH < 7.35 (OR = 1.31, 95 % CI =
0.67 to 2.55, p = 0.26, ? =21 %) (Figure S1h). All results for the sec-
ondary outcomes are shown in the Supplementary Material.

4.2. HFNO vs. COT

4.2.1. Primary outcome

A significant difference in PaCO, favoring HFNO was found when
compared with COT in patients with AHRF (MD = —2.03, 95 % CI =
—3.48 to —0.59, p = 0.006, I? = 0 %) (Fig. 4a).
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Fig. 2. The quality assessments of randomized controlled trials using risk of bias tool recommended by the Cochrane Collaboration.

4.2.2. Secondary outcomes

Significant differences in the pH and VAS score for comfort were
found between HFNO and COT (pH: MD = 0.01, 95 % CI = 0.00 to 0.02,
p = 0.004, 2=0 %; VAS comfort score: MD = 1.86, 95 % CI = 1.35 to
2.37,p < 0.02, 2 = 82 %) (Fig. 4b, 4c). Additionally, HFNO tended to
decrease the rate of treatment failure (OR = 0.74, 95 % CI = 0.52 to
1.05,p =0.10, 12 =50 %) (Fig. 4d). However, the other outcomes (PaOs,
SpO3, RR, and duration of hospital stay) showed no significant differ-
ences between HFNO and COT.

5. CHRF
5.1. HFNO vs. NIV

5.1.1. Primary outcome

Significant differences in PaCO, were found between HFNO and NIV
for both the overall effect (pooled MD = 1.82, 95 % CI = 0.44 to 3.20, p
=0.01, I? = 0 %) and short-term effect (MD = 2.62, 95 % CI = 0.28 to
4.96, p = 0.03, 2 = 0 %). However, only a trend was found in favor of
the long-term effect of NIV (MD = 1.40, 95 % CI = —0.30 to 3.10, p =
0.11). (Fig. 5a)

5.1.2. Secondary outcomes

There was no significant effect on any of the secondary outcomes
(Pa0,, SpO,, and pH) except for the VAS comfort score (pooled MD =
2.35, 95 % CI = 1.50 to 3.20, p < 0.00001, I? = 21 %) (Fig. 5b) and a
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trend of relieving dyspnea (pooled MD = 0.07, 95 % CI =-0.01 to 0.15, p
= 0.07, I = 0 %) (Figure S3d).

5.2. HFNO vs. COT

5.2.1. Primary outcome

The meta-analysis showed a statistically significant effect of HFNO
on PaCO; (pooled MD = —2.64, 95 % CI = —4.24 to —1.03, p = 0.001, 2
= 25 %). The subgroup analysis showed that compared with COT, HFNO
was associated with a significantly lower PaCOs in the long term (MD =
—3.05, 95 % CI = —4.79 to —1.30, p = 0.0006, I? = 23 %), but no sig-
nificant effect was found in the short term (MD = —0.40, 95 % CI =
—4.48 to 3.68, p = 0.85). (Fig. 6a)

5.2.2. Secondary outcomes

A significant difference was found in the pH (pooled MD = 0.02, 95
% CI = 0.01 to 0.02, p < 0.0001, I? = 26 %).(Fig. 6b) Significant dif-
ferences in the exacerbation rate and quality of life were found between
HFNO and COT for long-term home use (rate of exacerbation: OR =
—0.15, 95 % CI = —0.28 to —0.02, p = 0.02, I = 0 %; SGRQ: MD =
—8.30,95 % CI = —11.45 to —5.15, p < 0.00001, I? = 0 %) (Fig. 6¢, 6d).
However, there was insufficient evidence to demonstrate that HFNO
improved the exercise ability, SpO2 and PaO, compared with COT.
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1.51pH < 7.35
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Fig. 3. Forest plots of effect of HFNO compared to NIV on PaCO,, (3a), SpO, (3b) and pH (3c) in treating AHRF, and stratified by the presence of acidosis at baseline.
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Fig. 4. Forest plots of effect of HFNO compared to COT on PaCO; (4a), pH (4b), comfort scale (4c) and rate of treatment failure (4d) in treating AHRF.

6. Discussion

This systematic review and meta-analysis was performed to explore
the treatment effect of HFNO for AHRF and CHRF. Compared with NIV,
HFNO significantly improved SpO; in patients with AHRF, but its effect
on blood gases, RR, HR, dyspnea, length of hospital stay, intubation rate,
and in-hospital mortality was uncertain. Furthermore, although HFNO
improved PaCO,, pH, and comfort and tended to reduce treatment
failure, it did not improve oxygenation, RR, HR, dyspnea, or length of
hospital stay compared with COT. In the treatment of CHRF, HFNO
provided greater comfort but was inferior to NIV in improving PaCOs.
No significant difference was found in pH, HR, RR, SpOs, or dyspnea. In
addition, when compared with COT, HFNO provided greater improve-
ment of PaCO,, pH, health-related quality of life, comfort, and the
exacerbation rate.

Emerging evidence supports the application of HFNO for patients
with hypoxic respiratory failure, but the evidence for patients with acute
and chronic hypercapnia remains insufficient and controversial [31,32].

Considering the potential effects of HFNO (flushing of the anatomical
dead space, a low level of pressure support, and humidification of the
airway) [8] and the performance of several large-scale randomized
controlled trials demonstrated the treatment effects of HFNO, increas-
ingly more researchers are focusing on the application of HFNO in pa-
tients with HRF. Several meta-analyses have compared the efficacy of
HFNO versus NIV in patients with COPD, but few have focused on pa-
tients with hypercapnia because of the limited number of such studies
[33,34]. In contrast to previous meta-analyses, we first summarized the
randomized controlled trials of HFNO versus NIV or COT for both AHRF
and CHRF as growing evidence emerged. This study design was chosen
to provide more evidence for the application of HFNO in patients with
HRF.

The characteristic features of decompensated AHRF caused by
AECOPD are decreased alveolar ventilation and high respiratory work-
load. NIV can improve alveolar ventilation and reduce the inspiratory
load, thus improving PaCO and pH and avoiding further progression of
respiratory failure [35]. Therefore, NIV is recommended as the preferred

125

Descargado para Daniela Zufliga Agiiero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



L. Guan et al.

European Journal of Internal Medicine 134 (2025) 119-129

a HFNC NIV Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.7.1 short-term
MeKinstry 2019 2.8 1.2458 24 24 3M.B8% 2.80[0.36,5.24] ——
Pisani 2017 05 42592 14 14 27% 0.50[-7.85, 885 —
Subtotal (95% CI) 38 38 34.5% 2.62[0.28, 4.96] <
Heterogeneity: Chi*= 027, df=1 {P=0.60);, F=0%

Test for averall effect Z= 219 (P =003}

1.7.2 long-term

Braunlich 2019 1.4 08674 44 50 65.5% 1.40[-0.30,3.10] -

Subtotal (95% CI) 44 50 65.5% 1.40[-0.30,3.10] >
Heterogeneity: Mot applicable

Testfor overall effect Z=1.61 (P=0.11)

Total (95% CI) 82 88 100.0% 1.82[0.44, 3.20] L
Heterogeneity: Chi®= 0495, df=2 (P=062);, F=0% _1'0 '5 0 é 1'E|

Testfor averall effect 2= 259 (P =0.010)
Testfor subaroup differences: Chi*=068. df=1(P=0411.F=0%

Favours [HFMC] Favours [NIV]

b HFNC NIV Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mekinstry 2019 251 04576 24 24 90.3% 251 [1.61,3.41]
Fisani 2017 0.864 1.3924 14 14  97% 0.86[1.87,3.59 -1
Total (95% CI) 38 38 100.0% 2.35[1.50, 3.20]
Heterogeneity: Chi*=1.26, df=1 {P=0.26), F=21% _1'0 '5 ] é 1IIZI

Testfor averall effect: 2= 540 (P = 0.00001)

Favours [MNIV] Favours [HFMC]

Fig. 5. Forest plots of effect of HFNO compared to NIV on PaCO, (5a) and comfort scale (5b) in treating CHRF, and stratified by short or long-term efficacy.

noninvasive respiratory support strategy [2]. Although the present study
showed no difference between HFNO and NIV in improving PaCO5 and
pH, the baseline PaCO; of the patients in the study by Rezaee and Lee
[20,29] were quite different between the two groups, and this covariate
was not adjusted for when determining the treatment outcome, thus
exaggerating the role of HFNO in reducing PaCO,. When performing the
sensitivity analysis of excluding these two studies, NIV showed a trend of
reducing PaCO; in the subgroup of patients with a pH of <7.35 (MD =
2.36, 95 % CI = —1.40 to 6.13, p = 0.14).

Theoretically, NIV should reduce the respiratory load and lower the
RR with improved breathing patterns. However, this meta-analysis
showed no significant difference in the Borg scale score between the
two groups in AHRF. Some studies showed that the RR was more rapid in
the NIV group, indicating that some patients did not cooperate well with
the ventilator and that patient-ventilator asynchrony and intolerance
might have occurred. Moreover, patients’ actual daily NIV usage cannot
be guaranteed, and the ventilator parameters of the included studies
were set according to the patients’ tolerance without dynamic adjust-
ment. Hukins et al. [36] reported a dose-response relationship between
NIV usage and in-hospital mortality in patients with AHRF. In another
study, optimization of the NIV settings according to the flow and pres-
sure waveforms of the ventilator increased the success rate of initiating
NIV treatment [37]. Because the decreased treatment duration and
discomfort may limit the efficacy of NIV, patients must be closely
monitored during NIV and the ventilator settings should be promptly
optimized when respiratory adverse events occur. All the
above-mentioned factors might explain why NIV was not found to be
superior to HFNO. Further studies should focus on patient selection and
optimum use of NIV. Considering the current high-quality evidence for
using NIV to treat decompensated AHRF [2], HFNO still could not be the
first-choice treatment for AHRF until more evidence has been estab-
lished. In addition, the role of HFNO as an alternative treatment for NIV
intolerance or respiratory support during NIV interruption requires
more evidence.
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The use of NIV to prevent respiratory acidosis in patients who have
AHRF with a normal pH is not recommended [2]. Whether patients with
compensated AHRF can benefit from receiving HFNO needs further
exploration. This meta-analysis compared the clinical efficacy of HFNO
and COT in patients with compensated AHRF. The results indicated that
HFNO could better improve the short-term physiological parameters
and tended to reduce treatment failure. However, Xia et al. [30] re-
ported that compared with COT, HFNO could not reduce the need for
intubation in patients who had AECOPD with non-acidic mild hyper-
capnia. HFNO also increased the length of hospital stay and hospitali-
zation expenses. This might have occurred because patients with lower
PaCO;, levels were included in the study and the daily usage of HFNO
was short. Although HFNO is a promising noninvasive respiratory sup-
port strategy in hospitals with insufficient conditions because of its
simplicity and potential physiological effects, it is still necessary to
explore the appropriate patient selection, proper application, and
optimal escalation therapy timing in future studies.

All randomized controlled trials of HFNO for treatment of CHRF to
date have involved patients with COPD. With high-intensity NIV being
used for patients with chronic hypercapnic COPD, long-term home NIV
has gradually become the first choice for respiratory support [3,38].
However, the successful initiation and application of NIV depends on the
proper procedure of optimizing the ventilator settings, appropriate pa-
tient selection, and availability of a follow-up service during long-term
home use when problems occur. Jolly et al. [39] analyzed the data
from a real-world cohort to evaluate the quality of home NIV initiation.
The results showed that only 9 % of patients could successfully initiate
home NIV, indicating that successful home NIV initiation is rarely ach-
ieved in real life. Therefore, effective long-term home NIV requires a
professional follow-up service to regularly evaluate patient tolerance
and treatment efficacy of home NIV. HFNO is expected to become a
novel noninvasive respiratory support technique for patients with CHRF
because of its simplicity, good adherence, and potential physiological
effects. The present meta-analysis showed that although HFNO provided
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Fig. 6. Forest plots of effect of HFNO compared to COT on PaCO, (6a), pH (6b), exacerbation rate (6¢) and quality of life (6d) in treating CHRF, and stratified by

short or long-term efficacy.

greater comfort than NIV, it was inferior to NIV in improving blood
gases. Only one study compared the long-term clinical effects of these
two strategies on patients’ health-related quality of life, exacerbation,
and survival [23]. Although this study detected no significant differ-
ences in the long-term clinical outcomes between these two groups, the
follow-up duration was only 6 weeks, and the treatment compliance of
patients in the NIV group was low (average of 3.9 h/day); this was
considerably lower than the recommend usage time for patients who
have COPD with CHRF (6 h/day), affecting the therapeutic efficacy of
NIV. Compared with COT, HFNO not only improved short-term
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parameters such as comfort and blood gases but also improve
health-related quality of life and the frequency of exacerbations. How-
ever, the baseline PaCO; of patients included in the two studies con-
ducted by Nagata et al. [11,21] were relatively low (approximately 10
mmHg lower than the previous studies of NIV for chronic hypercapnic
COPD), suggesting that the patients had relatively mild CHRF. There-
fore, the results should be cautiously extrapolated to patients with a
higher PaCO, to prevent delaying the use of NIV treatment. Large-scale,
long-term studies are needed to further explore the proper application
timing of HFNO and identify suitable patients with CHRF.
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This study had several limitations. First, the number of included
studies was limited, and high-quality studies were lacking. Second, only
a few large-scale studies were included, and the total number of patients
was too low for a subgroup analysis of patients with different charac-
teristics. Third, funnel plots could not be performed to check for publi-
cation bias because of the small number of included studies.

In conclusion, despite the growing amount of clinical data regarding
the use of HFNO in patients with HRF, the evidence of its clinical efficacy
compared with NIV in hypercapnic patients is inconclusive. Low-quality
evidence shows that HFNO can better improve blood gases, comfort,
health-related quality of life, and exacerbation in patients with AHRF or
CHRF. Further large-scale randomized clinical trials are needed to
generate more evidence for the application of HFNO in HRF and to
determine the subset of patients for whom HFNO may be preferable.
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