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Background. Although the efficacy and safety of high-flow nasal cannula (HFNC) in hypoxemic respiratory failure are widely
recognized, it is yet unclear whether HFNC can effectively reduce the intubation rate and mortality in hypercapnic respiratory
failure. We performed a systematic review and meta-analysis to assess the safety and efficiency of HFNC in these patients.
Methods. A systematic search of PubMed, Embase, and Cochrane Library (CENTRAL) was carried out. Two reviewers inde-
pendently screened all references according to the inclusion criteria. We used the Cochrane risk-of-bias tool and the New-
castle-Ottawa Quality Assessment Scale to assess the quality of randomized controlled trials (RCTs) and cohort studies,
respectively. Data from eligible trials were extracted for the meta-analysis. Results. Eight studies with a total of 621 participants
were included (six RCTs and two cohort studies). Our analysis showed that HFNC is noninferior to noninvasive ventilation (NIV)
with respect to intubation rate in both RCTs (OR =0.92, 95% CI: 0.45-1.88) and cohort studies (OR =0.94, 95% CI: 0.55-1.62).
Similarly, the analysis of cohort studies showed no difference in reducing mortality rates (OR = 0.96, 95% CI: 0.42-2.20). Based on
RCTs, NIV seemed more effective in reducing mortality (OR = 1.33, 95% CI: 0.68-2.60), but the intertreatment difference was not
statistically significant. Furthermore, no significant differences were found between HFNC and NIV relating to change of blood
gas analysis or respiratory rate (MD = —0.75, 95% CI: —2.6 to 1.09). Likewise, no significant intergroup differences were found with
regard to intensive care unit stay (SMD =-0.07, 95% CI: 0.26 to 0.11). Due to a physiological friendly interface and variation,
HENC showed a significant advantage over NIV in patients’ comfort and complication of therapy. Conclusion. Despite the
limitations noted, HFNC may be an effective and safe alternative to prevent endotracheal intubation and mortality when NIV is
unsuitable in mild-to-moderate hypercapnia. Further high-quality studies are needed to validate these findings.

1. Introduction

Respiratory failure, which can occur due to several different
diseases and conditions, is a common syndrome occurring
in the intensive care unit (ICU) [1]. Endotracheal intubation
is usually performed only when the patient is deteriorating
despite optimal drug and common oxygen therapy, and it
often results in extra medical expenses, longer hospital stay,
and even higher mortality [2, 3]. Thus, it is crucial to protect
patients from acute respiratory failure and avoid, as far as
possible, invasive mechanical ventilation.

Noninvasive ventilation (NIV) is recommended by
guidelines to avoid intubation and improve outcomes [4].
However, many patients who need respiratory support may

be excluded by the technicians for comorbidities such as
emphysema and oversecretion of sputum [5, 6]. Besides the
contraindications, higher expenditure and numerous po-
tential adverse events are presented during NIV, such as skin
damage, eye irritation, interface intolerance, diet, and
sputum retention, which cause discomfort and may lead to
the termination of NIV to some extent [7].

High-flow nasal cannula (HENC) is a simple system
composed of an air-oxygen blender, active heated humid-
ifier, single heated circuit, and nasal cannula and can deliver
high-rate humidified oxygen (up to 60L/min) through a
nasal cannula. It has been deemed an effective and less costly
alternative among children to alleviate respiratory distress
and prevent extubation failure [8, 9]. In recent years, HFNC
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has become increasingly popular in the treatment of re-
spiratory failure in adults [10]. HENC is reportedly superior
to conventional oxygen therapy and can be as effective as
NIV in patients with acute hypoxemic respiratory failure
[11]. However, it is still unclear whether HFNC is an effective
tool to reduce the intubation rate and mortality in patients
suffering from hypercapnic respiratory failure.

2. Methods

This systematic review and meta-analysis was registered at
PROSPERO  (http://www.crd.york.ac.uk/prospero; CRD:
42020173744) and designed as per the Cochrane Handbook
for Systematic Reviews of Interventions [12] and reported
according to the PRISMA guidelines.

2.1. Literature Searching Strategy. We performed a com-
prehensive search of electronic databases including PubMed,
Embase, and Cochrane Central Register of Controlled Trials
(CENTRAL) up to May 2020, using the keywords and their
synonyms, and the search was updated on September 12,
2020. Terms were related to the intervention and modified
according to each database’s index term, such as Medical
Subject Heading (MeSH) and Emtree. No language re-
strictions or publication year were applied when searching
PubMed and CENTRAL, while it was limited to clinical
studies on humans on Embase. Relevant citations from the
references listed in each identified study were also taken into
consideration for eligibility. Detailed search terms are shown
in Appendix 1 (Supplementary Materials (available here)).

2.2. Inclusion and Exclusion Criteria. Studies in our review
had to meet all of the following criteria:

(1) Type of participants: participants must be adults (age
>16 years) with acute hypercapnic respiratory failure
(PaCO, > 45 mmHg)

(2) Type of intervention and comparator: comparing
HENC with NIV

(3) Type of studies: a randomized controlled trial (RCT)
or a cohort study

(4) Containing any one of the following outcomes: in-
tubation rate; mortality; blood gas analysis (arterial
partial pressure of oxygen (PaO,), arterial partial
pressure of carbon dioxide (PaCO,), and pH); re-
spiratory rate, patient comfort; and complication of
the therapy

Exclusion criteria:
(1) Studies with the same data or overlapping data by the
same authors

(2) Studies without any one of the predetermined
outcomes

2.3. Quality Assessment. The quality of all selected studies
was assessed independently by two reviewers (HYK and
ZWY). RCTs were evaluated according to the Cochrane risk-
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of-bias tool which includes the following items: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
biases. On the contrary, a cohort study was graded according
to the Newcastle-Ottawa Quality Assessment Scale [13] with
regard to selection, comparability, and outcome.

2.4. Data Extraction. Two researchers (HYK and ZWY)
independently extracted the following data from each study:
characters of the study (first author, publication year,
country, number of participants, case source, cause of hy-
percapnic respiratory failure, and major inclusion criteria);
characters of the participants (demographic variation and
basic blood gas analysis); and the primary and secondary
outcomes. Any disagreements between the two authors were
resolved by consensus or cross-checking with a third author
(LW). Additional information was collected through com-
munication with the principal investigator by email if
necessary.

2.5. Data Analysis. Statistical analysis was performed by an
independent researcher adept in statistics using Cochrane
systematic review software Review Manager (RevMan;
version 5.4.0; The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, 2014). Continuous variables
were reported as mean and standard derivation (SD), while
dichotomous variables were shown as frequency or pro-
portion. The results were displayed in forest plots. An initial
test for clinical, methodological, and statistical heteroge-
neities was conducted, and we used the chi-square test with
P<0.1 and I*>50% to indicate statistical significance.
Random-effect model was applied in the presence of sta-
tistical heterogeneity; otherwise, the fixed-effect model was
chosen. For continuous data, we calculated the mean dif-
ference (MD) or standard mean difference (MD) and 95%
confidence interval (CI), and for dichotomous data, we
calculated the odds ratio (OR) and 95% CI.

3. Results

3.1. Study Selection and Characteristics. In all, 595 citations
were retrieved through literature search. We excluded 150
duplicates identified by the title and authors and omitted 423
studies that did not fulfill the inclusion criteria. We tried to
obtain the full text of the remaining 22 searches. Finally,
eight studies, comprising six parallel RCTs [14-19] and two
cohort studies [20, 21], involving 621 participants were
enrolled in the analysis. The flowchart of the study is shown
in Figure 1.

Tan et al. conducted their study in two large tertiary care
hospitals, while the remaining studies included were all
carried out in a single center. Seven studies were performed
in Asia and one in Greece. Most patients were admitted to
the ICU or respiratory ICU. Three of six RCTs recruited only
extubated patients, while patients with acute-exacerbation
chronic obstructive pulmonary disease (AECOPD) were the
main cause of hypercapnic respiratory failure in another two
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FIGure 1: Study flow.

RCTs and both cohort studies. One study did not mention
the cause of admittance. Characteristics of the participants
and studies are shown in Tables 1-3, respectively.

3.2. Risk of Bias within Studies. Three studies [15, 16, 18] did
not detail the method of their random sequence generation
and allocation concealment, which may cause selection bias.
Blinding of participants was not performed in all RCTs
owing to different appearances of the devices. There was no
bias in detection, attrition, and reporting. The quality as-
sessment of each eligible trial is shown in Figure 2.

3.3. Clinical Effectiveness

3.3.1. Effect on Intubation Rate and Mortality. Both cohort
studies and five RCTs that reported intubation and mortality
were considered in our meta-analysis. The pooled data
showed that HFNC was noninferior to NIV in preventing
intubation or reintubation both in RCTs (OR = 0.92, 95% CI:
0.45-1.88) and cohort studies (OR=0.94, 95% CI:

0.55-1.62). Similarly, the synthesis of cohort studies
(OR=0.96, 95% CI: 0.42-2.20) in reducing mortality indi-
cates no difference. NIV seems to be more effective in re-
ducing mortality in RCTs (OR=1.33, 95% CI: 0.68-2.60),
but the between-treatment difference was not statistically
significant. Forest plot of intubation and mortality is shown
in Figure 3.

3.3.2. Effect on Blood Gas Analysis and Respiratory Rate.
Of all eligible studies, seven reported at least one of the
following blood gas analysis outcomes including PaO,,
PaCO,, and pH. The variables at 12 h or 24 h after initiation
of therapy were collected and merged.

There was no difference between HFNC and NIV in oxy-
genation improvement (MD =0.35, 95% CIL: —1.18 to 1.89 in
PaO, and MD = —-5.05 95% CI: —28.06 to 17.97 in PaO,/FiO,);
removing carbon dioxide (MD =-0.02, 95% CIL: -2.62 to 2.59
for RCTs; MD = 2.94, 95% CI: —0.20 to 6.07 for cohort studies);
pH change (MD =-0.01, 95% CI: —0.03 to 0.01); or alleviating
respiratory distress (MD=-0.75, 95% CI -2.6 to -1.09).
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FIGURE 2: Quality assessment of each eligible trial.

Likewise, two cohort studies showed a similar tendency without
a significant difference. Forest plots of blood gas analysis and
respiratory rate are shown in Figure 4.

3.3.3. Effect on ICU Stay. All six RCTs reported the patients’
stay in the ICU and were pooled into the analysis. The results
suggested that both therapies were similar with respect to
ICU stay (SMD =-0.07, 95% CI: —0.26 to 0.11). Forest plot
of ICU stay is shown in Figure 5.

3.3.4. Patients’ Comfort and Complications of Therapy.
Three studies [14, 15, 19] that reported patients’ comfort
indicated a statistically significant effect in support of HFNC.
Similarly, four studies [16, 17, 19, 20] that reported com-
plications of therapy showed a significantly lower flatulence
rate and incidence of nasal-facial breakdown rate in the
HENC group than in the NIV group (all P <0.05). Besides,

fewer patients in the HFNC group needed less airway care
intervention. The summary of patients’ comfort and com-
plication is shown in Table 4.

3.3.5. Heterogeneity Analysis. Significant heterogeneity was
tested in PaCO, of the cohort studies (I*=87%, ¢*=7.52,
P =0.006), but not among the RCTs (P =30%, X2:5.73,
P =0.22). There were good consistency and low heteroge-
neity among the other variables analyzed.

4. Discussion

The efficacy and safety of high-flow nasal cannula (HFNC) in
patients with hypercapnic respiratory failure have been
debatable in recent years. Pisani et al. [22] reported that
COPD patients recovering from an acute exacerbation and
with persistent hypercapnia showed a statistically significant
response in terms of PaCO, decrease. This was strengthened
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Study or subgroup Experimental Control Weight Risk ratio Risk ratio
Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Intubation
1.1.1. RCTs
Jing, G., etal., 2018 2 22 1 20 7.7 1.82[0.18, 18.55] ™
Papachatzakis, Y., et al., 2020 0 20 0 20 Not estimable
Tan, D,, et al, 2020 6 44 6 42 45.4 0.95 [0.33, 2.73] —a—
Wang, J., et al., 2019 4 23 5 20 39.5 0.70 [0.22, 2.24] —a T
Yu, Z..et al., 2019 1 36 1 36 7.4 1.00 [0.07, 15.38]
Subtotal (95% CI) 145 138 100.0 0.92 [0.45, 1.88] P
Total events 13 13
Heterogeneity: chi? = 0.56, df=3(P=0.91); =0%
Test for overall effect: Z = 0.22 (P = 0.82)
1.1.2. Cohort studies
Lee, MK, et al, 2018 11 44 12 44 58.4 0.92 [0.45, 1.85]
Sun, J., et al., 2019 8 39 9 43 41.6 0.98 [0.42, 2.29]
Subtotal (95% CI) 83 87 100.0 0.94 [0.55, 1.62]
Total events 19 21
Heterogeneity: chi? = 0.01, df = 1 (P =0.91); > = 0% " " f " "
Test for overall effect: Z = 0.21 (P = 0.83) 0.02 0.1 1 10 50
Favours (experimental) Favours (control)
Mortality
2.1.1. RCTs
Jing, G., et al., 2018 5 22 5 22 25.8 1.00 [0.24, 4.10] -
Papachatzakis, Y., et al., 2020 3 36 2 36 12.2 1.55 [0.24, 9.85] -
Tan, D., et al, 2020 7 44 5 42 287  1.40[0.41,4.81] I
Wang, J., et al., 2019 6 23 4 20 21.1 1.41 [0.34, 5.94] I
Yu, Z..et al., 2019 3 36 2 36 12.2 1.55 [0.24, 9.85] - 7
Subtotal (95% CI) 161 156 100.0  1.33[0.68, 2.60] -
Total events 24 18
Heterogeneity: chi? = 0.22, df = 4 (P = 0.99); > = 0%
Test for overall effect: Z = 0.85 (P = 0.40)
2.1.2. Cohort studies
Lee, M.K,, et al., 2018 7 44 8 44 58.2 0.85 [0.28, 2.59]
Sun, J., et al., 2019 6 39 6 43 41.8 1.12[0.33, 3.82]
Subtotal (95% CI) 83 87 100.0 0.96 [0.42, 2.20]
Total events 13 14
Heterogeneity: chi? = 0.11, df = 1 (P = 0.74); > = 0% ' T ' ' !
0.005 0.1 1 10 200

Test for overall effect: Z = 0.09 (P = 0.93)

FiGure 3: Intubation and mortality.

by another retrospective study among hypercapnic
AECOPD patients that reported a significant treatment
effect in removing CO,, especially for acidotic patients
(baseline pH < 7.35) [23]. It was also reported that the use of
HENC resulted in dyspnea relief and hypercapnia im-
provement [24] and could effectively mitigate diaphragm
fatigue [25]. In contrast, HFNC did not decrease PaCO, in
the hypercapnic subgroup of another cross-sectional study
[26] and patients with mild-to-moderate AECOPD in the
trial of Yang et al. [25].

In this meta-analysis, we found that HFNC is as effective
as NIV in preventing endotracheal intubation and mortality.
We also found that HFNC has a similar effect as NIV on pH
change, improving oxygenation, removing carbon dioxide,
alleviating respiratory distress, and ICU stay. This could be
attributed to the following factors. First, HFNC decrease in
the dead space of the air channel improves alveolar venti-
lation and washes out carbon dioxide in the anatomical dead
space, thereby leading to effective PaCO, reduction [27-29].
Second, HFNC decreased inhalation-expiration ratio and

respiratory rate, improved breathing patterns, and subse-
quently reduced the work of breath [30-32]. Di Mussi et al.
[33] stated that HFNC after extubation significantly de-
creased the neuroventilatory drive and work of breathing
compared with conventional oxygen therapy. Third, by
delivering high-flow gas, HFNC may produce a flow and
leakage-dependent positive end-expiratory pressure (PEEP)
and prevent airway collapse that may be beneficial for al-
veolar recruitment on the one hand and improve the mis-
match between ventilation and perfusion on the other hand
[34-36]. Besides, the physiological friendly gas perks up
mucosal function and facilitates secretion clearance. All the
factors may mitigate lung injury and induce a noninferior
outcome. Given the friendly interface that would not disturb
speaking, spitting, or eating and a stable flow with warm and
well-humidified gas, HFNC was undoubtedly superior to
NIV with regard to patients’ comfort and therapy-related
complications.

Our study has several limitations. First is the fact that
eligible clinical studies on the use of HFNC in hypercapnic
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Study or subgroup Experimental Control Weight  Mean difference Mean difference
Mean SD Total Mean SD Total (%) 1V, fixed, 95% CI 1V, fixed, 95% CI
3.1.1. PaO,
Cong, L., et al,, 2019 19.06 23.88 84 1791 2326 84 4.7 1.15 [-5.98, 8.28]
Papachatzakis, Y., etal,, 2020 2.7 15.616 20 0.4 223620 1.7 2.30 [-9.65, 14.25]
Yu, Z., et al., 2019 2447 342 36 2419 3.46 36 93.7 0.28 [-1.31, 1.87] .
Subtotal (95% CI) 140 140 100.0  0.35[-1.18, 1.89] Py
Heterogeneity: chi? = 0.16, df = 2 (P = 0.92); I> = 0%
Test for overall effect: Z = 0.45 (P = 0.65)
3.1.2. PaO,/FiO2
Jing, G., etal., 2018 51 15076 22 -0.6 129.5820 7.4  5.70 [-79.12,90.52] ¢ »
Tan, D., et al., 2020 -10.8 58.78 44 -4.9 543542 92.6 -5.90[-29.81,18.01] .
Subtotal (95% CI) 66 62 100.0 -5.05(-28.06, 17.97] ———
Heterogeneity: chi? = 0.07, df = 1 (P = 0.80); I> = 0% T T T T T
Test for overall effect: Z = 0.43 (P = 0.67) -50 -25 0 25 50
Test for subgroup differences: chi® = 0.21, df = 1 (P = 0.65); I> = 0% Favours (experimental) Favours (control)
3.2.1. PaCO, RCTs
Cong, L., et al., 2019 -894 2279 84 -9.8522.89 84 142 0.91 [-6.00, 7.82]
Jing, G., etal., 2018 23 794 22 52 153420 12.1 -2.90[-10.40, 4.60]
Papachatzakis, Y., etal,, 2020 -8.8 13.79 20 -53 14.1520 9.1 -3.50[-12.16, 5.16]
Tan, D., et al., 2020 35 986 44 -0.5 11.12 42 343 4.00 [-0.45, 8.45] -
Yu, Z..et al., 2019 -16.53 1091 36 -13.72 9.52 36 30.3 -2.81[-7.54,1.92] -
Subtotal (95% CI) 206 202 100.0 -0.02 [-2.62, 2.59] P
Heterogeneity: chi® = 5.73, df = 4 (P = 0.22); I = 30%
Test for overall effect: Z = 0.01 (P = 0.99)
3.2.2. PaCO,_Cohort studies
Lee, M.K,, et al., 2018 -9.4 1892 44 -3 1628 44 18.1 -6.40[-13.78,0.98]
Sun, J., et al., 2019 -5 893 39 -10 6.82 43 819 5.00 [1.53, 8.47] ——
Subtotal (95% CI) 83 87 100.0  2.94[-0.20, 6.07] S
Heterogeneity: chi = 7.52, df = 1 (P = 0.006); I* = 87% , , , ,
Test for overall effect: Z = 1.84 (P = 0.07) -20 -10 0 10 20
Favours (experimental) Favours (control)
3.3.1. pH_RCTs
Cong, L., etal., 2019 0.09 0.12 84 0.09 0.108 84 36.5 0.00 [-0.03, 0.03] +
Jing, G., et al., 2018 0 0.058 22 -0.02 0.078 20 24.8 0.02 [-0.02, 0.06] ——
Papachatzakis, Y., et al., 2020 0 0.141 20 0 0.141 20 5.7 0.00 [-0.09, 0.09] —_—
Tan, D., et al., 2020 -0.04 0.086 44 0 0.086 42 329 -0.04[-0.08,-0.00] ——
Yu, Z.,et al., 2019 -091 1.031 36 -094 1.03136 0.2 0.03 [-0.45,0.51] +« »
Subtotal (95% CI) 206 202 100.0 -0.01 [-0.03,0.01] q
Heterogeneity: chi? = 4.95, df = 4 (P = 0.29); I> = 19% 02 01 0 01 o2
Test for overall effect: Z = 0.77 (P = 0.44) o ) ’
Favours (experimental) Favours (control)
(a)
Study or subgroup Experimental Control Weight  Mean difference Mean difference
Mean SD Total Mean SD Total (%) 1V, fixed, 95% CI 1V, fixed, 95% CI
Jing, G., etal., 2018 31 5347 22 36 628220 271 -0.50 [-4.05,3.05] —
Tan, D., et al., 2020 2 9531 44 35 997 42 200 -1.50[-5.63,2.63] - 1
Yu, Z..et al., 2019 -13 5441 36 ~124554436 529 -0.60[-3.14,1.94]
Total (95% CI) 102 98 100.0 -0.75[-2.60, 1.09]
Heterogeneity: chi® = 0.16, df = 2 (P = 0.92); I = 0% '10 '5 (') é 1'0
Test for overall effect: Z = 0.80 (P = 0.42) - o
Favours (experimental) Favours (control)
(b)

FIGURE 4: (a) Blood gas analysis. (b) Respiratory rate.

respiratory failure were limited. Second is the methodo-
logical issues of the included studies, for example, explicit
randomization in partial studies, lack of blinding for all
RCTs, and single-center design of most studies in Asia. These
factors may lead to bias and weaken the strength of evidence.
Besides, there was significant heterogeneity in the analysis of

PaCO, in cohort studies (12=87%, X2=7.52, P =0.006),
which was speculated to be caused by differences in the
initial flow rate of HFNC and the overall severity of patients,
deduced on the basis of different places from where patients
were recruited. Thus, the quality of the included studies
ranged from moderate to low.
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Stud b Experimental Control Weight  Std. mean difference Std. mean difference
udy or subgroup Mean SD Total Mean SD Total (%) IV, fixed, 95% CI IV, fixed, 95% CI

Cong, L., etal., 2019 18.04 6.15 84 18.31 7.01 84 37.5 -0.04 [-0.34, 0.26] —J—

Jing, G., etal., 2018 8.5 3.5 22 94 48 20 9.3 -0.21 [-0.82, 0.40] —

Papachatzakis, Y., et al., 2020 11.5 7.8 20 11 10.5 20 8.9 0.05 [-0.57, 0.67] —_—

Tan, D., et al., 2020 7.5 2.96 44 85 4.67 42 19.0 -0.25 [-0.68, 0.17] _

Wang, J., et al., 2019 9.09 1.56 23 85 1.32 20 9.3 0.40 [-0.21, 1.00] S

Yu, Z..et al., 2019 10.2 34 36 109 32 36 16.0 -0.21 [-0.67, 0.25] —_—

Total (95% CI) 229 222 100.0 -0.07 [-0.26, 0.11]

Heterogeneity: chi® = 3.77, df = 5 (P = 0.58); I = 0% T T 1 T T

Test for overall effect: Z = 0.79 (P = 0.43) -2 -1 0 1 2

Favours (experimental) Favours (control)
Ficure 5: ICU stay.
TaBLE 4: Summary of patients’ comfort and complication.
Nasofacial skin Gastric and intestinal . . .
Comfort scores Airway care interventions
breakdown flatulence
Sun et al,, 2019 5.1% vs. 20.9%, P <0.05 — — 5(4-7) vs. 8 (7-10), P < 0.001
D5+ 2. . 015 +2.28,
Jing et al., 2018 — — e S 9.09% vs. 45%, P = 0.03
P =002

Cong et al,, o -
2019 — — 75% vs. 57%, P = 0.008 —
Yu et al., 2019 — 5.6% vs. 25%, P = 0.022 — —
;’g?gg etals 570 vs. 40%, P = 0.028 13.0% vs. 45.0%, P = 0.039 — —
Tan et al, 2020 0 vs. 9.6%, P = 0.027 — 7 (6-8) vs. 5 (4-7), P<0.001 6 (4_713 fsb 20(2_9'3)’
5. Conclusion SYS2020008), the Introduction of Clinical Medicine Expert

Team Projects of Suzhou (no. SZYJTD201801), and the
Despite the limitations noted, HFNC may be an effectiveand  Clinical Medicine Center of Suzhou (no. Szzx201502).

safe alternative to prevent endotracheal intubation and
mortality when NIV cannot be performed in mild-to-
moderate cases of hypercapnia. Large and well-structured
trials are needed to validate these findings.
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