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Abstract

Objective

To compare the safety and effectiveness between helmet and face mask noninvasive
mechanical ventilation (NIMV) in patients with acute respiratory failure (ARF).

Methods

English databases included PubMed, EMBASE, Cochrane Central Register of Controlled
Trials and Web of Science. Chinese databases involved Wanfang Data, China Knowledge
Resource Integrated Database and Chinese Biological Medicine Database. Randomized
controlled trials (RCTs) comparing helmet and face mask NIMV for patients with ARF were
searched. Meta-analysis was performed using Review manager 5.1.0.

Results

Twelve trials with a total of 569 patients were eligible. Our meta-analysis showed that, com-
paring with face mask, helmet could significantly decrease the incidences of intolerance
[risk ratio (RR) 0.19; 95% confidence interval (Cl) 0.09-0.39], facial skin ulcer (RR 0.19;
95% CIl 0.08-0.43) and aerophagia (RR 0.15; 95% CI 0.06-0.37), reduce respiratory rate
[mean difference (MD) -3.10; 95% CI -4.85 to -1.34], intubation rate (RR 0.39; 95% CI1 0.26
-0.59) and hospital mortality (RR 0.62; 95% CI 0.39-0.99) in patients with ARF, and
improve oxygenation index in patients with hypoxemic ARF (MD 55.23; 95% Cl 31.37--
79.09). However, subgroupanalysis for hypercapnic ARF revealed that PaCO, was signifi-
cantly reduced in face mask group compared with helmet group (MD 5.34; 95% ClI 3.41
-7.27).

Conclusion

NIMV with helmet can improve the patient’s tolerance, reduce adverse events, increase oxy-
genation effect, and decrease intubation rate and hospital mortality comparing to face mask.

PLOS ONE | https://doi.org/10.1371/journal.pone.0250063  April 15, 2021

1/19


https://orcid.org/0000-0003-1956-049X
https://doi.org/10.1371/journal.pone.0250063
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0250063&domain=pdf&date_stamp=2021-04-15
https://doi.org/10.1371/journal.pone.0250063
https://doi.org/10.1371/journal.pone.0250063
http://creativecommons.org/licenses/by/4.0/
http://www.sdwskj.cn/

PLOS ONE

Mechanical ventilation with helmet and acute respiratory failure

Competing interests: The authors have declared
that no competing interests exist.

However, the low number of patients from included studies may preclude strong conclu-
sions. Large RCTs are still needed to provide more robust evidence.

Introduction

Mechanical ventilation, as first-line therapy for acute respiratory failure (ARF) caused by vari-
ous diseases, can be delivered by invasive and noninvasive methods. Although invasive
mechanical ventilation has a better effect on gas exchange and sputum drainage, the complica-
tions, such as ventilator-associated pneumonia, airway injury and delirium, occurred more fre-
quently [1-3]. In contrast, noninvasive mechanical ventilation (NIMV), without the use of
endotracheal tube, can reduce these complications to a certain extent, with less sedatives use
[4]. Numerous clinical studies have demonstrated that patients with exacerbation of chronic
obstructive pulmonary disease (COPD) and acute cardiogenic pulmonary edema could benefit
from NIMV treatment [5]. On the contrary, the beneficial effects of NIMV in acute hypoxemic
respiratory failure remain controversial. Nevertheless, a recent review [6] showed its broad
and heterogeneous use in the context of acute hypoxemic respiratory failure due to viral infec-
tions and COVID-19, with very few studies specifying the type of interface used.

Traditional interfaces between the patients and noninvasive ventilators include oral, nasal
and facial (also named oronasal) masks [7]. Based on a large number of clinical studies, these
interfaces involve some shortages, such as patient intolerance, air leakage, facial skin damage
caused by compression, etc [8]. These factors often lead to the failure of NIMV therapy and
the need for tracheal intubation. Therefore, the traditional interfaces need to be improved.
Recently, the helmet, as a new type of interface, has been gradually concerned by clinicians.
Yang et al. [9] compared the patients with hypoxemia after aortic dissection who were treated
with face mask and helmet NIMYV respectively. The results showed that the helmet could effec-
tively improve the patients’ comfort and gas exchange, and reduce complications during the
process of NIMV. Randomized controlled trial (RCT) by Patel et al. [10] found that compared
with face mask, the helmet could significantly reduce the endotracheal intubation rate and
90-day mortality of patients with acute respiratory distress syndrome (ARDS). However,
results from clinical studies were not always consistent. Some researches found that the helmet
was not better than the face mask [11], even worse than the latter [12]. Therefore, the current
study data brings difficulties to the choice of clinical treatment.

The purpose of our study was to perform a meta-analysis for comparing the safety and
effectiveness of helmet NIMV with face mask NIMV in patients with ARF.

Materials and methods

We performed this study in accordance with the Statement of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [13, 14]. All stages of literature search, study selection,
data extraction and quality assessment were done independently by two reviewers. Any dis-
crepancies between the two reviewers were resolved by discussion or arbitration by a third
reviewer. No study protocol exists for the systematic review.

Search strategy

The English electronic databases utilized in our literature search included PubMed, EMBASE,
Cochrane Central Register of Controlled Trials and Web of Science. The following Chinese
electronic databases were also searched: Wanfang Data, China Knowledge Resource Integrated
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Database and Chinese Biological Medicine Database. The following search strategy was used
in PubMed and changes depending on the rules of each database: (((((((“Respiratory Distress
Syndrome, Adult’[Mesh]) OR (“acute respiratory distress syndrome”)) OR (“Pulmonary Dis-
ease, Chronic Obstructive”[Mesh])) OR (“chronic obstructive pulmonary disease”)) OR
(“Respiratory Insufficiency”[Mesh])) OR (“respiratory failure”)) AND ((((((“Respiration, Arti-
ficial’[Mesh]) OR (“mechanical ventilation”)) OR (“Continuous Positive Airway Pressure”|-
Mesh])) OR (“continuous positive airway pressure”)) OR (“Noninvasive Ventilation”)) OR
(“Noninvasive Ventilation”[Mesh]))) AND ((((“facial mask™) OR (“face mask”)) OR (helmet))
OR (“Head Protective Devices”[Mesh])). No language restriction was applied during literature
searches. All references cited in the relevant articles were screened to identify additional publi-
cations. The latest search was conducted on 30 May 2020.

Study selection

We evaluated the eligible studies that met all of the inclusion criteria as follows: (1) RCTs; (2)
compared the helmet NIMV with face mask NIMV for adult patients with ARF; (3) reported
on at least one of the outcomes mentioned below. In cases of duplicates, the most recent or the
most complete publication was used. Studies comparing helmet NIMV with oxygen therapy
for patients with ARF were excluded. Retrospective studies, reviews, case reports and confer-
ence abstracts which presented insufficient information were excluded. To assess chance-cor-
rected agreement between reviewers, Cohen’s kappa statistic was employed (SPSS, version
18.0).

Data extraction and quality assessment

For each study, the following data were extracted using standardized data extraction forms:
the first author’s last name; year of publication; country; study interval; cases and mean age in
each group; type of ARF; underlying diseases; ventilator settings; primary outcome of each
study; other study features and data needed for quality assessment. The outcomes analyzed in
this study were the incidences of intolerance, facial skin ulcer, and aerophagia, respiratory rate,
endotracheal intubation rate, oxygenation index, partial pressure of carbon dioxide (PaCO,),
length of stay in the intensive care unit and hospital mortality. The methodological quality of
the included studies was assessed according to the criteria specified by the Cochrane Collabo-
ration [15], and the summary figures of risk of bias were generated. The assessed items of risk
of bias involved random sequence generation (selection bias), allocation concealment (selec-
tion bias), blinding of participants and personnel (performance bias), blinding of the outcome
assessment (detection bias), incomplete outcome data (attrition bias), selective reporting
(reporting bias), and other bias.

Statistical analysis

Analyses were conducted by using the statistical software Review Manager, version 5.1.0 (The
Cochrane Collaboration, 2011). As we previously reported [16, 17], for continuous variables,
the mean difference (MD) with corresponding 95% confidence interval (CI) was calculated in
inverse variance method. For dichotomous variables, the pooled risk ratio (RR) with corre-
sponding 95% CI was aggregated in Mantel-Haenszel method. All results in our analysis were
evaluated for clinical and statistical heterogeneity. Clinical heterogeneity was discussed when
appropriate and possible. Given the inconsistence of ARF types in this study, subgroup analy-
sis was performed. Statistical heterogeneity was assessed by I” statistic and Cochran’s Q test
with p<0.1 considered as significant. If the statistical heterogeneity was not significant, the
fixed effect model would be used; otherwise, the random effects model would be applied.
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Forest plot was constructed to graphically assess the statistical heterogeneity by displaying
effect estimates and 95% CI for both individual studies and meta-analyses. Publication bias
was evaluated by the Egger’s regression with p<0.1 considered as significant (STATA 12.0).
Two-sided p values were used throughout.

Results
Study selection

A total of 864 citations were identified from literature searches. After titles and abstracts
screening, 30 citations with full-text were retrieved for detailed evaluation. After reviewing, 18
studies were excluded for the following reasons: non-RCT (n = 6) [18-23], review article

(n =5) [24-28], subjects were infants (n = 3) [29-31], subjects were healthy volunteers (n = 2)
[32, 33], animal trial (n = 1) [34] and news (n = 1) [35]. Finally, seven English studies [9-12,
36-38] and five Chinese studies [39-43] matched the inclusion criteria and were suitable for
our meta-analysis. The flow diagram in Fig 1 details the selection process. There was excellent
agreement between reviewers for study inclusion (k = 0.90). A total of 569 subjects were ana-
lyzed, of which 288 (50.6%) received helmet NIMV and 281 (49.4%) received face mask
NIMV.

Study characteristics

The characteristics of the twelve eligible articles are summarized in Table 1. Six studies [9, 39-
43] were conducted in China, three [12, 37, 38] in Italy, two [11, 36] in Turkey, and one [10] in
United States. The study interval in each trial ranged from 2005 to 2018. The mean age of the
subjects varied between 45.13 years and 78.48 years across the studies and was not significantly
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Fig 1. Study flow diagram chart.
https://doi.org/10.1371/journal.pone.0250063.g001
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Table 1. The characteristics of the included studies.

Author,
year

Study
design

Country

Study
interval

Sample
size

Mean age

H | FM

H FM

Type of ARF

Underlying diseases

Ventilator settings

Primary outcome

Navalesi,
2007

RCT

Italy

NA

55

NA

Hypercapnic

AECOPD

Both groups had same
settings. PS 12 cmH,0;
PEEP 5 cmH,0; FiO,
was set to maintain
SpO, at 93%-96%.

Gas exchange,
inspiratory effort,
patient-ventilator
synchrony, comfort

Zhang, 2008

RCT

China

2005-
2006

20| 20

72 73

Hypercapnic

AECOPD

Both groups had same
settings. PEEP 4-6
cmH,0; PS was initially
set at 6-8 cmH,0, then
progressively raised in
2-3 cmH,O0 steps until
the RR was <25 bpm
and accessory muscle
activity disappeared;
SpO, was maintained at
90%-95%.

Intubation rate,
hospital mortality

Zhang, 2010

RCT

China

2005-
2006

20| 20

NA

Hypoxemic

SCAP, ARDS, cardiogenic
pulmonary edema,
pulmonary interstitial fibrosis

Both groups had same
settings. PEEP 4-6
cmH,O; PS was initially
set at 6-8 cmH,0, then
progressively raised in
2-3 cmH,O0 steps until
the RR was <25 bpm
and accessory muscle
activity disappeared;
SpO, was maintained at
90%-95%.

Intubation rate,
hospital mortality

Ali, 2011

RCT

Turkey

NA

15| 15

59.4 | 58.5

Hypercapnic

AECOPD

Both groups had same
settings. PS 10 cmH,0;
PEEP 5-7 cmH,0; FiO,
0.4.

Gas exchange,
respiratory rate,
hemodynamics, ICU
stay, PTS, intubation
rate, complications

Antonaglia,
2011

RCT

Italy

2007

20| 20

69 71

Hypercapnic

AECOPD

Both groups had same
settings. PEEP 5
cmH,O0; PS was initially
set at 15 cmH,O, then
progressively raised in 2
cmH,O steps until the
RR was <30 bpm,
accessory muscle
activity disappeared and
the patient was
comfortable; FiO, was
set to maintain SpO, at
>90%.

Gas exchange,
intubation rate, ICU
stay, complications

Pisani, 2015

RCT

Italy

2012-
2014

39| 41

78.36 | 78.48

Hypercapnic

AECOPD

H: PEEP >5 cmH,0;
PS >16cmH,0; other
pressure increments
were made to keep RR
<20 bpm and
disappearance of
accessory muscle
activity.

FM: PEEP 3-5 cmH,0;
PS was set to obtain a
tidal volume of 6-8
mL-kg " of body weight.

Gas exchange, PTS

(Continued)
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Table 1. (Continued)

Author,
year

Study
design

Country

Study
interval

Sample
size

Mean age

FM

FM

Type of ARF

Underlying diseases

Ventilator settings

Primary outcome

Yang, 2015

RCT

China

2013-
2014

20

20

52.7

55.5

Hypoxemic

Hypoxemia after aortic
dissection

H: PEEP 8-10 cmH,0;
FiO, 0.4-0.5; SpO, was
maintained at >95%.

FM: PS10-20 cmH,0;
PEEP0-4 cmH,0; FiO,
0.6-1.0.

Gas exchange

Ozlem, 2015

RCT

Turkey

2011-
2012

25

23

69.5

64.3

Hypercapnic

AECOPD

Both groups had same
settings. PEEP 5-7
c¢mH,O; PS was initially
set at 10 cmH,O, then
progressively raised in 2
cmH,O0 steps to obtain
a tidal volume of 6-8
mL-kg" of body weight;
FiO, was set to
maintain SpO, at
>92%.

Gas exchange,
respiratory rate, PTS,
complications, ICU
stay, duration of
NIMYV, hospital
mortality

Patel, 2016

RCT

USA

2012-
2015

44

39

58

60.9

Hypoxemic

ARDS

Both groups had same
settings. FiO, <0.6;
PEEP was increased in
increments of 2-3
c¢mH,O to maintain
SpO, at >90%; PS was
increased in increments
of 2-3 cmH,0 to obtain
a RR <25 bpm and
disappearance of
accessory muscle
activity.

Intubation rate

Yang, 2016

RCT

China

2013-
2014

25

25

60.5

61.1

Hypoxemic

Hypoxemia after CABG

H: PEEP 8-10 cmH,0;
FiO, 0.4-0.5; SpO, was
maintained at >95%.

FM: PS10-12 cmH,0;
PEEP 0-4 cmH,0; FiO,
0.5-0.8.

Gas exchange

Wang, 2017

RCT

China

2011-
2015

23

23

55.89

56.12

Hypoxemic

Hypoxemia after CABG

H: PEEP 8-10 cmH,0;
FiO, 0.4-0.5; SpO, was
maintained at >95%.

FM: PS 10-12 cmH,0;
PEEP0-4 cmH,0; FiO,
0.5-0.8.

Gas exchange

Ma, 2019

RCT

China

2017-
2018

30

45.13

44.52

Hypercapnic

AECOPD

NA

Gas exchange

H, helmet group; FM, face mask group, ARF, acute respiratory failure; RCT, randomized controlled trial; NA, not available; AECOPD, acute exacerbation of chronic

obstructive pulmonary disease; PS, pressure support; PEEP, positive end-expiratory pressure; FiO,, fraction of inspired oxygen; SpO,, peripheral oxygen saturation; RR,

respiratory rate; bpm, breaths per minute; SCAP, severe community-acquired pneumonia; ARDS, acute respiratory distress syndrome; PTS, patient tolerance scale;

NIMYV, noninvasive mechanical ventilation; CABG, coronary artery bypass grafting.

https://doi.org/10.1371/journal.pone.0250063.t001

different between the two groups (MD 0.09 years; 95% CI —1.16 to 1.33; p>0.05; I* = 0%). Of
12 included RCTs, seven trials [11, 12, 36-38, 42, 43] enrolled patients with hypercapnic ARF,
the others [9, 10, 39-41] employed patients with hypoxemic ARF. As shown in Table 1, venti-

lator settings were not consistent across the studies.
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Quality assessment and publication bias

The summary of risk of bias assessment is presented in Fig 2. Of 12 included RCTs, no trial
was classified as low risk. Ten trials [9, 10, 12, 37-43] reported the appropriate method of ran-
domization; four trials [10, 37, 38, 43] described the allocation concealment in detail. Due to
the intrinsic characteristic of study, double blinding was not possible, resulting that all trials
were considered as high risk in performance and detection bias. All trials were graded as low
risk in terms of incomplete outcome data, selective reporting and other bias. Overall, the
included studies were of moderate quality. The Egger’s regression analysis demonstrated that
no publication bias was detected (95% CI of intercept -1.72 to 1.74; p>0.1) (Fig 3).

Quantitative data synthesis

Intolerance. In our analysis, there were six studies [9, 37, 39-42] providing the data of
intolerance happened during NIMV. Overall, the rate of intolerance was 5.5% (7/128) in the
helmet group and 32% (41/128) in the face mask group, respectively. Due to the non-signifi-
cant heterogeneity across studies (p>0.1; I = 0%), fixed-effect model was used. Our meta-
analysis showed that the incidence of intolerance was significantly decreased in helmet group
compared with face mask group (RR 0.19; 95% CI 0.09-0.39; p<0.001). Moreover, subgroup
analysis revealed that this result was unchanged both in subgroups of hypercapnic ARF (RR
0.13; 95% CI 0.03-0.67; p = 0.01) and hypoxemic ARF (RR 0.21; 95% CI 0.10-0.47; p<0.001)
(Table 2 and Fig 4).

Facial skin ulcer. Seven studies [9, 10, 36, 39-42] reported the information regarding
facial skin ulcer after applying NIMV. When seven studies were pooled, 4 (2.4%) patients
receiving helmet NIMV and 31 (19.1%) patients receiving face mask NIMV experienced facial
skin ulcer. Fixed-effect model was used for data synthesis due to the non-significant heteroge-
neity across studies (p>0.1; I* = 0%). Our pooling results revealed that the helmet group had
less facial skin ulcer rate than the face mask group (RR 0.19; 95% CI 0.08—-0.43; p<0.001).
However, subgroup analysis found that this significant difference between the groups in facial
skin ulcer rate was only remained in subgroup of hypoxemic ARF (RR 0.18; 95% CI 0.07-0.44;
p<0.001) rather than hypercapnic ARF (RR 0.25; 95% CI 0.03-2.13; p>0.05) (Table 2 and
Fig 5).

Aerophagia. Data of aerophagia developed during NIMV were described in six trials [9,
38-42]. After pooling data, the incidence of aerophagia in helmet group was reduced by 19.5%
compared with face mask group. Meta-analysis on fixed-effect model demonstrated that the
difference was statistically significant (RR 0.15; 95% CI 0.06—0.37; p<0.001), which was in
accordance with the result of subgroup analysis for hypoxemic ARF (RR 0.08; 95% CI 0.02
—0.29; p<0.001). Nevertheless, no significant difference was observed by subgroup analysis for
hypercapnic ARF (RR 0.74; 95% CI 0.15-3.59; p>0.05) (Table 2 and Fig 6).

Respiratory rate. Nine included studies [9, 10, 36-39, 41-43] reported the data of respira-
tory rate. Random effects model was applied owing to a significant heterogeneity across studies
(p<0.001; I = 89%). Our meta-analysis revealed that the difference in respiratory rate between
the groups had achieved statistical significance (MD -3.10; 95% CI -4.85 to -1.34; p<0.001).
The finding was in line with the results of subgroup analysis for hypercapnic and hypoxemic
ARF (Table 2 and Fig 7).

Endotracheal intubation. Data regarding endotracheal intubation was collected from
nine studies [9-11, 36-39, 41, 42]. As a whole, 11.4% (26/228) patients experienced endotra-
cheal intubation in helmet group and 28.7% (64/223) in face mask group. As statistical hetero-
geneity across studies was non-significant (p>0.1; I = 0%), fixed-effect model was adopted.
The pooling results of our meta-analysis (RR 0.39; 95% CI 0.26—0.59; p<0.001) and subgroup
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Egger's publication bias plot

precision

Fig 3. Egger’s regression analysis for publication bias.

https://doi.org/10.1371/journal.pone.0250063.g003

analysis (hypercapnic ARF (RR 0.51; 95% CI 0.28—-0.92; p<0.05) and hypoxemic ARF (RR
0.33; 95% CI 0.19-0.56; p<0.001)) all showed that the difference in intubation rate between
the groups was statistically significant (Table 2 and Fig 8).

Oxygenation index. There were eight studies [9, 36, 37, 39-43] reporting the information
about oxygenation index. Due to the significant heterogeneity among studies (p<0.001; I* =
83%), random effects model was employed. Our meta-analysis (MD 27.76; 95% CI 9.39-46.13;
p<0.01) and subgroup analysis for hypoxemic ARF (MD 55.23; 95% CI 31.37-79.09; p<0.001)
all revealed that the oxygenation index was increased in helmet group compared with face
mask group. However, subgroup analysis for hypercapnic ARF failed to show a significant dif-
ference between the groups in oxygenation index (MD 7.20; 95% CI -3.10 to 17.50; p>0.05)
(Table 2 and Fig 9).

PaCO,. Eight trials in this analysis provided the data of PaCO, after applying NIMV [9,
12, 36, 37, 40-43]. Random effects model was used to synthetize the data because of a signifi-
cant heterogeneity among studies (p<<0.001; I” = 89%). No significant difference between the
groups in PaCO, was found in our meta-analysis (MD 1.57; 95% CI -1.45 to 4.59; p>0.05).
Subgroup analysis for hypercapnic ARF revealed that PaCO, was significantly reduced in face
mask group compared with helmet group (MD 5.34; 95% CI 3.41-7.27; p<0.001). Whereas
PaCO; in helmet group was significantly decreased when subgroup analysis for hypoxemic
ARF was performed (MD -2.32; 95% CI -3.43 to -1.21; p<0.001) (Table 2 and Fig 10).

ICU stay. Information about ICU stay was described in seven trials [9-11, 36, 37, 40, 41].
Owing to a significant heterogeneity across studies (p<<0.001; I* = 98%), random effects model
was applied. No significant difference in ICU stay between two groups was detected in our
meta-analysis (MD -0.39; 95% CI -2.23 to 1.45; p>0.05), or subgroup analysis for hypercapnic
ARF (MD 0.78; 95% CI -1.75 to 3.31; p>0.05). However, subgroup analysis for hypoxemic
ARF showed a significantly shorter ICU stay in helmet group (MD -1.28; 95% CI -2.51 to
-0.05; p<0.05) (Table 2 and Fig 11).

Hospital mortality. There were eight studies reporting the information of hospital mor-
tality [9-11, 37, 39, 41-43]. Overall, the mortality in helmet group and face mask group was
10.7% and 16.8%, respectively. Fixed-effect model was used due to the non-significant hetero-
geneity across studies (p>0.1; I* = 0%). A significant difference between groups in hospital
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Table 2. Meta-analyses for comparing helmet versus face mask.

Outcome Studies Cases Statistical method Effect estimate p for HG r P
Intolerance 6 256 RR (M-H, Fixed, 95% CI) 0.19 (0.09-0.39) 1.00 0% <0.001
Hypercapnic ARF 2 80 RR (M-H, Fixed, 95% CI) 0.13 (0.03-0.67) 0.94 0% 0.01

Hypoxemic ARF 4 176 RR (M-H, Fixed, 95% CI) 0.21 (0.10-0.47) 1.00 0% <0.001
Facial skin ulcer 7 329 RR (M-H, Fixed, 95% CI) 0.19 (0.08-0.43) 0.50 0% <0.001
Hypercapnic ARF 2 70 RR (M-H, Fixed, 95% CI) 0.25 (0.03-2.13) 0.82 0% 0.21

Hypoxemic ARF 5 259 RR (M-H, Fixed, 95% CI) 0.18 (0.07-0.44) 0.26 25% <0.001
Aerophagia 6 296 RR (M-H, Fixed, 95% CI) 0.15 (0.06—0.37) 0.38 6% <0.001
Hypercapnic ARF 2 120 RR (M-H, Fixed, 95% CI) 0.74 (0.15-3.59) 0.54 0% 0.71
Hypoxemic ARF 4 176 RR (M-H, Fixed, 95% CI) 0.08 (0.02-0.29) 0.94 0% <0.001
Respiratory rate 9 465 MD (IV, Random, 95% CI) -3.10 (-4.85 to -1.34) <0.01 89% <0.001
Hypercapnic ARF 5 252 MD (IV, Random, 95% CI) -1.03 (-1.39 to -0.68) 0.64 0% <0.001
Hypoxemic ARF 4 213 MD (IV, Random, 95% CI) -5.11 (-6.92 to -3.29) 0.03 66% <0.001
Intubation rate 9 451 RR (M-H, Fixed, 95% CI) 0.39 (0.26-0.59) 0.56 0% <0.001
Hypercapnic ARF 5 238 RR (M-H, Fixed, 95% CI) 0.51 (0.28-0.92) 0.38 4% 0.03
Hypoxemic ARF 4 213 RR (M-H, Fixed, 95% CI) 0.33 (0.19-0.56) 0.85 0% <0.001
Oxygenation index 8 348 MD (IV, Random, 95% CI) 27.76 (9.39-46.13) <0.01 83% 0.003
Hypercapnic ARF 4 172 MD (IV, Random, 95% CI) 7.20 (-3.10 to 17.50) 0.23 30% 0.17
Hypoxemic ARF 4 176 MD (IV, Random, 95% CI) 55.23 (31.37-79.09) 0.05 61% <0.001
PaCO, 8 318 MD (IV, Random, 95% CI) 1.57 (-1.45 to 4.59) <0.01 89% 0.31
Hypercapnic ARF 5 182 MD (IV, Random, 95% CI) 5.34 (3.41-7.27) 0.34 11% <0.001
Hypoxemic ARF 3 136 MD (IV, Random, 95% CI) -2.32(-3.43 to -1.21) 0.29 19% <0.001
ICU stay 7 337 MD (IV, Random, 95% CI) -0.39 (-2.23 to 1.45) <0.01 98% 0.67
Hypercapnic ARF 3 118 MD (IV, Random, 95% CI) 0.78 (-1.75 to 3.31) <0.01 97% 0.54
Hypoxemic ARF 4 219 MD (IV, Random, 95% CI) -1.28 (-2.51 to -0.05) <0.01 86% 0.04
Hospital mortality 8 403 RR (M-H, Fixed, 95% CI) 0.62 (0.39-0.99) 0.99 0% 0.04
Hypercapnic ARF 4 190 RR (M-H, Fixed, 95% CI) 0.86 (0.36-2.06) 0.99 0% 0.74
Hypoxemic ARF 4 213 RR (M-H, Fixed, 95% CI) 0.54 (0.31-0.93) 0.99 0% 0.03

HG, heterogeneity; RR, risk ratio; M-H, Mantel-Haenszel;

inverse variance; Random, random effects model.

Fixed, fixed effect model; CI, confidence interval; ARF, acute respiratory failure; MD, mean difference; IV,

https://doi.org/10.1371/journal.pone.0250063.t002

Helmet Face mask Risk Ratio Risk Ratio

udy or Subgrouy nts Total nts _Total Wei M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
1.1.1 Hypoxemic respiratory failure
Zhang 2010 0 20 2 20 60% 0.20(0.01,392] 2010 _
Yang 2015 2 20 9 20 21.4%  0.22(0.05,090] 2015 =
Yang 2016 2 25 10 25 238% 0.20(0.05,0.82] 2016 —
Wang 2017 2 23 9 23 21.4%  0.22(0.05,092] 2017 —
Subtotal (95% Cl) 88 88 726%  0.21[0.10,0.47] >
Total events 6 30
Heterogeneity: Chi*= 0.02, df= 3 (P=1.00), F= 0%
Test for overall effect: Z= 3.85 (P = 0.0001)
1.1.2 Hypercapnic respiratory failure
Zhang 2008 0 20 3 20 83% 0.14(0.01,2.60] 2008 —
Antonaglia 2011 1 20 8 20 19.0% 0.13(0.02,0.91] 2011 ]
Subtotal (95% ClI) 40 40 27.4%  0.13[0.03,0.67] .
Total events 1 1"
Heterogeneity. Chi*= 0.01, df=1 (P = 0.94); F= 0%
Testfor overall effect: Z= 2.44 (P = 0.01)
Total (95% CI) 128 128 100.0%  0.19[0.09,0.39] >
Total events 7 a1 . .
Heterogeneity. Chi*= 0.31, df=5 (P =1.00), F= 0% 0005 01 10 200

Test for overall effect: Z= 4.58 (P < 0.00001)
Test for subgroup differences: Chi*=0.28.df=1 (P = 0.60). F= 0%

Fig 4. Forest plot of intolerance.
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https://doi.org/10.1371/journal.pone.0250063.g004
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Helmet Face mask Risk Ratio Risk Ratio
Study or Subarouy Events Total Events Total Weight M.H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.2.1 Hypoxemic respiratory failure
Zhang 2010 0 20 8 20 252% 0.06(0.00,096] 2010 — ®* ]
Yang 2015 0 20 5 20 16.3% 009(0.01,154 2015 — |
Yang 2016 0 25 6 25 193% 0.08(0.00,1.30] 2016 — *— T
Patel 2016 3 44 3 39 9.4% 0.89(0.19,4.14] 2016 T
Wang 2017 1 23 6 23 17.8% 0.17(0.02,1.28] 2017 [
Subtotal (95% CI) 132 127 88.1%  0.18[0.07,0.44] >
Total events 4 28

Heterogeneity: Chi*= 5.32, df = 4 (P = 0.26); F= 25%
Test for overall effect: Z= 3.75 (P = 0.0002)

1.2.2 Hypercapnic respiratory failure

Zhang 2008 0 20 2 20 7.4% 0.20(0.01,3.92] 2008 [ — T —
Ali 2011 0 15 1 15 45% 0.33(0.01,7.58] 2011 o
Subtotal (95% CI) 35 35 11.9%  0.25[0.03,2.13] -~
Total events

0 3
Heterogeneity: Chi*= 0.05, df=1 (P = 0.82); F=0%
Test for overall effect: Z=1.27 (P = 0.21)

Total (95% CI) 167 162 100.0%  0.19[0.08, 0.43] -
Total events 4 31

Heterogeneity. Chi*= 5.34, df= 6 (P = 0.50), F= 0%

Test for overall effect: Z= 3.97 (P < 0.0001)

Test for subgroup differences: Chi*=0.08. df=1 (P=0.78). F= 0%

0005 01 10 200
Favours helmet Favours face mask

Fig 5. Forest plot of facial skin ulcer.
https://doi.org/10.1371/journal.pone.0250063.g005

mortality was observed in our meta-analysis (RR 0.62; 95% CI 0.39-0.99; p<0.05), as well as
subgroup analysis for hypoxemic ARF (RR 0.54; 95% CI 0.31-0.93; p<0.05). The difference
was not found in subgroup analysis for hypercapnic ARF (RR 0.86; 95% CI 0.36-2.06; p>0.05)
(Table 2 and Fig 12).

Discussion

Our meta-analysis of 12 RCT's showed that the helmet NIMV was associated with better toler-
ance, less adverse events, and reduced respiratory rate, intubation rate and hospital mortality
when compared with the face mask NIMV. Moreover, the helmet NIMV could improve gas
exchange in patients with hypoxemic ARF.

In recent 20 years of clinical practice, NIMV has been widely applied, especially for patients
with cardiogenic pulmonary edema and COPD [27]. However, NIMV is often interrupted due
to the patient intolerance, resulting in treatment failure. The reason may be related to the
patient-ventilator interaction of NIMV [44]. The classic manner of interaction is the facial
(also named oronasal) mask interface, which usually cause some complications, such as facial
skin ulcer, eye irritation, aerophagia, etc., leading to patient intolerance. Compared with the
face mask, the helmet can be suitable for patients with different facial shapes, and the patients

Helmet Face mask Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M.H,Fixed. 95%Cl Year M-H, Fixed, 95% CI
1.3.1 Hypoxemic respiratory failure
Zhang 2010 0 20 8 20 250% 006(0.00,096] 2010 —  ® |
Yang 2015 0 20 7 20 221% 007(0.00,1.09] 2015 —  * |
Yang 2016 0 25 7 25 221% 0.07(0.00,1.11] 2016 — *—
Wang 2017 1 23 7 23 206%  0.14(0.02,1.07) 2017 ——
Subtotal (95% CI) 88 88 89.8%  0.08[0.02,0.29] -
Total events 1 29

Heterogeneity: Chi*= 0.39, df= 3 (P = 0.94); F=0%
Test for overall effect: Z= 3.90 (P < 0.0001)

1.3.2 Hypercapnic respiratory failure

Zhang 2008 0 20 120 44%  033(0.01,7.72) 2008 —
Pisani 2015 2 39 2 #1 57% 1.05(0.16,7.10] 2014 —T
Subtotal (95% Cl) 59 61 102%  0.74[0.15,3.59] g
Total events

2 3
Heterogeneity. Chi*= 0.38, df=1 (P = 0.54), F= 0%
Testfor overall effect: Z=0.37 (P=0.71)

Total (95% CI) 147 149 100.0%  0.15[0.06, 0.37] >
Total events 3 32

Heterogeneity. Chi*= 5.33, df=5 (P = 0.38), F= 6%

Test for overall effect: Z= 4.10 (P < 0.0001)

Testfor subgroup differences: Chi*= 4.55. df=1 (P = 0.03). F=78.0%

0005 01 10 200
Favours helmet Favours face mask

Fig 6. Forest plot of aerophagia.

https://doi.org/10.1371/journal.pone.0250063.g006
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Helmet Face mask Mean Difference Mean Difference
Study or Subgroup _Mean _SD_Total Mean SD_Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
1.4.1 Hypoxemic respiratory failure
Zhang 2010 27 4 20 25 3 20 115% -4.00(-6.19,-1.81] 2010 =
Yang 2015 186 52 20 221 63 20 88% -350(7.08,0.08 2015
Patel 2016 245 253 44 291 388 39 128% -4.60[-6.03,-317] 2016 —
Yang 2016 183 32 25 259 36 25 121% -7.60[9.49,-571] 2016 —
Subtotal (95% Cl) 109 104  452% -5.11[-6.92,-3.29] -

Heterogeneity: Tau*= 2.17, Chi*= 8.90, df= 3 (P = 0.03); F= 66%
Testfor overall effect Z= 5.52 (P < 0.00001)

1.4.2 Hypercapnic respiratory failure

Zhang 2008 23 5 20 24 6 20 91% -1.00(-4.42,2.42) 2008 ]
Antonaglia 2011 27 075 20 28 038 20 139% -1.00[1.37,-0.63) 2011 ok

Ali 2011 248 31 15 261 19 15 121% -1.30[-3.14,0.54] 2011 T
Pisani 2015 2189 588 39 2272 505 41 111% -0.83(-3.24,1.58) 2014 -
Ma 2019 16 T 32 20 8 30 85% -400[7.75-0.25 2019

Subtotal (95% CI) 126 126 54.8% -1.03[-1.39,-0.68] L

Heterogeneity: Tau*= 0.00; Chi*= 2.54, df= 4 (P = 0.64), F=0%
Test for overall effect Z=5.73 (P < 0.00001)

Total (95¢% CI) 235 230 100.0% -3.10[-4.85,-1.34] -
Heterogeneity: Tau*= 5.70, Chi*= 73.57, df= 8 (P < 0.00001); F=89% o 5 é 10
Testfor overall effect Z= 3.46 (P = 0.0005) 1 &

Favours helmet Favours face mask
Test for subgroup differences: Ch* = 18.66. df= 1 (P < 0.0001). F = 84.6% FISISIMEEEAIOISSES s

Fig 7. Forest plot of respiratory rate.
https://doi.org/10.1371/journal.pone.0250063.9007

can contact and communicate with the surrounding environment during ventilation process.
A trial by Antonaglia et al. [37] found that the incidence of intolerance in patients with exacer-
bation of COPD receiving helmet NIMV was significantly less than that in patients receiving
face mask NIMV (5% vs. 40%). In a multicenter RCT, Chidini et al. [45] treated infants with
AREF caused by respiratory syncytial virus with helmet and face mask NIMV. The results
showed that the intolerance rate and trial failure rate in the helmet group were significantly
lower than those in the face mask group. Yang et al. [41] recruited patients with hypoxemia
after coronary artery bypass grafting surgery to randomly receive NIMV either with the helmet
or the face mask. The research team observed that patients treating with helmet NIMV experi-
enced less intolerance, facial skin ulcer and aerophagia. However, in patients with exacerbation
of COPD, Pisani et al. [38] found that there was no difference between the two groups in the
score of discomfort and incidence of adverse events after ventilation treatment. The results of
our study confirmed that the tolerance of helmet NIMV is better than that of face mask
NIMV, no matter what type of ARF. Unfortunately, the advantages of helmet NIMV in reduc-
ing the incidences of facial skin ulcer and aerophagia were only shown in hypoxemic ARF, but
not in hypercapnic ARF. The reason for this difference may be due to the relatively small

Helmet Face mask Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M.H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.5.1 Hypoxemic respiratory failure
Zhang 2010 2 2 3 20 48%  067(0.12,3.57] 2010 =
Yang 2015 2 2 6 20 91%  0.33(0.08,1.46] 2015 —
Yang 2016 2 25 7 25 106%  0.29(0.07,1.24] 2016 S §
Patel 2016 8 44 24 33 386%  0.30(0.15,0.58] 2016 &
Subtotal (95% CI) 109 104 62.9%  0.33[0.19, 0.56] >
Total events 14 40

Heterogeneity: Chi*= 0.81, df= 3 (P = 0.85), F=0%
Testfor overall effect: Z=4.11 (P < 0.0001)

1.5.2 Hypercapnic respiratory failure

Zhang 2008 7 20 9 20 137% 0.78[0.36,1.68] 2008 i
Antonaglia 2011 2 20 9 20 137% 0.22(0.05,0.90] 2011 =

Ali 2011 1 15 3 15 46% 0.33(0.04,2.85] 2011 T
Pisani 2015 0 39 2 41 3.7% 0.21[0.01,4.24] 2014 —
Ozlem 2015 2 25 1 23 16% 1.84(0.18,18.96] 2015 ]
Subtotal (95% CI) 119 119 37.1%  0.51[0.28,0.92] >

Total events 12 24

Heterogeneity: Chi*= 4.17, df= 4 (P=0.38), F= 4%
Test for overall effect: Z= 2.22 (P = 0.03)

Total (95% CI) 228 223 100.0%  0.39[0.26, 0.59] <
Total events 26 64

Heterogeneity: Chi*= 6.83, df= 8 (P = 0.56); F= 0%

Test for overall effect: Z= 4.61 (P < 0.00001)

Testfor subgroup differences: Chi*=1.17.df=1(P=0.28). F=14.5%
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Fig 8. Forest plot of endotracheal intubation.
https://doi.org/10.1371/journal.pone.0250063.g008
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Helmet Face mask Mean Difference Mean Difference
Study or Subaroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Hypoxemic respiratory failure
Wang 2017 28471 3418 23 23551 2963 23 141% 49.20(30.72,67.68] S
Yang 2015 2983 767 20 2157 639 20 85% 82.60(38.85126.35) e
Yang 2016 2969 69.2 25 2169 618 25 10.0% 80.00[43.63,116.37] T
Zhang 2010 3n 23 20 285 57 20 121%  26.00[-0.94,52.94) e
Subtotal (95% Cl) 88 88 44.7% 55.23(31.37,79.09] L 2

Heterogeneity: Tau®= 350.48, Chi*= 7.79, df= 3 (P= 0.05), F=61%
Test for overall effect: Z= 4.54 (P < 0.00001)

1.6.2 Hypercapnic respiratory failure

Ali 2011 1974 17 15 1966 221 15 150% 0.80[13.31,14.91) =
Antonaglia 2011 237 29 20 226 32 20 140% 11.00[-7.93,29.93 T
Ma 2019 182 27 32 166 25 30 152% 16.00 (3.06, 28.94) [
Zhang 2008 265 46 20 278 55 20 11.1% -13.00[-44.42,18.42) =
Subtotal (95% CI) 87 85 55.3% 7.20[-3.10, 17.50] »

Heterogeneity: Tau*= 33.02; Chi*= 4.28, df= 3 (P = 0.23); F= 30%
Test for overall effect Z=1.37 (P=0.17)

Total (95% C1) 175 173 100.0%  27.76[9.39, 46.13] *
Heterogeneity: Tau® = 534.34; Chit= 40,68, df = 7 (P < 0.00001); F= 83%
200 -100 100 200
Testfor overall effect Z= 2.95 (P = 0.003) )
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Fig 9. Forest plot of oxygenation index.
https://doi.org/10.1371/journal.pone.0250063.g009

sample size in the study of hypercapnic ARF. Increasing the sample size may display positive
outcomes.

It is well known that avoiding tracheal intubation can reduce the incidence of ventilator-
associated pneumonia, and cut down the use of analgesic and sedative drugs. Antonaglia et al.
[37] observed that NIMV with helmet can significantly reduce the rate of tracheal intubation
compared with NIMV with face mask in patients with exacerbation of COPD. Further analysis
indicated that in the face mask group, 88% of the patients with endotracheal intubation failed
in NIMV merely due to intolerance. In our study, the respiratory rate of patients treated with
helmet NIMV was significantly decreased, reflecting that the respiratory distress was further
alleviated. We believe that the decreases of respiratory rate and tracheal intubation rate are
closely related to the better tolerance of helmet NIMV.

Compared with oxygen therapy, NIMV can provide certain inspiratory pressure and posi-
tive end expiratory pressure (PEEP), so as to increase the minute ventilation volume of the
lung, prevent alveolar collapse, reduce intrapulmonary shunt, and improve the ventilation /
perfusion ratio, thus promoting gas exchange. Zhang et al. [39] found that helmet NIMV can
significantly increase the oxygenation index of patients with hypoxemic ARF compared with
face mask NIMV. Yang et al. [9, 41] also reported similar results. The results of our meta-anal-
ysis are consistent with the above studies. It is speculated that the reason why helmet NIMV
can increase oxygenation index may be related to the better airtightness of the ventilation sys-
tem and more effective transmission of PEEP. It should be noted that a recently published

Helmet Face mask Mean Difference Mean Difference
Study or Subaroup _ Mean D _Total Mean SD Total Weight IV, Random,95%Cl Year IV, Random, 95% CI
1.7.1 Hypoxemic respiratory failure
Yang 2015 342 4 20 375 36 20 149% -3.30[-5.66,-0.94] 2015 —
Yang 2016 347 39 25 378 34 25 153% -3.10[5.13,-1.07] 2016 il
Wang 2017 3451 204 23 36.14 2.06 23 16.0% -1.63[-2.81,-0.45] 2017 il
Subtotal (95% CI) 68 68 46.1% -2.32[-3.43,-1.21] L4

Heterogeneity: Tau= 0.21; Chi*= 2.48, df= 2 (P = 0.29); F= 19%
Test for overall effect Z= 4.11 (P < 0.0001)

1.7.2 Hypercapnic respiratory failure

Navalesi 2007 52 714 5 517 852 5 61% 0.30[-9.44,10.04) 2007 S |
Zhang 2008 68 18 20 57 9 20 68% 11.00(218,19.82) 2008

Antonaglia 2011 696 41 20 631 38 20 148% 6.50[4.05,8.95] 2011 S
Ali 2011 492 53 15 447 5 15 131% 450(0.78,8.22) 2011 =
Ma 2019 56.3 81 32 527 69 30 131% 3.60[-0.14,7.34] 2013 o
Subtotal (95% CI) 92 90 53.9% 5.34[3.41,7.27] *

Heterogeneity: Tau*= 0.58; Chi*= 4.49, df=4 (P=0.34), F=11%
Testfor overall effect Z=5.42 (P < 0.00001)

Total (95% CI) 160 158 100.0% 1.57 [-1.45, 4.59] ?
Heterogeneity: Tau*= 14.51; Chi*= 64.69, df= 7 (P < 0.00001); #= 89%
Test for overall effect: Z=1.02 (P = 0.31)

Test for subgroup differences: Chi* = 45.46. df= 1 (P < 0.00001). F= 97.8%
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Fig 10. Forest plot of PaCO,.
https://doi.org/10.1371/journal.pone.0250063.g010
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Helmet Face mask Mean Difference Mean Difference

r Subgroup  Mean Total Mean Total Weight IV, Random, |_Year IV, Random, 95% CI
1.9.1 Hypoxemic respiratory failure
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Heterogeneity: Tau®= 1.29; Chi*= 20.81, df= 3 (P = 0.0001), F= 86%
Test for overall effect Z= 2.04 (P = 0.04)
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Subtotal (95% CI) 60 58 423%  0.78[-1.75,3.31]
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Fig 11. Forest plot of ICU stay.
https://doi.org/10.1371/journal.pone.0250063.9011

meta-analysis [26] showed that there was no difference in the effects of two NIMV modes on
oxygenation. Through comparative observation, it was found that the meta-analysis simulta-
neously included RCTs and non-RCTs, and in the analysis of RCTs, it selected two articles that
were excluded in our study (the reason for exclusion was that NIMV parameters were not pro-
vided, therefore it was not suitable to conduct meta-analysis based on the results). This may be
the reason why the above results are inconsistent.

Some studies [36, 37, 42] reported that helmet NIMV was less effective than face mask
NIMYV in reducing CO, retention in patients with COPD. Similar results were found in our
meta-analysis. These findings could possibly be explained by three factors: (1) CO, rebreath-
ing, (2) an increase in ventilation dead space, and (3) less reduction of inspiratory effort. How-
ever, it is believed that the fresh gas flow rate of the helmet NIMV can reach 100 ~ 200L / min,
which can reduce the risk of CO, rebreathing in the helmet [46]. A study by Antonelli et al.
[47] reported that CO, rebreathing with the helmet and the mask in healthy volunteers was
similar and always less than 1.5%.

It is considered that due to the soft collar of the helmet, the inspiratory pressure was dissi-
pated partly, resulting in a less efficient reduction of the inspiratory effort. Under this circum-
stance, the pressurization rate might be lower and sometimes may affect the trigger and
cycling, leading to patient-ventilator dyssynchrony [47]. However, it is thought that to

Helmet Face mask Risk Ratio Risk Ratio
rent elqh! xed, 95% Cl_Year M.H, Fixed, 95% C1

Qroup

or Sub

ML AL LYEI QL8
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Patel 2016 12 44 19 39 579% 056(0.31,1.00] 2016 -
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Fig 12. Forest plot of hospital mortality.
https://doi.org/10.1371/journal.pone.0250063.g012
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overcome the same inspiratory resistance, the pressure required for helmet NIMV is 33%
higher than that for face mask NIMV [18]. In addition, Pisani et al. [38] carried out a trial in
which the pressure in the helmet group was increased by 30% compared with that in the face
mask group. As a result, there was no difference in PaCO, between the two groups. Neverthe-
less, in the five studies [11, 12, 36, 37, 42] focusing on COPD included in our meta-analysis,
the pressure support levels of the two groups were approximately parallel. This may explain
the results of our study. Therefore, by increasing the inspiratory pressure, NIMV with helmet
may completely achieve the CO, removal level of face mask NIMV, which needs further con-
firmation by randomized trials.

Our study found that helmet NIMV could reduce the hospital mortality of patients with
hypoxemic ARF, which is consistent with the result of a recent study by Xu et al. [27]. More-
over, the follow-up study by Patel et al. [48] demonstrated that the one-year mortality of
patients with ARDS could be reduced by helmet NIMV compared with that of face mask
NIMV. Regrettably, our study failed to show that the hospital mortality of patients with hyper-
capnic ARF in helmet NIMV group was decreased. The reason for this difference is not clear.
It may be related to the fact that most of the primary causes of hypoxemic ARF are reversible,
while most of the primary diseases leading to hypercapnic ARF are irreversible. In addition,
some researchers conducted economic analysis [49] showed that the cost of ICU and hospitali-
zation of the helmet NIMV group was significantly lower than that of the face mask NIMV
group, reflecting considerable economic advantage.

The results of our study are similar to a previous meta-analysis published by Liu et al [25],
but there are some differences. Firstly, In addition to the English databases that were searched
by Liu et al, we also retrieved three main Chinese databases. We realized that more compre-
hensive literature search could reduce publication bias as much as possible. Secondly, we
updated the included literature. In the previous study, five case-control studies and six RCT's
were eligible and analyzed. The control group of one RCT was venturi oxygen therapy, not
face mask NIMV. In contrast, a total of 12 studies included in our meta-analysis were all RCT
with homogeneous treatment group and control group, which may be the main strength of
our study. We believed that a larger sample size would make the results of our meta-analysis
more reliable.

There are some limitations in our analysis, which deserve discussion. First, we observed
considerable heterogeneity between the analyzed studies. Clinical heterogeneity among studies
principally involves the primary diseases leading to ARF, the inclusion and exclusion criteria
of each study, the modes and settings of mechanical ventilation and the definitions of out-
comes. Statistical heterogeneity is generally a consequence of these clinical diversities.
Although these variations might have influenced the results of our study, we did use a random
effects model (in which each study is regarded as estimating a different effect) for data combin-
ing when the statistical heterogeneity was significant. Second, most of the included studies
referred to data collected almost 10 years ago. Technological advancement might have
improved both face mask and helmet NIMV performance, and new literature insights might
have changed the way NIMYV is set in clinical practice. Third, all the included studies are char-
acterized by a small sample size, single-center design, and mainly run by clinical experts in the
field of NIMV and especially helmet NIMV. Thus, the results of our study should be inter-
preted with caution. Large RCTs are still needed to provide more robust evidence.

Conclusion

In summary, this meta-analysis showed that compared to face mask NIMV treating patients
with ARF, the helmet NIMV could improve the patient’s tolerance, reduce the incidence of
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complications, and decrease the respiratory rate, tracheal intubation rate and hospital mortal-

ity. Moreover, the oxygenation index of patients with hypoxemic ARF could be increased by
NIMV with helmet. Increasing inspiratory pressure may make up for the deficiency of the hel-
met NIMV in the removal of CO,. In view of the possibility that the low number of patients
from included studies may preclude strong conclusions, large RCTs are still needed to provide

more robust evidence.
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