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Abstract

Objective: This systematic review and meta-analysis was performed to evaluate the efficacy of
using a helmet for oxygen therapy in critically ill patients with respiratory failure.

Methods: The Cochrane Library, Embase, and PubMed databases were searched for all ran-
domized controlled trials (RCTs) examining the efficacy of a helmet versus standard oxygen
therapy or a mask in critically ill patients with respiratory failure. The quality of all included
studies was evaluated by the method recommended by The Cochrane Collaboration. The sys-
tematic review and meta-analysis was conducted using Review Manager software, version
5.3 (Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
Results: Ten RCTs involving 708 patients were included in the present meta-analysis.
The results of the meta-analysis showed that the oxygenation index, partial pressure of carbon
dioxide, and complications were not significantly different between the helmet group and
the standard oxygen therapy or mask group. The incidence of intubation and the mortality
rate were significantly lower in the helmet group than in the standard oxygen therapy or
mask group.

Conclusion: Delivering oxygen via a helmet can decrease the incidence of required intubation
and improve the mortality rate, resulting in beneficial outcomes in critically ill patients with
respiratory failure.
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Introduction

The clinical value of noninvasive ventilation
(NIV) in the form of continuous positive
airway pressure (CPAP) for patients with
acute respiratory failure has been increas-
ingly affirmed, especially for patients with
acute respiratory distress syndrome, pulmo-
nary interstitial fibrosis, immune dysfunc-
tion, and similar disorders.'” Because of
its unique structure, a helmet device is asso-
ciated with a lower incidence of noninvasive
positive-pressure ventilation (NIPPV)-relat-
ed complications than is a normal mask,
providing significant advantages.*”’
However, noninvasive mechanical ventila-
tion with a helmet may lead to carbon diox-
ide (CO,) retention and hypercarbia.®
Because of the limitations of studies per-
formed by different research groups and
the small sample size of single-centre stud-
ies, the present review and meta-analysis
was performed to analyse the results of
using a helmet for critically ill patients
with respiratory failure. In terms of conven-
tional oxygen therapy, ordinary mask
NIPPV and routine nasal catheters are
commonly used in patients with severe
hypoxaemia. To improve the statistical effi-
ciency of the analysis and reduce the hetero-
geneity among the study population, this
investigation was conducted as a systematic
review and meta-analysis of randomized
controlled trials (RCTs) comparing a
helmet and conventional oxygen therapy
to objectively evaluate the clinical efficacy
of a helmet for critically ill patients with
respiratory failure.

Materials and methods

Search strategy

Two investigators independently searched
PubMed, Elsevier and Cochrane (Central)
for clinical RCTs of critically ill patients
receiving helmet oxygen therapy and con-
ventional oxygen therapy. A literature
search from 1 January 1995 to 31
December 2018 was carried out using the
following search keywords and terms:
(“respiratory failure” or “hypoxemic respi-
ratory failure” or “hypoxemic respiratory
distress” or “ARF” or “AHRF”) and
(“nippv” or “bipap” or “cpap” or “niv”’ or
“nipsv” or “noninvasive positive pressure
ventilation” or “non invasive positive pres-
sure ventilation” or ‘“noninvasive ven-
tilation” or “non invasive ventilation” or
“bilevel positive airway pressure” or
“continuous positive airway pressure”
or ‘“‘noninvasive pressure support ven-
tilation” or “non invasive pressure support
ventilation” or “mask ventilation” or
“helmet ventilation” or “oxygen therapy”).
The search was limited to published studies
and, with reference to the literature, was
based on the authors’ request for the full
text and the original data.

Data screening and extraction

Citation titles and abstracts were indepen-
dently screened by two reviewers (T.Y. and
T.W.). All potentially eligible papers were
retrieved in full. The references of all retrieved
articles were examined to identify additional
potentially eligible studies. The trial
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characteristics and outcomes were indepen-
dently recorded by the two reviewers using
a predesigned data abstraction form. In
cases of disagreement, all the authors jointly
reviewed the article in question until a con-
sensus was reached. Any duplicate papers
were identified and excluded from the meta-
analysis. The literature inclusion criteria were
as follows: (1) study type: group design RCT;
(2) study population: severely ill patients
being treated in the intensive care unit; (3)
intervention measures: the experimental
group used helmet-based ventilation and the
control group used mask ventilation or con-
ventional oxygen therapy, and a clear
description of the specific oxygen therapy
was provided; and (4) outcome measures:
oxygenation index, partial pressure of CO,
(PaCO,), rate of requirement of tracheal intu-
bation, incidence of complications, and mor-
tality rate. If the information provided in the
article was not complete, contact with
the original author was made to supplement
the data; if the necessary amount of original
data could not be obtained, the study was
excluded.

Grading the evidence

We evaluated the quality of the trials by
applying the Grading of Recommendations
Assessment, Development, and Evaluation
(GRADE) (GRADEpro GDT 2016
https://gradepro.org/).’ This system grades
the quality of studies as high, moderate,
low, or very low based on the quality of
design, limitations, inconsistencies, indirect-
ness, imprecision, and possible publication
bias. Two investigators (T.Y. and T.W.)
independently  evaluated the  studies,
abstracted the data on methods and out-
comes, and assessed the risk of bias.

Endpoints

The primary endpoint was to determine the
potentially beneficial role of noninvasive

mechanical ventilation with a helmet in
terms of mortality in critically ill patients
with respiratory failure; the cut-off points
for mortality as defined within each study
were used in the meta-analysis. The second-
ary endpoints were whether the helmet
improved the oxygenation index, PaCO,,
and the need for tracheal intubation in
patients with respiratory failure. We also
examined whether differences in complica-
tions existed among patients with a helmet
versus standard oxygen therapy or a mask.

Statistical analyses

Data related to the oxygenation index,
PaCO,, need for tracheal intubation, inci-
dence of complications, and mortality rate
in the overall population as well as in the in-
hospital and pre-hospital subgroups were
extracted, and a consecutive analysis for
subgroups was performed (filtered accord-
ing to the analysed variable). For dichoto-
mous outcomes, risk ratios (RRs) with 95%
confidence intervals (CIs) were used to rep-
resent the effects of helmet use on different
outcomes. An RR of <1 favoured the use of
a therapeutic helmet. Data were pooled
only when adequate clinical and methodo-
logical similarities were present between the
studies. The homogeneity assumption was
assessed using the I value, which describes
the percentage of total variation across
studies that is due to heterogeneity rather
than chance. 1> was computed as
I?=100% x (Q —df)/Q, where Q is the
Cochrane heterogeneity statistic and df rep-
resents the degrees of freedom. A value of
0% indicated no observed heterogeneity,
and larger values were indicative of increas-
ing heterogeneity. Between-study heteroge-
neity was assessed with the I? test using
P < 0.1 as the threshold for statistical signif-
icance.'” Publication bias was estimated
using a funnel plot. Parametric variables
are presented as mean =+ standard deviation,
and nonparametric variables are presented
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as median and interquartile range.
Statistical analyses were conducted using
Review Manager software, version 5.3
(Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). A
P-value of <0.05 was considered to indicate
statistical significance.

Results

A flowchart of the study selection process is
shown in Figure 1. Ten studies met the con-
ditions for inclusion in the meta-
analysis.®!"!? These studies were published
from 2005 to 2016 and included 708

patients (355 in the helmet group and 353
in the control group). The characteristics of
the studies are shown in Figure 2.

Outcomes

Helmet and oxygenation index outcomes. Five
studies®!>131019 compared the effects of
each therapy on the oxygenation index.
Significant  heterogeneity was present
(I’=96%, P<0.0001), and a random-
effects model was used to analyse the
results. As shown in Figure 3, use of a
helmet did not have a significant effect on
the oxygenation index [weighted mean dif-
ference (WMD), 49.24; 95% CI, —9.92 to

— Records identified from electronic databases and other sources
& (n=11084)
= PubMed 3077
% Elsevier 3251
> Cochrane (Central) 4756
Records after duplicates
% removed Excluded
g >
5. ! ”| Wrong intervention/not related to
0 Records screened
(n=3693) Excluded (n=3431)
l » | Not same study population (n=1677)
Full-text articles assessed for Not in English(n=785)
m eligibility
@,
= l » | Excluded (n=233)
5
Records retrieved for more detailed Review or meta-analysis (n=221)
evaluation
= l —| Excluded (n=19)
(<)
§ Records included in meta-analysis Not RCTs(n=15)
o,
(n=10)

Figure I. Flow diagram of the selection of studies for the meta-analysis. RCT, randomized controlled trial.
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Figure 2. Characteristics of the included studies
examining the efficacy of a helmet versus standard
oxygen therapy or a mask in patients with respira-
tory failure.

108.40] when the control group received
standard oxygen therapy or mask ventila-
tion. The effects of a helmet and standard
oxygen therapy on the oxygenation index
were compared in three studies.'*!'®! The
results of this analysis showed that use of a
helmet did not have a significant effect on
the oxygenation index compared with use
of standard oxygen therapy (WMD, 51.69;
95% CI, —50.41 to 153.80). The other two
studies®!® compared the effects of helmet
and mask ventilation on the oxygenation
index. The results showed that use of a
helmet did not have a significant effect on
the oxygenation index compared with use

of the common mask (WMD, 43.81; 95%
CI, —26.12 to 113.73). Publication bias was
detected using a funnel plot assessment
(Figure 4).

Helmet and PaCO, outcomes. Five stud-
jes® 11316019 compared the effects of each
therapy on PaCO,. Significant heterogene-
ity was present across the studies (I = 65%,
P=0.02), and a random-effects model was
used for the analysis. The results showed
that use of a helmet did not have significant
effect on PaCO, (WMD, —1.73; 95% CI,
—4.21 to 0.75) when the control group
received standard oxygen therapy or mask
ventilation. The effect of a helmet and stan-
dard oxygen therapy on PaCO, was com-
pared in two studies.'®'” The results
showed that compared with standard
oxygen therapy, the helmet did not have a
significant effect on PaCO, (WMD, —2.23;
95% CI, —5.13 to 0.66). The other three
studies®' !> compared the effect of helmet
and mask ventilation on PaCO,. The results
showed that use of a helmet did not have a
significant effect on PaCO, compared with
the common mask (WMD, —1.31; 95% CI,
—5.99 to 3.37) (Figure 5). Publication bias
was detected using a funnel plot assessment
(Figure 6).

Helmet and tracheal intubation outcomes. Ten
studies®' "1 compared the effects of each
therapy on the incidence of the need for
tracheal intubation. No heterogeneity was
present (I?=0%), and a fixed-effects
model was used for the analysis. The results
showed that use of a helmet significantly
reduced the incidence of endotracheal intu-
bation (RR, 0.27; 95% CI, 0.18-0.41;
P <0.00001) when the control group
received either standard oxygen therapy or
mask ventilation. The incidence rate of tra-
cheal intubation was compared between a
helmet and standard oxygen therapy in four
studies.'>'®!7" The results showed that
use of a helmet significantly reduced the
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Helmet Oxygen Therapy Mean Difference Mean Difference
Study or Subgroup gan__SD Total Mean D_Tota Random, 9 Random, 95%
1.1.1 Helmet versus Oxygen Therapy
Barbagalle 2012 34 52 25 452 T2 25 19.8% -58.00[-92.81,-23.19) .
Casentini 2010 349 69 20 244 51 27 19.7% 105.00(69.16, 140.84)
Squadrone 2005 366 106 105 259 60 104 206% 107.00(83.68, 130.32)
Subtotal (95% CI) 150 156 60.1% 51.69 [-50.41, 153.80)

Heterogeneity: Tau® = 7878.80; Chi* = §5.14, df = 2 (P < 0.00001); I = 97%
Test for overall effect: Z = 0.99 (P = 0.32)

1.1.2 Helmet versus Mask

Antonaglia 2011 232 148 20 221 342 20 20.9% 11.00 [-5.33, 27.33)
Yang 2015 2983 767 20 2157 639 20 19.0% 82.60 (38.85, 126.35) o
Subtotal (95% CI) 40 40 39.9% 43.81[-26.12, 113.73)

Heterogeneity: Tau’ = 2279.41; Chi* = 9.03, af = 1 (P = 0.003); I* = 89%
Test for overall effect: Z = 1.23 (P = 0.22)

Total (95% Cl) 180 196 100.0% 49.24 [-9.92, 108.40]
Heterogeneity: Tau® = 4288.74; Chi* = 90.50, df = 4 (P < 0.00001); I' = 96%

Test for overall effect: Z = 1.63 (P = 0.10)

Tesl for subarouo differences: Chi’ = 0,02. df = 1 (P = 0.90). I" = 0%

-1000 =500 o 500 1000
Favours experimental Favours control

Figure 3. Effects on the oxygenation index in patients with respiratory failure in the helmet and control
subgroups using a random-effects analysis, with a forest plot showing mean differences between the helmet
and control groups. Squares and horizontal lines indicate the mean difference and 95% Cl for each trial; the
size of each square is proportional to the statistical weight of the trial in the meta-analysis. Diamonds
indicate the estimated effect derived from the meta-analysis, with the centre indicating the point estimate
and the left and right points indicating 95% Cls. SD, standard deviation; ClI, confidence interval.
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Figure 4. Funnel plot for publication bias regarding the effect of a helmet on the oxygenation index. Each
point represents a separate study included in the meta-analysis. Squares indicate studies assessing the effects
of a helmet compared with standard oxygen therapy. Diamonds indicate studies assessing the effects of a
helmet compared with a mask. SE, standard error; MD, mean difference.
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2.1. Helmet versus Oxygen Therapy

Barbagallo 2012 42 4 25 43 5 25 245% -1.00[-351,151)
Cosentini 2010 33 56 20 37 67 27 197% -4.00}7.52,-0.49)
Subtotal (95% Cl) 45 52 44.2%  -2.23[-5.13,0.66)

Heterogeneity. Tau®= 2.06, Chi*= 1.85,df=1 (P=017), F= 46%

Test for overall effect Z=1.51 (P=0.13)

2.1.2 Helmet versus Mask

Antonaglia 2011 62 6 20 59 5.2 20 19.9% 3.00 [-0.48, 6.49]
Yang 2015 342 4 20 375 36 20 252% -3.30}5.66,-0.94)
Ozlem 2015 654 12 25 697 10 23 107% -4.30[1053,1.93]
Subtotal (95% CI) 65 63 558% -1.31[-5.99,3.37]

Heterogeneity: Tau®= 12.90; Chi*= 9.43, df= 2 (P = 0.009), F= 79%

Test for overall effect. Z= 055 (P = 0.58)

Total (95% CI) 110

115 100.0%

Heterogeneity. Tau®= 4.90, Chi*= 11,37, df= 4 (P = 0.02), " = 65%

Test for overall effect Z=1.37 (P=0.17)

Test for subaroun differences: Chi*= 0.09.df=1 (P=0.76). F= 0%

Mean Difference Mean Difference

A1.73(-4.21,0.75)

4100 -50 0
Helmet control

Figure 5. Effects on partial pressure of carbon dioxide (PaCO,) in patients with respiratory failure in the
helmet and control subgroups using a random-effects analysis, with a forest plot showing mean differences
between the helmet and control groups. Squares and horizontal lines indicate the mean difference and 95%
Cls for each trial; the size of each square is proportional to the statistical weight of the trial in the meta-
analysis. Diamonds indicate the estimated effect derived from the meta-analysis, with the centre indicating
the point estimate and the left and right points indicating 95% Cls. SD, standard deviation; Cl, confidence

interval.
o SEMD) ;
H
|
T &
\
o<
2t :
i
:
a1+ 1
<
:
|
1
!
5 ' i, ' L=}
2100 -50 0 50 100

Subgroups
Halmet versus Oxygen Tharapy
Helmet versus Mask

B

Figure 6. Funnel plot for publication bias regarding the effect of a helmet on partial pressure of carbon
dioxide (PaCO,). Each point represents a separate study included in the meta-analysis. Squares indicate
studies assessing the effects of a helmet compared with standard oxygen therapy. Diamonds indicate studies
assessing the effects of a helmet compared with a mask. SE, standard error; MD, mean difference.

incidence of tracheal intubation (RR, 0.20;
95% CI, 0.10-0.41; P < 0.00001). The other
six studies®' 1> 1518 compared the effect of
helmet and mask ventilation on the inci-
dence of tracheal intubation. The results

showed that use of a helmet significantly
reduced the incidence of tracheal intubation
compared with the common mask (RR,
0.32; 95% CI, 0.20-0.53; P <0.00001)
(Figure 7). No publication bias was
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MUGY OF >Ut LVEIR I LY
4.1.1 Helmet versus Oxygen Therapy
Barbagallo 2012 o 25 0 25 Not estimable
Brambilla 2014 6 40 26 41 305% 0.24[011,051) -
Cosentinl 2010 1] 20 0 27 Not estimable
Squadrone 2005 1 105 10 104 11.9% 0.10 [0.01, 0.76) R
Subtotal (95% CI) 190 197 425% 0.20(0.10,041) &>
Total events 7 36

Heterogeneity: Chi*= 0.65,df=1 (P=0.42), F=0%
Test for overall effect Z = 4.35 (P < 0.0001)

4.1.2 Helmet versus Mask

Antonaglia 2011 2 2 9 20 107%  0.22(0.05,090] —
Chidini 2015 3 w 3 13 40% 076[018,319] —
Patel 2016 8 44 24 39 303% 030[015,058] =
pisani 2015 0 39 2 41 29% 0.21[001,4.24) e
Yang 2015 2 2 6 20 71%  0.33(0.08,1.46] T
Ozlem 2015 1 25 2 23 25% 046(0.04,4.74) —_—
Subtotal (95% CI) 165 156 57.5%  0.32[0.20, 0.53] *
Tolal events 16 46

Heterogeneity. Chi*= 1.91, df=5 (P = 0.86), F=0%
Testfor overall effect Z= 4.44 (P < 0.00001)

Total (95% C1) 355 353 100.0%  0.27(0.18,0.41] @

Total events 23 a2

Helerageneity: Chi*= 3.54, df= 7 (P = 0.83); F= 0% ' : i :
Testfor overall effect Z=6.24 (P < 0.00001) 0.001 '3;"_”9‘ I:DI'I:(Dnl 1000

Test for subaroun differences: Not aoplicable

Figure 7. Effects on intubation in patients with respiratory failure in the helmet and control subgroups
using a fixed-effects analysis, with a forest plot showing the risk ratio for helmet versus control. Squares and
horizontal lines indicate the risk ratio and 95% Cls for each trial; the size of each square is proportional to
the statistical weight of the trial in the meta-analysis. Diamonds indicate the estimated effect derived from
the meta-analysis, with the centre indicating the point estimate and the left and right points indicating 95%
Cls. SD, standard deviation; Cl, confidence interval.
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Figure 8. Funnel plot for publication bias regarding the effect of a helmet on intubation. Each point
represents a separate study included in the meta-analysis. Squares indicate studies assessing the effects of a
helmet compared with standard oxygen therapy. Diamonds indicate studies assessing the effects of a helmet
compared with a mask. RR, risk ratio; SE, standard error.
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helmet Control

Risk Ratio Risk Ratio

—Study or Subgroup _ Events Total Events Total Weight M-H. Fixed 95%Cl  M-H Fixed 95%CI

6.1.1 Helmet versus Oxygen Therapy

Barbagallo 2012 7 25 4 25 155%
Brambilla 2014 6 40 2 M 1%
Cosentini 2010 0 20 0o 27
Subtotal (95% CI) 85 93 23.2%
Tolal events 13 6

Heterogeneity: Chi* = 0.35, df = 1 (P = 0.56); I? = 0%

Test for overall effect: Z = 1.72 (P = 0.09)

6.1.2 Helmet versus Mask

Antonaglia 2011 4 20 2 20 78%
Patel 2016 3 44 3 39 124%
Ozlem 2015 9 25 14 23 56.7%
Subtotal (95% CI) 89 82 76.8%
Total events 16 19

Heterogeneity: Chi* = 217, df = 2 (P = 0.34); P = 8%

Test for overall effect: Z = 0.89 (P = 0.37)

Total (95% CI) 174 175 100.0%
Total events 29 25

Heterogeneity: Chi* = 6.95, df = 4 (P = 0.14); F = 42%
Test for overall effect: Z = 0.44 (P = 0.66)

1.75[0.58, 5.24] N i
3.08 [0.66. 14.34) M =
Not estimable
2.19 [0.90, 5.34]

2.00 [0.41,9.71]
0.89 [0.19, 4.14]
0.59 [0.32, 1.10]
0.78 [0.46, 1.34]

—_——

-
>

T

helmet control

1.11 [0.70, 1.74]

001 0.1 10 100

Test for subaroup differences: Chi* = 3.75. df = 1 (P = 0.05). = 73.3%

Figure 9. Effects on complications in patients with respiratory failure in the helmet and control subgroups
using a fixed-effects analysis, with a forest plot showing the risk ratio for helmet versus control. Squares and
horizontal lines indicate the risk ratio and 95% Cls for each trial; the size of each square is proportional to
the statistical weight of the trial in the meta-analysis. Diamonds indicate the estimated effect derived from
the meta-analysis, with the centre indicating the point estimate and the left and right points indicating 95%

Cls. Cl, confidence interval.

detected using a funnel plot assessment
(Figure 8).

Helmet and complications outcomes. Six stud-
ies® 14161719 compared the effects of each
therapy on the incidence of complications.
No heterogeneity was present (I =42%),
and a fixed-effects model was used for the
analysis. The results showed that use of a
helmet did not have a significant effect on
reducing complications (RR, 1.11; 95% CI,
0.70-1.74) when the control group received
either standard oxygen therapy or mask
ventilation. The effect of a helmet and stan-
dard oxygen therapy on the incidence of
complications was compared in three stud-
ies.® 1% The results showed that compared
with standard oxygen therapy, use of a
helmet did not have a significant effect on
the incidence of complications (RR, 2.19;
95% CI, 0.90-5.34). The other three stud-
ies'®171 compared the effect of helmet and

ies
mask ventilation on the incidence of

complications. The results showed that use
of a helmet did not have a significant effect
on the incidence of complications compared
with mask ventilation (RR, 0.78; 95% CI,
0.46-1.34) (Figure 9). No publication bias
was detected using a funnel plot assessment
(Figure 10).

Helmet and mortdlity outcomes. Eight stud-
jes® 1 L2119 compared  the effects of
each therapy on the mortality rate. No het-
erogeneity was present across studies
(I’=0%), and a fixed-effects model was
used for the analysis. The results showed
that use of a helmet significantly reduced
the incidence of mortality (RR, 0.56; 95%
CI, 0.36-0.87; P=0.010) when the control
group received either standard oxygen ther-
apy or mask ventilation. The effect of a
helmet and standard oxygen therapy on
the mortality rate was compared in four
studies.'>!*!71 The results showed that
compared with standard oxygen therapy,
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Figure 10. Funnel plot for publication bias regarding the effect of a helmet on complications. Each point
represents a separate study included in the meta-analysis. Squares indicate studies assessing the effects of a
helmet compared with standard oxygen therapy. Diamonds indicate studies assessing the effects of a helmet
compared with a mask. RR, risk ratio; SE, standard error.

use of a helmet did not have a significant
effect on the mortality rate (RR, 0.37; 95%
CI, 0.12-1.12). The other four stud-
ies® 111415 compared the effect of helmet
and mask ventilation on the mortality
rate. The results showed that use of a
helmet did not have a significant effect on
the mortality rate compared with a
common mask (RR, 0.64; 95% CI, 0.40—
1.01) (Figure 11). No publication bias was
detected using a funnel plot assessment
(Figure 12).

Discussion

To date, 10 RCTs have analysed the impact
and efficacy of a helmet relative to conven-
tional oxygen therapy in critically ill
patients. The present meta-analysis was
performed to clarify the role of a helmet
in critically ill patients with respiratory fail-
ure compared with standard oxygen

therapy or a common mask based on cur-
rent published data. The main findings were
that compared with the control therapy, use
of a helmet significantly reduced the inci-
dence of tracheal intubation and mortality
but yielded no significant benefit with
respect to the oxygenation index; moreover,
the helmet did not increase PaCO, or com-
plications. Clearly, the results of this meta-
analysis have important clinical value.
Another systematic review showed that
compared with standard oxygen therapy,
NIV lowered both the short-term mortality
rate and the tracheal intubation rate in
patients presenting with acute respiratory
failure.?® The present study not only com-
pared NIV and standard oxygen therapy
but also compared helmet and mask use in
patients receiving NIV.

The results of the present meta-analysis
show that compared with standard oxygen
therapy or a mask, a helmet can reduce the
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5.1. Oxygen ll'ler

Barbagallo 2012 1 25 0 25
Brambilla 2014 2 40 7 a1
Cosentini 2010 o 20 0o 27
Squadrone 2005 0 105 3 104
Subtotal (95% CI) 190 197
Total events 3 10

Heterogeneity. Chi*= 219, df= 2 (P = 0.33), F= 9%
Test for overall effect Z= 1.76 (P = 0.08)

5.1.2 Helmet versus Mask

Chidini 2015 0 17 0 13
Patel 2016 15 44 22 39
Yang 2015 3 20 4 20
Ozlem 2015 1 25 1 23
Subtotal (95% CI) 106 95
Total events 19 27

Heterogeneity: Chi*= 017, df=2 (P=0.92); F= 0%
Test for overall effect Z= 1.91 (P = 0.06)

Total (95% CI)
Total events 22 37
Heterogeneity. Chi*= 3.02, df= 5 (P = 0.70), P= 0%
Test for overall effect Z= 2.59 (P = 0.010)

Test for subaroun differences: Nol avolicable

296 292

1.3% 3.00([0.13,70.30]
176% 0.29[0.06, 1.33]
Not estimable

89% 0.14[0.01,271]
27.8%  0.37[0.12, 1.12]
Not estimable

59.4% 0.60 [0.37, 0.99]
10.2% 0.75(0.19, 2.93]
2.7% 0.92[0.06,13.87]
72.2%  0.64[0.40, 1.01]
100.0%  0.56 [0.36, 0.87]

001 01 1 10 100
Helmet control

Figure | 1. Effects on mortality in patients with respiratory failure in the helmet and control subgroups

using a fixed-effects analysis, with a forest plot showing the risk ratio for helmet versus control. Squares and
horizontal lines indicate the risk ratio and 95% Cls for each trial; the size of each square is proportional to
the statistical weight of the trial in the meta-analysis. Diamonds indicate the estimated effect derived from
the meta-analysis, with the centre indicating the point estimate and the left and right points indicating 95%

Cls. Cl, confidence interval.
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Figure 12. Funnel plot for publication bias regarding the effect of a helmet on mortality. Each point

represents a separate study included in the meta-analysis. Squares indicate studies assessing the effects of a
helmet compared with standard oxygen therapy. Diamonds indicate studies assessing the effects of a helmet
compared with a mask. RR, risk ratio; SE, standard error.
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incidence of tracheal intubation and mor-
tality. Although comparatively fewer
reports have focused on NIPPV with a
helmet, non-human experiments have con-
firmed that helmet CPAP can maintain
airway pressure and improve oxygenation
without CO, retention?' while providing
the following advantages: no need for
man-machine synchronization, a low inci-
dence of pressure sores, less air leakage,
no restrictions on drinking water and
expectoration, maintenance of warmth
and humidity in the upper airway and pres-
ervation of other physiological functions,
and no direct blowing of gas. Clinical stud-
ies have confirmed that helmet CPAP can
relieve hypoxia in patients with community-
acquired pneumonia, can improve oxygen-
ation and haemodynamics in patients with
acute cardiogenic pulmonary oedema, can
reduce the rate of tracheal intubation after
abdominal surgery, and is safe and effective
for prophylactic application in patients with
lobectomy. People with hypoxaemia after
cardiac surgery may also benefit.'>!%19-22
Another study confirmed that early extuba-
tion followed by immediate NIV applica-
tion with a full-face mask or helmet can
reduce the number of days spent on inva-
sive ventilation without affecting the inten-
sive care unit length of stay in highly
selected patients with hypoxaemia.*’

The results of this study show that use of
a helmet does not have a significant benefit
in terms of the oxygenation index and that
compared with standard oxygen therapy or
a mask, the helmet does not increase
PaCO,. As when using the common mask,
employing a helmet requires the patient to
have effective independent breathing, clear
respiratory secretions, and haemodynamic
stability. Helmet use includes CPAP and
pressure  support ventilation modes.
Notably, although the overall evaluation
results show that a helmet does not increase
COs retention in patients with severe illness,
some reports have indicated that helmet use

significantly increases CO, retention in
patients because of repeated CO, inhalation
within the helmet.?* Therefore, the initial
clinical use of a helmet needs to be carefully
considered, and the application of airway
pressure release ventilation may be condu-
cive to the effective discharge of CO..

The results of this study showed that use
of a helmet did not have a significant effect
on complications. Ordinary facemask
NIPPV has been widely used in clinical
practice; however, few studies and reports
on helmet NIV have been published. With
the use of ordinary facemask NIPPV, espe-
cially with long-term noninvasive positive-
pressure mechanical ventilation, ulcers or
necrosis often appear at the bridge of the
nose and on other facial skin, or eye irrita-
tion occurs; these complications become
problematic when implementing mechani-
cal ventilation for the treatment of clinical
problems. To a certain extent, the design
and use of the helmet avoid pressure on
patients’ facial skin, reduce general mask
ventilation-related  complications, and
improve the condition of patients with
severe NIPPV intolerance. Studies have
shown that the incidence of gastric flatu-
lence and aspiration is lower with use of a
helmet than with use of an ordinary mask,
and a unique hood design is conducive to
patients requiring extensive oral feed-
ing.>>? Another study confirmed that in
patients with chronic obstructive pulmo-
nary disease, neurally adjusted ventilator
assist through a helmet improved comfort,
performance, and patient—ventilator syn-
chrony compared with pressure support
through a face mask.?” Two recent studies
showed that compared with a standard
helmet, a new-generation helmet is equally
effective in delivering nasal CPAP and more
effective in delivering nasal pressure sup-
port ventilation, with improved comfort
and  patient-ventilator  interaction.>®
These findings clearly show that use of a
helmet provides effective respiratory
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therapy in patients with severe respiratory
failure.

This study had three main limitations.
First, the study had language limitations
because it only included literature reported
in English. Second, the inclusion of litera-
ture examining the oxygenation index and
complications and the inclusion of studies
involving patients with differences in dis-
ease severity may have led to significant het-
erogeneity (i.e., the study population was
not uniform along several dimensions).*
Third, few studies were included in the anal-
ysis. Therefore, the safety of a helmet in
patients with severe clinical problems
requires further clinical research.

In summary, use of a helmet reduced the
incidence of tracheal intubation and mor-
tality, and compared with standard
oxygen therapy, the helmet had no signifi-
cant beneficial effect on the oxygenation
index and did not increase the PaCO, and
complications. These findings suggest that
the use of a helmet in critically ill patients
has important clinical value.
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