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The clinical benefits of noninvasive ventilation (NIV) for patients with acute hypoxemic respiratory
failure (AHRF) is still inconclusive. We aimed to evaluate the effect of NIV compared with conventional
oxygen therapy (COT)/high-flow nasal cannula (HFNC) in this patient population. We searched for
relevant studies from PubMed, Embase, Cochrane Library, ClinicalTrials.gov, CINHAL, Web of Science
up to August 2019 for randomized controlled trials (RCTs) that compared NIV with COT/HFNC in AHRF.
The primary outcome was the tracheal intubation rate. Secondary outcomes were intensive care unit
(ICU) mortality, and hospital mortality. We applied the GRADE approach to grade the strength of the
evidence. Seventeen RCTs that recruited 1738 patients were included in our meta-analysis. When
comparing NIV versus COT/HFNC, the pooled risk ratio (RR) for the tracheal intubation rate was 0.68,
95% confidence interval (Cl) 0.52-0.89, p=0.005, I>=72.4%, low certainty of evidence. There were

no significant differences in ICU mortality (pooled RR=0.87, 95% CI 0.60-1.26), p=0.45, = 64.6%)
and hospital mortality (pooled RR=0.71, 95% Cl 0.51-1.00, p=0.05, I*=27.4%). Subgroup analysis
revealed that NIV application with helmet was significantly associated with a lower intubation rate
than NIV with face mask. NIV did not show a significant reduction in intubation rate compared

to HFNC. In conclusion, NIV application in patients with medical illness and AHRF was associated

with a lower risk of tracheal intubation compared to COT. NIV with helmet and HFNC are promising
strategies to avoid tracheal intubation in this patient population and warrant further studies. NIV
application had no effect on mortality.

The study protocol was registered in the International Prospective Register of Systematic Reviews
(PROSPERO; CRD42018087342).

Abbreviations

AHRF Acute hypoxemic respiratory failure
CAP Community-acquired pneumonia
COT Conventional oxygen therapy

CI Confidence interval

COPD Chronic obstructive pulmonary disease
FiO, Fraction of inspired oxygen

GRADE  Grading of Recommendations Assessment, Development and Evaluation
HENC High-flow nasal cannula

NIV Noninvasive ventilation

PICO Patient, Intervention, Comparison, and Outcome
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PRISMA  Preferred Reporting Items for Systematic Review and Meta-analysis

RCT Randomized controlled trial
RR Risk ratio
SOT Standard oxygen therapy

Noninvasive ventilation (NIV) refers to the delivery of mechanical ventilation with techniques that do not
require an invasive endotracheal airway'. NIV has been increasingly used worldwide. Currently, it is the first-
line preferred therapy for acute on chronic ventilatory failure, mainly for exacerbations of chronic obstructive
pulmonary disease (COPD). However, the use of NIV in the treatment of acute hypoxemic respiratory failure
(AHRF) remains controversial. AHRF is a major problem in acute care settings in adult patients, often leading
to endotracheal intubation and invasive mechanical ventilation. The hallmark of AHREF is severe hypoxemia
(PaO,/FiO, <300 mmHg) that requires high levels of oxygen and is accompanied by clinical signs of respiratory
distress. The clinical evidence supporting the use of NIV in this condition have yielded conflicting results. NIV
may improve oxygenation, facilitate ventilation, reduce work of breathing and dyspnea, avoid intubation, and
reduce complications associated with invasive mechanical ventilation®. An important concern of using NIV for
the indication of AHREF is the delay in endotracheal intubation that leads to higher mortality in patients with
NIV failure®. Furthermore, concerns about the safety of NIV for patients with AHRF have recently been raised
based on possible associations with higher tidal volumes leading to perpetuating lung injury in patients with high
respiratory effort and increased mortality in some studies*-°. Recently, high-flow nasal cannula (HFNC) therapy
has been shown to offer several advantages compared with NIV, including easier application and better patient
tolerance”®. Despite all these concerns, recent epidemiological data show that NIV is routinely used in patients
with hypoxemic ARF and can be applied as first-line ventilatory support in 15-30% of them®!".

Because of the controversy regarding the effectiveness of NIV in patients with AHRE, the safety concern of
NIV, and the arrival of HFNC, we conducted a systematic review and meta-analysis of published randomized
controlled trials (RCTs) to examine the effects of NIV on the tracheal intubation rate and mortality compared
to conventional oxygen therapy (COT: oxygen cannula, oxygen face mask, or venturi face mask) and/or HFNC
in adult patients with AHRE.

Methods

This review was carried out according to the Preferred Reporting Items for Systematic Review and Meta-
analysis Protocols (PRISMA-P) and the Patient, Intervention, Comparison, and Outcome (PICO) model was
used. The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO;
CRD42018087342). Institutional review board approval was not required because all study data had been previ-
ously published and this study did not include individual patient data.

Search strategy. Information sources. We searched PubMed, Embase, the Cochrane Library, ClinicalTri-
als.gov, CINAHL, and Web of Science using the following keywords (“noninvasive ventilation” OR “NIV” OR
“noninvasive positive pressure ventilation” OR “NIPPV” OR “continuous positive airway pressure” OR “CPAP”
or “bilevel positive airway pressure” OR “BiPAP”) AND (“acute lung injury” OR “ALI” OR “acute respiratory
distress syndrome” OR “ARDS” OR “acute hypoxemic respiratory failure” OR “AHRF”. Studies from January
1995 to August 2019 were retrieved. In addition, references from retrieved papers were checked for additional
studies. Data from the full published English paper were collected.

Eligibility criteria. Inclusion criteria were (1) trials conducted in adult age > 18 years, with AHREF; (2) stud-
ies comparing NIV with COT and/or HENG; (3) the outcomes included tracheal intubation rate, ICU mortality,
or hospital mortality; (4) full text of the RCTs was available and published in English language; (5) for the results
of a study published more than once, only those with the most complete and up-to-date information will be
included in the analysis, and; (6) for RCTs with a mixed population of hypercapnic and nonhypercapnic patients,
only data from the nonhypercapnic group were retrieved.

Exclusion criteria were (1) participants were children or adolescents (< 18 years); (2) majority of the partici-
pants were COPD or postoperative state, traumatic patients or postextubation state. We exclude these participants
because the pathophysiology and indication and outcomes for NIV are different from patients with AHRF; (3)
patients with hypercapnia (PaCO, > 50 mm Hg); (4) the trial did not use COT or HENC as a control; (5) pallia-
tive setting; (6) the study did not include extractable outcomes or mortality data.

Study selection criteria and procedures. To assess eligibity, two authors (P.A. and C.L.) independently
reviewed the titles and abstracts generated by the literature search using the keyword terms specified above. Eli-
gible studies were retrieved using the stated inclusion and exclusion criteria. Any discrepancies between the two
authors were discussed among all four authors. The selection results from the duplicate review of articles were
compared to ensure that all relevant articles were retrieved. The most complete and up-to-date information was
included in the meta-analysis.

Data abstraction. A data collection form in Excel was used to gather all the information we need from
selected studies. The form was discussed and approved by all investigators. Data were extracted independently
in duplicate. The results of duplicate data collection were compared. Discrepancies in data collection between
the two authors were resolved by discussion and consensus. The following data on the characteristics of the trial
and its participants were collected: general information about the study (e.g. title, name of the trial, authors,
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year of publication), study characteristics (e.g. sample size, study design, randomization, blinding, duration of
follow-up, loss of follow-up), intervention information (e.g. type of interface, duration and frequency of treat-
ment for the intervention group and control group), participant demographics (e.g. age, gender, race/ethnicity,
disease severity), study outcomes (tracheal intubation rate, ICU mortality, and hospital mortality), comorbid
conditions, respiratory parameters, reasons for NIV failure, complications, and method of statistical adjustment.
For categorical outcomes, reviewers extracted the number of intubations, ICU death, and hospital death, along
with all-cause mortality, corresponding risk ratio, confidence intervals, and P values.

Assessment of study quality. Elements of the Cochrane Collaboration tool to assess risk of bias and
PRISMA guidelines were used to examine the quality of the selected studies'?. The elements used in this meta-
analysis included random sequence generation and allocation concealment (selection bias), blinding of partici-
pants, personnel and outcome assessment (performance and detection bias), incomplete outcome data (attrition
bias), and selective reporting (reporting bias). If one or more individual domains are assessed as having a high
risk of bias, the trial is rated as having a high risk of bias. All domains must have been rated as having a low risk
of bias for the overall risk of bias to be classified as low. In cases of unclear risk of bias or mixed assessments of
low and unclear risk of bias, the overall score was classified as having an unclear risk of bias. Two authors (P.A.
and C.L.) independently assessed the articles and the overall risk of bias was classified and disagreements were
resolved by discussion and consensus with all four authors.

The principal summary measures. We examined the relationship between the use of NIV therapy in
AHREF patients and the outcomes by first calculating the net effect size. Intubation rate, ICU mortality, and
hospital mortality are considered as dichotomous data. We derived the pooled risk ratio (RR) for dichotomous
outcomes with 95% confidence intervals (Cls). The statistical significance of the Alpha level was set at 0.05.

Data analysis. Individual RR and 95% CI for intubation rate, ICU mortality, and hospital mortality were
included in the meta-analysis. Data for analysis were extracted directly and calculated from the text of each
eligible article. As the studies may differ from each other in various ways and the goal of this meta-analysis is to
extrapolate the result from this study population to others, the random effects model was used in the analysis.
The DerSimonian and Laird random effects model was applied to calculate the pooled RR". We evaluated the
heterogeneity of effect size across studies with the Q statistic'*, considering any P-value <0.1 as evidence of het-
erogeneity. An I? value of 25% to 49% is considered a low level of heterogeneity, 50% to 74% a moderate level,
and 75% to 100% a high level'>!¢. Forest plots were constructed to demonstrate the RR and 95% CI for individual
studies and the summary effect sizes. Statistical significance for z test was set at the P-value <0.05. Heterogenei-
ties were further explored with subgroup analysis, and sensitivity analysis. We aimed to further conduct sub-
group analysis by immune status (nonimmunocompromised/immunocompromised), interface type (face mask/
helmet), and type of oxygen support (COT/HFNC). Sensitivity analysis was performed to assess the robustness
of our result using a leave-one-out method. Publication bias was assessed using the visual inspection of funnel
plots, and Egger’s weight linear regression'’. Statistical analyses were performed using STATA software version
14.0 (Stata Corp LP, College Station, TX).

We applied the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach
in order to grade the strength of the evidence for our primary outcome (tracheal intubation rate). The assessment
domains include risk of bias, inconsistency, imprecision, indirectness, and other factors. The strength of evidence
is classified as high, moderate, low, or very low'®. All authors individually evaluated the strength of the body of
evidence with discrepancies resolved through consensus.

Results

Baseline characteristics of the included studies. We initially identified 4266 articles. After the dupli-
cate articles were removed, 2722 articles were screened for eligibility criteria. A total of 17 articles®*** were
included for our systematic review and meta-analysis (Fig. 1).

Most studies compared NIV BiPAP with COT. Two studies use HFNC as control in their studies®*%. The
primary outcome in most studies was the intubation rate. Only one study used intubation criteria as a primary
outcome. One study used physiologic changes in PaO,/FiO, as the primary outcome. One study** had no intuba-
tion event or mortality in both groups, therefore it was not included in the forest plot. The baseline characteristics
of the included studies are shown in Tablel.

Quality assessment. The risk of biases in the overall studies are shown in Fig. 2. Most studies showed a
low risk of random sequence generation and allocation concealment biases. However, the nature of the interven-
tion (NIV) could not be blinded to patients or health care personnel. Therefore, there was a considerable risk of
detection bias.

Primary outcome: tracheal intubation rate. Seventeen trials studied the differences between the intu-
bation rate of the NIV and COT/HFNC groups. The intubation rate was lower in the NIV group compared to
the COT/HFNC group (pooled RR 0.68, 95% CI 0.52-0.89, P =0.005) (Fig. 3).

Secondary outcome: ICU mortality and hospital mortality. There were no significant differences
between the NIV and COT/HENC groups for ICU mortality (pooled RR 0.87, 95% CI 0.60-1.26, P=0.45)
(Fig. 4) or hospital mortality (pooled RR 0.71, 95% CI 0.51-1.00, P=0.05) (Fig. 5).
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Figure 1. PRISMA flow diagram of trial selection.

Subgroup analysis. Subgroup analyses were performed to evaluate the causes of heterogeneity. The type
of interface significantly caused heterogeneity in the tracheal intubation rate. The NIV application with helmet
significantly reduced the intubation rate compared to the full face mask (test of heterogeneity between subgroup
Q=13.85, df=1, P<0.001) (Fig. 6). Subgroup analysis by immune status revealed that NIV used in immu-
nocompromised patients led to a significant reduction in the intubation rate (test of heterogeneity between
subgroup Q=3.9, df=1, P=0.04) (Fig. S1). There were only two studies in the HENC subgroup. Compared to
HENC, NIV did not result in a reduction in the intubation rate (Fig. 7).

Sensitivity analysis. Sensitivity analysis revealed that after removing three RCTs that included some popu-
lation of hypercapnic respiratory failure**>%, the primary outcome remained in the same direction (Fig. S2).
NIV reduced the tracheal intubation rate compared to COT/HENC therapy.

Publication bias. Based on visual inspection of the funnel plot (Fig. S3), there may be some asymmetry, and
the Egger linear regression test suggested the existence of publication biases (P =0.032) in the tracheal intubation
rate.

We graded the overall strength of the evidence for the primary outcome (tracheal intubation rate) as low
(Table S1).

Discussion

In our systematic review and meta-analysis of 17 randomized trials, including 1738 patients with medical ill-
ness and AHRE NIV therapy significantly reduced the intubation rate compared to COT/HENC. This result is
consistent with previous meta-analyses®~*. Of the six previous reviews, three included patients with AHRF of
various etiologies, one included only patients with pneumonia, and two included only immunocompromised
patients. Our review focused on studies in patients with AHRE, defined as significant hypoxemia with clinical
respiratory distress. We excluded patients with hypercapnic respiratory failure, mainly patients with COPD as the
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Outcomes of interest

Source No. of patients | Main risk factor for AHRF Intervention Comparator | Primary Secondary
Mixed acute respiratory failure . .
Wysocki (1995) 24 (pneumonia, pulmonary Face mask NIV, BiPAP | COT Intubation rate ey mortality, hospital mortal-
ity, length of ICU stay
edema)
Confalonieri (1999) 33 Severe CAP Face mask NIV, BiPAP | COT Intubation rate Hospital mortality,.length of
hospital stay, duration of MV
ICU mortality, hospital mortal-
Antonelli (2000) 40 Solid organ transplant Face mask NIV, CPAP | COT Intubation rate ity, duration of MV, length of
hospital stay
Delclaux (2000) 123 Acute lung injury Face mask NIV, CPAP | COT Intubation rate :E;itratlliot;tality, hospital
ICU mortality, hospital mortal-
Hilbert (2001) 52 Immunosuppressed patients Face mask NIV, BiPAP | COT Intubation rate ity, duration of MV, length of
hospital stay
Mixed acute respiratory failure
Ferrer (2003) 105 (pneumonia, pulmonary Face mask NIV, BiPAP | COT Intubation rate ICU mortality
edema, ARDS)
Hospital mortality, dyspnea,
Nava (2003) 66 Cardiogenic pulmonary edema | Face mask NIV, BiPAP | COT Intubation rate arterial blood gas, blood pres-
sure, heart rate
Park (2004) 80 Cardiogenic pulmonary edema | Face mask NIV, BiPAP | COT Intubation rate hospital mortality
Squadrone (2010) 40 Hematolog‘l c‘mallgnancy and Helmet NIV, CPAP CoT Intubation rate Hospital mortality, length of
acute lung injury ICU stay
Cosentini (2010) 47 CAP Helmet NIV, CPAP COT Pa0,/FiO, Intubation rate
Allogenic stem cell transplants Overall survival. intubation
Wermke (2011) 86 patients with respiratory Face mask NIV, BiPAP | COT 100-day mortality rate ?
failure
Ducros (2011) 207 Acute pulmonary edema Face mask NIV, CPAP | COT Qomp{)si@ of fieath, intubg— Compqsite er}dp‘()int without
tion criteria, circulatory failure | intubation criteria
Zhan (2012) 40 Acute lung injury Face mask NIV, BiPAP | COT Intubation rate Icu mprtality, hospital
mortality
Brambilla (2014) 81 CAP Helmet NIV, CPAP COT Intubation rate EOSP“"" mortality, length of
ospital stay
Lemiale (2015) 374 Irpmunocompromised patients | g e mask NIV, CPAP | COT 28-day mortality Intubation rate
with AHRF
Frat (2015) 310 Mixed AHRF (pneumonia) Face mask NIV, BiPAP | COT/HFNC | Intubation rate ¥CU mortality, 90-day mortal-
ity, length of ICU stay
Azevedo (2015) 30 Mixed AHREF (pneumonia, Face mask NIV, BiPAP | HFNC Intubation rate -
pulmonary edema)

Table 1. Main characteristics of included studies. AHRF acute hypoxemic respiratory failure, MV mechanical
ventilation, NIV noninvasive ventilation, CAP community-acquired pneumonia, BiPAP bilevel positive airway
pressure, CPAP continuous positive airway pressure, COT conventional oxygen therapy (oxygen cannula,

oxygen face mask, or venturi face mask), HFNC high-flow nasal cannula.

Random sequence generation
Allocation concealment

Blinding of participants and personnels
Blinding of outcome assessment
Incomplete outcome data

Selective reporting

H Low risk
H High risk
Unclear risk

Other bias

Figure 2. Risk of bias summary for included studies. Red indicates high risk of bias; yellow indicates unclear
risk of bias; and blue indicates low risk of bias.
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Study Events, Events, %
ID RR (95% CI) Treatment Control Weight

i
Wysocki (1995) | —— 1.58 (0.96, 2.59) 9/10 8/14 7.52
Confaloneiri (1999) —:—0—— 0.80 (0.35, 1.79) 6/16 817 5.30
Delclaux (2000) —Y—— 0.86 (0.54, 1.37) 21/62 24/61  7.76
Antonelli (2000) _ 0.29 (0.11, 0.72) 4/20 14/20  4.64
Hilbert (2001) —0‘— 0.60 (0.38, 0.96) 12/26 20/26  7.77
Nava (2003) —— 1.48 (0.65, 3.34) 11/34 7/32 5.26
Ferrer (2003) —+—;— 0.49 (0.29, 0.84) 13/51 28/54  7.24
Park (2004) —_— : 0.18 (0.06, 0.50) 4/54 11/26 4.02
Squadrone (2010) + : 0.25 (0.06, 1.03) 2/20 8/20 2.66
Ducros (2011) —_— 0.29 (0.10, 0.85) 4/107 13/100 3.83
Wermke (2011) —0-5—— 0.57 (0.23, 1.41) 6/42 11/44 476
Zhan (2012) * T 0.23 (0.03, 1.85) 1/21 419 1.42
Brambilla (2014) —— E 0.24 (0.11, 0.51) 6/40 26/41 553
Lemiale (2015) —— 0.85 (0.67, 1.09) 73/191 82/183 9.35
Frat (2015) i - 1.07 (0.80, 1.42) 55/110 44/94  9.09
Frat (2015) . 1.33 (0.97, 1.80) 55/110 40/106 8.94
Azevedo (2015) —1—01— 0.88 (0.36, 2.10) 6/16 6/14 4.90
Overall (I-squared = 72.4%, p = 0.000) <> 0.68 (0.52, 0.89) 288/930  354/871 100.00

i
NOTE: Weights are from random effects analysis i

1’-3 1 1?5
NIV Oxygen/HFNC

Figure 3. Intubation rate: noninvasive ventilation (NIV) versus conventional oxygen therapy/high-flow nasal
cannula (HFNC). Boxes and horizontal lines represent point estimates and 95% confidence intervals, varying in
size according to the weight in the analysis.

pathophysiology and outcome are very different from AHRE Furthermore, the beneficial effects of NIV to reduce
intubation and mortality in patients with COPD are well established. Similarly, we also excluded postoperative
patients, traumatic patients and post-extubated patients. Therefore, our analysis included only patients with
medical illness with AHRF for whom the role of NIV is most controversial. Patients in the studies included in
our analysis predominantly presented with pneumonia, acute respiratory distress syndrome (ARDS), pulmonary
edema, and AHRF in immunocompromised patients’

We did not exclude patients with cardiogenic pulmonary edema as the etiology of AHRF is often unclear
at presentation and the decision to start NIV is practically based on clinical respiratory distress together with
significant hypoxemia and usually before the definitive diagnosis is known. In addition, cardiogenic pulmonary
edema and ARDS may sometimes coexist?!. Therefore, with respect to the application of NIV, we consider studies
on these patients to be in the same category. This patient population poses a significant challenge within adult
acute care settings, often leading to endotracheal intubation and invasive mechanical ventilation. From our analy-
sis, compairing to COT/HFNC, NIV application may reduce the intubation rate in these patients. However, we
graded the overall strength of the evidence for a reduction in the tracheal intubation rate as low since all included
trials were unblinded due to the nature of the intervention (NIV), and therefore, all were considered to be at high
risk of bias. In addition, there was moderate to high heterogeneity in this outcome analysis. Subgroup analysis
to identify the source of heterogeneity revealed that NIV with helmet significantly reduced the intubation rate
compared to full face mask. The helmet can effectively deliver a higher level of PEEP and the helmet neck seal
allows a higher level of airway pressure delivery. This may correspond to a reduction in intubation rate in the
helmet group®. Because of this significant difference in the outcome, the future studies regarding NIV should
specifically define the type of interface used in the studies.

Among the 17 studies included in this analysis, nine studies reported ICU mortality and nine studies reported
hospital mortality. Our analysis revealed that there were no significant difference between NIV and COT/HFNC
for both ICU mortality and hospital mortality. Previous meta-analyses have yielded conflicting conclusions on
the impact of NIV on mortality in patients with AHRF. Xu et al. showed that NIV significantly reduced hospital
mortality®®. This meta-analysis retrieved RCTs from inception to 2016 including six studies with 503 patients
with AHRF excluding COPD and cardiogenic pulmonary edema. However, this analysis included some stud-
ies with nonmedical illness such as postoperative hypoxemia. Huang et al. analyzed immunocompromised
patients with ARF, including five studies with 592 patients and reported that early use of NIV could reduce
short-term mortality compared to COT®%. In contrast, the analysis of Zayed et al. including seven studies with
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Study Events, Events, %

ID RR (95% Cl) Treatment Control Weight
i
1

Wysocki (1995) —_—— 1.40 (0.64, 3.08) 6/10 6/14 10.22
1
1

Delclaux (2000) —_— 1.07 (0.53, 2.15) 13/62 12/61 11.34
1
1

Antonelli (2000) —_— 0.40 (0.15, 1.07) 4/20 10/20 8.16
1
1

Hilbert (2001) —+—:— 0.56 (0.32, 0.96) 10/26 18/26 13.44
1
1

Ferrer (2003) B — 0.45 (0.23, 0.90) 9/51 21/54 11.60
1
1

Zhan (2012) < : 0.18 (0.02, 1.41) 1/21 5119 2.77
1
|

Lemiale (2015) —_— 0.88 (0.62, 1.25) 46/191 50/183 16.38
1
1

Frat (2015) —:——0— 1.28 (0.76, 2.18) 271110 18/94 13.74
1
1

Frat (2015) 1| ——— 2.17 (1.16, 4.05) 271110 12/106 12.36
1

Overall (I-squared = 64.6%, p = 0.004) <:> 0.87 (0.60, 1.26) 143/601 152/577  100.00
1
1
1

NOTE: Weights are from random effects analysis :
L

T T

NIV oxygen/HFNC

Figure 4. ICU mortality: noninvasive ventilation (NIV) versus conventional oxygen therapy/high-flow nasal
cannula (HFNC). Boxes and horizontal lines represent point estimates and 95% confidence intervals, varying in
size according to the weight in the analysis.

Study Events, Events, %

ID RR (95% Cl) Treatment  Control ~ Weight
'
1

Confaloneiri (1999) —:——*— 1.59 (0.55,4.62) 6/16 4n7 8.25
1

Delclaux (2000) —_— 1.04 (0.61,1.78) 19/62 18/61 20.88
1
1

Antonelli (2000) —_— 0.64 (0.31,1.30)  7/20 11/20 14.86
1

Hilbert (2001) —_— 0.62 (0.40,0.95) 13/26 21/26 25.94
'
1

Nava (2003) —:—+— 1.18 (0.35,4.00) 5/34 4/32 6.56
1

Park (2004) _ 0.24 (0.07,0.89)  3/54 6/26 5.87
'
1

Ducros (2011) . 0.83(0.33,2.07) 8/107 9/100 10.53
1
'

Zhan (2012) < +- : 0.18 (0.02, 1.41) 1/21 519 2,57
1
1

Brambilla (2014) * 0.29 (0.06, 1.33)  2/40 7/41 4.53

Overall (I-squared = 27.4%, p = 0.200) @ 0.71 (0.51,1.00)  64/380 85/342  100.00

NOTE: Weights are from random effects analysis

NIV standard oxygen/HFNC

Figure 5. Hospital mortality: noninvasive ventilation (NIV) versus conventional oxygen therapy/high-flow
nasal cannula (HFNC). Boxes and horizontal lines represent point estimates and 95% confidence intervals,
varying in size according to the weight in the analysis.
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%

Author Publishyear ES (95% Cl) Weight
Face mask X
Wysocki 1995 b 1.58 (0.96, 2.59) 7.52
Confaloneiri 1999 —ILO—— 0.80 (0.35, 1.79) 5.30
Antonelli 2000 —0—:' 0.29 (0.11,0.72) 4.64
Delclaux 2000 —:—0— 0.86 (0.54, 1.37) 7.76
Hilbert 2001 —_— 0.60 (0.38,0.96) 7.77
Nava 2003 7——*— 1.48 (0.65,3.34) 5.26
Ferrer 2003 —0—:— 0.49 (0.29,0.84) 7.24
Park 2004 —_— : 0.18 (0.06, 0.50) 4.02
Ducros 2011 —o—:— 0.29 (0.10,0.85) 3.83
Wermke 2012 —_— 0.57 (0.23, 1.41) 4.76
Zhan 2012 * : 0.23(0.03,1.85) 1.42
Lemiale 2015 —~— 0.85(0.67,1.09) 9.35
Frat 2015 : — 1.07 (0.80, 1.42) 9.09
Frat 2015 ISl 1.33(0.97,1.80) 8.94
Azevedo 2015 —;—*—— 0.88 (0.36,2.10) 4.90
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Figure 6. Subgroup analysis according to interface type (facemask NIV or helmet NIV): intubation rate in
acute hypoxemic respiratory failure patients randomized to noninvasive ventilation (NIV) versus conventional
oxygen therapy/high-flow nasal cannula (HFNC). Boxes and horizontal lines represent point estimates and 95%
confidence intervals, varying in size according to the weight in the analysis.

664 immunocompromised patients, revealed that there were no significant differences between NIV and COT
or NIV and HENC regarding short-term mortality”’. Ruzsics et al. analyzed patients with pneumonia-associated
respiratory failure, including five studies with 121 patients and revealed that, compared to COT or invasive venti-
lation, NIV did not significantly reduce hospital mortality, especially if patients with COPD were excluded from
the analysis®. Sakuraya et al. performed a network meta-analysis comparing the efficacy of noninvasive ventila-
tion according to ventilation modes with HFNC, standard oxygen therapy (SOT), and IMV in adult patients
with AHRE, excluding cardiopulmonary edema, acute exacerbation of COPD, hypercapnia, post-extubation,
post-surgical status, trauma. Using SOT as a reference, CPAP was significantly associated with a lower risk
of mortality. PSV and HFNC were not associated with a significantly lower risk of mortality*. Ferreyro et al.
reported a network meta-analysis in which the efficacy of noninvasive respiratory management strategies was
compared with that of SOT among adult patients with AHRF and found that both helmet NIV and facemask
NIV were associated with a lower risk of mortality and intubation compared to SOT*. However, when excluding
trials that included patients with COPD and/or congestive heart failure, face mask NIV was no longer associated
with decreased mortality.

Put together, the effect of NIV on avoiding intubation in patients with AHRF seems to persist in all meta-anal-
ysis. However, the effect of NIV on mortality was inconsistent among different analyses. This may be explained
by the difference between the patients included in the analyses. AHRF is a consequence of various lung diseases.
Although early application of NIV may avoid intubation, the effect on mortality would depend on the balance
between the beneficial effect of reducing complications associated with invasive mechanical ventilation, the
reversibility and effectiveness of treatment for underlying causes of AHRF, and the well-recognized harmful effect
of NIV, that is delayed endotracheal intubation. Furthermore, concerns have recently been raised about the safety
of NIV for patients with AHRF based on possible associations with higher tidal volumes leading to perpetuating
lung injury in patients with high respiratory effort and increased mortality in some studies**°. Therefore, the
effect of NIV on mortality is unpredictable and inconsistent between different studies.

Until recently, almost all studies on NIV compared it with oxygen delivered by COT. Recently, HFNC has
been shown to offer several advantages compared to NIV, including promoting secretion drainage, reducing
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Figure 7. Subgroup analysis according to type of oxygen therapy [conventional oxygen therapy (COT) or high-
flow nasal cannula (HFNC)]: intubation rate in acute hypoxemic respiratory failure patients randomized to NIV
versus COT/HFNC. Boxes and horizontal lines represent point estimates and 95% confidence intervals, varying
in size according to the weight in the analysis.

dead space and better tolerance’. Furthermore, in our subgroup analysis, NIV did not significantly reduce the
intubation rate compared to HFNC. The use of HFNC might be diluting the benefits of NIV on the intubation
rate in this analysis. However, there were only two studies evaluating HFNC in the subgroup analysis. Therefore,
uncertainty remains about the effectiveness of this treatment. Further studies are required on the role of HFNC
in AHRF compared to NIV.

The strength of the present study is the comprehensive systematic literature search from many databases
according to the PRISMA guideline. Furthermore, we included only RCT to minimize internal biases of con-
founders as they usually occur in observational studies and the appraisal of internal validity was performed using
the Cochrane Collaboration tool for assessing risk of bias and the PRISMA guidelines. Our analysis focuses only
on patients with medical illness and AHRF and targets clinically important outcomes, including the intubation
rate and mortality.

This study has some limitations. First, language restrictions may have contributed to incomplete inclusion of
relevant studies. Second, the variation in baseline characteristics, severity of hypoxemia, severity of acute illness
of the study population, and intervention protocols between trials may lead to a significant level of heterogene-
ity with insufficient data to explore relevant subgroup effects. Third, the nature of the intervention could not
be blinded and may lead to different thresholds to provide endotracheal intubation, which was the primary
outcome of this analysis. Fourth, because of the COVID-19 pandemic, our review and analysis was stopped in
August 2019. Some studies regarding the effect of noninvasive respiratory support in patients with COVID-19
were not included in this analysis.

Conclusions

In patients with medical illness and AHRE, NIV application was associated with a lower risk of tracheal intuba-
tion compared to COT. NIV with helmet and HFNC are promising strategies to avoid tracheal intubation in this
patient population and warrant further studies. NIV application had no effect on mortality.
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