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Abstract
Background  Noninvasive ventilation (NIV) is commonly used in patients with acute respiratory distress syndrome 
(ARDS). However, the incidence and distribution of treatment failure are unclear.

Methods  A comprehensive online search was conducted to select potentially eligible studies with reports of the 
rate of NIV failure in patients with ARDS. A manual search was also performed to identify additional studies. Data 
were extracted to calculate the pooled incidences of NIV failure and mortality. Based on oxygenation, the severity 
of the disease was classified as mild, moderate, or severe ARDS. Based on etiologies, ARDS was defined as being of 
pulmonary origin or extrapulmonary origin.

Results  We enrolled 90 studies in this meta-analysis, involving 98 study arms. The pooled incidence of NIV failure 
was 48% (n = 5847, 95% confidence interval [CI]: 43–52%). The pooled incidence of ICU mortality was 29% (n = 2363, 
95%CI: 22–36%), and that of hospital mortality was 33% (n = 2927, 95%CI: 27–40%). In patients with mild, moderate, 
and severe ARDS, the pooled incidence of NIV failure was 30% (n = 819, 95%CI: 21–39%), 51% (n = 1332, 95%CI: 
43–60%), and 71% (n = 525, 95%CI: 62–79%), respectively. In patients with pulmonary ARDS, it was 45% (n = 2687, 
95%CI: 39–51%). However, it was 30% (n = 802, 95%CI: 21–38%) in those with extrapulmonary ARDS. In patients with 
immunosuppression, the incidence of NIV failure was 62% (n = 806, 95%CI: 50–74%). However, it was 46% (n = 5041, 
95%CI: 41–50%) in those without immunosuppression.

Conclusions  Nearly half of patients with ARDS experience NIV failure. The incidence of NIV failure increases with 
increasing ARDS severity. Pulmonary ARDS seems to have a higher rate of NIV failure than extrapulmonary ARDS. 
ARDS patients with immunosuppression have the highest rate of NIV failure.
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Introduction
Acute respiratory distress syndrome (ARDS) was first 
described by Ashbaugh et al. in 1967 [1]. Its features are 
acute onset of hypoxemia, bilateral opacities not fully 
explained by effusions, lobar/lung collapse or nodules, 
respiratory failure not fully explained by cardiac failure 
or fluid overload, and PaO2/FiO2 less than 300 mmHg [2]. 
The etiologies of ARDS include pneumonia, pancreati-
tis, abdominal infection, blood transfusion, and trauma 
[3, 4]. ARDS is classified as pulmonary or extrapulmo-
nary according to its cause. Based on oxygenation, it can 
be classified as mild, moderate, or severe [5]. To relieve 
respiratory distress, respiratory support is commonly 
used in ARDS patients.

Physiological studies have shown that noninvasive 
ventilation (NIV) decreases the work of breathing and 
improves oxygenation in patients with ARDS [6]. In con-
trast with invasive mechanical ventilation, NIV preserves 
the ability to swallow, cough, and communicate verbally; 
avoids intubation-associated complications; and reduces 
the likelihood of nosocomial pneumonia. Therefore, NIV 
has been commonly used in patients with ARDS [7]. 
However, the incidence and distribution of NIV failure in 
ARDS population are unclear. Here, we report the inci-
dence of NIV failure in ARDS patients and further clarify 
the distributions of NIV failure in different subgroups.

Fig. 1  Flowchart of study selection
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Methods
This article reports the results of a systematic review and 
meta-analysis of NIV failure and mortality, focusing on 
patients with ARDS. It was performed in conformity with 
Preferred Reporting Items for Systematic Reviews and 
Meta-analysis statement [8].

Search techniques and selection criteria
We searched PubMed, Web of Science, the Cochrane 
library, and some Chinese databases (CBM, Wanfang 
Data, and CNKI), without any language limitation, for 
pertinent research published before September 30, 
2022. We also performed manual searches of the refer-
ence lists of the identified articles and pertinent reviews 
to identify additional relevant articles. The search used 
the following key words: (“noninvasive ventilation” OR 
“noninvasive mechanical ventilation” OR “noninvasive 
positive pressure ventilation” OR “NIV” OR “NPPV” OR 
“NIPPV” OR “continuous positive airway pressure” OR 
“CPAP” OR “noninvasive pressure support ventilation” 
OR “noninvasive oxygen” OR “noninvasive oxygenation” 
OR “mask ventilation” OR “nasal ventilation” OR “helmet 
ventilation”) and (“ARDS” OR “acute respiratory distress 
syndrome” OR “ALI” OR “acute lung injury” OR “acute 
respiratory failure” OR “acute hypoxemic respiratory fail-
ure” OR “hypoxemic respiratory failure”).

Studies were enrolled based on the following inclu-
sion criteria: ARDS or ALI was diagnosed, adult patients 
were involved, and NIV was used as a first-line interven-
tion. The following works were excluded: reviews, case 
reports, editorials, letters, and conference abstracts; 
articles with no available data for NIV failure; studies that 
used NIV as preoxygenation before intubation; and stud-
ies that used NIV as a ventilator weaning strategy.

Data extraction and quality assessment
All studies were independently selected by two inves-
tigators (JW and JD). Any discrepancies were resolved 
by consensus. If the researchers failed to reach con-
sensus, a third investigator (LZ) reviewed the data and 
made a determination. We extracted the data as follows: 
first author’s name, country, publication year, propor-
tion of male patients, proportion of immunosuppressed 
patients, age, PaO2/FiO2, number of total patients, num-
ber of patients with ARDS, number of NIV failures in 
patients with ARDS, number of deaths in patients with 
ARDS, NIV mode, NIV interface, causes of ARDS, and 
the proportion of mild, moderate, and severe ARDS. NIV 
failure and mortality data were also collected.

We intended to report the incidence of treatment 
failure and mortality in ARDS patients who received 
NIV; thus, the quality of enrolled studies was assessed 
using Murad’s tool for non-comparative studies [9, 
10]. This method includes five questions: (1) did the A
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patients represent all of the cases seen by the medical center, (2) was the diagnosis correctly made, (3) were 

Fig. 2  Pooled incidence of NIV failure
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other important diagnosis excluded, (4) were all impor-
tant data cited in the report, and (5) was the outcome 
correctly ascertained? Each question was assigned 1 
(yes) or 0 (no) points. The quality of an enrolled study 
was classified as high, moderate, or low if the total scores 
were 5, 4, or ≤ 3, respectively.

Statistical analysis
The data were analyzed using R (version 4.2.2). The 
Shapiro-Wilk test of normality was used to analyze the 
distribution of the incidence of NIV failure and mortal-
ity among the included studies. Values of p more than 
0.05 were taken to indicate that the rate of the relevant 
event was normally distributed. If it was abnormally 

distributed, the data were transferred to normally dis-
tributed data using logarithmic transformation, sine 
transformation, or arc sine transformation. I2 was used 
to describe heterogeneity, where I2 ≥ 50% represents sig-
nificant heterogeneity. A random-effects model was used 
to pool the data, and a subgroup analysis was performed 
to explore potential heterogeneity. If no heterogeneity 
was observed, a common-effects model (also known as a 
fixed-effects model) was used.

The mean-pooled incidences of treatment failure and 
mortality were estimated. The corresponding confidence 
intervals (95% CIs) were also estimated. Egger’s test was 
used to assess the possibility of publication bias [11]. A 

Fig. 3  Pooled incidence of ICU mortality
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funnel plot (plot of treatment effect against trial preci-
sion) was created to visualize publication bias.

Results
Characteristics of the included studies
In all, 2219 studies were obtained using the search strat-
egy, and 23 studies were identified from other sources 
(Fig.  1). After screening the titles and abstracts and 
reviewing full papers, we enrolled 90 studies involving 98 
study arms. These studies were published between 1999 
and 2022 (Table  1). Egger’s test (p = 0.69) and a funnel 
plot showed that there was no publication bias (Supple-
mentary Fig.  1). The quality of most of the studies was 
high or moderate (Supplementary Fig. 2).

NIV failure and mortality in ARDS patients
In total, 5847 ARDS patients were enrolled in studies 
reporting NIV failure (Fig.  2). Significant heterogeneity 
was found between studies (I2 = 95%). Therefore, a ran-
dom-effects model was selected. The pooled incidence of 
NIV failure was 48% (95%CI: 43–52%). In all, 2363 ARDS 
patients were enrolled in studies reporting ICU mortal-
ity (Fig.  3). The pooled incidence of ICU mortality was 
29% (95%CI: 22–36%). In total, 2927 ARDS patients were 
enrolled in studies reporting hospital mortality (Fig.  4). 
The pooled incidence of hospital mortality was 33% 
(95%CI: 27–40%).

NIV failure in different subgroups
In all, 24, 20, and 17 study arms reported the rate of 
NIV failure in patients with mild, moderate, and severe 
ARDS, respectively (Fig. 5). The pooled incidence of NIV 

Fig. 4  Pooled incidence of hospital mortality
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failure was 30% (95%CI: 21–39%), 51% (95%CI: 43–60%), 
and 71% (95%CI: 62–79%) in these ARDS groups, 
respectively.

There were 46 study arms that involved 2687 patients 
with pulmonary ARDS that reported NIV failure (Sup-
plementary Fig. 3), and 19 study arms that involved 802 
patients with extrapulmonary ARDS that reported NIV 
failure (Supplementary Fig.  4). The pooled incidence of 
NIV failure was 45% (95%CI: 39–51%) and 30% (21–38%) 
in patients with pulmonary and extrapulmonary ARDS, 

respectively (Fig.  6A). For pulmonary ARDS in particu-
lar, the pooled incidence of NIV failure was 42% (95%CI: 
31–52%) and 47% (95%CI: 41–54%) in patients with and 
without COVID-19, respectively (Fig. 6B, supplementary 
Figs. 5 and 6).

The pooled incidence of NIV failure was 62% (95%CI: 
50–74%) and 46% (95%CI: 41–50%) in patients with and 
without immunosuppression, respectively (Fig.  6C, sup-
plementary Figs. 7 and 8). NIV failure was 49% (95%CI: 
44–53%) in observational studies and 34% (95%CI: 

Fig. 6  Pooled incidence of NIV failure in different subgroups

 

Fig. 5  Pooled incidence of NIV failure in patients with mild, moderate, and severe ARDS
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16–53%) in randomized control trials (Fig.  6D, supple-
mentary Figs.  9 and 10). In patients who were venti-
lated using BiPAP, the NIV failure was 48%, the same 
as in those ventilated via CPAP (Fig. 6E, supplementary 
Figs. 11 and 12).

The pooled incidence of NIV failure was 44% (95%CI: 
32–57%) before 2005 (Fig.  7). Between 2006 and 2010, 
it was 47% (33–62%). However, this did not change after 
2010 when patients with COVID-19 were excluded (52% 
for 2011–2015, 49% for 2016–2020, and 52% for 2021 and 
2022).

Discussion
This meta-analysis shows that the incidence of NIV fail-
ure was high in patients with ARDS. A gradual increase 
in NIV failure was found in ARDS patients with an 
increase in disease severity. Patients with pulmonary 
ARDS had a higher rate of NIV failure than those with 
extrapulmonary ARDS. ARDS patients with immunosup-
pression had the highest failure rate.

An international, multicenter, prospective cohort study 
reported that 15.5% of patients with ARDS had received 
NIV [6]. This indicates that the use of NIV in patients 
with ARDS is not rare. However, ARDS is a risk factor 
for NIV failure in patients who have acute respiratory 
failure [12–14]. In our analyses, nearly half of the ARDS 
patients experienced NIV failure. ARDS patients com-
monly developed excessive inspiratory effort and high 
transpulmonary pressures; this can lead the patient to 
self-inflicted lung injury (P-SILI) [15, 16]. Therefore, 
P-SILI greatly contributes to the high rate of NIV failure 
in ARDS patients. Esophageal pressure monitoring can 
detect the risk for P-SILI, which can help identify NIV 
failure early [17].

This meta-analysis shows that pulmonary ARDS leads 
to a higher rate of NIV failure than extrapulmonary 

ARDS, in line with a previous study [18]. Pulmonary 
ARDS is mainly caused by pneumonia, and extrapulmo-
nary ARDS is mainly caused by sepsis [19, 20]. In patients 
with pulmonary ARDS, consolidation in chest CT scans 
is greater, and the response to the lung recruitment 
maneuver is worse than that in patients with extrapul-
monary ARDS [21, 22]. This may be the reason for the 
lower NIV failure rate in patients with extrapulmonary 
ARDS. However, our study was a meta-analysis and the 
demographic information between two groups could not 
be comparable. Studies are required to further clarify this 
issue.

It is challenging to avoid intubation in immunocom-
promised patients with acute respiratory failure [23]. 
Patients with immunosuppression were more likely to 
receive NIV as a first-line therapy [24]. Relative to con-
ventional oxygen therapy, use of NIV reduces the rate 
of intubation in patients with immunosuppression [25]. 
However, in our analyses, the pooled incidence of NIV 
failure in the immunocompromised group was 62%, the 
highest of all subgroups. Patients who experienced NIV 
failure had a higher likelihood of death in hospital than 
those who directly received intubation [26]. Therefore, 
the early identification of high-risk patients followed by 
the early application of intubation would be an alterna-
tive solution to reduce mortality.

This study had several limitations. First, there were 
various definitions of NIV failure among the studies con-
sidered. Some studies defined it as intubation, whereas 
others defined it as intubation, death, or crossover to a 
high-flow nasal cannula. However, because it was com-
monly defined as intubation, the incidence of NIV failure 
may have been overestimated. Second, only four study 
arms, involving 133 patients, could be used to pool the 
incidence of helmet NIV failure. As helmet NIV shows 
much more favorable outcomes than oronasal NIV, the 

Fig. 7  Pooled incidence of NIV failure in different timeframes
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pooled incidence of helmet NIV failure may be over-
estimated [27]. Third, the incidence of NIV failure was 
high in the ARDS population. This does not imply that 
patients with ARDS cannot obtain benefits from NIV. In 
the future, randomized controlled trials should be per-
formed to further investigate this issue.

Conclusions
Nearly half of ARDS patients experience NIV failure. 
With increasing ARDS severity, the pooled incidence of 
NIV failure increased. Patients with pulmonary ARDS 
seem to experience more NIV failure than those with 
extrapulmonary ARDS. ARDS patients with immunosup-
pression may be at highest risk for NIV failure.
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BiPAP	� Bi-level positive airway pressure
CPAP	� Continuous positive airway pressure
ARDS	� Acute respiratory distress syndrome
CI	� Confidence interval
P-SILI	� Patient self-inflicted lung injury
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