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Objective: We conducted a systematic review and meta-analysis to comprehensively

estimate the incidence and mortality of acute respiratory distress syndrome (ARDS) in

overall and subgroups of patients with burns.

Data sources: Pubmed, Embase, the Cochrane Library, CINAHL databases, and China

National Knowledge Infrastructure database were searched until September 1, 2021.

Study selection: Articles that report study data on incidence or mortality of ARDS in

patients with burns were selected.

Data extraction: Two researchers independently screened the literature, extracted

data, and assessed the quality. We performed a meta-analysis of the incidence and

mortality of ARDS in patients with burns using a random effects model, which made

subgroup analysis according to the study type, inclusion (mechanical ventilation, minimal

burn surface), definitions of ARDS, geographic location, mean age, burn severity, and

inhalation injury. Primary outcomes were the incidence and mortality of burns patients

with ARDS, and secondary outcomes were incidence for different subgroups.

Data synthesis: Pooled weighted estimate of the incidence and mortality of ARDS

in patients with burns was 0.24 [95% confidence interval (CI)0.2–0.28] and 0.31 [95%

CI 0.18−0.44]. Incidences of ARDS were obviously higher in patients on mechanical

ventilation (incidence = 0.37), diagnosed by Berlin definition (incidence = 0.35), and

with over 50% inhalation injury proportion (incidence = 0.41) than in overall patients

with burns. Patients with burns who came from western countries and with inhalation

injury have a significantly higher incidence of ARDS compared with those who came

from Asian/African countries (0.28 vs. 0.25) and without inhalation injury (0.41 vs. 0.24).

Conclusion: This systematic review and meta-analysis revealed that the incidence of

ARDS in patients with burns is 24% and that mortality is as high as 31%. The incidence

rates are related to mechanical ventilation, location, and inhalation injury. The patients

with burns from western countries and with inhalation injury have a significantly higher

incidence than patients from Asian/African countries and without inhalation injury.

Systematic Review Registration: identifier: CRD42021144888.
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INTRODUCTION

Acute respiratory distress syndrome is very common in critically
ill patients. After years of basic and clinical research, its diagnosis
and treatment are improving daily, but the associated mortality
rate is still as high as 30% (30-day mortality) (1). The causes
of ARDS are diverse and, excluding cardiac-induced conditions,
can include severe infection, shock, trauma, and burns. These
injuries can induce diffuse pulmonary interstitial and alveolar
edema, resulting in acute hypoxic respiratory insufficiency or
failure (2). Among the causes of ARDS, severe burns can also
cause a series of pathophysiological changes in various organs of
the body. Among them, the lung is one of the earliest organs to
be damaged, and damage to the lung is one of the main causes
of death in severely burned patients (3). Although many studies
have reported the incidence, treatment, and outcome of ARDS,
there is no meta-analysis of ARDS in patients with burns. Our
objective is to comprehensively collect published literature on
ARDS in patients with burns and assess the incidence/mortality
in overall and subgroups of the patient with burns.

METHODS

Literature Search
We retrieved studies from Pubmed, Embase, the Cochrane
Library, CINAHL databases, and the China National Knowledge
Infrastructure database. The retrieval time for each database is
from the formation of the database to September 1, 2021. We
searched the databases by combining subject words and free
words. Search terms included “Respiratory Distress Syndrome,
Adult,” AND “incidence OR Mortality,” AND “burn.” Detailed
search strategies are provided in Appendix 1. We evaluated the
qualifications of the identified publications and independently
extracted data from the studies selected. Differences were
resolved through a consensus.

Study Selection
Inclusion criteria were as follows: (1) study type was an
observational study, case-control study, cohort study, or
randomized controlled trial; (2) subjects were patients with
burns; (3) incidence or mortality of ARDS was reported;
(4) articles were written in English or Chinese. Exclusion
criteria were as follows: (1) studies with obvious abnormal and
incomplete data sets; (2) repeated publishing of the same batch
of data by multiple articles; (3) sample size of the study was <20;
(4) research subjects were special populations, such as children
or pregnant women; (5) research subjects were only patients with
inhalation injury; (6) any limitation in the length of stay and
death; (7) comments, reviews, or lectures.

Data Extraction
We extracted the characteristics of the study (author, publication
year, study type, study area and centers, sample size, and study
quality), basic characteristics of the research subject (average
age, total body surface area (TBSA), full-thickness burn injury,

Abbreviations: ARDS, acute respiratory distress syndrome; TBSA, total body

surface area; AECC, American-European Consensus Conference.

inhalation injury), ARDS cases, and ARDS-related deaths. Two
researchers separately collected the data and cross-checked the
sampling of the other.

Quality Assessment
Methodological quality assessment studies were also conducted
by two separate researchers. We took the same type of meta-
analysis “Incidence and Mortality of Acute Respiratory Distress
Syndrome in Children: A Systematic Review and Meta-Analysis”
as a reference, and used the evaluation tools of the research
for evaluation. Our study refers to the quality evaluation in the
relevant literature, and the quality of each method (bias risk) was
based on a list of 13 items (4). The list of 13 items is provided in
Appendix 2.

Quantitative Data Synthesis
Statistical Pooling and Evaluation of Heterogeneity
We conducted a meta-analysis with theMeta package (metaprop,
version R3.5.3). The data were converted with four estimation
methods, and a normality test was performed on the data before
the meta-analysis. In accordance with the test results, the method
closest to a normal distribution was selected. Then, we combined
the data (ARDS incidence and mortality) and performed a
heterogeneity analysis. The confidence interval (CI) was 95%,
and the statistical heterogeneity was judged by calculating I2. We
choose a fixed effects model or a random effects model based on
p-value and I2. A sensitivity analysis was performed to investigate
the stability of the meta-analysis. The funnel plot method was
used to judge publication bias.

Subgroup Analyses
We performed a subgroup meta-analysis to obtain the rate of
special groups of patients with burns and explore potential
sources of heterogeneity. We assessed factors, including the
study type, inclusion (mechanical ventilation, minimal burn
surface), definitions of ARDS, geographic location, mean age,
burn severity, and inhalation injury. Divided by these factors, the
combined weighted estimates were used to derive the incidence
andmortality of ARDS in different subgroups. The statistical tests
were all two-sided with a level of α = 0.1.

RESULTS

Study Characteristics
The search identified 712 reports potentially pertaining to the
morbidity and mortality of ARDS in patients with burns.
After screening, 35 publications on incidence (5–39) and 9
on mortality (5, 7, 9, 11, 24, 32–34, 38) were considered to
be eligible (Figure 1). The basic characteristics of the included
studies, with respect to incidence and mortality, are shown in
Supplementary Tables 1, 2. Most of the studies were conducted
in a single center. The research population of “Incidence” was
10,899 and that of “Mortality” was 2,771. These data were from
multiple countries on multiple continents; however, most of the
studies were carried out in the United States, Canada, China, and
Spain. The research time window of all the included studies was
from 1978 to 2021. The study subjects were patients with burn,
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with ARDS-related records. In most of the publications, the age
limit of the patients was over 18 years. In 1994, the American-
European Consensus Conference (AECC) definition of ARDS
was published, which had problems with lack of a criterion
for acute onset, the need for a pulmonary artery catheter, and
difficult hypoxemia criteria. Therefore, a new definition of ARDS,
called the Berlin definition, was published, in 2012 (40). Since
the definition of ARDS was constantly being adjusted with the
development of clinical guidelines and practice, some studies
continued to clarify the criteria used in the definition of ARDS.
Most studies provide burn-related data, such as mean TBSA
(%), mean full-thickness burn injury (%), and proportion with
inhalation injury (%).

Quality Assessment
The methodological quality of the study was good (average score
of “Incidence” 77.1 [50–88]; the average score of “Mortality”
80.6 [69–86]). The detailed quality assessment is shown in
Supplementary Tables 3, 4.

Quantitative Data Synthesis
Overall Incidence and Mortality of ARDS in Patients

With Burns
The incidence of pooled weighted ARDS in patients with burns
was 0.24 [95% CI 0.2–0.28] (Figure 2). Patients with burns
had a pooled weighted ARDS mortality of 0.31 [95% CI 0.18–
0.44] (Figure 3). Studies assessing burn patient incidence (I2 =

98%) and burn patient mortality (I2 = 99%) showed significant
heterogeneity. The heterogeneity of “incidence” and “mortality”
is so high that they challenge the relevance of the studies, and
they could come from the differences in the inclusion criteria
of patients (such as mechanical ventilation and minimal burn
surface), definitions of ARDS, geographic location, mean age,
burn severity, and inhalation injury, so we made the subgroup
analysis to get the accurate incidence of special burn patients.
Due to the number of studies included in mortality analysis being
only 9, we did not divide these studies into subgroups.

Incidence of ARDS in Patients With Burns by

Different Study Type
Considering the type of study that may influence the incidence
of ARDS in patients with burns, we divided the studies into two
types (retrospective and prospective). There are 15 retrospective
studies and 3 prospective studies; the “retrospective” subgroup
has 6,685 patients in total, and the “prospective” subgroup has
245 patients. For patients with burns in the retrospective studies,
the incidence of ARDS was 0.24 [95% CI 0.18–0.3], while that
for burns patients in the retrospective studies, the incidence
of 0.15 [95% CI 0.06–0.39]. I2 was 99 and 86%, respectively.
No statistical difference was noted between them (p = 0.33)
(Supplementary Figure 1; Table 1).

Incidence of ARDS in Patients With Burns and on

Mechanical Ventilation
We found a total of eight studies containing mechanical
ventilation in the inclusion criteria. The number of patients
with burns and mechanical ventilation was 2,630, and for

these patients, the incidence of ARDS was 0.37 [95% CI
0.29–0.44], and the heterogeneity was decreased to 93%
(Supplementary Figure 2; Table 1).

Incidence of ARDS in Patients With Burns and TBSA

≥20%
Some “incidence” studies used TBSA (%) as an inclusion
criterion, which included TBSA ≥1, 20, 30%, and so on. There
were nine studies that set TBSA to ≥20% as an inclusion
criterion, two studies set TBSA to ≥30%, and one study set
TBSA to ≥50%. The minima burn surfaces of all these patients
(n = 1127) were over 20%. The incidence of ARDS in these
patients was 0.32 [95% CI 0.21–0.42], and heterogeneity was 92%
(Supplementary Figure 3; Table 1).

Incidence of ARDS Defined by AECC and Berlin

Definition
We found nine studies that defined ARDS by the Berlin definition
and six studies by the AECC definition, and the number
of patients was 2,738 and 1,989, respectively. The incidence
of ARDS defined by the Berlin definition was 0.35, and the
incidence of ARDS defined by the AECC definition (41) was 0.3
(Supplementary Figure 4). There was no significant difference
between these subgroups (p= 0.61; Table 1).

Incidence of ARDS in Patients With Burns by

Location
We divided the studies intoWestern research projects and Asian-
African groups based on geography. The incidence of ARDS in
burn patients inWestern countries was 0.28 ([95% CI 0.27–0.33],
I2 = 99%, N = 22), and the incidence in Asian and African
countries was 0.25 ([95% CI 0.22–0.29], I2 = 95%, N = 13)
(Supplementary Figure 5). There was no difference between the
subgroups (P = 0.38; Table 1).

Incidence of ARDS in Patients With Burns by Mean

Age
For studies where the average age of patients was 20–39
years, we combined the incidence of ARDS, and the outcome
was 0.25 [95% CI 0.14–0.36]. For the subgroups with ages
of 40–59 years, the incidence was 0.27 [95% CI 0.21–0.33]
(Supplementary Figure 6). No statistical difference was found in
this comparison (P = 0.73; Table 1).

Incidence of ARDS in Patients With Burns by Mean

TBSA (%)
The incidence of ARDS in the TBSA ≥ 30% burn group is a little
bit higher than the TBSA< 30% (Table 1). The results were mean
TBSA ≥ 30%,0.26 [95% CI 0.21–0.31], N = 21, I2 = 95% vs.
mean TBSA < 30%0.22 [95% CI 0.15–0.29], N = 9, I2 = 99%
(Supplementary Figure 7).

Incidence of ARDS in Patients With Burns by Average

Full-Thickness (%)
The incidence of ARDS in patients with burns and an average
full-thickness of over 10% was 0.24 ([95% CI 0.17–0.35], N =

14, I2 = 98%). Those with an average full-thickness ≤10% had
an incidence of 0.19 ([95% CI 0.05–0.7], N = 2, I2 = 94%;
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FIGURE 1 | Flowchart of literature searching and inclusion.
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FIGURE 2 | Forest plot showing the overall incidence of acute respiratory distress syndrome in patients with burns.

Supplementary Figure 8). The incidence was not significantly
different between these groups (P = 0.74; Table 1).

Incidence of ARDS in Patients With Burns by

Inhalation Injury Proportion (%)
The incidence rate in the subgroup with over 50%inhalation
injury proportion in patients with burns were 0.41 ([95%CI 0.34–
0.48], N = 4, I2 = 49%), which is significantly higher than that
of the subgroup with <50% inhalation injury proportion (0.24
[95% CI 0.17–0.3],N = 18, I2 = 99% (Supplementary Figure 9).

There was a significant difference between these subgroups (p <

0.01; Table 1).

Publication Bias and Sensitivity Analysis
We used a funnel plot to test for publication bias in
35 incidence and 9 mortality studies. The inverted funnel
plot suggested there was a little bit of bias in studies
reporting incidence and no obvious publication bias in
mortality (Supplementary Figures 10, 11). To assess whether
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FIGURE 3 | Forest plot showing the overall mortality of acute respiratory distress syndrome in patients with burns.

the pooled incidence or mortality of ARDS in this meta-
analysis was stable, a sensitivity analysis was performed. The
effect estimation of sensitivity analysis showed that regardless
of pooled incidence or pooled mortality, the results were stable
(Supplementary Figures 12, 13).

DISCUSSION

This systematic review and meta-analysis included the first large-
scale analysis of the incidence and mortality rates of ARDS in
patients with burns. We calculated the pooled incidence and
mortality of ARDS in patients with burns, as well as those in
subgroups with alternative definitions, average age, TBSA, full-
thickness burn injury, and inhalation injury proportion. These
findings can help guide clinicians in assessing and diagnosing
ARDS in patients with burns in the future and play an important
role in the allocation of medical resources for disease and
its prevention.

We selected several influencing factors related to ARDS which
are common in most studies on the condition. These were used
in the subgroup analysis and included study type, mechanical
ventilation, minima burn surface within inclusion criteria, ARDS
definition, geographic location, age, TBSA, full-thickness burn
injury, and inhalation injury. We compared the rates and found
that the “prospective-study type” might prevent ARDS from
happening (incidence = 0.15), which may be caused by different
types of treatment and healthcare. The incidences of ARDS were
obviously higher in patients who is with mechanical ventilation
(incidence = 0.37), whose minima burn surface were over 20%
(incidence = 0.32), and which subgroup is with over 50%
inhalation injury proportion (incidence = 0.41) than the common
burn patients (incidence = 0.24).What is more, I2 decreases while
the rate increases, which makes the incidence more credible. In
our result, mechanical ventilation, location, and inhalation injury
were, again, identified as risk factors of ARDS.

We found that the more severe the inhalation injury, the
higher the incidence, which is in line with the majority of
previous research conclusions. The patients with burns and
inhalation injury have a significantly higher incidence of ARDS
compared with those without inhalation injury. As such, it can be
concluded that inhalation injury was an independent risk factor
for ARDS. However, using the new Berlin definition of ARDS
(incidence = 0.35), it was clear the rates were higher than when
using the older AECC definition (incidence = 0.30). From the
perspective of diagnostic criteria, The PaO2/FiO2 requirements
of Berlin are higher (40). The reason why the incidence of Berlin
is higher than that of AECC is that the level of medical treatment
has improved significantly with the development of time. The
development of sophisticated testing equipment has enabled
physicians to discover more patients with potential ARDS. The
result shows that ARDS was more common in the subgroup
of burns patients aged 40–59 years (incidence = 0.27) than the
subgroup of burns patients aged 20–39 years (incidence = 0.25).
However, the number of 40–59 years group studies (N = 18, n
= 7,542) is higher than 20–39 years group (N = 10, n = 3,970),
whichmeans burns are common in 20–39 years group, but ARDS
was common in 40–59 years group. Although the results are
surprising, they should not be a problem. We can design a large
targeted prospective study to prove this result further.

As this article is a meta-analysis of a single-group rate, we
encountered the common problem of high heterogeneity. The
I2 of incidence was > 80%, regardless of whether heterogeneity
was calculated for the “incidence” rates or the “mortality” rates.
As a result, we chose to use a random effects model in the
analysis. We explored the possible sources of heterogeneity in
the studies of incidence by subgroup meta-analysis. Although we
tried a lot of factors that may cause high levels of heterogeneity,
including study type, inclusion, definition, location, mean age,
TBSA, etc., we could not find a single model to account for
these factors together. In the series of “incidence” studies, except
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TABLE 1 | Pooled estimation of incidence of acute respiratory distress syndrome in burn patients and its subgroup.

Factors Subgroups Studies, n No. of patients Proportion [95% CI]a I²b P-value for heterogeneity P-value for

subgroup

differences

Study type Retrospective 15 6,685 0.24 [0.18–0.30] 99% <0.01 0.33

Prospective 3 245 0.15 [0.06–0.39] 86% <0.01

Inclusion With mechanical ventilation 8 2,630 0.37 [0.29–0.44] 93% <0.01 –g

minima burn surface ≥20% 9 1,127 0.32 [0.21–0.42] 92% <0.01 –

Definitionc Berlin 9 2,738 0.35 [0.31–0.40] 81% <0.01 0.61

AECC 6 1,989 0.30 [0.08–0.51] 98% <0.01

Location Western 22 9,100 0.28 [0.27–0.33] 99% <0.01 0.01

Asian/African 13 12,659 0.25 [0.22–0.29] 95% <0.01

Mean age 20y−39y 10 3,097 0.25 [0.14–0.36] 98% <0.01 0.73

40y−59y 18 7,542 0.27 [0.21–0.33] 97% <0.01

TBSAd
<30% 9 4,763 0.22 [0.15–0.29] 99% <0.01 0.22

≥30% 21 3,877 0.28 [0.22–0.34] 95% <0.01

FTe ≤10% 3 970 0.29 [0.09–0.49] 97% <0.01 0.91

>10% 15 5,691 0.30 [0.23–0.37] 99% <0.01

IIf <50% 18 6,909 0.24 [0.17–0.30] 99% <0.01 <0.01

≥50% 4 387 0.41 [0.34–0.48] 49% 0.12

(a) 95% CI: 95% confidence interval.
(b) I2: heterogeneity of the studies.
(c) Definition: which definition of acute respiratory distress syndrome used in the studies, the American-European Consensus Conference (AECC) definition or the Berlin definition.
(d) TBSA, total body surface area.
(e) FT, full-thickness (FT) burn injury.
(f ) II: the proportion of patients combined inhalation injury of the total sample.
(g) “–” means the date is not available.

Bold values mean statistically significant.

for the “study style- prospective,” “definition- Berlin” subgroups,
and “inhalation injury-≥50%” whose heterogeneity was slightly
reduced (I2 < 90), the remaining studies were more than
90% heterogeneous, with the vast majority being over 95%.
When we compared the I2 with other “a single-group rate”
meta-analysis (28, 42), we found that high heterogeneity was
common. Therefore, it might be acceptable that I2 was 99% for
the “mortality” study. For the subgroup of patients with burns
and over 50% inhalation injury proportion, the incidence of
ARDS (0.41) was precise because I2 = 49%. In addition to the
heterogeneous sources suggested by the statistical results, we
speculate that the inclusion criteria for each study could also be a
main source of heterogeneity.We included diversiform literature,
which were recording data related to ARDS and “burns.” Patients
with burns in some of the studies had different therapeutic
schedules. Besides, some studies only analyzed mechanically
ventilated patients with burns. The funnel plots showed that
the distribution of “incidence” was asymmetric. The bias was
very strong (p = 0.01). These variations in methodology and
patient sampling may be the reason for the high heterogeneity.
The distribution for “mortality” was visually symmetrical based
on the results of the funnel plot. Furthermore, after sensitivity
testing, the aggregated weighted ARDS morbidity and mortality
were stable.

This meta-analysis has several advantages. First, this is the
first comprehensive systematic analysis of ARDS in patients with
burns. Most of the previous studies on the subject were based on

specific groups (large area burns, burns with inhalation injuries,
etc.). Comparing the findings here with previous studies, we
note that this study is more thorough in including overall types
of patients with burns. This leads to a more comprehensive
and accurate assessment of the incidence and mortality rates
of ARDS. Second, we use a rigorous screening method to
exclude studies from different subject areas conducted by the
same authors, while conducting detailed quality assessments of
the articles included. Third, we made the most of the more
than 8,000 samples; refining the study population classification
according to different indicators, obtaining the incidence rates of
different subgroups, and determining the relevant risk factors for
ARDS. However, there are also some limitations in our research.
First, our target population includes overall patients with burns.
While the sensitivity analysis shows that the incidence and
mortality rates are stable, we do recognize that there are many
influencing factors, such as mechanical ventilation, definition,
geographic location, inclusion criteria, age, burn severity, and
inhalation injury in ARDS. The influence of all these various
factors causes a substantial amount of heterogeneity in the data.
Second, we were unable to retrieve data on individual patients
and only conducted a meta-analysis on the results of each study.
We used these data to determine the risk factors of ARDS
based on the rate of events and characteristics of the study
population. In subsequent studies, it would be advantageous to
arrange a large and multicenter cohort of burn victims to address
these issues.
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CONCLUSION

This systematic review and meta-analysis revealed that the
incidence of ARDS in patients with burns is 24% and that
mortality is as high as 31%. The incidence rates are related
to mechanical ventilation, location, and inhalation injury.
Patients with burns from western countries and with inhalation
injury have a significantly higher incidence than patients from
Asian/African countries and without inhalation injury.
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