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Abstract

Acute respiratory distress syndrome (ARDS) is a 
fatal complication of the new severe acute respi-
ratory syndrome coronavirus (SARS-CoV-2), 
which causes COVID-19 disease. This scoping 
review was carried out with international, peer-
reviewed research studies and gray literature 
published up to July 2020 in Persian and English 

languages. Using keywords derived from MESH, 
databases including Magiran, IranMedex, SID, 
Web of Sciences, PubMed, Embase via Ovid, 
Science Direct, and Google Scholar were 
searched. After screening titles and abstracts, the 
full texts of selected articles were evaluated, and 
those which passed the criteria were analyzed 
and synthesized with inductive thematic analysis. 
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Study quality was also evaluated using a standard 
tool. The overall prevalence of ARDS was esti-
mated using a random-effects model. This led to 
identification of 23 primary studies involving 
2880 COVID-19 patients. All articles were obser-
vational with a cross-sectional, retrospective, 
case report, and cohort design with moderate to 
strong quality. The main findings showed that 
COVID-19-related ARDS has a high prevalence 
and is different to ARDS due to other etiologies. 
Elderly and patients with comorbidities and 
organ failure should be closely surveyed for 
respiratory organ indications for several weeks 
after the onset of respiratory symptoms. There is 
currently no definitive treatment for ARDS in 
COVID-19 disease, and supportive therapies and 
their effects are somewhat controversial.

Keywords

Covid-19 · Acute respiratory distress syn-
drome (ARDS) · Scoping review · 
Meta-analysis

18.1  Introduction

In December 2019, the world was faced with the 
sudden outbreak of the SARS-CoV-2 virus which 
causes COVID-19 disease and was deemed a sub-
stantial threat to worldwide health by the World 
Health Organization (WHO) [1–3]. By March 6, 
2020, more than 100,000 persons in 93 countries 
had been infected by SARS-CoV-2, and this rap-
idly progressed to over 12 million persons in 213 
countries and territories by July 10, 2020 (Fig. 18.1) 
[4]. Clinical manifestations caused by the virus 
have varied from fever, cough, fatigue, sputum pro-
duction, shortness of breath, sore throat, headache, 
gastrointestinal symptoms like diarrhea and vomit-
ing, as well as acute respiratory distress syndrome 
(ARDS) and organ failure [5, 6]. Compared to 
other organs, the COVID-19 virus appears to most 
affect the respiratory system in the initial stages 
and in some patients develops to ARDS [7]. 
Although ARDS patients receive respiratory and 
therapeutic support in the intensive care unit (ICU), 
these patients still show a high mortality [8].

According to the Berlin definition, ARDS is a 
type of acute diffuse, inflammatory lung injury, 
which can lead to increased pulmonary vascular 
permeability, increased lung weight, and loss of 
aerated lung tissue [9]. The clinical manifesta-
tions are hypoxemia, bilateral opacities in com-
puted tomography (CT) imaging, increased 
venous admixture, and physiological dead space. 
One way of measuring this is to determine the 
ratio of the arterial partial pressure of oxygen 
(PaO2) to the fraction of inspired oxygen (FiO2). 
Based on the degree of hypoxemia, ARDS can 
be classified as mild (PaO2/FIO2: >200  – 
≤300  mm Hg), moderate (>100  – ≤200), or 
severe (<100) [9]. In the most severe cases, 
inspired oxygen cannot reach the blood circula-
tion, leading to organ failure and death of the 
patient (Fig. 18.2).

Some previous review studies have estimated 
the prevalence of ARDS as 14–28% in COVID- 19 
patients [10, 11]. Given the critical impact of 
ARDS on patient outcomes and the current lack of 
effective treatment options, we have carried out a 
scoping review and meta- analysis to systemati-
cally assess its prevalence in COVID-19 patients. 
It was also of interest to identify clinical features 
that could be used to predict or monitor disease 
severity as a means of informing treatment options.

18.2  Methods

This scoping review study was conducted sys-
tematically according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [12–15]. A flowchart of 
the study selection procedure is shown in 
Fig. 18.3.

18.2.1  Search Strategy

In this review, any original studies conducted 
worldwide and published in the English or Persian 
languages in internal and external databases were 
evaluated up to July 2020. To search for ARDS 
and COVID-19 studies, we employed the national 
databases including Magiran, IranMedex, Iranian 
Archive for Scientific Documents Center (IASD), 

M. Jafari-Oori et al.
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and Iranian National Library (INL) and interna-
tional databases such as MEDLINE (PubMed, 
Ovid), Scopus, Web of Science, Embase, ProQuest, 
Google, and Google Scholar. Gray literature and 
reference lists of the extracted primary articles 
were also reviewed to discover potential related 
studies. The keywords and subject headings used 
to search for these databases are shown in 
Table  18.1. These were used separately and in 
combination as a syntax using Boolean operators 
such as “AND,” “OR,” “NOT,” and the “*” sign.

18.2.2  Study Selection Process

The inclusion and exclusion criteria for select-
ing primary articles are indicated in Table 18.2. 
Firstly all feasible studies were recognized. 
Secondly, the titles and abstracts of the identi-
fied articles were separately screened by two 
investigators, and the full texts of relevant arti-
cles were obtained and their eligibility was 
determined. In case of disagreement between 
the two researchers, the article in question was 
reviewed by an additional author who was an 
expert in review studies.

18.2.3  Quality Assessment and Data 
Extraction

To evaluate the quality of the studies, five-item 
tools were used, as described in previous studies 

[16–19]. The five items were related to the 
research design, sampling method, sample size, 
comparison group, and psychometric properties. 
Each item scaled from 0 to 3 and the overall score 
was from 0 to 15 [17]. Based on this approach, 
the studies were divided into three categories 
related to quality, which were defined as either 
weak (score 4 or below), medium (score 5 to 10), 
or strong (score above 10). The assessment was 
performed by two authors (MJO and FRB), and 
the disagreements were resolved by the senior 
author (AVA). A data extraction form was used to 
assemble the information in each article as fol-
lows: first author, year of study conduction, 
design and purpose of the study, setting, main 
findings and conclusions, limitations, and lan-
guage. To guarantee accuracy, two other authors 
examined the extracted data for the final review.

18.2.4  Synthesis of Data and Analysis

Inductive thematic analysis was performed 
using the results of preliminary studies to find 
potentially important emerging themes [20]. 
The results of each of these studies were 
assessed and compared until the primary themes 
were outlined. To estimate the overall ARDS 
prevalence, each study was assessed using cal-
culations of the binary distribution variance. 
Weighted averages were used to combine the 
prevalence values of the studies. The weight 
assigned to each study was an inverse of its vari-
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Fig. 18.1 Total number of COVID-19 cases globally from the end of January to July 10, 2020
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ance. The heterogeneity of the studies was 
assessed by the I2 index. Data heterogeneity was 
divided into three classes of less than 25% (low 
heterogeneity), 25 to 75% (medium heterogene-
ity), and more than 75% (high heterogeneity). 
Due to the resulting high heterogeneity of the 
data in this review, a random-effects model was 
applied. The analysis was conducted with 
STATA 12 software (StataCorp LLC; College 
Station, TX, USA).

18.3  Results

18.3.1  Literature Search

The flowchart of the selection process is revealed 
in Fig. 18.3. A total of 1100 potential study refer-
ences were acquired after searching the database 
and search engines and the pertinent reference 
lists. After the first screening of titles and 
abstracts, 95 studies were selected to assess the 

SARS-CoV-2

Host cells presented in lunges

ACE2

T-cells overactivation

excessive immune
response

Cytokines

Cytokine Storm

tissue damage endothelial damage

Elevated CRP, D-dimer,
ferritin

WBCInflammatory cycle

ARDS

Fig. 18.2 The effects of ARDS on breathing in COVID-19 disease
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meta-analysis
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Fig. 18.3 Identification and selection of studies

Table 18.1 Keywords and subject headings used during the search

Search terms
“lung recruitment maneuver”  OR  “recruitment manoeuver”  OR  “lung volume recruitment”  OR  “lung 
recruitment”  OR  “recruit manoeuver”  OR  “recruit manoeuver”  OR  “recruit manoeuver”  OR  “recruit 
manoeuver”  OR  “PEEP setting”  OR  “recruitment ARDS”   “titrated PEEP”  OR  “PEEP titration”  OR  
“low PEEP”  OR  “protective lung strategy”  OR  “high PEEP”  OR  ards  OR  “acute respiratory distress”  
OR  “acute chest syndrome”  OR  “respiratory distress syndrome”  OR  “shock lung” OR  “adult respiratory 
distress syndrome”  OR  “respiratory distress syndrome, acute” AND  “Novel coronavirus”  OR  “Novel 
coronavirus 2019”  OR  “2019 novel coronavirus”  OR  “2019 nCoV”  OR  “Wuhan coronavirus”  OR  
“Wuhan pneumonia”  OR  Covid-19  OR  “2019-nCoV”  OR  “SARS-CoV-2”  OR  “coronavirus 2019”  OR  
“2019-nCoV”

Table 18.2 Inclusion and exclusion criteria for selected primary articles

Inclusion criteria Exclusion criteria
Peer-reviewed, primary studies Not peer-reviewed, primary research
Published in English or Persian Not written in English or Persian
Pointing to the ARDS on patients 
with Covid-19

Not related to the empirical data (letters, editorials, news, etc.)

Published until July 2020 Low-quality studies
Studies that did not include the keywords of “ARDS,” “coronavirus 
2019,” or  “Covid-19”

18 Acute Respiratory Distress Syndrome and COVID-19: A Scoping Review and Meta-analysis
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full texts, while duplicate and unrelated articles 
were removed from the study. Lastly, 23 primary 
studies that met inclusion criteria were selected 
for appraisal and analysis [1, 21–42].

18.3.2  Study Descriptions

The study designs were diverse including cross-
sectional, retrospective, case studies, or case 
series. All studies were published in the English 
language, most of them were conducted during 
the early phase of the COVID-19 pandemic in 
China [1, 24–35, 37, 39–42], two were carried out 
in the USA [23, 36], one was performed in Italy 
[22], one was in France [38], and one study was 
carried out during the SARS outbreak in China in 
2003 [21]. The detailed characteristics of the 23 
final primary articles are given in Table 18.3.

18.3.3  Methodological Quality 
Appraisal

The quality of all articles was evaluated using 
five-item mentioned tools, as shown in Table 18.3. 
Based on this scale, eight studies were ranked as 
having a strong quality, and 15 had a medium 
quality.

18.3.4  Narrative Summary and Brief 
of Themes

The data of the original articles were classified 
and discussed according to the following catego-
ries: (1) pathology of COVID-19, (2) diagnosis, 
(3) risk factors, (4) prevalence, and mortality, 
and (5) treatment.

Overall  (I^2 = 96.74%, p = 0.00)

Chu et al. [23]

Shi et al. [33]

Yang et al. [27]

Huang et al. [1]

Chen et al. [37]

Study

Du et al. [35]

Wang et al. [30]

Chen et al. [36]

Wu et al. [29]

0.34 (0.24, 0.44)

0.24 (0.17, 0.32)

0.23 (0.19, 0.28)

0.67 (0.53, 0.80)

0.29 (0.16, 0.46)

0.14 (0.12, 0.17)

ES (95% CI)

0.74 (0.63, 0.83)

0.21 (0.17, 0.26)

0.17 (0.10, 0.26)

0.42 (0.35, 0.49)

100.00

11.28

11.73

10.11

9.82

11.87

Weight

10.89

11.70

11.25

11.36

%

-0.5 0 0.5 1
Fig. 18.4 The overall prevalence of COVID-19-induced ARDS determined from nine studies
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18.3.4.1  Pathology of the COVID-19 
Virus and ARDS

Biopsy samples taken from lung, liver, and heart 
tissue of a patient who died from COVID-19- 
related ARDS showed bilateral diffuse alveolar 
damage with cellular exudates, evident desqua-
mation of pneumocytes, and hyaline membrane 
formation [26]. The left lung showed pulmonary 
edema with hyaline membrane formation. Both 
lungs showed interstitial mononuclear inflamma-
tory infiltrates and multinucleated syncytial cells 
with atypical appearance in the intra-alveolar 
spaces. Blood analysis indicated an over-activa-
tion of T cells. An investigation using lung CT 
scans identified ground-glass opacities (GGOs) 
in 12 of 17 patients, and the remaining five 
patients showed a combination of GGOs and 
consolidation in the subpleural regions [39]. 
Follow-up scans performed on five patients 
showed development of fibrotic changes in three 
patients and mild progression with increased 
extent and density of GGOs in two patients. 
Another CT study of 80 COVID-19 patients 
found GGOs, consolidation, and interlobular 
thickening in the subpleural regions of both lungs 
in most cases [40]. Other studies showed that the 
medium time to development of ARDS from 
onset of symptoms in admitted patients ranged 
from 8 to 12 days [1, 41, 42].

Four studies of COVID-19 cases reported het-
erogeneous clinical manifestations, ranging from 
minimal symptoms such as fever, dry cough, or 
dyspnea to severe ARDS [23, 26, 30, 36]. Another 
study of two Chinese patients who developed 
symptoms while on holiday in Italy found GGOs 
with a crazy-paving pattern, slight unilateral 
pleural effusion, and mediastinal lymphadenopa-
thies [22]. A study of an adult sickle cell patient 
with COVID- 19 pneumonia using chest X-ray 
analysis found multifocal ill-defined opacities 
which worsened to GGOs and reticular opacities 
[23]. A retrospective case control study of 
patients with ARDS infected with either COVID-
19 or H1N1 influenza found a higher frequency 
of coughing, fatigue, and gastrointestinal symp-
toms in the COVID-19 patients and higher 
sequential organ failure assessment scores in the 
H1N1 patients [30]. In addition, the COVID-19 

patients had higher PaO2/FiO2 ratios, a higher 
proportion of GGOs, and lower mortality than 
the H1N1 patients. In addition, an end-stage renal 
disease patient in the USA who contracted 
COVID-19 disease while in hospital was found 
to have bilateral interstitial pneumonia, which 
worsened to ARDS [36].

18.3.4.2  Risk Factors
A one study of 133 patients with confirmed 
SARS (2003 outbreak of SARS-CoV) showed 
that advanced age, the presence of comorbidities, 
initial lactate dehydrogenase (LDH) levels, PCR 
test results of the nasopharyngeal specimen, and 
initial viral load were independently associated 
with ARDS [21]. Another study showed that 
advanced age and the presence of neutrophilia 
and organ and coagulation dysfunctions were 
contributing factors to development of ARDS 
and the progression from ARDS to death [27].

18.3.4.3  Diagnosis
Four studies showed that a decrease in the PaO2/
FiO2 ratio, chest CT, and X-ray scan results could 
be used in the diagnosis of ARDS associated with 
COVID-19 infection [23, 26, 39, 40]. In addition, 
the severity of ARDS could be assessed as mild, 
medium, or severe using the PaO2/FiO2 ratio, as 
described earlier.

18.3.4.4  Prevalence and Mortality
The prevalence of COVID-19-related ARDS was 
reported by nine studies as follows: 32 out of 
133 cases [21], 35 out of 52 critically ill cases 
[25], 84 out of 201 patients [27], 71 out of 339 
cases [28], 97 out of 416 patients [31], 63 out of 
85 cases) [33], 17 out of 99 patients [34], 113 out 
of 799 patients [35], and 12 out of 41 cases [1]. 
The overall prevalence of COVID-19-related 
ARDS was estimated as 34% using a random 
model (Fig. 18.4). The incidence of COVID-19-
related ARDS in high-risk and critically ill 
patients was higher than for other cases [25, 33]. 
In addition, COVID-19-related ARDS resulted 
in a higher mortality rate. For example, the mor-
tality rate was 60–61.5% in two studies of 
COVID-19 patients with ARDS {Huang, 2020 
#3}[21, 25].

18 Acute Respiratory Distress Syndrome and COVID-19: A Scoping Review and Meta-analysis
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18.3.4.5  Treatment
Treatment and management of ARDS has been 
mostly supportive in nature. In the study by Chen 
et al. {Huang, 2020 #3}, transplantation of mes-
enchymal stem cells (MSCs) significantly low-
ered the mortality rate to 17.6% compared to 
54.5% in the control group in patients with H7N9 
influenza, demonstrating potential utility in 
COVID-19 ARDS cases [24]. In addition, this 
procedure had no adverse effects in the case of 
four patients who were followed over 5 years. A 
case series study by Wang et al. tested the effects 
of fibrinolytic therapy with tissue plasminogen 
activator in three COVID-19-related ARDS 
patients with transient improvements seen in all 
three cases [29]. Steroids such as methylprednis-
olone, antivirals (lopinavir, ritonavir, interferon 
alpha-1b, favipiravir, arbidol, darunavir), and 
antibacterial drugs have also been used for treat-
ments, along with respiratory support [26, 27, 
32]. However, the therapeutic benefits of these 
treatment strategies remain in question.

18.4  Discussion

Our findings indicate that approximately one-
third of COVID-19 patients develop ARDS with 
common features of decreased PaO2/FiO2 ratios 
along with increased appearance of GGOs with 
consolidation by CT imaging. We found other 
risk factors for progression of COVID-19 patients 
to ARDS included advanced age, the presence of 
comorbidities, initial LDH levels, initial viral 
load, neutrophilia, as well as coagulation and 
organ dysfunction.

Increasing our understanding of the infection 
process of the SARS-CoV-2 virus is vital to 
improving patient outcomes during the current 
COVID-19 pandemic and future coronavirus and 
influenza outbreaks. It is now widely known that 
SARS-CoV-2 infection begins with entry of the 
virus via the upper airway followed by its migra-
tion down the respiratory tract to reach the gas 
exchange units of the lung. This leads to entry of 
the virus into the lung alveolar cells via ACE2 
receptors. Once inside, the virus subverts the nor-
mal cellular processes enabling its replication 

and spreading to other organs and tissues of the 
body. During this process, an inflammatory 
response known as a “cytokine storm” can lead to 
pulmonary infiltration, cell death, and fibrosis, 
with development of ARDS [43].

The WHO interim guidelines recommend the 
use of extracorporeal membrane oxygenation 
(ECMO) to COVID-19 patients with ARDS [44]. 
Corticosteroids along with antiviral and antibac-
terial drugs have also been considered as poten-
tial treatments for ARDS because of their effects 
on reducing inflammation and fibrosis [3, 45]. 
However, none of these therapies are definitive 
cures for ARDS, and there have been some con-
flicting findings in this area. A recent trial in the 
UK found that the corticosteroid dexamethasone 
reduced mortality in COVID-19 patients receiv-
ing respiratory support [46], and early results 
from another trial conducted by Gilead showed 
that treatment with the antiviral drug remdesivir 
led to a nonsignificant reduction in the time to 
clinical improvement and duration of invasive 
mechanical ventilation compared to standard 
care [47]. However, further trials are required to 
confirm or refute the findings of both studies.

There are a number of limitations to the cur-
rent study which makes definitive conclusions 
difficult. Most of these relate to the fact that we 
are still in the early phase of the COVID-19 pan-
demic, and a more complete picture is not likely 
to be available for several years to come. 
Therefore, we were only able to provide an esti-
mate of the overall prevalence of ARDS in 
COVID-19 patients due to the low number of 
studies which have addressed this question thus 
far. For this reason, we also did not perform sta-
tistical methods of meta-analysis such as sub-
group analysis or publication bias assessment 
and have only provided a summary of the results.

18.5  Conclusions

The current findings indicate that approximately 
one-third of patients with COVID-19 develop 
ARDS.  Patients with ARDS are more likely to 
have a worse outcome and increased risk of death. 
For this reason, early detection of those patients 

M. Jafari-Oori et al.
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who are at increased risk of ARDS is critical. 
Further studies should be performed to identify 
biomarkers which indicate progression to ARDS 
such as the changes in the PaO2/FiO2 ratio and CT 
and X-ray imaging signs described here, as well as 
molecular biomarkers which can be sampled in 
body fluids. Likewise, further studies on the patho-
physiology and distinct ARDS phenotypes should 
be conducted to enable identification of new treat-
ment possibilities for improved patient outcomes.
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