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Abstract

Observational studies indicate that pleural effusion has an association with risk and
the clinical prognosis of COVID-19 disease; however, the available literature on this
area is inconsistent. The objective of this systematic review and meta-analysis is to
evaluate the correlation between COVID-19 disease and pleural effusion. A rigorous
literature search was conducted using multiple databases. All eligible observational
studies were included from around the globe. The pooled prevalence and associated
95% confidence interval (Cl) were calculated using the random effect model.
Mantel-Haenszel odds ratios were produced to report overall effect size using
random effect models for severity and mortality outcomes. Funnel plots, Egger re-
gression tests, and Begg-Mazumdar's rank correlation test were used to appraise
publication bias. Data from 23 studies including 6234 COVID-19 patients was ob-
tained. The overall prevalence of pleural effusion in COVID-19 patients was 9.55%
(95% ClI, I? = 92%). Our findings also indicated that the presence of pleural effusions
associated with increased risk of severity of disease(OR =5.08, 95% CI 3.14-8.22,
I?=77.4%) and mortality due to illness(OR=4.53, 95% Cl 2.16-9.49, I>= 66%)
compared with patients without pleural effusion. Sensitivity analyses illustrated a
similar effect size while decreasing the heterogeneity. No significant publication bias
was evident in the meta-analysis. The presence of pleural effusion can assist as a
prognostic factor to evaluate the risk of worse outcomes in COVID-19 patients
hence, it is recommended that hospitalized COVID-19 patients with pleural effusion

should be managed on an early basis.
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1 | INTRODUCTION

In December 2019, a new infectious pathogen known as severe acute
respiratory syndrome (SARS-CoV-2) came into sight in China. It was
linked with an unexplained cause of pneumonia. The disease was
later coined coronavirus disease 2019 (COVID-19)." Till now, more than
150 million people have been infected by this virus leading to more than
3.15 million deaths.” The clinical presentation of COVID-19 varies sig-
nificantly, fluctuating from minimum symptoms to critical respiratory
failure, septic shock, subsequently to multiorgan failure.>* The spectrum
of clinical symptoms of COVID-19 illness comprises fever, dry cough,
fatigue, sore throat, and dyspnea, and headache, vomiting, diarrhea, an-
osmia, and loss of taste.”®

Chest imaging is critical for diagnosing and evaluating the seriousness
and extent of the spread of COVID-19 pneumonia.” A large number of
COVID-19 patients have distinct chest imaging characteristics, such as
ground-glass opacities alone or in combination with consolidation, vas-
cular enlargement, and traction bronchiectasis.® Pleural effusion asso-
ciated with COVID-19 is less common in clinical settings. Yu et al.’
reported the prevalence of pleural effusion in 12.9% of the total 1663

hospitalized patients. Similarly, another study reported pleural effusion in

just 2.6% of hospitalized patients.’® The precise prevalence of pleural
effusion in COVID-19 patients remained unknown.

To date, however, there are still significant literature gaps existing
between COVID-19 and pleural effusion. The aim of this systematic re-
view and meta-analysis is to evaluate the correlation between COVID-19
disease and pleural effusion and draw more generalized inferences about
the effect of pleural effusion on severity and mortality in COVID-19

patients compared with patients without pleural effusion.

2 | METHODS

The current systematic review and meta-analysis is conveyed
and inscribed in conjunction with Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines.*”

2.1 | Search strategy

A rigorous literature search was conducted using PubMed and
Embase till April 2021. The MedRxiv and SSNR preprint servers were

Records excluded
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
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also screened. We united Medical Subject Headings (MeSH) terms
and keyword and subsequent search terms, ([Coronavirus] or
[COVID-19] or [SARS-CoV-2] AND [Pleural effusion] or [Chest ima-
ging] or [Chest CT findings] or [Pleural disease]). Studies were in-
cluded from all around the globe, with no language constraints. For
more qualifying studies, we checked the reference lists of the in-
corporated studies and the relevant literature manually. Duplicate
citations were eliminated and all residual articles were examined by
their titles and abstracts to appraise eligibility. The PRISMA flow

diagram is illustrated in Figure 1.

2.2 | Eligibility criteria

All eligible observational studies and case series were included for
this meta-analysis. To be qualified for this meta-analysis, the article
must satisfy the subsequent inclusion criteria: (a) Observational study
or case series; (b) article describing pleural effusion and associated
outcomes in COVID-19 patients; (c) studies with a sample size of
210 patients. These studies were incorporated irrespective of age,
gender, ethnicity of the included patients.

The exclusion criteria were pre-determined as follows: (a) if no
data regarding pleural effusion is given; (b) duplicate publications;
(c) letters to the editor, case reports, commentaries, reviews, and
posters. Following the implementation of these provisions, a thor-
ough interpretation of the residual studies and data extraction were

performed in an excel table.

2.3 | Study selection and quality assessment

Five authors separately reviewed the titles and abstracts of the
earlier found articles. Based on the preset eligibility criterion, both
authors distinguished studies separately. The conflict was resolved by
negotiation and a previous understanding that another author (S.S.R.)
would assess the unresolved dispute. The risk of bias assessment and
quality appraisal of included studies was done with help of the
Newcastle-Ottawa Scale (NOS).*?> Two of us (S.S.R.) and (C.R.T) in-
dependently employed the NOS for evaluating the individual quality
of every study. The following sections were rated per study: low bias
risk (8-9 points), moderate bias risk (5-7 points), and high bias risk
(0-4 points).

24 | Data extraction

The data extraction for each study was autonomously progressed by
five authors and was cross verified to depreciate errors. From each
study, several details were retrieved including the First author name,
the origin country of study, study design, total sample size, number of
patients with pleural effusion, severe patients, the definition of

severity, mortality, median age, gender (female sex proportion),

MEDICAL VIROLOGY

respiratory disease proportion, diabetes proportion, and hyperten-

sion proportion as comorbidity.

2.5 | Statistical analysis
ReviewManager (Version 5.3. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) and MedCalc® Statistical
Software version 19.6.4 (MedCalc Software Ltd.; https://www.
medcalc.org; 2021) were used for all statistical analyses. The
pooled prevalence and associated 95% confidence interval (Cl) were
calculated using the random effect model. Results for outcome ana-
lysis were presented as odds ratios (ORs) with 95% confidence in-
tervals (Cls) and pooled using the Mantel-Haenszel random-effects
model. The [? statistics were used to assess the heterogeneity of
effect size estimates across these studies with I? (low heterogeneity:
I? < 25%; moderate: 25%-50%; high >75%). Probability values less
than 0.05 were considered statistically significant in all cases. A
leave-one-out sensitivity analysis was also carried out to assess the
effects of individual studies on the statistical results.

Publication bias was explored using funnel plots and Egger's

regression test, and Begg-Mazumdar's rank correlation test.

2.6 | Grading quality of evidence
Quality of evidence for the primary and secondary outcomes was
rated as high, moderate, low, and very low using GRADE (Grading of

Recommendations Assessment,
h 13,14

Development, and Evaluation)

working group approac

3 | RESULT

3.1 | Characteristics of the included studies

Precursory scans in multiple databases yielded 1892 articles. Of
these, after eliminating duplicates, 1011 studies were evaluated.
A total of 914 articles were additionally excluded after taking into
consideration the title and abstract, generating 97 articles for ade-
quate article review for conceivable consideration in this analysis.
Eventually, 23 articles consisting of 6234 COVID-19 positive patients
were included in this meta-analysis based on thorough evaluation and
inclusion criteria.”*°*°~3° The baseline characteristics of the included
studies are outlined in Table 1. Of these included studies, many re-
ports were from China (n = 15), followed by Iran with three studies
and two studies from Italy. There was one study each from Brazil, the
USA, and Egypt. The median age of included patients was 53.5 years
with 40.8% of them being female. Among comorbidities considered,
hypertension was present in 26.4% of patients and 14% of patients
were having diabetes. Table 1 compiles the patient demographic and

study characteristics.


https://www.medcalc.org
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Ashtari et al. | = FIGURE 2 Forest plot for pleural effusion
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FIGURE 3 Forest plot for severity outcome analysis

32 |

Overall pooled random-effects estimate of pleural effusion in COVID-19
patients across studies was 9.55% (95% Cl, 6.795-12.730). Test
statistics results revealed high heterogeneity (I>=92%, p <0.0001).
This result was pooled from 23 studies that included 6234 patients

(Figure 2).

Meta-analysis for prevalence outcomes

Favours [experimental] Favours [control]

3.3 | Meta-analysis for severity outcome

Meta-analysis findings revealed that the existence of pleural effusion
in COVID-19 patients was associated with an increased risk of se-
verity of disease compared to patients without pleural effusio-
n.(OR =5.08, 95% Cl 3.14-8.22, p < 0.0001). Heterogeneity was high
with 1?=77.4%. This result was pooled from 22 studies including
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ashtari et al. 22 41 82 322 196% 3.39[1.75,6.58] ———
Emara et al. 1 6 6 114 7.2% 3.60[0.36, 35.87)
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Tabatabei et al. 3 12 10 84 122% 2.47[0.57,10.66) s
Weietal. ] 76 22 751 17.0% 2.84[1.11,7.24] e
Zhang S et al. 10 153 3 323 135% 7.46[2.02,27.51] S
Zhan N etal. 5 12 66 232 146% 1.80 [0.55, 5.86] T I —
Total (95% CI) 317 2460 100.0% 4.53[2.16, 9.49] -
Total events 56 213
Heterogeneity: Tau®= 0.61; Chi*= 17.68, df= 6 (P = 0.007); IF = 66% 'rD 0 041 1*0 1005

Test for overall effect: Z= 4.00 (P < 0.0001)

FIGURE 4 Forest plot for mortality outcome analysis

5990 COVID-19 patients (Figure 3). Due to the possibility of bias and
imprecision, the certainty of the evidence was assessed as low by the
GRADE system (Table S1).

3.4 | Meta-analysis for mortality outcome
Meta-analysis findings revealed that the existence of pleural effusion
in COVID-19 patients was associated with increased odds of death
from the disease compared to patients without pleural effusion.
(OR=4.53, 95% Cl 2.16-9.49, p<0.0001). Heterogeneity was
moderate with I?=66%. This result was pooled from seven studies
including 2777 COVID-19 patients (Figure 4). Due to the possibility
of bias and imprecision, the certainty of the evidence was assessed as
low by the GRADE system (Table S1).

3.5 | Sensitivity analysis

Sensitivity was calculated by systematically eliminating one study at a
time to establish the results' robustness. Doing this did not lead to
significant changes in the pooled OR estimate in both severity and
mortality outcomes, consistent with the robustness of the result that
pleural effusion in COVID-19 patients is associated with increased
severity and mortality due to disease despite high heterogeneity. For
severity outcome, exclusion of Yu C et al. leads to a significant
decrease in heterogeneity from 77% to 56%, indicating that hetero-
geneity was most probably due to this study. Similarly, leaving out
Peng et al. leads to a decrease in heterogeneity from 66% to O for

mortality outcomes.

3.6 | Risk of bias assessment

The risk of bias assessment and quality appraisal of included studies
was done with help of the NOS.™ Out of 23 studies, 11 studies were
of high quality, and 12 were of moderate quality with an average
score of 7.34 (Table 1). Collectively, the evidence employed in these
analyses was ascertained as being of high quality.

Favours [experimental] Favours [control]

3.7 | Publication bias

Visual inspection of the standard funnel plots for the prevalence of
Pleural effusion and both mortality and severity analysis were identified
to be having substantial symmetry (Figure 5). Furthermore, evaluation of
publication bias was also accompanied with the help of Egger's regression
test and Begg-Mazumdar's rank correlation test. For both these tests,
p < 0.05 was considered significant and analysis was deemed to be having
publication bias. There was no apparent publication bias detected con-
cerning prevalence analysis (Egger's test, p =0.581; Begg-Mazumdar's
rank correlation test, p =0.289) and in mortality analysis (Egger's test,
p =0.910; Begg-Mazumdar's rank correlation test, p = 0.652). However,
in severity analysis, egger's test showed a p-value < 0.05 (p = 0.0170) but
Begg-Mazumdar's rank correlation test (p=0.297), indicated no pub-
lication bias. Nevertheless, a leave-one-out sensitivity analysis indicated
Yu et al.'s” study as the cause of publication bias, eliminating it leads to
p>0.05 in Egger's test (p=0.377), signifying the role of this study in

publication bias of severity analysis.

4 | DISCUSSION

The impact of the SARS-CoV-2 pandemic is catastrophic, as it has had
healthcare, financial and social influence on millions around the
world. Asymptomatic transmission, high infectivity, and droplet in-
fection render management of this virus a horrible task. In the fol-
lowing systematic review and meta-analysis, we aimed to compile all
available evidence by utilizing data of 6234 COVID-19 patients from
23 retrospective studies to determine the pooled prevalence of
pleural effusion in COVID-19 and the effect of pleural effusion on the
severity and mortality due to COVID-19 disease. The overall pre-
valence of pleural effusion in COVID-19 patients was found to be
9.55% (95% Cl 6.79-12.73, 1= 92%). Our result also illustrated that
presence of pleural effusion in COVID-19 patients was associated
with increased severity of disease(OR=5.08, 95% ClI 3.14-8.22,
1?=77.4%) and mortality due to illness(OR = 4.53, 95% Cl 2.16-9.49,
1= 66%) compared with patients without pleural effusion. The re-
sults of our analysis suggest that pleural effusion could be an in-
dicator of poor prognosis in COVID-19 patients.
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FIGURE 5 Funnel plots for publication bias. (A) Prevalence analysis; (B) Severity outcome; (C) Mortality outcome analysis

Despite the fact that the pathophysiology behind the lung
injury in COVID-19 patients remains elusive, there are several
proposed mechanisms. First is the binding of the SARS-CoV-2
virus through ACE2 receptors present in lung tissue leading to
direct tissue injury.®®” SARS-CoV-2 invades the human cell via
protein receptor angiotensin-converting enzyme 2 (ACE2) pre-
sent in many organs of the human body including the lungs. This
binding of the SARS-CoV-2 virus through ACE2 receptors present
in lung tissue may be responsible for direct viral injury leading to

lung inflammation. Systemic inflammatory response syndrome
due to excess cytokine release arbitrated through pathologic T

proposed mechanism.*%°?

cells and monocytes is another
The more marked decreased lymphocytes, increased platelets,
CRP, LDH, and p-dimer levels in COVID-19 patients with pleural
effusion than patients without pleural effusion, suggest the
role of sustained inflammatory response and cytokine storm as
the pathological

COVID-19.%%33

mechanism behind pleural effusion in
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The most conventional clinical symptoms of COVID-19 dis-
ease include fever, dry cough, fatigue, sore throat, and dyspnea,
and headache.*® In contrast to COVID-19 patients not having
pleural effusion, the patients with pleural effusion often display
more distinct symptoms like high fever, dyspnea, and aggravated
cough.?* Patients with and without pleural effusion often show
significant variations in various laboratory parameters. Higher
levels of white blood cells, neutrophils, C-reactive protein (CRP)
ESR, and procalcitonin (PCT) in COVID-19 patients with pleural
effusion indicate a severe infection in these individuals compared
with patients without pleural effusion.®* CRP and PCT level ele-
vations are often predictive of a poor prognosis in COVID-19
patients.*! Previous studies have reported that pleural effusion is
an indicator of poor prognosis of the disease in adenovirus
pneumonia, H5N1 viral pneumonia, and community-acquired
pneumonia. Schoen et al.*? reported that H5N1 patients with
pleural effusion had a higher rate of worse outcomes (7%) than
patients without pleural effusion (1%). Furthermore, bilateral
pleural effusion was found to be linked with a seven-times surge
in 30-day mortality in patients with community-acquired pneu-
monia.*® Similarly, a study by Das et al.** on acute Middle East
respiratory syndrome coronavirus infection (MERS-CoV), re-
ported that patients with pleural effusion had higher short-term
mortality indicative of poor prognosis. The authors reported that
about 63.2% of those who died had developed pleural effusion
than 13.9% (p = 0.001) of those who survived. Besides this, partial
pressure of oxygen and oxygen saturation has been reported to
be significantly lower in COVID-19 patients with pleural effusion
than those without pleural effusion. This may be due to inhibition
of respiratory function by pleural effusion, ultimately aggravating
acute respiratory distress syndrome in these patients.>* Patients
with severe COVID-19 infection often advance quickly to acute
respiratory failure, acute respiratory distress syndrome, meta-
bolic acidosis, coagulopathy, and septic shock.” Thus, the pre-
sence of pleural effusion can assist as a prognostic factor to
evaluate the risk of worse outcomes in COVID-19 patients. From
a medical standpoint, based on existing evidence, it is re-
commended that hospitalized COVID-19 patients with pleural
effusion should be managed on an early basis, owing to the risk of
a worsening of the condition of patients.

There are several strengths of this article. This is the first systematic
review and meta-analysis in our knowledge that illustrate the association
between pleural effusion and odds of severe illness and mortality due to
COVID-19. This systematic analysis of 23 indexed studies included from
more than a year of publications from the start of the pandemic was
performed to more reliably and accurately associate pleural effusion and
COVID-19 iliness-related outcomes. Another strength is that it in-
corporated the GRADE approach to rate the certainty of evidence.
Nevertheless, there are some limitations of this meta-analysis that
should be considered. Firstly, all the articles incorporated in the meta-
analysis were retrospective studies in nature, and thus bias in data ag-
gregation is an inherent concern. Secondly, We included few studies

from preprint databases that did not go through peer review at that

MEDICAL VIROLOGY

time. This was deemed a limitation, as peer reviewers could identify

further inconsistencies in reporting methods and other details.

5 | CONCLUSION

Synopsizing the available evidence in the literature, the overall pooled
prevalence of pleural effusion in COVID-19 patients was found to be
9.55%. Our findings, also indicate that the presence of pleural effusion in
COVID-19 patients is associated with increased severity of disease and
mortality due to illness compared with patients without pleural effusion.
The presence of pleural effusion can assist as a prognostic factor to
evaluate the risk of worse outcomes in COVID-19 patients hence, it is
recommended that hospitalized COVID-19 patients with Pleural effusion

should be managed on an early basis.
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