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Abstract: Background: Pleural effusion is a common pulmonary embolism (PE) complication, which
has been documented to increase the risk of death in PE and relate to disease progression. However,
the incidence of pleural effusion varies among studies and its association with PE outcome is still
unclear. This study sought to determine the pooled incidence and prognostic value of pleural
effusion events in patients with PE. Methods: We systematically searched the PubMed, EMBASE,
SCOPE, Web of Science, Cochrane, LILACS, CINAHL, EBSCO, AMED, and OVID databases from the
inception of each database to 7 September 2022 with a restriction on human studies, to identify studies
assessing the association between pleural effusion and PE including all prospective and retrospective
clinical studies. An exploratory meta-analysis was performed using a random-effects model. We
evaluated the heterogeneity and performed subgroup analyses. Results: The final meta-analysis
included 29 studies involving 13,430 PE patients. The pooled incidence of pleural effusion in PE
patients was 41.2% (95% CI: 35.7-46.6%), which tended to be unilateral (pooled incidence: 60.8%, 95%
CI: 45.7-75.8%) and small (pooled incidence: 85.9%, 95% CI: 82.6-89.1%). Pooled analysis using a
random-effects model (I = 53.2%) showed that pleural effusion was associated with an increased
risk of 30-day mortality (RR 2.19, 95% CI: 1.53-3.15, p < 0.001, I = 67.1%) and in-hospital mortality
(RR 2.39, 95% CI: 1.85-3.09, p < 0.001, I? = 37.1%) in patients with PE. Conclusions: Our meta-analysis
found that PE patients had a high incidence of pleural effusion, which was usually unilateral and
small. Pleural effusion generally increases 30-day and in-hospital mortality in patients with PE, and
it is recommended that physicians be aware of the risk of death from PE, especially when patients
have pleural effusion. Further investigations focusing on PE with pleural effusion are warranted.

Keywords: pulmonary embolism; pleural effusion; systematic review; meta-analysis

1. Introduction

Pulmonary embolism (PE) is a common and fatal medical condition with high morbid-
ity and mortality, characterized by occlusion of the pulmonary arteries [1], which accounts
for death in 5-10% of hospitalized patients [2] and is the third-leading cause of death
among hospitalized patients in the United States [3]. Epidemiological studies have re-
vealed that the annual incidence rates for PE range from approximately 30 to 115 per
100,000 people and longitudinal investigations have demonstrated an increasing annual
incidence of PE with time [4]. PE accounts for approximately 300,000 deaths, ranking
among the top causes of death from cardiovascular disease [4]. Although PE mortal-
ity has decreased in recent years as a result of progress in PE treatment—from antico-
agulation or systemic thrombolysis, to interventions [5,6]—it remains a diagnostic and
therapeutic challenge.

Although pleural effusion is frequently observed in PE patients, it is challenging
to pinpoint the precise prevalence of pleural effusion in PE patients due to conflicting

J. Clin. Med. 2023, 12, 2315. https://doi.org/10.3390/jcm12062315

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm12062315
https://doi.org/10.3390/jcm12062315
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-9554-4577
https://orcid.org/0000-0002-8142-1792
https://orcid.org/0000-0001-9607-8272
https://doi.org/10.3390/jcm12062315
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12062315?type=check_update&version=1

J. Clin. Med. 2023, 12, 2315

2 of 14

research results [7]. However, PE, the fourth most common cause of pleural effusion after
congestive heart failure, cancer, and pneumonia [8,9], is also the most underdiagnosed
condition among pleural effusion patients [10]. Although emerging evidence suggests
that pleural effusion has a high incidence among PE patients and is closely associated
with the prognosis of PE, the results of recent studies on the effect of pleural effusion on
the prognosis of PE patients are inconsistent [11,12]. In clinical practice, the question of
whether the occurrence of pleural effusion reflects high-risk PE is often raised, and the
mortality rate of high-risk PE is as high as 30% if left untreated [13]. Therefore, timely
identification and adequate treatment of high-risk PE are essential. Clearly, it is important
to understand the clinical correlation between pleural effusion and mortality in PE patients,
and to adequately stratify and guide the treatment of PE patients.

Given how common pleural effusion in PE patients is, it is important to precisely
quantify its association with PE patient outcomes. Therefore, we filled this knowledge gap
by conducting a systematic review and meta-analysis of all the current articles, including
all prospective and retrospective clinical studies, to assess the incidence and prognostic
value of pleural effusion on short-term (30-day or in-hospital) mortality in PE patients and
to inform future research and practice.

2. Materials and Methods
2.1. Search Strategy

This systematic review and meta-analysis followed the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) (Table S1) [14] and the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) [15] guidelines. We searched PubMed, EM-
BASE, SCOPE, Web of Science, Cochrane, LILACS, CINAHL, EBSCO, AMED, and OVID
databases to assess the association between pleural effusion and PE from the inception of each
database to 7 September 2022, restricted to human studies. The search strategy is a combi-
nation of keywords and subject headings. The following search terms were applied: ((“Pul-
monary Embolism”[Mesh]) OR (“pulmonary embolism”[Title/ Abstract])) OR (“pulmonary
thromboembolism”[Title/ Abstract])) OR (“PTE”[Title/ Abstract])) OR (“pulmonary thrombo-
sis”[Title/ Abstract])) AND ((“Pleural Effusion”[Mesh]) OR (“pleural effusion”[Title/ Abstract]))
OR (“pleural fluid”[Title/ Abstract])). Furthermore, the references of pertinent studies were also
manually reviewed to identify potentially eligible articles.

2.2. Study Selection

The inclusion criteria were as follows: (1) all published original studies compris-
ing randomized controlled trials (RCTs), cohort, case-control, or cross-sectional study
designs with samples > 20 patients; (2) patients with PE with or without pleural effusion;
(3) presenting clear diagnostic or assessment criteria for pleural effusion and PE; and
(4) assessing the incidence of pleural effusion in PE and reporting data on short-term
mortality, including 30-day or in-hospital mortality for all patients.

The exclusion criteria were as follows: (1) conference abstracts; (2) editor’s comments;
(3) duplicated information provided by the same author and coming from the same source;
(4) studies containing fewer than 20 patients; (5) studies on pleural effusion from parapneu-
monic, heart failure-related, malignant, or tuberculous diseases; (6) PE diagnosis strictly
based on ventilation/perfusion (WQ) scanning or autopsy; (7) published only in abstract
form; and (8) not published in English. Finally, if only severe PE was included or the
method for evaluating pleural effusion was invasive, the article was excluded.

Two independent investigators conducted a systematic search based on the inclusion
criteria, and screened the titles and abstracts of the identified studies to exclude duplicates
or irrelevant records. For articles requiring further evaluation, a full text review was
conducted and references to retrieved articles and related reviews were manually checked
to identify other eligible studies, with disagreements resolved by a third researcher.
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2.3. Data Extraction and Quality Assessment

A standardized Excel (Microsoft Corporation) file was used by two authors (PL and
JA) who independently extracted data from selected studies in duplicate concerning the
following: author, publication year, country, study design, inclusion criteria, exclusion
criteria, number of subjects (PE with pleural effusion and PE), participant demographic data,
mean age, sex, methods of assessment of pleural effusion, follow-up after discharge, and
short-term mortality (30-day and in-hospital mortality). Where data were unavailable, the
original author of the study was contacted by e-mail. The quality of each individual study
was independently evaluated by two authors using the Newcastle-Ottawa Scale (NOS) [16],
which included selection (4 items), comparability (1 item), and outcome (3 items) with three
levels (low quality = 0-3, moderate quality = 4-6, and high quality = 7-9, respectively). For
any inconsistencies between the authors in data extraction and quality assessment among
the authors, a consensus was obtained through discussion with a third reviewer.

2.4. Statistical Analysis

The incidence of pleural effusion in PE was expressed as proportions with 95% confidence
intervals (CIs) and displayed as a forest plot using the random-effects model that accounted for
the potential variation among the included studies [17]. Considering that the location and size of
pleural effusion in PE is still controversial, the incidence of unilateral pleural effusion and small
pleural effusion in PE was also analyzed [18,19]. In addition, we performed a meta-analysis
to assess the effect of pleural effusion on PE prognosis for a subset of comparable studies.
The results were reported as risk ratios (RRs) with 95% confidence intervals (Cls). Heterogeneity
among the studies was determined using the Q-test and the I-squared (I?) test. When significant
heterogeneity (I? > 50%) was detected, the random-effects model was employed for the meta-
analysis. Otherwise, the fixed-effects model was employed. Subgroup analysis (geographical
location, assessment of pleural effusion, study design, mortality) was performed to investigate
heterogeneity, and sensitivity analysis (leave-one-out analysis) was used to examine the stability
of our results. Funnel plots and Begg’s and Egger’s tests were used to analyze publication bias,
and p < 0.05 was considered to be statistically significant. Statistical analysis was conducted in
Stata (version 12.0).

3. Results
3.1. Study Selection and Characteristics

The literature search yielded 3620 articles. After removing duplicates, 1688 articles
were screened for eligibility based on their titles and abstracts; of these, 1609 articles did
not meet our inclusion criteria and were excluded. The remaining 79 articles were screened
for full-text, of which 50 were removed for various reasons, including duplicates (1 article),
review not providing data (9 articles), ineligible outcomes (31 articles), not published in
English (4 articles) and fewer than 20 patients (5 articles). Finally, 29 articles were included
for data extraction (Figure 1). The number of patients with PE was 13,430, among which
the incidence of pleural effusion with PE was more than 30.4%. The sample sizes of these
studies ranged from 22 to 3391 and were published between 1978 and 2022. Among the
included studies, 29 examined the incidence of pleural effusion in PE, of which 6 were
prospectively designed, while the remaining 23 were retrospective [18—46]. Data on short-
term mortality (30-day or in-hospital mortality) in PE patients with or without pleural
effusion were available in 7 cohort studies [40-46]. Moreover, 9 studies were carried out
in Europe, 7 in Asia, 6 in North America, 5 in Europe and Asia, and 2 in multiple states.
The characteristics of the included studies are listed in Table 1.
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Table 1. Characteristics of included studies.

No. of PE Patients/Pleural

Location of

Size of Pleural

Assessment of

Study/Year Study Design Country Effusion in PE Short-Term Mortality Plelfral Effus'ion Effusion (Small/Moderate Pleural Effusion
(Unilateral/Bilateral) /Large)
Bynum (1978) Prospective USA 155/62 NA 61/1 NA/NA/NA CXR
Stein (1991) Prospective USA 383/180 NA NA/NA NA/NA/NA CXR
Coche (1998) Retrospective British 26/13 NA 7/6 NA/NA/NA CT
Shah (1999) Retrospective USA 28/16 NA 4/12 NA/NA/NA CT
Johnson (1999) Retrospective USA 31/14 NA 4/10 NA/NA/NA CT
. . Europe and

Elliott (2000) Prospective North America 2319/523 NA NA/NA NA/NA/NA CXR
Reissig (2001) Prospective Germany 44/26 NA NA/NA NA/NA/NA TS
Enden (2003) Retrospective Norway 55/27 NA NA/NA NA/NA/NA CT
Reibig (2004) Retrospective Germany 39/23 NA NA/NA NA/NA/NA TS
Lobo (2006) Prospective iﬁ;‘;gjme' Italy, Israel, 3391 /6og NA NA/NA NA/NA/NA CXR
Porcel (2007) Retrospective Spain 230/73 NA 62/11 66/3/4 CXR
Zubairi (2007) Retrospective Pakistan 50/12 NA NA/NA NA/NA/NA CXR
Yap (2008) Retrospective UK 60/29 NA 23/6 NA/NA/NA CT
Karabulut (2008) Retrospective Turkey 49/27 NA NA/NA NA/NA/NA CT
Lee (2010) Retrospective USA 22/5 NA NA/NA 4/1/0 CT
Pfeil (2010) Retrospective Germany 45/31 NA NA/NA NA/NA/NA CT
Sandevski (2012) Retrospective Macedonia 100/31 NA 25/6 22/8/1 CXR
Comert (2013) Prospective Turkey 30/18 NA NA/NA NA/NA/NA TS
Rad (2014) Retrospective Iran 56/30 NA NA/NA NA/NA/NA CT
Liu (2015) Retrospective China 1220/243 NA 162/81 NA/NA/NA CT
Panjwani (2019) Retrospective Bahrain 200/70 NA 26/44 58/9/3 CT
Chrysikos (2022) Retrospective Greece 190/78 NA 55/23 NA/NA/NA CT
Kumamaru (2016) Retrospective United States 1698/841 30-day mortality (210) NA/NA NA/NA/NA CT
Choi (2017) Retrospective Korea 778/127 In-hospital mortality (44) NA/NA 112/13/2 CT
Kiris (2017) Retrospective Turkey 463/120 fg:ﬁggpﬁ;ﬁg;{aﬁfy)'(m) 56/64 99/20/1 cT
Yildizeli (2018) Retrospective Turkey 570/205 30-day mortality (74) NA/NA NA/NA/NA CT
Levy (2020) Retrospective Israel 343/177 ?r?:}fgzprir&r;ig{af@'(39) 83/94 NA/NA/NA cT
Buyuksirin (2021) Retrospective Turkey 220/98 30-day mortality (26) NA/NA NA/NA/NA CT
Zhang (2021) Retrospective China 635/362 In-hospital mortality (49) NA/NA NA/NA/NA CT

Abbreviations: TS, transthoracic sonography; CXR, chest X-ray; CT, computed tomography.
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3.2. Risk of Bias

Table S2 in the Supplementary Materials displays the results of the quality assessment
of the 29 studies using the Newcastle-Ottawa Scale. Among the 29 studies included in the
analysis, the Newcastle-Ottawa score range was 6 to 8 (maximum 8), with higher scores
indicating a lower risk of bias. All included studies were rated as high quality with a total
score of > 6 (Table S2), indicating a low risk of bias.

3.3. Pleural Effusion in PE

The overall pooled incidence of pleural effusion among PE patients was 41.2% (95%
CI: 35.7-46.6%, p < 0.001), and there was considerable heterogeneity in the effect estimate
among studies (I = 97.8%, p < 0.001) (Figure 2A). Further exclusion of any signal study did
not significantly alter the overall pooled estimate, which ranged from 40.2% to 42.2%. Only
twelve [18-20,22-24,30,33,36,39,41,44] and six [19,30,34,36,41,42] articles (out of 29 articles)
examined the location and size of pleural effusion in PE, respectively. The pooled incidence
of unilateral pleural effusion and small pleural effusion was 60.8% (95% CI: 45.7-75.8%,
p < 0.001) (Figure 2B) and 85.9% (95% CI: 82.6-89.1%, p < 0.001) (Figure 2C) among PE
patients, respectively. Subgroup analyses indicated that the potential main causes of het-
erogeneity were geographical location (p < 0.001), methods of pleural effusion assessment
(p < 0.001), and study design (p < 0.001) (Table 2). Moreover, the subgroup analysis revealed
some findings: North America had the highest incidence of pleural effusion in PE patients
among the four locations (North America, Europe, Asia, and Europe and Asia), and the
pooled incidence of pleural effusion detected by transthoracic sonography (TS) in PE was
higher than that detected by computed tomography (CT) or chest X-ray (CXR).

Table 2. Subgroup analyses regarding risk of pleural effusion.

Subgroups No. Studies  Pooled Estimate (%) 95% CI p Value ?
Geographic

location

North America 6 45.1 39.5-50.6 p<0.001 66.5%
Europe 9 47.5 39.0-56.1 p<0.001 821%
Asia 7 36.6 229-503 p<0.001  98.6%
Europe and Asia 5 419 322-51.7 p<0.001  90.9%
Methods of pleural

effusion

assessment

TS 3 59.3 50.2-684 p<0.001  0.0%
CXR 7 30.5 24.0-371 p<0.001  96.2%
CT 19 43.0 35.3-50.7 p<0.001 97.7%
Study design

Prospective 6 38.0 29.7-464  p<0.001 97.3%
Retrospective 23 41.7 349486 p<0.001 97.2%

Abbreviations: TS, transthoracic sonography; CXR, chest X-ray; CT, computed tomography.
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%
study ES (95% Cl) Weight
i
Bynum(1978) —— 0.400 (0.323,0477) 3.65
Stein(1991) - 0.470 (0.420, 0.520) 3.81
Coche(1998) —lhO— 0.500 (0.308, 0.692) 2.65
Shah(1999) — 0.571(0.388, 0.755) 273
Johnson(1999) —:O— 0.452 (0.276, 0.627) 2.80
Elliott(2000) * : 0.226 (0.209, 0.243) 3.92
Reissig(2001) | —— 0.591 (0.446, 0.736) 3.08
Enden(2003) — 0.491(0.359, 0.623) 3.20
Reibig(2004) : —_— 0.590 (0.435, 0.744) 3.00
Lobo(2006) * 1 0.185(0.172,0.198) 393
Porcel(2007) - : 0.317(0.257,0.378) 3.76
Zubairi(2007) —_— ! 0.240 (0.122, 0.358) 332
Yap(2008) - 0.483(0.357,0.610) 3.25
Karabulut(2008) :—0— 0.551(0.412, 0.690) 3.14
Lee(2010) —0—: 0.227 (0.052, 0.402) 2.80
Pfeil(2010) I ——— 0.689(0.554,0.824) 3.17
Sandevski(2012) +: 0.310(0.219,0.401) 3.55
Comert(2013) :—4— 0.600 (0.425, 0.775) 2.80
Rad(2014) —— 0.536 (0.405, 0.666) 3.21
Liu(2015) - : 0.199(0.177,0.222) 391
Panjwani(2019) - 0.350 (0.284, 0.416) 3.72
1
Kumamaru(2016) - 0.495 (0.472,0.519) 391
Choi(2017) - : 0.163 (0.137,0.189) 3.90
Kiris(2017) - 0.259 (0.219, 0.299) 3.85
1
Yildizeli(2018) -+, 0.360 (0.320, 0.399) 3.86
Levy(2020) : - 0.516 (0.463, 0.569) 3.80
Buyuksirin(2021) - 0.445 (0.380,0.511) 3.72
Zhang(2021) I 0.570 (0.532, 0.609) 3.86
Chrysikos(2022) —— 0.411 (0.341, 0.480) 3.70
Overall (I-squared = 97.8%, p = 0.000) <> 0.412(0.357, 0.466) 100.00
1
NOTE: Weights are from random effects analysis :
T I T T
02 04 06 08
%
study ES (95% CI) Weight
'
'
Bynum(1978) ! 9 0984(0.953,1.015) 897
I
Coche(1998) —_—— 0.538(0.267, 0.809) 697
I
Shah(1999) —_— 0.250 (0.038, 0.462) 7.64
'
Johnson(1999) _— 0.286 (0.049, 0.522) 7.36
'
Porcel(2007) | —#—  0849(0767,0931) 877
I
Yap(2008) | —%—  0793(0646,0941) 829
'
Sandevski(2012) E —%——  0806(0.667,0946) 836
I
Liu(2015) - 0667 (0.607, 0.726) 888
I
Panjwani(2019) —_ 0371(0.258, 0.485) 857
'
Kiris(2017) — 0467 (0.377,0.556) 873
'
Levy(2020) - 0469 (0.395,0.542) 882
'
Chrysikos£ 202260 —— 0.705 (0.604, 0.806) 865
i
Overall (I-squared = 97.2%, p = 0.000) <> 0.608 (0.457, 0.758) 100.00
1
'
NOTE: Weights are from random effects analysis :
T T T
0 02 04 06 08
%
study ES (95% Cl) Weight
;
Porcel(2007) —— 0.904 (0.837,0.972) 2361
0
'
Lee(2010) ——————%——— 05800(0.449,1.151) 088
i
Sandevski(2012) —o—:~ 0.710(0.550,0.869) 422
H
Panjwani(2019) —— 0829 (0.740,0917) 1382
|
Choi(2017) — 0882 (0.826,0938) 3418
0
Kiris(2017) —— 0.825(0.757,0.893) 2330
Overall (I-squared = 30.9%, p = 0.204) 0 0.859 (0.826,0.891) 100.00

0

T
02 04 06 08

Figure 2. Forest plot of pleural effusion incidence in PE patients. (A) Incidence of pleural effusion.
(B) Incidence of unilateral pleural effusion. (C) Incidence of small pleural effusion. PE, pulmonary embolism.
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3.4. Association of Pleural Effusion with PE Patient Outcome

Only seven studies explored the association between pleural effusion and mortality
risk in PE patients. Subgroup analyses demonstrated that the pooled incidence of 30-day
mortality was significantly higher in PE with pleural effusion (pooled incidence: 18.9%,
95% CI: 14.9-22.9%) than in PE without pleural effusion (pooled incidence: 8.6%, 95%
CI: 6.4-10.8%) (p < 0.001) (Table 3). The same was true for in-hospital mortality of PE with
pleural effusion (pooled incidence: 12.0%, 95% CI: 9.7-14.2%) compared with PE without
pleural effusion (pooled incidence: 4.3%, 95% CI: 3.2-5.3%) (p < 0.001) (Table 3). Pooled
analysis using a random-effects model (I? = 53.2%) showed that pleural effusion was linked
with an increased risk of 30-day mortality (RR 2.19, 95% CI: 1.53-3.15, p < 0.001, I?= 67.1%)
and in-hospital mortality (RR 2.39, 95% CI: 1.85-3.09, p < 0.001, 12 = 37.1%) in patients with
PE (Figure 3).

Table 3. Subgroup analysis of mortality.

Subgroups No. Studies  Pooled Estimate (%) 95% CI (%) p Value ?
30-day

mortality

PE with

pleural 5 18.9 14.9-22.9 p<0.001  65.9%
effusion

PE 5 8.6 6.4-10.8 p<0.001  575%
In-hospital

mortality

PE with

pleural 4 12.0 9.7-14.2 p<0.001  26.7%
effusion

PE 4 4.3 3.2-5.3 p<0.001  30.4%

Abbreviations: PE, pulmonary embolism.

%

study RR (95% CI) Weight
1

30-day mortality !

Kumamaru(2016) — 3.10(2.30,4.17) 17.02
1

Kiris(2017) — 267 (1.67,4.27) 12,65
1

Yildizeli(2018) — 2.09(1.37,3.20) 13.77
1

Levy(2020) — 246 (1.44,4.21) 11.25

Buyuksirin(2021) —_—— 0.78 (0.37, 1.64) 7.71
|

Subtotal (I-squared = 67.1%, p = 0.016) . T 2.19(1.53,3.15) 62.40
|
I

In—hospital mortality '
1

Choi(2017) —_—— 2.93 (1.63,5.25) 10.29
1

Kiris(2017) ———————— 4.94(242,10.07) 8.15
1

Levy(2020) ———— 1.88 (1.00, 3.53) 9.44

Zhang(2021) —_— 2.09(1.13,3.86) 9.73
1

Subtotal (I-squared = 37.5%, p = 0.187) <:> 2.68 (1.80, 4.00) 37.60
|
I

Overall (I-squared = 53.2%, p = 0.029) <> 2.39(1.85,3.09) 100.00
1

NOTE: Weights are from random effects analysis |

T T
0.0993 1 10.1

Figure 3. Descriptive forest plot of the effect of pleural effusion on PE 30-day mortality and in-hospital
mortality outcomes. CI, confidence interval; PE, pulmonary embolism.
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3.5. Assessment of Sensitivity Analysis and Bias

A sensitivity analysis was conducted only among the seven articles [40-46] concerning
the association between pleural effusion and the mortality risk in PE. After removing
any study individually, the meta-analysis results did not substantially differ from those
obtained with all studies (Figure 4). Potential publishing bias was noted by using a funnel
plot (Figure 5), but neither Begg’s test (p = 0.072) nor Egger’s test (p = 0.071) indicated a
significant risk of publication bias, which may be due to the limited number of articles.

Funnel plot with pseudo 95% confidence limits

o 4
/ |\
/7 |\
7 \
/ \
/ \
/ \
= / \
& / X
5] / \
S / \
o |
& / LE
o / o |
o / \
S / e \
Al / [ ] \
e / \
© 7 \
2 / \
© / \
A / \
RS / L \
/ ° \
/ \
/ \
/ Y
° / \
q:._
T T T T T
-0.5 0 0.5 1 15

Log Risk Ratio

Figure 4. Sensitivity analysis of pleural effusion and the risk of death in PE. PE, pulmonary embolism.

Meta-analysis estimates, given named study is omitted

| Lower CI Limit o Estimate | Upper CI Limit

Kumamaru(2016) |- e . RN

Kiris(2017) || o]

Yildizeli(2018) R T g

Levy(2020) g
Buyuksirin(2021) : e

Choi(2017) s .

Zhang(2021) I o |
1.58 1.79 2.34 3.08 3.|25

Figure 5. The funnel plot of pleural effusion and the risk of death in PE. PE, pulmonary embolism.

4. Discussion

The incidence of pleural effusion varies among PE patients, and whether pleural
effusion could increase the mortality rate remains inconclusive. This systematic review
and meta-analysis identified 29 observational studies with 13,430 subjects that assessed
the incidence of pleural effusion in PE and 7 studies among 29 explored the association
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between pleural effusion and PE mortality. The pooled incidence of pleural effusion in
PE was up to 41.2% (95% CI: 35.7-46.6%), which was affected by geographical location,
methods of pleural effusion assessment, and study design. Moreover, PE patients were
susceptible to developing unilateral and small pleural effusions, which is consistent with
previous findings [10,30]. In addition, pleural effusion also increased the risk of death from
PE, including 30-day mortality and in-hospital mortality, compared with pure PE.

Early detection and treatment of PE can improve the prognosis and survival rate [47].
Unfortunately, due to the absence of distinct clinical signs and symptoms of PE, espe-
cially when combined with comorbidities such as pleural effusion, it can be overlooked or
misdiagnosed [12,48]. Studies have shown that pleural effusion has a high incidence
in PE and that its incidence has a wide distribution of values [19,44]. A review by
Agarwal et al. [49] illustrated that the pooled incidence of pleural effusion in PE patients
was 19~61%, which was roughly consistent with our findings. The present study analyzed
existing studies on pleural effusion in PE with an incidence ranging from 16.3 to 68.9%
in each study, and the pooled incidence of pleural effusion in PE was as high as 41.2%,
which was generally consistent with previous studies [10]. The incidence is highest if TS
is used to detect pleural effusion (59.3% with TS, 43.0% with CT, and 30.5% with CXR),
which confirms the results of a study by Agarwal et al. [49]. Meanwhile, as the results
of the present study suggest, pleural effusion in PE is typically small and unilateral, so
the majority of patients cannot undergo thoracentesis, potentially increasing diagnostic
difficulty, and its true prevalence in PE may be higher [11,19], necessitating more attention
in clinical activities regarding the differential diagnosis of an undiagnosed pleural effusion
in PE. The present study indicated that variability in individual studies can be partially
explained by differences in geographic location, assessment methods, and study design,
which demonstrated that, as potential sources of bias, these may bring apparent errors,
confounding the true incidence of pleural effusion in patients with PE. It is also unfortu-
nate that although we undertook a comprehensive literature search, we were unable to
find relevant data in the literature on pleural effusion according to PE severity that might
provide more insights into this question.

Given the prevalence of pleural effusion, it may be surprising that relatively few
studies have investigated its impact on PE patients. With recently published papers, our
study provides important information to the previous meta-analysis by Zuin et al. [50].
This meta-analysis included 7 articles, which examined the impact of pleural effusion
on short-term mortality (30-day and in-hospital mortality) in PE patients, comprising
4707 PE patients (n = 1930 with pleural effusion); a proportion, but not all, of the included
articles overlapped due to differences in eligibility criteria. Zuin et al. suggested that
pleural effusion was significantly associated with a higher risk of death in the short-
term period, which is consistent with our results. Our sensitivity analysis confirms the
association between pleural effusion and short-term mortality in PE patients. Moreover,
the studies on the effect of pleural effusion on PE identified in this review [40-46] are recent
and demonstrate growing concern about the effect of pleural effusion on the prognosis
of patients with PE. Despite the limited number of studies, the report shows that the
association between pleural effusion and mortality in patients with PE is compelling given
the large sample of patients with PE (n = 4707), with a low risk of bias across studies.
In addition, our exploratory meta-analysis revealed an increased risk of 30-day and in-
hospital mortality when pleural effusion occurred in PE. Overall, this review suggests that
the incidence of pleural effusion is very high, which increases short-term mortality (30-day
and in-hospital mortality) in PE patients. According to a Chinese study, pleural effusion
is an independent risk factor for poor prognosis in patients with PE, and the all-cause
mortality of PE patients with pleural effusion was significantly higher than that of PE
patients without pleural effusion at both the 3-month and 1-year follow-up points [12].
Pulmonary infarction syndrome and circulatory collapse are among the most prevalent
clinical presentations in PE patients with pleural effusion [19,29], and the occurrence
of pleural effusion is thought to be associated with a longer hospital stay, severity and
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prognosis of PE [45,51]. However, the mechanism by which pleural effusion affects the
condition in PE remains unclear. Significant underlying comorbidities [12,43], such as
right ventricular (RV) failure, may account for the increased mortality risk associated
with pleural effusion in PE patients. The pathogenetic underlying mechanism of pleural
effusion secondary to PE is the increased permeability of pulmonary capillaries [10,52].
The increased systemic venous pressure on the parietal pleural surface as a result of
pulmonary hypertension and increased right ventricular (RV) pressure may account for
the increased permeability [11]. Moreover, previous studies have shown that patients
with pulmonary hypertension and right heart failure frequently exhibit pleural effusions.
Patients should be evaluated for pleural effusion when pulmonary hypertension is present
and, if present, should be examined for right heart failure [53]. RV enlargement is predictive
of poor prognosis, including PE-related in-hospital shock, the need for cardiopulmonary
resuscitation, and PE-related mortality, which is considered the leading cause of death
from severe PE [4,54]. Therefore, we speculate that pleural effusion is strongly associated
with the progression of RV failure, which further contributes to poorer outcomes in PE.
Consequently, although pleural effusion does not alter the standard treatment for PE [11],
it should be regarded as a major warning sign of an increased risk of death in PE patients,
which must be confirmed by additional research.

While compelling, the data should be interpreted cautiously owing to the hetero-
geneity in the design, setting, and inclusion criteria of the included studies. However,
several limitations of the present study must be considered. First, this study relies solely
on observational data, which are very susceptible to selection bias and confounding by
indication. Second, heterogeneity analysis indicated that our results were highly hetero-
geneous, although we performed subgroup analysis to partially explain and reduce this.
Third, there was inconsistent data collection, and the characteristics of the subjects were
unclear, all of which could have affected the results, leaving residual bias, such as disease
severity and comorbidity-related bias. Fourth, the number of studies on the risk of death
in pleural effusion with PE was limited; thus, the results need to be carefully understood.
Fifth, the study was not registered. Finally, it is worth noting that the large number of
patients included in the meta-analysis allowed reasonable effect estimates, but data on
potentially relevant confounders were available only in some studies (malignancy, cardiac
disease, and parapneumonia), which led to potential bias.

The strength of this systematic review is that it addresses the incidence of pleural
effusion, a very common clinical comorbidity in PE, which may have a significant impact
on PE patient outcome. Our study shows that pleural effusion has a high incidence in PE
patients and is associated with the prognosis of PE patients, with most studies finding an
opposite impact on the outcomes of PE patients.

5. Conclusions

In conclusion, this systematic review and meta-analysis determined that the pooled in-
cidence of pleural effusion was 41.2% (95% CI: 35.646.8%). Additionally, pleural effusion
generally increased short-term mortality (30-day and in-hospital mortality) in PE patients. We
recommend that physicians be aware of the risk of death from PE, especially when patients have
pleural effusion. To better inform policy and practice, more research is required to determine
which clinical and demographic factors can regulate this increased risk.
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