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Background: Mortality in critically ill COVID (coronavirus disease) patients secondary to pulmonary embolism
(PE) has conflicting data. We aim to evaluate the mortality outcomes of critically ill patients with and without
PE (WPE).
Methods: Three studies were identified after a digital database search on PE in ICU (intensive care unit) patients
until September 2020. The primary outcome was mortality. Outcomes were compared using a randommethod
odds ratio and confidence interval of 95%.
Results: A total of 439 patients were included in the study. Diabetes, hypertension, and renal replacement re-
quirement had no statistically significant association between PE andWPE, p=0.39, p=0.23, and p=0.29 re-
spectively. The study revealed thatmales have higher odds of PE, OR-1.98, 95%CI-1.01-3.89; p=0.05. In-hospital
mortality resultswere comparable between PE andWPE after subgroup analysis and correction of heterogeneity,
p = 0.25.
Conclusion: PE in critically ill COVID patients had similar in-hospital mortality outcomes as WPE patients. The
findings are only hypotheses generated from observational studies and need future randomized, prospective
clinical trials for a definitive conclusion.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Coronavirus, the pandemic infectedworldwidewith clinical presenta-
tions from asymptomatic cases to severe respiratory distress, multi-organ
dysfunction, and death [1]. Respiratory distress secondary to COVID-19 in
critically ill patients is multifactorial. The pulmonary causes of respiratory
distress in a critically ill patient can be secondary to acute respiratory dis-
tress syndrome (ARDS) or ventilation-perfusion mismatch in lungs [2,3].
Cardiac causes of hypoxia, from pulmonary edema, can be secondary to
multiple coronaviruses-related cardiac injuries including myocarditis, ar-
rhythmias, stress-induced cardiomyopathy, and myocardial ischemia [4].
COVID-19 related ARDS have distinct features, despite meeting the Berlin
definition of ARDS, of relatively well-preserved lung mechanics and se-
verity of hypoxemia [3]. Pulmonary embolism worsens the ventilation-
ayne State University, 4201 St
perfusion mismatch and hypoxia [5]. Coronavirus patients are at a high
risk of venous thromboembolism, including pulmonary embolism,
which can worsen ventilation-perfusion mismatch and hence hypoxia.
The prevalence of pulmonary embolism in critically ill patients has been
reported from 15% to 28.57%. COVID being a procoagulant state, cases of
venous thromboembolism have been reported even if the patients were
on prophylactic or therapeutic anticoagulation. A meta-analysis by
Hasan et al. reported a prevalence of venous thromboembolism in criti-
cally ill patients of 31% and the patients were either on prophylactic or
therapeutic anticoagulation [6]. The prevalence of PE in critically ill
COVID patients has been reported higher than COVID patients not admit-
ted to intensive care units [7]. There are conflicting results onmortality in
critically ill COVID patients with andwithout pulmonary embolism. Since
pulmonary embolism has a high prevalence in critically ill COVID patients
and PE would worsen hypoxia in such critically ill patients with COVID
ARDS, we aimed to do a database search to evaluate the pulmonary em-
bolism outcomes and association of any comorbidity with PE in critically
ill COVID patients admitted to ICU.
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Fig. 1. PRISMA flow chart for selection of studies.
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2. Method

2.1. Search strategy

Electronic databases, including MEDLINE (PubMed, Ovid), google
scholar, and clinicaltrial.org, were searched using a combination of
medical subject headings and key terms like “Pulmonary embolism,”
“critically ill,” “COVID patients.” A cross-reference check of previously
published articles on this topic was also performed. For eligibility of
studies, the search was restricted to English literature published from
the inception of the database till September 2020. Studies with a patient
population of >18 years of age with coronavirus, admitted to ICU, with
and without pulmonary embolism were searched with the search key-
words. Inclusion criteria of the studies were checked as per the rele-
vance to the question of the study. Studies with no control group,
insufficient data, case reports, duplicate data, conference papers, and re-
view articles were excluded. The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) were followed to obtain
studies for quantitative analysis (Fig. 1). All studies included had chest
pulmonary angiography given poorly explained worsening in pulmo-
nary or circulatory dynamics with worsening of ventilator settings.

2.2. Data extraction

Articles were screened at the level of title and abstract. The full text
of potentially relevant articles was read by two independent authors.
Disagreements were resolved by consensus. All extracted data from
the included studies were collected into a spreadsheet and verified by
a third author. Data was collected for 1) baseline characteristics: age,
sex, baseline comorbidities; 2) Presence of PE, need for renal replace-
ment therapy and use of neuromuscular blockers; 3) Primary outcome
measures includingmortality. The secondary outcomes were an associ-
ation of diabetes, hypertension,male sex, renal replacement, and neuro-
muscular blocker use with pulmonary embolism in critically ill COVID
patients.

2.3. Data analysis

The statistical analysis was performed using the Cochran-Mantel-
Haenszel method under the random-effects model to calculate the un-
adjusted odds ratio (OR) for the primary and secondary endpoints.
The estimated effect size was reported as a point estimate and 95% con-
fidence interval (CI). An alpha criterion of p-value ≤0.05was considered
statistically significant. Higgins's I-squared (I2) statistical model was
used to evaluate variations in outcomes of included studies. I2 values
of 50% or less corresponded to low tomoderate, and 75% or higher indi-
cated large amounts of heterogeneity. All statistical analysis was per-
formed using the Cochrane Review Manager version 5.3.

2.4. Quality of the included studies

The overall quality of the included studies was moderate. Two in-
cluded studies were retrospective in nature, posing some theoretical
risk of selection bias due to incomplete randomization and inadequate
allocation concealment. However, one was a posthoc analysis from a
prospective study. Reporting bias across all studies was reduced due
to an adequate description of the study results (Fig. 2a, b).

3. Results

3.1. Search results and study characteristics

An initial search on multiple databases identified 187 articles, after
exclusion of duplicates (50) and irrelevant (92) articles, 45 studies
deemed relevant for full-text review. 42 articles were excluded due to
insufficient data, case series, data comparison in noncritical patients. 3
studies finally qualified for quantitative analysis (Fig. 1).

The included studies recruited a total of 439 patients: (PE 82 and
WPE 357). The mean age of the included population was 63.3 ±
3.43 years for the WPE group and 60.67 ± 3.43 years for the PE group,
comprisingmostly ofmale patients (77%). Themeanproportion of base-
line characteristics of patients with and without PE included diabetes
mellitus (23.17% vs. 26.61%), hypertension (54.88% vs 59.94%), respec-
tively. The renal replacement was required in 29.26% in PE vs. 19.88%
of WPE patients. Neuromuscular blocking agents were used in 92.75%
of PE patients vs. 83.63%WPE. The baseline characteristics including co-
morbidities are given in Table 1.

3.2. Pooled results

Diabetes was studied in 439 patients. Diabetes had no relation with
PE in critically ill COVID patients, OR 0.77, 95%CI= 0.42–1.41; p=0.39

http://clinicaltrial.org
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Fig. 2. a. Summary of methodological quality of the included studies. b. Risk of methodological bias across at the level of included studies.
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(Heterogeneity 0%) (Fig. 3a). Hypertension was studied in 439 patients
and did not show any association with PE, OR-0.73, 95%CI-0.44-1.22;
p = 0.23 (Fig. 3b). Male sex was more associated with PE in critically
ill COVID patients, OR-1.98, 95%CI-1.01-3.89; p = 0.05 (Heterogeneity
0%) (Fig. 3c). Renal replacement therapy had comparable results for
PE and WPE, OR = 1.37, 95%CI-0.77-2.45; p = 0.29. The heterogeneity
of the test was 0% (Fig. 4a). Neuromuscular blocker use had comparable
results between the PE and WPE group with OR of 1.39, 95%CI
0.60–3.24; p = 0.44 (Fig. 4b).

3.3. Primary outcome

The overall mortality was with higher Odds for PE than WPE (OR=
1.54) with p < 0.05, however, without statistical significance; 95%CI =
0.36–6.61, and heterogeneity of the test was 75%. A subgroup analysis
was done given high heterogeneity. After excluding Contou et al., mor-
tality results were comparable for PE and WPE group [OR = 0.72, 95%
CI= 0.41–1.26; p=0.25]. The heterogeneity of the test was 0% (Fig. 5).

3.4. Publication bias

The publication bias was illustrated graphically with funnel plotting.
The vertical axis of the plot used standard error to estimate the sample
size of the study, plotting large population studies on top and smaller at
the bottom. The horizontal spread reflected the power and effect size of
the included studies. On visual assessment, our funnel plot was sym-
metrical, indicating that the limited scatter was due to sampling varia-
tion and not publication bias; Fig. 6.

4. Discussion

Our study revealed a higher prevalence of pulmonary embolism in
male patients admitted with severe COVID to ICU. The study did not re-
veal any association between comorbidities like diabetes, hypertension
with pulmonary embolism, p=0.39, and p=0.23 respectively. The re-
quirement for renal replacement therapy was comparable between the
two groups, p = 0.29. Interestingly the pulmonary embolism did not
Table 1
Baseline characteristics of individual studies.

Study Year n PE/WPE Diabetes PE/WPE

Contou 2020 14/10 06/04
Soumagne 2020 55/320 12/87
Taccone 2020 13/27 01/04
result in the overall worsening of mortality in critically ill COVID pa-
tientswhohad PE than patientswhodid not had a pulmonary embolism
(p = 0.25).

Contou et al., in their retrospective study on 92 critically ill patients
with ARDS, 26 underwent chest pulmonary angiography, and 16 were
positive, 61.53% of screened patients (17% of the total number). PE
was bilateral in 3 patients and unilateral in 13. Higher mortality was re-
ported in patients with PE with p = 0.04 [8]. Taccone et al., studied 49
critically ill intensive care unit (ICU) admitted patients with severe hyp-
oxia who underwent chest pulmonary angiography. The study con-
cluded that 15% of ICU admitted patients develop PE. However,
mortality results were not statistically significant [2]. Soumagne et al.,
in their post hoc study, reported the prevalence of 15% in critically ill pa-
tients admitted to ICU who were on mechanical ventilation. PE in-
creased the duration of mechanical ventilation than patients without
PE [9].

The major limitation of all these studies was the inclusion of the
smaller scale population and being relatively underpowered to assess
the mortality outcomes in critically ill patients with PE.

COVID is a hypercoagulable state caused by vascular endothelial
damage [10]. All patients included in this meta-analysis were on
antithrombotics, either prophylactic or therapeutic. Venous thrombo-
embolism was reported in patients despite being on antithrombotics,
however, rates were less in patients on higher doses of antithrombotics
[2,8,9]. Klok et al. reported a high prevalence of thrombotic complica-
tions in critically ill COVID patients, 31% (95% confidence interval [95%
CI] 20–41%), with PE being the predominant one, 87% [11]. They re-
ported higher results of all-cause mortality in patients with thrombotic
complications. Our study did not reveal any statistically significant dif-
ference in mortality for patients who had PE than patients without PE
in critically ill COVID patients (p = 0.25).

Thromboprophylaxis in critically ill COVID patients would decrease
the incidence of venous thromboembolism. There are no uniform
anticoagulation guidelines for anticoagulation prophylaxis among dif-
ferent societies worldwide. American College of Cardiology recom-
mends Enoxaparin 40 mg daily or equivalent doses of low molecular
weight heparin (LMWH) can be administered with consideration of
Male PE/WPE Hypertension PE/WPE Age PE

14/8 09/06 63/63
46/242 26/190 61. ± 9.1/63.9 ± 10.3
17/10 10/18 58/63
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Fig. 3. a. Forest plot comparing diabetes for PE andWPE. The odds of association of diabetes were comparable between the two groups. b. Forest plot comparing Hypertension for PE and
WPE. The odds of association with hypertension were comparable between the two groups. c. Forest plot comparing sex distribution for PE andWPE. The odds of association of PE with
male sex in critically ill COVID patients are higher and statistically significant than WPE.
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SC(subcutaneous) heparin (5000 U twice to three times per day) in pa-
tients with creatinine clearance <30 mL/min [12]. Anticoagulation
forum has recommended high dose venous thromboprophylaxis for
critically ill patients (LMWH 40 mg SC twice daily, LMWH 0.5 mg/kg
subcutaneous twice daily, heparin 7500 SC three times daily, or low-
intensity heparin infusion) [13]. Currently, there are no randomized
controlled trials on in-hospital outcomes of with and without PE in crit-
ically ill COVID patients. However, randomized trials on the evaluation
of the appropriate anticoagulation in COVID critically ill patients are
under study which could better explain the prophylactic and therapeu-
tic anticoagulation guidelines for critically ill COVID patients.

4.1. Limitations

Our study is constrained by the limitations of the included studies. A
significant barrier was our inability to perform a stratified subgroup
analysis based on the different selection criteria. The inherent heteroge-
neity in the observational and posthoc data limits our ability to draw

Image of Fig. 3


Fig. 4. a. Forest plot comparing renal replacement therapy (RRT) for PE and WPE. The odds of association of RRT were comparable between the two groups. b. Forest plot comparing
neuromuscular block use (NMB) for PE and WPE. The odds of association of NMB use were comparable between the two groups.
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definitive conclusions about the outcomes and associations of PE in crit-
ically ill COVIDpatients. The predictive odds of all the components could
not be calculated due to insufficient reporting of the stratified event
rates.

5. Conclusion

In conclusion, PE is a highly prevalent complication in critically ill
COVID patients. The prevalence of PE is higher in critically ill male pa-
tients; however, overall mortality is comparable between PE and WPE
patients. The unavailability of randomized data calls for caution when
interpreting the results of this meta-analysis. Future RCTs with larger
patient populationsmight provide data to allow for more robust results
and help to eventually reach a definitive conclusion.
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Fig. 6. Funnel plot for publication bias. No significant scatter is visible.
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