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Abstract
There remains a high risk of thrombosis in patients affected by the SARS-CoV-2 virus and recent reports have shown pulmonary
embolism (PE) as a cause of sudden death in these patients. However, the pooled rate of this deadly and frequently
underdiagnosed condition among COVID-19 patients remains largely unknown. Given the frequency with which pulmonary
embolism has been reported as a fatal complication of severe coronavirus disease, we sought to ascertain the actual prevalence of
this event in COVID-19 patients. Using PubMed/Medline, EMBASE, and SCOPUS, a thorough literature search was performed
to identify the studies reporting rate of PE among COVID-19. Random effects models were obtained to perform a meta-analysis,
and I2 statistics were used to measure inter-study heterogeneity. Among 3066 COVID-19 patients included from 9 studies, the
pooled prevalence of PEwas 15.8% (95%CI (6.0–28.8%), I2 = 98%). The pooled rate in younger cohort (age < 65 years) showed
a higher prevalence of 20.5% (95% CI (17.6–24.8%)) as compared to studies including relatively older cohort (age > 65 years)
showing 14.3% (95% CI (2.9–30.1%)) (p < 0.05). Single-center studies showed a prevalence of 12.9% (95% CI 1.0–30.2%),
while that of multicenter studies was 19.5% (95%CI 14.9–25.2%) (p < 0.05). Pulmonary embolism is a common complication of
severe coronavirus disease and a high degree of clinical suspicion for its diagnosis should be maintained in critically ill patients.
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Introduction

COVID-19 is a multisystem disease which increases risk of
coagulopathy and thus, venous thromboembolism (VTE) and
pulmonary embolism (PE) in critically ill patients. The inci-
dence rate for VTE and arterial thrombosis and related
thrombo-embolic complications remain very high in
COVID-19 patients [1]. There are three possible mechanisms

associated with this observation: (1) through cytokine storm
by interleukin-1, interleukin-6, tumor necrosis factor-alpha
and others leading to endothelial activation and widespread
thrombosis as seen in pulmonary vessels in acute respiratory
distress syndrome; (2) severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) has shown an affinity for
angiotensin-converting enzyme 2 located at alveolar epithelial
cells, endothelial cells of extrapulmonary tissues leading to
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thrombosis by microvascular injury and multiorgan failure;
and (3) lupus anticoagulant antibodies can lead to thrombosis
by the “two hit” thrombosis model [1].

Methods

After a thorough review of the literature from PubMed,
Scopus, and Google Scholar, data were collected from four
studies. Random effects models were obtained to perform a
meta-analysis, and I2 statistics were used to measure inter-
study heterogeneity. I2 > 75% was interpreted as substantial
heterogeneity and prevalence was further explored using sub-
group analysis.

Results

Among 3066 COVID-19 patients, the pooled prevalence of
PE was 15.8% (95% CI (6.0–28.8%)) with I2 = 98%. The
pooled rate in younger cohort (age < 65 years) showed a
higher prevalence of 20.5% (95% CI (17.6–24.8%)) com-
pared to the older cohort (age > 65 years) showing 14.3%
(95% CI (2.9–30.1%)) (p < 0.00001) (Fig. 1). Single-center
studies showed a prevalence of 12.9% (95% CI 1.0–30.2%),
while that of multicenter studies was 19.5% (95% CI 14.9–
25.2%).

Discussion

Due to underlying thrombotic milieu that is characteristic of
COVID-19, patients suffering from this infection are highly
predisposed to pulmonary embolismwhich is a major cause of
mortality associated with this disease. Patients diagnosed with
COVID-19 run the risk of incident pulmonary embolism even
in the absence of regular risk factors [2]. Stringent movement
restrictions applied as a consequence of this pandemic can
lead to a delay in seeking medical attention, subsequently
leading to progression of low-risk PE cases to high-risk life-
endangering cases of fatal PE [3].

To the best of our knowledge, this is the first pooled esti-
mate of the prevalence of PE in COVID-19 patients with a
variation by age (mean age 65 years) and study centers (single
vs. multi). Several single-center/multi-center studies along
with case reports have shown increased incidence of PE in
COVID-19 patients despite being on prophylactic anticoagu-
lant therapy. In our analysis, we thus proved that multicenter
studies with a larger and diverse study sample showed an
increased prevalence of PE, thus the need for a low threshold
of PE suspicion. The results of our pooled analysis also
showed a higher prevalence of PE in the younger cohort
(age < 65 years) compared to elderly patients. A study of

137 critically ill patients in Hubei province with median age
of sample 57 (20–83) years showed that nearly 1/5th patients
had an underlying co-morbidity of hypertension, diabetes
mellitus, cardiovascular disease, COPD, malignancy, and
others which could further increase the risk of thrombotic
events [4]. Thus, in addition to older patients who are known
to be at high risk of thrombotic events due to comorbidities,
young, or middle-aged groups diagnosed with COVID-19
with underlying diseases must also be screened for PE with
a high index of suspicion.

A presentation of PE could range from asymptomatic to
chest pain, shortness of breath, hemoptysis, syncope, and
overlapping with COVID-19 disease. Thus, initial suspicion
towards DVT/PE can be gauged from elevated D-dimer
levels. With a higher threshold for D-dimer levels of 1.5
μg/ml, the negative predictive value is reported to be 94.7%
[5]. Thus, with elevated D-dimer levels or clinical symptoms,
compression ultrasound could be preceded before CT pulmo-
nary angiography since 90% of pulmonary emboli are known
to originate from lower extremity DVT [5, 6]. Cardiac inves-
tigations such as ECG or TTE should not be heavily relied
upon; clinical suspicion should be the most important factor
driving the clinician towards suspecting and investigation for
PE in COVID-19 patients [7].

Risk s t ra t i f ica t ion methods such as Capr in i ,
IMPROVE, Padua models, and VELTAS (Venous and
Lymphatic Triage and Acuity Scale) are proven to be
useful for clinical assessment of VTE and PE in
COVID-19 [8, 9]. Prophylactic anticoagulant therapy is
recommended with LMWH or unfractionated heparin
with or without mechanical compression [10]. However,
recently a case report described fatal thromboembolism in
a patient who was already on the usual anticoagulation
dose and had a normal D-dimer level until the event
[11]. This warrants further research on the effective
anticoagulation and therapeutic dose to prevent mortality
from this life-threatening complication of COVID-19.

With this pooled analysis, we report that nearly 1 in every 7
COVID-19 patients could present with PE, higher odds of
being detected in those with a mean age of less than 65 years
(20.5% vs. 14.3%) compared to relatively younger cohorts
(mean age < 65 years). As expected, the pooled prevalence
in single-center studies remain underreported (12.9% vs.
19.4%) compared to the pooled rate observed in multicenter
studies.

Conclusions

The level of surveillance for PE and threshold for conducting
diagnostic tests such as D-dimer levels need to be increased
considering fatal outcomes of a PE with COVID-19. Our
study gives preliminary data for further large-scale analysis
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Fig. 1 Pooled prevalence of pulmonary embolism. a The pooled rate in
younger cohort (age < 65 years) showed a higher prevalence of 20.5%
(95% CI (17.6–24.8%)) compared to the older cohort (age > 65 years)
showing 14.3% (95% CI (2.9–30.1%)) (p < 0.00001). b The pooled rate

of pulmonary embolism in single-center studies was 12.9% (95% CI 1.0–
30.2%) as compared to 19.4% (95% CI 14.9–25.2%) in multicenter
studies (p < 0.00001)
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to understand the prevalence of PE in young to middle-aged
COVID-19 patients and development of algorithms to specu-
late and timely diagnose PE and venous thromboembolism
and curtail mortality rate and pertinent complications.
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