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Introduction

Recent data suggest that patients who have recovered from 
COVID-19 may experience late clinical sequelae including 
a broad spectrum of cardiovascular complications [1–4]. 
Previous analyses have reported a higher risk of venous 
thromboembolism (VTE) in patients with COVID-19 infec-
tion [5, 6]. Moreover, some recent randomized clinical trials 
(RCTs) have analyzed the benefit-risk of anticoagulation for 
these subjects, providing the basis for clinical recommenda-
tions regarding the use of thromboprophylaxis during and 
after COVID-19 infection [7–9]. In contrast, data regarding 
the occurrence of VTE events, including acute pulmonary 
embolism (PE) and deep vein thrombosis (DVT), as clinical 
sequelae of COVID-19 are scant [10]. This study aimed to 
assess the risk of acute pulmonary embolism (PE) and deep 
vein thrombosis (DVT) in COVID-19 recovered patients 
performing a systematic review and meta-analysis of the 
available data.
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Abstract
Data regarding the occurrence of venous thromboembolic events (VTE), including acute pulmonary embolism (PE) and 
deep vein thrombosis (DVT) in recovered COVID-19 patients are scant. We performed a systematic review and meta-
analysis to assess the risk of acute PE and DVT in COVID-19 recovered subject. Following the PRIMSA guidelines, we 
searched Medline and Scopus to locate all articles published up to September 1st, 2022, reporting the risk of acute PE and/
or DVT in patients recovered from COVID-19 infection compared to non-infected patients who developed VTE over the 
same follow-up period. PE and DVT risk were evaluated using the Mantel–Haenszel random effects models with Hazard 
ratio (HR) as the effect measure with 95% confidence interval (CI) while heterogeneity was assessed using Higgins I2 
statistic. Overall, 29.078.950 patients (mean age 50.2 years, 63.9% males), of which 2.060.496 had COVID-19 infection, 
were included. Over a mean follow-up of 8.5 months, the cumulative incidence of PE and DVT in COVID-19 recovered 
patients were 1.2% (95% CI:0.9–1.4, I2: 99.8%) and 2.3% (95% CI:1.7-3.0, I2: 99.7%), respectively. Recovered COVID-
19 patients presented a higher risk of incident PE (HR: 3.16, 95% CI: 2.63–3.79, I2 = 90.1%) and DVT (HR: 2.55, 95% 
CI: 2.09–3.11, I2: 92.6%) compared to non-infected patients from the general population over the same follow-up period. 
Meta-regression showed a higher risk of PE and DVT with age and with female gender, and lower risk with longer follow-
up. Recovered COVID-19 patients have a higher risk of VTE events, which increase with aging and among females.
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Materials and methods

Study design and eligibility criteria

This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) reporting 
guideline (Supplementary file 1) [11]. Data were obtained 
searching MEDLINE and Scopus for all studies published 
at any time up to September 1, 2022 and reporting the risk 
of VTE events in COVID-19 recovered patients, defined 
as those were alive after experiencing negativization for 
COVID-19 test. In the revised manuscripts, this group of 
patients were compared to contemporary cohorts (control 
group), defined as subjects who did not experience the infec-
tion and developed VTE over the same follow-up period.

Outcomes

The pooled incidence and risk of acute symptomatic PE 
after COVID-19 infection were chosen as the primary out-
come and defined as events diagnosed within a maximum 
of 12 months post discharge (maximum follow-up length of 
revised studies) after index hospitalization. The secondary 
outcomes were the pooled incidence and risk of DVT in the 
same period.

Data extraction and quality assessment

The selection of studies to be included in our analysis was 
independently conducted by two authors (M.Z., C.B.) in a 
blinded fashion. Any discrepancies in study selection were 
resolved by consulting a third author (G.R.). The follow-
ing MeSH terms were used for the search: “Venous throm-
boembolism after COVID-19” OR “COVID-19 sequelae”. 
Moreover, we searched the reference lists of target studies 
for additional references. Specific inclusion criteria were 
studies (i) having enrolled subjects with previous confirmed 
COVID-19 infection and (ii) providing the hazard ratio 
(HR) for the risk of PE and/or DVT in the long-term period. 
Conversely, case reports, review articles, abstracts, edito-
rials/letters, and case series with less than 10 participants 
were excluded. Data extraction was independently con-
ducted by two authors (M.Z., G.R). For all studies reviewed, 
we extracted the number of patients enrolled, the mean age, 
male gender, prevalence of cardiovascular comorbidities 
such as arterial hypertension (HT), diabetes mellitus (DM), 
chronic obstructive pulmonary disease (COPD), chronic 
kidney disease (CKD), obesity, heart failure (HF), cere-
brovascular disease and length of follow-up. The quality of 
included studies was graded using the Newcastle-Ottawa 
quality assessment scale [12].

Data synthesis and analysis

The cumulative incidence of acute PE and DVT (n/N), 
defined as the ratio between patients experiencing the event 
during the follow-up period (n) and the number of COVID-
19 patients (either hospitalized or treated as outpatients) 
enrolled in each study (N), were pooled using a random-
effects model and presented with the corresponding 95% 
confidence interval (CI). When the incidence rate was not 
directly presented into the manuscript or supplementary 
material, the incidence rates was derived from the hazard 
ratios (HRs) presented in the included studies [13–16].

Conversely for the estimation of long-term risk of PE 
and DVT, the hazard ratio (HR) with the related 95% confi-
dence interval (CI) was pooled using a random-effect. Pre-
defined sensitivity analyses (leave-one-out analysis) were 
performed removing one study at the time, to evaluate the 
stability of our results regarding the pooled incidence and 
the risk of PE or DVT. Statistical heterogeneity between 
groups was measured using the Higgins I2 statistic. The 
presence of potential publication bias was verified by visual 
inspection of the funnel plot. Due to the low number of the 
included studies (< 10), small-study bias was not examined 
as our analysis was underpowered to detect such bias. To 
further appraise the impact of potential baseline confound-
ers, a meta-regression analysis was also performed. All 
meta-analyses were conducted using Comprehensive Meta-
Analysis software, version 3 (Biostat, USA).

Results

Search results and included studies

A total of 830 articles were obtained using our search strat-
egy. After excluding duplicates and preliminary screening, 
102 full-text articles were assessed for eligibility, 96 stud-
ies were excluded for not meeting the inclusion criteria, 2 
records were identified using other sources and one investi-
gation was excluded because presented a partial overlapping 
cohort [17], leaving 6 investigations fulfilling the inclusion 
criteria (Fig. 1) [18–23].

Characteristics of the population and quality 
assessment

Overall, 29.078.950 patients (mean age 50.2 years, 63.9% 
males), of which 2.060–496 had COVID-19 infection, 
were included in this analysis [18–23]. The general char-
acteristics of the studies included are showed in Table 1. 
Although the demographic characteristics and concomi-
tant comorbidities were not systematically recorded in 
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all investigations, the cohorts mainly consisted of mid-
dle-aged patients. The mean length of follow-up was 
8.6 months ranging between 4 and 12 months. Quality 

assessment showed that all studies were of moderate-high 
quality according to the NOS scale [12].

Fig. 1 PRISMA flowchart. * Articles excluded because not provided data on VTE event; ** Articles excluded because not provided Hazard ratio 
for VTE events
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Pooled incidence of pulmonary embolism in 
COVID-19 recovered patients

The cumulative rate of PE in COVID-19 recovered patients 
ranged between 0.1 and 4.5% among the reviewed studies 
[18–23]. A random-effect model revealed a pooled incidence 
of post COVID-19 PE in 1.2% of cases (95% CI:0.9–1.4, 
I2: 99.8%) (Fig. 2). Sensitivity analysis showed a com-
bined incidence rate which remained statistically signifi-
cant across a range from 0.6% (95% CI:0.4–0.8, I2:99.8%) 
to 1.5% of cases (95% CI: 1.1 to 1.8; I2 99.7%), suggest-
ing that no single investigation had an undue impact on the 
study outcome. Another sub-analysis performed excluding 
a cohort of children and adolescent [22] revealed a pooled 
post COVID-19 PE in 0.9% of cases (95% CI: 0.7 to 1.2, I2: 
97.3%). The visual inspection of the funnel plot is presented 
in Supplementary file 2, Panel A.

Pooled incidence of deep vein thrombosis in 
COVID-19 recovered patients

The cumulative rate of DVT in COVID-19 recovered 
patients ranged between 0.5 and 5.4% [18, 19, 21–23]. A 
random-effect model revealed a pooled incidence of post 
COVID-19 DVT in 2.3% of cases (95% CI:1.7-3.0, I2: 
99.7%) (Fig. 3). Sensitivity analysis showed a combined 
incidence which remained statistically significant across a 
range from 1.6% (95% CI:1.1–2.1, I2:99.7%) to 2.8% of 
cases (95% CI: 1.5 to 4.1; I2 99.8%), suggesting that no 
single investigation had an undue impact on the study out-
come. A further sub-analysis performed excluding a cohort 
of children and adolescent [22] revealed a pooled post 
COVID-19 DVT in 1.7% of cases (95% CI: 1.23 to 2.2, I2: 
99.8%). The visual inspection of the funnel plot is presented 
in Supplementary file 2, Panel B.

Risk of acute pulmonary embolism

After a mean follow-up of 8.5 months, recovered COVID-
19 patients presented a higher risk of incident PE (HR: 
3.16, 95% CI: 2.63–3.79, p < 0.0001, I2 = 90.1%) compared 
to non-infected subjects from the general population over 
the same period (Fig. 4). A visual assessment of the funnel 
plot cannot reassure about the presence of an asymmetry 
with studies characterized by higher PE rate being miss-
ing at the basis of the triangle (Supplementary file 3, Panel 
A) while the sensitivity analysis confirmed yielded results 
reporting an HR ranging between 2.90 (95% CI: 2.45–
3.43, p < 0.0001; I2: 87.9%) and 3.43 (95% CI; 2.85–4.13, 
p < 0.0001, I2:89.7%), indicating that the obtained results 
were not driven by any single study. A meta-regression 
analysis showed a significant direct relationship between for 
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Risk for deep vein thrombosis

During the same follow-up period, a random-effect model 
also demonstrated that COVID-19 recovered subjects had 
an increased risk of DVT (HR: 2.55, 95% CI: 2.09–3.11, 
p < 0.0001, I2: 92.6%) (Fig. 5) compared to non-infected 
patients from the general population during the same follow-
up period. Also in this case, the visual estimation of the fun-
nel plot cannot reassure regarding the presence of potential 
bias, with studies characterized by higher DVT rate being 
missing at the basis of the triangle did not show evident 
asymmetries (Supplementary file 3, Panel B). One-by-one 
exclusion of the studies from the analysis slightly changed 

the risk of incident PE using age (p < 0.0001)) as modera-
tor, while an indirect association was observed when male 
gender (p = 0.02) and the follow-up length (p = 0.005) were 
adopted as moderating variables (Table 2).

Fig. 4 Forest plots investigating the long-term risk of incident acute pulmonary embolism after 8.5 months from COVID-19 infection

 

Fig. 3 Forest plots investigating the pooled incidence of deep vein thrombosis after 8.5 months from COVID-19 infection

 

Fig. 2 Forest plots investigating the pooled incidence of acute pulmonary embolism after 8.5 months from COVID-19 infection

 

Table 2 Meta regression analysis for the risk of acute pulmonary 
embolism after COVID-19 infection. CI: Confidence interval
Item Coeff 95% CI p
Age (years) 0.019 0.010–0.029 < 0.0001
Males (%) -0.006 -0.001 to -0.0001 0.02
Diabetes mellitus (%) 0.007 -0.016 to 0.031 0.52
Follow-up lenght -0.032 -0.076 to -0.028 0.005
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event). These findings are in accordance with our previous 
results regarding the pooled incidence of VTE events in the 
early phase after COVID-19 recovery [10]. The studies that 
we reviewed did not report the prevalence of specific VTE 
risk factors among the population enrolled, not allowing 
further subgroup analyses. Similarly, no specific data were 
reported regarding the administration of thromboprophy-
laxis either during the acute phase and after discharge, thus 
limiting any conclusions in this regard.

Meta-regression analyses have highlighted a high degree 
of heterogeneity, showing that the risk of VTE events 
increased with aging, as previously reported in COVID-19 
patients during the acute phase of the disease as well as in 
general population [24–28]. In addition, the risk of PE and 
DVT were higher in women, in contrast to the higher risk 
described in men during the acute phase of the infection 
[29]. However, it is also true that the comparison of rates 
between sexes strictly depends on the age range of the popu-
lation under study. Furthermore, when the death rate is high 
from causes other than the disease of interest, the incidence 
rates of the illness are generally overestimated in traditional 
Kaplan–Meier survival analysis due to existence of compet-
ing risks [30].

Our data based on a large cohort, may be useful for 
designing strategies to minimize the risk of thromboembolic 
events during the post-acute phase after COVID-19 infec-
tion, although our results must be considered preliminary 
and cannot be directly translated into clinical practice on the 
type and regimen of thrombophylactic regimens. Indeed, 
due the limited data provided in the reviewed manuscripts, 
which were not mainly focused on the risk of VTE but 
assessed the risk of general clinical consequences as a part 
of post-acute sequelae of SARS-CoV-2 infection (PACSs), 
we cannot provide any results regarding the potential ben-
efit of extended anticoagulation. It is likely that several con-
tributing risk factors directly related to the SARS-CoV-2 
infection, such as cardiac or respiratory failure, prolonged 
immobility, presence of central venous lines, sepsis or acute 

the combined HR, which remained statistically significant 
between 2.32 (95% CI: 1.95–2.76, p < 0.0001; I2: 88.7%) 
and 2.82 (95% CI: 2.14–3.70, p < 0.0001; I2: 91.2%) sug-
gesting also in this case that no single study had an undue 
impact on the combined HR. Consistent with PE, the long-
term DVT risk showed a significant direct relationship with 
age (p = 0.03) and an indirect relationship with male gender 
(p = 0.03) and the length of the follow-up period (p = 0.002) 
(Table 3).

Discussion

In this study, we performed an analysis of the cumulative 
incidence and risk of acute PE and DVT among COVID-
19 recovered patients. Over 8.5 months, acute PE and DVT 
were observed in 1.2% and 2.3% of cases. Moreover, an 
increased PE and DVT risk was also observed in the same 
period. To the best of our knowledge, this is the first meta-
analysis summarizing the growing data regarding the risk of 
VTE events after COVID-19 infection. Notably, our find-
ings resulted from very heterogeneous rates described in 
individual studies, which may be attributed to the different 
characteristics of the included cohorts.

Our results demonstrate that the risk of VTE events after 
hospital discharge is much lower compared to the in-hos-
pital incidence of the same events during the acute phase 
of COVID-19 infection [20]. Moreover, as suggested by 
the meta-regression analyses, the risk of PE and DVT was 
higher in the early phase after COVID-19 recovery (time to 

Table 3 Meta regression analysis for the risk of deep vein thrombosis 
after COVID-19 infection. SE: standard error; CI: Confidence interval
Item Coeff 95% CI p
Age (years) 0.013 0.007 to 0.027 0.01
Males (%) -0.033 -0.226 to -0.011 0.03
Diabetes mellitus (%) 0.008 -0.019 to 0.03 0.44
Follow-up lenght -0.060 -0.107 to 0.032 0.002

Fig. 5 Forest plots investigating the long-term risk of incident deep vein thrombosis after 8.5 months from COVID-19 infection
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infection, not even using indirect measures, such as the need 
for intensive care treatment. Similarly, no data regarding the 
vaccination status of patients enrolled as Well as informa-
tion on variants of the SARS-CoV-2 virus were provided, 
limiting the possibility to conduct further sub-analyses. 
Finally, as our analysis was based on death certificate data 
and relative ICD-10 codes, we cannot exclude that miscod-
ing may have biased our results.

Conclusion

During the first months after COVID-19 infection, recov-
ered patients have a higher risk of VTE events compared to 
subjects from the general population, which increase with 
aging and among females. The highest risk was observed 
for acute PE. Due to the absence of systematic screening for 
thromboembolic events in most studies, these data possibly 
represent the lowest estimate of what one would expect in 
this patient group.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s11239-
022-02766-7.
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to minimize the risk of thromboembolic events in these 
patients. In this regard, recent publications have proposed 
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the patient’s outcome after hospitalisation [9]. Second, it 
appears that the risk of VTE events me ay not just limited 
to the acute phase of COVID-19 infection but also extend 
to the early phase after recovery. However, the contribution 
derived from local “immunothrombosis” triggered by the 
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our study is the analysis of large, unselected cohorts, which 
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Our study has several limitations related to the observational 
nature of the studies reviewed and their own limitations with 
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from detection bias considering that patients were not sys-
tematically screened for PE or DVT and per se, these condi-
tions may be clinically silent. Moreover, sampling bias by 
the competing risk of death may also have led to underesti-
mation of the real cumulative incidence of thromboembolic 
events. Furthermore, our data must be carefully interpreted 
considering that the reviewed studies mainly based their 
search strategy on the revision of hospital admission and 
screening of ICD-10 codes in the long-term period. In this 
perspective, only highly symptomatic events could have 
been captured. we could not assess if an adequate prophy-
lactic anticoagulation was consistently administered in each 
study because these data were not provided in the reviewed 
investigations. Large administrative data provide multiple 
advantages, being readily available and able to provide 
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