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To date, the actual prevalence of acute pulmonary embolism (PE) in patients with SARS-
CoV-2 infection remains unknown, as systematic screening for PE is cumbersome. We
performed a systematic review and meta-analysis on autoptic data to estimate the preva-
lence of histopathologic findings of acute PE and its relevance as a cause of death on
patients with COVID-19. We searched MEDLINE-PubMed and Scopus to locate all
articles published in the English language, up to August 10, 2021, reporting the autoptic
prevalence of acute PE and evaluating PE as the underlying cause of death in patients
with COVID-19. The pooled prevalence for both outcomes was calculated using a ran-
dom-effects model and presenting the related 95% confidence interval (CI). Statistical het-
erogeneity was measured using the Higgins I” statistic. We analyzed autoptic data of 749
patients with COVID-19 (mean age 63.4 years) included in 14 studies. In 10 studies,
based on 526 subjects (mean age 63.8 years), a random-effect model revealed that
autoptic acute PE findings were present in 27.5% of cases (95% CI 15.0 to 45.0%, I’
89.9%). Conversely, in 429 COVID-19 subjects (mean age 64.0 years) enrolled in 9
studies, acute PE was the underlying cause of death in 19.9% of cases (95% CI 11.0
to 33.3%, I” 83.3%). Autoptic findings of acute PE in patients with COVID-19 are
present in about 30% of subjects, whereas a venous thromboembolic event represents

the underlying cause of death in about 1 of 4 patients. © 2022 Elsevier Inc. All
rights reserved. (Am J Cardiol 2022;171:159—164)

COVID-19 is frequently associated with venous throm-
boembolic events (VTEs),' especially in patients with
severe disease admitted to the intensive care unit (ICU).>
However, diagnosing VTE—especially during the initial
phase of the pandemic—was difficult because of overlap-
ping clinical respiratory findings and the limited availability
of imaging. VTE prevalence and VTE as a cause of death
were, therefore, possibly underestimated, as tissue analysis
was also cumbersome. Indeed, during the initial phase of
the outbreak, complete autopsy studies were rarely per-
formed because of the risk of infection and biosafety.’
Unfortunately, to date, the actual autoptic prevalence of
acute pulmonary embolism (PE) in patients with COVID-
19 remains unknown. This study aimed to perform a sys-
tematic review and meta-analysis to estimate the autoptic
prevalence of histopathologic findings of acute PE and of
PE as a cause of death in patients with COVID-19 based on
previously published studies.
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Methods

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses reporting guide-
lines (Supplementary File 1). Data were obtained searching
MEDLINE-PubMed and Scopus for all autoptic investiga-
tions, in the English language, published since inception to
August 10, 2021, reporting the occurrence of acute PE as
histopathologic findings and/or cause of death in patients
with COVID-19.

The prevalence of acute PE in patients with COVID-19,
in terms of histopathologic finding, was chosen as the pri-
mary outcome. Conversely, the presence of autoptic of
acute PE, considered as the underlying cause of death, was
selected as the secondary outcome.

The selection of studies to be included in our analysis
was independently conducted by 2 authors (GR, MZ) in a
blinded fashion. Any discrepancies in study selection
were resolved by consulting a third author (LR). The fol-
lowing Medical Subject Headings terms were used for the
search: “COVID-19” AND (“Pulmonary embolism” OR
“Thrombosis” OR “Venous thromboembolism”) AND
“Autopsy.” Moreover, we searched the bibliographies of
target studies for additional references. Case reports, review
articles, abstracts, editorials/letters, and case series with
<20 participants were excluded. Data extraction was inde-
pendently conducted by 2 authors (MZ, GR). Studies were
included in the meta-analysis if they provided (1) autoptic
data on patients with confirmed COVID-19 infection and
(2) prevalence of acute PE as histopathologic finding and/or
as the underlying cause of death. Conversely, we excluded
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from the meta-analysis those studies not providing autoptic
data on acute PE and those enrolling <20 patients because a
small sample may have influenced the real prevalence
assessment. For all studies reviewed, we extracted and ana-
lyzed the location of the study, the number of patients
enrolled, the mean age and relative range, male gender,
prevalence of obesity, arterial hypertension (HT), diabetes
mellitus (DM), dyslipidemia, cancer and deep vein throm-
bosis (if reported). The quality of included studies was
gradegl using the Newcastle-Ottawa quality assessment
scale.

The cumulative prevalence of autoptic PE findings and/
or underlying cause of death (n/N), defined as the ratio
between patients who died who experienced acute PE (n)
and the number of patients enrolled in each study (N), were
pooled using a random-effects model and presented with
the corresponding 95% confidence interval (CI). Statistical
heterogeneity was measured using the Higgins I? statistic.”
To evaluate publication bias, both Egger’s test (if >10 stud-
ies were included) and funnel plots were computed. Con-
versely, if <10 investigations were analyzed, only the
funnel plot inspection was considered. To further appraise
the impact of potential baseline confounders, a meta-regres-
sion analysis using age, gender, obesity, HT, and DM as
moderator variables was performed. All meta-analyses
were conducted using Comprehensive Meta-Analysis soft-
ware, version 3 (Biostat International, Tampa, Florida).

Results

A total of 499 articles were obtained with our search
strategy. After excluding duplicates and preliminary screen-
ing, 155 full-text articles were assessed for eligibility, and
141 studies were excluded for not meeting the inclusion cri-
teria, leaving 13 studies fulfilling the inclusion criteria
(Figure 1, Supplementary File 2).°~"°

Overall, autoptic data of 623 patients with COVID-19
(mean age 63.4 years) were included in the analysis. The
general characteristics of the studies included are listed in
Table 1. Most of the patients received a whole-body
autopsy (Figure 2). At autopsy, histopathologic findings of
deep vein thrombosis were observed in 16.6% of cases in 4
studies (mean age 56.0 years).””'*!” The administration of
anticoagulant treatment was not systematically performed
in the reviewed studies. Quality assessment showed that all
studies were of moderate-high quality according to the
Newcastle-Ottawa quality assessment scale (Table 2).

The cumulative autopsy prevalence of acute PE in
patients with COVID-19 ranged between 3.8% and 50.0%
in 10 studies, enrolling 526 subjects (mean age 63.8
years).®/ 7! G127 IS8 A random-effect model revealed a
pooled prevalence of autoptic acute PE findings in 27.5%
of cases (95% CI 15.0 to 45.0%, 1> 89.9%) (Figure 3). Both
the Egger’s test (f 0.522, p = 0.61) and visual inspection of
the relative funnel plot (Supplementary File 3) did not
reveal significant evidence of publication bias. Meta-regres-
sion analysis showed a direct correlation with age
(p = 0.001) and gender (male vs female, p = 0.02), but not
with obesity (p = 0.70), HT (p = 0.33) and DM (p = 0.78)
(Table 3).
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Figure 1. Flow diagram of selected studies for the meta-analysis according
to the PRISMA. PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

Autopsy findings reported that the cumulative preva-
lence of acute PE as an underlying cause of death in patients
with COVID-19 ranged between 3.8% and 66.2% review-
ing 9 studies based on 303 subjects (mean age 64.0 years).
~O 1131017 Using a random-effect model, the pooled prev-
alence of acute PE, as an underlying cause of death was
19.9% (95% CI 11.0 to 33.3%, I 83.3%) (Figure 3).
Because of the low number of the included studies (<10),
Egger’s test cannot be performed; however, the visual
inspection of the relative funnel plot (Supplementary File
3) did not reveal significant evidence of publication bias.
Meta-regression analysis showed again a direct correlation
with age (p <0.001) and gender (male vs female, p = 0.01)
and HT (p <0.001), but no effect when considering obesity
(p = 0.13) and DM (p = 0.41) as moderating variables
(Table 4).

Discussion

In this meta-analysis, the autoptic findings of acute PE in
patients with COVID-19 were present in about 30% of sub-
jects, whereas a VTE represented the underlying cause of
death in about 1 of 4 patients. Together, these results con-
firmed that the prevalence of acute PE in patients with
COVID-19 is high and significantly increases the risk of
death because 20% of subjects died because of a VTE.

Notably, previous data on the incidence and prognostic
role of acute PE in patients with SARS-CoV-2 were mainly
obtained from clinical and radiologic studies, which gener-
ally underestimated the results, because in these patients
computed tomography pulmonary angiography was not
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Table 1
General characteristics of the population enrolled
Author Country Population Age (SD) [range], years Males Obesity HT DM Dyslipidaemia Cancer  DVT N (%)*
Sang et al.® USA 50 63.5 36 25 45 28 16 NR NR
[31-94] T2%) (S50%)  (90%) (56 %) (32 %)
Himwaze et al.” Zambia 29 44 17 NR 6 3 NR NR 3
[19-82] (58.8 %) (20.7 %) (10.3 %) (10.3 %)
Yao et al.® China 26 69.8 (10.3) 13 9 NR 4 NR 2 NR
(50 %)  (34.6 %) (15.4 %) (7.7 %)
Mucheleng’anga etal.”  Zambia 21 40 (12.3) 14 3 3 1 NR NR 3
0662 %) (143 %) (143%) (4.8 %) (14.2 %)
Dal Ferro et al. "’ Italy 40 79 (11) 22 NR 15 10 NR NR NR
(55 %) B7%) (24 %)
Romanovaet al.'' Russia 42 69 (15)' 22 17 38 11 NR NR NR
72 (15)° (523 %) (404 %) (904 %) (26.1 %)
Bryce et al.'? USA 102 68 NR 11 64 34 NR 7 NR
[29-94] (11%)  (62%) (33.3%) (7 %)
Elezkurtaj et al."? Germany 26 70 17 8 17 3 NR 1 NR
[30-92] (65.3 %) (30.7%) (653 %) (11.5%) (3.8 %)
Hooper et al.'* USA 135 61 81 46 87 71 NR NR 6
[64-97] 60%) (34%) (64%) (52 %) (4.4 %)
Falasca et al."” Italy 22 67 (15.7)° 15 NR 4 4 NR 5 NR
48.5 (13.0)! (68.1 %) (22.3 %) (22.3 %) (27.8 %)
De Michele et al.'® USA 29 71.3 20 NR 23 16 10 NR NR
[38-93] (68.9 %) (793 %)  (55.1 %) (35.7 %)
Edler et al."” Germany 80 79.2 46 17 15 17 NR 13 32
[52-96] 58%) (21.2%) (18.7%) (21.2%) (16.2%)  (40.0 %)
Menter et al.'® Switzerland 21 76 17 6 21 7 NR 3 NR
[53-96] 809 %) (28.5%) (100%) (35.0%) (14.2 %)
HT = arterial hypertension; DM = diabetes mellitus. DVT: Deep Vein thrombosis.
* Autoptic finding.
T Referred to group 1.
¥ Referred to group 2.

5 With comorbidities.
I'Without comorbidities.

systematically performed during the infection but only in
case of clinical deterioration or worsening of symptoms.'
Previous results on autopsy prevalence of acute PE in
patients with COVID-19 were based on isolated case
reports and small case series, often including <10 of 15
patients, limiting the accuracy of the results.'”"’ Moreover,
the reasons for performing autopsies were not systemati-
cally reported in the original investigations reviewed, so we
cannot exclude that autoptic investigations have mainly
been performed on these patients with unknown cause of
death, potentially distorting our results. Unfortunately,
information related to the severity of acute PE at the time

500

n=448

350
300
250

200 n=175

150

Number of subjects

100

50

WBA PCT/MIA
Figure 2. Number of patients receiving a WBA or a PCT/MIA.
PCT/MIA = percutaneous/minimally invasive autopsy; WBA = whole-
body autopsy.

of diagnosis was not systematically assessed by original
investigations and the clinical scenario (i.e., general ward
or ICU) in which the thromboembolic events were diag-
nosed. These missing data limit the possibility drawing
definitive conclusions regarding the real prognostic impact
of acute PE on the prognosis of patients with SARS-CoV-2.
However, it cannot be neglected to mention that few autop-
sies were performed during the first part of the pandemic,
especially for the risk of viral infection.”' Therefore, our
analysis of autoptic data obtained from mid to large cohorts
is likely to have overcome these limitations, also evidenc-
ing the proportion of cases in which the thromboembolic
event may be retained as the underlying cause of death. The
higher prevalence of acute PE obtained in our study com-
pared with that obtained by in-vivo clinical investigations
confirmed that the diagnosis of acute PE remains largely
underestimated in patients with COVID-19.7>~%*, Despite it
being reported that the prevalence of acute PE increases
with the use of systematic screening based on computed
tomography pulmonary angiography,” this approach can-
not be recommended in routine clinical practice. Indeed, it
is often not feasible to conduct the imaging studies needed
to diagnose VTE in these subjects who are infective, criti-
cally ill, intubated, unstable, and often in a prone position.
Our analysis found a marked heterogeneity between
studies submitted to meta-regression analysis. In this
regard, some of the sources of heterogeneity were
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Quality of the included studies assessed using the Newcastle-Ottawa quality assessment scale (NOS)

I-squared: 83.3%, p<0.0001

Study NOS
Selection Comparability Outcome Total score
Sang et al. [10] * & * * * * & 8
Himzawe et al. [11] * K * * ok * * & 8
Yao et al. [12] * * * *  * * * 8
Mucheleng’anga et al. [13] * Kk K * * * * 8
Dal Ferro et al. [14] * K  * *  * * ok 7
Romanova et al. [15] * kK * ok * * 7
Bryce et al. [16] * kK *  * * * 7
Elezkurtaj et al. [17] * K * * * * * K 8
Hooper at al. [18] * * * *  * * * K 8
Falasca et al. [19] * kX  * *  x * * K 8
De Michele et al. [20] * K * *  * * * K 8
Edler et al. [21] * K Kk * * * * K 8
Menter et al. [22] * Kk * ok * kK& 8
Tritschler et al. [23] * K K *  * * K K 8
Study name Statistics for each study Weight (Random) Event rate and 95% Cl
Event Lower Upper Relative
rate  limit  limit Z-Value p-Value weight
Sang 0500 0365 0635 0,000 1,000 1147 ——
Himzawe 0379 0224 0564 -1287 0,198 10,66 ———
Mucheleng'anga 0,762 0,540 0,897 2270 0,023 9,86 —i—
Dal Ferro 0725 0568 0841 2738 0,006 10,81 —E-
Bryce 0,061 0027 0,128 -6507 0,000 10,43 |3
Elezkurtay 0,077 0019 0261 -3376 0,001 8,36 —
Hooper 0216 0,146 0,309 -5217 0,000 11,33 B
Falasca 0,038 0,005 0228 -3,156 0,002 6,58 —
Edler 0213 0136 0316 -4793 0,000 11,22 -
Menter 0,190 0073 0412 2604 0,009 9,58 ——
Random effect: 0275 0,150 0450 -2,475 0,013 <
Tau-squared: 1.29
Q-value: 89.11 0,00 0,80 1,00
I-squared: 89.9%, p<0.0001
Study name Statistics for each study Weight (Random) Event rate and 95% CI
Event Lower Upper Relative
rate  limit  limit Z-Value p-Value weight
Sang 0,200 0,111 0,333 -3921 0,000 12,68 -
Himzawe 0448 0281 0628 -0556 0,578 12,50
Yao 0,154 0,059 0345 -3136 0,002 10,82 -
Mucheleng'anga 0,762 0,540 0,897 2,270 0,023 11,14 —i—
Romanova 0,095 0036 0228 -4283 0,000 11,00 B
Elezkurtay 0,038 0,005 0228 -3,156 0,002 6,60 -—
De Michele 0,069 0017 0238 -3552 0,000 8,96 e
Edler 0,100 0051 0,187 -5896 0,000 12,50 |
Random effect: 0,199 0,110 0,333 -3921 0,000 <@
Tau-squared: 0.86
Quvalue: 48.0 0,00 0,50 1,00

Figure 3. (A) Forest plots investigating the pooled prevalence of autoptic histopathologic findings of acute pulmonary embolism in patients with COVID-19.
(B) Forest plots investigating acute pulmonary embolism as underlying cause of death at autopsy in patients with COVID-19.
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Table 3
Meta-regression analysis of the effects of presenting features on the preva-
lence of histopathologic findings of acute pulmonary embolism

Moderator N° of interactions B 95% CI p
Age (years) 10 0.021 -0.101 t0 0.011 0.001
Males, % 9 0.005  -0.003t00.004  0.02
Obesity, % 6 0.011 -0.072t0 0.048  0.70
HT, % 6 -0.019  -0.057t00.019  0.33
DM, % 5 -0.006  -0.056t00.038  0.78

HT = arterial hypertension; DM = diabetes mellitus.

represented by age and gender in both outcomes. Indeed,
these items represent a major risk factor of developing VTE
in the general population and patients with COVID-19 **’
and independent predictors of mortality”® in such subjects.
However, it is also true that our results might reflect the
prevalence of acute PE in patients with a more severe infec-
tion, more relevant comorbidities, or even fewer chances to
intensive care treatments, as suggested by age. Moreover,
because no studies were performed during the second or
third pandemic wave, we cannot evaluate the trend of the
autoptic prevalence of acute PE over time and the indirect
effect of COVID-19 vaccines, especially in older subjects.
We cannot exclude that sampling bias by the competing
risk of death may also have led to the underestimation of
the real cumulative incidence of thromboembolic events.

We have been unable to assess the impact of ICU hospi-
talization and the anticoagulant treatment administered, if
any because these data were not systematically reported in
the reviewed studies. In this regard, further studies are
needed to investigate these aspects from an autoptic per-
spective in patients with COVID-19. Although the enroll-
ment period was not systematically reported by the revised
investigations, it clearly emerges how the studies consid-
ered was generally performed during the first pandemic
wave when the anticoagulants treatments were not largely
used. Because of the absence of more recent analyses, when
anticoagulants become a cornerstone in the treatment of
patients with COVID-19, we cannot compare the autoptic
pooled prevalence of acute PE between the 2 periods and
therefore assess the indirect effects of anticoagulant treat-
ments in such patients.

As the optimal regimen to prevent VTE in COVID-19 is
still largely unknown, this meta-analysis underlines the
potential of underdiagnosing VTE; important in designing,
performing, and analyzing randomized trials on anticoagu-
lant therapy in patients with COVID-19. Furthermore, our
study reinforces the concept that the accurate identification
of the unfavorable prognostic factors, as acute PE, is essen-
tial in helping clinicians and policymakers tailor the man-
agement strategies for patients with COVID-19.

Our study has several limitations related to the observa-
tional nature of the reviewed studies with all their inherited
biases. In particular, potential underestimation could derive
from not systematically searching for PE at autopsy. Simi-
larly, we cannot assess if adequate prophylactic anticoagu-
lation was consistently administered in each study because
these data were not systematically provided in the review
investigations. Furthermore, few autoptic investigations on
the COVID-19 infection have analyzed the prevalence of

Table 4

Meta-regression analysis of the effects of presenting features on the autop-
tic prevalence of acute pulmonary embolism as an underlying cause of
death in patients with COVID-19

Moderator N° of interactions B 95% CI p
Age (years) 9 0.076  -0.105t0 0.047  <0.0001
Males, % 9 0.002  -0.001 to 0.006 0.01
Obesity, % 7 -0.050  -0.115t0 0.015 0.13
HT, % 5 0.035  -0.059 to 0.012 0.22
DM, % 5 0.027  -0.095 to 0.039 0.41

HT = arterial hypertension; DM = diabetes mellitus.

acute PE as a complication of COVID-19 infection or as
the underlying cause of death, limiting the number of the
studies included in the meta-analysis and the resulting num-
ber of patients. Moreover, considering that most of the
autopsies reviewed were legally mandated, our data could
be partially distorted because the enrollment of these
patients might have determined an involuntary selection
bias. Despite these limitations, to the best of our knowl-
edge, this study is the first systematic review and meta-anal-
ysis providing a clear estimation on the prevalence of acute
PE as both a complication and underlying cause of death in
patients with COVID-19.

In conclusion, based on this systematic review and meta-
analysis, the prevalence of acute PE in autopsy studies
appears higher compared with clinical practice, hinting at
an underestimation of acute PE in patients with COVID-19
in clinical practice.
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