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Background: Many postmortem studies address the cardiovascular effects of COVID-19 and provide
valuable information, but are limited by their small sample size.
Objectives: The aim of this systematic review is to better understand the various aspects of the cardio-
vascular complications of COVID-19 by pooling data from a large number of autopsy studies.
Data sources: We searched the online databases Ovid EBM Reviews, Ovid Embase, Ovid Medline, Scopus,
and Web of Science for concepts of autopsy or histopathology combined with COVID-19, published be-
tween database inception and February 2021. We also searched for unpublished manuscripts using the
medRxiv services operated by Cold Spring Harbor Laboratory.
Study eligibility criteria: Articles were considered eligible for inclusion if they reported human post-
mortem cardiovascular findings among individuals with a confirmed SARS coronavirus type 2 (CoV-2)
infection.
Participants: Confirmed COVID-19 patients with post-mortem cardiovascular findings.
Interventions: None.
Methods: Studies were individually assessed for risk of selection, detection, and reporting biases. The
median prevalence of different autopsy findings with associated interquartile ranges (IQRs).
Results: This review cohort contained 50 studies including 548 hearts. The median age of the deceased
was 69 years. The most prevalent acute cardiovascular findings were myocardial necrosis (median:
100.0%; IQR, 20%e100%; number of studies ¼ 9; number of patients ¼ 64) and myocardial oedema
(median: 55.5%; IQR, 19.5%e92.5%; number of studies ¼ 4; number of patients ¼ 46). The median re-
ported prevalence of extensive, focal active, and multifocal myocarditis were all 0.0%. The most prevalent
chronic changes were myocyte hypertrophy (median: 69.0%; IQR, 46.8%e92.1%) and fibrosis (median:
35.0%; IQR, 35.0%e90.5%). SARS-CoV-2 was detected in the myocardiumwith median prevalence of 60.8%
(IQR 40.4-95.6%).
Conclusions: Our systematic review confirmed the high prevalence of acute and chronic cardiac pa-
thologies in COVID-19 and SARS-CoV-2 cardiac tropism, as well as the low prevalence of myocarditis in
COVID-19. Raghed Almamlouk, Clin Microbiol Infect 2022;28:1066
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Preexisting cardiovascular comorbidities are prevalent among
patients with COVID-19 and associated with a higher mortality rate
[1e3]. For example, in the study reported by the Chinese Centre for
Disease Control and Prevention describing the early experience with
the epidemic in the Hubie province, patients with cardiovascular
comorbidities had a case fatality rate of 10.5% compared with an
overall cohort fatality rate of 2.3% [4]. There is also emerging robust
evidence to suggest long-term cardiovascular sequalae after acute
COVID-19 infection with an increased risk of incident conditions,
including dysrhythmias, ischemic and nonischemic heart disease,
myocarditis, and thromboembolic disease, among different COVID-
19 disease severity groups compared with patients not infected
with COVID-19 [5].

In addition, echocardiographic studies in populations infected
with COVID-19 have demonstrated a high prevalence of ventric-
ular dysfunction. In a prospective international study of 1216
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patients with COVID-19, overall left and right ventricular
dysfunction were reported in 39% and 33%, respectively [6]. Even
in patients without preexisting cardiac disease, abnormal echo-
cardiographic findings were evident in 46% of patients, with 13%
manifesting severe abnormalities [6]. Acute myocardial injury
manifesting as an elevation in cardiac troponins has been re-
ported in 7% to 28% of patients with COVID-19 [7e10]. Such acute
cardiac injury was associated with higher overall mortality [10]. In
a meta-analysis of 13 studies, the risk of death was high among
patients with COVID-19 who had acute myocardial injury as
defined by elevated serum troponins (risk ratio: 7.95; CI,
5.12e12.34; p <0.001; I2 ¼ 65%) [11].

Several mechanisms have been proposed to explain acute
myocardial injury and ventricular dysfunction in patients with
COVID-19, including supplyedemand mismatch secondary to
hypoxemia and elevated cardiac demand, direct damage inflicted
by inflammatory cytokines, microvascular dysfunction, myocar-
ditis, coagulation abnormalities, and coronary artery plaque insta-
bility [12,13]. Other proposed mechanisms, such as vasospasm,
microvascular thrombosis, and myocarditis, could be responsible
for the ST-segment elevation [14].

A direct pathologic cardiovascular examination of decedents
provides important information about the true frequency of cardiac
complications among patients with COVID-19, and sheds light on
possible pathologic mechanisms. Early on, small postmortem
studies described evidence of myocardial inflammation associated
withmyocyte necrosis in patients with COVD-19 [15,16], as well as a
possible direct SARS coronavirus type 2 (CoV-2) infection of the
heart [17]. Moreover, nonspecific longstanding findings, such as
cardiac hypertrophy and fibrosis, suggest underlying cardiovascular
disease in a subset of these patients. Multiple subsequent studies
have been published with varying sample sizes, methodologies,
and findings. These studies provide valuable information about the
nature of cardiac involvement in patients with COVID-19. However,
their small sample sizes make deriving a clear picture of the true
frequencies of cardiovascular complications in this novel disease
challenging. In this international collaboration, we undertook a
systematic review to better understand the pathologic cardiac
findings in patients with COVID-19 at the time of postmortem
evaluation.
Methods

We followed the Preferred Reporting Items for Systematic Re-
views and Meta-analyses guidelines. The protocol of this review
was registered in PROSPERO (CRD42020223551).
Literature search and study selection

The literature was searched by a medical librarian for the con-
cepts of autopsy or histopathology combined with COVID-19. The
search strategies were created using keywords and standardized
index terms (Doc. S1). Searches were run in February 2021 in Ovid
EBM Reviews, Ovid Embase (1974þ), Ovid Medline (1946þ,
including ePUB ahead of print, in-process, and other nonindexed
citations), Scopus (1970þ), and Web of Science (1975þ). We also
searched for unpublished manuscripts using the medRxiv services
operated by Cold Spring Harbor Laboratory. In addition, we
searched Google Scholar and the references of eligible studies and
review articles.

Articles were considered eligible for inclusion if they were
studies with human participants and reported cardiac autopsy
findings among individuals with a SARS-CoV-2 infection. We
included studies published in any language.
Identification of studies

Two reviewers (RA and SO) examined the titles and abstracts of
articles using the studies selection criteria. Then, they examined the
full texts to confirm that each article met the eligibility criteria.

Data collection

Data were extracted by two reviewers (R.A. and S.O.) and in
duplicates into a prespecified data collection form. Disagreements
were discussed with the senior reviewers (I.T. and T.K.). Data were
collected on the following prespecified outcomes: 1) Study loca-
tion, study type, number of cases, patient selection, selection bias,
and autopsy type; 2) baseline characteristics, including age, sex,
ethnicity, body mass index, cause of death, days to death, and
presence of comorbidities; 3) laboratory test values, including
maximum serum troponin levels, serum brain natriuretic peptide,
serum ferritin, and D-dimer levels; 4) cardiac autopsy findings; and
5) ultrastructural studies, including immunohistochemistry and
electronmicroscopy. The Cardiac Autopsy in COVID-19 Study Group
collaborators completed a data collection form (Doc. S2).

One author assessed the studies for risk of selection, detection,
and reporting biases. Specifically, studies were evaluated on
whether consecutively deceased patients with COVID-19 under-
went a cardiac autopsy to reduce selection bias.

Statistical analyses

The number and percentage of patients manifesting different
findings during cardiac autopsies were extracted from each study
and confirmed with the studies' authors. We initially planned to
perform meta-analyses to obtain pooled estimates of the different
findings' prevalences. However, this was not possible due to the
limited number of studies that performed consecutive cardiac au-
topsies. We report the median prevalence of cardiac autopsy find-
ings across studies with sample sizes �5, with associated
interquartile ranges (IQRs) (see Table 1).

Results

Search results and studies characteristics

The search yielded 4760 results. We examined the entire text of
58 manuscripts after removing duplicates and screening the titles.
However, eight studies were excluded, leaving 50 studies with 548
hearts in the final cohort (Fig. 1). Most studies were case reports
(n ¼ 13) or case series (n ¼ 37; Doc. S3). Autopsy cases were ac-
quired from manuscripts spanning experiences from 15 countries.
The number of cases per study ranged from 1 to 80 (median: 4.5),
and five cases were identified as reporting consecutive autopsies
(encompassing 155 subjects) [18e22]. There were 42 minimally
invasive autopsies, 102 partial autopsies, and 301 complete au-
topsies among the autopsies where completeness was stated or
could be inferred.

Patient demographics, comorbidities, and cause of death

The median age of the deceased was 69 years (range,
22e97 years; n ¼ 548), and 62% of cases were men (n ¼ 338 of
548). The most common comorbidities were systemic hyper-
tension (n ¼ 298; 56%) and coronary artery disease (n ¼ 252;
49%). Other less common comorbidities included chronic
obstructive pulmonary disease, diabetes, obesity, chronic kidney
disease, old myocardial infarction, dementia, malignancy, and



Table 1
Summary of median prevalence of cardiac autopsy findings of studies with �5 patients

Autopsy finding Pathology classification Number of studies Total number of patients Median, % Quarter 1, % Quarter 3, %

Viral presence Virology 10 116 60.8 40.4 95.6
Extensive myocarditis Myocarditis 10 175 0.0 0.0 0.0
Focal active myocarditis Myocarditis 13 235 0.0 0.0 13.4
Multifocal myocarditis Myocarditis 9 131 0.0 0.0 2.1
Infiltrates without myocyte injury Myocarditis 15 279 0.6 0.0 9.8
Pulmonary embolism Thromboembolic 15 311 22.2 16.7 32.1
Microvessel thrombi Thromboembolic 8 103 36.2 17.6 61.7
Cardiac large vessel thrombi Thromboembolic 9 162 14.3 13.3 22.8
Acute myocardial infarction Thromboembolic 7 104 11.8 7.9 13.8
Small vessel vasculitis Inflammatory 3 86 28.6 16.0 32.5
Epi-pericarditis Inflammatory 6 110 15.5 11.9 19.2
Cardiac oedema Gross pathology 4 46 55.5 19.5 92.5
Necrosis Gross pathology 9 64 100.0 20.0 100.0
Fibrosis Chronic 13 183 42.9 35.0 90.5
Amyloidosis Chronic 8 131 13.6 9.8 17.4
Atherosclerotic coronary artery disease Chronic 14 250 46.2 21.6 80.1
Hypertrophy Chronic 18 303 69.0 46.8 92.1

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses 2009 flow diagram.
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sleep apnoea (Fig. 2). Elevated troponin was demonstrated in 55%
of cases.

The cause of death was reported in 479 cases, with the most
reported being respiratory in origin. However, in 62 cases, cardiac
involvement was identified as a key factor in mortality. The median
time from the onset of symptoms to death was 9 days (range,
0e71 days; n ¼ 401).
Cardiovascular autopsy findings

General findings
Cardiac abnormalities were found in gross pathology or his-

tology test results in almost all cases. Heart weights were available
for 276 hearts (51%), with a median weight of 465 g (range,
238e1070 g).



Fig. 2. Bar chart showing reported comorbidities of deceased patients included in this cohort. CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; MI, myocardial infarction. Data labels show the prevalence of reported comorbidities (can overlap in a single patient).
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SARS coronavirus type to infection of the heart
Nineteen studies [17e19,23e28] with 217 cases explored the

presence and localization of SARS-CoV-2 infection in the heart
using different modalities, including RT-PCR, immunohistochem-
istry, in situ hybridization, and electron microscopy. Ten studies
[18,19,26e28,30,32,33,35,37] with a total of 116 cases detected
SARS-CoV-2 infection in the cardiac tissues in 70 cases with a
median of 60.8% (IQR, 40.4%e95.6%; Fig. 3).

Active replication of SARS-CoV-2 within the heart was deter-
mined using the RNA scope in situ hybridization technique looking
for the presence of the negative strand of the SARS-CoV-2 viral RNA
or through the identification of subgenomic RNA, both of which
indicate active viral replication. Four investigators employed these
techniques in 55 cases [18,27,28,33], and verified the presence of
active SARS-CoV-2 viral replication in 15 hearts (27%).

Localization of SARS-CoV-2 within different cardiac cell com-
partments was studied by nine investigators [23,25,26,30,
33,34,36e38] in 56 hearts from total of 95 cases using electron mi-
croscopy or immunohistochemistry. The presence of SARS-CoV-2
infection within the cardiomyocytes was reported in 11 hearts by
four investigators [30,33,34,36]. SARS-CoV-2 infection was also
detected in cardiac vascular endothelial cells in seven hearts and in
cardiac fibroblasts in one heart [26,34]. On the other hand, other
investigators [23,25,26,37,38] could not detect SARS-CoV-2 infection
within any cell type in the heart.
Myocarditis
The majority of studies did not specify what definition of

myocarditis was used. However, we inferred from the description of
the histopathological findings that the Dallas criteria were used by
most studies. Several investigators used immunohistochemical
studies with different antibodies to identify subtypes of cellular
infiltrates, but most did not use immunohistochemical criteria to
diagnose myocarditis. In total, 36 cases had myocarditis and 16 had
inflammatory infiltrates but no myocyte damage (Fig. 3).

Few cases reported extensive myocarditis, ranging from 0.0% to
19.3%, with a median of 0.0% across 10 studies [20,23,26,28,32,
37,39e42] with a total of 175 cases (Fig. 3). Grosse et al., who
authored the only consecutive study to report a prevalence for this
finding, did not find any cases of extensive myocarditis across 14
cases. Focal active myocarditis was reported by 13 studies
[20,21,23,25,26,28,32,37e40,42,43], ranging from 0.0% to 55.5%.
Nine studies [19,20,26,28,32,37,39,42,44] with total of 131 cases
described multifocal myocarditis with a median prevalence of 0.0%
(IQR, 0.0%e2.1%). Finally, 15 studies [18,20e22,26e28,32,35,
37,39,40,42,44,45] with 279 cases reported infiltrates without
myocyte damage with a median prevalence of 0.6% (range, 0.0%e
28.9%; Fig. 3).

Other acute cardiac pathologic changes
Necrosis had the highest median reported prevalence across

nine studies, of which none were considered consecutive studies,
including 64 autopsies [28,29,31,34,40,43,46e48] with a median of
100% (n ¼ 64; IQR, 20.0%e100%). This was followed by cardiac
interstitial oedema (n ¼ 46; median: 55%; IQR, 19.5%e92.5%)
[22,27,30,42], with Duarte-Neto et al. reporting a prevalence of 90%
across ten consecutive autopsies (Fig. 3).

Microvessel thrombi had the highest reportedmedian prevalence
across the category of thromboembolic disease among eight studies,
reporting a similar prevalence across the studies [22,23,27,28,30,
38,44,49] with 43 of 103 cases (median: 36.2%; IQR, 17.5%e61.7%).
Alternatively, acute myocardial infarction had the lowest reported
median prevalence in this category (median: 11.8%; IQR, 7.9%e13.8%;
Fig. 3). Acute epi-pericarditis was reportedwith amedian prevalence
of 15.5% (IQR, 11.9%e19.2%) across six studies [28,30,33,38,39,41] in
29 of 110 cases, and small vessel vasculitis had a median reported
prevalence of 28.6% (IQR, 16.0%e32.5%) across three studies
[38,41,43] in 12 of 86 cases (Fig. 3). Other less frequently reported
findings include single-cell ischemia in one of seven patients [35],
myocyte ischemic degeneration with pyknosis in one case report
[50], and contraction bands in one of three cases [51].

Chronic cardiac findings
Hypertrophy was the most common pathological finding with a

median of 69.0% (IQR, 46.8%e92.1%) across 18 studies
[18e20,22,23,25,28,31e33,35,38,39,41e43,45,49] in 197 of 303
cases. Fibrosis was reported in 13 studies [20,22,25,27,28,30e32,
37,42e45] with a median of 42.9% (IQR, 35.0%e90.5%) in 104 of 183
cases. Among these 13 studies, ten studies reported various details
about the nature of fibrotic changes [20,25,27,28,30,31,37,42,44,45].
Two studies [42,44] reported on the severity of fibrosis with 32
cases (20 with mild and 8 with moderate fibrosis). Six studies



Fig. 3. Box-and-whisker plot of cardiac autopsy findings of studies with �5 patients as median percentage prevalence and associated interquartile ranges. CAD, coronary artery
disease.
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[20,27,28,30,31,44] reported on the extent of fibrosis in a total of 98
cases. There was fibrosis in 46 of these cases, which was diffuse in
18 cases and focal or patchy in 28 cases. Replacement fibrosis was
described by two authors [25,27] in eight cases. Eight studies
[18,20,23,25,28,31,35,45,49] with 131 patients observed amyloid-
osis in 21 cases with a median prevalence of 13.6% (IQR, 9.8%e
17.4%). The type of amyloidosis was reported in 14 of these cases,
and determined to be transthyretin in 13 cases and amyloid P in one
case, with patient age ranging between 71 and 96 years
[20,23,28,31,35,45]. Other less-reported pathologies were chronic
pericarditis, reported by three studies in 17 of 47 cases [28,33,43],
and ischemic heart disease in 1 of 3 cases in one study [50].
Discussion

General autopsy findings and clinical correlation

This systematic review of pathology-derived cardiac changes in
patients with COVID-19 included 50 studies with more than 500
cases, and was the effort of an international collaboration. Themost
prevalent chronic changes were myocardial hypertrophy, underly-
ing coronary artery disease, and fibrosis (median: 69.0%, 46.2%, and
42.9%, respectively). The high prevalence of chronic cardiac pa-
thologies among patients who died due to COVID-19 supports the
findings from previously published epidemiologic studies [1e3].

Interestingly, another underlying cardiac disease, amyloidosis,
was reported in a median of 13.6% of patients with COVID-19, with
patient age ranging between 71 and 96 years. The overall preva-
lence of cardiac amyloidosis in an unselected, sequential autopsy
population was reported at approximately 4% [23]. Conversely, a
Finnish autopsy study of individuals age >85 years detected cardiac
amyloidosis in 25% of cases [52]. Although cardiac amyloidosis
prevalence almost certainly increases with patient age, cardiac
amyloidosis is also likely underdiagnosed, particularly among pa-
tients with heart failure and preserved ejection fraction [53e55].
Nevertheless, the relatively high proportion of cardiac amyloidosis
among decedents with COVID-19 compared with unselected au-
topsy rates suggests that this condition may render patients
vulnerable to adverse outcomes from SARS-CoV-2 infection. This is
further supported by the average age of patients with cardiac
amyloidosis who died of COVID-19. Possible mechanisms for this
complication have been proposed; however, decreased cardiac
reserve innate to underlying cardiovascular disease, including
amyloidosis, likely plays a significant role [56].
The prevalence of acute thromboembolic pathologies in
descending frequency included microvessel thrombi (36.2%), pul-
monary embolism (22.2%), cardiac large vessel thrombosis (14.3%),
and acute myocardial infarction (11.8%). The increased cardiac and
pulmonary vascular thrombi correlate strongly with the clinical
evidence of increased thromboembolic phenomena in patients
with COVID-19. Moreover, these thrombotic changes, along with
the observed high prevalence of acute cardiac injuries (e.g. necrosis,
oedema, and epi-pericarditis) are concordant with the clinically
documented ventricular dysfunction [6] and serologic markers of
cardiac injury, such as increased troponins [7e10]. In fact, micro-
vascular thrombosis has been cited as the causative agent of cardiac
injury in most decedents with COVID-19 [57]. This finding dovetails
with the lower prevalence of large vessel cardiac thrombosis, and is
consistent with the coronary angiographic findings in patients with
COVID-19, wherein a culprit lesion was not identified in more than
40% of patients with suspected acute myocardial infarction [14].
SARS-CoV-2 cardiac tropism

SARS-CoV-2 gains entry into the host cells through the binding
of its spike protein to the angiotensin-converting enzyme 2 with
the help of the host transmembrane protease serine 2 [58]. Both
proteins have been shown to be expressed in the heart [23,59e61].
The predecessor of SARS-CoV-2 (SARS-CoV and its associated syn-
drome SARS) also uses the angiotensin-converting enzyme 2 pro-
tein for cell entry, and has been shown to infect the heart and
induce inflammatory changes based on data from the first decade
of the 21st century [61]. These findings, along with the clinical
observations of acute cardiac injury among patients with COVID-19,
prompted several investigators to address three important ques-
tions: 1) Is SARS-CoV-2 present in the hearts of decedents with
COVID-19; 2) if so, which cell type(s) does SARS-CoV-2 infect; and
3) can SARS-CoV-2 replicate in heart tissues?

Twenty studies explored the presence of SARS-CoV-2 within the
heart, the majority of which targeted the identification of SARS-
CoV-2 RNA in heart tissues using RT-PCR or in situ hybridization.
Other employed techniques included immunohistochemistry to
identify SARS-CoV-2 proteins (e.g. spike or nucleocapsid protein),
as well as electron microscopy. These investigators identified the
presence of SARS-CoV-2 in almost 60% of the examined hearts.
Additionally, a few investigators identified SARS-CoV-2 replication
within heart tissues in several cases [18,27,28,33]. Furthermore,
studies investigated cell-type localization of SARS-CoV-2within the
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heart, and provided evidence of the presence of SARS-CoV-2 viral
particles within the cardiomyocytes [30,33,34,36]. Bulfamante et al.
observed degenerative changes in cardiomyocytes containing
SARS-CoV-2 viral particles [33]. These findings are supported by a
study that demonstrated SARS-CoV-2 infection and propagation in
induced pluripotent stem cell-derived cardiomyocytes [62]. SARS-
CoV-2 has also been found in vascular endothelial cells and car-
diac fibroblasts [26,34]. These reports establish SARS-CoV-2 cardiac
tropism, and present a possible link between SARS-CoV-2 and
certain acute cardiac pathologies (e.g. myocarditis). However,
although RT-PCR represents a time-efficient method to determine
tissue positive for SARS-CoV-2, RT-PCR does not allow for tissue
localization. Wong et al. suggested and attempted to validate a
Fluorescence In Situ Hybridization (FISH) method using positive
and negative controls by detecting endogenous human genes
(POLR2A and PPIB) and a bacterial gene (dap gene of Bacillus sub-
tilis) to allow for a tissue-specific analysis [63].

SARS-CoV-2-induced myocarditis

In this review, we subdivided the reported cardiac inflammatory
processes in patients with COVID-19 into four categories based on
the degree of myocardial involvement and the presence of associ-
ated myocyte damage. Overall, the prevalence of each category was
low, with vast differences between individual studies that cannot
be explained solely by the methodological differences of the
studies, and likely indicate significant selection and reporting bias.
The median reported prevalence of extensive myocarditis, multi-
focal active myocarditis, and focal active myocarditis were all 0.0%,
and the median prevalence of inflammatory infiltrate without
myocyte damage was 0.6%.

Regrettably, clinical correlation or pooled prevalence estimates
in the included reported autopsy series were not possible due to the
heterogenous results and paucity of clinical and imaging data
provided. Nonetheless, reports of clinically diagnosed myocarditis
with pathologic correlation have been reported among inpatients
with COVID-19 [36,48,64]. Intriguingly, Gauchotte et al. demon-
strated pathologic evidence of myocarditis without lung involve-
ment, and further showed the presence of the SARS-CoV-2 genome
in cardiomyocytes in this case [36]. This finding is concordant with
other studies suggesting a greater degree of inflammation with
viral presence in the heart [65].

The diagnosis of most cases of myocarditis included in this re-
viewwere based on the Dallas criteria. This methodology, although
widely accepted, is not without its inherent limitations. First and
foremost, the Dallas criteria were developed to diagnose myocar-
ditis by endomyocardial biopsy (EMB), not autopsy, wherein amore
abundant amount of tissue is available for histologic evaluation.
The generalization (and clinical significance) of small foci of myo-
cyte damagewithin autopsy-derived cardiac tissue is challenging to
ascertain. Other limitations of the Dallas criteria include significant
interobserver variability and sampling errors [66,67].

Although less of an issue in autopsy-derived tissue, the focal
nature of the disease leads to sampling errors that have been shown
to compromise the sensitivity of the histopathological diagnosis of
myocarditis by EMB [68,69]. Chow et al. had estimated that a mean
of 17 samples per patient would be required to establish a diagnosis
of myocarditis [69], which likely explains why examining an
increased number of cardiac tissue blocks at the time of autopsy
resulted in a greater likelihood of identifying focal myocarditis.

The overall low prevalence of myocarditis in patients with
COVID-19 is of interest, particularly when placed in the greater
context of the available literature. In a recent meta-analysis on the
diagnosis of myocarditis by EMB (including 61 studies with 10,491
patients), the prevalence of myocarditis according to the Dallas
criteria was 8.04% [70]. This diagnosis was made on the relatively
limited amount of tissue provided by EMB. In contrast, this review
shows a myocarditis prevalence of 8% in abundant available tissue,
often comprising multiple blocks of myocardium with greater or-
ders of magnitude in the amount of tissue to examine. The pretest
factors among these data points differ, but underscores the overall
low prevalence of myocarditis in COVID-19 deaths and is concor-
dant with previous literature reviews on the topic [71].

Prior studies have shown the added sensitivity of immunohis-
tochemistry in the diagnosis of myocarditis. Katzmann et al.
showed that the sensitivity of the Dallas criteria in detecting
myocarditis was much lower than when immunohistochemistry is
utilized, with a detection rate of 50.8% (vs. 8.04% without immu-
nohistochemistry) [70]. In another study of 84 cases of myocarditis
based on the immunohistochemistry criteria, applying the Dallas
criteria without immunohistochemistry would have categorized
only 8% of these case as active myocarditis [72].

The true prevalence of myocarditis in COVID-19 remains very
hard to determine from the current autopsy and imaging studies,
the latter of which shows a discordantly high prevalence of
myocarditis compared with postmortem examinations. A recent
systematic review of cardiovascular magnetic resonance findings in
COVID-19 including 199 patients showed that myocarditis was the
most prevalent diagnosis (40.2%) [73]. Future studies should inte-
grate clinical imaging and more rigorous and systematic autopsy
studies to help resolve this issue. Such initiative should be con-
ducted in the form of an international registry that uses a unified
autopsy examination and imaging protocols in accordance with
published guidelines [74,75].

Limitations

This systematic review included the largest number of studies
and cases published to date on cardiac changes in fatal COVID-19
with both qualitative and quantitative analyses of different car-
diac pathologies observed in COVID-19. However, our study has
several limitations. First, the majority of the included studies were
small. Second, these studies were heterogeneous in their method-
ologies and patient cultural origins, with very few studies per-
forming consecutive autopsies, which makes meta-analyses
unfeasible. Moreover, selection and reporting bias likely affected
most included studies, as evidenced by the nonconsecutive nature
of case recruitment and the very high differences between the
studies in the perveances of reported pathologies.

Conclusions

Our systematic review confirmed the high prevalence of acute
and chronic cardiac pathologies in the autopsy-derived hearts of
decedents with COVID-19. These findings help explain observations
from clinical epidemiologic studies, such as thromboembolic phe-
nomena and acute myocardial injury. Our study also provides evi-
dence for SARS-CoV-2 cardiac tropism, and confirmed the low
prevalence of myocarditis in patients with COVID-19.
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