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The COVID-19 pandemic, the result of severe acute respiratory syndrome (SARS)-CoV-2, is a major cause
of worldwide mortality with a significant cardiovascular component. While a number of different cardio-
vascular histopathologies have been reported at postmortem examination, their incidence is unknown,
due to limited numbers of cases in any given study. A literature review was performed identifying 277
autopsied hearts across 22 separate publications of COVID-19 positive patients. The median age of the au-

Keywords: topsy cohort was 75 and 97.6% had one or more comorbidities. Initial review of the data indicate that my-
CovID-19 ocarditis was present in 20 hearts (7.2%); however, closer examination of additional reported information
SARS-CoV-2 revealed that most cases were likely not functionally significant and the true prevalence of myocarditis
?r:l;gcpjilditis is likely much lower (<2%). At least one acute, potentially COVID-19-related cardiovascular histopatho-

logic finding, such as macro or microvascular thrombi, inflammation, or intraluminal megakaryocytes,
was reported in 47.8% of cases. Significant differences in reporting of histopathologic findings occurred
between studies indicating strong biases in observations and the need for more consistency in reporting.
In conclusion, across 277 cases, COVID-19-related cardiac histopathological findings, are common, while

heart
inflammation

myocarditis is rare.

© 2020 Elsevier Inc. All rights reserved.

1. Background

The severe acute respiratory syndrome (SARS)-CoV-2 coron-
avirus causing COVID-19 was initially detected in Wuhan, China
at the end of 2019 and has now caused a global pandemic re-
sulting in the loss of over 1 million lives [1]. The initial clinical
reports described a severe pneumonia and cardiovascular disease,
although most organs were reported to be involved in some capac-
ity. The cardiovascular morbidity was based on clinical, radiologi-
cal, and laboratory measurements [2]. As autopsies were generally
not performed, or at least not published, from the earliest Wuhan
experience, many of the concepts concerning SARS-CoV-2 and car-
diovascular disease were made in the absence of histopathological
review.

Among the commonly described cardiovascular complications
of SARS-CoV-2 were myocarditis, stroke, other thrombotic events,
and myocardial infarction [3,4]. Later cardiovascular concerns in-
cluded a systemic inflammatory response involving the endothe-
lium and a rare, but serious, multisystem inflammatory syndrome
in children that involved the entire vasculature [5].
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Potentially concerning cardiovascular disease data has also
come from early COVID-19 survivor studies. One study suggested
that after 2+ months post-SARS-CoV-2 positivity that 78% of sur-
vivors had lingering heart disease, of which 60% had myocarditis
[6]. A preprint, also looking at health-care workers >2 months af-
ter disease resolution suggested rates of myocarditis, myopericardi-
tis, and pericarditis at 26%, 11%, and 4% respectively. Both studies
relied on cardiac magnetic resonance imaging (MRI) and hsTnT for
these diagnoses [7].

All of these clinical and radiological findings would benefit
from the definitive diagnoses available through complete and well-
performed postmortem examinations. Fortunately, there have been
a number of small to medium sized autopsy case series that have
documented cardiovascular diseases. While the depth and quality
of reporting may vary across studies, a wide range of histopatholo-
gies have been described in these COVID-19 fatalities, from which
general concepts of the disease can be learned. However, when
findings are reported in small numbers of samples, it has not been
possible to determine the true frequencies of their occurrence. For
that, ideally hundreds of cases should be used. This manuscript
is an attempt to collect the cardiovascular findings summed from
all current reported autopsy series, such that reasonable rates
of various histopathologic diagnoses can be obtained based on a
significant sample size. This data demonstrates a wide collection of
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histopathologies, a concerning study-to-study difference on what
histopathologies are reported, and overall low rates of myocarditis.

2. Material and methods
2.1. Cohort collection

A literature review was performed of the terms “COVID-19” and
“autopsy” or “postmortem” at both Google Scholar and PubMed
limited to the year 2020 searched before September 24, 2020.
Additional COVID-19 autopsy manuscripts were identified based
on the citations of these manuscripts. This resulted in 22 studies
with at least 2 autopsies reported (Supplemental Table 1) [8-29].
Individual case reports were excluded. Epidemiological, clinical,
and autopsy finding data, as available, was compiled into a sin-
gle table (Supplemental Table 2). Like terms were merged (e.g.,
chronic renal failure, end stage renal disease, and renal insuffi-
ciency) across the cohorts as disease descriptions were variable
by study. The term “heart disease” captured atrial fibrillation,
ischemic cardiomyopathy, heart failure, coronary stenting, valvular
disease, and other rarer entities. Similar terms “apoptotic bodies,”
“single cell ischemia,” and “single cell necrosis” were collapsed
into “single cell ischemia.”

Two studies utilized 12 of the same patients and this data was
reported through the larger study [11,16]. Three SARS-CoV-2 viral
PCR negative, but presumed COVID-19+ cases, were excluded from
one study [17], but in a second study a “nondefinitive” SARS-CoV-
2 could not be removed among 10 autopsies as the data was not
available per case [14]. In one series, a heart was not evaluated in
one autopsy and that case was removed [15]. Days from diagno-
sis to death were variably reported and in some reports, only hos-
pitalized days were noted. Thus, the longest time course for each
subject was included, when reported, but likely undercounts the
full-time course of disease.

Autopsies were considered complete if either the authors re-
ported as such (“complete” or “complete, no brain”) or if organ
findings were described from above and below the diaphragm in
the report. This was to compare against “in situ” or “core biopsy”
types of autopsy.

2.2. Data organization and adjudication

The data reporting was variable by study and an attempt to
reach the corresponding author of many studies was made to de-
termine if additional epidemiological and clinical information clari-
fication (e.g., sex, body mass index (BMI), postmortem interval, and
heart weight) could be provided to improve the strength of the
dataset. Additionally, some reports that represented extreme out-
liers for the frequency of certain cardiovascular findings and an at-
tempt was made to adjudicate, with the corresponding author, an
attempt to properly report on the case findings.

2.3. Statistics

A 2-sided Fisher’s Exact Test, performed in R (version 3.5.3),
was used to determine skew in reporting of myocarditis cases
across publications. A 2-tailed t test (assuming unequal variances),
performed in Excel, was performed on BMI data.
3. Results
3.1. Patient demographics

Autopsy cases were obtained from 22 separate manuscripts

spanning the experiences from 10 countries (Fig. 1A). The num-
ber of cases per manuscript ranged from 2 to 80 (median 10.5)
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and 7 of these manuscripts covering 165 subjects were reported as
“consecutive autopsies” series, removing potential selection biases
(Table 1). There were 293 total cases but 16 were removed (includ-
ing the duplication of an entire publication) for a final cohort of
277 hearts. The cohort was 172 men (62%) and 105 women with a
median age of 75 (range 22-97). Of the autopsies where complete-
ness was reported or could be inferred, 18 were minimally inva-
sive, 4 were partial and 221 were complete (+ brain). The median
number of days from diagnosis to fatality was 10 (range 1-51 days).

3.2. Cardiovascular co-morbidity data

A number of co-morbidities were common in this SARS-CoV-
2+ cohort. Hypertension was reported in 152 individuals. Diabetes
(predominately type II) was reported in 89 subjects. There were 44
reports of obesity, however, 53 subjects had a BMI of >30 (38%).
The median BMI was 26.9, but varied significantly between US
cases (34.05) and non-US cases (25.2, P=.0001, t test). All other
forms of heart disease including cardiomyopathies, atrial fibrilla-
tion, coronary artery disease, and prior heart surgeries were col-
lapsed into one group, of which 153 subjects (55%) reported at
least one of these co-morbidities (Table 1).

3.3. Noncardiovascular co-morbidity data

Common noncardiovascular co-morbidities in this autopsy co-
hort included obstructive pulmonary disease (COPD)/emphysema
(n=70), chronic renal disease (n=51), malignancy (n=44), sleep ap-
nea (n=12), and dementia (n=34). Less frequent co-morbidities in-
cluded Down Syndrome (n=3), HIV/AIDS (n=3), and lupus (n=1).
Only 6 individuals had no reported co-morbidities (average age
52.3).

3.4. Cardiovascular autopsy findings

Heart weights were available on 73 hearts (26%) with the me-
dian weight being 483 gm (range 250-1070 gm). Although chronic
non-COVID-19-related changes such as fibrosis and scarring were
reported for many autopsies, those results are not given here.
Acute myocardial infarctions were reported in 13 cases (4.7%). My-
ocarditis was reported in 20 cases (7.2%), pericarditis in 19 cases
(6.9%), nonmyocarditis inflammation in 35 cases (12.6%), single cell
ischemia in 38 cases (13.7%), small vessel thrombi in 30 cases
(10.8%), intravascular megakaryocytes in 9 cases (3.2%), and amy-
loidosis in 11 cases (4%). In most of the reports there was very
little description of these entities beyond stating their presence.
For example, the single cell ischemia was described variably as
“scattered individual cell myocyte necrosis,” “myocytes damage,”
and “focal necrosis.” [15,20,27,28]. A macrovascular thrombus, oc-
curring anywhere throughout the vasculature (deep vein thrombo-
sis, pulmonary embolism, mural thrombus, cardiac vein, etc.) was
noted in 53 cases (19.1%). At least one COVID-19-related cardio-
vascular histopathologic finding (all of the above except amyloi-
dosis) was reported in 47.8% of cases where this could be deter-
mined. In comparing the 22 different reports, it became clear that
while some histopathologic entities were seen/reported by multi-
ple groups, many entities were reported at high levels specifically
in one cohort. This unusual skewing was further evaluated.

3.5. Differences in cardiovascular findings by publication

Nine different histopathologic cardiovascular findings, predomi-
nately acute and assumed COVID-19-related, were evaluated across
the 22 studies, and most demonstrated observer/reported based
skewing of frequencies. The most extreme example of skewing
is the presence of intraluminal megakaryocytes. Megakaryocytes
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Fig. 1. Autopsy cohort information. (A) Relative number of the 277 autopsy cases from each country (the distribution of cases from a consortium could not be determined,
but included the Netherlands, Italy and USA). (B) The presence of intravascular megakaryocytes are only described in 2 cases. (C) Although myocarditis was diagnosed in
multiple studies, the overall prevalence was significantly skewed due to 12 reports in one study.

within small vessels were noted in all 7 autopsy hearts of one
study [22] and both hearts of a second study [18], but were not
noted in any of the other 20 studies (100% vs 0%; Fig. 1B). Of 19
pericarditis cases, 13 were reported from one study [28]. Myocardi-
tis was reported across 6 studies. However, of the 20 total cases of
myocarditis, 12 were reported in a single study of 22 subjects (55%
of that study; Fig. 1C) [28]. This skew in reporting was significant
(P=2.3e-07, Fisher exact test, 2-sided), as an unbiased distribution
of myocarditis cases, based on a rate of 7.2% would not predict that
many cases from a single cohort. Amyloidosis, albeit not the result
of COVID-19, was a more homogeneous finding, being reported in
5 separate studies with the highest incidence in any study being
28.5% (6 of 21 cases).

3.6. Analysis of myocarditis reporting

Due to the enormous interest in COVID-19 myocarditis, specific
attention to this entity is provided. Six manuscripts reported at
least one case as having myocarditis. One manuscript [11] con-
tained 12 autopsy cases and reported “lymphocytic myocarditis
was seen in the right ventricle” for one case with an accompany-
ing picture showing one focus of notable inflammation. The cause
of death was listed as pulmonary embolism and pneumonia. A sec-

ond manuscript [22] contained 7 subjects and one subject “had a
focal acute lymphocytic epimyocarditis.” Of note, “multiple addi-
tional sections of cardiac tissue were taken without further evi-
dence of inflammation.” The authors suggested this finding may
be nonspecific and not a cause of cardiac dysfunction. A third
manuscript [19] contained 14 patients and in one “myocarditis was
present with aggregates of lymphocytes surrounding necrotic my-
ocytes.” Figures demonstrated foci of modest lymphocytic infiltrate
with a damaged myocyte. Of note, that patient also tested posi-
tive for influenza A. A fourth manuscript [14] described “mild lym-
phomononuclear myocarditis” in 2 of 10 cases. These hearts were
evaluated by a single 14 gauge TruCut needle biopsy without any
images of the infiltrate provided. A fifth manuscript [28] reported
myocarditis in 12 of 22 cases in tabular form without description
in the text. An accompanying figure legend states “active myocardi-
tis is characterized by mononuclear, predominantly lymphocytic
infiltrate, associated with focal myocytes necrosis” and the 2 im-
ages show, at most, scant inflammation and a possible single cell
necrosis. A sixth manuscript [29] reported myocarditis in 3 of 21
cases. The authors defined myocarditis as “the presence of an in-
flammatory infiltrate associated with myocyte injury not due to
some other cause, which was present in multiple foci.” Multiple
images were provided and demonstrated significant and diffuse in-
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Table 1
Demographic and histopathologic findings
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Study characteristics Median/Count Percent  Available data points
Autopsied hearts 277
Reports 22
Consecutive autopsies 165 73.0% 226
Demographics
Male 172 62.1% 277
Age 75 (range 22-97) 254
BMI 26.9 (range 14.9-59) 139
Disease length' 10 days (range 1-51) 167
Heart disease 153 55.2% 277
Hypertension 152 54.9% 277
Diabetes” 89 32.1% 277
Obesity 44 15.9% 277
COPD/emphysema 70 25.3% 277
Renal disease 51 18.4% 277
Malignancy 44 15.9% 277
Sleep apnea 12 4.3% 277
Dementia 34 12.3% 277
Cardiovascular findings
Heart weight 483 gm (range 250-1070) 73
Cardiac amyloidosis 11 4.0% 277
Myocarditis 20 7.2% 277
Pericarditis 19 6.9% 277
Nonmyocarditis inflammation 35 12.6% 277
Single cell ischemia 38 13.7% 277
Small vessel thrombi 30 10.8% 277
Macrothrombi 53 19.1% 277
Intravascular megakaryocytes 9 3.2% 277
Acute myocardial infarction 13 4.7% 277
Key

! Mimimal time from diagnosis/symptoms to death.

2 Both type I and type II.

flammation in 2 cases and more modest inflammation in the third
case, but with myocyte injury.

4. Discussion

The summed findings of 277 cardiac autopsy reports from 22
studies demonstrate modest frequencies of COVID-19-related car-
diac histopathologies. This is in marked contrast to the high rate
of pulmonary findings in autopsies such as diffuse alveolar damage
and acute lung injury [29]. The most commonly reported cardiac
findings were a nonmyocarditis inflammatory infiltrate and single
cell ischemia occurring in 12.6% and 13.7% of cases respectively.
Acute myocardial infarctions were noted in 4.7% of individuals and
myocarditis was reported in 7.2% of cases.

In evaluating these 22 different reports, an important factor in
the frequency of these histopathologies is the low level of consis-
tency of reporting across studies and lack of a common COVID-
19 presentation. Some of this relates to different autopsy method-
ologies used, particularly for noncardiac thrombus identification.
However, extremely skewed rates of reporting for megakaryocytes
in small vessels or the claim of myocarditis, indicate a need for
a more rigorous approach to categorizing heart findings. The at-
tached checklist is designed to aid pathologists in assessing heart
pathologies that have been described in COVID-19 autopsies (Sup-
plemental Table 3). It will be useful for all institutions to re-
port positively or negatively on unusual and subtle findings such
as microvascular thrombi or intravascular megakaryocytes. It is
unknown how frequently these entities were not considered or
missed and having a routine reporting approach may result in
large changes in the frequency of some subtle findings. Regardless,
across these 277 cases, no distinct histopathology of COVID-19 has
yet emerged.

The low incidence of COVID-19 myocarditis across this large se-
ries stands in sharp contrast to the reports of COVID-19 survivors
having a myocarditis rate of 60% as determined by cardiac MRI.

Even this reported rate of 7.2% is likely a significant overstatement
of the true incidence of fatal COVID-19. A desire by pathologists
to identify myocarditis might have played a role. The first COVID-
19 autopsy series appeared in early April, 2020. Prior to that, our
understanding of cardiovascular pathology was based upon clinical
and radiological findings. Those reports indicated frequent cases of
myocarditis, even fulminant myocarditis [30,31]. Thus, when post-
mortem examinations began to occur, there was a strong desire
by pathologists to validate that clinical finding and declare any in-
flammation as myocarditis. Unfortunately, or perhaps fortunately,
it has not been the case that myocarditis is occurring at that ex-
pected high frequency, and other primary or secondary cardiovas-
cular injuries seem more likely culprits. The descriptions of in-
significant inflammation as “myocarditis” across these autopsies
may have been an attempt to satisfy this expectation of disease,
rather than represent a true viral myocarditis of the extent that
can cause real cardiac injury or death.

Myocarditis is generally defined as the presence of an inflam-
matory infiltrate with adjacent myocyte injury. That infiltrate is
lymphocyte predominant, particularly with viral infections. Occa-
sionally the dominant cell type of myocarditis can be eosinophils
or rarely neutrophils. There is no formal definition of myocarditis
for autopsy studies thus a wide range of histopathologies can be
included under the umbrella designation of “myocarditis.” The Dal-
las criteria to diagnose myocarditis were developed for endomy-
ocardial biopsies although they have been used in the setting of
autopsy [32]. It is thought that many elderly hearts contain small
collections of tissue lymphocytes. These small foci of inflamma-
tory cells are not sufficient evidence of myocarditis without necro-
sis [33]. There is a chance of identifying one of these sites on any
random section and these should not be overcalled as myocarditis.
That is likely one reason a distinction was made by some of the au-
thors between calling their findings myocarditis and nonmyocardi-
tis inflammation. A myocarditis that is sufficient to cause cardiac
dysfunction is expected to be diffuse or multifocal with a signifi-
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cant amount of infiltrate and myocyte injury. Of note, a reinvesti-
gation of autopsy-reported myocarditis deaths in Finland, using the
Dallas criteria adjudicated only 32% (46 of 142) of the cases as true
myocarditis, indicating a significant over-diagnosis rate [32].

There were 20 reports of myocarditis in this cohort. However,
the evidence supporting 16 of these are questionable. If those cases
were reported as nonspecific inflammatory infiltrates [33], the in-
cidence of myocarditis falls to 1.4%. Even among these remaining
4, it is not clear from the manuscripts that COVID-19 myocardi-
tis was determined as the cause of death [29]. Considering the
SARS pandemic (>8,000 infected) caused no known myocarditis
cases [34] and the MERS epidemic (>2,000) caused only a sin-
gle MRI-diagnosed case of myocarditis [35], this seems to be a
rate more typical of severe coronaviruses. Even a low myocardi-
tis rate of ~1.4% among fatal cases would still predict hundreds of
thousands of worldwide cases of myocarditis in severe COVID-19
due to the enormous numbers of infected individuals. Low rates
of myocarditis do not indicate that SARS-CoV-2 individuals are not
having cardiovascular problems, but rather those complications are
likely due to other stressors such as endothelial cell activation, cy-
tokine storms, or electrolyte imbalances. It will be incumbent on
our colleagues in radiology to better interpret the meaning of car-
diac MRI changes and other study data in light of this low inci-
dence of histopathologic myocarditis [6,36].

There are multiple limitations to this study. As stated, a range
of histopathologic and clinical descriptions were used by the dif-
ferent authors and some collapsed terminology may not be di-
rectly the same between manuscripts. The study is reliant on each
pathologist adequately evaluating the autopsy hearts, which may
have been secondary considerations in some studies. Consistent
with this concern, the one study authored by members of the
two main cardiovascular pathology societies identified significantly
more subtle histopathology than many other studies [29]. As stud-
ies focused on different aspects of the disease, some data points
were missing or collapsed across multiple individuals. Only 142
cases were of “consecutive study” design, thus some biases known
(e.g., nonacute lung injury only cases) and unknown may impact
on the autopsies included. This study did not include any cases
of multisystem inflammatory syndrome in children, which by case
report [37] and personal experience, has an exuberant endotheli-
itis/myocarditis picture. This analysis did not aggregate ultrastruc-
tural (electron microscopy) findings or rates of positive viral PCR
on heart tissue. Finally, if only a handful of the “myocarditis” cases
are to be believed as symptomatic COVID-19, hundreds of addi-
tional cases will be needed to further clarify the incidence rate of
“COVID-19 myocarditis.”

In conclusion, there is, as yet, no specific, reproducible
histopathology of COVID-19 myocardial injury at autopsy and rates
of fatal myocarditis are low.
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