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a b s t r a c t 

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is commonly associated with 

myocardial injury and heart failure. The pathophysiology behind this phenomenon remains unclear, with 

many diverse and multifaceted hypotheses. To contribute to this understanding, we describe the under- 

lying cardiac findings in fifty patients who died with coronavirus disease 2019 (COVID-19). 

Methods: Included were autopsies performed on patients with a positive SARS-CoV-2 reverse- 

transcriptase-polymerase-chain reaction test from the index hospitalization. In the case of out-of-hospital 

death, patients were included if post-mortem testing was positive. Complete autopsies were performed 

according to a COVID-19 safety protocol, and all patients underwent both macroscopic and microscopic 

examination. If available, laboratory findings and echocardiograms were reported. 

Results: The median age of the decedents was 63.5 years. The most common comorbidities included 

hypertension (90.0%), diabetes (56.0%) and obesity (50.0%). Lymphocytic inflammatory infiltrates in the 

heart were present in eight (16.0%) patients, with focal myocarditis present in two (4.0%) patients. Acute 

myocardial ischemia was observed in eight (16.0%) patients. The most common findings were myocardial 

fibrosis (80.0%), hypertrophy (72.0%), and microthrombi (66.0%). The most common causes of death were 

COVID-19 pneumonia in 18 (36.0%), COVID-19 pneumonia with bacterial superinfection in 12 (24.0%), and 

COVID-19 pneumonia with pulmonary embolism in 10 (20.0%) patients. 

Conclusions: Cardiovascular comorbidities were prevalent, and pathologic changes associated with hy- 

pertensive and atherosclerotic cardiovascular disease were the most common findings. Despite markedly 

elevated inflammatory markers and cardiac enzymes, few patients exhibited inflammatory infiltrates or 

necrosis within cardiac myocytes. A unifying pathophysiologic mechanism behind myocardial injury in 

COVID-19 remains elusive, and additional autopsy studies are needed. 

© 2021 Elsevier Inc. All rights reserved. 
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. Introduction 

Coronavirus disease 2019 (COVID-19), caused by severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2), was officially 

ecognized in December 2019. This virus rapidly spread through- 

ut the world causing significant morbidity and mortality. Though 

riginally characterized by varying degrees of respiratory failure, [1] 

xtrapulmonary involvement has been well documented. [2] Of par- 

icular concern are the effects COVID-19 exhibits on the cardio- 
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Table 1 

Patient demographic, laboratory, and echocardiographic variables 

Patient Characteristics Number (Proportion) n = 50 

Baseline Demographics 

Age, median (range) 63.5 (31-94) 50 

Male 36 (72%) 50 

Race or Ethnicity 

White 18 (36%) 50 

Black 31 (62%) 50 

Hispanic 1 (2%) 50 

Clinical comorbidities 

Obesity 25 (50%) 50 

Hypertension 45 (90%) 50 

Diabetes 28 (56%) 50 

Hyperlipidemia 16 (32%) 50 

Coronary artery disease 7 (14%) 50 

Congestive heart failure 5 (10%) 50 

Atrial arrhythmia 4 (8%) 50 

Chronic lung disease 15 (30%) 50 

Chronic kidney disease 15 (30%) 50 

Labs (reference) Median (range) 

BNP (0-100 pg/mL) 278 (17-3794) 15 

Troponin-I (3-20 ng/L) 85.5 (8-9394) 28 

D-dimer (0-240 ng/mL) 1753 (525-20000) 23 

Ferritin (23.9-336.2 ng/mL) 8228.5 (139-104841) 20 

CRP (0-10.9 mg/L) 161.9 (6.1-475.7) 21 

ESR (0-10 mm/hr) 60 (2-119) 20 

Interleukin-6 ( < 2 pg/mL) 25.7 (13.0-131.2) 5 

Echocardiographic findings 

New left ventricular dysfunction 3 (14%) 21 

New right ventricular dysfunction 14 (67%) 21 

BNP: Brain natriuretic peptide; CRP: C-reactive protein; ESR: Erythrocyte 

sedimentation rate 
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ascular system. More than half of COVID-19 patients undergoing 

chocardiography exhibit left or right ventricular abnormalities, of- 

en unsuspected, [3] and myocardial injury (signified by elevated 

ardiac biomarkers) is associated with excess morbidity and mor- 

ality in patients with COVID-19. [4-6] 

Autopsy reports have described a varied prevalence of cardiac 

athologies associated with COVID-19, including acute ischemia, 

yocarditis, pericarditis, cytokine storm and non-myocarditis in- 

ammation, and microvascular injury with resultant thrombosis. [7- 

1] The discrepancy in these findings may be due to the absence 

f a predefined standard COVID-19 autopsy protocol. [7] In particu- 

ar, while persistent myocardial inflammation has been of concern 

n COVID-19 survivors (with cardiac magnetic resonance imaging 

howing persistent myocardial inflammation in up to 60.0% of pa- 

ients), [22] the prevalence of pathologically confirmed inflamma- 

ory infiltrates and/or myocarditis is much lower.[ 7 , 8 ] 

Our understanding of the cardiac pathologies caused by COVID- 

9 remains limited, in part due to limited number of autopsy 

tudies available. In this report, we describe the cardiac pathology 

ound on autopsy in 50 patients who died with COVID-19. 

. Methods 

Deceased patients were included from the index hospitaliza- 

ion in which they tested positive for SARS-CoV-2 by reverse- 

ranscriptase-polymerase-chain-reaction. In the case of out-of- 

ospital death, patients were included if post-mortem testing was 

ositive. Consent for autopsy, and use for research, was obtained 

rom the appropriate next of kin for each patient. Complete autop- 

ies were performed at the University of Alabama at Birmingham, 

irmingham, AL, USA and were performed according to an institu- 

ional COVID-19 safety protocol (Supplementary Methods). Hearts 

ere examined in the usual fashion, with sections obtained from 

he anterior, lateral, and posterior walls of the left ventricle, in- 

erventricular septum, posterior right ventricle, coronary and pul- 

onary arteries. Blocks were processed for light microscopy and 

lides stained with hematoxylin and eosin for microscopic evalua- 

ion. All finalized autopsy reports were included in this analysis. 

Review of the electronic medical record was performed to ob- 

ain clinical data from patients hospitalized at the University of Al- 

bama at Birmingham. Complete medical records were not avail- 

ble for patients who died at outside hospitals, we were therefore 

nable to include laboratory and imaging data for those patients. 

owever, demographic and comorbid conditions were available 

nd included. We assessed the prevalence of the following comor- 

id conditions: obesity, hypertension, diabetes mellitus, hyperlipi- 

emia, coronary artery disease, congestive heart failure (defined as 

ither preserved or reduced ejection fraction), chronic atrial fibril- 

ation and/or atrial flutter, chronic lung disease (defined as chronic 

bstructive pulmonary disease, asthma, or pulmonary fibrosis), and 

hronic kidney disease. Median laboratory values were obtained 

or the following variables: brain natriuretic peptide, troponin I, D- 

imer, ferritin, C-reactive protein, erythrocyte sedimentation rate, 

nd Interleukin-6. Peak measurements, rather than initial measure- 

ents, were recorded to compare peak systemic inflammation and 

yocardial injury with pathologic findings. Transthoracic echocar- 

iogram reports were reviewed for the following variables: left 

entricular ejection fraction, left ventricular wall motion abnormal- 

ties, right ventricular ejection fraction, and right ventricular size. 

f available in our electronic medical record, these variables were 

ompared to the most recent echocardiogram prior to hospitaliza- 

ion. Cause of death was extracted from the final autopsy report. 

Myocardial injury was defined as a troponin I greater than 

he 99th percentile for the upper reference limit.[ 5 , 23 ] Ventricu- 

ar hypertrophy was defined as left ventricular free wall thickness 

reater than 1.5 cm and/or right ventricular free wall thickness 
2 
reater than 0.5 cm.[ 24 , 25 ] Significant coronary artery disease was 

efined as ≥75% stenosis in any coronary vessel. [26] Microscopic 

hanges of acute ischemia were characterized by reversible hy- 

ropic degeneration, irreversible contraction band necrosis, hyper- 

osinophilic myocytes with nuclear loss, and myocyte necrosis 

ith interstitial neutrophils. [27] Myocarditis was defined as an in- 

ammatory infiltrate consisting of ≥14 lymphocytes/mm 

2 includ- 

ng ≤ four monocytes/mm 

2 with the presence of CD3-positive T 

ymphocytes ≥ seven cells/mm 

2 in the setting of myocyte degen- 

ration and necrosis.[ 28 , 29 ] COVID-19 pneumonia was defined his- 

ologically as diffuse alveolar damage and/or organizing pneumo- 

ia. [30] This study was approved by the University of Alabama at 

irmingham, Birmingham, AL, USA institutional review board. 

. Results 

.1. Demographics and Comorbidities 

Patient demographic, laboratory, and echocardiographic vari- 

bles are shown in Table 1 . Age, race, and comorbidities were 

vailable for all 50 patients. Complete records were available for 

9 of the 50 patients. The median age of the descendants was 63.5 

ears (range 31-94 years). Black individuals represented 31 (62.0%) 

f the patients, with White and Hispanic individuals representing 

8 (36.0%) and 1 (2.0%), respectively. Hypertension was observed in 

5 (90.0%) patients. Diabetes was present in 28 (56.0%), obesity in 

5 (50.0%), and hyperlipidemia in 16 (32.0%) patients. A known di- 

gnosis of coronary artery disease was present in seven (14.0%) and 

ongestive heart failure in five (10.0%) patients. History of atrial 

brillation or flutter was present in four (8.0%) patients. Chronic 

ung or kidney disease were each present in 15 (30.0%) patients. 

.2. Laboratory Findings 

Brain natriuretic peptide was available for 15 patients, of which 

t was elevated in 10 (66.7%), with median value 278 pg/mL (range 
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Table 2 

Macroscopic and microscopic findings at autopsy and cause of death 

Autopsy Characteristics Count (proportion) n = 50 

Gross Pathology 

Weight (g), median (range) 500 (280-1020) 50 

Coronary stenosis ≥75% 14 (28%) 50 

Hypertrophy 36 (72%) 50 

Left ventricular dilation 26 (52%) 50 

Right ventricular dilation 28 (56%) 50 

Acute myocardial infarction 4 (8%) 50 

Remote myocardial infarction 6 (12%) 50 

Pulmonary thromboemboli 25 (50%) 50 

Microscopic Pathology 

Myocardial Fibrosis 40 (80%) 50 

Interstitial Fibrosis 30 (60%) 50 

Perivascular Fibrosis 23 (46%) 50 

Subendocardial Fibrosis 10 (20%) 50 

Acute Ischemia 8 (16%) 50 

Lymphocytic Inflammation 8 (16%) 50 

Microthrombi 33 (66%) 50 

Myocarditis 2 (4%) 50 

Pericarditis 1 (2%) 50 

Pulmonary Vasculitis 2 (4%) 50 

Cardiac Sarcoidosis 1 (2%) 50 

Cause of Death 

COVID-19 pneumonia 18 (36%) 50 

COVID-19 pneumonia with bacterial coinfection 12 (24%) 50 

COVID-19 pneumonia and pulmonary embolism 10 (20%) 50 

COVID-19 pneumonia with myocardial infarction 1 (2%) 50 

Myocardial infarction 3 (6%) 50 

Dilated cardiomyopathy 2 (4%) 50 

Cardiac sarcoidosis 1 (2%) 50 

Other a 3 (6%) 50 

a Included are cerebrovascular accident, glioblastoma multiforme, and acute on 

chronic decompensated cirrhosis. 
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7-3794; reference 0-100 pg/mL). Troponin-I was elevated in 24 of 

he 28 patients (85.7%), with median value of 85.5 ng/L (range 8- 

394; reference 3-20 ng/mL). D-dimer was elevated in 23 of 23 pa- 

ients (100.0%), with median value 1753 ng/mL ([range 525-20000; 

ith 20 0 0 0 being the upper limit of detection in our assay]; ref-

rence 0-240 ng/mL). Ferritin was elevated in 16 of 20 patients 

80.0%), with median value of 8228.5 ng/mL (range 139-104841; 

eference 23.9-336.2 ng/mL). C-reactive protein was elevated in 20 

f 21 patients (95.2%), with median value of 161.9 mg/L (range 6.1- 

75.7; reference 0-10.9 mg/L). Erythrocyte sedimentation rate was 

levated in 18 of 20 patients (90.0%), with median value of 60 

m/hr (range 2-119; reference 0-10 mm/hr). Interleukin-6 levels 

ere elevated in five of five patients (100.0%), with median value 

f 25.7 pg/mL (range 13-131.2; reference < 2 pg/mL). 

.3. Echocardiogram Findings 

Transthoracic echocardiograms were available for 21 of 50 pa- 

ients, with abnormalities present in 15 (71.4%) studies. Of the 21 

atients, six had received a prior echocardiogram in our electronic 

edical record. New onset reduced left ventricular ejection frac- 

ion was observed in three of the 21 (14.3%) patients, all exhibiting 

n ejection fraction ≤ 25%. Of these patients, one echocardiogram 

xhibited wall motion abnormalities consistent with stress – in- 

uced (Takotsubo) cardiomyopathy, while the others revealed se- 

ere global hypokinesis of the left ventricle. Right ventricular dila- 

ion and/or reduced right ventricular systolic function were present 

n 14 (66.7%) patients – of the six patients with prior echocardio- 

rams, this was a new finding in three and a markedly worse find- 

ng in one patient. 

.4. Macroscopic Pathologic Findings 

Pathologic findings and cause of death are listed in Table 2 . Me- 

ian heart weight was 500 grams (range 280-1020 gm). Significant 
3 
oronary artery obstruction was present in 14 (28.0%) patients. Left 

nd/or right ventricular hypertrophy was present in 36 (72.0%) pa- 

ients, with the presence of left ventricular dilation and right ven- 

ricular dilation in 26 (52.0%) and 28 (56.0%) patients, respectively 

 Fig. 1 A). Gross evidence of acute infarction was seen in four (8.0%) 

atients ( Fig. 1 B), with evidence of remote infarction seen in six 

12.0%) patients. Overt pulmonary thromboemboli were observed 

n 25 (50.0%) patients. 

.5. Microscopic Findings 

On microscopic exam, myocardial fibrosis was present in 40 

80.0%) patients. This was further subdivided into interstitial, 

erivascular, and subendocardial fibrosis, and these findings were 

bserved in 30 (60%), 23 (46.0%), and 10 (20.0%) patients. Micro- 

copic changes of acute ischemia were seen in eight (16.0%) pa- 

ients ( Fig. 2 A-C). Presence of lymphocytic inflammation was seen 

n eight (16.0%) patients ( Fig. 3 A), with two (4.0%) patients meet- 

ng criteria for a focal myocarditis ( Fig. 3 B). [ 28 , 29 ] Pericarditis

as observed in one (2.0%) patient ( Fig. 3 C). A focal vasculitis of 

he pulmonary vasculature was observed in two (4.0%) patients 

 Fig. 3 D). Microthrombi were present in 33 (66.0%) patients. In 

atients who exhibited evidence of microthrombi, the pulmonary 

asculature was universally involved. Additional organs exhibiting 

icrothrombi included the heart (intramural vessel) in two (4.0%) 

atients, ( Fig. 4 A-B), the kidneys in three (6.0%) patients, the liver 

n one (2.0 %) patient, the colon in one (2.0%) patient, the prostate 

n one (2.0%) patient, and the brain in one (2.0%) patient. Immuno- 

istochemical staining was performed on one patient exhibiting gi- 

nt cell granulomas in the heart, lungs, and lymph nodes. In this 

atient, lymphocytes in the intramyocardial areas of the giant cells 

ere positive for CD3, CD4, and CD68 – these findings were con- 

istent with an incidental diagnosis of cardiac sarcoidosis ( Fig. 5 

-B). 
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Fig. 1. Gross cardiac pathology. (A) Specimen with biventricular dilation and straightening of the interventricular septum as a result of increased pulmonary pressure. (B) 

Acute transmural hemorrhagic infarction extending from the apex to base with involvement of the anterior and lateral walls and interventricular septum. 

Fig. 2. (A) Acute ischemic injury with irreversible contraction band necrosis (H&E 20x) in a patient with moderate atherosclerotic stenosis of the left anterior descending 

coronary artery. (B) Hypereosinophilic myocytes with contraction bands and nuclear loss surrounding an area of granulation tissue and myocardial fibrosis (H&E 20x). (C) 

Reversible vacuolar degeneration of myocytes typical of myocardial ischemia (H&E 40x). 
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.6. Underlying cause of death 

In this cohort, cause of death in 18 (36.0%) patients was at- 

ributed to COVID-19 pneumonia and/or acute respiratory distress 

yndrome. COVID-19 pneumonia with the presence of bacterial 

oinfection was reported as the cause of death in 12 (24.0%) pa- 

ients. Pulmonary embolism in the setting of COVID-19 was re- 

orted in 10 (20.0%) patients. COVID-19 pneumonia with myocar- 

ial infarction was reported in one (2.0%) patient. Myocardial in- 

arction without evidence of COVID-19 pneumonia was reported 

s the cause of death in three (6.0%) patients. Fulminant dilated 

ardiomyopathy was reported as the cause of death in two (4.0%) 

atients. Cardiac sarcoidosis was reported as the cause of death 

n one (2.0%) patient. No evidence of cardiopulmonary COVID-19 
4 
equalae were found in three (6.0%) patients – death in these 

atients were attributed to cerebrovascular accident, glioblastoma 

ultiforme, and acute on chronic decompensated cirrhosis. 

. Discussion 

In the present study we discovered high rates of myocardial 

brosis and hypertrophy, sequelae of chronic cardiovascular dis- 

ase. Increased frequency of pulmonary thromboembolism and mi- 

rothrombi formation were also observed. Despite the markedly el- 

vated inflammatory markers in many patients, there was a rela- 

ive low frequency of myocardial inflammatory cell infiltration or 

yocyte necrosis. 
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Fig. 3. (A) Mild interstitial lymphocytic infiltration without myocyte damage (H&E 20x). (B) Focal myocarditis characterized by mononuclear cell infiltrate with myocyte 

damage (H&E 10x). (C) Fibrinous pericarditis (H&E 20x). (D) Pulmonary artery with subendothelial inflammatory infiltrate (H&E 20x). 

Fig. 4. (A) Microthrombus within pulmonary vasculature (H&E 20x). (B) Non-occlusive organizing thrombus of an intramural vessel of the lateral left ventricle (H&E 4x). 
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Of the limited echocardiograms available, acute left ventricular 

ysfunction was uncommon. Of the three patients with new onset 

eft ventricular dysfunction, the autopsy findings varied. The pa- 

ient with stress – induced (Tokatsubo) cardiomyopathy revealed 

 focal area of mononuclear cells composed of lymphocytes and 

lasma cells. One was found to have acute ischemia in the set- 

ing of myocardial infarction, while the other did not reveal any 

nflammatory infiltrates. Right sided ventricular dysfunction was 

ore prevalent. Of these patients, 13 (92.8%) were associated with 

ignificant COVID-19 pneumonia and eight (57.1%) were associated 

ith pulmonary thromboembolism. This data may further support 

he use of echocardiography for risk stratification of COVID-19 pa- 
5 
ients suspected of having thromboembolism in order to expedite 

reatment for this comorbid condition.[ 31 , 32 ] 

Myocardial injury in COVID-19 has been attributed to multiple 

tiologies and include direct viral infection of myocytes, hyperin- 

ammation or “cytokine storm”, endothelial dysfunction, and mi- 

rothrombosis. [33] Despite most patients exhibiting markedly el- 

vated acute phase reactants, inflammatory infiltrates were rela- 

ively uncommon in cardiac tissue, with focal lymphocytic infil- 

rates found in only eight (16.0%) patients. Focal areas of vasculi- 

is in the pulmonary vasculature were seen in only two (4.0%) pa- 

ients. While “cytokine storm” storm has received much attention 

n the literature, it is unclear how this contributes to cardiac dys- 
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Fig. 5. Patchy and multifocal lymphocytes and intramyocardial giant cells compatible with a diagnosis of cardiac sarcoidosis. (H&E 4x (A); 10x (B)). The findings of sarcoidosis 

were incidental in the setting of known heart failure with reduced ejection fraction requiring ICD placement, atrial fibrillation requiring multiple cardioversions, and severe 

mitral regurgitation. 
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unction given these findings. These results appear to be consistent 

cross prior studies. [8] 

An extant issue is whether there is an association between 

OVID-19 and myocarditis with resultant heart failure. Despite 

oncern for myocarditis in both non-critical and critically ill pa- 

ients, biopsy proven myocarditis remains rare and inconsistent 

cross autopsy reports.[ 7-14 , 17-21 , 34 ] In this cohort, only two

4.0%) patients met criteria for a focal myocarditis – with the 

ause of death in these patients attributed to COVID-19 pneu- 

onia with bacterial coinfection and COVID-19 pneumonia with 

ulmonary embolism. In the two patients in which the cause of 

eath was listed as a dilated cardiomyopathy, neither patient ex- 

ibited a lymphocytic inflammatory infiltrate within the heart, 

nd findings were most consistent with chronic hypertensive and 

therosclerotic cardiovascular disease. Our report supports prior 

tudies’ findings that fulminant myocarditis is an uncommon cause 

f myocardial injury and/or cardiac dysfunction in COVID-19. 

The coagulopathy associated with COVID-19 is increased when 

ompared to other etiologies of diffuse alveolar damage,[ 35 , 36 ] 

nd is believed to be related to significant microvascular dysfunc- 

ion.[ 16 , 31 , 37-40 ] The etiology of microthrombi formation is mul-

ifactorial, and may be related to direct infection of endothelial 

ells leading to cell death with resultant exposure to the basement 

embrane, acute immobilization with venous stasis, increases in 

lotting factors, and increased blood viscosity. [33] In our cohort 

f patients, microthrombi formation was common, occurring in 

6.0% of patients. However, its role in myocardial injury is un- 

lear as the majority of microthrombi identified in this series 

ere pulmonary microthrombi. Current theories suggest endothe- 

ial dysfunction and microthrombi may lead to increased myocar- 

ial ischemia. [33] However, despite the overall high rates of mi- 

rothrombi formation, acute ischemia along with myocyte necro- 

is was found in only eight (16.0%) patients within this cohort, of 

hich only one case showed evidence of cardiac microthrombi. Of 

he four patients in this cohort whose listed cause of death was 

yocardial infarction, only one patient showed evidence of COVID- 

9 pneumonia. In the remaining three cases, there were no charac- 

eristic pulmonary features, cardiac microthrombi or microthrombi 

lsewhere to attribute to COVID-19. While COVID-19 pneumonia 
6 
as been associated with myocardial infarction, [41-43] the ques- 

ion remains as to whether SARS-CoV-2 infection may cause my- 

cardial infarction in the absence of the COVID-19 syndrome. These 

esults call into question the prevailing view that microthrombi 

lay a predominant role in myocyte injury. [15] 

This cohort of patients exhibited high frequencies of cardio- 

ascular risk factors, including hypertension, diabetes, and obesity. 

athologically, this correlated with a high prevalence of coronary 

rtery disease, myocyte hypertrophy and fibrosis, and ventricular 

ilation, all of which are known chronic sequalae of cardiovascular 

o-morbidities. While many questions remain, it is possible that 

yocardial damage and resultant dysfunction are sequalae of re- 

uced cardiac reserve in the setting of long-term exposure to car- 

iovascular risk factors. 

.1. Limitations 

As with many autopsy reports, this study is limited due to the 

mall sample size and population distribution (Southeastern United 

tates); therefore, generalizability is unclear. Additionally, complete 

edical records for every patient were not available, leading to dif- 

culties in correlating the clinical course with pathological find- 

ngs. Lastly, we did not regularly perform immunostaining nor 

lectron microscopy on the cardiac specimens. Nonetheless, we be- 

ieve this large autopsy study provides important information re- 

arding the cardiac pathophysiology related to COVID-19. 

. Conclusion 

In this autopsy cohort, cardiovascular risk factors were preva- 

ent, and correlated with chronic cardiac pathological changes ob- 

erved at autopsy. There was a predominance of micro and macro- 

hrombi, with little evidence of inflammatory infiltrate or necrosis 

ithin cardiac myocytes. Ultimately, a unifying pathologic etiology 

nderlying COVID-19 myocardial injury remains elusive. Continued 

utopsy studies are needed to further understand this disease pro- 

ess and to guide future therapeutic interventions. 
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