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a b s t r a c t 

COVID-19 can involve several organs and systems, often with indirect and poorly clarified mechanisms. 

Different presentations of myocardial injury have been reported, with variable degrees of severity, often 

impacting on the prognosis of COVID-19 patients. The pathogenic mechanisms underlying cardiac damage 

in SARS-CoV-2 infection are under active investigation. 

We report the clinical and autopsy findings of a fatal case of Takotsubo Syndrome occurring in an 83- 

year-old patient with COVID-19 pneumonia. The patient was admitted to Emergency Department with 

dyspnea, fever and diarrhea. A naso-pharyngeal swab test for SARS-CoV-2 was positive. In the follow- 

ing week his conditions worsened, requiring intubation and deep sedation. While in the ICU, the patient 

suddenly showed ST segment elevation. Left ventricular angiography showed decreased with hypercon- 

tractile ventricular bases and mid-apical ballooning, consistent with diagnosis of Takotsubo syndrome. 

Shortly after the patient was pulseless. After extensive resuscitation maneuvers, the patient was declared 

dead. Autopsy revealed a subepicardial hematoma, in absence of myocardial rupture. On histology, the 

myocardium showed diffuse edema, multiple foci of contraction band necrosis in both ventricles and oc- 

casional coagulative necrosis of single cardiac myocytes. Abundant macrophages CD68 + were detected in 

the myocardial interstitium. The finding of diffuse contraction band necrosis supports the pathogenic role 

of increased catecholamine levels; the presence of a significant interstitial inflammatory infiltrate, made 

up by macrophages, remains of uncertain significance. 

© 2020 Elsevier Inc. All rights reserved. 
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. Introduction 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV- 

) is the causal agent of COVID-19 pandemic. Viral infection most 

ommonly manifests with fever and respiratory illness of variable 

everity, although several organs and systems can also be affected. 

ardiovascular complications of COVID-19 disease are increasingly 

ecognized, and acute myocardial injury with increased troponin 

evels is reported as the most common cardiac abnormality in this 

etting [1] . 
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Takotsubo syndrome (TTS) also known as stress cardiomyopa- 

hy, is characterized by acute left ventricular dysfunction, which is 

ransient and reversible in most cases, often secondary to an emo- 

ional or physical trigger. Patients usually present with chest pain 

nd show ST-segment elevation on ECG, as well as mild increase 

n the serum troponin levels. Regional wall motion abnormalities 

apical ballooning or other forms) are detected by cardiac imaging. 

he reported frequency of TTS in patients with symptoms of acute 

oronary syndrome ranges between 0.7% and 2.5% [2] . Among the 

ardiovascular manifestations of COVID-19 there are a few reported 

ases of TTS, suggesting a possible role of SARS-CoV-2 infection in 

he onset of this syndrome [3-10] which, however, is yet to be de- 

ermined. 
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Fig. 1. Electrocardiogram with diffuse ST segment elevation, more evident in the precordial leads (V3-V5), and Q waves in precordial and peripheral inferior leads. 
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We report the clinical and autopsy findings of a case of fatal 

TS occurring in an 83-year-old man with critical COVID-19 pneu- 

onia. 

. Clinical case 

An 83-year-old man was admitted to the Emergency Depart- 

ent in the last week of March 2020, for the acute onset of 

yspnea following three days of fever and diarrhea. His blood pres- 

ure was 120/80 mm Hg, temperature 37 °C, heart rate 95 bpm. In 

he past medical history, the patient reported chronic obstructive 

ulmonary disease, systemic hypertension, diabetes mellitus and 

yslipidemia. His BMI was 34. A naso-pharyngeal swab test for 

ARS-CoV-2 was positive. The first blood gas analysis (without O 2 

herapy) showed blood oxygen saturation of 95%, partial pressure 

f oxygen 68 mm Hg, partial pressure of CO 2 32 mm Hg, pH 7.45

nd P/F ratio of 324. Physical exam revealed bilateral, basal de- 

reased breath sounds with crackles. 

A chest CT scan showed lung ground glass opacities and sub- 

leural patchy areas of consolidation. Pericardial thickening and 

neurysmal dilatation of the thoracic aorta (53 mm) were also ob- 

erved. Over the next 4 days the patient progressively worsened 

ith an increase in respiratory rate and desaturation, requiring the 

ositioning of a continuous positive airway pressure (CPAP). Three 

ays later the patient was intubated after deep sedation (propo- 

ol 100 mg, fentanest 100 mcg and rocuronium 100 mg iv) due 

o the worsening of his respiratory conditions. He was then trans- 

erred to the intensive care unit (ICU) with tocilizumab (600 mg 

ie) and hydroxychloroquine (400 mg die) and continuous infusion 

f norepinephrine in medical therapy. A central venous catheter 

as placed in the internal jugular vein and blood pressure inva- 

ive monitoring was started. 
2 
On the fourth day of invasive ventilation in ICU ECG monitoring. 

howed diffuse ST segment elevation, more evident in the precor- 

ial leads (V3-V5), and Q waves in precordial and peripheral infe- 

ior leads ( Fig. 1 ). The patient became severely hypotensive, with 

ncreased levels of blood lactates, therefore norepinephrine dosage 

as increased to 0.1 mcg/kg/min. 

An echocardiogram was immediately performed, which, due to 

he suboptimal acoustic window, only allowed to detect a severe 

lobal reduction of the left ventricular contractility with mild peri- 

ardial effusion. Urgent coronary angiography showed only a 70% 

tenosis in the posterolateral branch which originated from the cir- 

umflex (left dominance). Considering the electrocardiographic and 

linical findings, intravascular ultrasound was performed to ex- 

lude the presence of coronary dissection, thrombi or plaques not 

ecognized by angiography ( Fig. 2 ). The exam was implemented 

ith a left ventricular angiography, which showed LV severe dys- 

unction with hypercontractile ventricular bases and mid-apical 

allooning ( Fig. 3 ), consistent with the diagnosis of TTS. 

In consideration of the severely reduced left ventricular systolic 

unction, Levosimendan was administered without bolus at 0.05 

cg/Kg/min continuous infusion. About 4 hours after the return 

o the ICU, the patient became pulseless. During resuscitation, a 

ast echocardiogram showed LV dilation with RV compression, and 

ericardial effusion. Urgent pericardiocentesis was performed with 

rainage of 100 ml hemorrhagic fluid. After 50 minutes the resus- 

itation was interrupted, and an autopsy was requested. 

. Autopsy findings 

On gross examination, the pericardium contained 100 ml of 

lood. There was moderate left ventricular hypertrophy (heart 

eight: 400 g) and dilation. The coronary arteries were unremark- 
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Fig. 2. Ventriculography and coronary angiography. (A) Left ventricular ballooning is evident both in systole and (B) in diastole. Coronary angiography. (C) The anterior 

descending branch of the left coronary artery is unremarkable. (D) The posterolateral branch of the left circumflex artery shows a 70% stenosis. (E) The right coronary artery 

is unremarkable. 

Fig. 3. (A) Gross picture of the heart at autopsy, showing a hemorrhagic area (arrow) on the epicardial surface at the apex. (B) The same lesion is evident on cut surface 

after fixation (arrow). (C) The hemorrhagic infiltrate involves only the subepicardial fat extending for a depth of 2 mm into the subepicardial myocardium in the apical 

region. 
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ble, except for the presence of an eccentric plaque in the pos- 

erolateral branch, consistent with the angiographic findings. The 

picardial surface at the apex showed a linear breach, measur- 

ng 8 mm, associated with a hemorrhagic infiltrate involving the 

ubepicardial fat and extending for a depth of 2 mm into the 

ubepicardial myocardium, in absence of a transmural myocardial 

upture ( Fig. 3 ). The lesion was not spatially related with the an-

erior descending branch of the left coronary artery. The lungs 

howed acute edema and bilateral interstitial pneumonia, with 

ub-pleural honeycombing. 

Histologic examination was performed on multiple myocardial 

amples (n = 16) obtained from both ventricles, including the left 

entricular apex. On histology, the myocardium showed diffuse 

dema, multiple foci of contraction band necrosis in both ventri- 

les ( Fig. 4 A) and occasional coagulative necrosis of single cardiac 

yocytes ( Fig. 4 B). There were no lymphocytic infiltrates, however 

bundant macrophages CD68 + were detected in the myocardial 

nterstitium ( Fig. 4 C). This finding has been recently reported as 

 frequent feature in hearts from COVID-19 autopsies, and could 
d

3 
esult from the elevated systemic levels of proinflammatory cy- 

okines [11] . 

Additional features included focal myocyte stretching and wavi- 

ess ( Fig. 4 D) interstitial hemorrhages in the apical region and oc- 

asional presence of microthrombi in the small coronary vessels 

 Fig. 4 E, F). Overall, cardiac findings were consistent with the clin- 

cal diagnosis of TTS. 

The SARS-CoV-2 genome was detected by qualitative reverse 

ranscriptase polymerase chain reaction (RT-PCR) in the lung, but 

ot in the myocardium. 

. Discussion 

TTS typically manifests as a transient left ventricular systolic 

ysfunction with complete recovery of the normal ejection fraction 

ithin a variable period of time (generally few days). It is more 

requent in postmenopausal women, and most often occurs after a 

hysical or emotional stress [2 , 12] . 

Clinical and instrumental features mimic acute coronary syn- 

rome with ECG ST-elevation or depressions, precordial T-wave in- 
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Fig. 4. (A) Cardiomyocytes showing contraction bands (arrows). There is marked interstitial edema (asterisk). (B) Necrotic cardiomyocytes (arrows) admixed with 

macrophages. (C) The interstitial infiltrates are made up by abundant CD68 + macrophages. (D) Groups of stretched and wavy myocytes. (E) Acute interstitial hemorrhages 

in the apical region. (F) Occasional, nonocclusive thrombi in coronary microvessels. Hematoxylin-eosin, original magnification 20x, and CD 68 immunostaining, original 

magnification 5x (C). 

v

o

e

p

s

l

e

i

t

c

a

o

[

s

i

a

i

b

c

i

[

a

t

C

l

o

k

h

a

c

a

e

o

d

a

d

t

ersions and, as in our case, transient Q-waves. Serum indicators 

f myocardial damage are often not particularly high, and in sev- 

ral cases troponins remain below the limit for the diagnosis of 

robable acute coronary syndrome [13] . 

Despite the transient nature and the and the benign progno- 

is in most cases, ventricular disfunction associated with TTS can 

ead to acute heart failure, low cardiac output, and/or pulmonary 

dema. The etiology of TTS is still not completely clear. Current ev- 

dences show that in the acute phase there is an increased concen- 

ration of catecholamines that might cause myocardial injury and 

oronary spasm, mostly at the microvascular level, together with 

n increased cardiac workload that contribute to an acute situation 

f “supply-demand mismatch” followed by post-ischemic stunning 

14] . Some triggers are often detectable in emotional or physical 

tress, however in several cases no events are reported in the clin- 

cal history [13] . With the progression of the COVID-19 pandemic, 

 significant increase in the incidence of TTS has been reported 

n subjects with negative RT PCR swab test. This phenomenon has 

een attributed to psychological, social, and economic stress asso- 

iated with the pandemic itself [15] . However, there is an increas- 
4 
ng number of reported cases of TTS in patients with COVID-19 

3-10] suggesting the hypothesis that SARS-CoV-2 infection poses 

 greater risk of developing the syndrome. In addition, a high mor- 

ality rate has been reported for TTS in COVID-19 patients [10] . 

ardiac pathologic findings in COVID-19 complicated by TTS are 

argely unknown. Therefore, the mechanism underlying the onset 

f stress cardiomyopathy in COVID-19 patients still remains un- 

nown. Endomyocardial biopsy findings of lymphocytic myocarditis 

ave been recently reported in a young woman with a reverse TTS 

nd SARS-CoV-2 infection [8] , suggesting that inflammation may 

ontribute to development of stress cardiomyopathy. 

Autopsy reports are crucial for the understanding of the type 

nd extent of cardiac involvement in COVID-19 [16] . To our knowl- 

dge, this is the first report providing the cardiac autopsy findings 

f a fatal case of TTS in a COVID-19 patient. 

In the case described the patient was intubated and deeply se- 

ated for 4 days before TTS manifestation, without any episode of 

wakening or superficialization. The general and respiratory con- 

itions were stable since the entry in ICU, and after intubation, 

he analysis of blood gases did not show significant variations. The 



L. Titi, E. Magnanimi, M. Mancone et al. Cardiovascular Pathology 51 (2021) 107314 

c

e

d

d

o

e

r

C

t

l

s

a

t

o

a

v

t

t

l

I

v

p

r

5

t

t

r

l

m

c

D

n

A

“

z  

d

R

s

R

 

 

 

 

[

[  

[

[  

[

[

[  

[  

[

ondition of deep sedation should have prevented the onset of an 

motional trigger, however the patient had been treated with high- 

ose norepinephrine, which could explain the onset of stress car- 

iomyopathy in this case. The presence of diffuse contraction band 

f myocytes, involving both ventricles, is in line with this hypoth- 

sis. In addition, the finding of abundant interstitial macrophages, 

ecently reported as a characteristic finding in autopsy hearts from 

OVID-19 patients [11] , could represent distinctive pathologic fea- 

ure of SARS-CoV-2 infection in our case. The mechanisms under- 

ying this phenomenon, as well as its possible clinical impact, are 

till unknown. For example, it is not known whether the virus is 

ble to interfere with the role of ACE2 (SARS-CoV-2 receptor) in 

he central regulation of anxiety and sympathetic nervous system 

utput [17] . 

The subepicardial myocardial laceration observed at the cardiac 

pex in our case could be explained by a severe increase in the 

entricular filling pressures following the spherical remodeling and 

he reduction of contractility. Iskander reported a case of left ven- 

ricular free wall rupture due to Takotsubo cardiomyopathy with 

iterature review for a total of about 15 cases published until 2018. 

n almost all of these cases the clinical presentation was ST ele- 

ation with wall motion presenting the typical apical ballooning 

attern, as in our case. Therefore, this evolution has already been 

eported, although it is very rare (about 0.5%) [18] . 

. Conclusions 

Stress cardiomyopathy is increasingly reported in COVID-19 pa- 

ients. The mechanisms underlying myocardial injury in this par- 

icular setting are unknown. The cardiac autopsy findings herein 

eported support the pathogenic role of increased catecholamine 

evels and highlight the presence of a significant interstitial inflam- 

atory infiltrate, made up by macrophages, which remains of un- 

ertain significance. 
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