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Abstract: The heart is a key target organ in SARS-CoV-2 infection. During the illness stage of acute
Covid-19, fibrin thrombi frequently form within the coronary microcirculation, including the vasa
vasorum. These thrombi are predominantly located in the abluminal spaces, the sites of pericyte
location, of the vessel wall, in both the microvascular and epicardial vessels. A hallmark histopatho-
logical finding is the presence of diffuse, focal fibrin deposits surrounding myocardial fibres, which
exhibit varying degrees of degeneration and atrophy. This process contributes to myocardial injury,
which is reflected both biochemically and clinically in the acute and long-term phases of Covid-19.
Myocardial fibrosis results from this pathological cascade, without a concurrent cellular inflamma-
tory response associated with the myocardial stromal fibrin deposits. During the convalescent stage
of acute Covid-19, focal myocardial fibrosis and the presence of thrombi within myocardial vessels
remain apparent but sparse. Vascular changes, such as fibrin thrombi within the cardiac microcir-
culation, exhibit similarities to those observed in the pulmonary microcirculation in Covid-19.

Keywords: Severe Covid-19; Illness Stage; Stage of Decline; Coronary microcirculation; Fibrin
Thrombi; Pericyte; Abluminal space; Vasa vasorum.

1. Introduction

The microvascular circulation consists of a network of small vessels of the order 2 to
12 micrometres in diameter comprising of arterioles, capillaries, venules and vasa vaso-
rum which exchange oxygen, nutrients, water and waste between blood and tissues.
Covid-19 is a disease of microvascular circulation, the pathology of which often results
from microvascular thrombosis, affecting multiple organ systems [1-4]. Our observations
in two patients who died from severe Covid-19 without medical intervention, confirmed
the presence of coronary microvascular and epicardial vessel / vasa vasorum thrombosis.

The detailed postmortem examinations illustrated the cardiac pathology in the illness
and decline stages, focusing on how microvascular thrombosis affects myocardial tissues
and cardiac function. This observational study provides new insights into the cardiac
pathophysiology of acute and long Covid-19, which would impact therapeutics.

2. Case Report
2.1 Patient 1

This was a 65-year-old male who suffered with diabetes mellitus and died at his res-
idence without having any medical intervention. He had a cough, fever and shortness of
breath which progressed to difficulty in breathing. He died 10 days after his symptoms
began. He was confirmed at postmortem as having Covid-19 with nasopharyngeal swabs
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using Abbott Real-time SARS-CoV-2 assay polymerase chain reaction (PCR) with homog-
enous real-time fluorescent detection.

All organs were examined at autopsy. However, the examination of the heart and
lungs forms the subject of discussion. The right lung and the left lung weighed 660g (RR;
360-570g) and 450g (RR; 325-480 g) respectively and were consolidated and congested.
There was no macroscopic pulmonary embolism. The heart weighed 350g (RR; 270-360g)
with a left ventricular thickness of 12mm.The coronaries were patent. There were no val-
vular lesions, and there was no gross myocardial injury, past or present.

2.1.1 Heart

The pathological findings were those seen in the illness stage of acute Covid-19.
There was thrombosis of the capillary network of the myocardium. Fibrin thrombi were
formed within the wall of the capillaries in the abluminal space between endothelial cells
and the basement membrane, and not within the lumen (Figure 1).

Figure 1. H&E 10x20 shows a capillary with A (arrows) showing subendothelial/ablu-
minal space fibrin thrombi and B (arrows) rupture/destruction of the capillary wall
amongst myocardial fibres (C) —illness phase of acute Covid-19.

Fibrin thrombi were also formed within the walls in subendothelial layer/abluminal
spaces of arterioles, veins, and venules (Figure 2 and 3). Fibrin thrombi were also present
in the subendothelial/vasa interna location which extended into the media of the epicar-
dial coronary artery namely the left anterior descending branch coronary artery (Figure
4). Injury or destruction of thrombosed microvascular network was evident. Fibrin was
present encircling myocardial fibres in a diffuse but focal pattern (Figure 5 and 6). Fibrin
encased myocardial fibres were seen in varying stages of atrophy/degeneration. Hemo-
siderin granules were present amongst degenerating myocardial fibres. There was no cel-
lular inflammatory reaction associated with stromal fibrin. These observations were noted
in the myocardium of patient 1.
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Figure 2. H&E 10x20 shows a venule with subendothelial / abluminal space deposit (A)
and (B) fibrin encasement of myocardial fibres of left ventricle- illness phase of acute
Covid-19.

Figure 3. H&E 10x40 shows an arteriole with (A) thrombi formation within the wall but
not within the lumen - illness phase of acute Covid-19.
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Figure 4. H&E 10x40 shows the left anterior descending branch of the coronary artery
with (A) subendothelial deposit (which is the location of the vasa internae) rupturing into
the wall (B) but not within the lumen. The area (C) might represent the genesis of the
arterial dissection - illness phase of acute Covid-19.
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Figure 5. H&E 10x20 shows fibrin (A) deposited among the myocardial fibres without an
inflammatory cellular infiltrate during the illness stage of acute Covid-19.
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Figure 6. H&E 10x10 shows fibrin encasement (F) and destruction of myocardial fibres
(M) of the right ventricle, without an inflammatory cellular infiltrate during the illness
phase of acute Covid-19. This progresses to myocardial fibrosis during the stage of decline
in acute Covid-19.

2.1.2 Lung

In patient 1 in the illness phase of acute Covid-19, fibrin thrombi were seen in the
vascular network of the lung in the abluminal space of capillaries (see Figure 7), venules,
arterioles and within large pulmonary vessels. Fibrin thrombi were also present in the
adventitia of large pulmonary vessels (the vasa vasorum externa) (see Figure 8), and the
abluminal spaces (the vasa vasorum internae). Fibrin thrombi were also seen within the
abluminal spaces of the alveoli. These microscopic findings occurred simultaneously with
those seen in the vascular network of the myocardium.

Figure 7. H&E 10x20 shows subendothelial/ abluminal space fibrin deposit (F) in alveolar
capillary. Enlargement of these fibrin deposits gradually occludes the capillary lumen.
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Figure 8. H&E 10 x 40 shows two subendothelial thrombi, (A) and (B) the regions of vasa
internae in the pulmonary artery in the illness phase of acute Covid-19. These thrombi
ultimately embolise within the pulmonary artery.

2.2 Patient 2

This was a 56-year-old female who had a cough, fever and shortness of breath and
died at her residence, without medical intervention, some 15 days after her illness began.
She suffered from no chronic disease. At autopsy her nasopharyngeal swab tested positive
for SARS-COV-2 using Abbott Real-time SARS-CoV-2 assay polymerase chain reaction
(PCR) with homogenous real-time fluorescent detection.

All her organs were examined by one pathologist at autopsy taking the necessary
precaution. However, the examination of her heart and lung forms the subject of this dis-
cussion. The heart weighed 300g (RR; 270-360g). The coronary arteries were patented.
There were no plaques. The left ventricular thickness measured 10mm. There was no mac-
roscopic myocardial injury past or present, save for pallor. The right and left lung weighed
400g (RR; 360-570g) and 550 g (RR; 325-480 g) respectively and were congested. There was
no pulmonary embolism.

Histological examination of autopsy specimens from all organs was done after stain-
ing with Hematoxylin and Eosin stains. There were two distinct pathological findings
seen in the illness phase of acute Covid-19 and those seen in the decline phase of Covid-
19.

2.2.1 Heart

In patient 2 the findings were suggestive of those seen in a convalescent stage or
period of decline in acute Covid-19. The findings in the heart were those of diffuse focal
myocardial fibrosis without a cellular inflammatory exudate. Thrombosis of the microcir-
culation was sparse (see Figures 9 and 10).

2.2.2 Lung

The findings in the lung were fibrosis of alveoli and thickening of vessel walls.
Thrombosis was sparse and was observed in large pulmonary vessels only. These obser-
vations most likely corresponded to the period of decline in the acute phase of Covid-19
(see Figure 11).
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Figure 9. H&E 10x10 shows focal fibrosis (F) of the myocardium during the stage of de-
cline in acute Covid-19.
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Figure 11. H&E 10x20 Fibrin thrombi within the vessel wall, vasa externa (A) and (B), in
a pulmonary arteriole in stage of decline.

3. Discussion
3.1 Cardiac Pathology in Covid-19

A comprehensive understanding of the pathophysiology of the Heart in Covid-19
and the relevance of Covid-19 as it impacts comorbid states such as Diabetes mellitus and
Essential Hypertension has not been fully elucidated. Instead, the English literature has
been inundated with fragmented reports on the pathology of the heart in Covid-19 [5].
Our observational study serves to provide insights into the better understanding of the
pathophysiology of the heart in Covid-19 which would contribute towards therapy.

Portions of the pathological impact of Covid-19 on the heart have been documented
in both live patients and autopsies [6-8]. The literature highlights microvascular throm-
bosis and, to some extent, epicardial thrombosis [8-10] in Covid-19 yet the specific sites
and pathophysiology of these microthrombi were not extensively detailed by any single
author. Guagliumi and Sonzogni [10] reported microthrombi and ST-segment elevation
myocardial infarction in a 43-year-old female patient with elevated troponin who had no
obstructive coronary artery disease by angiogram. This patient succumbed to Covid-19,
and her autopsy revealed intramyocardial small vessel thrombi with necrosis in both ven-
tricles, contributing to myocardial injury in the absence of coronary epicardial thrombosis.
Fibrin and platelet deposits were observed within myocardial tissue, like findings in our
study during the illness stage of acute Covid-19. However, we observed additional epi-
cardial vessel thrombosis and abluminal space fibrin deposits within vessels, which were
not reported in their study [10].

In an autopsy study by Bois and Boire [8], nonocclusive fibrin microthrombi were
identified in the myocardium. These nonocclusive fibrin deposits went unnoticed as lo-
calized in the abluminal spaces of micro vessels, as seen in our findings [11, 12] neither
did the authors report fibrin deposits encircling myocardial fibres [8]. Pellegrini and Ka-
wakami [13] found microthrombi in 9 of 14 hearts in patients dying of Covid-19, primarily
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within myocardial capillaries, arterioles, and small arteries, with compositions rich in fi-
brin and terminal complement C5B-9. However, neither the specific location of these de-
posits within the vessel walls was mentioned, nor were fibrin deposits among myocardial
fibres.

3.2 Patterns of Myocardial Pathology in Covid-19

In patients dying of severe Covid-19 without medical intervention, we observed two
main patterns of myocardial pathology at autopsy: first, illness Stage of acute Covid -19,
characterized by frequent fibrin thrombi in the coronary microvascular network, with fi-
brin encasement of myocardial fibres of both ventricles (see Figure 6). This fibrin encase-
ment likely leads to myocardial fibre necrosis and accounts for the clinical cardiac mani-
festations in both acute and long Covid-19 [6, 14-16]. Fibrin thrombi were observed in the
abluminal space, particularly where pericytes reside, rather than within the vascular lu-
men. Progressive enlargement of these subendothelial fibrin deposits can occlude vessels,
like the pathology observed in alveolar capillaries [12] (see Figure 7). Secondly, during the
decline or convalescent phase of acute COVID-19, myocardial pathology transitions to
progressive myocardial injury over time. This leads to diffuse focal fibrosis affecting both
cardiac ventricles, accompanied by reduced vascular thrombosis (see Figure 10). This fi-
brosis likely reflects earlier myocardial damage caused by fibrin encasement during the
acute phase of the illness.

3.3 Vasa Vasorum Thrombosis in Covid-19

The vasa vasorum, small vessels around larger vessels, are essential for nourishing
vessel walls thicker than 1 mm. The vasa play a critical role in the pathology of Covid-19-
related mural thrombosis. This phenomenon is noted particularly in the epicardial coro-
nary arteries. The vasa vasorum externa originate in the adventitia and supply the vessel
wall, while the vasa vasorum interna arise from the vessel lumen and extend into the wall.
In our study, we observed vasa vasorum thrombosis in the epicardial left anterior de-
scending coronary artery during the illness stage of acute Covid-19, as well as in the pul-
monary vasculature (see Figures 4 and 8) [17-21].

This epicardial thrombosis in the left coronary artery extends from the subendothe-
lial/abluminal space to involve the media. This phenomenon might be the catalyst for
spontaneous dissection of epicardial cardiac vessels seen in Covid-19 [22] (see Figure 4).
Faa and Gerosa [23], reported aortic vasa vasorum thrombosis in Covid-19, emphasizing
the significance of vasa vasorum thrombosis in disease pathophysiology. This pathology
[24] aligns with our findings in coronary arteries and pulmonary vessels vasa vasorum
thrombosis [19, 20]. The association of Covid-19 and acute aortic dissection has been re-
ported in the literature [24, 25]. We postulate that the mechanism of the aortic dissection
might be related to vasa internae thrombosis as evidenced by our observations. Gorecka
and Thirunavukarasu [26] identified thrombi in the left anterior coronary artery lumen of
a Covid-19 patient, likely originating from subendothelial/vasa vasorum internae thrombi
that subsequently embolized, a process implicated in both large pulmonary arteries and
epicardial vessels (See Figure 8) [20].

3.4 Role of Cardiac Pericytes in Microvascular Thrombosis

Cardiac Pericytes, residing in the abluminal space of the coronary vasculature, play
a central role in fibrin thrombus formation [27]. These cells, with dendritic extensions that
support endothelial cells through gap junctions and adhesion plaques, contribute to struc-
tural integrity and facilitate small molecule exchange across the capillary wall [28]. Under
inflammatory conditions like cytokine storms, as seen in Covid-19, these gaps widen, al-
lowing plasma fibrinogen, platelets, and other blood cells to enter abluminal spaces, pro-
moting thrombus formation [29-32].



The Cardiac pathophysiology of Covid-19 10 of 12

Pericytes also express ACE-2 receptors, the binding site for SARS-CoV-2, potentially
making them targets for infection or spike protein interaction, contributing to coagulopa-
thy. Juchem and Weiss [33] identified a subendothelial pericyte network, enriched with
tissue factor in healthy vessels, particularly in venous intima, which promotes coagulation
[33]. Andreeva and Pugach [34] documented pericyte-like cells in large, medium, and
small vessels, including in the vasa vasorum [34]. Consistent with these findings, we
found fibrin thrombi deposits in those pericyte-rich areas mentioned above [11, 12]. Car-
diac pericytes, with their high ACE-2 receptor concentration, are susceptible to SARS-
CoV-2 infection, potentially triggering a local procoagulant response and micro throm-
bosis [28, 35]. Alternative hypotheses suggest pericyte dysfunction in response to viral
spike protein interactions with CD147 receptors, resulting in microvascular thrombosis
and cardiac injury [36, 37].

3.5 Mechanisms of Myocardial Damage in Covid-19

Thrombosis of the coronary microcirculation in Covid-19 impedes nutrient and oxy-
gen exchange, leading to hypoxic injury and myocardial fibre necrosis. Mechanical heart
action during systole and diastole may lead to rupture of thrombosed micro vessels, al-
lowing fibrin infiltration among myocardial fibres. Additionally, fibrin encasement of my-
ocardial fibres from thrombosed vessels exacerbates fibre damage, resulting in progres-
sive damage and fibrosis, causing clinical manifestations as seen in ischemic heart disease.
This is most likely the pathophysiology of ischaemic heart disease experienced in long
covid, which occurs in the absence of epicardial vessels blockage. The fragility of capillar-
ies in elderly patients with diabetes mellitus or hypertension exacerbates vessel rupture,
potentially leading to more severe Covid-19 [38]. The pathology in myocardial tissue mir-
rors changes observed in the pulmonary vasculature, underscoring the systemic impact
of microvascular thrombosis in Covid-19.

4. Conclusion

The findings emphasize that Covid-19’s myocardial pathology predominantly arises
from fibrin thrombi within the coronary microvascular network, especially in the ablu-
minal spaces. This pathological process leads to myocardial fibre injury, necrosis, and is-
chemic changes, contributing to both the acute symptoms and long-term sequelae (Long
Covid). The evidence points to a mechanism where mechanical stress from heartbeats
might exacerbate vessel rupture and fibrin encasement, progressively damaging myocar-
dial fibres and resulting in ischemic heart disease symptoms. Epicardial vessel mural
thrombosis caused by thrombosis of vasa internae, might result in thromboembolism in
these vessels and may be the genesis of spontaneous coronary artery dissection seen in
Covid-19. The role of pericytes is central in thrombus formation, especially due to their
location and high ACE-2 receptor expression, making them a significant factor in Covid-
19 cardiac pathology.

Although only two cases were presented in this study, the findings highlight the an-
atomical pathology of the myocardium in severe Covid-19 and underline a pathological
mechanism common to both cardiac and pulmonary circulation [11, 12, 20] emphasizing
the systemic impact of Covid-19 on the microvascular network.
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