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Introduction
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Post Acute COVID-19 Syndrome 
(PACS)
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approach for caring for these patients, and to inform research prior-
ities. A comprehensive understanding of patient care needs beyond 
the acute phase will help in the development of infrastructure for 
COVID-19 clinics that will be equipped to provide integrated mul-
tispecialty care in the outpatient setting. While the definition of the 
post-acute COVID-19 timeline is evolving, it has been suggested 
to include persistence of symptoms or development of sequelae 
beyond 3 or 4 weeks from the onset of acute symptoms of COVID-
19 (refs. 16,17), as replication-competent SARS-CoV-2 has not been 
isolated after 3 weeks18. For the purpose of this review, we defined 
post-acute COVID-19 as persistent symptoms and/or delayed or 
long-term complications of SARS-CoV-2 infection beyond 4 weeks 
from the onset of symptoms (Fig. 1). Based on recent literature, 
it is further divided into two categories: (1) subacute or ongoing 
symptomatic COVID-19, which includes symptoms and abnor-
malities present from 4–12 weeks beyond acute COVID-19; and (2) 
chronic or post-COVID-19 syndrome, which includes symptoms 
and abnormalities persisting or present beyond 12 weeks of the 
onset of acute COVID-19 and not attributable to alternative diagno-
ses17,19. Herein, we summarize the epidemiology and organ-specific 
sequelae of post-acute COVID-19 and address management con-
siderations for the interdisciplinary comprehensive care of these 
patients in COVID-19 clinics (Box 1 and Fig. 2).

Epidemiology
Early reports have now emerged on post-acute infectious conse-
quences of COVID-19, with studies from the United States, Europe 
and China reporting outcomes for those who survived hospitaliza-
tion for acute COVID-19. The findings from studies reporting out-
comes in subacute/ongoing symptomatic COVID-19 and chronic/
post-COVID-19 syndrome are summarized in Table 1.

An observational cohort study from 38 hospitals in Michigan, 
United States evaluated the outcomes of 1,250 patients discharged 

alive at 60 d by utilizing medical record abstraction and telephone 
surveys (hereby referred to as the post-acute COVID-19 US study)20. 
During the study period, 6.7% of patients died, while 15.1% of 
patients required re-admission. Of 488 patients who completed the 
telephone survey in this study, 32.6% of patients reported persis-
tent symptoms, including 18.9% with new or worsened symptoms. 
Dyspnea while walking up the stairs (22.9%) was most commonly 
reported, while other symptoms included cough (15.4%) and per-
sistent loss of taste and/or smell (13.1%).

Similar findings were reported from studies in Europe. A 
post-acute outpatient service established in Italy (hereby referred 
to as the post-acute COVID-19 Italian study)3 reported persistence 
of symptoms in 87.4% of 143 patients discharged from hospital who 
recovered from acute COVID-19 at a mean follow-up of 60 d from 
the onset of the first symptom. Fatigue (53.1%), dyspnea (43.4%), 
joint pain (27.3%) and chest pain (21.7%) were the most commonly 
reported symptoms, with 55% of patients continuing to experience 
three or more symptoms. A decline in quality of life, as measured 
by the EuroQol visual analog scale, was noted in 44.1% of patients 
in this study. A study focused on 150 survivors of non-critical 
COVID-19 from France similarly reported persistence of symp-
toms in two-thirds of individuals at 60 d follow-up, with one-third 
reporting feeling worse than at the onset of acute COVID-19 (ref. 
21). Other studies, including in-person prospective follow-up stud-
ies of 110 survivors in the United Kingdom at 8–12 weeks after 
hospital admission22 and 277 survivors in Spain at 10–14 weeks 
after disease onset23, as well as survey studies of 100 COVID-19 
survivors in the United Kingdom at 4–8 weeks post-discharge24, 
183 individuals in the United States at 35 d post-discharge25 and 
120 patients discharged from hospital in France, at 100 d following 
admission26, reported similar findings. Fatigue, dyspnea and psy-
chological distress, such as post-traumatic stress disorder (PTSD), 
anxiety, depression and concentration and sleep abnormalities, 

Vi
ra

l lo
ad

Detection unlikely PCR positive PCR negative 
Fatigue

Decline in quality of life
Muscular weakness

Joint pain    

Dyspnea
Cough

Persistent oxygen requirement   

Anxiety/depression
Sleep disturbances

PTSD
Cognitive disturbances (brain fog)

Headaches     

Palpitations
Chest pain  

Thromboembolism 

Chronic kidney disease 

Hair loss 

Nasopharyngeal

After symptom onset

Viral isolation from
respiratory tract

SARS-CoV-2
exposure

Before symptom onset

Week 2 Week 3 Week 4 Week 12 6 monthsWeek 1 Week –1 Week –2 

Acute COVID-19 Post-acute COVID-19 

Subacute/ongoing COVID-19 Chronic/post-COVID-19

Fig. 1 | Timeline of post-acute COVID-19. Acute COVID-19 usually lasts until 4!weeks from the onset of symptoms, beyond which replication-competent 
SARS-CoV-2 has not been isolated. Post-acute COVID-19 is defined as persistent symptoms and/or delayed or long-term complications beyond 4!weeks 
from the onset of symptoms. The common symptoms observed in post-acute COVID-19 are summarized.
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Persistent symptoms and/or
delayed or long-term
complications of COVID-19
>4 weeks after symptom onset

Nalbandian et al, Nat Med 2021
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Objectives
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• Understand the cardiovascular manifestations of Acute COVID-19 
disease and Post-Acute COVID-19 Syndrome (PACS)

• Identify patients who may have cardiovascular sequelae in PACS
• Learn management strategies for these patients
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SARS-CoV-2 Cell Entry 
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Gupta et al, Nat Med 2020
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of SARS-CoV13. Recent studies have demonstrated higher affin-
ity of binding of SARS-CoV-2 to ACE2 than of SARS-CoV to 
ACE2, which may partially explain the increased transmissibility 
of SARS-CoV-214–16.

Key mechanisms that may have a role in the pathophysiology 
of multi-organ injury secondary to infection with SARS-CoV-2 
include direct viral toxicity, endothelial cell damage and throm-
boinflammation, dysregulation of the immune response, and dys-
regulation of the renin–angiotensin–aldosterone system (RAAS) 
(Fig. 1). The relative importance of these mechanisms in the patho-
physiology of COVID-19 is currently not fully understood. While 
some of these mechanisms, including ACE2-mediated viral entry 
and tissue damage, and dysregulation of the RAAS, may be unique 
to COVID-19, the immune pathogenesis caused by the systemic 
release of cytokines and the microcirculation dysfunctions may also 
occur secondary to sepsis17.

Direct viral toxicity. SARS-CoV-2 is transmitted mainly through 
direct or indirect respiratory-tract exposure. It has tropism for the 
respiratory tract, given the high expression of ACE2, its entry recep-
tor, in multiple epithelial cell types of the airway, including alveolar 
epithelial type II cells in the lung parenchyma18,19. Live SARS-CoV-2 
virus and viral subgenomic mRNA isolated from the upper airway 
can successfully be detected by RT-PCR. Later in the disease course, 
viral replication may occur in the lower respiratory tract20, which 
manifests in severe cases as pneumonia and ARDS.

Studies evaluating body-site-specific viral replication of 
SARS-CoV-2 have isolated viral RNA from fecal samples at 
high titers2,20 and, less commonly, from urine and blood21,22. 
Histopathological studies have reported organotropism of SARS- 
CoV-2 beyond the respiratory tract, including tropism to renal21,23, 
myocardial21,24, neurologic21, pharyngeal21, and gastrointestinal25 
tissues. In addition, single-cell RNA-sequencing studies have con-
firmed expression of ACE2 and TMPRSS2 in lung alveolar epithelial 
type II cells, nasal goblet secretory cells, cholangiocytes, colono-
cytes, esophageal keratinocytes, gastrointestinal epithelial cells, 
pancreatic β-cells, and renal proximal tubules and podocytes21,26–28. 
These findings suggest that multiple-organ injury may occur at 
least in part due to direct viral tissue damage. The mechanism  

of extrapulmonary spread of SARS-CoV-2, whether hematogenous 
or otherwise, remains elusive.

Endothelial cell damage and thromboinflammation. Endothelial 
cell damage by virtue of ACE2-mediated entry of SARS-CoV-2 
and subsequent inflammation and the generation of a prothrom-
botic milieu are other proposed pathophysiological mechanisms of 
COVID-1929–31. ACE2 expression has been demonstrated in arte-
rial and venous endothelium of several organs29,32, and histopatho-
logical studies have found microscopic evidence of SARS-CoV-2 
viral particles in endothelial cells of the kidneys31 and lungs29. 
Infection-mediated endothelial injury (characterized by elevated 
levels of von Willebrand factor) and endothelialitis (marked by the 
presence of activated neutrophils and macrophages), found in mul-
tiple vascular beds (including the lungs, kidney, heart, small intes-
tine, and liver) in patients with COVID-19, can trigger excessive 
thrombin production, inhibit fibrinolysis, and activate complement 
pathways, initiating thromboinflammation and ultimately leading 
to microthrombi deposition and microvascular dysfunction31,33–36. 
Platelet–neutrophil cross-communication and activation of mac-
rophages in this setting can facilitate a variety of proinflammatory 
effects, such as cytokine release, the formation of neutrophil extracel-
lular traps (NETs), and fibrin and/or microthrombus formation37–40. 
NETs further damage the endothelium and activate both extrinsic 
coagulation pathways and intrinsic coagulation pathways. They were 
detected at higher levels in patients hospitalized with COVID-19  
in a study from a large academic center in the USA (50 patients 
and 30 control participants), with a ‘pro-NETotic state’ positively 
correlating with severe illness41. Hypoxia-mediated hyperviscosity 
and upregulation of the HIF-1 (hypoxia-inducible factor 1) signal-
ing pathway subsequent to acute lung injury may also contribute 
to the prothrombotic state42. Finally, direct coronavirus-mediated 
effects may also lead to an imbalance of pro- and anti-coagulant 
pathways43,44. Small case reports and case series have demonstrated 
the presence of fibrinous exudates and microthrombi in histopatho-
logical examinations in patients with COVID-1944–48.

Dysregulation of the immune response. Dysregulated immune 
response and cytokine-release syndrome, due to overactivation of 
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Fig. 1 | Pathophysiology of COVID-19. SARS-CoV-2 enters host cells through interaction of its spike protein with the entry receptor ACE2 in the presence 
of TMPRSS2 (far left). Proposed mechanisms for COVID-19 caused by infection with SARS-CoV-2 include (1) direct virus-mediated cell damage; (2) 
dysregulation of the RAAS as a consequence of downregulation of ACE2 related to viral entry, which leads to decreased cleavage of angiotensin I and 
angiotensin II; (3) endothelial cell damage and thromboinflammation; and (4) dysregulation of the immune response and hyperinflammation caused by 
inhibition of interferon signaling by the virus, T cell lymphodepletion, and the production of proinflammatory cytokines, particularly IL-6 and TNFα.
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Where do we have ACE2?
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Gheblawi et al, Circ Res 2020

7

Where does SARS-CoV-2 attack?
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Altounian, Science 2020
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COVID-19: Heart Disease & Risk of Severe Infection
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Goyal et al, NEJM June 2020

Early US Experience in NYC

Patients on ventilator with COVID-19:
• 71% Male
• 54% Hypertension
• 43% Obese
• 28% Diabetes
• 19% Coronary artery disease
• 13% Asthma
• 5% COPD

130 patients
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Obesity & Risk of Severe COVID-19 Infection
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Hendren et al, Circulation November 2020Early US Experience in NYC

88 hospitals
>7600 patients
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Why does COVID-19 cause more harm in heart disease?
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Cuervo & Grandvaux, eLife 2020

Cardiovascular Disease

Type 2 Diabetes

• Generally sicker population?
• Amount of ACE2 in organs?

• Cardiomyocytes
• Adipocytes

• More socioeconomically 
vulnerable population?
• Social determinants of 

health
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of SARS-CoV13. Recent studies have demonstrated higher affin-
ity of binding of SARS-CoV-2 to ACE2 than of SARS-CoV to 
ACE2, which may partially explain the increased transmissibility 
of SARS-CoV-214–16.

Key mechanisms that may have a role in the pathophysiology 
of multi-organ injury secondary to infection with SARS-CoV-2 
include direct viral toxicity, endothelial cell damage and throm-
boinflammation, dysregulation of the immune response, and dys-
regulation of the renin–angiotensin–aldosterone system (RAAS) 
(Fig. 1). The relative importance of these mechanisms in the patho-
physiology of COVID-19 is currently not fully understood. While 
some of these mechanisms, including ACE2-mediated viral entry 
and tissue damage, and dysregulation of the RAAS, may be unique 
to COVID-19, the immune pathogenesis caused by the systemic 
release of cytokines and the microcirculation dysfunctions may also 
occur secondary to sepsis17.

Direct viral toxicity. SARS-CoV-2 is transmitted mainly through 
direct or indirect respiratory-tract exposure. It has tropism for the 
respiratory tract, given the high expression of ACE2, its entry recep-
tor, in multiple epithelial cell types of the airway, including alveolar 
epithelial type II cells in the lung parenchyma18,19. Live SARS-CoV-2 
virus and viral subgenomic mRNA isolated from the upper airway 
can successfully be detected by RT-PCR. Later in the disease course, 
viral replication may occur in the lower respiratory tract20, which 
manifests in severe cases as pneumonia and ARDS.

Studies evaluating body-site-specific viral replication of 
SARS-CoV-2 have isolated viral RNA from fecal samples at 
high titers2,20 and, less commonly, from urine and blood21,22. 
Histopathological studies have reported organotropism of SARS- 
CoV-2 beyond the respiratory tract, including tropism to renal21,23, 
myocardial21,24, neurologic21, pharyngeal21, and gastrointestinal25 
tissues. In addition, single-cell RNA-sequencing studies have con-
firmed expression of ACE2 and TMPRSS2 in lung alveolar epithelial 
type II cells, nasal goblet secretory cells, cholangiocytes, colono-
cytes, esophageal keratinocytes, gastrointestinal epithelial cells, 
pancreatic β-cells, and renal proximal tubules and podocytes21,26–28. 
These findings suggest that multiple-organ injury may occur at 
least in part due to direct viral tissue damage. The mechanism  

of extrapulmonary spread of SARS-CoV-2, whether hematogenous 
or otherwise, remains elusive.

Endothelial cell damage and thromboinflammation. Endothelial 
cell damage by virtue of ACE2-mediated entry of SARS-CoV-2 
and subsequent inflammation and the generation of a prothrom-
botic milieu are other proposed pathophysiological mechanisms of 
COVID-1929–31. ACE2 expression has been demonstrated in arte-
rial and venous endothelium of several organs29,32, and histopatho-
logical studies have found microscopic evidence of SARS-CoV-2 
viral particles in endothelial cells of the kidneys31 and lungs29. 
Infection-mediated endothelial injury (characterized by elevated 
levels of von Willebrand factor) and endothelialitis (marked by the 
presence of activated neutrophils and macrophages), found in mul-
tiple vascular beds (including the lungs, kidney, heart, small intes-
tine, and liver) in patients with COVID-19, can trigger excessive 
thrombin production, inhibit fibrinolysis, and activate complement 
pathways, initiating thromboinflammation and ultimately leading 
to microthrombi deposition and microvascular dysfunction31,33–36. 
Platelet–neutrophil cross-communication and activation of mac-
rophages in this setting can facilitate a variety of proinflammatory 
effects, such as cytokine release, the formation of neutrophil extracel-
lular traps (NETs), and fibrin and/or microthrombus formation37–40. 
NETs further damage the endothelium and activate both extrinsic 
coagulation pathways and intrinsic coagulation pathways. They were 
detected at higher levels in patients hospitalized with COVID-19  
in a study from a large academic center in the USA (50 patients 
and 30 control participants), with a ‘pro-NETotic state’ positively 
correlating with severe illness41. Hypoxia-mediated hyperviscosity 
and upregulation of the HIF-1 (hypoxia-inducible factor 1) signal-
ing pathway subsequent to acute lung injury may also contribute 
to the prothrombotic state42. Finally, direct coronavirus-mediated 
effects may also lead to an imbalance of pro- and anti-coagulant 
pathways43,44. Small case reports and case series have demonstrated 
the presence of fibrinous exudates and microthrombi in histopatho-
logical examinations in patients with COVID-1944–48.

Dysregulation of the immune response. Dysregulated immune 
response and cytokine-release syndrome, due to overactivation of 
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Fig. 1 | Pathophysiology of COVID-19. SARS-CoV-2 enters host cells through interaction of its spike protein with the entry receptor ACE2 in the presence 
of TMPRSS2 (far left). Proposed mechanisms for COVID-19 caused by infection with SARS-CoV-2 include (1) direct virus-mediated cell damage; (2) 
dysregulation of the RAAS as a consequence of downregulation of ACE2 related to viral entry, which leads to decreased cleavage of angiotensin I and 
angiotensin II; (3) endothelial cell damage and thromboinflammation; and (4) dysregulation of the immune response and hyperinflammation caused by 
inhibition of interferon signaling by the virus, T cell lymphodepletion, and the production of proinflammatory cytokines, particularly IL-6 and TNFα.

NATURE MEDICINE | VOL 26 | JULY 2020 | 1017–1032 | www.nature.com/naturemedicine1018

Gupta et al, Nature Med 2020

12



3

COVID-19: Cardiovascular Manifestations
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• Myocardial injury & myocarditis
• Acute coronary syndrome
• Heart failure
• Arrhythmias & sudden cardiac arrest

• Coagulation abnormalities & thrombosis

Guzik et al, Cardiovasc Res 2020
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Myocardial Injury: Damage to the Heart Muscle

Sandoval et al. JACC 2020

Defined as 
elevations in blood 
biomarkers 
(troponin, BNP) 

Common in 
hospitalized 
COVID-19 patients

Average ~20% 

14
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Myocardial injury increases risk of death in hospital

Lala et al. JACC, 2020.

50%

10 days
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Myocarditis: Inflammation of Heart Muscle

16

Puntmann et al, JAMA Cardiology 2020
tinuous variables as means (standard deviation) and medians
(interquartile ranges [IQRs]). Comparisons between patients’
groups were conducted using one-way analysis of variance for
normally distributed parameters and Kruskal-Wallis for non-
normally distributed data with post hoc tests for significance

between groups. Fischer exact and χ2 tests were used for pro-
portions. Receiver operating characteristic curve analyses were
used to examine discrimination (expressed as area under the
receiver operating characteristic curve) between patients re-
cently recovered from COVID-19 and control groups. Associa-

Figure 1. Representative Histologic and Cardiac Magnetic Resonance Imaging Abnormalities in 2 Patients
After Coronavirus Disease 2019 (COVID-19) Diagnosis

Lymphocyte function–associated antigen 1A CD45R0B

Native T1C Native T2D

LGE 3-chamber viewE LGE 4-chamber viewF

Native T2
= 41 ms

Native T1
= 1187 ms

A and B, Histologic findings in an
adult man with severe cardiac
magnetic resonance imaging
abnormalities 67 days after COVID-19
diagnosis. High-sensitivity troponin T
level on the day of cardiac magnetic
resonance imaging was 16.7 pg/mL.
The patient recovered at home from
COVID-19 illness with minimal
symptoms, which included loss of
smell and taste and only mildly
increased temperature lasting 2 days.
There were no known previous
conditions or regular medication use.
Histology revealed intracellular
edema as enlarged cardiomyocytes
with no evidence of interstitial or
replacement fibrosis. Panels A and B
show immunohistochemical staining,
which revealed acute lymphocytic
infiltration (lymphocyte
function–associated antigen 1 and
activated lymphocyte T antigen
CD45R0) as well as activated
intercellular adhesion molecule 1. C to
F, Representative cardiac magnetic
resonance images of an adult woman
with COVID-19–related
perimyocarditis. Panels C and D show
significantly raised native T1 and
native T2 in myocardial mapping
acquisitions. Panels E and F show
pericardial effusion and
enhancement (yellow arrowheads)
and epicardial and intramyocardial
enhancement (white arrowheads) in
late gadolinium enhancement (LGE)
acquisition.

Research Original Investigation Outcomes of Cardiovascular Magnetic Resonance Imaging in Patients Recently Recovered From COVID-19

1268 JAMA Cardiology November 2020 Volume 5, Number 11 (Reprinted) jamacardiology.com

Downloaded From: https://jamanetwork.com/ on 01/02/2021

100 patients recovered from 
COVID-19:
• 78% with abnormal CMR
• 60% with ongoing 

inflammation
• Not associated with 

severity of symptoms

Cardiac MRI (CMR)
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Myocarditis: Less Common than Initially Feared 
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Starekova et al, JAMA Cardiology 2021

145 college athletes 
recovered from COVID-19:
• Only 2 (1.4%) with 

myocarditis on CMR

Cardiac MRI (CMR)
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SARS-CoV-2 in Myocardial Tissue

18

Tavazzi et al, Eur J Heart Failure 2020

COVID-19 does not spare the heart 913

Figure 2 Examples of small groups of viral particles (A and B; panel C shows a higher magnification of one of the viral particles squared in
dashed red box of panel B) or single particles (D–F) observed within the interstitial cells of the myocardium of the patient. The red arrows
indicate the most typical and easy-to-recognize viral particles, whose size varies from about 70 nm to 120 nm (see the white bars in the panels).
Morphology also shows small differences with more or less prominent spikes of the viral crown. The morphology may also show viral particle
disruption (E, green arrow) or attenuation of spikes of the crown (D and F), or viral particles in budding attitude (F). (Bar scale: A and B, 200 nm;
C, 50 nm; D, 100 nm; E, 100 nm; F, 50 nm).

CD68-positive macrophages were seen with immune-light micro-
scopy (Figure 1C and 1D); they were ultrastructurally characterized
by cytopathy, with membrane damage and cytoplasmic vacuoles
(Figure 1E). The ultrastructural study demonstrated single or small
groups of viral particles with the morphology (dense round viral
envelope and electron-dense spike-like structures on their surface)
and size (variable between 70 and 120 nm) of coronaviruses (Figure
2). COVID-19 infected Vero cells were used as control. The viral
particles were observed in cytopathic, structurally damaged inter-
stitial cells that demonstrated loss of the cytoplasmic membrane
integrity (Figure 3).

Cardiac myocytes showed non-specific features consisting of
focal myofibrillar lysis, and lipid droplets. We did not observe viral
particles in myocytes and endothelia. Small intramural vessels were
free from vasculitis and thrombosis. EMB did not show significant
myocyte hypertrophy or nuclear changes; interstitial fibrosis was
minimal, focal, and mainly perivascular.

Discussion
We describe the first case of biopsy-proven myocardial localiza-
tion of viral particles with morphology and size typical of coron-
avirus in a COVID-19 patient presenting with cardiogenic shock.
While the clinical presentation was suggestive for severe and ..
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.. necrotizing acute myocarditis, the pathologic study demonstrated
low-grade myocardial inflammation and absence of myocyte necro-
sis. Pathologic studies are especially needed for the characteri-
zation of acute myocardial injury in COVID-19 patients admit-
ted to the ICU. Our ultrastructural findings are similar to those
observed in autopsy samples from a patient with T-cell lymphoma
and Middle East respiratory syndrome coronavirus (MERS-CoV),6

where viral particles were found in the cytoplasm of pneumo-
cytes and alveolar macrophages, renal proximal tubular epithelial
cells, and macrophages infiltrating the skeletal muscle. Our obser-
vation of myocardial localization implies either a viraemic phase
or, alternatively, the migration of infected alveolar macrophages
in extra-pulmonary tissues. Although the main target cells for the
virus to infect are epithelial cells and macrophages of the respira-
tory tract,7 COVID-19 RNA has been detected in the small and
large intestine, lymph nodes, spleen, liver, heart, kidney, skeletal
muscle, adrenal gland, and cerebrum, suggesting extra-pulmonary
dissemination and virus localization in different types of tissues
and fluids.8 We observed viral particles in interstitial cytopathic
macrophages and their surroundings. Vice versa, we did not
observe viral particles in cardiac myocytes and, therefore, we
cannot infer on viral cardiotropism. Cardiac myocytes showed
non-specific damage that was mainly characterized by focal myofib-
rillar lysis. In addition, we did not observe cytopathic endothelia

© 2020 European Society of Cardiology

But larger pathology 
studies in autopsies 
suggest COVID-19 
myocarditis is rare

Halushka et al, Cardiovasc Path 2020
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Acute Coronary Syndrome / Myocardial Infarction

19

Bilaloglu et al, JAMA 2020

Risk of myocardial infarction (MI) ~5x higher 
in first 14-days of COVID-19 infection

Modin et al, Circulation 2020

Assessment of Neutrophil Extracellular Traps in Coronary Thrombus
of a Case Series of Patients With COVID-19 and Myocardial Infarction
Ana Blasco, MD, PhD; María-José Coronado, PhD; Fernando Hernández-Terciado, MD; Paloma Martín, MD, PhD;
Ana Royuela, PhD; Elvira Ramil, PhD; Diego García, MLT; Javier Goicolea, MD; María Del Trigo, MD, PhD;
Javier Ortega, MD; Juan M. Escudier, MD, PhD; Lorenzo Silva, MD; Carmen Bellas, MD, PhD

IMPORTANCE Severe coronavirus disease 2019 (COVID-19) is characterized by the intense
formation of neutrophil extracellular traps (NETs), leading to the occlusion of microvessels, as
shown in pulmonary samples. The occurrence of ST-elevated myocardial infarction (STEMI) is
a serious cardiac manifestation of COVID-19; the intrinsic mechanism of coronary thrombosis
appears to still be unknown.

OBJECTIVE To determine the role of NETs in coronary thrombosis in patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This was a consecutive series of patients with COVID-19
at an academic tertiary hospital in Madrid, Spain, who underwent primary coronary
interventions for STEMI in which coronary aspirates were obtained in the catheterization
laboratory using a thrombus aspiration device. Patients with COVID-19 who experienced a
STEMI between March 23 and April 11, 2020, from whom coronary thrombus samples were
aspirated during primary coronary intervention, were included in the analysis. These patients
were compared with a series conducted from July 2015 to December 2015 of patients with
STEMI.

MAIN OUTCOMES AND MEASURES The presence and quantity of NETs in coronary aspirates
from patients with STEMI and COVID-19. The method for the analysis of NETs in
paraffin-embedded coronary thrombi was based on the use of confocal microscopy
technology and image analysis for the colocalization of myeloperoxidase-DNA complexes and
citrullinated histone H3. Immunohistochemical analysis of thrombi was also performed.
Clinical and angiographic variables were prospectively collected.

RESULTS Five patients with COVID-19 were included (4 men [80%]; mean [SD] age, 62 [14]
years); the comparison group included 50 patients (44 males [88%]; mean [SD] age, 58 [12]
years). NETs were detected in the samples of all 5 patients with COVID-19, and the median
density of NETs was 61% (95% CI, 43%-91%). In the historical series of patients with STEMI,
NETs were found in 34 of 50 thrombi (68%), and the median NET density was 19% (95% CI,
13%-22%; P < .001). All thrombi from patients with COVID-19 were composed of fibrin and
polymorphonuclear cells. None of them showed fragments of atherosclerotic plaque or iron
deposits indicative of previous episodes of plaque rupture.

CONCLUSIONS AND RELEVANCE In this small case series of patients with COVID-19 and
myocardial infarction, NETs seem to play a major role in the pathogenesis of STEMI in
COVID-19 disease. Our findings support the idea that targeting intravascular NETs might be a
relevant goal of treatment and a feasible way to prevent coronary thrombosis in patients with
severe COVID-19 disease.

JAMA Cardiol. doi:10.1001/jamacardio.2020.7308
Published online December 29, 2020.
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Heart Failure in COVID-19 

• Echocardiograms of 100 consecutive 
patients admitted with COVID-19 (Israel):  

• 68% abnormal
• Right ventricular dilation/dysfunction: 39%
• Left ventricular systolic dysfunction: 10% 

• 118 consecutive patients (NYC)
• 4.5% with stress-induced cardiomyopathy 
(Takotsubo / ”broken heart syndrome”)

Szekely et al, Circulation 2020
Guistino et al, JACC 2020

20

Arrhythmias & Sudden Cardiac Arrest in COVID-19

21

n=700

Bhatla et al, Heart Rhythm 2020
Gopinathannair et al, J Interv Card Electrophysiol 2020

Atrial fibrillation appears to be most 
common arrhythmia in hospitalized 
COVID-19 patients

21

Arrhythmias & Sudden Cardiac Arrest in COVID-19

22

Musikantow et al, JACC EP 2021

• AFib & New AFib
incidence similar in both 
hospitalized COVID-19 
& influenza 

22

Blood Clotting Abnormalities in COVID-19

23

Wichmann et al, Ann Int Med 2020

Bilaloglu et al, JAMA 2020PE: Pulmonary Embolism (Clots in Lungs)
DVT: Deep Vein Thrombosis (Clots in Large Veins)

PE DVT

Autopsy study of COVID-19 Patients:
• 4 out of 12 had PE
• 7 out of 12 had DVT

23

Clinical Practice Guidance for 
UCLA Inpatient Cardiology Consult Team

24

Adapted from Hendren 
et al, Circulation 2020

24
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25

Cardiovascular Effects of COVID-19: Long-Term?

25

PACS: Symptoms Persist Post-Discharge

26

Carfi et al. JAMA 2020.

Follow-up ~60 days

2 months after Hospital Discharge:
• 87% of patients still with at least 

one COVID-related symptoms
• ~20% with Chest Pain

26

PACS: Potential Cardiovascular Manifestations

27

Gorna et al, Lancet, Dec 2020

Pericarditis

Comment

www.thelancet.com   Published online December 18, 2020   https://doi.org/10.1016/S0140-6736(20)32705-7 1

Long COVID guidelines need to reflect lived experience
Since May, 2020,1 increasing attention has been given 
to the experiences of people with COVID-19 whose 
symptoms persist for 4 or more weeks. According to 
the Office for National Statistics (ONS), an estimated 
186 000 people (95% CI 153 000–221 000) in private 
households in England currently have COVID-19 symp-
toms 5–12 weeks or longer after acute infection.2 The 
ONS estimate that one in five people have symptoms 
that persist after 5 weeks, and one in ten have symptoms 
for 12 weeks or longer after acute COVID-19 infection.2 
Research on long COVID is growing, including into the 
underlying pathology, consequences, and sequelae, as 
well as rehabilitation for patients. Evidence suggests that 
a considerable proportion of people with long COVID 
have severe complications.3–5 

We have lived experiences of long COVID, with a 
range of symptoms lasting for more than 6 months. 
Staff in the UK National Health Service (NHS) have been 
variously supportive or disbelieving of our ongoing, 
often worsening, symptoms. Before our illness we were 
fit, healthy, and working in demanding roles, including 
as doctors, nurses, and other health professionals. 
Our symptoms of acute COVID-19 included dyspnoea, 
dry cough, fever, anosmia, and debilitating fatigue. 
Throughout 2020 we also experienced other symptoms 
and conditions, never experienced before our acute 
illnesses (panel). All of these conditions began during, or 
shortly after, acute COVID-19. We each are experiencing 
different patterns and varied severity of symptoms; 
we all share difficulties accessing adequate health-care 
services; some of us have received misguided assessment 
and treatment in some of the UK’s recently established 
long COVID clinics and encountered dismissive behaviour 
from some health professionals.6–8 We share these 
experiences with thousands of people we engage with in 
rapidly growing online support groups.

We were encouraged by the announcement, on 
Oct 5, 2020, that the National Institute for Health and 
Care Excellence (NICE), the Scottish Intercollegiate 
Guidelines Network (SIGN), and the Royal College 
of General Practitioners (RCGP) were developing “a 
guide line on persistent effects of COVID-19 (long 
COVID) on patients”,9 consulting with a broad range 
of professional groups and some people with long 
COVID.

The final NICE–SIGN–RCGP guideline, published on 
Dec 18, 2020,10 should provide clear information on 
what is and is not known about the natural history of 
long COVID, provide guidance for health-care workers 
to identify cases, and inform clinical practice for the 
correct management of people with symptoms. Accurate 
assessment, diagnosis, treatment, and rehabilitation 
are especially important given the increasing evidence 
of organ pathology and impairment,11 with preliminary 
findings from 201 patients in a prospec tive, longitudinal, 
observational study suggesting up to 66% of people with 
long COVID have organ damage and 25% have damage 
to multiple organs.12 In our view, the NICE guideline10 
does not do this sufficiently. We are disappointed that 
the guideline does not adequately address the following 
issues. 

First, the guideline needs to provide a more 
comprehensive description of the clinical features and 
physical nature of long COVID. Although we recognise 
that this is a “living guideline” that will evolve with 
increasing information on the condition, the clinical 
case definition of long COVID in the guideline does not 
adequately describe the varied symptoms experienced 
beyond the limited number of symptoms and signs 
listed in an annex towards the end of the guideline. 
Although the guideline notes that symptoms may 
fluctuate and often present as overlapping clusters, 

Published Online 
December 18, 2020 
https://doi.org/10.1016/ 
S0140-6736(20)32705-7

Panel: Conditions experienced by members of the UK doctors 
#longcovid group 

• Myocarditis or pericarditis
• Microvascular angina
• Cardiac arrhythmias, including atrial flutter and atrial 

fibrillation
• Dysautonomia, including postural orthostatic tachycardia 

syndrome
• Mast cell activation syndrome
• Interstitial lung disease
• Thromboembolic disease (pulmonary emboli or cerebral 

venous thrombosis)
• Myelopathy, neuropathy, and neurocognitive disorders
• Renal impairment
• New-onset diabetes and thyroiditis
• Hepatitis and abnormal liver enzymes
• New-onset allergies and anaphylaxis
• Dysphonia

Postural Orthostatic Tachycardia 
Syndrome (POTS)

Arrhythmias

Myocardial Ischemia

27

COVID-19: Cardiovascular Presentations

28

Unmasking a Condition?
• Coronary artery disease / Ischemia
• Atrial fibrillation

Causing a Condition?
• Myocarditis / Heart Failure
• Pericarditis
• POTS

28

Post Acute COVID-19 Cardiovascular Care

29

Objectives
• Rule out high-risk cardiovascular conditions

• Myocarditis

• Severe coronary ischemia

• Ventricular arrhythmias

• Diagnose and manage symptomatic conditions
• Pericarditis

• Dysautonomia / POTS
• Arrhythmias (i.e., atrial fibrillation)

29

CASE #1: 

30

48 yo F with COVID-19+ in May 2020
• Intermittent chest pain x weeks
• TTE in June 2020: Normal
• Chest pain improved over summer, but 
returned in winter. +Palpitations, +Dyspnea.

• ECG normal
• Cardiac MRI in Jan 2021:

• Abnormal delayed enhancement in mid-
myocardial segment of inferior LV

LV

RV

Cardiac MRI

30
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Rule Out High-Risk Condition: Myocarditis

31

• Clinical Features: 
• Heart Failure symptoms (shortness of breath), chest pain, palpitations

• Laboratory Findings: 
• ↑ Troponin/CK-MB and/or BNP, possibly ↑ CRP & ESR

• Imaging Findings:
• ECG: ST-T segment abnormalities
• Echo: thickened myocardium, decreased LVEF, regional abnormalities
• Cardiac MRI: myocardial edema, non-ischemic injury (i.e., LGE)

31

Rule Out High-Risk Condition: Myocarditis

32

• Diagnosis:
• Clinical syndrome of myocarditis (e.g., chest pain, dyspnea) PLUS

objective evidence of myocardial injury (e.g., biomarkers, imaging)

• Management
• Exercise Restriction for 3-6 months
• Reassess for resolution of inflammatory markers & imaging abnormalities
• Guideline-directed medical therapy for heart failure if LVEF is reduced

Maron et al. Circulation 2015.
Kim et al. JAMA Cardiology 2021.

32

CASE #2: 

33

65 yo M with COVID-19+ in July 2020
• PMH: ESRD on HD (Kidney Tx listed), HTN, DM
• Hospitalized in ICU, no intubation
• Troponin I peak 1.1 ng/ml
• ECG no ischemic changes; TTE normal
• Nuclear Stress Test (Oct 2020): Abnormal
• Coronary Angiogram (Nov 2020):

• Severe distal LAD & moderate RCA & LCx disease 

Coronary Angiograms

LAD

RCA

33

Rule Out High-Risk Condition: Severe Ischemia

34

• Clinical Features: 
• Chest pain, palpitations

• Laboratory Findings: 
• ↑ Troponin, CK-MB

• Imaging Findings:
• ECG: ST-T segment abnormalities
• Echo: regional wall motion abnormalities, decreased LVEF
• Stress Testing: suggests stress–induced ischemia 

34

Rule Out High-Risk Condition: Severe Ischemia

35

• Management:
• Aspirin, high-intensity statin
• Consideration of revascularization
• Aggressive risk factor modification
• Cardiac rehabilitation

35

Rule Out High-Risk Condition: Ventricular Arrhythmias

36

• Clinical Features: 
• Chest pain, palpitations, dyspnea, syncope

• Laboratory Findings: 
• Non-specific

• Imaging Findings:
• ECG: frequent PVCs or non-sustained VT
• Echo: regional wall motion abnormalities, decreased LVEF 
• Ambulatory ECG monitoring: frequent PVCS or non-sustained VT

36
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Diagnose/Manage Conditions: Pericarditis

37

• Clinical Features: 
• Sharp positional chest pain, dyspnea. +Friction rub on exam. 

• Laboratory Findings: 
• ↑ CRP/ESR, ↑ Troponin/CK-MB (if myopericarditis)

• Imaging Findings:
• ECG: diffuse ST-T segment elevations with PR depression
• Echo: thickened pericardium +/- pericardial effusion
• CT/MRI: thickened pericardium +/- pericardial effusion

37

Diagnose/Manage Conditions: Pericarditis

38

• Management: 
• Medications: NSAIDs, Colchicine, Corticosteroids (if refractory to above 

measures)
• Exercise Restriction

38

Diagnose/Manage Conditions: POTS

39

• Clinical Features: 
• Palpitations, lightheadedness
• Inappropriate sinus tachycardia, sustained HR increase >30 

beats/min within 10 minutes of standing

• Laboratory Findings: 
• Non-specific, but evaluate for other causes of orthostatic hypotension 

including anemia, electrolyte disorders, thyroid disease, adrenal 
hormone abnormalities, elevated catecholamines

39

Diagnose/Manage Conditions: POTS

40

• Management:
• Aggressive hydration, including sodium intake
• Counterpressure maneuvers
• Compression garments
• Isometric exercises
• Breathwork
• Avoidance of exacerbating factors
• Consideration of medication (? Ivabradine)

Bryarly MD… Levine BD. JACC 2019

40

Diagnose/Manage Conditions: Arrhythmias

41

• Clinical Features: 
• Palpitations, lightheadedness

• Laboratory Findings: 
• Non-specific, but evaluate for other contributing factors including 

anemia, electrolyte disorders, thyroid disease, adrenal hormone 
abnormalities, elevated catecholamines

• Diagnostic Studies:
• ECG, Ambulatory ECG, Exercise stress test

41

Diagnose/Manage Conditions: Arrhythmias

42

• Management:
• Consideration of rhythm and/or rate control strategies
• Consideration of anticoagulation

42
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UCLA COVID Cardiology Program: Protocol

43

 

Last Updated: January 19, 2021 

UCLA COVID-19 Clinical Practice Guidance for Outpatient Cardiology 

 
1 Carfì A, Bernabei R, Landi F, for the Gemelli Against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in Patients After Acute COVID-19. JAMA. 2020;324(6):603–605. doi:10.1001/jama.2020.12603 
2 Pelliccia A, Solberg EE, Papadakis M, et al. Recommendations for participation in competitive and leisure time sport in athletes with cardiomyopathies, myocarditis, and pericarditis: position statement of the Sport Cardiology Section  
of the European Association of Preventive Cardiology (EAPC). Eur Heart J. 2019;40(1):19-33.  
 

 Discharge Day–1 Month 1-2 Months 2-4 Months 6-9 Months 12-18 Months >18 Months 

 TELEVISIT IN PERSON VISIT IN PERSON VISIT IN PERSON VISIT IN PERSON VISIT  

Present in Hospital 
Course:  
Troponin elevation, 
arrhythmia, heart failure 

or 
Persistent Symptoms:  
Chest pain, suspected 
cardiac-related dyspnea 
or fatigue, palpitations 
   

Labs: Troponin, BNP, 
CRP, ESR 
Ziopatch (If arrhythmia 
or palpitations)  
TTE (if abnormal/not 
acquired during 
hospitalization) 
 

Repeat labs*  
EKG 
ETT/MPI  
Cardiac MRI (if high 
suspicion of myocarditis) 
 

Repeat labs*  
Autonomic Testing (if 
symptomatic) 

Repeat labs*  
Repeat TTE*  
 

Repeat labs*  
Repeat TTE 
Repeat Ziopatch*  
ETT/MPI* 

Consider 
Discharge from 
Clinic  

General Testing 
(optional) 
 

 

CMP 
CBC 
Ferritin 
D-Dimer 
PT/INR/PTT 

6MWT 
CXR 
High-res CT chest 
PFTs 

6MWT 
Covid-19 IgG 

6MWT 
Covid-19 IgG 

6MWT 
Covid-19 IgG 
CXR 
High-res CT chest 
PFTs 

 

Exercise 
Recommendations 

Recommend counseling 
against strenuous 
exercise 

Ok for return to 
strenuous exercise if 
testing negative  

Minimum 3-6 months 
restriction from 
strenuous exercise if 
evidence of 
myocarditis  

Ok for return to 
strenuous exercise if 
testing is negative  

Ok for return to 
strenuous exercise if 
testing is negative 

 

Symptom Assessment Each Visit1 

Fatigue, Dyspnea, Chest pain, Palpitations, 
Cough, Anosmia/Dysgeusia, Rhinitis, Headache, 
Lack of appetite, Sore throat, Vertigo, Myalgia, 
Diarrhea 
 
Document: NYHA I-IV, CCS I-IV 
 
Use CareConnect Smartphrase Templates  
(Copy from Jeffrey Hsu’s Library): 
Full Clinic Note: .COVIDCARDSCLINIC 
Labs: .COVIDCARDSLABS 
Assessment: .COVIDCARDSASSESSMENT*If 
Prior Test Abnormal  

Cardiac MRI with 
Myocarditis: 
Refer to CMY 
GDMT as indicated 
Exercise restriction per 
guidelines2 

Repeat labs: 
Troponin, BNP, CRP, 
ESR 
 

Recs as above 
Repeat MRI 
Repeat ETT/MPI 
Repeat Ziopatch* 

Above and 
Repeat MRI* 
Repeat ETT/MPI (if not 
previous normal) 

 

Positive Stress Test 
Coronary CTA vs 
Invasive angiography 
Cardiac MRI (if high 
suspicion of myocarditis) 

CAD management as 
indicated 

CAD management as 
indicated 

CAD management as 
indicated 

 

43

Final Thoughts

44

• Cardiac Symptoms in PACS are common, but clear 
pathology appears uncommon

• Given current uncertainties, prudent to evaluate for high-risk 
conditions in symptomatic patients

• Encourage COVID-19 vaccination!
• Still Learning…

44
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