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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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Pathophysiology. The potential proposed mechanisms by which 
lymphopenia occurs include direct cytotoxic action of the virus 
related to ACE2-dependent or ACE2-independent entry into lym-
phocytes29,89,90, apoptosis-mediated lymphocyte depletion50,91,92, and 
inhibitory effects of lactic acid on lymphocyte proliferation93. In 
addition, atrophy of the spleen and widespread destruction of lym-
phoid tissues have been described for both SARS and COVID-1989,94.  
Leukocytosis (especially neutrophilia) is thought to be a con-
sequence of a hyperinflammatory response to infection with 
SARS-CoV-2 and/or secondary bacterial infections67. The abnor-
mally high levels of D-dimer and fibrinogen in the blood during 
the early stages of infection are reflective of excessive inflammation, 
rather than overt disseminated intravascular coagulation, which is 
commonly seen only in later stages of COVID-1977,80.

The untempered inflammation, along with hypoxia and direct 
viral mediated effects, probably contributes to the high rates of 
thrombotic complications in COVID-19. The increased expression 
of ACE2 in endothelial cells after infection with SARS-CoV-2 may 
perpetuate a vicious cycle of endothelialitis that promotes throm-
boinflammation29. Collectively, hemostatic and inflammatory 
changes, which reflect endothelial damage and activation as well as 
critical illness, constitute a prothrombotic milieu, at least similar to 
and possibly more severe than that of other viral illnesses86,95,96.

In addition to the macrothrombotic events, the development of 
in situ thrombosis in small vessels of the pulmonary vasculature 
(pulmonary intravascular coagulopathy) is an area that requires fur-
ther study97. Autopsy studies of patients who died due to COVID-19 
have shown high rates of microvascular and macrovascular throm-
boses, especially in the pulmonary circulation29,98–100. A post-mortem 
series of seven patients from Germany showed that alveolar capillary 
microthrombi were nine times more common in people who died of 
COVID-19 than in those who died of influenza29. Microthrombi and 
microangiopathic pathology, associated with foci of hemorrhage, 
were also noted on autopsies of ten African-American patients with 
severe COVID-19 from New Orleans, Louisiana, USA100.

Management considerations. Longitudinal evaluation of a com-
plete blood count, with white-blood-cell differential, D-dimer, 

prothrombin time, and fibrinogen, is recommended during the 
hospitalization of patients with COVID-19, in accordance with 
interim guidelines from the International Society of Hemostasis and 
Thrombosis101. Trending inflammatory indices may help in the pre-
diction of clinical outcomes and response to therapy in hospitalized 
patients. In addition, recently published interim consensus-based 
guidelines for the prevention and management of thrombotic dis-
ease in patients with COVID-19102 recommend routine risk assess-
ment for venous thromboembolism for all hospitalized patients with 
COVID-19. Standard-dose pharmacological prophylaxis should be 
considered in the absence of absolute contraindications in such 
patients. Empiric use of higher-than-routine prophylactic-dose or 
therapeutic-dose anticoagulation in patients admitted to the ICU 
in absence of proven thromboses has also been implemented in 
some institutions. This is an area of ongoing intense discussions  
among experts, particularly for those patients who exhibit marked 
COVID-19-associated coagulopathy73,103.

A retrospective analysis found lower in-hospital mortality rates 
in patients with COVID-19 who received therapeutic anticoagu-
lation104, although this study was carried out in a single center, 
and there is currently not sufficient evidence to recommend such 
a strategy. Randomized clinical trials investigating these ques-
tions are currently underway and will be crucial to establishing 
effective and safe strategies. Parenteral anticoagulants (such as 
low-molecular-weight or unfractionated heparin) are preferred 
to oral anticoagulants in the inpatient setting, given their short 
half-life and the ready availability of reversal agents, due to the pos-
sibility of drug–drug interactions when they are taken with antivi-
ral treatments (such as ritonavir) and antibacterial treatments (such 
as azithromycin)102.

Cardiovascular manifestations
Several cardiovascular presentations of COVID-19 have been 
reported. Clinical manifestations and management considerations 
pertaining to the cardiovascular system are presented in Box 2.

Epidemiology and clinical presentation. SARS-CoV-2 can cause 
both direct cardiovascular sequelae and indirect cardiovascular 
sequelae, including myocardial injury, acute coronary syndromes 
(ACS), cardiomyopathy, acute cor pulmonale, arrhythmias, and 
cardiogenic shock, as well as the aforementioned thrombotic com-
plications105,106. Myocardial injury, with elevation of cardiac bio-
markers above the 99th percentile of the upper reference limit, 
occurred in 20–30% of hospitalized patients with COVID-19, with 
higher rates (55%) among those with pre-existing cardiovascular 
disease3,107. A greater frequency and magnitude of troponin eleva-
tions in hospitalized patients has been associated with more-severe 
disease and worse outcomes3,107. Biventricular cardiomyopathy has 
been reported in 7–33% of critically ill patients with COVID-1952,65.  
Isolated right ventricular failure with and without confirmed pul-
monary embolism has also been reported108,109. Cardiac arrhyth-
mias, including new-onset atrial fibrillation, heart block, and 
ventricular arrhythmias, are also prevalent, occurring in 17% of 
hospitalized patients and 44% of patients in the ICU setting in a 
study of 138 patients from Wuhan, China110. In a multicenter New 
York City cohort, 6% of 4,250 patients with COVID-19 had pro-
longed QTc (corrected QT; >500 ms) at the time of admission111. 
Among 393 patients with COVID-19 from a separate cohort from 
New York City, atrial arrhythmias were more common among 
patients who required mechanical ventilation than among those 
who did not (17.7% versus 1.9%)68. Reports from Lombardi, Italy, 
show an increase of nearly 60% in the rate of out-of-hospital car-
diac arrest during the 2020 COVID-19 pandemic relative to a sim-
ilar time period in 2019, which suggests the etiology to be either 
COVID-19 or other untreated pathology due to patients’ reluctance 
to seek care112.
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Fig. 2 | Extrapulmonary manifestations of COVID-19. The pulmonary 
manifestation of COVID-19 caused by infection with SARS-CoV-2, including 
pneumonia and ARDS, are well recognized. In addition, COVID-19 is 
associated with deleterious effects on many other organ systems. Common 
extrapulmonary manifestations of COVID-19 are summarized here.
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Cardiac Invovment

Lala A / Fuster V   JACC 2020 5We demonstrate that myocardial injury was prev-
alent among a large hospitalized cohort in the United
States, occurring in 36%. Evidence for myocardial
injury was more frequent in our cohort compared
with recent reports from China (2,21–24). These prior
studies included between 41 and 416 patients and
noted prevalence of myocardial injury ranging from
7% to 28%. Similar to these smaller reports, we also
noted that patients with myocardial injury tended to
be older and have a history of CVD. We also noted
lower hemoglobin values, higher inflammatory
markers, and more frequent rates of tachycardia or
hypotension/hypertension.

Because SARS-CoV-2 enters cells via binding to the
ACE2 receptor, previous concerns existed as to

increased risk of adverse outcomes conferred by ACE
inhibitors or ARBs; these worries have been some-
what dissipated in light of recent studies showing no
increased risk associated with the use of these drugs
(25,26). We demonstrate a protective association with
statin use but no association with ACE inhibitors or
ARBs, consistent with a simultaneous report by Rey-
nolds et al. (25). The benefit of statins in the setting of
myocardial injury is well established (27–29), yet
whether statins confer an anti-inflammatory effect or
allow for amelioration of endothelial dysfunction in
COVID-19 have not been elucidated. It is also possible
that statin use in-hospital is confounded by physi-
cians’ treatment priorities, as statins may simply be
discontinued for patients who are intubated or

CENTRAL ILLUSTRATION Prevalence, Potential Mechanisms, and Impact of Myocardial Injury
in Coronavirus Disease-2019

Lala, A. et al. J Am Coll Cardiol. 2020;76(5):533–46.

Myocardial injury reflected by troponin concentrations above the upper reference limit (URL) of 0.03 ng/ml was present in 36% of patients hospitalized with
coronavirus disease-2019 (COVID-19). Troponin levels among patients hospitalized with COVID-19 were generally <1.0 ng/ml. Even small amounts of myocardial
injury (e.g., troponin I >0.03 to 0.09 ng/ml, n ¼ 455 [16.6%]) were associated with death (adjusted HR: 1.75; 95% confidence interval: 1.37 to 2.24) while greater
amounts (e.g., troponin I >0.09 ng/dl, n ¼ 530 [19.4%]) were associated with more pronounced risk for death (adjusted HR: 1.77; 95% confidence interval: 1.39 to
2.26; p < 0.001). Troponin elevation in the setting of acute COVID-19 may primarily reflect nonischemic or secondary myocardial injury, but the true mechanism
remains unknown. SARS-CoV-2 ¼ severe acute respiratory syndrome-coronavirus-2.

Lala et al. J A C C V O L . 7 6 , N O . 5 , 2 0 2 0

Myocardial Injury in Patients Hospitalized With COVID-19 A U G U S T 4 , 2 0 2 0 : 5 3 3 – 4 6
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tone, inflammation, and electrolyte imbalance all
lead to increase risks for both atrial and ventricular
arrhythmia.

The main question that arises is whether COVID-19
is a disease that originates as a cardiovascular disease
or whether cardiovascular involvement is a down-
stream consequence of severe COVID-19 (Figure 1). As
previously discussed, it remains uncertain which
comes first, and it may be more reasonable to suspect
that both types presentation are possible. Some pa-
tients may experience cardiovascular symptoms as
their initial manifestations; however, others may
experience cardiovascular involvement only as the
disease progresses. Irrespectively, involvement of the
cardiovascular system represents a more severe form
of COVID-19, and as presented here by Lala et al. (7),
significant numbers of hospitalized patients experi-
ence myocardial injury, and a greater magnitude of
injury portends a worse prognosis for the patient.

COVID-19 has forced us to understand the disease
pathophysiology and identify associated risk factors
in a short period. As our knowledge evolves and we
attempt to provide the best care for our patients, risk
stratification is crucial. Lala et al. have furthered our
understanding of COVID-19 and demonstrated that
troponin may serve as useful tool to achieve this
goal.
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TABLE 1 Published Studies Worldwide Demonstrating Association Between Myocardial Injury Diagnosed by Troponin Elevation and the Association With
COVID-19–Associated Mortality

Location N Patient Acuity Assay Used HR (95% CI) for Death
Prevalence in Nonsurvivors

vs. Survivors Ref. #

Wuhan, China 671 Severe hs-cTnI 4.56 (1.28–16.28) 75.8% vs. 9.7% (4)

Wuhan, China 416 Hospitalized hs-cTnI 4.26 (1.92–9.49) 51.2% vs. 4.5% (5)

Wuhan, China 191 Hospitalized hs-cTnI 80.1 (10.3–620.36) 46% vs. 1% (6)

Seattle, United
States

24 (13 with measured
troponin)

Severe Troponin (not otherwise
specified)

50% (n ¼ 1 of 2) vs. 45% (n ¼ 5 of 11) (9)

Northern Italy 53 Hospitalized with pre-
existing CVD

hs-cTnT 100% vs. 74% (10)

New York City,
United States

2,736 Hospitalized Troponin I Low (0.03–0.09 ng/ml): 1.75
(1.37–2.24)

High (>0.09 ng/ml): 3.03
(2.42–3.80)

60% (>0.09 ng/ml) vs.
35% (0.03–0.09 ng/ml) vs.

15% (<0.03 ng/ml) (estimated from
Figure 1 of Lala et al.)

(7)

CI ¼ confidence interval; COVID-19 ¼ coronavirus disease-2019; CVD ¼ cardiovascular disease; HR ¼ hazard ratio; hs-cTnI ¼ high-sensitivity cardiac troponin I; hs-cTnT ¼ high-sensitivity cardiac troponin T.
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§Myocardial injury during COVID-19 can 

be explained by two mechanisms

–Caused by the associated cytokine 

storm manifested by elevated levels 

of IL-6, ferritin, LDH, and D-dimer. 

–Myocardial dysfunction from the direct 

effect of SARS-CoV-2 on the heart. 



Reports of SARS-COV-2 genome in myocardial tissue

§ 104 patients with suspected COVID-19 associated myocarditis or unexplained HF, EMB 
demonstrated:
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Comparison with Prior Echocardiograms

Twenty individuals in this cohort had prior transthoracic echocardio-
grams available for review. On average, the prior echocardiograms
were obtained in 18 min and included 91.7 clips. On prior TTE, seven
patients had reduced LVEFs of <50%, of whom all seven also had
reduced LVEFs of <50% on current TTE. When comparing the previ-
ous and current echocardiograms, two patients had reductions in
LVEF of >10%. Of these, one patient had a previously normal
LVEF and new wall motion abnormalities consistent with stress-
induced cardiomyopathy, while the other had worsened global LV
function of a previously diagnosed cardiomyopathy. One patient
had an increase in RV size from the prior study. Six patients had reduc-
tions in RV function, with five decreasing from normal to mildly
reduced and one decreasing from mildly to moderately reduced.
Three of the eight patients with focal wall motion abnormalities
had prior transthoracic echocardiograms. Of those patients, two
had preexisting wall motion abnormalities.

Changes in Management and Outcomes Following TTE

Abnormal findings on TTE directly affected clinician decision-
making in 12 patients (16.7%). Clinical management was changed
in eight individuals (24.2%) who underwent TTE because of
concern for acute major cardiovascular event and three (14.3%) in
whom TTE was ordered for hemodynamic evaluation. Four patients
had findings consistent with pulmonary embolism and were started
on anticoagulation. The remaining eight patients had newly discov-
ered LV systolic dysfunction, and four were critically ill. Two patients
were started on inotropic support, and one patient who was already
on venovenous extracorporeal membrane oxygenation had an arte-
rial limb added. One patient was transferred from an affiliated com-
munity hospital to the main campus for evaluation for
extracorporeal membrane oxygenation; this patient was declined
for extracorporeal membrane oxygenation by a multidisciplinary
heart team but eventually was weaned off vasoactive agents.
Three patients were diagnosed with systolic heart failure and were
started on therapies or arranged to have outpatient cardiology
follow-up. Finally, one patient was planned for a trial of diuresis,
but given poor prognosis related to cardiomyopathy and other co-
morbidities, the patient was transitioned to comfort-focused care.
During the 30-day follow-up period after TTE, four patients who
were previously not intubated required intubation, and 24
(33.3%) died (Supplemental Table 6).

DISCUSSION

In this study, we describe the technical characteristics and cardiac find-
ings of 72 transthoracic echocardiographic examinations performed
on SARS-COV-2-positive patients at a quaternary care center in
New York City. Our main findings are as follows: (1) echocardio-
graphic examinations were performed in only a minority of patients
with COVID-19, (2) sonographers spent less time and obtained fewer
images than usual, (3) the majority of tests were diagnostic and were
able to address the clinical question for which they were ordered, (4)
patients with elevated hs-cTnT and elevated NT-proBNP were more
likely to exhibit reduced LV function, and (5) a large proportion of pa-
tients had reduced RV function.

In the setting of the global COVID-19 pandemic, the use and per-
formance of echocardiography have changed significantly, as the risk
for transmission to sonographers and other providers has become an
important concern. As such, our laboratory has implemented rigorous
screening measures and changes to the standard echocardiography
protocol consistent with a recent statement from the ASE.6 We found
that these changes translated to a decrease in the number of images
acquired per study and the total acquisition time per patient.
Although many studies did have some limitations in data quality,
very few studies were severely limited or nondiagnostic. Given the
complexity and severity of the clinical course of hospitalized patients
with COVID-19, many studies were performed in the critical care
setting, where patients are often unable to cooperate with examina-
tion maneuvers and there are many physical impediments to optimal
image acquisition. Despite these challenges, our experience shows
that the utility of echocardiography remains high, and interpretable
images could be obtained efficiently in the majority of patients.

Multiple cardiac manifestations of COVID-19 have been
described in case reports, including fulminant myocarditis, acute RV
dysfunction, and cardiac tamponade, but the spectrum and incidence
of cardiac disease in COVID-19 has not been well elucidated.3,4,12 In
our cohort, the majority of patients were found to have preserved bi-
ventricular systolic function. However, significant LV and RV systolic
dysfunction was found in a subset of patients and must be interpreted
within the clinical context of a patient with COVID-19. We do not
know howmany of these reduced LVEFs were preexisting and results
should be interpreted with caution. Little is known about the
pathologic effects of COVID-19 on the myocardium. In an analysis
by Li et al.,13 patients with the phylogenetically similar severe acute
respiratory syndrome coronavirus had subclinical diastolic

Table 4 LVEF among patients with COVID-19, stratified by normal or elevated hs-cTnT and normal or elevated NT-proBNP before
undergoing a transthroacic echocardiogram

Cardiac biomarkers Normal value before TTE, n (%) Elevated value before TTE, n (%) Unknown, n (%)

hs-cTnT (n = 23) (n = 46) (n = 3)

Normal LVEF (>50%) 16 (69.6) 24 (52.2) 3 (100)

Reduced LVEF (#50%) 4 (17.4) 21 (45.7) —

Unable to assess 3 (13) 1 (2.2) —

NT-proBNP (n = 27) (n = 21) (n = 24)

Normal LVEF (>50%) 19 (70.4) 10 (47.6) 14 (58.3)

Reduced LVEF (#50%) 5 (18.5) 11 (52.4) 9 (37.5)

Unable to assess 3 (11.1) 0 (0) 1 (4.2)

Normal hs-cTnT was defined as #22 ng/L, elevated hs-cTnT was defined as >22 ng/L, normal NT-proBNP was defined as <1,800 pg/mL, and
elevated NT-proBNP was defined as $1,800 pg/mL.
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risk for mortality; however, it also reports for the first
time that the severity of myocardial involvement as
assessed by the magnitude of troponin I elevation
further differentiates a patient’s risk for adverse out-
comes. This large observational cohort provides the
opportunity to develop a deeper understanding of
the link between myocardial involvement and risk
factors associated with severe COVID-19. As demon-
strated here, atrial fibrillation, coronary artery
disease, heart failure, diabetes mellitus, and hyper-
tension not only were all significantly associated with
elevated troponin I overall, but also increased in
prevalence as the magnitude of myocardial injury
increased.

Recent reports of a multisystem inflammatory syn-
drome with features of Kawasaki disease in children
have further linked cardiovascular injury to COVID-19
(8). It is possible that the inflammatory syndrome
associated with COVID-19 in general and antibody-
mediated disease in specific may cause vasculitis.

Although cardiovascular disease clearly represents
a risk factor for the development and severity of

COVID-19, cardiovascular disease may also be caused
and exacerbated by COVID-19:

1. Increased risk for myocardial ischemia: The
sympathetic activation, leading to increased
myocardial oxygen demand in conjunction with
hypoxemia with reduced myocardial oxygen
supply, may lead to imbalance in the myocardial
oxygen demand-to-supply ratio. In addition, hy-
percoagulability, systemic proinflammatory state
(cytokine storm), vasculitis, and direct vascular
infection may increase the risk for plaque rapture
and infarction.

2. Increased risk for development of heart failure
with a reduced ejection fraction: Similar to the
increased risk for myocardial ischemia, the cyto-
kine storm may lead to myocardial depression and
direct myocardial infection (myocarditis), further
increasing the risk for myocardial necrosis and
heart failure.

3. Increased risk for arrhythmias: Myocardial
ischemia, myocarditis, increased sympathetic

FIGURE 1 Interplay of Cardiovascular Disease and SARS-CoV-2

SARS-CoV-2

ACE2 TMPRSS2

Arrhythmia Heart Failure Coronary Artery Disease

Troponin I

Survival

The interplay of pre-existing cardiovascular disease (arrhythmia, heart failure, coronary artery disease) and severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) (pictured with spike protein binding to angiotensin-converting enzyme 2 receptor) on the heart.
ACE2 ¼ angiotensin-converting enzyme 2; TMPRSS2 ¼ transmembrane protease, serine 2.
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Mechanisms of Coagulopathy and Pathogenesis of Thrombosis in COVID-19

Bikdeli B, Madhavan MV, et al. J Am Coll Cardiol 2020. ePub Ahead of Print 15



Epidemiology of Thrombotic Disease in COVID-19

Cui et al. JTH 2020. ePub Ahead of Print. 16

§ Limited data available suggests a high incidence of thrombotic complications in patients with COVID-19

– Rates may exceed 20-30% in infected patients who are critically ill

§ Patients who develop thrombotic complications have higher burden of clinical comorbidities as well as 
inflammatory and hemostatic laboratory derangements

§ Cui et al (20/81 or 25% of ICU patients with VTE [diagnosed by CTAPE, venous US], 8 of whom died)

– None of these patients received prophylactic anticoagulation



Pulmonary Embolism in COVID-19

Poissy et al. Circulation 2020. ePub Ahead of Print. 17

§ Study on PE by Poissy and colleagues on first 107 patients admitted to ICUs with COVID-19 in France
§ High rate of PE (22/107 or 20.6%) within median time from ICU of 6 days
§ At the time of diagnosis, 20/22 (91%) of these patients were on guideline directed prophylaxis
§ Events compared between individuals admitted to ICU during same interval in 2019



Thrombotic Disease in COVID-19

Klok et al. Thrombosis Research 2020. ePub Ahead of Print. 18

§ Study from Netherlands by Klok and colleagues of 184 COVID-19 patients admitted to ICUs
§ All patients received prophylaxis with LMWH (nadroparin)
§ Overall mortality rate of 8%
§ Cumulative incidence of any thrombotic event was 31% (95%CI 20-41%)
§ Age and coagulopathy were identified as independent predictors of thrombotic events



Cardiovascular Manifestations of COVID-19

Madjid et al. JAMA Cardiology 2020. ePub Ahead of Print 19



Aug 2020

THANK YOU 
BE SAFE



Symptoms

21

https://ourworldindata.org/coronavirus

Clerkin K / Sayer G / Uriel N  Circulation 2020



Case Presentation
§64 y/o female with history of hypertension and hyperlipidemia

§Presents with persistent chest pressure for two days 
–Denies dyspnea, cough, fever, chills or diarrhea. Denies recent travel or 

sick contacts. 

§Vitals: BP 130/80, HR 98/min, O2 saturation 100% on 2 liters NC

§Exam: Mild distress, mild tachycardia, no evidence of volume overload or 
low output

§TnI 18.6, CK-MB 70       pBNP 5766

Fried J / Clerkin K / Uriel N / Sayer G      Circulation 2020 
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Table 2). A total of 399 patients (95.9%) were treated with oxy-
gen, and the percentages of use of oxygen inhalation,
noninvasive ventilation, and invasive mechanical ventilation
were 76.0% (316 patients), 12.3% (51 patients), and 7.7% (32 pa-
tients), respectively. The proportion of antiviral therapy use
was the highest (403 [96.9%]), followed by glucocorticoids (304
[73.1%]), intravenous immunoglobulin therapy (259 [62.3%]),
and antibiotic therapy (235 [56.5%]). Only 2 patients (0.5%)
among all participants were given continuous kidney therapy.
Overall, 97 patients (23.3%) had ARDS, and 8 patients (1.9%)
had acute kidney injury during hospitalization; other com-
mon complications included electrolyte disturbance (30 pa-
tients [7.2%]), hypoproteinemia (27 [6.5%]), anemia (13 [3.1%]),
and coagulation disorders (12 [2.9%]). During follow-up, a total
of 57 patients (13.7%) died, 40 patients (9.6%) were dis-
charged, and the rest (319 [76.7%]) remained hospitalized.
Compared with those without cardiac injury, patients with car-
diac injury required more noninvasive ventilation (38 [46.3%]
vs 13 [3.9%]; P < .001) and invasive mechanical ventilation (18
[22.0%] vs 14 [4.2%]; P < .001) (Table 2). The use of antibiotic
treatment (68 [82.9%] vs 167 [50.0%]), glucocorticoids (72
[87.8%] vs 232 [69.5%]), and intravenous immunoglobulin
treatment (68 [82.9%] vs 191 [57.2%]) was also significant
higher in patients with cardiac injury than in those without car-
diac injury (all P < .001; Table 2). In addition to anemia, other
complications were more common among patients with car-
diac injury than those without cardiac injury; these included
ARDS (48 [58.5%] vs 49 [14.7%]; P < .001), acute kidney in-
jury (7 [8.5%] vs 1 [0.3%]; P < .001), electrolyte disturbances

(13 [15.9%] vs 17 [5.1%]; P = .003), hypoproteinemia (11 [13.4%]
vs 16 [4.8%]; P = .01), and coagulation disorders (6 [7.3%] vs
6 [1.8%]; P = .02) (Table 2).

Cardiac Injury and Mortality
Patients with cardiac injury vs those without cardiac injury
had shorter durations from symptom onset to follow-up
(mean, 15.6 [range, 1-37] days vs 16.9 [range, 3-37] days;
P = .001) and admission to follow-up (6.3 [range, 1-16] days
vs 7.8 [range, 1-23] days; P = .039). The mortality rate was
higher among patients with vs without cardiac injury (42
[51.2%] vs 15 [4.5%]; P < .001) as shown in Table 2 and the
Kaplan-Meier survival curves in Figure 2. The mortality rate
increased in association with the magnitude of the refer-
ence value of hs-TNI (eFigure 3 in the Supplement). After
adjusting for age, preexisting cardiovascular diseases (hy-
pertension, coronary heart disease, and chronic heart fail-
ure), cerebrovascular diseases, diabetes mellitus, chronic
obstructive pulmonary disease, renal failure, cancer, ARDS,
creatinine levels greater than 133 μmol/L, and NT-proBNP
levels greater than 900 pg/mL, the multivariable adjusted
Cox proportional hazard regression model showed a signifi-
cantly higher risk of death in patients with cardiac injury
than in those without cardiac injury, either during time
from symptom onset (hazard ratio [HR], 4.26 [95% CI, 1.92-
9.49]) or time from admission to study end point (HR, 3.41
[95% CI, 1.62-7.16]) (Table 3). Under this hazard regression
model, ARDS was another independent risk factor for mor-
tality with COVID-19, with a high HR (7.89 [95% CI, 3.73-

Table 2. Treatment, Complications, and Clinical Outcome of 416 Patients With COVID-19

Characteristic

Patients, No. (%)

P valueAll (n = 416)

Cardiac injury

With (n = 82)
Without
(n = 334)

Time from symptom onset to admission,
edian (range), d

10 (1-30) 10 (1-30) 10 (1-28) .27

Treatment

Oxygen inhalation 316 (76.0) 26 (31.7) 290 (86.8) <.001

Noninvasive ventilation 51 (12.3) 38 (46.3) 13 (3.9) <.001

Invasive mechanical ventilation 32 (7.7) 18 (22.0) 14 (4.2) <.001

Continuous renal replacement therapy 2 (0.5) 2 (2.4) 0 .04

Antiviral treatment 403 (96.9) 82 (100) 321 (96.1) .08

Glucocorticoids 304 (73.1) 72 (87.8) 232 (69.5) <.001

Intravenous immunoglobulin therapy 259 (62.3) 68 (82.9) 191 (57.2) <.001

Antibiotic treatment 235 (56.5) 68 (82.9) 167 (50) <.001

Complications

ARDS 97 (23.3) 48 (58.5) 49 (14.7) <.001

Acute kidney injury 8 (1.9) 7 (8.5) 1 (0.3) <.001

Electrolyte disturbance 30 (7.2) 13 (15.9) 17 (5.1) .003

Hypoproteinemia 27 (6.5) 11 (13.4) 16 (4.8) .01

Anemia 13 (3.1) 4 (4.9) 9 (2.7) .30

Coagulation disorders 12 (2.9) 6 (7.3) 6 (1.8) .02

Clinical outcome

Remained in hospital 319 (76.7) 38 (46.3) 281 (72.2)
<.001

Discharged 40 (9.6) 2 (2.4) 38 (23.4)

Died 57 (13.7) 42 (51.2) 15 (4.5) <.001 Abbreviation: ARDS, acute
respiratory distress syndrome.
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16.66]) in model 1 and an HR of 7.11 (95% CI, 3.31-15.25) in
model 2 (Table 3).

Discussion
The present study demonstrates the statistically significant as-
sociation between cardiac injury and mortality in patients with
COVID-19. Cardiac injury, as a common complication (19.7%),
was associated with an unexpected high risk of mortality dur-
ing hospitalization.

As of March 12, 2020, there have been a total of more than
130 000 laboratory-confirmed cases of COVID-19 globally, in-
cluding more than 80 000 within mainland China. Because of
its high infectivity, this virus has managed to supersede se-
vere acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS) in death toll. Severe respiratory
distress is usually considered the main cause of coronavirus-
induced death. According to a recent study of the largest clini-
cal sample in China,8 severe pneumonia was independently
associated with admission to an intensive care unit, mechani-
cal ventilation, or death. It is notable that a recent report on
138 patients hospitalized with COVID-19 found that 7.2% of pa-
tients developed acute cardiac injury, and patients who re-
ceived care in the intensive care unit were more likely to have
cardiac injury (22.2%) than non-ICU patients.2 This observa-
tion suggests that cardiac injury is possibly associated with the
clinical outcomes of COVID-19. Consistently, our study also
found 19.7% of patients with cardiac injury and first demon-
strated that cardiac injury was independently associated with
an increased risk of mortality in patients with COVID-19. Com-
pared with patients without cardiac injury, patients with car-
diac injury presented with more severe acute illness, mani-
fested by abnormal laboratory and radiographic findings, such
as higher levels of C-reactive protein, NT-proBNP, and creati-
nine levels; more multiple mottling and ground-glass opac-
ity; and a greater proportion requiring noninvasive or inva-
sive ventilation.

In a study of cardiovascular complications of SARS in 121
patients,9 hypertension occurred in 61 patients (50.4%) in the
hospital. Of these patients, 71.9% developed persistent tachy-
cardia, including 40% with continued tachycardia during out-
patient follow-up. Although tachycardic cardiovascular com-
plications were common in patients with SARS, they were
usually self-limiting and not associated with risk of death. In
contrast with that from SARS, more than half of the patients
with cardiac injury experienced in-hospital death in this study,
indicating that COVID-19–induced cardiac injury is associ-
ated with major adverse clinical outcomes. However, the
mechanism of cardiac injury among these patients with
COVID-19 remains uncertain.

Evidence from a case report showed that MERS-CoV causes
acute myocarditis, manifested as myocardial edema and acute
myocardial injury of the apical and lateral walls of the left
ventricle.10 This regional myocardial injury may result from
direct viral myocardial infection. On the basis of recent stud-
ies, angiotensin-converting enzyme 2 (ACE2) is a human cell
receptor with a strong binding affinity to the Spike protein of
SARS-CoV-2, and ACE2 is also highly expressed in heart.11,12

Thus, it is rational to hypothesize that COVID-19–induced car-
diac injury might be mediated by ACE2. However, a recent
pathological study found scarce interstitial mononuclear in-
flammatory infiltrates in heart tissue without substantial myo-
cardial damage in a patient with COVID-19,13 suggesting that
COVID-19 might not directly impair the heart. The present
study lacks evidence from magnetic resonance imaging or ech-
ocardiography to determine the features of myocardial in-
jury. On the basis of the present results of hs-TNI and ECG find-
ings in a subset of patients, we can only estimate the severity

Figure 2. Mortality During Hospitalization Between Patients With vs
Without Cardiac Injury
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A-B, Kaplan-Meier survival curves for mortality during the time from symptom
onset (A) and admission (B). In (B), the maximum duration was 16 days. C,
Patients with cardiac injury had a higher rate of mortality in log-rank test, both
from symptom onset and from admission.
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16.66]) in model 1 and an HR of 7.11 (95% CI, 3.31-15.25) in
model 2 (Table 3).

Discussion
The present study demonstrates the statistically significant as-
sociation between cardiac injury and mortality in patients with
COVID-19. Cardiac injury, as a common complication (19.7%),
was associated with an unexpected high risk of mortality dur-
ing hospitalization.

As of March 12, 2020, there have been a total of more than
130 000 laboratory-confirmed cases of COVID-19 globally, in-
cluding more than 80 000 within mainland China. Because of
its high infectivity, this virus has managed to supersede se-
vere acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS) in death toll. Severe respiratory
distress is usually considered the main cause of coronavirus-
induced death. According to a recent study of the largest clini-
cal sample in China,8 severe pneumonia was independently
associated with admission to an intensive care unit, mechani-
cal ventilation, or death. It is notable that a recent report on
138 patients hospitalized with COVID-19 found that 7.2% of pa-
tients developed acute cardiac injury, and patients who re-
ceived care in the intensive care unit were more likely to have
cardiac injury (22.2%) than non-ICU patients.2 This observa-
tion suggests that cardiac injury is possibly associated with the
clinical outcomes of COVID-19. Consistently, our study also
found 19.7% of patients with cardiac injury and first demon-
strated that cardiac injury was independently associated with
an increased risk of mortality in patients with COVID-19. Com-
pared with patients without cardiac injury, patients with car-
diac injury presented with more severe acute illness, mani-
fested by abnormal laboratory and radiographic findings, such
as higher levels of C-reactive protein, NT-proBNP, and creati-
nine levels; more multiple mottling and ground-glass opac-
ity; and a greater proportion requiring noninvasive or inva-
sive ventilation.

In a study of cardiovascular complications of SARS in 121
patients,9 hypertension occurred in 61 patients (50.4%) in the
hospital. Of these patients, 71.9% developed persistent tachy-
cardia, including 40% with continued tachycardia during out-
patient follow-up. Although tachycardic cardiovascular com-
plications were common in patients with SARS, they were
usually self-limiting and not associated with risk of death. In
contrast with that from SARS, more than half of the patients
with cardiac injury experienced in-hospital death in this study,
indicating that COVID-19–induced cardiac injury is associ-
ated with major adverse clinical outcomes. However, the
mechanism of cardiac injury among these patients with
COVID-19 remains uncertain.

Evidence from a case report showed that MERS-CoV causes
acute myocarditis, manifested as myocardial edema and acute
myocardial injury of the apical and lateral walls of the left
ventricle.10 This regional myocardial injury may result from
direct viral myocardial infection. On the basis of recent stud-
ies, angiotensin-converting enzyme 2 (ACE2) is a human cell
receptor with a strong binding affinity to the Spike protein of
SARS-CoV-2, and ACE2 is also highly expressed in heart.11,12

Thus, it is rational to hypothesize that COVID-19–induced car-
diac injury might be mediated by ACE2. However, a recent
pathological study found scarce interstitial mononuclear in-
flammatory infiltrates in heart tissue without substantial myo-
cardial damage in a patient with COVID-19,13 suggesting that
COVID-19 might not directly impair the heart. The present
study lacks evidence from magnetic resonance imaging or ech-
ocardiography to determine the features of myocardial in-
jury. On the basis of the present results of hs-TNI and ECG find-
ings in a subset of patients, we can only estimate the severity
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Patients with cardiac injury had a higher rate of mortality in log-rank test, both
from symptom onset and from admission.
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16.66]) in model 1 and an HR of 7.11 (95% CI, 3.31-15.25) in
model 2 (Table 3).

Discussion
The present study demonstrates the statistically significant as-
sociation between cardiac injury and mortality in patients with
COVID-19. Cardiac injury, as a common complication (19.7%),
was associated with an unexpected high risk of mortality dur-
ing hospitalization.

As of March 12, 2020, there have been a total of more than
130 000 laboratory-confirmed cases of COVID-19 globally, in-
cluding more than 80 000 within mainland China. Because of
its high infectivity, this virus has managed to supersede se-
vere acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS) in death toll. Severe respiratory
distress is usually considered the main cause of coronavirus-
induced death. According to a recent study of the largest clini-
cal sample in China,8 severe pneumonia was independently
associated with admission to an intensive care unit, mechani-
cal ventilation, or death. It is notable that a recent report on
138 patients hospitalized with COVID-19 found that 7.2% of pa-
tients developed acute cardiac injury, and patients who re-
ceived care in the intensive care unit were more likely to have
cardiac injury (22.2%) than non-ICU patients.2 This observa-
tion suggests that cardiac injury is possibly associated with the
clinical outcomes of COVID-19. Consistently, our study also
found 19.7% of patients with cardiac injury and first demon-
strated that cardiac injury was independently associated with
an increased risk of mortality in patients with COVID-19. Com-
pared with patients without cardiac injury, patients with car-
diac injury presented with more severe acute illness, mani-
fested by abnormal laboratory and radiographic findings, such
as higher levels of C-reactive protein, NT-proBNP, and creati-
nine levels; more multiple mottling and ground-glass opac-
ity; and a greater proportion requiring noninvasive or inva-
sive ventilation.

In a study of cardiovascular complications of SARS in 121
patients,9 hypertension occurred in 61 patients (50.4%) in the
hospital. Of these patients, 71.9% developed persistent tachy-
cardia, including 40% with continued tachycardia during out-
patient follow-up. Although tachycardic cardiovascular com-
plications were common in patients with SARS, they were
usually self-limiting and not associated with risk of death. In
contrast with that from SARS, more than half of the patients
with cardiac injury experienced in-hospital death in this study,
indicating that COVID-19–induced cardiac injury is associ-
ated with major adverse clinical outcomes. However, the
mechanism of cardiac injury among these patients with
COVID-19 remains uncertain.

Evidence from a case report showed that MERS-CoV causes
acute myocarditis, manifested as myocardial edema and acute
myocardial injury of the apical and lateral walls of the left
ventricle.10 This regional myocardial injury may result from
direct viral myocardial infection. On the basis of recent stud-
ies, angiotensin-converting enzyme 2 (ACE2) is a human cell
receptor with a strong binding affinity to the Spike protein of
SARS-CoV-2, and ACE2 is also highly expressed in heart.11,12

Thus, it is rational to hypothesize that COVID-19–induced car-
diac injury might be mediated by ACE2. However, a recent
pathological study found scarce interstitial mononuclear in-
flammatory infiltrates in heart tissue without substantial myo-
cardial damage in a patient with COVID-19,13 suggesting that
COVID-19 might not directly impair the heart. The present
study lacks evidence from magnetic resonance imaging or ech-
ocardiography to determine the features of myocardial in-
jury. On the basis of the present results of hs-TNI and ECG find-
ings in a subset of patients, we can only estimate the severity
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Patients with cardiac injury had a higher rate of mortality in log-rank test, both
from symptom onset and from admission.
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of cardiac injury. Thus, because of the current limited evi-
dence, the question of whether the SARS-CoV-2 virus can di-
rectly injure the heart requires further demonstration.

In contrast, a previous study found that reversible, subclini-
cal diastolic left ventricular impairment appears to be common
in acute SARS infection, even among those without underlying
cardiac disease,14 suggesting that left ventricular dysfunction in
the acute phase might be attributable to the cytokine storm syn-
drome. This is a serious life-threatening disease with clinical fea-
tures of systemic inflammation, methemoglobinemia, hemody-
namic instability, and multiple organ failure.15,16 The hallmark of
cytokine storm syndrome is an uncontrolled and dysfunctional
immune response involving the continuous activation and pro-
liferation of lymphocytes and macrophages. Huang et al1 found
that patients with COVID-19 who were admitted to the intensive
care unit had higher plasma levels of cytokines, including inter-
leukin (IL)–2, IL-7, IL-10, granulocyte-colony stimulating factor,
IgG-induced protein 10 (also known as C-X-C motif chemokine
10), monocyte chemoattractant protein-1, macrophage inflam-
matory protein 1-alpha (also known as chemokine ligand 3), and
tumor necrosis factor α. In the present study, we also found that
markers of inflammatory response, such as C-reactive protein,
procalcitonin,andleukocytes,weresignificantlyincreasedamong
patients who suffered from cardiac injury. The activation or en-
hancedreleaseoftheseinflammatorycytokinescanleadtoapop-
tosis or necrosis of myocardial cells.

In addition, preexisting cardiovascular diseases might also
be more susceptible COVID-19–induced heart injury, as ap-
proximately 30% and 60% of patients with cardiac injury in
the present study had a history of coronary heart disease and
hypertension, respectively, which were significantly more
prevalent than in those without cardiac injury. Similarly, in a
recent report,2 25% and 58.3% of patients who were critically
ill with COVID-19 had underlying heart diseases and hyper-
tension, respectively. According to the “Diagnosis and Treat-
ment of Novel Coronavirus Pneumonia (Trial Version 4),”17 el-
derly patients with underlying diseases are more likely to be
infected with SARS-CoV-2 and tend to be severely ill, espe-
cially those with hypertension, coronary heart disease, and dia-
betes. Although there are few pieces of evidence to establish
a direct association between cardiac injury and cardiovascu-

lar comorbidities, it is rational to presume that patients with
coronary artery disease or heart failure are susceptible to car-
diac injury, and once such patients are infected with severe
pneumonia, myocardial ischemia or cardiac dysfunction are
more likely to occur, ultimately leading to a sudden deterio-
ration. On the other hand, acute inflammatory responses can
also lead to ischemia in the presence of preexisting cardiovas-
cular diseases. The inflammatory activity within coronary ath-
erosclerotic plaques is exacerbated during systemic inflam-
matory response, making them prone to rupture.1 8

Inflammation also causes endothelial dysfunction and in-
creases the procoagulant activity of the blood, which can con-
tribute to the formation of an occlusive thrombus over a rup-
tured coronary plaque.19 Based on these lines of evidence, we
hypothesize that an intense inflammatory response superim-
posed on preexisting cardiovascular disease may precipitate
cardiac injury observed in patients with COVID-19 infections.

Limitations
Some limitations existed in the present study. First, because
of the logistical limitations at the onset of these emerging in-
fections in Wuhan, some data, such as echocardiography data,
electrocardiography data, and cytokine level measurements,
were lacking from clinical examinations of patients in isola-
tion wards or the intensive care unit, which limits the deter-
mination of potential mechanisms of cardiac injury. Second,
because the clinical observation of patients is still ongoing,
many with and without cardiac injury have not reached clini-
cal end points. Third, data from larger populations and mul-
tiple centers are warranted to further confirm the outcomes
of cardiac injury in COVID-19.

Conclusions
Cardiac injury is a common condition among patients hospi-
talized with COVID-19, and it is associated with a higher risk
of in-hospital mortality. Although the exact mechanism of car-
diac injury needs to be further explored, the findings pre-
sented here highlight the need to consider this complication
in COVID-19 management.

Table 3. Multivariate Cox Regression Analysis on the Risk Factors Associated With Mortality in Patients
With COVID-19

Factor
From symptom onset From admission
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age, y 1.02 (0.99-1.05) .07 1.02 (0.99-1.04) .18
Cardiovascular diseases 1.51 (0.70-3.30) .30 1.40 (0.65-3.03) .39
Cerebrovascular diseases 1.12 (0.46-2.70) .80 1.71 (0.71-4.09) .25
Diabetes 0.79 (0.41-1.52) .48 0.75 (0.38-1.50) .42
Chronic obstructive pulmonary
disease

0.37 (0.04-3.50) .38 0.39 (0.04-3.68) .41

Renal failure 1.10 (0.49-2.44) .82 0.66 (0.29-1.46) .30
Cancer 1.75 (0.43-7.16) .44 0.82 (0.18-3.65) .79
Acute respiratory distress syndrome 7.89 (3.73-16.66) <.001 7.11 (3.31-15.25) <.001
Cardiac injury 4.26 (1.92-9.49) <.001 3.41 (1.62-7.16) .001
Creatinine ≥1.50 mg/dL 0.59 (0.29-1.23) .16 1.22 (0.60-2.50) .58
N-terminal pro-B-type natriuretic
peptide ≥900 pg/mL

1.16 (0.54-2.47) .70 1.52 (0.74-3.10) .25
SI conversion factor: To convert
creatinine to μmol/L, multiply by
88.4.
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CUMC CACC COVID 19 Study

§ We analyzed patients with moderate-severe COVID-19 diagnosed between March 1 – April 3, 2020 
at a tertiary medical center in New York City.  

§ Demographics, comorbidities, symptoms, and laboratory testing were abstracted including cardiac 
enzymes.

§ Data was captured from electronic medical record through automated abstraction or manual chart 
review. 

§ Electrocardiograms (ECGs) completed within 24 hours from presentation were read by 
electrophysiologists to assess for abnormalities (any abnormality of rate, rhythm, intervals or wave 
forms other than sinus tachycardia or 1st degree heart block ). 

§ Clinical outcomes were assessed with a minimum of 14 days of follow-up. 
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Patient Outcomes at CUMC Sphere 
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Patients tested across three hospitals (n=5,587)

Patients positive for COVID-19 (n=2,421)

Adults with 14 days since diagnosis (n=1,258)

Alive, admitted or managed in emergency 
department, did not require mechanical 

ventilation

(n=840, 67%)

Discharged

(n=770, 92%)

Remain 
hospitalized 

(n=71, 8%)

Alive, required mechanical ventilation 

(n=173, 14%)

Remained 
intubated 

(n=130, 75%) 

Extubated, remain 
hospitalized 

(n=25, 14%) 

Extubated, 
discharged 

(n=18,  10%)

Died 

(n=245, 19%)
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Worst Outcome by Fourteen Days from Diagnosis

Total (%) Admitteda (%)
Alive, required 

mechanical 
ventilation (%)

Died (%)

1258 840 173 245
Demographics

Age, mean (SD) 61.6 (18.4) 58.1 (17.7) 58.3 (14.6) 76 (13.8)
Male sex 695 (55) 435 (52) 109 (63) 151 (62)

Comorbidities
No comorbidities 209 (17) 174 (21) 27 (16) 8 (3)
Hypertension 699 (56) 426 (51) 95 (55) 178 (73)
Diabetes 445 (35) 272 (32) 63 (36) 110 (45)
Obesity 421 (33) 282 (34) 74 (43) 65 (27)
Asthma or COPD 204 (16) 138 (16) 25 (14) 41 (17)
CKD 194 (15) 106 (13) 18 (10) 70 (29)
HFrEF 80 (6) 47 (6) 6 (3) 27 (11)
HFpEF 52 (4) 31 (4) 4 (2) 17 (7)
CAD 140 (11) 83 (10) 10 (6) 47 (19)
Cancer, active 51 (4) 34 (4) 6 (3) 11 (4)
Cancer, history 70 (6) 43 (5) 10 (6) 17 (7)
Two or more comorbidities 696 (55) 437 (52) 92 (53) 167 (68)
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Baseline Characteristics 
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Worst Outcome by Fourteen Days from Diagnosis

Total (%) Admitteda (%)
Alive, required 

mechanical 
ventilation (%)

Died (%)

1258 840 173 245
Presenting Symptoms

Fever 491 (39) 334 (40) 71 (41) 86 (35)
Cough 404 (32) 288 (34) 57 (33) 59 (24)
Shortness of breath 370 (29) 224 (27) 70 (40) 76 (31)
Gastrointestinal complaints 113 (9) 95 (11) 12 (7) 6 (2)
Weakness 84 (7) 58 (7) 10 (6) 16 (7)
Chest pain 40 (3) 32 (4) 7 (4) 1 (0)
Altered mental status 38 (3) 13 (2) 6 (3) 19 (8)

Presenting Vital Signs
Abnormal Temperature 
(>101.4 or <96.6 F) 361 (29) 231 (28) 60 (35) 70 (29)

Abnormal Heart Rate 
(>100 or <60 bpm) 558 (44) 363 (43) 89 (51) 106 (43)

Abnormal oxygen saturation 
(< 96%) 719 (57) 439 (52) 136 (79) 144 (59)

Respiratory rate >=20 624 (50) 366 (44) 108 (62) 150 (61)
Systolic blood pressure 
< 100 mmHg 110 (9) 71 (8) 13 (8) 26 (11)
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Presentation Symptoms and Vital Signs 
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Worst Outcome by Fourteen Days from Diagnosis

Total (%) Admitteda (%)
Alive, required 

mechanical 
ventilation (%)

Died (%)

1258 840 173 245
Presenting Electrocardiogram

Normal ECG 204 (16) 152 (18) 33 (24) 19 (10)
Borderline ECG 121 (10) 87 (10) 19 (14) 15 (8)
Abnormal ECG 562 (45) 325 (39) 86 (62) 151 (82)
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ECG Finding
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Total

Admitted or 
managed in 

ED

Required 
mechanical 
ventilation Died

Total 887 564 100% 138 100% 185 100%
Rhythm

Normal sinus rhythm 583 66% 395 70% 88 64% 100 54%
Sinus bradycardia 15 2% 13 2% 0 0% 2 1%
Sinus tachycardia 225 25% 132 23% 44 32% 49 26%
Atrial fibrillation or atrial flutter 46 5% 15 3% 6 4% 25 14%
Paced rhythm 12 1% 6 1% 0 0% 6 3%
Other 6 1% 3 1% 0 0% 3 2%

ECG intervals, 
median Median Median Median Median

Ventricular rate (bpm) 90 88 95 94
PR interval, ms 150 150 146 150
QRS interval, ms 86 86 86 88
QT, ms 364 370 358 360
QTc (Bazett), ms 445 443 443 452
QTc (Fridericia), ms 416 415 410 422

Elias P / Poterucha  TJ / Sayer G / Uriel N preperartion for submission 

ECG Finding
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Total

Admitted or 
managed in 

ED

Required 
mechanical 
ventilation Died

Pathologic Q waves 71 8% 41 7% 5 4% 25 14%

ST and T wave 
analyses restricted to 
QRS <120 812 531 129 152

Normal ST and TW 506 62% 348 66% 76 59% 82 54%

Abnormal ST or TW 306 38% 183 34% 53 41% 70 46%

Significant ST depression 31 4% 16 3% 7 5% 8 5%

Significant ST elevation 11 1% 5 1% 4 3% 2 1%

Significant ST depression or 

elevation 42 5% 21 4% 11 9% 10 7%

Any atrial ectopic 
beat 67 8% 35 6% 3 2% 29 16%

Any ventricular 
ectopic beat 48 5% 24 4% 2 1% 22 12%

QTc (Bazett) QRS <120, QTc <460 603 74% 399 71% 102 74% 102 55%

QRS <120, QTc >=460 and <500 172 21% 116 21% 22 16% 34 18%

QRS <120, QTc >500 37 5% 16 3% 5 4% 16 9%

QRS >=120, QTc <500 44 59% 19 3% 7 5% 18 10%

QRS >=120, QTc >=500, <550 25 33% 13 2% 2 1% 10 5%

QRS >=120, QTc >=550 6 8% 1 0% 0 0% 5 3%

QRS voltage LVH 99 11% 53 9% 14 10% 32 17%

Low voltage 30 3% 19 3% 3 2% 8 4%



EKG abnormalities at time of presentation is prognostic of intubation or death 
at 14 days – Vital signs
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Normal	RR	and	O2	Sat RR	>	20	or	O2	<	96%

Normal	ECG Abnormal	ECG Normal	ECG Abnormal	ECG
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14.58%
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53.49%

N	=183

70.38%
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46.51%
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29.62%

ECG	and	Vitals	Abnormality	at	Presentation	by	Outcome	at	14	Days
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No	Comorbidities 1+	Comorbidity

Normal	ECG Abnormal	ECG Normal	ECG Abnormal	ECG
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ECG	Abnormality	and	Comorbidities	at	Presentation	by	Outcome	at	14	Days
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EKG abnormalities at time of presentation is prognostic of intubation 
or death at 14 days – Comorbidities 
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18-39 40-64 65+

Normal	ECG Abnormal	ECG Normal	ECG Abnormal	ECG Normal	ECG Abnormal	ECG
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73.68%

N	=45

91.84%

N	=10

26.32%
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8.16%

N	=109

69.87%

N	=96

73.28%

N	=47

30.13%
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26.72%

N	=156

50.16%

N	=71

63.96%

N	=155

49.84%

N	=40

36.04%

ECG	Abnormality	and	Age	at	Presentation	by	Outcome	at	14	Days

Outcome	x	2

Intubation	or	Death

ED	Discharge	or	Admission
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EKG abnormalities at time of presentation is prognostic of intubation or death 
at 14 days – Age
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Total
Did not require 
hospitalization

Required 
Hospitalization

Required Mechanical 
Ventilation Died

p value 
(death/ventilated vs. 
favorable outcome)

Creatinine Presenting 1.8 0.8 1.6 1.8 2.3 0.000
Peak 2.7 0.8 1.9 4.6 3.8 0.000

BUN Presenting 24.7 11.4 20.8 26.5 37.4 0.000
Peak 42.0 13.0 27.7 77.8 65.9 0.000

NT-proBNP Presenting 4890.6 225.7 3545.1 3308.3 9203.2 0.008
Peak 4964.9 225.7 3550.8 3715.6 9216.6 0.010

hsTpT Presenting 55.1 10.3 28.0 60.6 135.1 0.000
Peak 117.6 10.3 33.7 220.0 299.9 0.000

D-dimer Presenting 3.0 0.8 2.1 4.4 4.9 0.000
Peak 5.5 0.9 2.7 13.4 8.5 0.000

LDH Presenting 449.7 802.6 373.9 583.4 571.7 0.000
Peak 589.2 802.6 416.7 866.1 913.6 0.000
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Lab Results
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Total
Did not require 
hospitalization

Required 
Hospitalization

Required Mechanical 
Ventilation Died

p value 
(death/ventilated vs. 
favorable outcome)

CRP Presenting 122.0 87.3 99.8 163.4 163.1 0.000
Peak 165.6 90.4 124.4 271.3 220.1 0.000

Procalcitonin Presenting 1.9 0.1 0.8 4.1 3.9 0.000
Peak 7.4 0.2 1.3 16.4 20.2 0.000

Sedimentation 
rate Presenting

67.5 50.1 65.4 73.8 70.0 0.004

Peak 84.0 52.0 76.1 110.2 90.1 0.000
Interleukin-6 Presenting 131.3 15.4 71.9 187.1 189.5 0.000

Peak 101.7 15.4 43.6 238.0 177.0 0.000

WBC Presenting 8.2 7.2 7.3 11.1 9.4 0.000
Peak 12.5 9.1 9.3 22.6 16.3 0.000
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Mortality by ECG Categorization and High Sensitivity Troponin 
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Indications for Performing a Transthoracic Echocardiogram
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Proprietary and confidential — do not distribute

Study Characteristics
-72 echocardiograms 
performed
-Average study: 39.7 clips, 6.7 
minutes
-Study quality:

-40% adequate or mildly 
limited

-40% moderately limited
-14% severely limited
-6% non-diagnostic

Suspected cardiac events

Changes in ECG
Elevated biomarkers (TPI and pro-
BNP)
Risk factors and symptoms 

Hemodynamics instability

Cardiogenic shock
Mix shock
Neurogenic shock

High 
Sensitivity 
Troponin

Normal Elevate
d

Ejection fraction
-70% Normal
-17% Reduced
-13% Unable to 
assess

Ejection fraction
-52% Normal
-46% Reduced
-2% Unable to 
assess

NT-proBNP

Normal Elevate
d

Ejection fraction
-70% Normal
-19% Reduced
-11% Unable to 
assess

Ejection fraction
-48% Normal
-52% Reduced

Size
-69% Normal
-31% Abnormal

Function
-47% Normal
-53% Abnormal

Left Ventricle Left Ventricle

Right Ventricle

Jain S / Clerkin K / Uriel N    Under Review



Patient Course Following Admission
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Main Findings

§ 33% of patients either died or required mechanical ventilation, and 19% of the patients 
died and within fourteen days of COVID-19 diagnosis

§ Respiratory rate > 20/min or oxygen saturation <96% at presentation are predictive of 
death or need for mechanical ventilation 

§ Abnormal ECG was present in 63% of the patients 

§ The addition of an abnormal ECG to abnormal respiratory vital signs identifies a group of 
patients with particularly poor outcomes
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Next Steps
§What is the long term effect of COVID 19 infection on the heart?

§Development of clinical cardiomyopathy as assessed by 
–ECG
–ECHO 
–MRI
–Functional capacity (exercise performance) 
–Metabolic changes and substrate utilization (GLU, FFA)


