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Abstract: The coronavirus disease 2019 (COVID-19) caused by the severe 
acute respiratory syndrome coronavirus-2 has affected the health of people 
across the globe. Cardiovascular diseases (CVDs) have a significant relation-
ship with COVID-19, both as a risk factor and prognostic indicator, and as a 
complication of the disease itself. In addition to predisposing to CVD com-
plications, the ongoing pandemic has severely affected the delivery of timely 
and appropriate care for cardiovascular conditions resulting in increased 
mortality. The etiology behind the cardiac injury associated with severe acute 
respiratory syndrome coronavirus-2 is likely varied, including coronary artery 
disease, microvascular thrombosis, myocarditis, and stress cardiomyopathy. 
Further large-scale investigations are needed to better determine the underly-
ing mechanism of myocardial infarction and other cardiac injury in COVID-19  
patients and to determine the incidence of each type of cardiac injury in this 
patient population. Telemedicine and remote monitoring technologies can 
play an important role in optimizing outcomes in patients with established 
CVD. In this article, we summarize the various impacts that COVID-19 has 
on the cardiovascular system, including myocardial infarction, myocarditis, 
stress cardiomyopathy, thrombosis, and stroke.
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In December 2019, a cluster of pneumonia cases caused by a novel 
coronavirus, now named severe acute respiratory syndrome corona-

virus-2 (SARS-CoV-2), began to spread around the Hubei Provence 
of China.1 The virus, which causes the clinical condition known as 
the coronavirus disease 2019 (COVID-19), quickly spreads, and by 
March 11, 2020, the World Health Organization declared COVID-19 
as a pandemic.2 As of January 26, 2021, the SARS-CoV-2 virus has 
infected 100,243,101 people worldwide and has been responsible for 
the deaths of 2,156,850.3

Although the initial presentation of COVID-19 was charac-
terized by an unfamiliar viral pneumonia, more investigation has 
pointed toward a wide range of symptoms and widespread systemic 
involvement, including various effects on the cardiovascular system.4 
Studies have suggested both that preexisting cardiovascular disease 
(CVD) can increase the risk of severe COVID-19 and that COVID-19 
itself can lead to cardiovascular complications.5 Patients at the great-
est risk of serious illness sufficient to require intensive care and those 
at greatest risk of mortality are older individuals, particularly older 
individuals with underlying comorbid disease, including CVD.6,7 
Cardiac injury may occur through either ischemic or nonischemic 

mechanisms and diffuse microvascular and macrovascular thrombo-
sis is emerging as a recognized complication and possibly important 
pathology of COVID-19.7 In addition to predisposing to CVD com-
plications, the ongoing pandemic has severely affected the delivery 
of timely and appropriate care for cardiovascular conditions resulting 
in increased mortality.8,9 In this review, we aim to explore the rela-
tionship between COVID-19 and CVD.

IMPACT OF PREEXISTING CARDIOVASCULAR 
DISEASE

CVD risk factors and chronic cardiovascular conditions are 
prevalent among patients affected by COVID-19 and associated with 
adverse outcomes.7 According to a meta-analysis of six studies looking 
at the prevalence of preexisting medical conditions in 1527 patients 
with COVID-19, 16.4% had CVD.10 In an analysis of 72,314 patients 
with COVID-19 in China, baseline age, hypertension, diabetes mel-
litus, and known coronary artery disease were associated with adverse 
outcomes in COVID-19.7 Furthermore, an analysis of 44,672 patients 
revealed that patients with established CVD had a higher in case 
fatality rate of 10.5%.5 For comparison, the overall COVID-19 case 
fatality rate is estimated at around 2–3%.10 In addition, patients with 
preexisting CVD were more likely to require admission to an intensive 
care unit (ICU).5 A study of 607 consecutive hospitalized COVID-19 
patients in Turkey indicated that 150 presented with concomitant car-
diac injury. In addition to the higher mortality rate and increased risk of 
requiring ICU level care, these patients with cardiac injury were more 
likely to have longer hospital stays and had a higher risk of developing 
acute kidney injury and acute respiratory distress syndrome.11

In a study of 132,312 patients with established heart failure 
and hospitalized between April 1, 2020, to September 30, 2020, 8383 
patients (6.4%) were hospitalized with COVID-19, and 100,068 
patients (75.6%) were hospitalized with nonacute heart failure rea-
sons.12 Hospitalization with COVID-19 was associated with greater 
inhospital mortality risk (24.2%) compared with hospitalization with 
acute heart failure (2.6%). Among patients with heart failure hospi-
talized with COVID-19, higher age, male sex, and morbid obesity 
were associated with greater odds of inhospital mortality.12

Data from several studies indicated that age, diabetes mellitus, 
hypertension, and coronary artery disease history were independent 
predictors of inhospital mortality; however, it is uncertain due to the 
lack of more large-scale studies, whether this association between 
CVD and COVID-19 prognosis is truly due to causation or correla-
tion, since age is the strongest risk factor for CVD and may also be 
a risk factor for COVID-19 severity due to immune system function 
decline.7,11 In the same vein, certain CVD risk factors including dia-
betes and hyperlipidemia have been shown to affect immune system 
function and therefore may serve as confounding variables to indi-
rectly worsen prognosis and severity of COVID-19.10

ACUTE CARDIAC INJURY AND ELEVATED TROPONIN 
LEVELS

Several studies have looked at the troponin levels of COVID-19  
patients as a marker of acute cardiac injury. Cohort studies from 
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China suggest that 7–17% of hospitalized COVID-19 patients were 
classified as having acute cardiac injury, which was defined as an 
elevation of troponin to greater than the 99th percentile of the upper 
reference limit of normal, along with electrocardiography (ECG) 
and echocardiography abnormalities. The troponin levels were not 
only higher in patients with severe disease versus nonsevere dis-
ease, but also there was a significantly higher rate of acute cardiac 
injury in patients who required treatment in an ICU (22.2% vs 2.0%; 
P < 0.001) and in patients who died (59% vs 1%; P < 0.0001).10 In a 
cohort study of 416 hospitalized patients with COVID-19 confirmed 
by reverse transcriptase-polymerase chain reaction, of whom 82 
(19.7%) had evidence of myocardial injury had manifested by eleva-
tion of high-sensitivity troponin I levels. Patients with myocardial 
injury had a significantly higher inhospital mortality rate (51.2%) 
compared with those without myocardial injury (4.5%), and among 
those with myocardial injury, greater degrees of troponin I elevation 
were associated with higher mortality rates.6

A meta-analysis of four studies that looked at cardiac tropo-
nin I in patients with COVID-19 found that increased levels above 
the 99th percentile of the upper reference limit was only found in 
8–12% of patients but that this correlated with disease severity as 
well.13 Lippi et al,13 from their meta-analysis of studies including 341 
patients, identified increased COVID-19 severity when troponin I 
levels were elevated, and they deemed a troponin assay as a reason-
able initial test in COVID-19 patients, in order to identify those with 
possible cardiac injury and in turn predict the clinical severity that 
the patient may experience.

Guo et al,14 in a study of 187 patients with COVID-19 of whom 
28% had myocardial injury, provide additional novel insights that tro-
ponin T levels are significantly associated with levels of C-reactive 
protein and N-terminal pro-B-type natriuretic peptide, thus linking 
myocardial injury to severity of inflammation and ventricular dys-
function. Their data also show progressive serial increases in both 
troponin T and N-terminal pro-B-type natriuretic peptide during 
hospitalization in patients who follow a deteriorating clinical course 
toward death, whereas those with a more favorable outcome with 
less severe illness, successful treatment, and hospital discharge show 
stable low levels of these biomarkers.6

According to Liu et al,15 elevated troponins at presentation or 
a large increase in the troponin level during hospitalization, are asso-
ciated with up to five times increased risk of arrhythmias, ventila-
tion requirements, and even mortality. Even low levels of troponin 
elevation may indicate viral or immune mediated cardiac injury and 
therefore signify a poor prognosis. Patients with increased troponin 
and especially those with continued increasing troponin levels should 
be closely monitored, as they are more likely to have an amplified 
inflammatory response and worse outcomes.7

MYOCARDIAL INFARCTION
Although an association between cardiac injury and COVID-

19 is apparent, both as a risk factor and prognostic factor of disease 
severity, as well as a complication of the disease itself, the mecha-
nism behind the cardiac injury and the possibility of acute myocar-
dial infarctions (MIs) resulting from SARS-CoV-2 are still under 
investigation. Associations between the MIs and other viral infec-
tions have previously been observed. The risk of MI is around six 
times higher in the week following confirmed influenza virus infec-
tions when compared with MI risk the year preceding or following 
infection and 3.5 times higher in the week following respiratory syn-
cytial virus infection.16 Furthermore, a prospective study by Musher 
et al.17 revealed a 7–8% rate of MI in hospitalized patients with pneu-
mococcal pneumonia.

One study analyzed angiogram results of COVID-19 posi-
tive patients who had typical symptoms of an MI plus ST segment 

elevation or new left bundle branch block on ECG. There were 28 
patients included across all of the hospitals in the Lombardy region 
of Italy with cardiac catheterization labs between February 20, 2020, 
and March 30, 2020. Of these 28 patients, only four were previously 
diagnosed with COVID-19; for the remaining 24 patients, the ST-
segment elevation myocardial infarction (STEMI) was the first clini-
cal presentation of the virus. All 28 of these patients received urgent 
angiography; however, 39.3% did not have any evidence of obstruc-
tive coronary artery disease.18 Although type 1 MI, which is caused 
by an acute atherothrombotic coronary event, was ruled out in over 
one-third of the patients, type 2 MI, due to an acute oxygen supply 
and demand mismatch from a cause other than coronary artery dis-
ease, could not be ruled out.19 It is unknown whether these patient 
presentations were due to SARS-CoV-2 induced myocarditis, endo-
thelial dysfunction, or cytokine storm.18

In another study, 18 patients with confirmed COVID-19 
across six New York hospitals presented with ST-segment elevation. 
Out of the patients who received angiography, 33.3% did not have 
any obstructive disease, once again ruling out type 1 MI in a large 
percentage of patients. Similarly, the underlying mechanism behind 
these presentations is unclear, but may include coronary spasm, 
microthrombi, endothelial injury, cytokine storm, or plaque rup-
ture, among other hypotheses.20 There are also reports of increased 
risk for stent thrombosis in patients with COVID-19. A case series 
described four cases of stent thrombosis, one acute in the setting of 
an STEMI and three very late, which the authors attributed to infec-
tion with SARS-CoV-2.21 In a postmortem pathologic study of 40 
hearts of COVID-19 infected patients, 14 (35%) had evidence of 
myocyte necrosis, predominantly of the left ventricle, of whom three 
(21%) showed evidence of acute MI.22 Cardiac thrombi were pres-
ent in 11/14 (78.6%) cases with necrosis, with 2/14 (14.2%) hav-
ing epicardial coronary artery thrombi, whereas 9/14 (64.3%) had 
microthrombi in myocardial capillaries, arterioles, and small muscu-
lar arteries. The authors noted that the microthrombi from COVID-
19 patients had significantly greater fibrin and terminal complement 
C5b-9 immunostaining as compared with intramyocardial thrombo-
emboli from COVID-19 negative subjects and to aspirated thrombi.23

At Westchester Medical Center in Valhalla, New York, the 
number of STEMI patients during the local peak of the COVID-19 
pandemic was compared with the number of STEMI patients during 
the same time of the year prior. Between March and May of 2019, 
17 patients presented to Westchester Medical Center with STEMI, 
whereas 23 STEMI patients presented between March and May of 
2020. It is uncertain, however, whether this 35% increase in STEMI 
patients was directly caused by COVID-19. Of the 23 patients who 
presented with STEMI in March–May of 2020, two patients were 
confirmed to be positive for COVID-19; both of these patients pre-
sented in May. Unfortunately, during the height of the COVID-19 
pandemic in New York, especially in March and April, COVID-19 
testing was extremality limited; therefore, it is impossible to know 
how many of those 21 remaining STEMI patients were in fact posi-
tive for the disease.

CORONARY AND EXTRACORONARY THROMBOSIS
Research has shown that COVID-19 infection predisposes to 

hypercoagulability and a propensity to clot in many patients.24 Exces-
sive inflammation triggered by the cytokine storm, the massive mac-
rophages, and platelet activation and endothelial dysfunction could 
be associated with the development of coagulopathy.25 Immune-
mediated thrombotic mechanisms, complement activation, macro-
phage activation syndrome, antiphospholipid antibody syndrome, 
hyperferritinemia, and renin-angiotensin system dysregulation have 
been postulated to increase thrombotic risk.24 Patients in the ICU with 
severe COVID-19 have demonstrated a particularly high incidence of 
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thrombotic complications of around 31%.26 Although the mechanism 
behind this hypercoagulable state is still undetermined at the pres-
ent time, thrombotic complications have significantly contributed to 
morbidity and mortality associated with SARS-CoV-2 infection.24

Despite the previously discussed studies that revealed high 
rates of nonobstructed coronary arteries on angiography, others have 
found large amounts of thrombosis and multivessel obstructions. 
One study followed 115 patients admitted with STEMI, who each 
underwent angiography. Images were then reviewed by three inter-
ventional cardiologists who were blinded to the patients’ COVID-19 
status.27 The SARS-CoV-2-positive patients were more likely to have 
additional cardiovascular risk factors including diabetes, hyperten-
sion, hyperlipidemia, and previous history of percutaneous coronary 
intervention (PCI). Furthermore, the SARS-CoV-2-positive patients 
had higher levels of high sensitivity troponin, D-dimer, and C-reac-
tive protein, as well as lower lymphocyte counts. There was a signifi-
cantly higher incidence of multivessel disease in this positive patient 
population (P = 0.0003) and higher incidence of cardiac arrest (28% 
vs 9%). Not only was multivessel thrombosis significantly higher 
in the positive group, but also the rate of in-stent thrombosis pos-
tintervention was significantly higher as well (P = 0.04), supporting 
the role of COVID-19 as a risk factor for thrombotic events (Fig. 1). 
All of the COVID-19-positive patients in this cohort presented with 
STEMI as their first manifestation of disease. Therefore, the presence 
of an ST-STEMI may itself be considered a thrombotic complication 
of SARS-CoV-2 infection.

This highlights the importance of recognizing a patient’s 
COVID-19 status, as it has the potential to change their manage-
ment and course of treatment. A study spanning four hospitals 
across Italy, Lithuania, Spain, and Iraq between February 1, 2020, 
and April 15, 2020, also showed high levels of in-stent thrombosis 
within SARS-CoV-2 patients. Among this group of patients, those 
treated with PCI had an in-stent thrombosis rate of 21%—a stark 
contrast from previous rates of around 1%.28 However, a study in 
Poland found no significant difference of PCI outcomes in COVID-
19-positive and COVID-19-negative patients.29 Although further 
studies are needed to determine the true impact of COVID-19 
on PCI outcomes, the use of anticoagulation may have the abil-
ity to decrease COVID-19 complications and improve patient 
outcomes.28

In addition to the large vessel thrombosis observed in the 
SARS-CoV-2-positive patient population, there has also been evi-
dence of microvascular thrombotic disease that may be contribut-
ing to cardiovascular complications. A case report of a woman with 
COVID-19 and ST-segment elevations in the inferior and lateral 
leads revealed histological evidence of microthrombi. Postmortem 
analysis exposed small vessels with platelet and fibrin thrombi, along 
with areas of patchy myocardial necrosis, inflammation, and hem-
orrhage.23 This suggests that the microvascular thrombotic disease 
served as the underlying mechanism behind the patient’s MI. Micro-
vascular thrombosis may therefore be a source of MI in COVID-19 
patients even without the presence of epicardial coronary artery 
obstruction.23

In addition to coronary thromboses, COVID-19 infection 
is associated with increased risk for arterial and venous thrombo-
embolism (VTE). Tinelli et al25 reported a case of complete aortic 
thrombosis in a patients with COVID-19 who presented in cardio-
genic shock leading to death. Estimates for VTE varied between 
studies and pulmonary embolism, and deep vein thrombosis were the 
most frequently noted thrombotic events in COVID-19, with initial 
reports noting an incidence of 20–30% in critically ill patients.24 The 
increased risk was noted despite universal thromboprophylaxis, and 
the risk of all cause death in that cohort was fivefold higher among 
patients with a thrombotic event (hazard ratio, 5.4; 95% confidence 

interval [CI], 2.4–12).24 In another study of 9407 patients with 
COVID-19 infection, the overall VTE rate was 2.9% (2.4% in the 
medical ward and 4.9% in the ICU) and a VTE or mortality rate of 
26.1%.30 In a recent study of 3239 patients with COVID-19, the over-
all VTE rate was 6.3%.31

D-dimer, thrombocytopenia, and interleukin-6 are promising 
markers of COVID-19 severity and could be considered in the labora-
tory testing to assess thrombotic risk.32 COVID-19-infected patients, 
whether hospitalized or ambulatory, are at high risk for VTE, and 
an early and prolonged pharmacological thromboprophylaxis with 
low-molecular-weight heparin is highly recommended.33 A recent 
retrospective study in 3239 patients analyzed the role of early thera-
peutic anticoagulation on mortality and noted that among critically 
ill adults with COVID-19, early therapeutic anticoagulation did not 
affect survival.31 Randomized trials are urgently needed to determine 
the safety of proposed therapeutic anticoagulation with heparin and 
the role for antiplatelet agents in patient management.32

MYOCARDITIS
Myocarditis is an uncommon diagnosis occurring in 4.5–

7.2% of highly selected cases undergoing autopsy or endomyocar-
dial biopsy.34,35 Available data suggest that myocarditis as a cause of 
myocardial injury in patients with COVID-19 is uncertain and rates 
of fatal myocarditis are low. Although an inflammatory response to 
COVID-19 infection could be reported in cases with higher myo-
cardial virus load versus no virus infection, this was not associated 
with an influx of no inflammatory cell infiltrates or differences in 
leukocyte numbers.36

ST-segment elevations, while typically manifested in STEMI, 
can also be present in myocarditis—an inflammatory disease of the 
myocardium that is another potential complication of SARS-CoV-2 
infection. A meta-summary of COVID-19 patients with suspected 
myocarditis revealed that 25% of the confirmed myocarditis cases 
had ST-segment changes including elevation and depression.37 Many 
symptoms of myocarditis overlap with acute coronary syndrome 
such as chest pain, fatigue, and dyspnea; however, on angiography, 
myocarditis does not produce an obstruction of the coronary arteries. 
There is also significant overlap in symptoms of primary COVID-19 
and suspected myocarditis in COVID-19 patients.38

Stable patients with COVID-19 or other recent viral infec-
tions, who present with acute chest pain and normal angiography, 
could undergo further workup including echocardiography and 
cardiovascular magnetic resonance (CMR) imaging using the Lake 
Louise criteria, which has a specificity of up to 91% for detecting 
myocarditis. CMR can aid in differentiating myocarditis from non-
obstructive type 2 MI or stress cardiomyopathy.39 When CMR imag-
ing is not feasible, cardiac computed tomographic (CT) angiography 
with delayed myocardial imaging may serve to exclude significant 
coronary artery disease and identify myocardial inflammatory 
patterns.40 An accurate diagnosis is significant, as myocarditis in 
COVID-19 patients have the potential for rapid clinical deterioration 
and warrant a multidisciplinary treatment approach.38 CMR analy-
sis of 145 competitive student athletes recovering from mostly mild 
COVID-19 demonstrated a low prevalence of myocarditis (1.4%) 
and the authors questioned the utility of CMR as a screening tool for 
myocarditis in this patient population. However, this is a relatively 
low risk population with only predominantly mild COVID-19 (50% 
cases), so these findings might not be generalizable. Recommenda-
tions regarding endomyocardial biopsy are not consistent across rec-
ommendations.34,40 However, given its extremely low frequency and 
unclear therapeutic implications, the routine use of endomyocardial 
biopsy to diagnose myocarditis in the setting of COVID-19 might 
not be entirely beneficial.34



Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

146  |  www.cardiologyinreview.com	 © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Greenberg et al	 Cardiology in Review  •  Volume 29, Number 3, May/June 2021

STRESS CARDIOMYOPATHY
Several case reports have also demonstrated instances of 

Takotsubo cardiomyopathy in COVID-19-positive patients.41,42 
Takotsubo cardiomyopathy is a syndrome that is typically triggered 

by emotional distress but has also been associated with respiratory 
failure and infections. It is characterized by acute and transient 
regional left ventricular systolic dysfunction.43 There was a signifi-
cant increase in the incidence of stress cardiomyopathy during the 

FIGURE 1.  Representation of the possible mechanisms of acute myocardial injury related to COVID-19. A, Myocarditis. B, Type 
2 MI (left) and type I MI (right). C, Contraction bands in stress cardiomyopathy. D, Microvascular dysfunction from micro-
thrombi and endothelial injury. E, Cytopathic injury in cytokine storm. Reproduced with permission from Lang JP, Wang X, 
Moura FA, et al. A current review of COVID-19 for the cardiovascular specialist. Am Heart J. 2020;226:29–44. Copyright Elsevier. 
COVID-19 indicates coronavirus disease 2019; CVD, cardiovascular disease; MI, myocardial infarction.
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COVID-19 period, with an incidence proportion of 7.8% compared 
with prepandemic incidence proportion range of 1.5–1.8% (rate 
ratio, 4.58; 95% CI, 4.11–5.11; P < 0.001).44

One case report discussed a woman who presented with acute 
respiratory failure and ECG changes congruent with STEMI; how-
ever, her echocardiogram results were classic for Takotsubo cardio-
myopathy with mid-distal left ventricular hypokinesis and apical 
ballooning. Another reported a woman who had negative T waves 
and repolarization phase alternations on ECG, but similarly, the echo 
showed apical ballooning and hypokinesia of the mid-ventricular 
segments.

An additional study looked at COVID-19 patients at The 
Mount Sinai Hospital in New York who underwent clinically indi-
cated transthoracic echocardiogram. Out of 118 consecutive patients, 
five of them (4.2%) had features compatible with Takotsubo cardio-
myopathy. On their ECG taken most closely to the echo, two out 
those five patients had ST-segment elevations as well. These patients 
were also shown to have higher peak levels of troponin I and cre-
atinine kinase-MB. Takotsubo cardiomyopathy is another form of 
cardiac injury that should be considered in a differential diagnosis in 
COVID-19 patients.43

CEREBROVASCULAR DISEASE
Stroke is an important complication of COVID-19. Acute isch-

emic stroke, particularly of the cryptogenic type, is the predominant 
form. Ischemic stroke was reported as a complication on certain viral 
syndromes (0.7%), but the incidence is higher with SARS-CoV-2 
infection (1.6%).45 Inflammation both local and systemic, endothe-
lial injury, and hypercoagulability associated thrombosis were impli-
cated in the pathogenesis of ischemic stroke in COVID-19 patients.46 
Multicenter studies and meta-analysis reported a 0.5–4.5% incidence 
of stroke in patients with COVID-19, depending on the patient demo-
graphic studied.46–48 The higher the severity of COVID-19, the higher 
the risk of acute stroke.

In a recently published large cohort analysis of 67,845 patients 
with SARS-CoV-2, 1.3% were hospitalized for cerebrovascular 
events, 1.1% for ischemic stroke, and 0.2 for hemorrhagic stroke. 
Compared with noninfected contemporary or historical controls, 
patients with SARS-CoV-2 infection had increased odds of ischemic 
stroke (odds ratio [OR] = 3.58; 95% CI = 1.43–8.92) and cryptogenic 
stroke (OR = 3.98; 95% CI = 1.62–9.77).49 SARS-CoV-2 infection 
status was not associated with the likelihood of receiving intravenous 
thrombolysis among hospitalized ischemic stroke patients during 
the COVID-19 pandemic. Odds of inhospital mortality were higher 
among SARS-CoV-2 stroke patients than noninfected contemporary 
or historical stroke patients (OR = 5.60, 95% CI = 3.19–9.80). In a 
review of neuroimaging findings from 954 patients with COVID-19 
and associated neurological manifestations, ischemia with large ves-
sel occlusion event was revealed in 59.9% of ischemic stroke patients, 
whereas 69.2% of patients with intracerebral hemorrhage exhibited 
bleeding in a location that was not associated with hypertension. Cal-
losal and/or juxtacortical location was identified in 58.7% of cerebral 
microbleed positive images.50 In another study, the authors suggested a 
possibly higher proportion of microangiopathic involvement or unde-
tected distal large-vessel occlusion with COVID-19-related strokes.51

In an analysis of 277 patients with stroke of whom 105 
(38%) had COVID-19, COVID-19-positive patients were more 
likely to have a cryptogenic (51.8% vs 22.3%, P < 0.0001) stroke 
cause and were more likely to suffer ischemic stroke in the temporal 
(P = 0.02), parietal (P = 0.002), occipital (P = 0.002), and cerebellar 
(P = 0.028) regions. Outcomes were worse among COVID-19-pos-
itive patients, including longer length of stay (P < 0.0001), greater 
percentage requiring ICU care (P = 0.017), and greater rate of neu-
rological worsening during admission (P < 0.0001); additionally, 

more COVID-19-positive patients suffered inhospital death (33% vs 
12.9%, P < 0.0001).52 In a study of 550 acute stroke patients from 
seven centers in Spain, 124 (22.6%) had COVID-19. There were no 
differences found in the rates of reperfusion therapies in ischemic 
strokes (45.5% non-COVID-19, 35.7% confirmed COVID-19, and 
40% suspected COVID-19; P = 0.265). However, the COVID-19 
group had longer median door-to-puncture time (110 vs 80 min-
utes) due to performance of chest CT imaging. Multivariate analysis 
confirmed poorer outcomes for confirmed or suspected COVID-19 
(adjusted ORs, 2.05 [95% CI, 1.12–3.76] and 3.56 [95% CI, 1.15–
11.05], respectively). COVID-19 has more severe strokes and poorer 
outcomes despite similar acute management.53

In addition to increasing stroke risk, the COVID-19 pan-
demic has also caused disruptions in optimal stroke care delivery and 
decreased stroke hospitalizations resulting in poor outcomes.54,55 A 
“hospital avoidance” nature was noted among stroke patients due to 
the pandemic restrictions and the fear of being exposed to infected 
individuals at medical centers.56 A meta-analysis on nine studies with 
59,233 subjects showed that the number of stroke alerts, reperfusions, 
and mechanical thrombectomies was reduced by 36%, 31%, and 22%, 
respectively, during the pandemic. However, the number of patients 
receiving mechanical thrombectomy per stroke increased by 23%, 
which could probably result from a higher admission threshold for 
stroke during the pandemic and decreased admission rates for milder 
strokes.57,58 These findings were confirmed in other larger studies in 
which the authors reported that reperfusion treatments declined by 
31% and specifically thrombolysis by 33% during the pandemic.59

Data from several large stroke centers have demonstrated that 
compared with patients in the prepandemic, patients with acute isch-
emic stroke during the pandemic had three times the discharge mor-
tality despite having statistically similar rates of door to head CT time 
door to groin puncture times, time to alteplase administration, door to 
reperfusion times, and successful recanalization.60 These findings are 
concerning, and while we investigate the optimal strategies to iden-
tify and manage acute stroke in patients with COVID-19, we should 
have pathways to maintain availability of stroke care during the 
COVID-19 outbreak as these are crucial to prevent indirect mortal-
ity and disability due to suboptimal care, while decreasing potential 
COVID-19 exposure to patients and healthcare providers.61,62 Tele-
medicine and telestroke assessments have an important role to play 
in these pathways.63 A well-established stroke care network helps to 
diminish the impact of such an outbreak in stroke care, reducing sec-
ondary transfers and allowing maintenance of reperfusion therapies, 
with a minor impact on door-to-puncture times, which were longer in 
patients who underwent chest computed tomography.64

SUMMARY AND FUTURE DIRECTIONS
CVD is common in severe COVID-19 presentations both as 

a predisposing risk factor and as complications. Patients with pre-
existing CVD have worse outcomes with COVID-19 and patients 
with heart failure hospitalized with COVID-19 are at high risk for 
complications, with nearly one in four dying during the hospitaliza-
tion. In addition to predisposing to CVD complications, the ongoing 
pandemic has severely affected the delivery of timely and appropriate 
care for cardiovascular conditions resulting in increased mortality.8,9 
Cardiac injury and specifically increased troponin levels have been 
shown to lead to worse clinical outcomes and higher mortality rates. 
Children with multisystem inflammatory syndrome from SARS-
CoV-2 infection have several cardiac manifestations common, includ-
ing ventricular dysfunction, coronary artery dilation and aneurysms, 
arrhythmia, and conduction abnormalities.65 The etiology behind the 
cardiac injury associated with SARS-CoV-2 is likely varied, including 
coronary artery disease, microvascular thrombosis, myocarditis, and 
even stress cardiomyopathy. Furthermore, large-scale investigations 
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are needed to better determine the underlying mechanism of MI and 
other cardiac injury in COVID-19 patients, and to determine the inci-
dence of each type of cardiac injury in this patient population. Deter-
mining the etiology of cardiac injury is imperative, as it can change 
the clinical management of the patient and also potentially provide 
further information about how to prevent these cardiac injuries in 
future COVID-19 patients and improve outcomes. Telemedicine and 
remote monitoring technologies can play an important role in opti-
mizing outcomes in patients with established CVD.
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