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Abstract: Objectives: There is increasing evidence that particularly in patients with severe SARS-CoV-2 infection 
(COVID-19) the heart can be primarily or secondarily compromised. Neurological disease as a complication of SARS-
CoV-2 associated cardiac disease is conceivable. This review aims at summarising and discussing previous and re-
cent advances in the clinical presentation, pathophysiology, diagnosis, treatment, and outcome of cardiac complica-
tions and its implications on the brain of SARS-CoV-2 infected patients. Method: Literature review using appropriate 
search terms and applying inclusion and exclusion criteria. Results: Cardiac complications in SARS-CoV-2 infected 
patients not only include myocardial injury, myocarditis, Takotsubo cardiomyopathy (TTS), coagulation abnormali-
ties, heart failure, cardiac arrest, arrhythmias, acute myocardial infarction, or cardiogenic shock, but a number of 
other more rarely occurring cardiac abnormalities. Additionally considered should be endocarditis due to superinfec-
tion, viral or bacterial pericarditis, aortic dissection, pulmonary embolism from the right atrium, ventricle or outflow 
tract, and cardiac autonomic denervation. Cardiac damage due to side effects from the anti-COVID medication 
should not be neglected. Several of these conditions may be complicated by ischemic stroke, intracerebral bleeding, 
or dissection of cerebral arteries. Conclusion: The heart can be definitively affected in severe SARS-CoV-2 infection. 
Heart disease in COVID-19 may be complicated by stroke, intracerebral bleeding, or dissection of cerebral arteries. 
Treatment of SARS-CoV-2 associated cardiac disease is not at variance from that of cardiac disease without this 
infection. 
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Introduction

Since the outbreak of the SARS-CoV-2 pandem-
ic evidence accumulates that not only the bron-
cho-pulmonary system is affected (COVID-19) 
but that COVID-19 can become a multisystem 
disease, predominantly affecting the central 
and peripheral nervous system (CNS, PNS), the 
eyes, the intestines, the kidneys, and the heart 
[1]. Cardiac involvement in COVID-19 is incre- 
asingly recognised and has a strong impact on 
the outcome of COVID-19 patients. COVID- 
19 patients with concomitant cardiac disease 
have a worse prognosis than COVID-19 patients 
without cardiac involvement. Management of 
patients with severe COVID-19 not only requires 
infectiologists, pulmologists, cardiologists, and 
intensive care doctors but all specialists, in- 
cluding neurologists [2]. So far, neurological 
complications of cardiac involvement in COVID-

19 have not been systematically investigated. 
This review aims for the first time at summaris-
ing and discussing previous and recent advanc-
es concerning the clinical presentation, patho-
physiology, diagnosis, treatment, and outcome 
of cardiac complications and its implications on 
the brain of SARS-CoV-2 infected patients.

Methods

A literature review in PubMed using the search 
terms “cardiac”, “cardiologic”, “myocardium”, 
“pericardium”, “endocardium”, “coronary arter-
ies”, “myocarditis”, “ischemic heart disease”, 
“endocarditis”, “pericarditis”, “Takotsubo”, “arr- 
hythmias”, “heart failure”, “systolic dysfunc-
tion”, “cardiomyopathy”, “aortic dissection”, 
and “ischemic stroke”, “intracerebral bleeding”, 
and “epilepsy” together with “SARS-CoV-2”, 
“COVID-19”, and “coronavirus” was conducted. 
Additionally, reference lists were checked for 
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further articles meeting the search criteria. 
Included were all articles reporting COVID-19 
patients with cardiac involvement with second-
ary neurological compromise. Excluded were 
articles not meeting the search criteria and 
written in languages other than English, French, 
Spanish, Italian, or German.

Results

The process of literature search is outlined in 
Figure 1. There are several cardiac conditions 
associated with SARS-CoV-2. Some of them 
have been more frequently described than oth-
ers. These conditions can be classified accord-
ing to pathophysiological aspects and are dis-
cussed below according to their frequency of 
occurrence. 

Pathophysiology of SARS-CoV-2 associated 
cardiac injury

The pathophysiology underlying cardiac invol- 
vement in COVID-19 is broad. Direct injury by 
the virus may lead to myocarditis, pericarditis, 
or vasculitis [3]. Hypoxia due to COVID-19  
pneumonia may be complicated by myocardial 

infarction. Down-regulation of ACE2-receptors 
results in elevation of angiotensin-II and thus 
plaque rupture. Since angiotensin-II induces 
apoptosis of macrophages, formation of vulner-
able plaques may ensue [4]. Thus, SARS-CoV-2 
associated myocardial infarction may not only 
result from global hypoxia or vasculitis, but also 
from plaque rupture. Thrombus formation due 
to hypercoagulability and embolism to the coro-
nary arteries may be another mechanism of 
SARS-CoV-2 associated myocardial infarction. 
The immune reaction towards the virus (cyto-
kine storm) may result in extensive increase of 
pro-inflammatory cytokines. Thus, heart failure 
may not only result from vasculitis or myocar-
dial infarction but also from the immune reac-
tion. The viral infection may lead to stress, 
which may trigger Takotsubo syndrome (TTS)  
or arrhythmias. Arrhythmias may also result 
from vasculitis, myocarditis, endocarditis, TTS, 
or heart failure [3]. 

Myocardial injury/infarction and coronary 
heart disease

Since endothelial cells abundantly express 
ACE2 receptors and since SARS-CoV-2 attaches 

Figure 1. Flow-chart of literature 
retrieval.
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Table 1. Cardiac diseases associated with SARS-CoV-2

Cardiac disease Neurologic  
compromise Reference

Myocardium MCI ischemic stroke [54]
Myocarditis embolic stroke [55]

TTS embolic stroke [56]
Conduction system Arrhythmias embolic stroke [57]
Coagulation system Coagulopathy embolic stroke [58]
Endocardium Endocarditis embolic stroke [59]
Pericardium Pericarditis ischemic stroke [60]
Aorta Aortic dissection ischemic stroke [61]
AB: antibiotics, AC: anticoagulation, MCI: myocardial infarction, PE: pulmo-
nary embolism, Takotsubo syndrome.

to ACE2 receptors for cell invasion, it is conceiv-
able that endothelial cells are predominantly 
damaged by SARS-CoV-2. Such damage may 
result in endothelitis, plaque formation, throm-
bus formation, or abnormal reaction of the  
vascular smooth muscle cells (VSMCs). Other 
mechanism of SARS-CoV-2 associated myocar-
dial infarction include plaque rupture due an- 
giotensin-II elevation, down-regulation of ACE2-
receptors, global hypoxia due to COVID-19 
pneumonia, or cardio-embolism from intra- 
cardiac thrombus formation. Acute coronary 
thrombosis has been recently reported in a 53 
yo male with COVID-19 who presented with 
myocardial infarction, ventricular fibrillation, 
cardiac arrest, and profound hypokaliemia, 
successfully undergoing percutaneous coro-
nary stenting [5]. Non-ST-segment elevation 
myocardial infarction (NSTEMI) in another 53 
yo COVID-19 patient was attributed to syste- 
mic inflammatory syndrome and occurred dur-
ing mechanical ventilation for SARS-CoV-2 
pneumonia [6]. Multisite arterial thrombosis, 
including the right coronary artery, has been 
reported in an 83 yo female with COVID-19 [7]. 
Acute coronary artery thrombosis may remain 
asymptomatic in some COVID-19 patients [8]. 
Even myocardial infarction without occlusion of 
a coronary artery has been reported in COVID-
19 patients [9]. Several other patients with 
SARS-CoV-2 associated NSTEMI or STEMI have 
been published. Since myocardial infarction 
can be complicated by arrhythmias and heart 
failure, these patients carry an increased risk 
of developing cardio-embolism and cerebral 
ischemia (Table 1). There are even reports 
about an increase in the frequency of simul- 
taneous myocardial infarction and ischemic 
stroke in COVID-19 patients [10].

There are several original studies 
and review articles using the term 
“myocardial injury”. This term re- 
fers to conditions in COVID-19 pa- 
tients which go along with elevation 
of myocardial biomarkers (e.g. cre-
atine-kinase, MB fraction, troponin, 
proBNP) but without evidence for 
coronary heart disease or myocar-
dial infarction on ECG, echocardi- 
ography, or coronary angiography. 
Myocardial injury of unknown etiol-
ogy has been first reported in 5/41 
COVID-19 patients originating from 
Wuhan [3]. Myocardial injury is re- 
ported to occur in 7-20% of patients 

with COVID-19 [11, 12]. Mortality of COVID-19 
patients with myocardial injury is significantly 
increased compared to COVID-19 patients with-
out myocardial injury [12]. There are also indi-
cations that patients having received a coro-
nary stent prior to the pandemic carry an 
increased risk of experiencing stent thrombosis 
when infected with SARS-CoV-2 [13]. Myocardial 
injury may additionally result from global hypox-
ia, spasms of coronary arteries, myocarditis, 
vasculitis, or stress. 

Myocarditis

A number of reports indicate that SARS-CoV-2 
can trigger myocarditis, resulting in acute myo-
cardial injury in patients with severe COVID-19 
[14]. Myocarditis may go along with normal 
(case-2 [14]) or reduced systolic function (case-
1 [14]). Patho-physiologically, myocarditis may 
be due to infection with the virus [15] or sec-
ondary due to the immunologic reaction against 
the virus [14]. SARS-CoV-2 associated myocar-
ditis can be associated with intra-ventricular 
thrombus formation [16]. Under heparin such a 
thrombus may completely resolve within weeks 
[16] but thrombus formation may also precipi-
tate embolism. SARS-CoV-2 associated myo-
carditis has been reported in association with 
pericarditis [15]. Pericarditis may be the promi-
nent feature of myo-pericarditis and may be 
complicated by tamponade [15]. In one of these 
cases, pericardial effusion was positive for 
SARS-CoV-2 RNA [15]. In a post-mortem endo-
myocardial biopsy of a patient with myocarditis, 
interstitial, mononuclear inflammatory infil-
trates have been found [17]. In another patient 
undergoing endo-myocardial biopsy intra vitam 
diffuse infiltration with T-lymphocytes (CD3+ >/



Neurological disease secondary to cardio-COVID-19

46 Am J Cardiovasc Dis 2023;13(2):43-51

mm2) together with interstitial edema has been 
observed [18]. The SARS-CoV-2 genome was 
not detected in the myocardium in this patient 
[18]. Cardiac MRI with contrast medium may 
show gadolinium enhancement. In a 35 yo 
female with systemic sclerosis biventricular 
mechanical circulatory support by utilisation of 
biventricular impella support during two weeks 
after onset of systolic dysfunction caused by 
COVID-19 myocarditis led to complete recovery 
of the hemodynamic compromise [19]. Myo- 
carditis complicated by systolic dysfunction, 
arrhythmias, endocarditis, or pericarditis with 
tamponade and hemodynamic compromise, 
can be complicated by thrombus formation and 
the risk of ischemic stroke (Table 1). 

Takotsubo cardiomyopathy (TTS)

TTS is defined as transient and reversible hypo-
kinesia/dyskinesia/akinesia of the left ventric-
ular myocardium triggered by stress and lead-
ing to systolic dysfunction. In one third of the 
cases each, TTS is triggered by emotional or 
physical stress. In the remaining third the trig-
ger of TTS remains elusive. Stress causes re- 
lease of catecholamines and thus overstimula-
tion of adrenergic myocardial receptors. In a 
recent review of 38 patients with SARS-CoV-2 
associated TTS covering appropriate articles 
published as per the end of September 2020, 
TTS developed after onset of the viral infection 
in 17 patients and during the infection in two 
patients [20]. Fifteen patients developed the 
classical type, two the mid-ventricular type of 
TTS, and two patients the basal type. Tre- 
atment for TTS was quite variable but most 
patients received beta-blockers, diuretics, hep-
arin, or acetyl-salicylic acid [20]. One patient 
each required oral anticoagulation and peri- 
cardio-centesis because of immune-mediated 
pericarditis. Thirteen patients recovered com-
pletely, one patient improved, and four died 
[20]. Since this review several other cases with 
SARS-CoV-2 associated TTS have been report-
ed. Recent considerations implicate that sep-
sis, hypoxemia, coronary artery disease, and 
myocarditis may be also implicated in the pa- 
thophysiology of SARS-CoV-2 associated TTS 
[21]. In a recent review of 27 patients with 
SARS-CoV-2 associated TTS, mean age was 57 
y, the interval between onset of TTS and diag-
nosis was 6.5 d, the median left ventricular 
ejection fraction was 36%, troponin was elevat-
ed in 26 patients, 54.5% developed cardiac 

complications such as acute heart failure, at- 
rial fibrillation, supraventricular tachycardia,  
or cardiogenic shock, three patients required 
extra-corporal membrane oxygenation (ECMO), 
and 15% of the patients died [22]. COVID-19 
patients who developed TTS had a higher mor-
tality rate particularly if they developed cardio-
genic shock [22]. As TTS can be complicated by 
heart failure, arrhythmias, thrombus formation, 
or shock, cardio-embolism including the brain 
may ensue (Table 1).

Arrhythmias 

Arrhythmias are a common cardiac complica-
tion of COVID-19 patients. Arrhythmias may 
remain asymptomatic or may manifest as palpi-
tations, heart racing, precordial pressure, pre-
syncope, syncope, or sudden death. The most 
common arrhythmia in COVID-19 is sinus tachy-
cardia. More rarely reported were supra-ven-
tricular tachycardia, including atrial fibrillation 
or flutter, ventricular arrhythmias such as ven-
tricular tachycardia, ventricular fibrillation, Tor- 
sades des pointes, or bradycardias [23]. Also 
interval changes, axis change, ST-segment 
changes, and T-wave changes have been 
reported [23]. Arrhythmias may not only origi-
nate from stress, but also from global hypoxia, 
myocardial infarction, vasculitis, myocarditis, 
endocarditis, TTS, or heart failure. In a study  
of 138 hospitalised COVID-19 patients from 
Wuhan, arrhythmias were reported in 23 
patients [24]. In a study of 108 COVID-19 
patients, 18% had QTc prolongation, 17% had 
sinus tachycardia, 5% AV-block-I, 1.8% ventricu-
lar tachycardia or ventricular fibrillation, and 
0.9% sinus bradycardia [25]. Cardiac injury was 
found in 26% of these patients, acute coronary 
syndrome in 2.7%, and probable myocarditis in 
2.8% [25]. In a study of 38 COVID-19 patients, 
one third had ST- and T-wave changes, and 19% 
had sinus tachycardia [26]. Single patients 
have been reported with sinus node dysfunc-
tion [27]. Arrhythmias manifesting clinically as 
palpitations may be even the initial manifesta-
tion of COVID-19 [28]. A shortcoming of several 
studies reporting arrhythmias is that the type of 
arrhythmias was not specified. Particularly atri-
al fibrillation may be complicated by embolic 
stroke (Table 1). 

Coagulopathy

Coagulopathy in COVID-19 more frequently 
manifests as hyper-coagulability than as hypo-
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coagulability. Hyper-coagulability can lead to 
intra-cardiac thrombus formation in the right  
or left chambers. Thrombus formation within 
the right atrium, right ventricle, or right outflow 
tract can lead to consecutive pulmonary em- 
bolism, which has been occasionally reported 
as complication of COVID-19 [29]. Pulmonary 
emboli may not onIy originate from the right 
heart but also from the veins of the legs, abdo-
men, thorax, or the pulmonary arteries. In case 
of a patent foramen ovale (PFO), emboli of the 
right atrium may transmigrate to the left at- 
rium and consecutively to the brain, leading to 
embolic stroke (Table 1). In case of thrombus 
formation due to hyper-coagulability within the 
left chambers, cardio-embolism to the brain, 
coronary arteries, or peripheral arteries may 
ensue. In a 63 yo male with COVID-19, throm-
bosis of the distal aorta has been reported 
[30]. The patient profited from therapeutic low 
dose heparin over 6 weeks [30]. The preva-
lence of venous thrombosis increases with the 
severity of COVID-19 [31]. Abnormal thrombo-
cytes, which also express ACE2-receptors, may 
contribute to the propensity of thrombosis in 
COVID-19 patients.

Endocarditis

Another cardiac complication of COVID-19 is 
endocarditis. Endocarditis in SARS-CoV-2 in- 
fected patients is usually not due to a direct 
viral attack against the endocardium by the 
virus but rather due to superinfection with  
bacterial agents prone to cause endocarditis. 
There are several reports about bacterial endo-
carditis due to superinfection following the viral 
infection [32-34]. Concerning the pathophysiol-
ogy, there is ample evidence that the viral infec-
tion weakens the humoral and cellular immune 
system consequently leading to superinfec-
tions with bacteria, fungi, helminths, or proto-
zoa. In addition to infectious agents, endocar- 
ditis in SARS-CoV-2 infected patients can be 
due to thrombus formation [35]. Endocarditis in 
SARS-CoV-2 infected patients can be addition-
ally due to immune-suppression by steroids, 
frequently given in the post-viremic phase of 
the infection [36]. Whether COVID-19 patients 
with prosthetic valves are prone to acquire  
bacterial endocarditis is currently unsolved but 
given the fact that only few cases have been 
reported [37], it is quite likely that this sub-
group does not carry an increased risk of ac- 

quiring bacterial endocarditis during a SARS-
CoV-2 infection. Infectious endocarditis in 
COVID-19 can be complicated by septic embo-
lism [32]. Neurological complications of endo-
carditis include thrombus formation and thus 
cardio-embolic stroke (Table 1). 

Pericarditis 

Another potential cardiac complication of 
COVID-19 is pericarditis. Pericarditis has been 
repeatedly reported in SARS-CoV-2 infected 
patients [38]. Pericarditis may occur in the 
absence of concomitant myocarditis, usually 
classified as viral pericarditis, and may resolve 
spontaneously or upon application of the stan-
dard anti-COVID-19 treatment [38]. In some 
patients viral pericarditis may favourably re- 
spond to acetyl-salicylic acid and colchicine 
[39]. SARS-CoV-2 associated pericarditis may 
go along with normal systolic function [39] or 
with systolic dysfunction in case of constrictive 
pericarditis [40]. Pericarditis may be accompa-
nied by myocarditis or may occur without myo-
cardial involvement [41]. Unfortunately, only 
few patients with SARS-CoV-2 associated peri-
carditis underwent pericardial puncture and 
investigation of the effusion for SARS-CoV-2 
[15] why confirmation of viral pericarditis, sus-
pected upon the clinical presentation, usually 
remains unconfirmed. Myocarditis may present 
with severe left ventricular systolic dysfunction 
and cardiogenic shock requiring inotropes and 
mechanical circulatory support. Treatment of 
pericarditis with non-steroidal anti-inflamma- 
tory drugs, colchicine, and corticosteroids has 
been proven to be safe in COVID-19 patients 
[14]. Pericarditis may be associated with stroke 
only if complicated by heart failure or atrial 
fibrillation (Table 1). 

Aortic dissection

Another cardiac abnormality rarely reported so 
far as a complication of COVID-19 is aortic dis-
section. Aortic dissection has been reported in 
a patient with William’s syndrome (idiopathic 
hypercalcemia) who got infected and died from 
the dissection despite acute surgery [42]. In 
another COVID-19 patient aortic dissection 
occurred without knowing that the patient was 
already infected [43]. Aortic dissection can 
affect the extra- and intra-cerebral arteries and 
can thus be complicated by occlusion of cere-
bral arteries and consecutively ischemic stroke. 
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Aortic dissection has been also found on autop-
sy in 2 other COVID-19 patients [44].

Autonomic denervation

COVID-19 can be complicated by immune neu-
ropathy, particularly Guillain Barre syndrome 
(GBS) and its subtypes. GBSs may include 
affection of the autonomic fibers supplying the 
heart and may lead to cardiac autonomic 
denervation. Autonomic neuropathy may be 
also due to affection of the vagal nerve in the 
course of isolated cranial neuropathy or due to 
toxic neuropathy. Autonomic cardiac denerva-
tion has been implicated in the development  
of heart failure, arrhythmias, or TTS [45]. 
Autonomic neuropathy may not only be associ-
ated with PNS disease but also with CNS dis-
ease if heart failure, arrhythmias, or TTS are 
complicated by cardioembolism. 

Others 

Further cardiac complications of COVID-19 
reported in single patients include arterial 
hypertension [26], increased diameter of the 
ascending aorta [26], left atrial enlargement 
[26], isolated diastolic dysfunction [46], arte- 
rial hypotension [47], SARS-CoV-2 induced sec-
ondary anti-phospholipid syndrome [48], coro-
nary vasospasms [49], pulmonary hyperten-
sion [50], heart failure [51], cardiogenic shock 
[52], or aortitis [53].

Discussion and conclusions 

This review shows that SARS-CoV-2 also primar-
ily or secondarily affects the heart, that SARS-
CoV-2 associated cardiac disease is broader 
than usually anticipated, that COVID-19 pa- 
tients with cardiac involvement have a worse 
outcome than COVID-19 patients without car-
diac disease, that the risk of cardiac involve-
ment in COVID-19 could be reduced by reduc-
ing classical cardio-vascular risk factors, and 
that multiple mechanisms, such as direct injury 
by the virus, downregulation of ACE2-receptors, 
global hypoxia, the immune response to the 
virus, or psychological injury are responsible for 
cardiac damage by the virus. Cardiac involve-
ment in COVID-19 predominantly occurs in 
patients with severe COVID-19, why these pa- 
tients should be particularly monitored for car-
diac functions and compromise. Additionally, 
cardiac damage from side effects of anti-COV-

ID-19 drugs should be considered in patients 
with severe COVID-19 and in case of cardiac 
damage without an obvious explanation. In 
COVID-19 patients with newly developing car-
diac disease, SARS-CoV-2 should be consid-
ered as the cause of cardiac compromise and 
appropriate cardiologic work-up should be in- 
itiated.

Due to the strong heart-brain relationship, sec-
ondary affection of the brain should be consid-
ered particularly in patients with severe COVID-
19. Since acute cerebral compromise in in- 
tubated, relaxed, and sedated patients can be 
easily missed, neurological complications often 
become evident not before extubation and dis-
continuation of mechanical ventilation. Since it 
is not justifiable to monitor all intubated COVID-
19 patients by electroencephalography, cere-
bral imaging, and nerve conduction studies, 
treating physicians must be alert for any tiny 
neurological alteration and patients with abnor-
mal neurological exam during ventilation or 
after extubation should immediately undergo 
neurological work-up. 

In conclusion, the spectrum of cardiac disease 
associated with a SARS-CoV-2 infection is 
broader than anticipated. Cardiac disease in 
COVID-19 patients may be due to a direct 
attack of the virus or secondary due to immu-
nosuppression and the cytokine storm, favour-
ing superinfections, thrombus formation, due 
to coagulopathy, and due to cardiac toxicity of 
anti-COVID-19 drugs. Treatment of cardiac dis-
ease in COVID-19 is not at variance from cardi-
ac disease in the absence of a SARS-CoV-2 
infection. Various cardiac abnormalities may 
overlap which should be considered in the ther-
apeutic management. 
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