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Abstract
Abstract: Coronavirus disease 2019 (COVID-19), has affected many regions and countries. It is caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which has a powerful ability to spread and is highly lethal. SARS-CoV-2
belongs to CoVs, together with the SARS-CoV and middle east respiratory syndrome-CoV. SARS-CoV-2 damages the lungs
and some other organs in humans by infecting cells via binding to the ACE2 receptor. The infection with SARS-CoV-2 results
in varying degrees of clinical manifestations. Although the amount of the evidence in favor of the impact of COVID-19 on the
clinical manifestations of myocardial injury and the onset of cardiovascular disease (CVD) is increasing, myocardial cell damage
caused by viruses not identified in biopsies and autopsies. Therefore, it has been suggested that viruses might affect cardiac
function by mechanisms other than direct infection of cardiomyocytes, and several plausible conjectures have been proposed.
Based on the fact that the viruses can exert influence on multiple systems in an organism, this article describes and proposes, for
the first time, the possible impact of the interaction between the brain and the heart on the cardiovascular system in COVID-19
patients.
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Abstract : Coronavirus disease 2019 (COVID-19), has affected many regions and countries. It is caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which has a powerful ability to
spread and is highly lethal. SARS-CoV-2 belongs to CoVs, together with the SARS-CoV and middle east
respiratory syndrome-CoV. SARS-CoV-2 damages the lungs and some other organs in humans by infecting
cells via binding to the ACE2 receptor. The infection with SARS-CoV-2 results in varying degrees of clinical
manifestations. Although the amount of the evidence in favor of the impact of COVID-19 on the clinical
manifestations of myocardial injury and the onset of cardiovascular disease (CVD) is increasing, myocardial
cell damage caused by viruses not identified in biopsies and autopsies. Therefore, it has been suggested
that viruses might affect cardiac function by mechanisms other than direct infection of cardiomyocytes, and
several plausible conjectures have been proposed. Based on the fact that the viruses can exert influence on
multiple systems in an organism, this article describes and proposes, for the first time, the possible impact
of the interaction between the brain and the heart on the cardiovascular system in COVID-19 patients.
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Introduction
The spread of COVID-19, a disease caused by the infection with the SARS-CoV-2, has reached pandemic
proportions and dramatically impacted public health and the global economy. As of June 15, 2020, more
than 7.5 million people have been infected worldwide, and more than 400,000 died. Most COVID-19 patients
suffered from lung damage, but the virus has been shown to affect other systems as well. The angiotensinconverting enzyme 2 (ACE2) receptor plays a vital role in the infection of cells by the SARS-CoV-2 [1].
Although myocardial cells express ACE2 receptors, myocardial biopsies and autopsy of COVID-19 patients
did not reveal significant heart damage caused by a viral infection. Despite the absence of sufficient evidence
in the cardiac autopsy reports, various findings indicate that in some clinical cases, the virus may not directly
attack the myocardial cells, but affect the function of the heart through alternative mechanisms. Given the
paucity of reports on cardiac pathology in COVID-19, the direct impact of the virus on the heart remains
unclear.
Previous studies have demonstrated a close connection between the brain and the heart, but the possibility
of an interaction between these two organs in COVID-19 patients has not been raised thus far. Therefore, we
would like to advance the hypothesis that that COVID-19 may affect the function of the heart through the
interaction between the brain and the heart. We hope that this analysis will provide new ideas for research
and suggest treatment methods that could be applied clinically.
1. Impact of COVID-19 on the brain and the heart
1.1 COVID-19 and the nervous system
COVID-19 can affect the nervous system and cause nervous system disorders. There are three major types of
neurological manifestations in COVID-19 patients, involving the central nervous system, peripheral nervous
system, and skeletal muscles. In comparison with mild COVID-19 cases, patients with these neurological
symptoms are older and more frequently have underlying diseases, of which hypertension is the most common
[2]. In a study of 417 COVID-19 patients with mild symptoms, 85.6% and 88.0% of patients had olfactory
and taste dysfunction [3]. Previous reports have documented that neuroinvasiveness is a common feature
of CoV. Although a specific mechanism by which SARS-CoV-2 infects neural cells was not yet known, viral
RNA has been detected in the cerebrospinal fluid of COVID-19 patients. Considering the possibility of the
invasion of the nervous system by SARS-CoV-2, the risk of its infection may be currently underestimated
[4].
1.2 COVID-19 in the cardiovascular system
Because COVID-19 may affect the cardiovascular system at multiple levels, the virus infection may lead to
myocardial damage and dysfunction, increasing the incidence of CVD in patients. The mechanism of COVID19-induced heart damage was unclear, but it may involve the combined effects of direct viral damage, immune
damage, and cytotoxic immune cell responses in the later stages of the infection [5]. Cardiac involvement was
a documented complication of COVID-19 and was associated with a higher hospital mortality rate [6]. In a
study on the impact of CVD complications on death outcomes, 35.3% of 187 enrolled patients had potential
CVD. Moreover, the presence of myocardial injury was significantly related to the mortality rate among
COVID-19 patients, and the prognosis was better in patients without myocardial injury [7]. In a patient
with acute heart injury directly related to SARS-CoV-2 localized in the myocardium, a biopsy of myocardial
intima documented low-grade myocardial inflammation, but no viral particles in myocardial cells were found
[8]. Therefore, the onset and progression of COVID-19 may cause myocardial damage independently of the
infection of the cardiac tissue by the virus. Although the specific mechanism remained unknown, it would be
still necessary to pay attention to the protection of the cardiovascular system in COVID-19 patients during
the treatment of the disease.
2. The relationship and interaction between the brain and the heart
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It is now generally accepted that there is a bidirectional interaction between the brain and the heart, i.e., the
function of the brain can affect the function of the heart and vice versa [9]. The next sections summarized
the possible effects of the interaction between these two organs on the cardiovascular system in COVID-19
patients, analyzed from the perspective of the autonomic nervous system and stroke.
2.1 Autonomic nervous system
It was well-established that brain damage can cause CVD complications, ranging from blood pressure disorders to arrhythmias. Abnormal cardiac afferent signals enhanced sustained sympathetic nerve activity
and led to loss of cardiovascular protection, causing the progression of CVD, including arrhythmia-triggered
sudden death [10]. Among the 416 patients hospitalized for COVID-19, almost 20% suffered from a cardiac
injury. In another study, 44% of 36 intensive care unit patients developed arrhythmia [6, 11]. Although
it was currently believed that the reason for the high incidence of arrhythmia was related to myocardial
injury triggered by COVID-19 [12], the possibility that the brain damage in COVID-19 patients induces
arrhythmias by disturbing cardiac autonomic nervous system cannot be ignored.
2.2 Takotsubo syndrome
Sympathetic hyperexcitability, coronary vasospasm, and microcirculation disorders were considered the most
likely factors responsible for Takotsubo syndrome (TTS). Acute cardiac dysfunction caused by TTS and
subarachnoid hemorrhage might share a similar mechanism, namely the release of a large amount of catecholamines, but the understanding of the precise pathological mechanism was currently limited [13]. Although very rare, TTS might become an effective differential diagnosis of myocardial injury in COVID-19
patients. Among the reported TTS cases, one patient was confirmed to suffer from a typical SARS-CoV-2infected TTS. This finding suggested that the enormous emotional pressure and respiratory tract infection
caused by the virus may be a cause of TTS [14].
2.3 The vicious circle: stroke–heart syndrome
Due to the extremely wide prevalence of COVID-19, the management of stroke cannot be ignored. The
presence of a true relationship between COVID-19 and stroke remained to be determined. Although the
number of stroke hospitalizations had declined, the evidence was available that COVID-19 infection itself may
cause a stroke. It was worth noting that, without excluding the possibility of the virus directly invading the
nervous system, heart injury seemed to be an important feature of this disease. The impairment of cardiac
function occurs in 20-30% of hospitalized COVID-19 patients [15]. In a pooled analysis, the cerebrovascular
disease was found to be associated with a 2.5-fold increase in the severity of COVID-19 [16]. In addition,
medical records from three hospitals in Wuhan indicated that 5.9% of the patients had COVID-19 infection
complicated with stroke, and these patients were older, with more CVD complications, and more severe
pneumonia. Stroke mechanisms in these cases might include hypercoagulable state caused by critical illness
and cardiogenic embolism caused by virus-related heart damage [17]. The expression of ACE2 on vascular
smooth muscle cells may also be a potential target for SARS-CoV-2 infection. The pathological analysis
of COVID-19 patients documented the presence of microvascular inflammation and microthrombosis in
the lungs and other affected organs [18]. Importantly, many incidences of sudden death and severe nonfatal cardiac events after the stroke may result from the interaction between cardiovascular and nervous
systems [19]. Therefore, considering the possibility that COVID-19 may promote cardiac and microvascular
thrombosis at various levels, the incidence of a stroke may increase with the thrombus entering the brain in
COVID-19 patients. Thus, the vicious cycle in which the heart function is affected by brain damage should
be considered by clinicians.
3. COVID-19 and mental health
COVID-19 affected not only physical but also mental health. Patients, medical staff, and the general public
were under insurmountable psychological pressure. At present, it was relevant to study the means to reduce
the psychological pressure associated with the COVID-19 pandemic in susceptible groups. The role of
mental stress and emotional level in the development of arrhythmia and sudden cardiac death cannot be
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ignored. Of late, advances in molecular cardiology have determined the role of mutations of cardiomyocyte
ion channels in arrhythmia-induced death. Negative emotional reactions may increase the risk of CVD events.
Myocardial ischemia triggered by mental stress manifests with increased catecholamine concentration and
increased sympathetic nerve activity, resulting in reduced coronary blood flow and ischemic changes in
electrocardiograph [20]. Together, these considerations reinforce the notion that the mental state of COVID19 patients and frontline medical workers merits substantial attention. Appropriate psychological crisis
intervention and psychological problem relief measures may have an essential role in the management of
COVID-19. On the one hand, these approaches may improve clinical outcomes. On the other hand, they also
provide first-line medical workers and the general public with psychological defense mechanisms. Therefore,
active and effective intervention aiming at mental diseases and psychological conditions may mitigate CVD
caused by COVID-19-related mental and psychological problems.
Conclusions
The impact of the interaction between the brain and the heart cannot be ignored. Considering that the human
body is a complex integrated system, the treatment of COVID-19 patients with neurological or psychiatric
symptoms requires taking into account the risk of heart damage. Although the specific mechanism by
which COVID-19 affects the brain and the heart remains unknown, its combined effects on both organs may
aggravate the condition of COVID-19 patients. Therefore, it is critical to monitor cardiac function in COVID19 patients developing neurological and mental disorders. It is imperative that neurologists, psychologists,
and cardiologists work together on patient care. A collaborative effort can delay further development of the
disease, improve the recovery rate, and reduce mortality.
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