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Highlights
A novel coronavirus (COVID-19) causing Acute Respiratory Distress Syndrome (SARS-CoV-2) was considered culpable for the huge
number of lower respiratory tract infections leading to severe respiratory failure in many cases. However, the hospital reports show that
the COVID -19 infestation may range from the asymptomatic or poorly symptomatic course with an almost bizarre deterioration of life
parameters (“silent hypoxia”) through to critically ill patients with multiple organ failure. Moreover, the coronavirus disease may cause
lung damage in the asymptomatic COVID-19 positive patients who recover at home. The virus enters through angiotensin-converting
enzyme 2 receptor (ACE2) widely expressed in the cardiovascular system and other organs, which can result in myocardial injury,
myocarditis, acute myocardial infarction, heart failure, brain stroke, pneumonia and thromboembolic events. The COVID -19 - induced
failure of central mechanisms controlling breathing and circulation may explain the mismatch between the clinical symptoms and the
objective physiologic life parameters in many patients treated by intensivists or cardiologists. The severity of coronavirus disease is
dependent on numerous factors including the magnitude of host immune response, the impairment of central and peripheral nervous
system, age, comorbidities (e.g. diabetes, arterial hypertension, obesity, chronic heart failure) and presumably genetic proclivity. The
brand-new treatment approach with use of alternative or experimental therapies such us Extracorporeal Membrane Oxygenation
(ECMO), plasmapheresis, proinflammatory interleukins - targeted drugs, covalescent plasma transfusion, virus replication inhibitors is
obviously needed in some COVID- 19 patients.
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Introduction

At the end of 2019 in Chinese City Wuhan, a novel coronavirus
(COVID-19) causing Severe Acute Respiratory Syndrome
(SARS-CoV-2) was considered culpable of the enormous
number of lower respiratory tract infections leading to severe
respiratory complications. The virus has turned out to have a
respectable potential to infect rapidly many people in China and
subsequently trigger a global epidemic [1]. Since the beginning
of March 2020, the COVID-19 pandemic has caused more than
13,000 deaths in Europe, almost 54% of which have occurred in
Italy (in Poland, number of deaths has reached over 900 people
since March 2020) [2]. The healthcare systems all over the world
have been faced up with tremendous hospital admission rate
and difficulty in the accurate and efficient diagnosing of such a
high volume of patients suspected of the COVID-19 infection. The

crushing majority of efforts to contain the COVID-19 pandemic
has been focused on respiratory problems and securing enough
ventilators. To make matters worse, doctors have promptly
realized that the disease is insidious and has many faces.
Much to the surprise of some intensivists, the effectiveness of
conventional mechanical ventilation is below expectation or it
does not work at all in many COVID-19 patients suffering from
acute respiratory failure. According to the New York state and city
officials, over 80% of COVID-19 patients placed on ventilators
in New York City have died [3]. Many of them are dying while
intubated on a ventilator. The increasing number of emergency
physicians become aware that ventilators are not always helpful
and Extracorporeal Membrane Oxygenation (ECMO) or other
non-conventional therapies might be the last resort for some
critically ill patients [4].
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At present, we know that the COVID -19 infestation may range
from the asymptomatic or poorly symptomatic course with an
almost bizarre deterioration of life parameters (asymptomatic
hypoxemia on pulse oximetry called “silent hypoxia”) through
to severely ill patients with multiple organ failure including
lungs, kidneys, nervous system and other organs. Moreover,
the coronavirus disease may also cause relevant lung damage
in the asymptomatic COVID-19 positive patients as recently
reported by Austrian doctors from University Clinic in Innsbruck.
As more data come in from China, Italy and USA, it is believed
that COVID-19 can also infect cardiovascular system, albeit in
the majority of cases myocardial injury is more likely related to
systemic consequences [5]. The virus binds and enters through
angiotensin-converting enzyme 2 receptor (ACE2) widely
expressed in heart, lungs, vessels and brain, which can result in
systemic inflammation, multiorgan dysfunction and cardiovascular
complications including myocardial injury, myocarditis, acute
myocardial infarction, heart failure, dysrhythmias, brain stroke,
acute pleuritis, pneumonia and venous thromboembolic events
(Table 1) [6].
The pathophysiology of cardiovascular dysfunction in
COVID-19 patients is probably a complex and multifactorial
issue. The myocardial damage or cardiovascular failure due
to the coronavirus disease can be related to the direct viral
intrusion into the cardiac muscle, the excessive immediate host
immune response to the virus (“cytokine storm”), arterial blood
hypoxemia and acidosis in the wake of the alveolar-capillary
membrane damage, the impairment of brain cardiorespiratory
controls and lung-heart interaction during the acute inflammatory
process that stems primarily from the lungs. It was previously
confirmed on the animal model that experimentally-induced
pleurisy may cause myocardial damage probably via activation
of immunological system as soon as 24 hours since the onset of
acute inflammatory response [7].
There are several physiologic and pathophysiologic premises
demonstrating that some of the weird prodromal symptoms
(smell and taste sensations) or lack of symptoms (lack of
dyspnoea in patients with relevant hypoxemia) in some
COVID-19 patients might be caused by damage to the central
(CNS) and peripheral nervous system [8]. The lung ventilation
is controlled by the brain (central chemoreceptors in the
medulla oblongata, brain cortex and hypothalamus), peripheral
chemoreceptors (in the aorta and carotid vessels) and signalling
from the lung stretch receptors to the brain stem via afferent
vagal nerve endings. COVID-19 causes smell and taste
disorders that probably originate from some focal injury in CNS
and/or olfactory and taste receptors. It is likely that the virus
may also impair “breathlessness sensations” centre in the brain
cortex (insula), central and peripheral chemoreceptors as it does
taste and smell receptors [8,9]. Subsequently, the coronavirus
may cause missignalling between the chemoreceptors,
autonomic controls of breathing and circulation and other
cerebral structures. For this reason, the severely ill COVID-19
patients may not feel dyspnoea, even though their objective life
parameters dramatically deteriorate and might be indicative
of acute cardiopulmonary failure. Many brain areas can
be affected by the virus including cerebrum, vagal nerve,
paraventricular nucleus of hypothalamus, brain stem and
others. Some coronaviruses have been reported to spread via
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Table 1. COVID-19-induced cardiovascular
complications
Comorbidity
Myocardial Injury and Myocarditis
Acute Myocardial Infarction
Heart Failure and Cardiomyopathy
Arrhythmias
Shock and Cardiac Arrest
Venous Thromboembolic Events

a synapse-connected route to the medullary cardiorespiratory
center from the mechanoreceptors and chemoreceptors in the
lung and lower respiratory airways [8,9].
The viral infection may have strong affinity to the chemosensitive
area in the brain stem (chemoreceptors) involved in chemoreflex
- induced hyperventilation response to hypercapnia [10].
It was corroborated by experimental models that intranasally
injected lethal avian influenza A (H5N1) virus can replicate in
pontomedullary chemosensitive neurons of the brain and this
way depress hypercapnic ventilatory response [10]. According to
the previous studies, the enhanced chemoreflex as observed in
patients with chronic heart failure (CHF) may lead to hyperpnea
and exercise intolerance [11]. It can be hypothesized that the
coronavirus may impair brain stem reflex regulating minute
ventilation and the response of chemoreceptors to the changing
arterial blood gas levels (no shortness of breath despite relevant
hypoxemia). However, this issue needs further investigations
on the experimental animal models or in patients who have just
recovered from COVID -19 (the post-treatment assessment of
chemoreflex sensitivity in the laboratory conditions).
The sudden deterioration of clinical status in several COVID-19
patients during intubation as reported by some intensivists
may also indirectly indicate the impairment of chemoreflex that
is mediated by vagal nerve endings. The autonomic nervous
system (ANS) that controls respiration and heart function is a
system of “interrelated vessels”. ANS has ability to converge
and diverge information flowing in from various parts of
human body (lungs, upper respiratory tract, cardiac muscle,
vessels, hormonal system, immune system, urinary system,
skin, muscles, gastrointestinal tract). At present, we know that
many of the above - mentioned entities can be attacked by the
virus. The weird reflex response to tracheal tube insertion while
connecting the COVID-19 patients with ventilators may lead to
worsening of the respiratory function through abnormal signalling
between vagal nervous endings in trachea and brain stem due
to the coronavirus intrusion into CNS and peripheral nerve
endings. Besides, the coronavirus and virus-related host immune
response can devastate the alveolar-capillary membrane that is
necessary for gas exchange in the lungs. Hence, the conventional
mechanical ventilation in some most severely ill COVID-19
patients can be even counterproductive and add to lung tissue
damage [12]. It has been reported that the use of oxygen masks
with the unusual body position (“prone position”) and ECMO
are more helpful than the mechanical ventilation in many
COVID-19 patients with respiratory failure.
The clinical observations and better understanding of the
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complex physiologic and pathophysiologic mechanisms
implicated in the deleterious COVID-19 effect on the various
human body systems should encourage doctors and decisionmakers to revise the treatment guidelines for some ICU
patients and use the alternative therapies such as ECMO,
plasmapheresis, anti-interleukin monoclonal antibodies, viral
replication inhibitors or convalescent plasma in the critically
ill patients [13]
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