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Abstract
In 2020, the coronavirus disease 2019 (COVID-19) pandemic overwhelmed the world, temporarily paralyz-
ing healthcare and economic systems. Until now, we have learned a lot about the symptoms, pathophysio-
logy, and complications of the disease as well as about the laboratory findings concerning the disease, 
and we are rapidly acquiring new data on the influence of COVID-19 on other aspects of human health be-
side its effects on the respiratory system. Patients with co-existing cardiovascular diseases (CVD) are more 
frequently hospitalized, more likely to be treated in an intensive care unit (ICU) and have poorer prognoses. 

In this article, we discuss the impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on 
CVD, starting from the mechanisms connected with the renin–angiotensin–aldosterone system (RAAS) 
and the angiotensin-converting enzyme 2 (ACE2) receptors, and then describing the main pathologies 
in the heart and vessels detected in patients with COVID-19. Additionally, we comment on the problem 
of acute coronary syndrome (ACS), which may be triggered by viral infection. Finally, we discuss how, in 
some countries, the pandemic has changed treatment patterns, lowering the rate of invasive diagnostics 
and even falsely reducing the prevalence of CVD as a result of patients’  fear of being admitted to hospital.
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Introduction
Since December 2019, when the first case of viral pneu-

monia was reported in Wuhan, China, coronavirus dis-
ease 2019 (COVID-19) has become a  global pandemic. 
As of December 17, 2020, there were 45,942,902 confirmed 
cases of COVID-19, including 1,192,644 deaths worldwide 
according to the World Health Organization (WHO).1 
In Poland alone, as of December 17, 2020, there were 62,731 
confirmed cases of  COVID-19, including 5,631 deaths.2 
COVID-19, which is caused by a novel RNA coronavirus 
known as severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), is primarily associated with severe 
acute respiratory syndrome (SARS), yet the respiratory 
system is not the only system affected. Studies have shown 
that many patients have comorbidities, such as hyperten-
sion, other cardiovascular diseases (CVD), diabetes, and 
chronic obstructive pulmonary disease (COPD), which 
contribute to a poorer prognosis.3

The relationship between CVD and COVID-19 is im-
portant for many reasons; at first glance, it is clear that 
COVID-19 patients with pre-existing CVD show a higher 
mortality rate than those without CVD.4 Patients with 
various cardiac disorders are also hospitalized and receive 
treatment in an  intensive care unit (ICU) more often. 
Wang et al. reported that 58.3% of patients hospitalized 
due to COVID-19 had been previously diagnosed with 
hypertension and 25% had heart disease.5 Additionally, 
the presence of  CVD risk factors, such as obesity, in-
creases mortality because of COVID-19, which is 3–5-fold 
higher in obese patients.6,7 On the other hand, some 
studies reported that 7.2–12% of  COVID-19 patients 
suffered from newly detected acute cardiac injury with 
an increase in the troponin I concentration and 16.7% de-
veloped arrhythmias.5,8 Moreover, some authors suggest 
that COVID-19 patients may present symptoms of acute 
coronary syndrome (ACS), including individuals without 
pre-existing cardiac conditions.9 Furthermore, symp-
toms of pre-existing CVD, such as heart failure and coro-
nary artery disease, may overlap with symptoms typical 
of COVID-19, as in the case of dyspnea, which is a key 
feature of heart failure.10

In patients with coronary artery disease, the inflamma-
tory state may destabilize atherosclerotic plaques, which 
may worsen a  patient’s condition and prognosis.11,12 
In some COVID-19 patients, the so-called ‘cytokine storm’ 
was detected, with higher levels of  cytokines in blood, 
which could potentially be one of the pathophysiological 
factors that induce further cardiac complications.8,13

Some authors suggested that COVID-19 was associ-
ated with myocarditis, as the post-mortem biopsies of the 
individuals infected with SARS-CoV-2 revealed scarce 
amounts of mononuclear inflammatory infiltrates in the 
interstitial space of  the myocardium.14 However, data is 
still limited, as the diagnosis of  myocarditis in patients 
is mainly based on cardiovascular magnetic resonance 

imaging (CMR) and echocardiography.15,16 Myopericarditis 
in COVID-19 patients sometimes leads to cardiac tam-
ponade in the course of ACS and even in cases of unob-
structed coronary arteries.17,18 This problem is still under 
investigation, and different tests, not only employing 
the histological analysis, but also identifying changes in 
the CMR images of  the heart, should be recommended, 
as endomyocardial biopsies are not available in most 
COVID-19 cases.

The angiotensin-converting enzyme 2 (ACE2) receptor, 
which is widely expressed in the heart, has been found to 
have a strong binding affinity for the SARS-CoV-2 spike 
protein.19,20 This has led to the hypothesis that ACE2 
may mediate cardiac injury in COVID-19 patients; how-
ever, recent studies on the hospitalized patients with hy-
pertension showed a  lower risk of all-cause mortality in 
the group of ACE inhibitor (ACEI)/angiotensin receptor 
blocker (ARB) (drugs that act through the abovemen-
tioned receptors) users as compared to non-users.21

Research studies are being conducted rapidly and new 
data is published nearly every week, yet key questions re-
main unanswered, including questions regarding the re-
lationship between tissue and biochemical changes and 
the clinical condition of  patients. We performed a  sys-
tematic analysis of  research articles published in medi-
cal journals between February 2020 and December 2020, 
searching the PubMed, Google Scholar and ScienceDirect 
databases with the use of keywords such as “COVID-19” 
OR “SARS-CoV-2” AND “cardiovascular disease”, “ACE2 
receptor”, “heart”, “obesity”, “myocarditis”, “arrhythmia”, 
“atrial fibrillation”, “acute coronary syndrome”, “thrombo-
embolism”, and “hypertension”. Then, we studied the cur-
rent available data about patients suffering from various 
cardiological disorders in the era of the lasting pandemic, 
with a particular focus on the potential impact of the vi-
rus on the heart. The aim of  this review was to provide 
an up-to-date synopsis of the influence of COVID-19 on 
the heart and its interactions with CVD by analyzing the 
SARS-CoV-2 pathogenesis, clinical complications and 
prognosis in patients with and without co-existing CVD.

General symptoms and 
pathologies of SARS-CoV-2

The incubation period of  the novel coronavirus is es-
timated to be between 3–7 days and up to 2 weeks in 
some cases. Like other respiratory viruses, SARS-CoV-2 
spreads primarily through respiratory droplet transmis-
sion as well as through hands and surfaces. The initial 
infection may be manifested through fever, dry cough, 
fatigue, dyspnea, myalgia, sore throat, headache, and 
conjunctivitis; hyposmia and dysgeusia are sometimes 
re ported, and diarrhea, nausea and vomiting also occur 
in rare instances.10,22,23 Most patients demonstrate mild 
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flu-like symptoms; some develop pneumonia and, in around 
5% of  cases, severe acute respiratory distress syndrome 
(ARDS) and multi-organ dysfunction. However, the dis-
ease may also be asymptomatic.22,24 Indeed, it has been 
found that in about 80–90% of infected people, symptoms 
are mild or not present at all.22 Additionally, it has been 
shown that the majority of individuals with symptoms and 
more severe clinical patterns have 1 or more co-existing 
medical conditions, including hypertension, other CVD, 
diabetes, and chronic lung diseases.23,24 The mortality 
rate for COVID-19 is usually between 3% and 5%, and out 
of the hospitalized patients, 10–20% are admitted to ICU, 
3–10% require intubation and 2–5% die, as determined 
by Guan et al.25

Mounting evidence suggests that COVID-19 simultane-
ously causes multiple changes in other organ systems. Ab-
normal liver test results and liver damage are highly asso-
ciated with severe pneumonia.10,22,24,25 Jaundice has been 
noted as a  long-term complication of  the SARS-CoV-2 
infection, and nausea, vomiting, diarrhea, and abdomi-
nal pain are also common in COVID-19 patients, yet 
these gastrointestinal symptoms are not correlated with 
the severity of  the disease. The positive results of  the 
real-time polymerase chain reaction (RT-PCR) tests for 
SARS-CoV-2 in patients’ stools raised suspicion for fecal-
oral transmission. Moreover, even after obtaining a nega-
tive throat swab test result, the virus was still detectable 
in feces.26 This possible route of transmission remains to 
be examined. It is also known that the mortality rate is 
directly proportional to age, reaching almost 30% fatality 
in patients over 80 years old, although death can occur at 
any age, including children and newborns.3,22,24,25,27,28

In laboratory tests from COVID-19 patients, we find 
leukocytosis or leukopenia, often with lymphopenia, 
which is an  effective indicator of  the severity of  the in-
fection. The alanine aminotransferase, aspartate ami-
notransferase and C-reactive protein (CRP) levels are 
increased as well.3,10,22,24,25,28 Furthermore, increased tro-
ponin levels were also reported in 7% of patients who died 
from fulminant myocarditis, and some authors suggested 
it was a strong prognostic indicator of mortality, similar to 
the CRP level. In addition, the D-dimer and ferritin levels 
were elevated in numerous patients.8,25,27,29,30

Possible pathophysiological 
mechanisms of cardiovascular 
complications in COVID-19 patients

The mechanisms through which SARS-CoV-2 affects 
the cardiovascular system are still under investigation. 
However, there is some data on its interactions with 
the renin–angiotensin–aldosterone system (RAAS). 
Angiotensin-converting enzyme 2 has been identified 
as crucial in facilitating the entry of  SARS-CoV-2 into 

the host cell and it is highly expressed in alveolar epithe-
lial type 2 (AT2) cells. The virus exhibits binding to the 
cell-associated and soluble ACE2 receptors, expressed 
in numerous organs, such as the heart, kidneys, intes-
tine, lung, brain, and liver,31,32 which may explain why 
COVID-19 patients manifest a spectrum of symptoms, 
including gastrointestinal, cardiac and renal injury, 
along with neurological and respiratory symptoms.33 
Through the respiratory tract, SARS-CoV-2 reaches AT2 
cells, which are responsible for surfactant production.34 
Once the virus enters the host cell, its mediators acti-
vate macrophages to release cytokines and chemokines, 
which increase vasodilation and vascular permeability. 
Excess plasma compresses alveoli and impairs surfactant 
production; thus, alveoli collapse and the gas exchange 
is not fully efficient. Angiotensin-converting enzyme 2, 
which is widely expressed throughout the body, normally 
shows protective effects against CVD by transform-
ing angiotensin II into beneficial angiotensin 1-7.35,36 
The binding of SARS-CoV-2 to the ACE2 receptor induces 
the endocytosis of  the complex, and thereby downre-
gulates enzyme expression so that it is unable to exert 
organ-protective effects, which ultimately results in the 
reduction of the beneficial anti-inflammatory properties 
and vasodilation associated with ACE2.31,37

Severe acute respiratory syndrome coronavirus 1 
(SARS-CoV-1), the virus responsible for the SARS epi-
demic in 2002–2004, and SARS-CoV-2 both act via RAAS 
through ACE2, an enzyme that physiologically counters 
the activation of  RAAS, but also functions as a  recep-
tor for both SARS viruses. These effects have been dis-
cussed primarily in the context that widely used ACEI 
and ARB drugs could potentially enhance the spread 
of SARS-CoV-2 in alveoli and myocardial cells. However, 
the RAAS blockade has been shown to limit exposure to 
the SARS-CoV-1 spike protein, which normally induces 
acute lung injury in experimental mouse models; further-
more, data suggests that ACEI and ARB therapy may be 
protective and result in lower levels of interleukin 6 (IL-6), 
and increased CD3 and CD8 T cell counts in blood.31,38–41 
Vaduganathan et al. claim that the withdrawal of RAAS 
inhibitors may be harmful in certain high-risk patients 
with known or suspected COVID-19, but globally, it is 
widely accepted that we do not yet have a complete un-
derstanding of the pathophysiological mechanism of the 
SARS-CoV-2 infection and lack clear therapeutic implica-
tions; moreover, the data referring to humans is too scarce 
to support or refute these hypotheses and concerns.37

The activation of  RAAS ultimately stimulates the se-
cretion of  transforming growth factor beta (TGF-β), 
which is involved in fibrosis, cardiomyocyte apoptosis 
and cardiac enlargement.42 In some cases, viral infection 
with SARS-CoV-2 leads to the so-called ‘cytokine storm’, 
and higher concentrations of  IL-6, interleukin  8 (IL-8), 
interleukin  10 (IL-10), and tumor necrosis factor alpha 
(TNF-α) were reported in deceased patients as compared 
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to those who recovered.43,44 Usually, the immune system 
counterbalances abrupt cytokine release through the 
activation of  the ACE2/Mas receptor (MasR) axis; 
however, in COVID-19, this mechanism is diminished 
due to ACE2 downregulation.45 As a result of the previ-
ously mentioned RAAS imbalance, SARS-CoV-2 leads 
to endothelial dysfunction,46 as the endothelium lines 
the lumen of blood vessels, and is constantly exposed to 
direct viral invasion and massive cytokine release. The re-
sulting endothelial injury impairs nitric oxide synthesis, 
which enhances vasoconstriction and thrombosis, and 
generally promotes CVD and atherosclerosis. Further 
examinations should be continued, as our understanding 
of the pathological mechanisms concerning COVID-19 is 
still limited.

Heart and cardiovascular diseases 
in times of pandemic

The impact of  COVID-19 on the cardiovascular sys-
tem has been widely reported. As summarized by 
Dhakal et al., cardiac complications in COVID-19 include 
acute myocardial injury, arrhythmias, cardiogenic shock, 
and even sudden death.33 In addition, drug interactions 
with COVID-19 therapy may cause arrhythmias, cardio-
myopathy and sudden death.33

Generally, patients with chronic diseases, such as CVD, 
are at higher risk of  developing serious complications 
and dying from COVID-19, and the risk increases with 
age. Elderly patients with co-existing comorbidities are 
more likely to require admission to ICU and the cardiac 
manifestations of CVD may contribute to higher overall 
mortality.47,48 Cardiovascular pathologies are present in 
8–25% of COVID-19 patients, with a higher proportion 
of patients with a worse prognosis.49 In Chinese stu dies 
of  1,527 hospitalized COVID-19 patients, about 17% 
showed hypertension, 14.4% had cardio-cerebrovascular 
diseases and 8–10% had diabetes30; similarly, in other 
studies, 2/3 of patients had diabetes, CVD or cancer.30

The link between smoking and COVID-19 is interest-
ing. There is no doubt that tobacco smoke causes the in-
flammation of  the airways and is a major risk factor for 
CVD, yet articles on the relationship between smoking 
and COVID-19 are limited and ambiguous. There is, for 
example, evidence that active smoking does not correlate 
with the severity of  COVID-19; however, another sys-
tematic review points out that current or former smok-
ing is associated with a poorer prognosis than in the case 
of non-smokers.50–52

COVID-19 patients with diabetes and obesity more 
commonly have respiratory dysfunction due to low mus-
cle strength, and are more prone to infections; therefore, 
they often require mechanical ventilation. Diabetes and 
pre-diabetes are also important risk factors in COVID-19 

patients, as the high glucose levels and various additional 
conditions observed in this group of patients, such as in-
creased thrombosis, inflammation and reduced lung ca-
pacity, significantly increase the risk of lethal outcomes as 
compared to non-diabetic patients. Additionally, a study 
published in “The Lancet” points to a mutual interaction 
– patients with diabetes are at greater risk of severe infec-
tion, and COVID-19 exacerbates hyperglycemia and can 
even cause diabetes de novo.

Myocardial injury and COVID-19
Elevated cardiac biomarkers, and especially an elevated 

level of troponin I in the high-sensitivity cardiac troponin 
test, are the main diagnostic values that determine admis-
sion to ICU. Various studies had been analyzed and it was 
found that myocardial injury, defined as an elevation in 
the cardiac troponin concentration above the 99th percen-
tile of the upper reference limit, was observed in 7–17% 
of  the hospitalized COVID-19 patients.23,33,51 Moreover, 
the incidence of myocardial injury increases with the se-
verity of the SARS-CoV-2 infection, rising to 22.2% of pa-
tients needing ICU care and 59% of patients who die from 
the disease. Additionally, in ICU patients, the hypersensi-
tive troponin I concentration was statistically significantly 
higher than in the non-ICU group.5,23 In studies of early 
cases of  COVID-19 in China, Wang  et  al. showed that 
among 138 patients, the most common cardiac compli-
cations during hospitalization were arrhythmia (23 pa-
tients) and acute cardiac injury (10 patients).5

Acute coronary syndrome
In the context of ACS, viral infections (e.g., influenza) 

are considered the potential triggers of ST-elevation myo-
cardial infarction (STEMI). It is believed that the same ap-
plies to the SARS-CoV-2 infection. Chest pain and elec-
trocardiogram (ECG) changes typical of ACS are among 
the initial manifestations of  COVID-19, and diagnoses 
range from STEMI to Takotsubo cardiomyopathy.23,33,53,54 
In a  retrospective study performed in Lombardy, Italy, 
28 cases of SARS-CoV-2-positive patients with confirmed 
STEMI were investigated.55 In 24 of  the cases, the first 
clinical symptom was ST-elevation, which was detected 
before patients received the results of their SARS-CoV-2 
tests. The rest (4 patients) developed ST-elevation during 
hospitalization.55 Data acquired from New York hospitals 
presented 18 patients with COVID-19 and STEMI, and 
out of this group, 10 patients were diagnosed at the time 
of admission and 8 patients had myocardial infarction later 
during hospitalization.53 Additionally, 33% of patients did 
not have significant changes within the coronary arteries 
and were included in the non-coronary myocardial injury 
group; the mean age was 63 years.53
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The pandemic has also changed the dynamics of  car-
diovascular procedures. During the first weeks of  the 
contagion, reduced admission of STEMI patients was ob-
served, and data also suggests increased mortality, which 
was related not only to COVID-19.55 The example of Madrid 
shows us that the newest situation lowered the number 
of  percutaneous coronary interventions (PCIs) by half 
and increased the usage of fibrinolysis.56 In Saudi Arabia, 
the weekly and monthly hospitalization rates were signifi-
cantly cut down as compared to previous years.57

With regard to the pathophysiological mechanism, it is 
possible that myocardial ischemia and infarction could be 
secondary to the plaque rupture triggered by the virus-
induced stress response or the exaggerated tendency to 
coagulation due to general infection, which is similar to 
the situation observed in the complications of influenza.30

Myocarditis
Viral infections are a  common cause of  myocarditis; 

the possible mechanism includes intensified cytokine 
release by pathological T cells and monocytes. Studies 
have shown that in several cases, fulminant myocardi-
tis was a result of the complications of the SARS-CoV-2 
infection, but none of  them revealed viral particles in 
myocytes. Clinical manifestations in those cases included 
chest pain, dyspnea and fatigue.58

We have gained some information from the autopsies 
and endomyocardial biopsies of the patients infected with 
SARS-CoV-2. In a study on severely ill COVID-19 patients, 
cardiomyocyte hypertrophy, degeneration and necro-
sis were noted with mild interstitial hyperemia as well as 
edema with the infiltration of lymphocytes, monocytes and 
neutrophils.59 In another study, low-grade interstitial and 
endocardial inflammation as well as viral particles were 
observed in the cytopathic, structurally damaged intersti-
tial cells, which demonstrated the loss of the cytoplasmic 
membrane integrity, but, although the inflammatory cells 
and myocytes are closely adjacent, no viral particles were 
observed in myocytes.60 The authors commented that 
cardiac myocytes showed non-specific damage, mainly 
characterized by focal myofibrillar lysis, but no cytopathic 
endothelial or small intramural vessel inflammation or 
thrombosis were noted; additionally, the authors claimed 
that more research studies were needed.60 In yet another re-
port, scattered individual myocyte necrosis was observed, 
with lymphocytes adjacent to, but not surrounding the 
necrotic myocytes, and degenerating myocytes were also 
present, possibly representing an early manifestation of vi-
ral myocarditis.61 Tavazzi et al. suggested that myocardial 
injury in patients with the SARS-CoV-2 infection could be 
multifactorial, which was generally understood as numer-
ous changes, such as atherosclerotic plaque rupture, coro-
nary vasospasm, hypoxic injury to the vasculature, direct 
endothelial damage, or the formation of microthrombi.60

As previously mentioned, acute virus-negative lym-
phocytic myocarditis has been associated with the SARS-
CoV-2 respiratory infection, and reports show an  im-
provement in cardiac biomarkers after treatment with 
lopinavir/ritonavir and hydroxycholoroquine.58,62 Aber-
rations in cardiac biomarkers and ECG changes occur in 
myocarditis, but they are not entirely specific to this car-
diomyopathy. Laboratory findings, such as elevated lac-
tate, abnormal values of  erythrocyte sedimentation rate 
and inflammatory markers (e.g., CRP), could be helpful 
at early stages of myocarditis management.

It is still not clear whether SARS-CoV-2 exerts cardio-
tropism, as some authors suggest; at the same time 
others deny it. The final recognition is typically based on 
an endomyocardial biopsy, which is the gold standard for 
identifying myocarditis. It is possible that future studies 
that would include MRI of  the heart in patients after 
COVID-19 could help us to better understand the com-
plex pathologies in this matter.

Arrhythmias
It is known that the elevated cytokine levels and the 

systemic inflammatory response which accompany myo-
cardial injury predispose patients to atrial and ventricu-
lar arrhythmias. Cardiac manifestations in some viral 
infections include atrial fibrillation (AF), supraventricu-
lar tachycardia (SVT) and ventricular tachycardia (VT). 
There are reports of rhythm disturbances in COVID-19 
patients, ranging from sinus tachycardia to ventricular 
arrhythmias.

The potential mechanisms of AF in COVID-19 patients 
include the previously mentioned decrease in ACE2 recep-
tor expression, cytokine storm, endothelial dysfunction, 
T  cell exhaustion, and various kinds of  electrolyte imba-
lance, like hypokalemia, which are common in COVID-19 
patients and may be the trigger of AF induction.63

In a  retrospective cohort study of  1,284 patients, 
170 patients had elevated cardiac troponin I, and of that 
group, 44 patients had atrial tachycardia (AT) or AF 
(35  patients), ventricular arrhythmias (2 patients), or 
both atrial and ventricular arrhythmias (7 patients).64 
Only 4 out of 25 patients who developed AT/AF during 
infection had a  prior history of  AF, which suggests 
that it could be a  result of  the SARS-CoV-2 infection. 
Ventricular rhythm disturbances proved to be fatal 
in 6  cases.64 Atrial fibrillation was also described in 
other studies; in a  multi-center study of  remdesivir 
therapy, among a group of 53 patients with a median age 
of 67 years whose data were analyzed, 34 patients were 
invasively ventilated and 2 patients had AF (6%).65

In another study of  138 hospitalized COVID-19 pa-
tients, arrhythmia was diagnosed in 16.7% of  patients, 
with a higher incidence in ICU patients as compared to 
non-ICU patients (44.4% vs 6.9%; p < 0.001).5 Transient 
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complete heart block was also reported in patients with 
critical COVID-19, who later died due to severe respira-
tory failure.66

At this moment, we cannot describe arrhythmias as pri-
mary COVID-19 complications per se, as it is difficult to 
discern if they are a result of the SARS-CoV-2 infection 
alone, general viral infection, or a side effect of treatment 
drugs. Drug interactions should also be considered and 
followed, as prolonged QTc, VT, and even lethal arrhyth-
mias, like torsade de pointes, have been observed in pa-
tients taking hydroxychloroquine and azithromycin. Such 
interactions will certainly be described with time, as more 
and more studies on the complications and treatment 
of COVID-19 are conducted.

Venous thromboembolism
The laboratory data of COVID-19 patients confirm co-

agulation abnormalities. Reports include reduced plate-
let count, elevated D-dimer and fibrinogen levels, and 
prolonged prothrombin time, which are associated with 
a poorer prognosis.25 The exaggerated production of pro-
coagulants, severe hypoxia and inflammation lead to a hy-
percoagulable state, which promotes thrombus formation. 
In the previous studies of  infection with other corona-
viruses, pulmonary artery thrombosis was rarely reported, 
whereas with SARS-CoV-2, it is quite different.67 In a re-
cent study, pulmonary embolism (PE) was verified with 
pulmonary computed tomography (CT) angiograms in 
32 of 106 patients.68 Additionally, in a prospective cohort 
study, deep-vein thrombi were revealed in 7 of 12 cases 
in whom deep-vein thrombosis (DVT) was not suspected 
prior to death.69 In 4 cases, thrombi from lower extremi-
ties induced PE, which was believed to be the direct cause 
of death.69 Further studies showed changes in small pul-
monary vessels as well, including microthrombi.70,71

An observation of  184 ICU patients with a  mean age 
of  64 years demonstrated a  strong correlation between 
COVID-19 and DVT and PE events.72 Klok et al. found 
a 31% incidence of thrombotic complications in ICU pa-
tients with COVID-19, which is remarkably high, even 
though in all cases, standard doses of  thromboprophy-
laxis were used, based mainly on nadroparin given sub-
cutaneously.72 The observed thrombotic complications 
included primarily PE (25 cases), with additional reports 
of  proximal DVT of  the leg (1 case), catheter-related 
upper extremity thrombosis (2 cases) and ischemic stroke 
(3  cases). The authors recommend the regular control 
of the D-dimer and fibrinogen levels, along with pharma-
cological thrombosis prophylaxis.72

In an  article concerning coagulopathy,  Iba  et  al. 
underlined  that the clinical presentation of  COVID-19- 
associated coagulopathy was primarily organ dys-
function, whereas hemorrhagic events were less frequent.73 
Moreover, they compared bacterial  sepsis-associated 

coagulopathy/disseminated intravascular coagulation 
(DIC) with COVID-19 consequences and found that 
in COVID-19 cases, pathologies like the prolongation 
of  prothrombin time, activated partial thromboplastin 
time and a  decrease in antithrombin activity were 
less frequent, and thrombocytopenia was relatively 
uncommon. However, thrombocytopenia was described 
in some cases, which the authors suggested might be 
caused, at least in part, by treatment with heparin.74

The mechanism of  coagulopathy in COVID-19 needs 
to be further examined, but for now we can say that it 
follows Virchow’s triad, which consist of  endothelial 
dysfunction, hypercoagulability and the stasis of the 
blood flow. Together, these effects contribute to a greater 
thromboembolic risk and lethal complications (e.g., DIC).

Treatment considerations
Generally, recommendations for the treatment of car-

diovascular complications in patients with COVID-19 are 
not different from those from the pre-COVID-19 era. In 
the cited studies, mechanical ventilation was used when 
needed in severely ill patients with low blood saturation, 
vasopressor catecholamines were introduced to elevate 
decreased blood pressure in case of shock, and in many 
other clinical conditions, the use of  drugs and specific 
procedures was similar.47 However, some minor changes 
have been observed in ACS treatment in relation to the 
problem of handling the infected patient. The pandemic 
has created new challenges with regard to treating myo-
cardial infarction, but the main management should not 
be changed. In case of STEMI, both SARS-CoV-2-negative 
and SARS-CoV-2-positive patients should be treated 
similarly, as any delay in obtaining test results can be 
harmful.75 It has been recommended that, if a patient is 
referred to a  non-COVID-19-trained lab or a  non-PCI-
capable hospital, and a transfer to a COVID-19-trained/
PCI-capable facility can happen within 120 min, it should 
be initiated, yet if it cannot happen within 120  min, 
thrombolysis should be performed instead, with con-
comitant medical management with aspirin, clopidogrel, 
heparin, or enoxaparin, which generally meets the guide-
lines.75 However, it should be noted that some patients 
may have contraindications to thrombolysis. Addition-
ally, Zheng  et  al. suggests that drug-related heart dam-
age during COVID-19 treatment is a  concern, and that 
the use of  antiviral drugs in particular should be moni-
tored.48 Such drugs are known to induce various cardio-
vascular disorders; cardiac insufficiency and arrhythmias, 
including sick sinus syndrome, have been observed after 
interferon and ribavirin. Thus, to avoid cardiac toxicity, 
antiviral dosing and side effects should be under control, 
particularly in patients with pre-existing CVD.48,76

As the pandemic continues, we will gain more knowledge 
and it may, with time, change some treatment regimens, 



Dent Med Probl. 2021;58(2):219–227 225

which currently do not differ from the mainstream 
cardiovascular guidelines. One example is based on the 
finding that hypokalemia is a common metabolic abnor-
mality in COVID-19 patients, which is probably second-
ary to the reduction of the albumin levels; thus, in this con-
text, the antihypertensive medications known to increase 
the serum levels of  potassium (including carvedilol and 
eplerenone) should be a  first-line choice in COVID-19 
patients with co-existing arterial hypertension.77

Conclusions
After nearly a year of the COVID-19 pandemic, we have 

gathered new knowledge on the symptoms, complica-
tions and pathophysiological mechanisms of this disease, 
and its impact on human health. We have learned not 
only how it affects the respiratory system, but also about 
other pathologies, including changes in blood and some 
alterations in the cardiovascular system (Table 1). Initial 
studies suggest an  interaction with RAAS; however, we 
believe that new research is still needed. 
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