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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2) or coronavirus disease 2019 (COVID-19)
initially surfaced in December 2019 from Wuhan, China, sweeping the world with various strains, forcing the
WHO to declare a pandemic epidemic in March 2020. Furthermore, COVID-19 manifests with a wide array of
presentations from fever and fatigue to severe respiratory and cardiovascular complications. Post-COVID-19
syndrome is poorly understood affecting COVID-19 survivors at all levels of disease severity. The disease is
most associated with post-discharge dyspnea and fatigue. However, other persistent symptoms as chest pains,
palpitations, smell, and taste dysfunctions. Patients with high concentrations of CRP and creatinine in the acute
phase of Covid-19 are more prone to cardiac sequelae. Therefore, high levels of cardiac-sensitive troponin and
hypokalaemia can also be used for risk stratification. Furthermore, Cardiac damage can manifest as myocarditis,
pericarditis, rhythm abnormalities. The use of different diagnostic modalities like electrocardiogram (ECG),
echocardiogram, and cardiac magnetic resonance imaging (MRI)(CMR) to evaluate the myocardial damage were
studied. However, Cardiovascular complications are a common manifestation of PASC, classification of severity
of cardiac symptoms and the emergence of CMR as a diagnostic tool needs more evidence.

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2)
or coronavirus disease 2019 (COVID-19) initially surfaced in December
2019 from Wuhan, China, sweeping the world with various strains,
forcing the WHO to declare a pandemic epidemic in March 2020 [1].
COVID-19 is a novel viral disease that primarily affects the upper and
lower respiratory tracts. However, mounting evidence suggests that
COVID-19 can cause a wide range of clinical manifestations by affecting
multiple systems. COVID-19 can range from asymptomatic to severe

organ affection and tissue damage (Table 1), (Fig. 1).

COVID-19 manifests with a wide array of presentations, which
ranges from fever, fatigue, and diarrhea to severe respiratory and car-
diovascular complications and multiple organ failure leading to mor-
tality [1]. More recently, various reports from around the globe have
reported the persistence of symptoms and SARS-CoV-2 virus beyond the
defined acute phase timeline [2]. Therefore, the Royal College of Gen-
eral Practitioners (RCGP) has divided COVID-19 infection into 3 time-
frame points—signs and symptoms of COVID-19 infection persistent up
to 4 weeks called Acute COVID-19, from 4 till 12 weeks called ongoing

Abbreviations: SARS-CoV 2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019; WHO, World health organization; PACS, Post-
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Angiotensin Aldosterone System dysregulation; IL, interleukin; TNF-Alpha, Tumor necrosis factor-alpha; DAMPs, damage-associated molecular patterns; CVD,
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Unfractionated heparin; NOAC, novel oral anticoagulation.
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Table 1
Classification of COVID.

Mild Illness Moderate Illness Severe Illness Critical illness

Fever, cough, sore  Evidence of lower Same as before Respiratory
throat, malaise, respiratory Tract failure, septic
headache, Infection during shock, and/or
myalgia, clinical assessment multiple organ
nausea, or imaging dysfunction.
vomiting,

diarrhea, loss of
taste, and smell)
No SOB OR SOB or Positive lung infiltrates > -
imaging imaging findings 50%.
findings
- SpO2 > 94% SpO2 < 94% , Intubated or ICU
(Pa02/Fi02) < admitted
300 mm Hg And
/Or respiratory
rate > 30

symptomatic COVID-19, and if signs and symptoms persist after 12
weeks it is called a post-COVID-19 syndrome.[3] The term ‘Long-COVID-
19’ is given to the signs and symptoms that continue or develop after the
‘acute COVID-19’ phase and include both ‘ongoing symptomatic COVID-
19’ and ‘post COVID-19 syndrome’[3,4]. While many people with mild-
moderate disease recover within 2 weeks, there is a percentage of the
population which do not return to baseline even after 14-21 days [3].
Tenforde et al. found this percentage to be about 35% of symptomatic
respondents, of which 47% were>50 years old [4]. The entire spectrum
of the post-acute COVID-19 syndrome has been given numerous terms,
including long COVID, long-haul COVID, and post-acute COVID syn-
drome [2,3].

Post-COVID-19 syndrome is poorly understood as it affects COVID-
19 survivors at all levels of disease severity and across all age ranges.
The disease is most associated with post-discharge dyspnea and fatigue.
However, other persistent symptoms as chest pains, palpitations,
myalgia, smell and taste dysfunctions, cough, headache, and gastroin-
testinal and cardiac-related problems. All of which may persist for up to
six months post-discharge or from disease onset [2,3]. The emergence of
post-COVID 19 cardiovascular manifestations is expected to impose a
further detrimental effect on the incidence, prevalence, and economic
projections of heart disease. Limited elucidation of its clinical course has
prompted the requirement to ascertain the persistent symptoms and
clinical outcomes. Therefore, our focus in this review is more on the
post-acute COVID-19 syndrome, especially the cardiovascular effects.

2. Methods:
We performed a thorough literature review based on the PubMed
electronic bibliographic database, Scopus, EMBASE, Web of science. The

following descriptors were used in the search engines advanced tool:
“COVID-19”, “SARS-CoV”, “Cardiovascular Risk Factors”,

’ Acute SARS-CoV-2 infection |

Critical

I Asymptomatic I -y 73 weeks from
suspected infection
[ Mild |
I Moderate I >3 weeks from
symptom onset
l Severe I

Time of hospital discharge (if —

>3 weeks after symptom onset | Organ dysfunction I
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“Hypertension”, “Arrhythmias”, “Myocarditis”, “post-covid sequels”,
“post-covid syndrome”. We included retrospective studies, prospective
studies, meta-analyses regarding the cardiovascular implications related
to COVID-19. Articles with a central theme diverging or not related to
the cardiovascular complications associated with post-COVID-19 infec-
tion were excluded from the revision. Articles that were not in English
were also excluded.

3. Discussion:

To the best of our knowledge, this is the first review article to
intensely investigate the cardiovascular complications of post-acute
COVID-19 syndrome.

3.1. Cardiac complications:

The most accepted pathophysiology to date is long-term tissue
damage not only in the lungs but also in other vital organs due to
pathological inflammation which is due to a variety of intercalated
causes as viral persistence, immune dysregulation, and autoimmunity. it
is important to note that replication-competent virus is rarely recovered
beyond 20 days after symptom onset [3]; this suggests that persistent
symptoms are driven primarily by immunological phenomena. Another
possibility is that lingering virus continues to be present in immuno-
logically privileged sites within the body, where it can be difficult for the
immune system to eradicate.

A frequent consequence of the COVID-19 disease is myocardial
damage, which is linked with a poor prognosis. Patients with myocardial
damage were also shown to have a more severe acute illness. As indi-
cated by higher inflammatory markers such as c-reactive protein, higher
serum creatinine, more pulmonary infiltrates and opacities on chest
imaging, and greater rates of non-invasive and invasive ventilation.
Furthermore, older patients with comorbidities such as coronary artery
disease, hypertension, diabetes, and chronic renal disease were found to
have a higher likelihood of having a severer disease [1-3] TTE imaging
indicated regional wall motion anomalies, systolic left or right ventric-
ular dysfunction, diastolic dysfunction, and pericardial effusion during
the acute phase of COVID-19. [4]

The mortality and morbidity due to cardiovascular complications in
COVID-19 patients are higher when there is evidence of myocardial
involvement, as implicated by Mitrani et al [10] Chest pain was reported
in up to ~ 20% of COVID-19 survivors at 60 d follow-up while ongoing
palpitations and chest pain were reported in 9 and 5%, respectively, at 6
months follow-up in the post-acute COVID-19 Chinese study. In their
follow-up study, Carvalho-Schneider, C. et al. found that out of 150
study participants, chest pain was reported in 27 (18.0) participants at
30 days follow-up and 17 (13.1) participants at 60 days. Palpitations
were reported in 9 (6.5) and 14 (10.9) participants, while Dyspnea/
shortness of breath in 16 (10.7) and 10 (7.7) participants at 30 and 60
days follow up, respectively [11].

Nannoni et al in a pooled meta-analysis calculated a total incidence of

| Post-acute COVID-19

——————

' I Persistent symptoms I

!

Fig. 1. Post-acute COVID-19 syndrome: An overview and approach to classification.
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1.4% acute cardiovascular complications with COVID-19 [9]. In the
earliest study of 138 hospitalized patients of Wuhan, China, cardiac
symptoms in acute COVID-19 were documented, with acute cardiac
damage in 7.2%, shock in 8.7%, and arrhythmias in 16.7% [5]. Ac-
cording to Puntmann et al., in a matched prospective cohort analysis
that lasted a median of 71 days after COVID-19 diagnosis, 78 % of pa-
tients had cardiac involvement. Irrespective of preexisting conditions,
60% of which showed cardiac inflammation, regional scarring, and
pericardial enhancement on cardiac magnetic resonance imaging [6].
Participants who recovered from COVID-19 had lower left ventricular
ejection fraction (57 % vs. 62 %; P < .001) and were more likely to have
detectable high-sensitive troponin T (>3 pg/mL; 71% vs. 31%) in
comparison with risk factor-matched control patients.

In addition, Another study of 52 critically ill patients from Wuhan,
China, with COVID-19 showed myocardial injury, as indicated by high-
sensitivity troponin>28 ng/L in 29% of the patients, the study showed
development significant cardiac diastolic impairment without systolic
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involvement was observed in patients who experienced a myocardial
injury but not in patients without cardiac involvement within 30 days
following the infection as well as at six months after the acute COVID-19
phase were [7]. A study of 416 COVID-19 patients showed 20% with
myocardial injury, as indicated by troponin I>>0.04 ng/mL [2]. All these
findings established a clear connection between COVID-19 infection and
myocardial damage, necessitating cardiac assessment of post-COVID-19

patients, particularly those who suffered cardiac troponin rise during
the acute phase.

3.2. Mechanisms of cardiac complications:

To better grasp the acute and post-acute pathophysiological mani-
festations of SARS-CoV2 on the Cardiac system, it is fundamental to
understand the underlying molecular and biological processes that
result in cardiac dysfunction. Initially thought of predominantly as
respiratory disease, COVID-19 is now regarded as a wide spectrum
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Fig. 2. RAAS pathway regulation and its cardio-specific effects.
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syndrome ranging from asymptomatic infection to critical life-
threatening infection [5]

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) is
the largest known RNA virus like other viral infections, the establish-
ment of the acute infection requires the entry of the SARS-CoV2 into the
host cell [6,7]. The required entry is dependent upon the interaction
between the viral spike glycoprotein, the host cell membrane ACE2 re-
ceptor, and the host cell protease systems such as the transmembrane
protease serine 2 (TMPRSS2) [7]. The ACE2 receptor is a trans-
membrane aminopeptidase that is responsible for various physiological
functions in the cardiovascular system [8]. From the perspective of
physiology, ACE2 mediates a vital role in the neurohumoral regulation
of the cardiovascular system. Its expression is mostly noted in the
vascular endothelium, oral mucosa, tongue, gut, lungs, kidneys, heart,
and testis [9]. In an RNA sequencing study, ACE2 expression was noted
in 9.87% of cardiomyocytes of the failing heart [9]. Its expression was
also noted in the healthy human heart at an enrichment rate of 6.75%
[9]. More specifically, the highest expression of ACE2 was noted in the
cardiomyocytes and pericytes, while the lowest expression of ACE2 was
noted in cardio-fibroblasts, endothelial cells, epicardial adipose tissue,
and other various cardio-specific immunoregulatory cells [9].

The proposed mechanisms of cardiac damage during the acute phase
of COVID-19 include both direct and indirect routes. Direct cardiac
injury occurs via the viral infiltration of cardiomyocytes [10]. Whereas
indirect injury is known to be mediated by respiratory failure induced
hypoxic injury, overwhelming cytokine release, systemic inflammation,
hypercoagulability, Renin-Angiotensin-Aldosterone System dysregula-
tion (RAAS), plaque destabilization, and myocardial supply—-demand
mismatch [10] (Fig. 2). Concerning the post-acute COVID-19 syndrome,
the potential pathophysiological mechanisms remain unknown. How-
ever, it has been hypothesized that mechanisms implicated in PACS are
thought to be ramifications of altered physiological states and me-
chanical/anatomical damage to the cardiac system during the acute
phase of COVID-19. These mechanisms include post-inflammation re-
sidual damage, immune system dysregulation, post-critical illness
complications, inadequate antibody response, and ongoing underlying
viral infection [3].

Upon interaction of viral S protein and ACE2, S1 and S2 subunits are
generated by host TMPRSS2 mediated cleavage at the arginine residue
site [11]. Further entry into the cell is mediated by the S2 subunit-
induced membrane fusion and viral endocytosis [11]. Upon entry into
the cell, the cytoplasmic replication of viral RNA results in the produc-
tion of virion particles, which further attach to the cell membrane and
act as a source of infection amplification [11]. Physiologically, ACE2 is
known to convert angiotensin 1 and 2 into cardioprotective peptides
such as angiotensin 1-7/angiotensin 1-9 [11]. SARS-CoV2 mediated
downregulation of ACE2 has been reported in the literature [12].
Therefore, this abolishes the synthesis of cardioprotective peptides
(angiotensin 1-7/angiotensin 1-9) and predisposes to cardiac and
vascular damage [13,14].

In addition, the enhanced activity of the angiotensin 2/AT1 pathway
results in hypertrophy, fibrosis, hyper inflammation, and cardiac
remodeling [15]. These pathological changes in the histological and
gross morphology of the heart can predispose patients to various cardiac
insults in the post-acute phase of COVID-19. In a cohort study, Chen
et al. reported that hypokalemia was prevalent in COVID patients and
associated with a poor prognosis [16]. Therefore, one hypothesized
biomarker of this RAAS alteration can be hypokalemia [13,16]. On the
other hand, factors that promote ACE2 upregulation can increase sus-
ceptibility to COVID by enhancing cellular viral loading [12].

The notion of myocardial involvement in patients with COVID-19
has also been reported. In an analysis of 39 cases conducted by Linder
et al., SARS-CoV2 was reported in the myocardium of 24 cases (61.5%)
[17]. In addition, SARS-CoV2 was mostly localized to the interstitial
cells and macrophages invading the myocardium [17]. Referring to the
subsequent release of cytokines and immune system dysregulation
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which can result in myocardial damage [18,19]. In COVID- 19 patients,
cytokine storm has been a consistent finding among patients [20,21].
The implicated cytokines include IL-2, IL-6, IL-7, IL-10, GM-CSF, TNF-
Alpha, IP-10, MCP-1 and MIP-1A [22,23]. Myocardial damage due to
cytokine-induced generation of reactive oxygen species results in the
leakage of intracellular histones, damage-associated molecular patterns
(DAMPs), and oxidized lipoproteins [23]. These released molecules
activate the inflammatory cascade in a vicious cycle resulting in
extensive myocardial damage [23] (Fig. 3).

Clinically relevant myocardial dysfunction can present as myocar-
ditis, heart failure, stress cardiomyopathy, and cardiogenic shock [24].
Direct myocardial damage can also occur because of loss of protein
translational capabilities and cellular homeostasis [24]. In the post-
acute phase of COVID-19, the cytokine-mediated damage can translate
into thrombogenesis, decreased oxygen supply, coronary plaque desta-
bilization, progression of chronic CVD into unstable disease, increased
metabolic demand, and reduced cardiac reserve [25].

Interestingly, ACE2 is also detected in the stromal fibroblasts located
in the spongiosa layer of the heart valves [26]. More specifically, the
ACE2/Angiotensin-(1-7)/Mas receptor pathway is expressed in the
aortic valve cusps [32]. Decreased expression of ACE2 in stenotic valves
has been noted from RT-PCR [26]. Downregulation of ACE2/Angio-
tensin-(1-7)/Mas receptor pathway can promote valvular fibrosis,
inflammation, and sclerosis [27]. Angiotensin 2-AT1R pathway-derived
pro-inflammatory cytokines can further promote valvular inflammation
[27]. Over time, these pathological changes may also alter the stability
of pre-existing valvular lesions and may act as a source of emboli for
cardioembolic stroke.

The presence of stress-related Takotsubo cardiomyopathy has also
been demonstrated in COVID-19 [28]. Due to the overwhelming stress
and systemic inflammation, catecholamine surge and coronary vascu-
lature dysfunction can result in myocardial stunning [28]. The surge in
catecholamines further enhances immune cell alpha-1 adrenergic
receptor-mediated production of pro-inflammatory cytokines such as IL-
6 [28]. Supra-physiological catecholamine serum concentrations can
induce a shift in beta 2 receptor coupling from Gs to Gi [29]. This shift
downregulates the contractile function and is manifested usually as
apical hypokinesia in the ECG [29]. Furthermore, the supra-
physiological levels of catecholamines further exacerbate the hyper
contraction of the LV apex, LV outflow obstruction, and the myocardial
oxygen demand [29]. On the contrary, the switch from Gi to Gs coupling
can protect the myocytes from Gs overstimulation mediated by myocyte
apoptosis [30].

As per a worldwide survey of COVID-19 associated arrhythmias, the
most noted cardiac electrical disturbances include atrial arrhythmias,
ventricular arrhythmias, and bradyarrhythmias [31]. Multiple mecha-
nisms have been hypothesized for the development of arrhythmias,
including the COVID-19 associated electrolyte disturbances in the form
of hypomagnesemia and hypokalemia [32]. Other predisposing factors
include drug-induced toxicity, direct oxidized Ca?*/calmodulin-depen-
dent protein kinase II (CAMKII), and systemic inflammation [33,34].
Furthermore, COVID-19 vaccines have been recently debated about the
risk the hold for cardiac complications, in a systematic review by
Fazlollahi et al. there was an association between cardiac complications
and COVID-19 vaccines with myocarditis/myopericarditis being the
most cardiac complications (n = 227) among their 243 patients. Peri-
carditis was reported in seven patients and myocardial infarction in
three patients, yet authors called for larger observational studies to draw
a valid statistical correlation [35]

3.3. Diagnosis of cardiac complications:

Clinical indicators of myocardial damage include elevated cardiac
biomarkers such as troponin I, ST-segment, and T wave changes on
electrocardiogram (ECG), and newly reduced left ventricular ejection
fraction (LVEF) on cardiac imaging [8]. Furthermore, modified scanning
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Fig. 3. The pathophysiological mechanisms of cardiac involvement in Acute COVID-19 and post-acute COVID-19 syndrome.

protocols in the pandemic setting reduce the risk of exposure while
providing critical data regarding cardiac tissue injury and remodeling in
both acute and chronic settings. Cardiac magnetic resonance imaging
(CMR) is the preferred imaging modality for non-invasive evaluation in
acute myocarditis [14,17].

Therefore, the use of CMR in COVID-19 related cardiac affection is
highly mandated and rapidly growing owing to its ability not only to
diagnose acute and chronic sequelae of myocardial inflammation, but
also to provide a more detailed understanding of the pathophysiological
phenomenon behind cardiac involvement, and differentiate them from
other various pathological etiologies, which can be used for risk strati-
fication and optimizing the patients care.

Moreover, myocardial inflammation can lead to tissue edema with
increased water content T2 mapping is useful to rule out active
inflammation with a sensitivity of 89% [18]. T1 relaxation time is sen-
sitive to acute and chronic inflammation, resulting in T1 mapping’s high
negative predictive value of 92% for detecting inflammation. The
revised LLC recommendation showed a more detailed quantitative
aspect of CMR in COVID-19 myocardial inflammation and fibrosis than
the 2009 recommendations where in respect to T1 and T2 relaxation
times analysis, pooled studies have shown a higher quantitate descrip-
tive role for T2 relaxation time mapping in the analysis of edemas. T2
has higher specificity than in T1 relaxation times mapping that also is
increased in chronic tissue changes like [19,20]

3.4. Management of cardiac complications:

There has not been a single study that has proven a single distinct
treatment that treats post-COVID-19 associated heart damage. Reha-
bilitation may not be appropriate for survivors of catastrophic COVID-19

who have a substantial pulmonary or cardiac impairment, according to
systematic and comprehensive reviews. When addressing those patients
for rehabilitation, special caution should be used. patients with a resting
heart rate (>100 beats/min), Blood pressure (<90/60or > 140/90
mmHg), Sa02 (<95%) should be excluded [21]. Nonetheless, no studies
or proposals for specific pharmacological treatments that target PACS-
related heart damage have been published.

3.5. Vascular Complications:

SARS-CoV-2 infection, especially in its severe form, is associated
with an increased risk for venous thromboembolism (VTE) [16]. The
long-term risk of VTE, based on current knowledge, is less well defined.
A retrospective observational cohort study of 163 patients, of whom 42
(26%) required ICU admission, had a 30-day post-discharge cumulative
incidence of VTE of 0.6% (95% CI, 0.2%—-4.6%) [12]. The cumulative
incidence of all thrombosis (including pulmonary embolism, left ven-
tricular thrombus, central retinal artery occlusion, thrombosis of arterio-
venous dialysis fistula, and ischemic stroke) was 2.5% (95% CI, 0.8%-—
7.6%). The 30-day cumulative rates of major bleeding and clinically
relevant nonmajor bleeding (using the International Society of Throm-
bosis and Hemostasis definitions for these conditions) were 0.7% and
2.9%, respectively.

On the other hand, These rates are comparable to the post-discharge
hospital-acquired VTE (HA-VTE) and bleeding rates, 0.3%-2.5% and
0.7%-2.0%, respectively, that have been observed in patients with
comparable forms of non-COVID-19 acute medical illness [12,18,19].
However, Engelen et al. report a low rate of VTE (<1%) at a mean of 44
days after hospitalization due to COVID-19 [20], these findings were
consistent with a large review of HA-VTE in patients with COVID-19
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discharged from King’s College Hospital in the United Kingdom [21].
HA-VTE in this study was defined as VTE diagnosed in the hospital at
least 48 h after admission, or postoperatively, and occurring up to 90
days post-discharge.

A total of 1877 patients discharged after hospitalization for COVID-
19 were included in the analysis, including 84 HA-VTE episodes that
occurred during the study period. Overall, 9/84 (11%) occurred after
discharge, at a median of 8 days. Therefore, the authors calculated the
frequency of discharged patients who developed HA-VTE to be 4.8 per
1000 discharges. By comparison, the rate was found to be 3.1 per 1000
discharges in 2019, which occurred within 42 days of discharge. The
odds ratio of HA-VTE associated with COVID-19 compared with rates
observed in 2019 before COVID-19 was 1.6 (95% CI, 0.8-3.1) and was
not statistically significant [36].

The exact causes of VTE in COVID-19 patients are disputed and un-
certain; nevertheless, higher VTE events are found in critically sick ICU
patients regardless of diagnosis, as clearly characterized by the tradi-
tional Virchow’s triad from inevitable stasis and endothelial damage
[33]. However, in COVID patients, several mechanisms have been
postulated: immobilization, diffuse intravascular coagulation (DIC),
lung vessel inflammation (endothelitis), and angiogenesis, as well as
COVID-19- associated coagulopathy. COVID-19-associated coagulop-
athy is due to the associated prothrombotic profile that makes it
different from other RNA viruses where bleeding is usually seen [33,34].
Furthermore, localized clot formation rather than diffuse thrombi is also
a unique feature in COVID-19 and is seen primarily in the lung vessels.
The mechanism behind that prothrombotic profile is mostly theorized
based on etiology cytokine storm from excessive inflammation-causing
endothelial injury and platelet activation.

Tang et al. were the first to shed light on the aberrant coagulopathy
associated with COVID-19 infection in February 2020, with a total death
rate of 11.5 percent among 183 patients, besides COVID-19 patients met
the disseminated intravascular coagulation criteria by 71.4% compared
to only 0.6% of survivors [37]. Guan et al. -observed 1099 COVID-19
patients from Wuhan, China- found increased d-dimer levels and
decreased platelet count among seriously sick patients compared to non-
severe diseased patients (137,500/mm3 vs 172,000/mm3, respectively)
[38]. Moreover, Acanfora et al. further discussed the cross-talk between
coagulation and inflammation which is facilitated by protease-activated
receptors (PARs). COVID-19 targets these receptors, which are effec-
tively able to activate local and circulating coagulation factors, thus
inducing the generation of disseminated coagulopathies [39]. However,
vaccinations were found to have no statistically significant higher risk of
developing venous thrombosis, pulmonary embolism, or stroke [40].

3.6. Management of vascular complications:

Unfractionated heparin (UFH) is the first-line treatment for hemo-
dynamic instability and emergency reperfusion when the parenteral
route is preferred, excessive obesity, or significantly decreased renal
function (creatinine clearance 30 mL/min). However, Patients with PE
who are hemodynamically stable, valvular disease-free, or do not have
AF can begin novel oral anticoagulation (NOAC) treatment with one of
the novel oral anticoagulants, which are recommended over vitamin K
antagonists.

COVID-19, on the other hand, predisposes to a prothrombotic con-
dition, unlike other RNA viruses which cause bleeding problems. As a
result, with no demonstrated efficacy for vitamin K antagonists and little
literature support, most hospitalized patients should begin with parental
anticoagulation treatment, using LMWH or IV UFH if hemodynamic
instability is evident. Patients in the recovery phase are better treated
with one of the NOAC, while patients in the acute phase are better
treated with NOAC, and regular renal function tests should be per-
formed, considering the potential interactions with experimental ther-
apy for COVID-19.
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3.7. Future research:

Further studies are needed to offer current screening for the occur-
rence of cardiovascular problems especially myocardial infarction and
heart failure in patients with PASC cardiovascular problems and to
investigate the possible mechanisms behind such occurrence. Further-
more, we need studies that not only propose management methods to
directly target COVID and COVID-related myocardial damage but also
investigate the prognostic factors and hazards in COVID-19 patients who
are at risk of CVS problems, as well as the identification of groups at risk
for closer monitoring throughout the illness course and frequent CVS
screening recommendations for crucial prevention of the PACS CVS
diseases.

4. Conclusion:

Cardiovascular complications are a common manifestation of PACS.
Classification of severity of cardiac symptoms and the emergence of
CMR as a diagnostic tool needs more evidence. Although PACS is
managed symptomatically, more studies are to be conducted to halt the
progression of the disease, and the efficacy of cardiac rehabilitation
needs to be studied more. In addition, the risk factors for Covid related
hypercoagulability and the difference in onset of HA-VTE and Covid
VTE, and the efficacy of vitamin K antagonists as a treatment modality
needs more attention.
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