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Abstract

Purpose: COVID-19, caused by the SARS-CoV-2 virus, initially identified as a respiratory illness, has increasingly
been linked to a broader range of organ complications. This systematic review explores the impact of COVID-19 on
cardiovascular and cerebrovascular health, focusing on thromboembolic events in post-COVID patients.

Method: A comprehensive literature search was conducted in PubMed and Google Scholar databases up to July 2023,
utilizing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Studies
meeting eligibility criteria were analyzed for outcomes and associations between COVID-19 and cardiovascular and
cerebrovascular events.

Result: The review includes 6 studies involving over 12 million patients, demonstrating a strong connection between
COVID-19 and elevated risks of cardiovascular and cerebrovascular thromboembolic events. The risk of these events is
evident in conditions such as ischemic heart disease, stroke, and cardiac arrhythmias. The burden of these events beyond
the acute phase of the disease is concerning, warranting further exploration of long-term implications. Variability in
event rates among different cohorts and healthcare settings underscores the need for understanding underlying factors
influencing these differences. Potential mechanisms behind these events include endothelial dysfunction, systemic
inflammation, and viral invasion. Implications for public health policies, clinical guidelines, and future research directions
are discussed.

Conclusion: This review serves as a valuable resource for healthcare providers, policymakers, and researchers to enhance
patient care, outcomes, and preparedness for future waves of COVID-19 infections. However, there remain unexplored
aspects of the COVID-19 and thromboembolic events relationship, urging further investigations into mechanistic insights
and potential therapeutic interventions.
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1. Introduction

COVID-19 is primarily known as a respiratory illness caused
by the Severe Acute Respiratory Syndrome - CoronaVirus -2
(SARS-CoV-2). However, growing clinical reports and research
studies have highlighted the virus's propensity to affect various
organs beyond the respiratory system. As the initial wave of
infections has receded, an increasing body of evidence points
towards the significant impact of COVID-19 on cardiovascular
and cerebrovascular health. An emerging concern is the
potential development of acute and chronic cardiovascular and
cerebrovascular events in patients who have recovered from the
acute phase of the disease. The potential mechanisms behind
the development of cardiovascular and cerebrovascular events
in post-COVID patients remain elusive but are believed to be
multifactorial. Systemic inflammation, endothelial dysfunction,
microvascular thrombosis, and direct viral invasion are among the
suspected mechanisms contributing to these complications [1-9].
Understanding these pathways is crucial for devising appropriate
preventive strategies and targeted treatment modalities.

This systematic review will also address the implications of post-

COVID cardiovascular and cerebrovascular events on the overall
burden of disease, healthcare resources, and patient management.
Moreover, it will highlight gaps in current knowledge and potential
areas of future research to guide the medical community in further
understanding and addressing this emerging health challenge. As
the world continues to grapple with the aftermath of the COVID-19
pandemic, the findings of this systematic review can serve as a
valuable resource for healthcare providers, policymakers, and
researchers to optimize patient care, improve outcomes, and
enhance preparedness for potential future waves of infections.

2. Materials and Methods

PubMed and Google Scholar databases were systematically
searched from inception until 31 July 2023 and a systematic review
of the thromboembolic cardiovascular and cerebrovascular events
in post COVID19 patients was conducted by following methods
outlined in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [10]. Institutional review board
approval was not sought because of the use of publicly available
data.
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2.1 Eligibility Criteria

Studies published in English-language only were considered eligible if they meet following criteria:

Inclusion criteria:

Exclusion criteria:

1. All Free papers
2. Observational studies, randomized controlled trials.

4. Only human subjects were included.
5. Outcome of interest, i.e. COVID19 patients with cardiovascular

recognized scoring system

3. All participants with past medical history of COVID19 infection.

or cerebrovascular thromboembolic events, was clearly reported via

1. All paid papers, Animal studies and non-english text

2. Studies with patients status post vaccination.

3. Studies discussing pathophysiology of thromboembolic
events

4. Did not report data about thromboembolic events or only
reported biomarkers or genetic markers.

5. Did not present original data, or were editorials, case
reports, case series, systematic reviews or meta analysis.

2.2 Search Strategy

The population, intervention/condition, control/comparison, and
outcome (PICO) criteria were utilized to conduct a thorough
literature review. The search was conducted on databases such
as PUBMED (including Medline) and Google Scholar Libraries,
using relevant keywords, ‘cardiovascular’, ‘cerebrovascular’,

‘thromboembolic’, ‘embolic’, ‘thrombotic’, ‘post COVIDI19’,
‘SARS CoV 2’ and ‘blood clotting’. The medical subject heading
(MeSH) approach for PubMed (including Medline) and Google
Scholar, as detailed in Table 2, was employed to develop a
comprehensive search strategy.

Database Search strategy

Search Results

Pubmed

(CCCCrQracardiovascular[ Title/ Abstract]) OR (cardio-vascularfMeSH

Terms])) OR (abnormalities, heartfMeSH Terms])) OR (vascularfMeSH Terms])) AND
(cerebrovascular[MeSH Terms])) AND (thrombotic[MeSH Terms])) OR (embolic[MeSH
Terms])) OR (thromboembolic[MeSH Terms])) OR (blood clottinglMeSH Terms]) AND
(events[MeSH Terms])) OR (abnormalitiesfMeSH Terms])) OR (episodes|[MeSH Terms])) OR
(incidents[MeSH Terms]))) AND (post COVID19[MeSH Terms])) OR (coronavirusiMeSH
Terms])) OR (coronavirus, sars[fMeSH Terms])) OR (coronavirus, sars associated[MeSH
Terms])) OR (coronavirus, sars related[MeSH Terms])) OR (SARSCov2[MeSH Terms])) OR
(long term covid[MeSH Terms])) OR (long covid[MeSH Terms])) ) AND (("2013/01/01"[Date
- Publication] : "2023/08/01"[Date - Publication]))

29,955

Google Scholar

OR Embolic

cardiovascular cerebrovascular events in post covid patients Thrombotic OR Thromboembolic

24300

2.3 Study Identification

Investigators screened articles by title and abstract using predefined
inclusion and exclusion criteria and a standardized data form. If the
article did not meet inclusion criteria based on the abstract, the full
text was not reviewed. The inclusion of full text was decided by
consensus. All results were exported to EndNote, an open-source
research tool, for organizing and analyzing data, where duplicates
were eliminated.

2.4 Data Extraction and Outcomes

A structured data collection form was employed to gather
information from each study, including study design, patient
characteristics, baseline variables, thromboembolic event
ascertainment, maximum adjusted covariates and hazard risks
(HRs) with 95% ClIs. The study encompassed all diagnoses
of thromboembolic events, including cardiovascular and
cerebrovascular cases. We focused our review on the association
between COVID19 and thromboembolic events.

2.5 Risk of Bias Assessment

The Newcastle-Ottawa Scale (NOS) items and The Cochrane
Collaboration’s tool for assessing risk of bias in randomized trials
were employed to evaluate the quality of the article. NOS score >
6 stars were defined as high quality, and NOS score < 6 stars as
low quality

3. Results

Impact of Covid19 on Cardiovascular Thromboembolic Events
Three studies involving 12,419,154 patients discussed
cardiovascular thromboembolic events among post COVID19
patients [11,12,13]. In a study by Xie et al., various cardiovascular
conditions were assessed for their risks (HR) and burdens (per
1000 persons at 12 months) [11]. The risks and burdens of a
composite of these dysrhythmia outcomes were (1.69; 95% CI:
1.64, 1.75) and (19.86; 95% CI: 18.31, 21.46) respectively, for
inflammatory diseases of the heart or pericardium were (2.02; 95%
CI: 1.77, 2.30) and (1.23; 95% CI: 0.93, 1.57), for ischemic heart
disease outcomes being (1.66; 95% CI: 1.52, 1.80) and (7.28; 95%
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CI: 5.80, 8.88) and for other cardiovascular disorders were (1.72;
95% CI: 1.65, 1.79) and (12.72; 95% CI: 11.54, 13.96). MACE
(HR: 1.55; 95% CI: 1.50, 1.60) included M1, stroke, and all-cause
mortality, while any cardiovascular outcome (HR: 1.63; 95% CI:
1.59, 1.68) encompassed pre-specified cardiovascular events from
the study.

According to Ortega-Paz et al., after adjusting for various
factors, Patients within the COVID-19 cohort exhibited a notably
increased incidence of all-cause death (HR: 2.82; 95% CI: 1.99,
4.00; p=0.001) and serious cardiac arrhythmias (HR: 3.37; 95%
CI: 1.35, 8.46; p=0.010) in comparison to the control cohort,
with no significant variance in MI rates (HR: 1.44; 95% CI: 0.64,
3.26; p=0.383) [12]. In the realm of exploratory endpoints, the
COVID-19 cohort demonstrated a higher frequency of adverse
cardiovascular events (HR: 2.63; 95% CI: 1.75, 3.96; p=0.001) in
contrast to the control cohort, and although a numerical increase
in MACE was observed in the COVID-19 cohort compared to the
control (HR: 1.74; 95% CI: 0.97, 3.13; p=0.065), this did not reach
statistical significance.

After accounting for cohort variations using the propensity score,
Ward et al., observed no significant distinction in the risk of
myocardial infarction (HR: 0.93; 95% CI: 0.85, 1.03) between the
COVID-19 and influenza cohorts [13].

Impact of Covid19 on Cerebrovascular Thromboembolic Events

Six studies involving 12,452,321 patients discussed cerebrovascular
thromboembolic events among post COVID19 patients [11-16].

Xie et al., found that Individuals who managed to survive the initial
30 days following COVID-19 infection displayed an elevated
likelihood of experiencing a stroke (HR:1.52; 95% CI: 1.43, 1.62)
and a burden of 4.03 per 1,000 individuals at the 12-month mark.
Additionally, there was an increased risk of TIA (HR: 1.49; 95%
CI: 1.37, 1.62) [11]. The combined risk associated with these
various cerebrovascular outcomes were (1.53; 95% CI: 1.45,1.61).

Regarding the secondary endpoints, after adjusting for various
factors, Ortega-Paz et al., observed that individuals within the
COVID-19 group exhibited a greater occurrence of all-cause
mortality (HR: 2.82; 95% CI: 1.99, 4.00; p=0.001) [ 12]. No notable
distinctions between the cohorts were evident in terms of stroke
rates (HR: 3.27; 95% CI: 0.77, 13.90; p=0.109). When focusing on
exploratory endpoints, the COVID-19 cohort displayed a higher
incidence of ischemic stroke (0.7% vs. 0.0%; p=0.017). After
accounting for cohort variations using the propensity score, Ward
et al., observed no significant distinction in the risk of stroke (HR:
1.11; 95% CI: 0.98, 1.25) or myocardial infarction (HR: 0.93; 95%
CI: 0.85, 1.03) between the COVID-19 and influenza cohorts [13].

Siegler et al., reported that Out of a total of 14,483 individuals
who tested positive for SARS-CoV-2 in laboratory tests, 172 were
found to have an acute cerebrovascular event (CVE) incidence rate
of CVE was 1,130 per 100,000 patients (95% CI: 970, 1320 per
100,000) [14]. The rates of CVE varied across different medical

sites, ranging from 0.19% to 5.04%, and there was an observable
trend where sites treating higher numbers of COVID-19 patients
experienced lower rates of CVE and acute ischemic stroke. The
most frequent type of CVE observed was acute ischemic stroke,
affecting 156 patients (1.08% of the cohort), 28 patients have
primary intracerebral hemorrhage (0.19% incidence rate) and 3 had
cerebral venous sinus thrombosis (0.02% incidence rate). Fourteen
patients (8.1%) experienced both acute stroke and intracerebral
hemorrhage.

According to Sabayan et al., a total of 15 out of 18,407 COVID-19
cases (0.81 per 1000 cases, 95% CI: 0.49-1.3) were identified as
having cerebrovascular events [15]. The time interval between
the onset of systemic manifestations and the development of
neurological symptoms varied from one to 16 days, with a
median interval of 7 days. Among the cerebrovascular events,
14 patients experienced acute ischemic stroke, while one patient
had a subarachnoid hemorrhage. A majority of patients (73%)
had underlying cardiovascular risk factors, and all patients
underwent TTE, with no indications of myocarditis, endocarditis,
or pericarditis. Cardiac monitoring did not reveal atrial fibrillation
or other arrhythmias. Elevated levels of CRP, indicative of a pro-
inflammatory state, were observed in all tested patients. Doppler
ultrasound of cervical arteries showed no significant stenosis in
four ischemic stroke patients. Stroke severity varied, with 13%
having mild severity (NIHSS <6), 40% moderate severity (NIHSS:
7-12), and 47% severe severity (NIHSS >13). One patient received
intravenous tissue plasminogen activator (IV-tPA) with a positive
response. Unfortunately, the mortality rate was 40%, and among
the survivors, significant disability (mRS>2) was present in all but
one patient.

Among individuals with COVID-19, Dhamoon et al. found that
the initial severity of strokes was notably higher compared to
those without COVID-19, as indicated by a mean NIH Stroke
Scale of 15.5 vs 9.6 Although the distribution of stroke subtypes
was comparable between the two cohorts (p=0.45), the underlying
causes of ischemic stroke differed significantly [16]. Notably,
51.8% (n=43) of COVID-19-positive patients had a cryptogenic
etiologic subtype, contrasting with only 22.3% (n=27) among the
COVID-19-negative cohort (p<0.0001). Additionally, COVID-19
patients experienced lower incidences of small-vessel ischemic
strokes (6.0%, n=5) and higher occurrences of cardioembolic
ischemic strokes (28.9%, n=24), in contrast to non-COVID-19
patients with rates of 17.4% (n=21) and 42.2% (n=51) respectively.
Notably, COVID-19-positive patients exhibited a more frequent
incidence of ischemic strokes in regions such as the temporal
(p=0.04), parietal (p=0.002), occipital (p=0.002), and cerebellar
(p=0.027) areas, in comparison to COVID-19-negative patients.
However, there were no discernible differences in the location of
intracerebral hemorrhages between the two groups.

4. Discussion
During our review of 6 studies involving 12,452,321 patients, we
found a strong association of COVID19 with cardiovascular and
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cerebrovascular thromboembolic events. Among the analyzed
patients by Szegedi et al., there were 19 instances of hemorrhagic
stroke (HS), with four of those cases presenting SAH, and an
additional patient experiencing HS followed by acute ischemic
stroke (AIS) [17]. TIA was observed in six patients, while the
majority suffered from AIS, numbering 170 cases. The initial
NIHSS score upon admission indicated severity, with a median
score of 16 (IQR: 10-22). Out of 198 patients with available
medical histories, merely 29 exhibited no prior chronic illnesses as
risk factors; the rest had prevalent conditions such as hypertension,
diabetes mellitus, and hyperlipidemia. Concerning outcomes,
data was limited and attainable for only 116 patients: 74 patients
succumbed (64%), 23 had unfavorable outcomes (19%), and merely
19 demonstrated favorable recoveries (16%). Detailed functional
outcomes were absent in some instances, wherein 11 patients were
moved to rehabilitation and seven were discharged home without
neurological status descriptions. In cases involving neurological
interventions (thrombolysis and/or mechanical thrombectomy),
documented in a subset of only 30 cases, the proportion of
favorable outcomes closely resembled those with conservative
treatment (17%); mortality rate was 48%, and 35% experienced
unfavorable outcomes. In 7 out of 30 intervention cases, outcomes
were ambiguously defined as transfer to rehabilitation or home.

In a collective analysis of 16 studies encompassing 4448 patients
by Pranata et al., the presence of cerebrovascular disease exhibited
a significant association with an elevated risk of adverse composite
outcomes (RR: 2.04; 95% CI: 1.43, 2.91; p<0.001) [18]. This
relationship was further substantiated by subgroup analysis,
which demonstrated an increased risk of mortality (RR: 2.38;
95% CI: 1.92, 2.96; p<0.001) linked to cerebrovascular disease.
While the association between cerebrovascular disease and severe
COVID-19 was borderline significant (RR: 1.88; 95% CI: 1.00,
3.51; p=0.05), cardiovascular disease similarly displayed a strong
correlation with adverse composite outcomes (RR: 2.23; 95% CI:
1.71,2.91; p<0.001). Subgroup analysis unveiled heightened risks
of mortality (RR: 2.25; 95% CI: 1.53, 3.29; p<0.001) and severe
COVID-19 (RR: 2.25; 95% CI: 1.51, 3.36; p<0.001) in individuals
with cardiovascular disease. Notably, meta-regression analyses for
both cerebrovascular and cardiovascular diseases demonstrated
that these associations remained consistent across various factors
such as gender, age, hypertension, diabetes, cardiovascular
diseases, and respiratory comorbidities (all p-values >0.05).

The multifaceted nature of the probable processes behind the
development of cardiovascular and cerebrovascular events in
post-COVID patients is yet unknown. Dwiputra et al., conducted
a study aimed at uncovering the diverse pathogenesis mechanisms
[19]. Endothelial dysfunction, identified as a crucial element of
COVID-19, holds significant prognostic importance due to its
correlation with clinical complications and unfavorable results.
Regarding IL-6, it has previously been established as a potent
indicator of increased COVID-19 severity. Additionally, there have
been extensive reports on the regulatory role of IL-6 in the initiation
and progression of atherosclerosis, suggesting a potential shared

pathogenetic pathway between COVID-19 and cardiovascular
diseases replicated in study conducted by Oikonomou et al., Ridker
et al., and Cruz et al., [20-22]. Specifically, patients admitted to
the ICU and non-survivors exhibited notably higher IL-6 levels as
compared to others.

The presence of diffuse endothelial damage in the alveolar
epithelium and vascular microthrombi, along with elevated
PaCO?2 levels, were observed in COVID-19 patients, as reported
by Spadaro et al., [23]. In Ambrosino et al.’s research patients who
had COVID-19 and were referred for pulmonary rehabilitation,
endothelial function remained impaired even after two months of
hospitalization [24]. The study by Meshref et al., and Nauen et al.,
suggested the involvement of thrombocytosis and megakaryocyte-
related thrombosis based on increased platelet levels [25,26].

Kihira et al., discovered that SARS-CoV-2 primarily targets
the major blood vessels in the circle of Willis. with 31.7% of
COVID-19 patients experiencing large vessel occlusion, while
5.9% had small vessel occlusion [27]. Potential mechanisms
include vascular restructuring, direct or immune-triggered harm
to endothelial cells, disruption of natural fibrinolysis processes,
and heightened blood coagulation tendencies [28,29]. Studies
have revealed that the majority of individuals from whom SARS-
CoV-2 proteins/mRNA were derived from their cerebrospinal fluid
exhibited indications indicative of encephalitis or demyelinating
conditions, with respiratory symptoms being a rarity. Additionally,
these proteins were detected in the brain, olfactory bulb/nerve or
olfactory mucosa, brainstem, cerebellum, and cerebrum [30].

Several researches discuss that entry of SARS-CoV-2 into the
central nervous system occurs through its interaction with ACE2
[31,32,33]. Vogrig et al., suggested that intracerebral bleeding
occurs via attaching of the virus to ACE2 situated on the exterior
of endothelial and arterial smooth muscle cells potentially harming
cerebral arteries, resulting in the separation or bursting of arterial
walls, leading to hemorrhage [34]. Elevated quantities of D-dimer,
fibrinogen, factor VIII, von Willebrand factor, and tissue factor
have been linked to SARS-CoV-2 infection [35-42]. Szegedi et
al., found that elevated D-dimer levels were prevalent, with a
median of 3250 ng/mL (IQR: 1140-10,000 ng/mL), and admission
fibrinogen levels indicated slight elevation, indicative of systemic
inflammation (median: 5.3 g/L, IQR: 4.63-7.39 g/L) [17].
Prothrombin time and CRP deviations were common. Remarkably
low platelet counts were not documented among reported cases,
with counts remaining either within the normal range or only
mildly decreased.

According to Bikdeli et al., COVID-19 treatments can interact with
oral antiplatelet and anticoagulant agents [42]. Notably, lopinavir/
ritonavir, a protease inhibitor used for COVID-19, could impact
the effectiveness of commonly administered oral antiplatelet
agents such as clopidogrel and ticagrelor due to its inhibition
of CYP3A4 metabolism. Prasugrel might be considered as an
alternative. Remdesivir, another investigational COVID-19 drug,
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induces CYP3A4, but dose adjustments for antiplatelet agents are
currently not advised. Parenteral antiplatelet agents like cangrelor
and glycoprotein IIb/IIla inhibitors seem unaffected. Concerning
anticoagulants, lopinavir/ritonavir could influence dosages of
vitamin K antagonists, apixaban, and betrixaban, necessitating
potential adjustments, while edoxaban and rivaroxaban should not
be combined. Tocilizumab, an IL-6 inhibitor, enhances CYP3A4
expression but doesn't currently require anticoagulant dose
changes. These interactions hold relevance for various clinical
indications beyond venous thromboembolism and acute coronary
syndrome.

5. Conclusion

The studies consistently suggest that COVID-19 patients have an
increased risk of experiencing cardiovascular and cerebrovascular
thromboembolic events. This elevated risk is seen in various
conditions such as ischemic heart disease, stroke, and serious
cardiac arrhythmias. The long-term burden of thromboembolic
events among post-COVID-19 patients is a significant concern.
Understanding the persisting impact of these events on patient
health, including quality of life, functional limitations, and ongoing
medical management, is crucial. The variability in thromboembolic
event rates across different medical sites or cohorts raises questions
about the impact of healthcare infrastructure, demographics, and

other factors. Discussing potential reasons for these variations
and their implications for patient care and resource allocation
could be insightful. Drawing parallels and differences with other
infectious diseases can provide valuable insights into the unique
characteristics of COVID-19 and its effects on cardiovascular
and cerebrovascular health. The findings of these studies have
implications for public health policies and clinical guidelines.
Discussing how these findings can inform vaccination strategies,
post-COVID-19 care, and surveillance for thromboembolic events
can contribute to better healthcare planning. While the studies
provide valuable insights, there are likely still many aspects
of the relationship between COVID-19 and thromboembolic
events that remain unexplored. Discussing potential avenues for
future research, including large-scale longitudinal studies and
mechanistic investigations, can help guide further understanding
of this complex interaction and potential therapeutic targets.
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Author Name COVID 19

patients

Study No. Sample Size

Mean Age

Cerebrovascular
events reported

Male % | Cardiovascular events

reported

1 Xieetal.[11] | 11,650,818 153,760

63.38

90.26 Atrial fibrillation,

Sinus tachycardia and
bradycardia, Ventricular
arrhythmia, Atrial flutter,
Pericarditis, Myocarditis,
Acute coronary

disease, MI, Ischemic
cardiomyopathy,
Angina, Heart

failure, Non-ischemic
cardiomyopathy, Cardiac
arrest, Cardiogenic shock
Inflammatory heart
disease, Ischemic heart
disease

Stroke, TIA

2 Ortega-Paz et | 4,427 3,578

al.[12]

60.36

53.90 MI, Cardiovascular Ischemic Stroke,
death, cardiac
arrhythmia, MACE,
Adverse cardiovascular

event

TIA

3 Ward et
al.[13]

763,909 417,975

52.47

36.74 MI Stroke

4 Siegler et
al.[14]

14,483 14,483

NA

NA Acute Ischemic
Stroke, Intracranial

Hemorrhage
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5 Sabayan et 18,407 15 65 NA Acute Ischemic
al.[15] Stroke,
Subarachnoid
Hemorrhage
6 Dhamoon et 277 105 66.40 52.35 Stroke
al.[16]

5.2 Contributors

AA made a major contribution to the article, such as the conception
of the work and collection of data for the work, correction, tables,
and figures editing, and drafted the manuscript from introduction
to conclusion. BP contributes to collecting data, double checks for
possible errors, and drafting the introduction and method section.
PD participates in selecting data, checking for duplicated data,
checking for possible errors, and participating in the drafting
of method sections and tables. MG participates in checking
for data collection, references, and drafting the result section
and discussion. MGH participates in drafting discussions, data
collection, checking for possible errors, and providing suggestions.
RU contributes to abstract drafting, discussion editing, data
collection, and checking for possible errors. PD participates in
editing the abstract, providing. Suggestions, data collection, figure
editing, and title modification. MG and MGH participates in data
collection, checks for any possible errors, and drafts conclusions.
RU participates in data collection and abstract editing, ensuring all
guidelines are met, and drafts limitation sections. AA Participates
in generating ideas, providing suggestions, title modification,
corrections, revising the manuscript, and drafting the introduction,
method, and conclusion. All authors read and approved the final
manuscript.

2. Funders: No funds, grants, or other support was received.

3. Prior presentations: This paper has not been presented anywhere
else.

References

1. Vahdat, S. (2022). A review of pathophysiological mechanism,
diagnosis, and treatment of thrombosis risk associated with
COVID-19 infection. IJC Heart & Vasculature, 41, 101068.

2. Loo, J., Spittle, D. A., & Newnham, M. (2021). COVID-19,
immunothrombosis and venous thromboembolism: biological
mechanisms. Thorax, 76(4), 412-420.

3. Sriram, K., & Insel, P. A. (2021). Inflammation and thrombosis
in COVID-19 pathophysiology: proteinase-activated and
purinergic receptors as drivers and candidate therapeutic
targets. Physiological reviews, 101(2), 545-567.

4. Mondal, S., Quintili, A. L., Karamchandani, K., & Bose, S.
(2020). Thromboembolic disease in COVID-19 patients: a
brief narrative review. Journal of intensive care, 8(1), 70.

5. Piazza, G., & Morrow, D. A. (2020). Diagnosis, management,
and pathophysiology of arterial and venous thrombosis in
COVID-19. Jama, 324(24), 2548-2549.

6. Rachmi, D. A., Mulia, E. P. B., & Nugroho, J. (2020). Possible
mechanism and current recommendation of thromboembolism
in COVID-19. Open Access Macedonian Journal of Medical

10.

11.

12.

13.

14.

15.

16.

17.

Sciences, 8(T1), 66-74.

Thilagar, B., Beidoun, M., Rhoades, R., & Kaatz, S.
(2021). COVID-19 and thrombosis: searching for evidence.
Hematology, 2021(1), 621-627.

Acherjee, T., Behara, A., Saad, M., & Vittorio, T. J. (2021).
Mechanisms and management of prothrombotic state in
COVID-19 disease. Therapeutic Advances in Cardiovascular
Disease, 15,17539447211053470.

Malas, M. B., Naazie, I. N., Elsayed, N., Mathlouthi,
A., Marmor, R., & Clary, B. (2020). Thromboembolism
risk of COVID-19 is high and associated with a higher
risk of mortality: a systematic review and meta-analysis.
EClinicalMedicine, 29.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I,
Hoffmann, T. C., Mulrow, C. D., ... & Moher, D. (2021). The
PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Bmyj, 372.

Xie, Y., Xu, E., Bowe, B., & Al-Aly, Z. (2022). Long-term
cardiovascular outcomes of COVID-19. Nature medicine,
28(3), 583-590.

Ortega-Paz, L., Arévalos, V., Fernandez-Rodriguez, D.,
Jiménez-Diaz, V., Baieras, J., Campo, G., ... & CV Covid-19
Registry Investigators. (2022). One-year cardiovascular
outcomes after coronavirus disease 2019: The cardiovascular
COVID-19 registry. PLoS One, 17(12), ¢0279333.

Ward, A., Sarraju, A., Lee, D., Bhasin, K., Gad, S., Beetel, R.,
... & Dash, R. (2022). COVID-19 is associated with higher risk
of venous thrombosis, but not arterial thrombosis, compared
with influenza: Insights from a large US cohort. PLoS One,
17(1), e0261786.

Siegler, J. E., Cardona, P., Arenillas, J. F., Talavera, B.,
Guillen, A. N., Chavarria-Miranda, A., ... & Jovin, T. G.
(2021). Cerebrovascular events and outcomes in hospitalized
patients with COVID-19: The SVIN COVID-19 Multinational
Registry. International Journal of Stroke, 16(4), 437-447.
Sabayan, B., Moghadami, M., Assarzadegan, F., Komachali, S.
H. A., Poorsaadat, L., Babaeepour, Z., ... & Borhani-Haghighi,
A. (2021). COVID-19 respiratory illness and subsequent
cerebrovascular events, the initial iranian experience. Journal
of Stroke and Cerebrovascular Diseases, 30(1), 105454.
Dhamoon, M. S., Thaler, A., Gururangan, K., Kohli, A.,
Sisniega, D., Wheelwright, D., ... & Stein, L. K. (2021). Acute
cerebrovascular events with COVID-19 infection. Stroke,
52(1), 48-56.

Szegedi, 1., Orban-Kalmandi, R., Csiba, L., & Bagoly, Z.
(2020). Stroke as a potential complication of COVID-19-
associated coagulopathy: a narrative and systematic review of

] Emerg Med OA, 2024

Volume 2 | Issue 1 | 7



https://doi.org/10.1016/j.ijcha.2022.101068
https://doi.org/10.1016/j.ijcha.2022.101068
https://doi.org/10.1016/j.ijcha.2022.101068
https://doi.org/10.1136/thoraxjnl-2020-216243
https://doi.org/10.1136/thoraxjnl-2020-216243
https://doi.org/10.1136/thoraxjnl-2020-216243
https://doi.org/10.1186/s40560-020-00483-y
https://doi.org/10.1186/s40560-020-00483-y
https://doi.org/10.1186/s40560-020-00483-y
https://doi.org/10.3889/oamjms.2020.4900
https://doi.org/10.3889/oamjms.2020.4900
https://doi.org/10.3889/oamjms.2020.4900
https://doi.org/10.3889/oamjms.2020.4900
https://doi.org/10.1182/hematology.2021000298
https://doi.org/10.1182/hematology.2021000298
https://doi.org/10.1182/hematology.2021000298
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1371/journal.pone.0279333
https://doi.org/10.1371/journal.pone.0279333
https://doi.org/10.1371/journal.pone.0279333
https://doi.org/10.1371/journal.pone.0279333
https://doi.org/10.1371/journal.pone.0279333
https://doi.org/10.1371/journal.pone.0261786
https://doi.org/10.1371/journal.pone.0261786
https://doi.org/10.1371/journal.pone.0261786
https://doi.org/10.1371/journal.pone.0261786
https://doi.org/10.1371/journal.pone.0261786
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105454
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105454
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105454
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105454
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105454
https://doi.org/10.3390/jcm9103137
https://doi.org/10.3390/jcm9103137
https://doi.org/10.3390/jcm9103137

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

the literature. Journal of clinical medicine, 9(10), 3137.
Pranata, R., Huang, 1., Lim, M. A., Wahjoepramono, E. J., &
July, J. (2020). Impact of cerebrovascular and cardiovascular
diseases on mortality and severity of COVID-19-systematic
review, meta-analysis, and meta-regression. Journal of stroke
and cerebrovascular diseases, 29(8), 104949.
Hernugrahanto, K. D., Utomo, D. N., Hariman, H.,
Budhiparama, N. C., Hertanto, D. M., Santoso, D., &
Hogendoorn, P. C. W. (2021). Thromboembolic involvement
and its possible pathogenesis in COVID-19 mortality: lesson
from post-mortem reports. Eur. Rev. Med. Pharmacol. Sci,
25(3), 1670-1679.

Oikonomou, E., Souvaliotis, N., Lampsas, S., Siasos, G.,
Poulakou, G., Theofilis, P., ... & Vavuranakis, M. (2022).
Endothelial dysfunction in acute and long standing COVID—
19: A prospective cohort study. Vascular Pharmacology, 144,
106975.

Ridker, P. M., Libby, P, MacFadyen, J. G., Thuren, T,
Ballantyne, C., Fonseca, F., ... & Glynn, R. J. (2018).
Modulation of the interleukin-6 signalling pathway and
incidence rates of atherosclerotic events and all-cause
mortality: analyses from the Canakinumab Anti-Inflammatory
Thrombosis Outcomes Study (CANTOS). European heart
Journal, 39(38), 3499-3507.

Santa Cruz, A., Mendes-Frias, A., Oliveira, A. I., Dias,
L., Matos, A. R., Carvalho, A., ... & Silvestre, R. (2021).
Interleukin-6 is a biomarker for the development of fatal
severe acute respiratory syndrome coronavirus 2 pneumonia.
Frontiers in immunology, 12, 613422.

Spadaro, S., Fogagnolo, A., Campo, G., Zucchetti, O.,
Verri, M., Ottaviani, L., ... & Contoli, M. (2021). Markers of
endothelial and epithelial pulmonary injury in mechanically
ventilated COVID-19 ICU patients. Critical care, 25, 1-9.
Ambrosino, P., Calcaterra, 1., Molino, A., Moretta, P., Lupoli,
R., Spedicato, G. A., ... & Di Minno, M. N. D. (2021).
Persistent endothelial dysfunction in post-acute COVID-19
syndrome: a case-control study. Biomedicines, 9(8), 957.
Meshref, M., Hewila, 1. M., Khlidj, Y., Korissi, R., Shaheen,
N., Nashwan, A. J., ... & Ahmed, M. G. (2023). COVID-19-
associated cerebrovascular events: A case series study and
a literature review of possible mechanisms. Case reports in
neurology, 15(1), 11-23.

Nauen, D. W., Hooper, J. E., Stewart, C. M., & Solomon, 1.
H. (2021). Assessing brain capillaries in coronavirus disease
2019. JAMA neurology, 78(6), 760-762.

Kihira, S., Schefflein, J., Mahmoudi, K., Rigney, B., N.
Delman, B., Mocco, J., ... & Belani, P. (2021). Association
of coronavirus disease (COVID-19) with large vessel
occlusion strokes: a case-control study. American Journal of
Roentgenology, 216(1), 150-156.

Ramadan, S. M., Kasfiki, E. V., Kelly, C. W., & Alj, L. (2020).
An interesting case of small vessel pathology following
coronavirus infection. BMJ Case Reports CP, 13(9), €237407.
Vabret, N., Britton, G. J., Gruber, C., Hegde, S., Kim, J.,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kuksin, M., ... & Laserson, U. (2020). Immunology of
COVID-19: current state of the science. Immunity, 52(6), 910-
941.

Li, Y. C., Zhang, Y., & Tan, B. H. (2021). What can
cerebrospinal fluid testing and brain autopsies tell us about
viral neuroinvasion of SARS-CoV-2. Journal of Medical

Virology, 93(7), 4247-4257.

Xu, J., & Lazartigues, E. (2022). Expression of ACE2 in
human neurons supports the neuro-invasive potential of
COVID-19 virus. Cellular and Molecular Neurobiology,
42(1), 305-309.

Wang, W., Xu, Y., Gao, R., Lu, R., Han, K., Wu, G., & Tan,
W. (2020). Detection of SARS-CoV-2 in different types of
clinical specimens. Jama, 323(18), 1843-1844.

Serrano, G. E., Walker, J. E., Arce, R., Glass, M. J., Vargas,
D, Sue, L. L., ... & Beach, T. G. (2021). Mapping of SARS-
CoV-2 brain invasion and histopathology in COVID-19
disease. MedRxiv.

Vogrig, A., Gigli, G. L., Bna, C., & Morassi, M. (2021).
Stroke in patients with COVID-19: Clinical and neuroimaging
characteristics. Neuroscience letters, 743, 135564.

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., ... & Cao, B.
(2020). Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. The lancet, 395(10229), 1054-1062.

Guan, W. J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He,
J. X, ... & Zhong, N. S. (2020). Clinical characteristics of
coronavirus disease 2019 in China. New England journal of
medicine, 382(18), 1708-1720.

Jin, X., Duan, Y., Bao, T., Gu, J., Chen, Y., L1, Y., ... & Xie,
W. (2020). The values of coagulation function in COVID-19
patients. PLoS One, 15(10), ¢0241329.

Levi, M., Thachil, J., Iba, T., & Levy, J. H. (2020). Coagulation
abnormalities and thrombosis in patients with COVID-19.
The Lancet Haematology, 7(6), e438-¢440.

Martin-Rojas, R. M., Pérez-Rus, G., Delgado-Pinos, V. E.,
Domingo-Gonzalez, A., Regalado-Artamendi, 1., Alba-
Urdiales, N., ... & Pascual Izquierdo, C. (2020). COVID-19
coagulopathy: an in-depth analysis of the coagulation system.
European Journal of Haematology, 105(6), 741-750.
Mancini, I., Baronciani, L., Artoni, A., Colpani, P., Biganzoli,
M., Cozzi, G., ... & Peyvandi, F. (2021). The ADAMTS13-
von Willebrand factor axis in COVID-19 patients. Journal of
Thrombosis and Haemostasis, 19(2), 513-521.

Rosell, A., Havervall, S., von Meijenfeldt, F., Hisada, Y.,
Aguilera, K., Grover, S. P., ... & Thalin, C. (2021). Patients with
COVID-19 have elevated levels of circulating extracellular
vesicle tissue factor activity that is associated with severity
and mortality—brief report. Arteriosclerosis, Thrombosis,
and Vascular Biology, 41(2), 878-882.

Bikdeli, B., Madhavan, M. V., Jimenez, D., Chuich, T,
Dreyfus, I., Driggin, E., ... & Lip, G. Y. (2020). Global
COVID-19 thrombosis collaborative group, endorsed by the
ISTH, NATF, ESVM, and the IUA, supported by the ESC

] Emerg Med OA, 2024

Volume 2 | Issue 1 | 8


https://doi.org/10.3390/jcm9103137
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.vph.2022.106975
https://doi.org/10.1016/j.vph.2022.106975
https://doi.org/10.1016/j.vph.2022.106975
https://doi.org/10.1016/j.vph.2022.106975
https://doi.org/10.1016/j.vph.2022.106975
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.1093/eurheartj/ehy310
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.613422
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.613422
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.613422
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.613422
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.613422
https://doi.org/10.1186/s13054-021-03499-4
https://doi.org/10.1186/s13054-021-03499-4
https://doi.org/10.1186/s13054-021-03499-4
https://doi.org/10.1186/s13054-021-03499-4
https://doi.org/10.3390/biomedicines9080957
https://doi.org/10.3390/biomedicines9080957
https://doi.org/10.3390/biomedicines9080957
https://doi.org/10.3390/biomedicines9080957
https://doi.org/10.1159/000529122
https://doi.org/10.1159/000529122
https://doi.org/10.1159/000529122
https://doi.org/10.1159/000529122
https://doi.org/10.1159/000529122
https://jamanetwork.com/journals/jamaneurology/article-abstract/2776455
https://jamanetwork.com/journals/jamaneurology/article-abstract/2776455
https://jamanetwork.com/journals/jamaneurology/article-abstract/2776455
https://doi.org/10.1136/bcr-2020-237407
https://doi.org/10.1136/bcr-2020-237407
https://doi.org/10.1136/bcr-2020-237407
https://doi.org/10.1016/j.neulet.2020.135564
https://doi.org/10.1016/j.neulet.2020.135564
https://doi.org/10.1016/j.neulet.2020.135564
https://doi.org/10.1111/jth.15191
https://doi.org/10.1111/jth.15191
https://doi.org/10.1111/jth.15191
https://doi.org/10.1111/jth.15191
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.120.315547

working group on pulmonary circulation and right ventricular
function. COVID-19 and thrombotic or thromboembolic
disease: implications for prevention, antithrombotic therapy,
and follow-up: JACC state-of-the-art review. J Am Coll
Cardiol, 75(23), 2950-2973.

Copyright: ©2024 Abhimanyu Agarwal, et al. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

J Emerg Med OA, 2024 https://opastpublishers.com/ Volume 2 | Issue 1 |9



