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Abstract: The COVID-19 infection caused by SARS-CoV-2 is a healthcare crisis that has led to unparalleled disruption and has
impacted healthcare services, leading to significant morbidity and mortality in the worldwide population. Insufficient data on the
management of COVID-19 complications such as hypercoagulability and the controversy about the benefits of anticoagulant therapy
are major challenges encountered by clinicians, especially for patients with pre-existing cardiovascular diseases (CVD), and are still
debatable. Therefore, we endeavored to conduct a systematic review to assess the clinical outcomes of prior anticoagulant therapy in
patients with COVID-19 having pre-existing CVD. Electronic searches of the PubMed database and EBSCO Information Services
were carried out, and all relevant articles were employed. Seven articles with data from 21,989 subjects were included. Despite the
promised clinical outcomes of anticoagulant therapy, the results of the current systematic review indicated insignificant improvements
in the reduction of mortality rate or ICU admission among patients with COVID-19 having pre-existing CVD. Furthermore, direct oral
anticoagulant (DOAC) were favored over vitamin K antagonists (VKAs) due to better action and less side effects. In conclusion, the
findings are controversial as we did not statistically analyze the results. The data showed inconsistent information with no clear effect
of anticoagulant use before patient hospitalization or decreasing COVID-19 severity, particularly in those with CVD. Further studies
including randomized controlled trials are required to describe the best course as well as optimal dose of anticoagulant use in the
treatment of patients with COVID-19, particularly those with comorbidities such as CVD.
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Introduction

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causing the coronavirus disease
(COVID-19) pandemic has significantly impacted 188 nations around the world with a terrifying increase of morbidity
and mortality, causing a terrible burden for healthcare systems.' Globally, COVID-19 has claimed the lives of more than
6 million patients, particularly those with pre-existing cardiovascular diseases (CVD).? Recent studies have suggested
that alterations in hemostatic systems are linked with further serious complications of the COVID-19 infection. COVID-
19 infection can be further complicated by hypercoagulability, resulting in an elevated risk of thrombosis of up to 30% in
patients with concomitant CVD. At worst, the disease can manifest as progression of venous thromboembolism (VTE) in
those patients, reflecting the complexity of the COVID-19 infection.* ® In line with this theory, VTE has been reported in
30-60% of severe COVID-19 cases, sometimes even in the presence of therapeutic anticoagulation.”® There may be
a two-way link between COVID-19 and CVD. The endothelium and, probably, coagulation are directly altered by SARS-
CoV-2 infection, both of which have been linked to CVD.%'° Although the mechanisms are unclear, a few isolated case
reports have linked COVID-19 to exposure of thrombogenic molecules or proinflammatory cytokines.'"'? Individuals
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with a history of vascular diseases may be at a meaningfully increased risk of thrombo-vascular complications after
contracting COVID-19."* Furthermore, untreated patients with COVID-19 may result in a cytokine storm in which the
immune system overproduces pro-inflammatory substances such as tumor necrosis factor-o and interleukins, and there is
an activation of coagulation patterns.*>

In 2020, initial data from China revealed that individuals with COVID-19 diagnostically had pre-existing comorbid-
ities such as hypertension, hyperlipidemia, and hyperglycemia were at high risk for cardiovascular disease.'* In
a previous study from Wuhan encompassing 41 patients hospitalized due to the SARS-CoV-2 infection, the incidence
of comorbidities was 32%, and the most prevalent underlying comorbidities were hyperglycemia (20%), hypertension
(15%), and other known cardiovascular problems (15%). Two patients who died and those who were seriously unwell
showed a greater prevalence of these pre-existing diseases. Published cohort data from a single-center study analyzed the
information of 138 patients infected by coronavirus and hospitalized to Wuhan hospitals demonstrated that 31% had
hypertension; 15%, other CVDs; and, 10%, diabetes. Of these patients, 46% had comorbidities, accounting for 72% of
patients in the ICU.'>!'® Reliable data showed that patients with COVID-19 may experience substantial, unwarranted
activation of the coagulation system. For instance, circulating natural antithrombotic substances such as antithrombin I1I
were suggestively lower in 94 patients with COVID-19 than those in 40 healthy individuals, although plasma D-dimer
and fibrinogen levels were significantly high.!”

Additionally, within the first 30 days, 449 patients with COVID-19 had a death rate that was twice that of 104 patients
with non-COVID-19 pneumonia (29.8% versus 15.4%, respectively), and the earlier phase had a considerably higher
platelet count than the latter, indicating that the earlier phase had more severe inflammatory response. Overall, COVID-
19 may cause severe cardiovascular dysfunction, both linked to concomitant vascular disorders worsening through
coronavirus infection and as medical indicators of illness manifestation. Furthermore, COVID-19 may be involved in the
initiation and activation of the endothelial cell and coagulation cascade, particularly in the presence of predisposing
factors, which mostly manifests as thromboembolic events damaging body organs such as lungs.'®'® Thus, according to
some scientific data, healthcare clinicians had taken the responsibility to utilize therapeutic antithrombotic agents
including aspirin, low-molecular-weight heparin (LMWH), or heparin for reducing the severity of COVID-19 by
minimizing thrombotic formation.’>?' Patients with COVID-19 may have a better prognosis while taking LMWH for
preventing thrombus formation.”*?* Furthermore, patients infected by SARS-CoV-2, particularly older people or those
with comorbidities, should be given an anticoagulant at therapeutic dose to prevent microthrombus formation, according
to the American Society of Hematology.**

Study Rationale

Many cases have reported that arterial or venous thrombosis were frequently concurrent with COVID-19. Thus, antic-
oagulants, antiplatelet, or antithrombotic agents have been primarily ordered for patient treatment. However, information
on the prognosis of patients with concomitant CVD regularly using anticoagulants before being presented to the clinics
complaining of COVID-19 symptoms is still debatable, and more evidence are primarily required to investigate the
valuable outcomes of the use of anticoagulants in these patients.

However, the available data on the impact of prior usage of antithrombotic agents such as aspirin or LMWH in
patients with COVID-19 having pre-existing vascular diseases can be used to recognize and maintain the scientific data
for evidence to express consistent clinical and practical research knowledge that was generated on preceding information.
This systematic review was proposed to summarize existing knowledge to deliver additional insights regarding the prior
usage of anticoagulants in patients with COVID-19 with pre-existing CVD and describe where potential clinical research
may add to what is identified.

Methods
Study Participants

The systematic review included all studies that reported on anticoagulant use and COVID-19 comprising all patients
including children, adults, families, and health workers that we came across in the studies on prior utilization of
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anticoagulants among patients diagnosed with COVID-19 with a history of CVD. This study was approved by
Institutional Review Board in the King Abdullah International Medical Research Centre under the reference
(#NRC22R/483/10).

Search Strategy

A systematic search was implemented using a sequence of Medical Study Headings and maintained vocabulary to
classify peer-reviewed papers on prior usage of anticoagulants in patients with COVID-19 with concomitant medication
use. Clinical study articles published between October 2019 and August 2022 were searched in the following databases:
PubMed/MEDLINE, Scopus/Embase (Elsevier), EbscoHost, and Google Scholar.

Study Eligibility Criteria

This systematic review comprised peer-reviewed studies. Collected data from qualitative and quantitative methods were
assessed for inclusion or exclusion criteria, if the qualitative elements were relevant. We included all studies that were
published between October 2019 and August 2022 and met the inclusion criteria. Articles that were relevant to the
objectives of the study were chosen. The reviewers excluded any studies that were not written in English, or were
textbooks, grey literature, and editorial letters. However, English language articles without geographical restriction that
reported the incidence and clinical management or adverse events of patients with COVID-19 with concomitant CVD
with prior usage of anticoagulants were included. We excluded published papers that did not have the keywords
separately or in combination with anticoagulant, coagulation, COVID-19, SARS-CoV-2, coronavirus, cardiovascular
disease, and thrombosis.

Selection of Study

The enhancing transparency in reporting the synthesis of qualitative reviews (ENTREQ) guideline was used to determine
the choice procedures and findings. All retrieved studies were initially imported into Endnote library to remove
duplicates. After deleting the duplicates, the Endnote library was shared between the two reviewers for independent
screening. The articles that both reviewers agreed on were subjected to full-text review. A third reviewer adjudicated any
discrepancies between the two reviewers. The two reviewers independently reviewed the full texts of all eligible studies.
When there were discrepancies between the two reviewers, consensus was sought through discussion on the difference
with the third reviewer. Finally, the full texts of all relevant studies that met the inclusion criteria were retained for the
final framework synthesis.

Data Extraction

Data was independently extracted by two reviewers from eligible studies onto a customized data extraction form and
populated with variables pertaining to the study population and phenomena of interest. The third reviewer double
checked and verified the extracted articles. Study characteristics included name of the first author and year of publication;
data collection period and region in which the study was conducted; and, specific study details including study design,
study population, sample size, sampling procedures, and clinical outcomes. Prevalence and risk factors of prior usage of
anticoagulants in the population of patients with COVID-19 with pre-existing CVD were systematically identified.

Data Synthesis and Analysis

No software was used to analyze the data (Table 1). The reviewers sorted the data by theme and described the themes in
the form of an analysis table (chart). The columns and rows of the table reflect the studies and related themes and enabled
us to compare findings of the studies across different themes and subthemes.

Mapping and Interpretation

The reviewers used charts to define the identified concepts, map the range and nature of the phenomena. We explored the
associations between the themes to clarify the findings. The current review mapped and interpreted the results in line with
the study objectives and emerging themes.
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Table | Characteristics and Clinical Outcomes of Included Studies

according to severity

Author/s, Country | Study Design | Sample Study Objective Anticoagulant Primary Outcomes
Publishing Year Size Agent Used
Rivera- United Retrospective, | 2275 Descriptive, comparison DOAC All-cause mortality, ICU
Caravaca et al Kingdom multicenter of pre-usage of admission, thromboembolic
(2021)* anticoagulants in patients events, myocardial infarction.
with COVID-19 Gl bleeding
Frohlich, Germany Retrospective, | 6637 Descriptive, comparison DOAC, VKA All-cause mortality, ICU
Georg M et al multicenter of pre-usage of admission, acute respiratory
(2021)» anticoagulants in patients distress syndrome,
with COVID-19 having Extracorporeal membrane
comorbidities oxygenation
O’Gallagher, United Retrospective, 1721 Study of anticoagulant DOAC, VKA In-hospital mortality, multiple
Kevin et al Kingdom single-center benefits according to organ failure, thrombosis,
(2021)*¢ severity of patients with myocardial injury, ICU
COVID-19 hospitalization
Spiegelenberg, | Netherland | Retrospective, 1154 Describe anticoagulant DOAC, VKA All-cause mortality, ICU
Janneke P et al multicenter characteristics, hospitalization, invasive
(2021)” comparison according mechanical ventilation, critical
critical vs no-critical respiratory status, pulmonary
embolism
Yuan, Shuai China Retrospective, | 2886 Descriptive, comparison DOAC, aspirin All-cause mortality, ICU
et al (2021)*® single-center of antithrombotic therapy hospitalization, thrombosis.
according to COVID-19
severity
Rieder, Marina | Europe Retrospective, 1433 Descriptive, comparison VKA All-cause mortality,
et al (2022)* multicenter of critical patients with hospitalization/ re-
COVID-19 according to hospitalization,
survival thromboembolic events,
death or intracerebral
bleeding
Arachchillage, United Retrospective, | 5883 Descriptive, comparison DOAC Death, ICU admission,
Deepa ] et al Kingdom multicenter of anticoagulant benefits in thromboembolic events,
(2022)*° patients with COVID-19 bleeding episodes

Abbreviations: DOAC, direct-acting oral anticoagulant; VKA, vitamin K antagonists; Gl, gastrointestinal; ICU, intensive care unit.

Results

We retrieved a total of 105 potentially eligible studies through electronic search databases. The manual search did not

show any further relevant studies. Based on the exclusion criteria, duplicate studies were excluded, and the full texts of

the remaining 63 publications were thoroughly reviewed. Then, the full-text published papers of the remaining 31 studies

were systematically assessed for eligibility, and 24 articles were removed from the final review as they were considered

irrelevant to the research question, or were review articles, clinical guides or case reports. Of the remaining articles,

seven clinical studies were included in this systematic review. Study selection has been summarized in Figure 1.

Rivera-Caravaca et al stated that using DOAC and VKA gave similar results regarding several parameters, especially

regarding patient prognosis. The main difference was the possibility of having arterial or venous thrombosis, which was

much higher in cases using VKA.?* Similar data was reported by Fréohlich et al who carried out clinical studies in

Germany hospitals, examining the impact of anticoagulants in the admitted patients with COVID-19 complications

https:

3770

Dove!

Infection and Drug Resistance 2023:16



https://www.dovepress.com
https://www.dovepress.com

Dove Alhawiti et al

=
% Sludies identiﬁgd through Studies removed before
8 database screening, Scopus . screening: Duplicate
€ and Google Scholar studies excluded
§ (n=105) (n= 42)
Studies screened based Studies excluded
on title and abstract — (n=32)
2 (n =63)
c
% \L Excluded studies (n = 24)
@ || Full-text articles assessed - Not relevant to research
for eligibility — question (n = 6)
(n=31) - Review articles(n =7)
- Clinical guides or case
reports (n = 11)
k5 Articles included in
= systematic review
S (n=7)

Figure | Literature search flowchart.

having a history of vascular diseases, where the usage of therapeutic anticoagulants displayed insignificant outcomes in
the reduction of death rate and prognosis of the condition, whereas antiplatelet therapy had no efficacy.?

Moreover, O’Gallagher et al reported that, patients hospitalized with COVID-19, patients under the age of 70 having
concomitant vascular complications seemed to have a greater potential contribution to in-hospital mortality than those
without co-existing vascular diseases. This reinforced the risk of occurrence of vascular complications in individuals with
co-existing CVD lately infected by SARS-CoV-2. However, an indication of therapeutic anticoagulation for reducing the
risk of thromboembolism events showed promising outcomes.*®

In contrast, Spiegelenberg et al reported that, while previously administered therapeutic anticoagulation obviously
contributed to the decrease of vascular thrombosis or pulmonary embolism development, favorable clinical outcomes
were not obtained in hospitalized patients with COVID-19 with respect to all-cause mortality or intensive care unit (ICU)
hospitalization. In addition, cited data did not show clear significant clinical findings in patients with COVID-19 treated
with VKA or DOAC.”’

Furthermore, Yuan et al concluded that the usage of low-dose aspirin as an anticoagulant for patients with COVID-19
did not show any significant improvement; further analysis revealed that old age, inflammatory diseases, and organ
dysfunction were the main risk factors. Aspirin use was not correlated with a reduction in mortality risk in patients with
COVID-19 having vascular complications.?®

Similarly, Rieder et al reported that a pre-existing anticoagulant regimen is protective in COVID-19 and has a key
role in significant reduction in all-cause and COVID-19-linked mortality, thrombotic incidences, and an improved

retrieval level in individuals with co-existing anticoagulation regimes compared to patients without pre-existing
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therapeutic anticoagulation.” In contrast, Arachchillage et al found that the development of thrombosis is associated with
the augmented rate of mortality in hospitalized patients with SARS-CoV-2 infection regardless of therapeutic antic-
oagulant regimen prior to hospitalization. However, the regulation of optimal therapeutic-dose anticoagulation is a key
challenge to have full benefit from therapeutic anticoagulants to prevent thrombotic progression or reduce the incidence
of hemorrhagic events.*°

Discussion

Older people and those with concomitant CVD have much more fatal COVID-19 disease than the general population.*
Only 136 of the 3335 Italian patients who died in the hospitals and whose clinic records could be examined had no pre-
existing diseases, whereas 493 stated having one, two, or at least three chronic diseases. Vascular diseases included
diabetes mellitus, and hypertension were the most frequently reported comorbidities, followed by ischemic heart disease
and organ dysfunction.”'

Thromboembolic events may be occurred because of hypercoagulability associated with COVID-19 infection.
Patients with COVID-19 frequently experience higher D-dimer plasma levels, mildly reduced platelet production, and
slightly extended prothrombin times. In 2020, published data reported that 46% of all patients with COVID-19 from
China had D-dimer levels >0.5 mg/l. Similarly, research in patients with COVID-19 in Wuhan showed that 42% of all
patients who died had raised D-dimer levels (>1 mg/l), which was linked to an 18-fold higher probability of death.?*!
Additionally, these patients had high fibrinogen and factor VIII levels, which determined a hypercoagulable condition.
These results demonstrated that a significant proportion of patients with COVID-19 have coagulation problems that may
facilitate the emergence of the thromboembolic events.*

According to an autopsy-based research, pulmonary embolism was found in 4 of 12 patients with COVID-19,
whereas venous thrombosis was found in 7 of 12 patients.** These anomalies in the coagulation system, particularly the
state of hypercoagulability in the context of COVID-19, are accompanied by unknown molecular processes. One theory
is that patients may be predisposed to a hypercoagulable state because of the severe inflammatory process and endothelial
dysfunction caused by COVID-19 when combined with underlying co-existing comorbidities. Antiviral drugs and
experimental treatments provided to these individuals may increase the risk of thrombosis or hemorrhagic events through
pharmacological associations with therapeutic anticoagulants.®**

The prognosis of COVID-19 may be improved by therapeutic anticoagulant administration before infection by
impeding coagulation activation. In fact, compared to thromboprophylaxis alone, the administration of therapeutic
anticoagulation at hospital admission resulted in the decreased incidence of VTE.*® A reduced extrahepatic vitamin
K status was found in patients with COVID-19, and Dofferhof et al revealed that this condition was associated with a bad
prognosis due to the low vitamin K status.*®

Moreover, the association of systemic anticoagulation with extended survival of hospitalized patients with COVID-19
demonstrated no statistical significance according to a previous study conducted in New York, where 786 of the 2773
patients were administered therapeutic anticoagulants. In addition, while the overall proportion of mortality between the
two cohorts was comparable (22.5% against 22.8%), the median duration of survival of patients who received antic-
oagulation was better than those of individuals with concomitant CVD who did not receive prior anticoagulant therapy.’’
Another study conducted in China found that LMWH treatment decreased the death rate in individuals with COVID-19-
associated coagulopathy. However, the direct-acting anticoagulation agents such as VKA and unfractionated heparin have
not clearly showed a protective effect on thrombotic events or diminishing severity of COVID-19.%*

Moreover, long-term oral anticoagulation treatment using VKA or DOACs was independently linked to better
outcomes. The procoagulatory state brought on by COVID-19 raises the likelihood of thromboembolic events and
may be crucial in the development of serious complications, particularly among people with pre-existing CVD. Atrial
fibrillation was the primary reason for long-term therapeutic anticoagulations in the German sample. Nevertheless,
independent of VKA or DOAC therapy, patients with atrial fibrillation have a higher chance of unfavorable outcomes.*

Recent studies among patients with chronic illnesses related to vascular disorders have shown that the use of DOAC
significantly lowers the risk of stroke without increasing bleeding. Patients with COVID-19 having vascular disorders
using DOACs are linked to a reduced risk of thrombosis than those using other anticoagulants such as VKA.*° Patients
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priorly on VKA had a higher risk of problems within 30 days of getting a COVID-19 diagnosis; hence, whenever
practical, switching to a DOAC should be considered.*>*' The optimal course/dose of DOAC therefore must be precisely
determined according to the risk of thromboembolism to effectively contribute towards prevention and treatment in those
patients.

Furthermore, due to its antiplatelet qualities, low-dose aspirin is frequently used to prevent myocardial infarction and
stroke in high-risk individuals. As a result, it may lessen the frequency of coagulopathy caused by COVID-19 and
prevent serious worsening of cardiovascular problems. Published study showed that the aspirin and non-aspirin groups
did not differ in terms of myocardial infarction.”® Another observational trial involving 412 patients with COVID-19
found that aspirin had minimal association with improved clinical outcomes in hospitalized patients with COVID-19 with
respect to the frequency of overt thrombosis.*? The findings were explained as extended prothrombin time, and an
increased D-Dimer level are the primary signs of coagulation failure in patients with COVID-19. All the articles included
in this study were retrospective studies. Published results on period, type of the optimal dose of anticoagulant, and other
clinical findings were still incomplete in most combined clinical studies; thus, we were incapable of further analysis.

Conclusion

As COVID-19 is a current worldwide concern with greater mortality particularly in those with cardiovascular diseases,
and our paper addresses the outcomes of prior anticoagulant therapy in patients with COVID-19 with pre-existing
cardiovascular diseases. We believe that patients with COVID-19 are susceptible to comorbidities, mainly hypercoagul-
ability, and a pro-inflammatory state. Management of these patients requires a complete understanding of the pathogen-
esis of these comorbidities. Data showed that the usage of anticoagulants may be linked to an improvement in the case of
patients with COVID-19. However, if anticoagulants are to be used, DOACs are favored due to their better action and
lesser side effects compared with other anticoagulant agents such as VKAs. Despite the promised clinical outcomes of
anticoagulant therapy, we could state that the results of the current systematic review indicated insignificant improve-
ments in the reduction of mortality rate or ICU admission. Furthermore, there was no clear effect of anticoagulant use
before patient hospitalization or decreasing COVID-19 severity. Further research is required to describe the best course
and optimal dose of anticoagulant use in the treatment of patients with COVID-19 with comorbidities such as CVD.
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