World Journe

S

World | Clin Cases 2022 September 26; 10(27)

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 10 Number 27 September 26, 2022

OPINION REVIEW
9550  Psychiatric disorders and pain: The recurrence of a comorbidity

Vyshka G

REVIEW

9556  Cardiovascular disease and COVID-19, a deadly combination: A review about direct and indirect impact
of a pandemic

Vidal-Perez R, Branddo M, Pazdernik M, Kresoja KP, Carpenito M, Maeda S, Casado-Arroyo R, Muscoli S, Péss J, Fontes-
Carvalho R, Vazquez-Rodriguez JIM
9573  Molecular factors, diagnosis and management of gastrointestinal tract neuroendocrine tumors: An update

Pavlidis ET, Pavlidis TE

MINIREVIEWS
9588  Human-induced pluripotent stem cell-atrial-specific cardiomyocytes and atrial fibrillation

Leowattana W, Leowattana T, Leowattana P

9602  COVID-19 and the cardiovascular system-current knowledge and future perspectives

Chatzis DG, Magounaki K, Pantazopoulos I, Bhaskar SMM

ORIGINAL ARTICLE

Case Control Study
9611  PDCA nursing in improving quality management efficacy in endoscopic submucosal dissection

He YH, Wang F

Retrospective Study
9619  Impact of COVID-19 pandemic on the ocular surface
Marta A, Marques JH, Almeida D, José D, Sousa P, Barbosa [

9628  Anatomy and clinical application of suprascapular nerve to accessory nerve transfer

Wang JW, Zhang WB, Li F, Fang X, Yi ZQ, Xu XL, Peng X, Zhang WG

9641  Therapeutic effect of two methods on avulsion fracture of tibial insertion of anterior cruciate ligament

Niu HM, Wang QC, Sun RZ

9650  Efficacy of transcatheter arterial chemoembolization using pirarubicin-loaded microspheres combined
with lobaplatin for primary liver cancer

Zhang C, Dai YH, Lian SF, Liu L, Zhao T, Wen JY

WJCC | https://www.wjgnet.com I September 26,2022 | Volume10 | Issue27 |

Jaishideng®



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 10 Number 27 September 26, 2022
9657  Prognostic significance of sex determining region Y-box 2, E-cadherin, and vimentin in esophageal
squamous cell carcinoma
Li C, Ma YO
9670  Clinical characteristics and prognosis of orbital solitary fibrous tumor in patients from a Chinese tertiary
eye hospital
Ren MY, Li J, Wu YX, Li RM, Zhang C, Liu LM, Wang JJ, Gao Y
Observational Study
9680  Altered heart rate variability and pulse-wave velocity after spinal cord injury
Tsou HK, Shih KC, Lin YC, Li YM, Chen HY
9693  Intra and extra pelvic multidisciplinary surgical approach of retroperitoneal sarcoma: Case series report
Song H, Ahn JH, Jung Y, Woo JY, Cha J, Chung YG, Lee KH
META-ANALYSIS
9703  Meta-analysis of gemcitabine plus nab-paclitaxel combined with targeted agents in the treatment of
metastatic pancreatic cancer
Li ZH, Ma YJ, Jia ZH, Weng YY, Zhang P, Zhu SJ, Wang F
9714  Clinical efficacy analysis of mesenchymal stem cell therapy in patients with COVID-19: A systematic
review
Cao JX, You J, Wu LH, Luo K, Wang ZX
CASE REPORT
9727  Treatment of gastric cancer with dermatomyositis as the initial symptom: Two case reports and review of
literature
Sun XF, Gao XD, Shen KT
9734  Gallbladder hemorrhage-An uncommon surgical emergency: A case report
Valenti MR, Cavallaro A, Di Vita M, Zanghi A, Longo Trischitta G, Cappellani A
9743  Successful treatment of stage IIIB intrahepatic cholangiocarcinoma using neoadjuvant therapy with the
PD-1 inhibitor camrelizumab: A case report
Zhu SG, Li HB, Dai TX, Li H, Wang GY
9750  Myocarditis as an extraintestinal manifestation of ulcerative colitis: A case report and review of the
literature
Wang YY, Shi W, Wang J, Li Y, Tian Z, Jiao Y
9760  Endovascular treatment of traumatic renal artery pseudoaneurysm with a Stanford type A intramural
haematoma: A case report
Kim Y, Lee JY, Lee JS, Ye JB, Kim SH, Sul YH, Yoon SY, Choi JH, Choi H
9768  Histiocytoid giant cellulitis-like Sweet syndrome at the site of sternal aspiration: A case report and review
of literature
Zhao DW, Ni J, Sun XL
Bishidenge WVJCC | https://www.wjgnet.com I September 26,2022 | Volume10 | Issue27 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 27 September 26, 2022

9776  Rare giant corneal keloid presenting 26 years after trauma: A case report

Li S, LeiJ, Wang YH, Xu XL, Yang K, Jie Y

9783 Efficacy evaluation of True Lift®, a nonsurgical facial ligament retightening injection technique: Two case

reports
Huang P, Li CW, Yan YQ

9790  Synchronous primary duodenal papillary adenocarcinoma and gallbladder carcinoma: A case report and
review of literature

Chen J, Zhu MY, Huang YH, Zhou ZC, Shen YY, Zhou Q, Fei MJ, Kong FC

9798 Solitary fibrous tumor of the renal pelvis: A case report

Liu M, Zheng C, Wang J, Wang JX, He L

9805  Gastric metastasis presenting as submucosa tumors from renal cell carcinoma: A case report

Chen WG, Shan GD, Zhu HT, Chen LH, Xu GQ

9814  Laparoscopic correction of hydronephrosis caused by left paraduodenal hernia in a child with
cryptorchism: A case report

Wang X, Wu Y, Guan Y

9821  Diagnosed corrected transposition of great arteries after cesarean section: A case report
Ichii N, Kakinuma T, Fujikawa A, Takeda M, Ohta T, Kagimoto M, Kaneko A, lzumi R, Kakinuma K, Saito K, Maeyama A,
Yanagida K, Takeshima N, Ohwada M

9828  Misdiagnosis of an elevated lesion in the esophagus: A case report

Ma XB, Ma HY, Jia XF, Wen FF, Liu CX

9834  Diagnostic features and therapeutic strategies for malignant paraganglioma in a patient: A case report

Gan L, Shen XD, Ren Y, Cui HX, Zhuang ZX

9845  Infant with reverse-transcription polymerase chain reaction confirmed COVID-19 and normal chest
computed tomography: A case report

Ji GH, Li B, Wu ZC, Wang W, Xiong H
9851  Pulmonary hypertension secondary to seronegative rheumatoid arthritis overlapping antisynthetase
syndrome: A case report

Huang CY, Lu MJ, Tian JH, Liu DS, Wu CY

9859  Monitored anesthesia care for craniotomy in a patient with Eisenmenger syndrome: A case report

Ri HS, Jeon Y

9865  Emergency treatment and anesthesia management of internal carotid artery injury during neurosurgery:
Four case reports

Wang J, Peng YM

Guieidenge WICC | https://www.wjgnet.com 111 September 26,2022 | Volume10 | Issue27 |



Jaishideng®

World Journal of Clinical Cases
Contents
Thrice Monthly Volume 10 Number 27 September 26, 2022
9873  Resolution of herpes zoster-induced small bowel pseudo-obstruction by epidural nerve block: A case
report
Lin YC, Cui XG, Wu LZ, Zhou DQ, Zhou Q
9879  Accidental venous port placement via the persistent left superior vena cava: Two case reports
Zhou RN, Ma XB, Wang L, Kang HF
9886  Application of digital positioning guide plates for the surgical extraction of multiple impacted
supernumerary teeth: A case report and review of literature
Wang Z, Zhao SY, He WS, Yu F, Shi SJ, Xia XL, Luo XX, Xiao YH
9897  latrogenic aortic dissection during right transradial intervention in a patient with aberrant right subclavian
artery: A case report
Ha K, Jang AY, Shin YH, Lee J, Seo J, Lee SI, Kang WC, Suh SY
9904  Pneumomediastinum and subcutaneous emphysema secondary to dental extraction: Two case reports
Ye LY, Wang LF, Gao JX
9911  Hemorrhagic shock due to submucosal esophageal hematoma along with mallory-weiss syndrome: A case
report
Oba J, Usuda D, Tsuge S, Sakurai R, Kawai K, Matsubara S, Tanaka R, Suzuki M, Takano H, Shimozawa S, Hotchi Y,
Usami K, Tokunaga S, Osugi I, Katou R, Ito S, Mishima K, Kondo A, Mizuno K, Takami H, Komatsu T, Nomura T, Sugita M
9921  Concurrent severe hepatotoxicity and agranulocytosis induced by Polygonum multiflorum: A case report
Shao YL, Ma CM, Wu JM, Guo FC, Zhang SC
9929  Transient ischemic attack after mRNA-based COVID-19 vaccination during pregnancy: A case report
Chang CH, Kao SP, Ding DC
9936  Drug-induced lung injury caused by acetaminophen in a Japanese woman: A case report
Fujii M, Kenzaka T
9945  Familial mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episode syndrome: Three case
reports
Yang X, Fu LJ
9954  Renal pseudoaneurysm after rigid ureteroscopic lithotripsy: A case report
Li YH, Lin YS, Hsu CY, Ou YC, Tung MC
LETTER TO THE EDITOR
9961  Role of traditional Chinese medicine in the initiative practice for health
LiY, LiSY, Zhong Y
9964  Impact of the COVID-19 pandemic on healthcare workers’ families
Helou M, El Osta N, Husni R
WJCC | https://www.wjgnet.com X September 26,2022 | Volume10 | Issue27 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 27 September 26, 2022

9967  Transition beyond the acute phase of the COVID-19 pandemic: Need to address the long-term health
impacts of COVID-19

Tsioutis C, Tofarides A, Spernovasilis N

Gwisnidenge WICC | https://www.wjgnet.com X September 26,2022 | Volume10 | Issue27 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 27 September 26, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Yusuf Tutar, PhD, Chairman, Director, Full Professor,
Department of Basic Pharmaceutical Sciences, Division of Biochemistry, University of Health Sciences, Istanbul
34668, Turkey. ytutar@outlook.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central,
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator:
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's
CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Xiang I.i; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16,2013 https:/ /www.wijgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja | https://www.wignet.com/bpg/gerinfo/208
Hyeon Ku

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/editorialboard.htm https:/ /www.wignet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
September 26, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com XI September 26,2022 | Volume10 | Issue27 |



https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v10.i27.9602

World Journal of
Clinical Cases

World | Clin Cases 2022 September 26; 10(27): 9602-9610

ISSN 2307-8960 (online)

MINIREVIEWS

COVID-19 and the cardiovascular system-current knowledge and
future perspectives

Dimitrios G Chatzis, Kalliopi Magounaki, Ioannis Pantazopoulos, Sonu Menachem Maimonides Bhaskar

Specialty type: Cardiac and
cardiovascular systems

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Chavan RP, India;
Saeed MAM, Egypt

Received: May 15, 2022
Peer-review started: May 15, 2022
First decision: June 8, 2022
Revised: June 29, 2022

Accepted: August 16, 2022
Article in press: August 16, 2022
Published online: September 26,
2022

Jaishideng®

WJCC | https://www.wjgnet.com 9602

Dimitrios G Chatzis, Medical School, European University Cyprus, Nicosia 2404, Cyprus

Kalliopi Magounaki, Department of Internal Medicine, KAT General Hospital, Athens 14561,
Greece

loannis Pantazopoulos, Department of Emergency Medicine, Faculty of Medicine, University of
Thessaly, Larissa 41500, Greece

Sonu Menachem Maimonides Bhaskar, NSW Brain Clot Bank, NSW Health Pathology, Sydney,
NSW 2170, Australia

Sonu Menachem Maimonides Bhaskar, Department of Neurology and Neurophysiology,
Liverpool Hospital and South Western Sydney Local Health District, Sydney, NSW 2170,
Australia

Corresponding author: Dimitrios G Chatzis, MD, PhD, Chief Doctor, Consultant Physician-
Scientist, Lecturer, Medical School, European University Cyprus, 6 Diogenis Street, Nicosia
2404, Cyprus. dimitrioschatzis@yahoo.com

Abstract

The current coronavirus disease 2019 (COVID-19) pandemic has had devastating
impact on populations around the world. The high mortality rates in patients with
COVID-19 has been attributed to the influence of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), its causative viral agent, on several
physiological systems in human body, including the respiratory, cardiovascular,
and neurological systems. There is emerging evidence on propensity of this virus
to attack cardiovascular system. However, various pathophysiological mecha-
nisms by which SARS-CoV-2 interacts with cardiovascular system and leads to
high morbidity and mortality, including cardiovascular complications, are poorly
understood. This mini review aims to provide an update on the current know-
ledge and perspectives on areas of future research.

Key Words: COVID-19; Angiotensin-converting enzyme 2 receptors; Cardiovascular
manifestations; Therapies
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Core Tip: It is well established that severe acute respiratory syndrome coronavirus-2 has a high propensity
to attack cardiovascular system with various clinical manifestations namely myocarditis and myocardial
injury, cardiac arrest, acute coronary syndromes, hypercoagulability and venous thromboembolism, as
well as heart failure. Currently, there is no established, specific therapy for the treatment of coronavirus
disease-induced cardiovascular involvement and there is ongoing research on this topic.

Citation: Chatzis DG, Magounaki K, Pantazopoulos I, Bhaskar SMM. COVID-19 and the cardiovascular system-
current knowledge and future perspectives. World J Clin Cases 2022; 10(27): 9602-9610

URL: https://www.wjgnet.com/2307-8960/full/v10/i27/9602.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i27.9602

INTRODUCTION

Coronavirus disease 2019 (COVID-19) pandemic initially began in Wuhan, China in December 2019.
Since 15" of February 2021, more than 109 million infections and approximately 2.4 million deaths have
been reported[1]. In the beginning, COVID-19 was considered an acute respiratory distress syndrome
[2]. However, it was proven to be a multiple organ disease also affecting the heart[2,3]. Studies revealed
that cases of critically ill COVID-19 patients had cardiovascular complications such as myocardial
damage, venous thromboembolic events, and acute coronary syndromes[4]. The presence of underlying
cardiovascular comorbidities in COVID-19 patients is associated with severe disease and poor prognosis
including increased risk of onset of cardiovascular complications, increased progression of underlying
cardiovascular disease and risk of increased mortality both in general population as well as in
diagnosed patients[5].

PATHOPHYSIOLOGICAL MECHANISMS OF COVID-19 EFFECTS ON CARDIOVASCULAR
SYSTEM

The pathophysiological mechanisms by which the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) impacts the myocardium is still under investigation[6]. Cardiac cells express the
angiotensin-converting enzyme 2 (ACE2) receptor through which the SARS-CoV-2 can bind and cause
direct cardiac impairment and dysfunction of endothelial cells of coronary vessels[7]. Generally, the
ACE2 has a cardioprotective role causing vasodilation, and having anti-fibrotic, anti-oxidative and anti-
hypertrophic effects[8]. SARS-CoV-2 induces ACE2 downregulation which negatively affects its
function, thus reduce its cardioprotective role and anti-inflammatory function[6]. Moreover, the
heightened immunological response and the related cytokine storm can suppress cardiac contractility. It
could also promote cardiovascular inflammation, atheromatic plaque instability, thrombocytosis, and
oxygen supply-demand imbalance which may further contribute to cardiac dysfunction[7,8] (Figure 1).

Although the major clinical manifestation of COVID-19 is viral respiratory infection, it may also be
linked to cardiovascular disease[9]. The later were observed particularly in elderly individuals, those
with underlying comorbidities and cardiovascular risk factors like malignancies, obesity, diabetes
mellitus, and hypertension[10]. A current study showed that obesity accounted for 30% of COVID-19
hospitalized patients, hypertension for 26%, heart failure (HF) for 12% and diabetes mellitus for 21%]2].
Several clinical cardiovascular complications have been associated with SARS-CoV-2 infection including
myocarditis, arrhythmias, pericardial effusion, acute coronary syndromes, myocardial injury and
myocardial infarction, new onset or progression of preexisting HF, arterial and venous thromboem-
bolism, cardiogenic shock and cardiac arrest[7,10,11] (Figure 2). Moreover, recent studies have indicated
that the main laboratory findings of hospitalized COVID-19 patients were the elevated levels of high
sensitivity cardiac troponin I, creatine kinase-MB, N-terminal pro-brain natriuretic peptide (NT-
proBNP), and C-reactive protein. Moreover, electrocardiogram (ECG) findings may include diffuse ST-
segment elevation and ST-segment depression[12].

MYOCARDITIS AND MYOCARDIAL INJURY IN COVID-19 PATIENTS

COVID-19 is associated with cardiac involvement and cardiac inflammation. A recent cohort study from
Germany on patients recently recovered from COVID-19 infection demonstrated cardiac involvement
and ongoing myocardial inflammation in 78% and 60% of patients on cardiovascular magnetic
resonance (CMR) imaging, respectively, independent of pre-existing comorbidity, severity and overall
trajectory of the acute illness and time since the COVID-19 infection[13]. In COVID-19 individuals,
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Figure 1 The pathophysiologic mechanisms of myocardial injury caused by severe acute respiratory syndrome coronavirus-2 infection.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2.
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Figure 2 Cardiovascular complications following severe acute respiratory syndrome coronavirus-2 infection. SARS-CoV-2: Severe acute
respiratory syndrome coronavirus-2.

elevated levels of troponin along with features of myocardial damage were observed several days
following the onset of fever[5]. High troponin levels were associated with poor prognosis and increased
mortality rates[14]. Interestingly, in a retrospective study from Wuhan including 187 COVID-19
patients, mortality was 8% in patients without medical history of cardiovascular disease and normal
troponin T levels, 13% in patients with medical history of cardiovascular disease and normal troponin T
levels, 38% in patients without medical history of cardiovascular disease but elevated troponin T levels
and 69% for those with both medical history of cardiovascular disease and high troponin T levels[15].
Myocardial damage was associated with significant rise in NT-proBNP, with a mean NT-proBNP value
of 72 pg/mL, in those who recovered and 800 pg/mL in COVID-19 patients who died[2]. Thus, recent
recommendations suggest the evaluation of cardiac enzymes such as cardiac troponin, NT-proBNP, and
BNP levels in COVID-19 patients as these biomarkers are frequently increased in myocarditis[16]. The
incidence rate of myocarditis may range from 4.5% to 30%[17]. The proposed pathophysiological
mechanisms of COVID-19 mediated myocardial injury is still under investigation. The direct infection of

WJCC | https://www.wjgnet.com 9604 September 26,2022 | Volume10 | Issue27 |

Jaishideng®



Jaishideng®

Chatzis DG et al. COVID-19 and the cardiovascular system

myocardial cells through the adhesion of the virus in ACE2 receptors and viral replication within the
myocardium is the most prominent mechanism although the excessive immunological response caused
by the SARS-CoV-2 may trigger myocardial injury[14,17]. In addition, myocardial damage may be
provoked by hypoxia and respiratory failure[5]. Other proposed causes of myocardial involvement or
damage include cardiac inflammation including myopericarditis and myocarditis. Clinically, COVID-19
patients presented with tachycardia, third heart sound, hypotension, tachypnea, and signs of reduced
cardiac output[14]. An urgent cardiac manifestation of SARS-CoV-2 infection is the development of
fulminant myocarditis characterized by HF and ventricular dysfunction[16]. Usually, it appears two to
three weeks following the viral infection[16]. Furthermore, non-specific abnormal electrocardiographic
findings were observed in individuals with SARS-CoV-2 mediated myocarditis. The most frequent ECG
findings were ST-segment changes in 40% and cardiac arrhythmias in 38% including atrial fibrillation,
atrial flutter, sinus tachycardia and bradycardia, conduction blocks, premature atrial and ventricular
contractions[7].

In conclusion, myocardial damage is frequently observed in individuals infected with SARS-CoV-2.
However, various pathophysiologic mechanisms have been implicated in the development of COVID-
19 myocardial damage[18]. Considering that troponin is a non-specific biomarker of cardiac injury, the
American College of Cardiology recommends that the levels of troponin should be interpreted along
with other validated clinical findings and not solely connected to acute myocardial infarction[18]. Based
on the recommendations of American Heart Association, COVID-19 individuals presented with signs
resembling myocarditis, they should be tested with various cardiac techniques including cardiac
echocardiography, cardiac computed tomography scan, and CMR[16]. Finally, both the American Heart
Association and the European Society of Cardiology highlight the diagnostic importance of

endomyocardial biopsy for confirming myocarditis even though several limitations have been depicted
[16].

ARRHYTHMIAS

A frequent cardiac manifestation in COVID-19 patients is arrhythmias. Emerging evidence suggests
association of COVID-19 with high incidence of cardiac arrythmias. COVID-19 infection may cause
injury to cardiac myocytes, thereby increasing the risk of cardiac arrythmia. Sinus tachycardia is the
most prevalent arrhythmia in COVID-19 patients. However, atrial fibrillation (AF), atrial flutter, and
monomorphic or polymorphic ventricular tachycardia (torsades de pointes) are the most likely
pathogenic arrhythmias. A recent study found that 18% of COVID-19 individuals presented with
arrhythmias and the most prevalent types were AF and atrial flutter[2]. Arévalos ef al[17] showed that
among the commonest arrhythmias, AF was occurred in 3.6% of COVID-19 cases, non-sustained
ventricular tachycardia in 1.4%, bradyarrhythmias and cardiac arrest in 1.3%. The prevalence of AF was
found to be 11% in a meta-analysis of 19 observational studies involving 21653 individuals hospitalized
with COVID-19[19]. AF was more prevalent in older patients (13% in = 60 years of age vs 5% in younger
patients < 60 years of age) and those with severe COVID-19 (19% in severe vs 3% in mild COVID-19)
[19]. Moreover, in a world-wide survey of 4526 hospitalized COVID-19 patients, 827 were identified
having a new cardiac arrhythmia and cardiovascular comorbidities such as hypertension, diabetes
mellitus, coronary artery disease, congestive HF were more common in the patients who developed
cardiac arrhythmias[20]. Concerning the life-threatening arrhythmias (ventricular tachycardia and
ventricular fibrillation), these were presented in 4%-6% of COVID-19 hospitalized patients and partic-
ularly in those with increased troponin levels[2]. Also, high NT-ProBNP was correlated to the onset of
life-threatening arrhythmias[14]. Major risk factors related to arrhythmias development include
hypoxemia, myocardial ischemia or injury, electrolyte imbalance (mainly hypokalaemia and hypomag-
nesemia), drugs that cause QT prolongation, and shock[7,17]. The presence of cardiac arrhythmias was
observed mostly in COVID-19 patients hospitalized in intensive care unit (ICU) (44.4%) compared to
those in non-ICU setting (6.9%)[12].

CARDIAC ARREST

Recent observational studies from France and Italy have also reported increased risk of out of hospital
cardiac arrest during the COVID-19 pandemic. Studies from Italy and France have reported 60% and
50% increase in the rate of out of hospital cardiac arrest during the peak period of COVID-19 in 2020
relative to the same time frame in 2019, respectively[21,22]. This finding on increased prevalence of
cardiac arrest could be linked to COVID-19 infections, pandemic-related stress, or a delay in seeking
medical help by persons experiencing cardiac symptoms. In addition, data from the Swedish registry for
cardiopulmonary resuscitation showed a decrease in in-hospital cardiac arrest due to myocardial
infarction from 33.9% in the pre-pandemic period to 23.9% during the pandemic. Medical history of HF

or myocardial infarction were less common in COVID-19 cases whereas diabetes was more common
[23].
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ACUTE CORONARY SYNDROMES

A 20% (range 5%-38%) of COVID-19 infected patients were diagnosed with acute coronary syndrome
[24,25]. Patients with chronic coronary heart disease have an increased risk of myocardial injury,
compared to patients who have not previously been diagnosed with coronary heart disease (43.8% vs
14.4%)[26]. Even though the exact pathophysiologic mechanism is still under investigation, various
mechanisms have been proposed like myocardial damage due to direct viral invasion and cytokine
storm, oxygen supply and demand mismatch due to severe hypoxia, endothelial damage, and
thrombosis of cardiac vasculature[24]. SARS-CoV-2 may lead to myocardial infarction as it induces
development of thrombus and instability of atheromatic plaque[24]. Remarkably, myocardial infarction
with nonobstructive coronary arteries is another common manifestation of COVID-19[24].

TAKOTSUBO SYNDROME

Takotsubo syndrome (TTS) or stress-induced cardiomyopathy has been also characterized as a
manifestation of COVID-19 infection[27]. Several mechanisms including increased sympathetic
response, psychological distress, cytokine storm and microvascular dysfunction in COVID-19 patients
have been proposed. It is clinically manifested as a reversible and temporary left ventricular
dysfunction, without considerable occlusion of the coronary arteries, caused by major physical and
psychological stress[7,27]. Notably, individuals suffering from physical stress (e.g., hypoxemia,
infection) have worse prognosis as opposed to those under psychological stress. It is most prevalent in
postmenopausal women (> 90%) and the most common type is the apical one (> 80%)[27]. The incidence
rate of TTS has been reported to be between 2% and 4%[24]. A suggested mechanism of TTS is the
excessive production of catecholamines in the bloodstream which results in the excessive stimulation of
sympathetic system and thus in cardiac stress[27]. Furthermore, increased levels of cortisol were found
in COVID-19 infected patients which along with the high catecholamine levels may have immediate
cardiotoxicity[27]. Further studies are needed to elucidate the pathophysiological mechanisms as well as
the contribution of stress hormones in TTS development[27]. Though the evidence on association
between stress-induced cardiomyopathy and COVID-19 is growing, further studies are required both in
COVID-19 infected patients as well as general population experiencing severe psychological distress
due to the COVID-19 pandemic. Understanding these interactions may inform targeted individual
treatments and population-level interventions to protect individuals at high-risk of stress-induced
cardiomyopathy due to COVID-19.

HYPERCOAGULABILITY AND VENOUS THROMBOEMBOLISM

SARS-CoV-2 infection is characterized as a hypercoagulability state which eventually can lead to
thromboembolism[9]. Both arterial and venous thromboembolism have been observed in severe cases of
COVID-19 infection, presenting mainly as pulmonary embolism, disseminated intravascular
coagulopathy and deep venous thrombosis[2]. Early studies revealed that critical COVID-19 individuals
with thromboembolic events had poor prognosis[18]. The laboratory findings of such patients showed
high D-Dimer levels, low platelets, and mild prolongation of prothrombin time[9]. Remarkably,
individuals who presented with cardiac injury had higher D-Dimer levels, decreased prothrombin time,
antithrombin levels and activated partial thromboplastin time as opposed to those without any sign of
myocardial injury[2].

The pathophysiological mechanisms leading to hypercoagulability still remain unknown[9]. So far,
several indirect and direct mechanisms of hypercoagulability have been proposed[14]. Particularly, the
excessive inflammatory response, vascular endothelial injury, activation of coagulation pathways, and
prolonged immobilization represent frequent manifestations of SARS-CoV-2 infection[7].

Recent meta-analyses showed that COVID-19 hospitalized patients had an incidence rate of venous
thromboembolism ranging between 15% and 21% which was four times higher in ICU patients
compared to their non-ICU counterparts[2]. Moreover, prior diagnosis of venous thromboembolism
results in a threefold increase in mortality in patients with HF hospitalized with COVID-19[28]. Recent
guidelines suggest that COVID-19 hospitalized patients should be under thromboprophylaxis with low
molecular weight heparin, unfractionated heparin or fondaparinux in order to control this hyperco-
agulability state[2]. However, the regimen of choice, frequency, and duration of thromboprophylaxis
therapy is still to be determined|[2].

HEART FAILURE

Acute HF is a common manifestation of SARS-CoV-2 infection and has been related to increased
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mortality[29]. One third of COVID-19 patients with prior history of HF had an acute decompensation
during hospitalization. However, COVID-19 can also cause “de novo” HF with an incidence ranging
between 2.5% and 4.5%. It has been demonstrated that patients with new onset HF have a significantly
higher mortality (46.8% vs 19.7%; P < 0.001)[30]. Numerous mechanisms of COVID-19 mediated HF
have been proposed like the infiltration of myocardium by immune cells induced by the SARS-CoV-2
that may cause cardiac dysfunction, the release of cytokines may promote cardiac necrosis and
eventually myocardial failure. In addition, hypoxia as a result of acute respiratory distress syndrome
and respiratory failure may cause HF. Besides, endocardial dysfunction due to endothelial damage and
subsequent formation of thrombi may contribute to COVID-19 associated HF[31]. Importantly, pre-
existing cardiovascular comorbidities mostly arrhythmias and chronic HF were considered to be the
main predictive risk factors of COVID-19 induced HF[32]. Specifically, in the initial stages of COVID-19
infection patients present with HF and preserved ejection fraction whereas in advanced stages HF with
systolic dysfunction can occur. HF can occur either as a consequence of pre-existing chronic HF or
recently developed HF[32].

COVID-19 THERAPEUTIC AGENTS

Antiviral agents act on several stages of SARS-CoV-2 infection pathways like viral entry into human
cells, as well as activation and replication of the virus[33]. Remdesivir is an antiviral drug that inhibits
the replication phase of the virus leading to premature ending of viral cycle. Current studies revealed a
decrease in the viral burden and pulmonary infection following therapy with remdesivir. Additionally,
individuals treated with remdesivir showed limited adverse events and low mortality rates especially
when it was combined with other therapies or used in early disease stages[34]. Remdesivir is given as a
single loading dose of 200 mg and then as 100 mg daily infusion. However, the therapeutic dose of
remdesivir does not need any adjustment in patients with renal or hepatic impairment[35]. The main
side effects of remdesivir therapy included reaction on the injection site, as well as gastrointestinal and
hepatic dysfunction[35].

Oseltamivir is another antiviral drug used for the management of SARS-CoV-2 infection. Even
though the available data are still controversial, a beneficial effect of oseltamivir therapy was the
reduction of recovery phase (1 d) of COVID-19 infected individuals[33].

Other anti-viral drugs used in COVID-19 disease include the lopinavir, ribavirin and ritonavir[34].
Lopinavir/ritonavir treatment is mostly given in moderate COVID-19 cases during the seven to ten
days following symptoms onset[35]. Studies revealed that COVID-19 patients who underwent treatment
with lopinavir/ritonavir had no improvement of their clinical status, viral load and 28-d mortality rate
[34,35].

Chloroquine and hydroxychloroquine agents were extensively used in the beginning of the COVID-
19 pandemic because they act by inhibiting the entry of virus into the host cells thus reducing the
immune response[33]. Interestingly, a meta-analysis showed that the use of chloroquine and hydroxy-
chloroquine (either alone or in combination with) azithromycin not only was ineffective, but it was also
associated with a higher risk of adverse events[33]. Specifically, hydroxychloroquine can lead to cardiac
arrest and death due to prolongation of QTc interval. It is recommended to assess QTc prolongation
with ECG in the onset of therapy and following its termination. In general, adverse effects of these
drugs occur rare but if they occur, they are serious and irreversible[18].

Importantly, several therapeutic agents used for the management of COVID-19 disease showed
possible interactions with cardiovascular drugs and cardiovascular manifestations. Antiviral drugs like
lopinavir and ritonavir may cause PR and QT intervals prolongation[18].

Vitamin C has been examined as a therapeutic agent in COVID-19 patients due to its anti-oxidative
role[33]. However, further research is needed for determining the outcomes of vitamin C therapy in
COVID-19 patients. Moreover, the use of Vitamin D as a prophylactic therapy was suggested for
COVID-19 infected individuals but still the current data are limited concerning the inclusion of vitamin
D in the therapeutic protocol[33].

It is critical to find low-cost, broadly available, and effective COVID-19 treatments. The idea of
repurposing current drugs that are widely available and have well-understood safety profiles is of
clinical and public health interest. In 2020, corticosteroids were approved by the Food and Drug
Administration (FDA) as a COVID-19 therapy of critical ill patients. Dexamethasone was related to
decreased mortality rates for those being on mechanical ventilation and increased need of oxygen, as
well as decreased hospitalization rate[34].

Ivermectin, which is normally used as an antiparasitic medicine, is one drug that has received consid-
erable public attention. Ivermectin is a helminthic parasite inhibitor that has been proven to be effective
in treating onchocerciasis, strongyloidiasis, and ectoparasitic infection (e.g., scabies). However, in a large
randomised controlled trial from Brazil, in outpatients with an early diagnosis of COVID-19, ivermectin
did not lead to a lower incidence of medical admission to a hospital due to COVID-19 progression or
prevented prolonged emergency department monitoring[36].
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Convalescent plasma (CP) was approved by FDA as an investigational therapy for patients infected
by SARS-CoV-2[34]. Patients treated with CP showed a good safety profile with decreased requirements
for mechanical ventilation and improvement of inflammatory markers, oxygen levels and one-month
survival rates[34]. Additionally, it may reduce the excessive immunological activation[34]. Studies
found that individuals with severe COVID-19 disease showed better improvement following CP
therapy. CP therapy was subsequently approved by the FDA in emergency cases[37].

CONCLUSION

In summary, although not common, cardiac arrythmia may be observed as a cardiovascular
complication in COVID-19 patients. Patients with myocardial damage, myocardial ischemia, hypoxia,
shock, electrolyte imbalances, or those using drugs that prolong the QT interval are all at risk of
arrhythmias after COVID-19. Patients with suspected COVID-19 should have a baseline cardiac invest-
igation (with ECG). Despite some promising therapies, further studies on new drugs and treatment of
COVID-19 are warranted. Furthermore, existing therapies and future drugs need to factor in drug-to-
drug and cardiovascular interactions as well as impact of COVID-19 on cardiovascular system.
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