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Abstract

Background: Left ventricular thrombus (LVT) is a significant cardiovascular complication in patients with coronavirus disease

2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Objectives: This study aimed to investigate the risk factors and outcomes of COVID-19 patients with LVT.

Methods: Twenty-two COVID-19 patients with normal myocardial signals on echocardiography, normal coronary findings, and

normal cardiac biochemical tests but with LVT were included. Patients were aged between 18 and 65 years. Data on risk factors

and outcomes were collected from electronic records, including patient demographics, clinical characteristics, comorbidities,

laboratory values, and in-hospital outcomes.

Results: Of the 22 patients surveyed, 9 (40.8%) were admitted to the ICU, and 4 (18.1%) died during follow-up. Mechanical

ventilation was required for 6 (27.2%) patients. Acute respiratory distress syndrome (ARDS) and acute kidney injury were

reported in 6 and 5 patients, respectively. Shock was experienced by 27% of patients (6 individuals), and ventricular arrhythmias

were reported in only one patient.

Conclusions: In summary, COVID-19 patients who developed LVT during hospitalization had a higher mortality rate. Screening

echocardiography at admission may benefit such patients.
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1. Background

Coronavirus disease 2019 (COVID-19), which emerged

in December 2019 in Wuhan, China, is caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

This pandemic spread worldwide and resulted in nearly

4.3 million deaths. Based on investigations in China,

patients with previous cardiovascular disorders have a

higher rate of mortality and morbidity from COVID-19 (1,

2). Symptoms include fever, shortness of breath, and

cough, with less common presentations such as

anosmia, sore throat, anorexia, dysgeusia, nausea,

myalgias, malaise, and diarrhea (3). It has been observed

that cardiovascular conditions such as clot formation,

cardiogenic shock, heart failure, and acute coronary

syndrome (ACS) may occur with higher incidence after

COVID-19 infection (4). Thrombus formation due to

cardiovascular conditions in such patients can be

visualized easily on two-dimensional echocardiography

(ECG) (5).

Although acute respiratory failure is indicated as the

leading cause of death in COVID-19 patients,

cardiovascular conditions including arrhythmia,

myocardial injury (6), ACS, and thromboembolism may

also contribute to mortality through the development

of ischemic or non-ischemic cardiac injury.

Thromboembolic events have been repeatedly described

as a problem in patients with COVID-19 infection. The

underlying mechanism for thrombus formation in

these patients is proposed to be the activation of

https://doi.org/10.5812/intjcardiovascpract-147986
https://crossmark.crossref.org/dialog/?doi=10.5812/intjcardiovascpract-147986&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/intjcardiovascpract-147986&domain=pdf
mailto:dr.kh.hajizadeh72@gmail.com


Karvandi M et al.

2 Int J Cardiovasc Pract. 2024; 9(1): e147986.

endothelial cells by viral particles. Incidence rates of

clot formation are reported to be approximately 2.6% in

hospitalized non-critically ill patients, while in critically

ill patients, the incidence is much higher at 35.3% (7).

Throughout the COVID-19 pandemic, the occurrence of

left ventricular thrombus (LVT) among patients has

been reported to be increased.

Myocardial injuries, especially thrombotic events,

occurred in a large portion of hospitalized COVID-19

patients (8, 9), which were associated with a higher risk

of morbidity and mortality in these patients. There are

several theories regarding the mechanisms of thrombus

development, one of the most common problems of

COVID-19 infection (10). Several factors contribute to a

higher incidence of thrombotic events in COVID-19

patients, including viral-stimulated inflammatory

activity, COVID-19-induced hypoxia, COVID-19-induced

myocarditis, viral-stimulated production of neutrophil

extracellular traps, antiphospholipid antibody

syndrome, post-COVID-19 increased incidence of

Takotsubo cardiomyopathy, prolonged hospitalization

of patients, and COVID-19 associated HIT (11-17).

In our previous investigation, routine cardiac

examinations of patients presented with COVID-19

revealed left ventricular thrombi (LVTs) in individuals

with normal myocardial motion on ECG and normal

coronary results on noninvasive cardiovascular

diagnostic examinations. Such thrombi were commonly

asymptomatic or may cause heart failure (18).

2. Objectives

The present investigation was designed to investigate

the risk factors and outcomes of COVID-19 patients who

had presented with an LVT.

3. Methods

This observational investigation was conducted at

Taleghani Hospital (Tehran, Iran) from March 2020 to

September 2020. Data of COVID-19 patients, including

demographic information, presenting symptoms, risk

factors, home medications, chest radiography evidence,

laboratory test results, echocardiographic findings,

medications received, and outcomes after one-month

follow-up, were collected from electronic records. We

included 22 COVID-19 patients aged between 18 and 65

years who were admitted to the hospital for COVID-19

infection. Diagnosis of SARS-CoV-2 infection in patients

was confirmed by real-time polymerase chain reaction

(real-time PCR) assay performed on specimens collected

from nasal or pharyngeal swabs or serologic testing.

Additional inclusion criteria were the absence of

cardiac symptoms, no evidence of myocardial injury,

normal coronary results confirmed via noninvasive

examinations, normal myocardial motion in two-

dimensional echocardiography (2D-ECG), presence of a

LVT on 2D-ECG, and resolution of the thrombus with

anticoagulants during hospitalization (confirmed by

follow-up 2D-ECG). Patients who experienced

cardiovascular or neurological issues or who died

during hospitalization due to the infection were

excluded. Additionally, patients with cardiovascular

conditions such as valvular, coronary, and congenital

heart disorders, a history of cardiac surgeries or

interventions, a history of deep vein thrombosis (DVT)

or peripheral thromboembolism, and a previous

hypercoagulable state were excluded from the study.

The present investigation was conducted in

accordance with the principles of the Declaration of

Helsinki and adhered to the regulations of the Shahid

Beheshti University of Medical Sciences ethical

committee (IR.SBMU.RETECH.REC.1401.525).

Quantitative parameters were reported as mean ±

standard deviation (SD), while qualitative parameters

were expressed as absolute frequency and percentage.

All statistical analyses were performed using SPSS

software version 24.

4. Results

4.1. Baseline Characteristics

A total of 22 patients were included in the study, and

their demographics, clinical, and laboratory

characteristics are presented in Table 1. The mean age of

the participants was 49 years, ranging between 18 and

65 years. Fourteen (63.5%) patients were male. Upon

admission to the hospital, patients did not exhibit any

cardiac symptoms. The mean duration of

hospitalization for the included patients was 14 days,

ranging from 7 to 23 days. Hypertension and diabetes

mellitus were prevalent among the patients, with

hypertension being the most common comorbidity

present in 10 (45.4%) patients, and diabetes mellitus

reported in 29% of patients.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=292047


Karvandi M et al.

Int J Cardiovasc Pract. 2024; 9(1): e147986. 3

Plasma levels of high-sensitivity cardiac troponin T

and D-dimer were elevated compared to baseline. High-

sensitivity cardiac troponin T was elevated to 9.4 ng/L

compared to the mean level at admission of 6.2 ng/L in

22 (33.8%) patients. D-dimer levels were also higher at 3.5

μg/mL compared to baseline levels of 0.9 μg/mL (Table

1).

Table 1. Clinical, Demographic, and Laboratory Features of Coronavirus Disease 2019
(COVID-19) Patients

Parameter Values a

Gender (male) 14 (63.5)

Hypertension 10 (45.4)

Diabetes mellitus 6 (29.0)

Prior myocardial infarction 0 (0)

Prior percutaneous coronary intervention 0 (0)

Prior coronary artery bypass graft surgery 0 (0)

Chest pain (non-cardiac) 3 (13.6)

History of heart failure 0 (0.0)

Shortness of breath 12 (54.5)

Unilateral opacities 4 (18.1)

Bilateral opacities 15 (68.1)

Age (y) 49 (18 - 65)

Body Mass Index (kg/m 2) 26.5 (24.3 - 31.2)

D-dimer (μg/mL)

Baseline 0.9 (0.3 - 1.3)

Peak 3.5 (0.6 - 0.5)

Cardiac troponin I (ng/mL)

Baseline 0.0 (0.0 - 0.0)

Peak 0.01 (0.0 - 0.02)

Cardiac troponin T (ng/mL)

Baseline 0.0 (0.0 - 0.0)

Peak 0.0 (0.0 - 0.0)

High-sensitivity cardiac troponin T (ng/L)

Baseline 6.2 (3.0 - 9.4)

Peak 9.4 (5.6 - 14.8)

CK-MB (ng/mL)

Baseline 1 (0.7 - 2.2)

Peak 1.1 (0.6 - 2.9)

a Values are expressed as No. (%) or mean (range).

4.2. Outcomes

Table 2 displays the outcomes observed in patients

after one-month follow-up. Of the 22 patients surveyed,

9 (40.8%) were admitted to the ICU, and 4 (18.1%) died

during follow-up. Mechanical ventilation was required

for 6 (27.2%) patients. Acute respiratory distress

syndrome (ARDS) and acute kidney injuries were

reported in 6 and 5 patients, respectively. Approximately

27% of patients (6 individuals) experienced shock, and

ventricular arrhythmias (VAs) were reported in only one

patient.

Table 2. In-hospital Outcomes Observed in the Study Population During Follow-Up

Outcome Values a

Death 4 (18.1)

ICU admission 9 (40.8)

Mechanical ventilation 6 (27.2)

Acute respiratory distress syndrome 6 (27.2)

Acute kidney injury 5 (22.7)

Shock 6 (27.2)

Ventricular arrhythmias 1 (4.5)

a Values are expressed as No. (%).

5. Discussion

Patients with COVID-19 may be predisposed to

arterial and venous thromboembolic disorders due to

factors such as hypoxia, diffuse intravascular

coagulation, and excessive inflammation (9). While the

mechanism of coagulation activation induced by SARS-

CoV-2 infection remains unclear, it is proposed to be

correlated with an amplified inflammatory response

(19). The association of anticoagulant drugs with better

outcomes in hospitalized individuals with COVID-19 has

been noted (20).

In a meta-analysis, Chi et al. observed that the

incidence of DVT in COVID-19 patients was 23.9%, even

after receiving anticoagulation (21). Conversely, the

occurrence of arterial thrombosis is much lower

compared to venous thromboembolism. Only a small

number of LVT cases associated with COVID-19 have been

identified in the literature, most of which were

accompanied by myocardial infarction (MI) (22, 23).

Coronavirus disease 2019 can be associated with an

excessive inflammatory response leading to impaired

coagulation system activation and manifestations of

vasculitis in small vessels and severe microvascular

thrombosis (24, 25).

Since the prevalence of VAs is higher in cases with

complicated hospitalization, these are proposed as a

marker for severe systemic disease (26, 27). The overall

occurrence of VAs in patients with COVID-19 varies from

0.15% to 8.7%, which is probably due to differences in the

definition of VAs and analyzed populations (26, 28).
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However, the independent association of VAs with the

mortality rate in patients with COVID-19 remains

unclear. A review by Philip et al. revealed that the overall

mortality rate in COVID-19 patients with LVT was 23.1%

(29). Another study indicated a mortality rate between

1.1% and 2.0% in COVID-19 patients, and the incidence of

venous thromboembolisms (VTEs) in these patients was

associated with a higher risk of mortality (30).

In China, after conducting a cohort study on 81

COVID-19 patients, it was reported that the prevalence of

VTE in the study population was 25% (31). While a study

in Germany reported a cumulative occurrence of 49% for

VTE in ICU-admitted patients with COVID-19 (32), another

study stated an incidence rate of 34% symptomatic VTE

in a cohort with a smaller study population (33). In the

present study, we only included patients diagnosed with

VTE. Future investigations are needed to evaluate the

prevalence of VTE in COVID-19 patients in our

population.

One of the other important risk factors for VTE

development is prolonged mechanical ventilation (34).

A study on VTE in ICU-admitted patients with COVID-19

reported 8 days as the mean length of mechanical

ventilation. Mechanical ventilation decreases blood flow

to the heart, which may lead to the formation of a DVT

by accelerating the stasis of venous blood (35). In our

study, mechanical ventilation was performed for

approximately 27% of the study population. Such a high

prevalence may confirm the role of mechanical

ventilation in VTE development.

Acute respiratory distress syndrome is another risk

factor for the development of VTE, which may cause a

bigger risk of VTE and pulmonary embolism in ICU-

admitted COVID-19 patients (36). Indeed, VTE is

frequently reported in COVID-19 patients who received

medications for ARDS, and it was also associated with a

high death rate (37).

Coronavirus disease 2019 patients are reported to

have encountered acute kidney injury (AKI) with a

prevalence rate of 0.5% to 35%, which is correlated with a

worse prognosis in these patients (38). The frequency of

AKI in COVID-19 patients can vary and is related to worse

outcomes in the disease population (39). Five of our

patients (22%) had presented with AKI, which was in line

with previous studies.

Cardiogenic shock is one of the important outcomes

of COVID-19, which leads to a higher rate of mortality. A

report from a Wuhan hospital on the first 138 patients

showed that among ICU-admitted patients, 26% had

increased D-dimer levels and 9% had shock (40).

Further studies comparing such outcomes between

COVID-19 patients with or without DVT in a larger study

population are warranted.

5.1. Conclusions

There was a higher mortality rate in COVID-19

patients who developed DVT during hospitalization. It

could be proposed that for patients with severe COVID-

19, higher coagulation parameters, and risk factors

associated with thromboembolism, cardiac screening is

important. Also, in patients who had preexistent cardiac

disorder, echocardiographic evaluation at the time of

admission could be useful.

Footnotes

Authors' Contribution: Study concept and design, M.S.;

acquisition of data, Kh.H.; analysis and interpretation of

data, Kh.H.; drafting of the manuscript, A.Sh.; critical

revision of the manuscript for important intellectual

content, Kh.H.; statistical analysis, A.Sh.; administrative,

technical, and material support, Kh.H.; study

supervision, M.S.

Conflict of Interests Statement: The authors had no

conflicts of interest.

Data Availability: No new data were created or

analyzed in this study. Data sharing does not apply to

this article.

Ethical Approval: The ethical committee of Shahid

Beheshti University of Medical Sciences approved this

study (IR.SBMU.RETECH.REC.1401.525 ).

Funding/Support: There was no funding to declare.

Informed Consent: Informed consent was obtained

from all subjects.

References

1. Rong G, Zheng Y, Chen Y, Zhang Y, Zhu P, Sawan M. COVID-19 Diagnostic

Methods and Detection Techniques. Amsterdam, Netherlands:

ELSEVIER; 2022.

2. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of

comorbidities and its effects in patients infected with SARS-CoV-2: a

systematic review and meta-analysis. Int J Infect Dis. 2020;94:91-5.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=292047


Karvandi M et al.

Int J Cardiovasc Pract. 2024; 9(1): e147986. 5

[PubMed ID: 32173574]. [PubMed Central ID: PMC7194638].

https://doi.org/10.1016/j.ijid.2020.03.017.

3. Stokes EK, Zambrano LD, Anderson KN, Marder EP, Raz KM, El Burai

Felix S, et al. Coronavirus Disease 2019 Case Surveillance - United

States, January 22-May 30, 2020. Morbid Mortal Weekly Rep.

2020;69(24):759-65. [PubMed ID: 32555134]. [PubMed Central ID:

PMC7302472]. https://doi.org/10.15585/mmwr.mm6924e2.

4. Kang Y, Chen T, Mui D, Ferrari V, Jagasia D, Scherrer-Crosbie M, et al.

Cardiovascular manifestations and treatment considerations in

COVID-19. Heart. 2020;106(15):1132-41. [PubMed ID: 32354800].

[PubMed Central ID: PMC7211105]. https://doi.org/10.1136/heartjnl-

2020-317056.

5. Amini R, Nielsen C. Eosinophilic myocarditis mimicking acute

coronary syndrome secondary to idiopathic hypereosinophilic

syndrome: a case report. J Med Case Rep. 2010;4:40. [PubMed ID:

20181108]. [PubMed Central ID: PMC2830978].

https://doi.org/10.1186/1752-1947-4-40.

6. Mishra AK, Lal A, Sahu KK, Kranis M, Sargent J. Quantifying and

reporting cardiac findings in imaging of COVID-19 patients. Monaldi

Arch Chest Dis. 2020;90(4). https://doi.org/10.4081/monaldi.2020.1394.

7. Piazza G, Morrow DA. Diagnosis, Management, and Pathophysiology

of Arterial and Venous Thrombosis in COVID-19. JAMA.

2020;324(24):2548-9. [PubMed ID: 33226423].

https://doi.org/10.1001/jama.2020.23422.

8. Giustino G, Croft LB, Stefanini GG, Bragato R, Silbiger JJ, Vicenzi M, et

al. Characterization of Myocardial Injury in Patients With COVID-19. J

Am Coll Cardiol. 2020;76(18):2043-55. [PubMed ID: 33121710]. [PubMed

Central ID: PMC7588179]. https://doi.org/10.1016/j.jacc.2020.08.069.

9. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk

factors for mortality of adult inpatients with COVID-19 in Wuhan,

China: a retrospective cohort study. Lancet. 2020;395(10229):1054-62.

[PubMed ID: 32171076]. [PubMed Central ID: PMC7270627].

https://doi.org/10.1016/S0140-6736(20)30566-3.

10. Yue H, Bai X, Wang J, Yu Q, Liu W, Pu J, et al. Clinical characteristics of

coronavirus disease 2019 in Gansu province, China. Ann Palliat Med.

2020;9(4):1404-12. [PubMed ID: 32692208].

https://doi.org/10.21037/apm-20-887.

11. Gupta N, Zahid Ashraf M. Hypoxia Signaling in Cardiovascular Diseases.

Houston, USA: InTech; 2018.

https://doi.org/10.5772/intechopen.80456.

12. Henry BM, Vikse J, Benoit S, Favaloro EJ, Lippi G. Hyperinflammation

and derangement of renin-angiotensin-aldosterone system in

COVID-19: A novel hypothesis for clinically suspected

hypercoagulopathy and microvascular immunothrombosis. Clin

Chim Acta. 2020;507:167-73. [PubMed ID: 32348783]. [PubMed Central

ID: PMC7195008]. https://doi.org/10.1016/j.cca.2020.04.027.

13. Lagana N, Cei M, Evangelista I, Cerutti S, Colombo A, Conte L, et al.

Suspected myocarditis in patients with COVID-19: A multicenter case

series. Med (Baltimore). 2021;100(8). e24552. [PubMed ID: 33663062].

[PubMed Central ID: PMC7909099].

https://doi.org/10.1097/MD.0000000000024552.

14. Liu X, Zhang X, Xiao Y, Gao T, Wang G, Wang Z, et al. Heparin-induced

thrombocytopenia is associated with a high risk of mortality in

critical COVID-19 patients receiving heparin-involved treatment.

medRxiv. 2020;Preprint. https://doi.org/10.1101/2020.04.23.20076851.

15. Schiavone M, Gobbi C, Biondi-Zoccai G, D'Ascenzo F, Palazzuoli A,

Gasperetti A, et al. Acute Coronary Syndromes and Covid-19:

Exploring the Uncertainties. J Clin Med. 2020;9(6). [PubMed ID:

32498230]. [PubMed Central ID: PMC7356537].

https://doi.org/10.3390/jcm9061683.

16. Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, et al.

Prothrombotic autoantibodies in serum from patients hospitalized

with COVID-19. Sci Transl Med. 2020;12(570). [PubMed ID: 33139519].

[PubMed Central ID: PMC7724273].

https://doi.org/10.1126/scitranslmed.abd3876.

17. Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, Madison JA, et al.

Neutrophil extracellular traps in COVID-19. JCI Insight. 2020.

https://doi.org/10.1172/jci.insight.138999.

18. Karvandi M, Mohammadi Tofigh A, Ranjbar S, Badano LP. Changes in

blood flow vortices inside the left ventricle in COVID-19 patients with

intraventricular clot despite a normal coronary and myocardial

motion. J Echocardiogr. 2023;21(3):122-30. [PubMed ID: 37219722].

[PubMed Central ID: PMC10204037]. https://doi.org/10.1007/s12574-

023-00603-1.

19. Connors JM, Levy JH. COVID-19 and its implications for thrombosis

and anticoagulation. Blood. 2020;135(23):2033-40. [PubMed ID:

32339221]. [PubMed Central ID: PMC7273827].

https://doi.org/10.1182/blood.2020006000.

20. Paranjpe I, Fuster V, Lala A, Russak AJ, Glicksberg BS, Levin MA, et al.

Association of Treatment Dose Anticoagulation With In-Hospital

Survival Among Hospitalized Patients With COVID-19. J Am Coll

Cardiol. 2020;76(1):122-4. [PubMed ID: 32387623]. [PubMed Central ID:

PMC7202841]. https://doi.org/10.1016/j.jacc.2020.05.001.

21. Chi G, Lee JJ, Jamil A, Gunnam V, Najafi H, Memar Montazerin S, et al.

Venous Thromboembolism among Hospitalized Patients with

COVID-19 Undergoing Thromboprophylaxis: A Systematic Review and

Meta-Analysis. J Clin Med. 2020;9(8). [PubMed ID: 32756383]. [PubMed

Central ID: PMC7463975]. https://doi.org/10.3390/jcm9082489.

22. Farouji I, Chan KH, Abanoub R, Guron G, Slim J, Suleiman A. A rare

case of co-occurrence of pulmonary embolism and left ventricular

thrombus in a patient with COVID-19. SAGE Open Med Case Rep.

2020;8:2050313X20974534. [PubMed ID: 33240504]. [PubMed Central

ID: PMC7675891]. https://doi.org/10.1177/2050313X20974534.

23. Jadhav KP, Jariwala P. Intra-Cardiac Thrombus in COVID-19 pandemic

– Case Series and Review. Europ J Cardiovascular Med. 2020;1.

https://doi.org/10.5083/ejcm20424884.180.

24. Bernardi N, Calvi E, Cimino G, Pascariello G, Nardi M, Cani D, et al.

COVID-19 Pneumonia, Takotsubo Syndrome, and Left Ventricle

Thrombi. JACC Case Rep. 2020;2(9):1359-64. [PubMed ID: 32835280].

[PubMed Central ID: PMC7290218].

https://doi.org/10.1016/j.jaccas.2020.06.008.

25. Rapkiewicz AV, Mai X, Carsons SE, Pittaluga S, Kleiner DE, Berger JS, et

al. Megakaryocytes and platelet-fibrin thrombi characterize multi-

organ thrombosis at autopsy in COVID-19: A case series. E Clin Med.

2020;24:100434. [PubMed ID: 32766543]. [PubMed Central ID:

PMC7316051]. https://doi.org/10.1016/j.eclinm.2020.100434.

26. Bhatla A, Mayer MM, Adusumalli S, Hyman MC, Oh E, Tierney A, et al.

COVID-19 and cardiac arrhythmias. Heart Rhythm. 2020;17(9):1439-44.

[PubMed ID: 32585191]. [PubMed Central ID: PMC7307518].

https://doi.org/10.1016/j.hrthm.2020.06.016.

27. Peltzer B, Manocha KK, Ying X, Kirzner J, Ip JE, Thomas G, et al.

Arrhythmic Complications of Patients Hospitalized With COVID-19:

Incidence, Risk Factors, and Outcomes. Circ Arrhythm Electrophysiol.

2020;13(10). e009121. [PubMed ID: 32931709]. [PubMed Central ID:

PMC7566289]. https://doi.org/10.1161/CIRCEP.120.009121.

http://www.ncbi.nlm.nih.gov/pubmed/32173574
https://www.ncbi.nlm.nih.gov/pmc/PMC7194638
https://doi.org/10.1016/j.ijid.2020.03.017
http://www.ncbi.nlm.nih.gov/pubmed/32555134
https://www.ncbi.nlm.nih.gov/pmc/PMC7302472
https://doi.org/10.15585/mmwr.mm6924e2
http://www.ncbi.nlm.nih.gov/pubmed/32354800
https://www.ncbi.nlm.nih.gov/pmc/PMC7211105
https://doi.org/10.1136/heartjnl-2020-317056
https://doi.org/10.1136/heartjnl-2020-317056
http://www.ncbi.nlm.nih.gov/pubmed/20181108
https://www.ncbi.nlm.nih.gov/pmc/PMC2830978
https://doi.org/10.1186/1752-1947-4-40
https://doi.org/10.4081/monaldi.2020.1394
http://www.ncbi.nlm.nih.gov/pubmed/33226423
https://doi.org/10.1001/jama.2020.23422
http://www.ncbi.nlm.nih.gov/pubmed/33121710
https://www.ncbi.nlm.nih.gov/pmc/PMC7588179
https://doi.org/10.1016/j.jacc.2020.08.069
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://www.ncbi.nlm.nih.gov/pmc/PMC7270627
https://doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32692208
https://doi.org/10.21037/apm-20-887
https://doi.org/10.5772/intechopen.80456
http://www.ncbi.nlm.nih.gov/pubmed/32348783
https://www.ncbi.nlm.nih.gov/pmc/PMC7195008
https://doi.org/10.1016/j.cca.2020.04.027
http://www.ncbi.nlm.nih.gov/pubmed/33663062
https://www.ncbi.nlm.nih.gov/pmc/PMC7909099
https://doi.org/10.1097/MD.0000000000024552
https://doi.org/10.1101/2020.04.23.20076851
http://www.ncbi.nlm.nih.gov/pubmed/32498230
https://www.ncbi.nlm.nih.gov/pmc/PMC7356537
https://doi.org/10.3390/jcm9061683
http://www.ncbi.nlm.nih.gov/pubmed/32498230
https://www.ncbi.nlm.nih.gov/pmc/PMC7356537
https://doi.org/10.3390/jcm9061683
http://www.ncbi.nlm.nih.gov/pubmed/33139519
https://www.ncbi.nlm.nih.gov/pmc/PMC7724273
https://doi.org/10.1126/scitranslmed.abd3876
https://doi.org/10.1172/jci.insight.138999
http://www.ncbi.nlm.nih.gov/pubmed/37219722
https://www.ncbi.nlm.nih.gov/pmc/PMC10204037
https://doi.org/10.1007/s12574-023-00603-1
https://doi.org/10.1007/s12574-023-00603-1
http://www.ncbi.nlm.nih.gov/pubmed/32339221
https://www.ncbi.nlm.nih.gov/pmc/PMC7273827
https://doi.org/10.1182/blood.2020006000
http://www.ncbi.nlm.nih.gov/pubmed/32387623
https://www.ncbi.nlm.nih.gov/pmc/PMC7202841
https://doi.org/10.1016/j.jacc.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32756383
https://www.ncbi.nlm.nih.gov/pmc/PMC7463975
https://doi.org/10.3390/jcm9082489
http://www.ncbi.nlm.nih.gov/pubmed/33240504
https://www.ncbi.nlm.nih.gov/pmc/PMC7675891
https://doi.org/10.1177/2050313X20974534
https://doi.org/10.5083/ejcm20424884.180
http://www.ncbi.nlm.nih.gov/pubmed/32835280
https://www.ncbi.nlm.nih.gov/pmc/PMC7290218
https://doi.org/10.1016/j.jaccas.2020.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32766543
https://www.ncbi.nlm.nih.gov/pmc/PMC7316051
https://doi.org/10.1016/j.eclinm.2020.100434
http://www.ncbi.nlm.nih.gov/pubmed/32585191
https://www.ncbi.nlm.nih.gov/pmc/PMC7307518
https://doi.org/10.1016/j.hrthm.2020.06.016
http://www.ncbi.nlm.nih.gov/pubmed/32931709
https://www.ncbi.nlm.nih.gov/pmc/PMC7566289
https://doi.org/10.1161/CIRCEP.120.009121


Karvandi M et al.

6 Int J Cardiovasc Pract. 2024; 9(1): e147986.

28. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular

Implications of Fatal Outcomes of Patients With Coronavirus Disease

2019 (COVID-19). JAMA Cardiol. 2020;5(7):811-8. [PubMed ID: 32219356].

[PubMed Central ID: PMC7101506].

https://doi.org/10.1001/jamacardio.2020.1017.

29. Philip AM, George LJ, John KJ, George AA, Nayar J, Sahu KK, et al. A

review of the presentation and outcome of left ventricular thrombus

in coronavirus disease 2019 infection. J Clin Transl Res. 2021;7(6):797-

808. [PubMed ID: 34988332]. [PubMed Central ID: PMC8715711].

30. Burn E, Duarte-Salles T, Fernandez-Bertolin S, Reyes C, Kostka K,

Delmestri A, et al. Venous or arterial thrombosis and deaths among

COVID-19 cases: a European network cohort study. Lancet Infect Dis.

2022;22(8):1142-52. [PubMed ID: 35576963]. [PubMed Central ID:

PMC9106320]. https://doi.org/10.1016/S1473-3099(22)00223-7.

31. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are

associated with poor prognosis in patients with novel coronavirus

pneumonia. J Thromb Haemost. 2020;18(4):844-7. [PubMed ID:

32073213]. [PubMed Central ID: PMC7166509].

https://doi.org/10.1111/jth.14768.

32. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant

KM, et al. Confirmation of the high cumulative incidence of

thrombotic complications in critically ill ICU patients with COVID-19:

An updated analysis. Thromb Res. 2020;191:148-50. [PubMed ID:

32381264]. [PubMed Central ID: PMC7192101].

https://doi.org/10.1016/j.thromres.2020.04.041.

33. Middeldorp S, Coppens M, van Haaps TF, Foppen M, Vlaar AP, Muller

MCA, et al. Incidence of venous thromboembolism in hospitalized

patients with COVID-19. J Thromb Haemost. 2020;18(8):1995-2002.

[PubMed ID: 32369666]. [PubMed Central ID: PMC7497052].

https://doi.org/10.1111/jth.14888.

34. Ibrahim EH, Iregui M, Prentice D, Sherman G, Kollef MH, Shannon W.

Deep vein thrombosis during prolonged mechanical ventilation

despite prophylaxis. Crit Care Med. 2002;30(4):771-4. [PubMed ID:

11940743]. https://doi.org/10.1097/00003246-200204000-00008.

35. Pellens B, Romont M, Van Tornout M, De Mey N, Dubois J, De Pauw I, et

al. Prevalence of deep venous thrombosis in ventilated COVID-19

patients: a mono-center cross-sectional study. J Emerg Critical Care

Med. 2020;4:31. https://doi.org/10.21037/jeccm-20-62.

36. Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M,

Delabranche X, et al. High risk of thrombosis in patients with severe

SARS-CoV-2 infection: a multicenter prospective cohort study.

Intensive Care Med. 2020;46(6):1089-98. [PubMed ID: 32367170].

[PubMed Central ID: PMC7197634]. https://doi.org/10.1007/s00134-

020-06062-x.

37. Sihoe AD, Wong RH, Lee AT, Lau LS, Leung NY, Law KI, et al. Severe

acute respiratory syndrome complicated by spontaneous

pneumothorax. Chest. 2004;125(6):2345-51. [PubMed ID: 15189961].

[PubMed Central ID: PMC7094543].

https://doi.org/10.1378/chest.125.6.2345.

38. Gameiro J, Fonseca JA, Oliveira J, Marques F, Bernardo J, Costa C, et al.

Acute kidney injury in hospitalized patients with COVID-19: A

Portuguese cohort. Nefrologia. 2021;41(6):689-98. [PubMed ID:

34007095]. [PubMed Central ID: PMC8120482].

https://doi.org/10.1016/j.nefro.2021.04.002.

39. Ahsan MN, Asghar MS, Iqbal S, Alvi H, Akram M, Fayyaz B, et al.

Outcomes of COVID-19 patients with acute kidney injury and

longitudinal analysis of laboratory markers during the hospital stay:

A multi-center retrospective cohort experience from Pakistan. Med

(Baltimore). 2023;102(6). e32919. [PubMed ID: 36820547]. [PubMed

Central ID: PMC9907899].

https://doi.org/10.1097/MD.0000000000032919.

40. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical

Characteristics of 138 Hospitalized Patients With 2019 Novel

Coronavirus-Infected Pneumonia in Wuhan, China. JAMA.

2020;323(11):1061-9. [PubMed ID: 32031570]. [PubMed Central ID:

PMC7042881]. https://doi.org/10.1001/jama.2020.1585.

http://www.ncbi.nlm.nih.gov/pubmed/32219356
https://www.ncbi.nlm.nih.gov/pmc/PMC7101506
https://doi.org/10.1001/jamacardio.2020.1017
http://www.ncbi.nlm.nih.gov/pubmed/34988332
https://www.ncbi.nlm.nih.gov/pmc/PMC8715711
http://www.ncbi.nlm.nih.gov/pubmed/35576963
https://www.ncbi.nlm.nih.gov/pmc/PMC9106320
https://doi.org/10.1016/S1473-3099(22)00223-7
http://www.ncbi.nlm.nih.gov/pubmed/32073213
https://www.ncbi.nlm.nih.gov/pmc/PMC7166509
https://doi.org/10.1111/jth.14768
http://www.ncbi.nlm.nih.gov/pubmed/32381264
https://www.ncbi.nlm.nih.gov/pmc/PMC7192101
https://doi.org/10.1016/j.thromres.2020.04.041
http://www.ncbi.nlm.nih.gov/pubmed/32369666
https://www.ncbi.nlm.nih.gov/pmc/PMC7497052
https://doi.org/10.1111/jth.14888
http://www.ncbi.nlm.nih.gov/pubmed/11940743
https://doi.org/10.1097/00003246-200204000-00008
https://doi.org/10.21037/jeccm-20-62
http://www.ncbi.nlm.nih.gov/pubmed/32367170
https://www.ncbi.nlm.nih.gov/pmc/PMC7197634
https://doi.org/10.1007/s00134-020-06062-x
https://doi.org/10.1007/s00134-020-06062-x
http://www.ncbi.nlm.nih.gov/pubmed/15189961
https://www.ncbi.nlm.nih.gov/pmc/PMC7094543
https://doi.org/10.1378/chest.125.6.2345
http://www.ncbi.nlm.nih.gov/pubmed/34007095
https://www.ncbi.nlm.nih.gov/pmc/PMC8120482
https://doi.org/10.1016/j.nefro.2021.04.002
http://www.ncbi.nlm.nih.gov/pubmed/36820547
https://www.ncbi.nlm.nih.gov/pmc/PMC9907899
https://doi.org/10.1097/MD.0000000000032919
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pmc/PMC7042881
https://doi.org/10.1001/jama.2020.1585

