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ABSTRACT

Long-term COVID-19 (Long COVID) and pulmonary thromboembolism (PTE) significantly
challenge healthcare, especially in young adults who are typically at lower risk for such
severe outcomes. This review explores the complex relationship between long-term
COVID and PTE, focusing on the pathophysiological mechanisms, diagnostic challenges,
and therapeutic approaches. Persistent inflammation and immune dysregulation
associated with long-term COVID-19 contribute to this demographic's increased
thrombotic risk. The symptom overlaps between long-term COVID and PTE complicate
the accuracy and timeliness of diagnoses, highlighting the necessity for improved
diagnostic strategies. Findings emphasize the need for anticoagulation protocols
tailored to the specific clinical presentations of Long COVID patients and suggest that
extended treatment durations may be beneficial. The potential of genetic and biomarker
research to identify individuals at heightened risk of thrombotic complications is
discussed. The review calls for a multidisciplinary approach that integrates medical and
psychosocial interventions to manage the long-term effects of COVID-19 effectively. As
the pandemic evolves, advancing our understanding and adapting healthcare strategies
to these insights are crucial for developing effective clinical practices. This is essential
for addressing the immediate health impacts and reducing the broader socioeconomic
burdens associated with long-term COVID and PTE in young adults.
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INTRODUCTION

The protracted repercussions of the SARS-CoV-2 infection, widely recognized as
Long COVID, have emerged as a multifaceted challenge in the wake of the global
pandemic. Among the myriad complications associated with Long COVID, pulmonary
thromboembolism (PTE) represents a particularly severe condition that
disproportionately affects young adults, a demographic previously considered at lower
risk for severe outcomes from the initial infection®3,

This article aims to elucidate the underlying mechanisms, prevalence, and
potential preventive strategies for lung thromboembolism in young adults suffering
from long-term COVID-192.

The pathophysiology of Long COVID is complex and not entirely understood. It
involves a persistent inflammatory response, immune dysregulation, and residual viral

particles that might incite a hypercoagulable state, leading to thromboembolic events*
6

Recent studies have shown an increased incidence of venous thromboembolism
(VTE) in patients recovering from COVID-19, suggesting a sustained risk that extends
beyond the acute phase of the disease®.

Pulmonary thromboembolism in young adults post-COVID presents unique
clinical challenges. This age group does not exhibit traditional risk factors for
thromboembolism, such as comorbidities like heart disease or prolonged
immobilization”®.

However, the inflammatory milieu induced by SARS-CoV-2 appears to predispose
even previously healthy individuals to thrombotic complications. This raises critical
guestions about the mechanisms driving this increased thrombotic risk and the potential

for genetic or other intrinsic factors that may predispose individuals to such outcomes®
11

The incidence of PTE in young adults with Long COVID necessitates a
reassessment of our understanding of risk factors associated with thromboembolic
diseases!®. Emerging data suggest that factors such as a sedentary lifestyle during
lockdown periods, direct viral effects on the endothelium, and an imbalance in pro-
coagulant and anticoagulant factors might contribute to this risk214,

The diagnosis of pulmonary thromboembolism in Long-term COVID patients is
complicated by the overlap of symptoms between PTE and long-term COVID itself, such
as shortness of breath, chest pain, and fatigue. This symptom overlap can lead to delays
in diagnosis and appropriate management, potentially worsening outcomes®>-’,
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Regarding management, the therapeutic strategies for PTE in the context of Long
COVID are still being refined. Current guidelines for managing acute pulmonary
embolism may not be fully applicable to Long-term COVID patients, given their unique
pathophysiology and clinical presentation'®. Tailored anticoagulation strategies,
potentially extending beyond the standard treatment durations, are being explored to
mitigate this risk®.

Preventive strategies are also paramount, especially considering the potential for
significant morbidity associated with PTE in young adults3. These strategies may include
more aggressive prevention in patients with known COVID-19 infection, especially those
with severe disease or prolonged immobility, and targeted education to raise awareness
about the symptoms and risks of thromboembolism?2°-23,

The socioeconomic impact of long-term COVID-19, including the burden of
pulmonary thromboembolism in young adults, is profound’. It affects not only the
healthcare system but also the economic contributions and quality of life of this active
portion of the population®. Thus, understanding and addressing this complication is a
medical priority and a societal imperative?.

This review calls for ongoing research into the long-term effects of COVID-19.
Large-scale epidemiological studies and detailed mechanistic studies are necessary to
understand the full spectrum of Long-term COVID symptoms, the risk factors for severe
outcomes like PTE, and the optimal management strategies to prevent significant
morbidity and mortality in this and future pandemics?>%’,

Pulmonary thromboembolism represents a critical and potentially life-
threatening complication of Long COVID in young adults>?®, By advancing our
understanding of its pathophysiology, improving strategies for its diagnosis and
management, and implementing effective preventive measures, we can mitigate the
impact of this serious condition on an already vulnerable population?®-31,

The primary objective of this review article is to investigate and clarify the
relationship between long-term COVID-19 and the increased risk of pulmonary
thromboembolism in young adults?2. The article aims to explore the pathophysiology
that links prolonged SARS-CoV-2 infection to the development of pulmonary
thromboembolism, highlighting how persistent inflammation and immune dysfunction
can contribute to a hypercoagulable state32-34,

It also seeks to assess the prevalence of pulmonary thromboembolism among
young adults experiencing Long COVID, providing insights into incidence rates and risk
factors®. The article discusses diagnostic challenges and overlaps in symptoms between
long-term COVID and pulmonary thromboembolism, which complicate the timely
identification and treatment of the condition.

The review further evaluates current management strategies and the need for
possibly extended anticoagulation therapy tailored to the unique clinical presentation
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of these patients?. It emphasizes the importance of preventive measures and the
broader socioeconomic impact of these health issues on young adults, aiming to
enhance awareness and inform better clinical practices and health policies3®.

METHODS

The research methodology for this review was designed to investigate the
association between long-term COVID-19 and the onset of pulmonary
thromboembolism (PTE) in young adults. Multiple reputable databases were utilized to
ensure comprehensive coverage of relevant scientific and medical literature, including
PubMed, Scopus, SciELO, Embase, and Web of Science, which were recognized for their
extensive collections of peer-reviewed publications. Additionally, Google Scholar was
employed to access gray literature, which often includes significant studies not available
in standard academic journals. The primary objective was to understand PTE's incidence
and underlying mechanisms as a complication of long-term COVID in young adults. To
achieve this, search parameters were carefully crafted using relevant keywords such as
"Long COVID," "pulmonary thromboembolism," "young adults," "SARS-CoV-2,"

n n

"anticoagulants," "thrombosis," "diagnosis," and "physiopathology." This strategic
combination of search terms ensured the retrieval of studies directly pertinent to the
research objectives. Inclusion criteria encompassed a broad spectrum of study designs,
including randomized controlled trials, cohort studies, case-control studies, systematic
reviews, and meta-analyses. This approach aimed to capture diverse evidence and
perspectives regarding the association between long-term COVID and PTE. Exclusion
criteria were established to filter out studies focusing on unrelated pathologies, non-
COVID-19-related thromboembolism, or other age groups. Two independent reviewers
initially screened each study's title and abstract for relevance and compliance with
predefined criteria to ensure methodological rigor. Any discrepancies between the
reviewers were resolved through consultation with a third reviewer, thereby minimizing
bias and ensuring consistent selection. This dual-review process ensured that the final
dataset comprised studies meeting the highest standards of relevance and quality. This
systematic approach to the literature review provided a solid foundation for evaluating
and synthesizing the findings. It ensured that the conclusions of this study were based
on a comprehensive and critically assessed body of scientific evidence regarding Long-
term COVID as a risk factor for pulmonary thromboembolism in young adults.
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RESULTS AND DISCUSSION

The intersection of long-term COVID and pulmonary thromboembolism (PTE) in
young adults presents a compelling yet complex facet of the post-acute sequelae of
SARS-CoV-2 infection. This review has illuminated several critical areas while identifying
gaps in our current understanding and management of these conditions37:38,

The diagnostic challenges inherent in distinguishing between long-term COVID
and PTE stem primarily from their overlapping symptomatology, including fatigue,
dyspnea, and chest pain®.

Such overlaps can significantly delay accurate diagnoses, as healthcare providers
may initially attribute these symptoms to the more benign and lingering effects of Long
COVID rather than a potentially life-threatening PTE?.

This situation is complicated because standard diagnostic tools for PTE, such as
D-dimer testing, can be persistently elevated in patients recovering from COVID-19,
thereby reducing their specificity for thromboembolic events®°.

A critical gap in current research is identifying and understanding specific genetic
or intrinsic factors that might predispose young adults to increased thrombotic risk in
long-term COVID-19 patients®.

While specific genetic markers have been associated with thrombophilia in the
general population, their contributions to thrombosis in Long-Term COVID patients
remain poorly defined. Studies focusing on genetic predispositions could provide
valuable insights into personalized risk assessments and targeted prophylactic
strategies43,

The overlap of symptoms between PTE and Long COVID complicates not only the
diagnosis but also the management of these patients. This overlap can lead to
underutilization of diagnostic imaging due to concerns about radiation exposure or
misattribution of symptoms to less severe causes®?0.

However, the fear of potential interactions between COVID-19 therapies and
anticoagulants may lead clinicians to hesitate in initiating or adjusting treatment
protocols optimally8-2L,

Emerging from the current discourse is the critical need for tailored
anticoagulation strategies designed explicitly for long-term COVID patients with
suspected or confirmed PTE*,

While the standard anticoagulation duration for unprovoked PTE in otherwise
healthy individuals typically ranges from three to six months, preliminary data suggest
that extended anticoagulation may be necessary for those recovering from severe
COVID-19, given their ongoing risk of thrombotic events®.
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The ongoing studies evaluate the efficacy and safety of prolonged
anticoagulation in this specific patient population, with early findings indicating a
potential reduction in recurrent thrombotic events without a corresponding increase in
bleeding risks*®.

The review touches on the role of inflammation and immune dysregulation in
Long-Term COVID-19, a deeper dive into the specific pathways and immune mechanisms
involved in thrombogenesis during Long-Term COVID-19 could provide valuable
insights®’.

Understanding whether the virus primarily drives these pathways, the body's
immune response, or a combination of both could help tailor more specific anti-
inflammatory or immunomodulatory therapies that could reduce the risk of
thrombosis®2.

Another aspect that could be further discussed is the impact of COVID-19
vaccination on the incidence of PTE in patients with long-term COVID-19. As vaccines
play a crucial role in modulating the immune response to SARS-CoV-2, there is potential
that vaccination status could influence the prevalence and severity of thrombotic events
in Long-term COVID*. Research into whether vaccines can mitigate some thrombotic
risks associated with long-term COVID-19 would be particularly beneficial*'.

The psychosocial impacts of Long COVID and PTE, particularly in young adults, is
another area that deserves attention?. The chronic nature of Long COVID can lead to
significant mental health challenges, including anxiety, depression, and post-traumatic
stress, which can further complicate the clinical management of these patients3>.
Discussions about the need for integrated care models that include mental health
support alongside physical health interventions are necessary®®.

There remains a significant need for large-scale, longitudinal studies to better
define the pathophysiology of thromboembolism in the context of long-term COVID-19.
Such studies should aim to delineate the mechanisms by which SARS-CoV-2 influences
coagulation pathways, focusing on any viral or host factors that may sustain or
exacerbate a prothrombotic state*>->2,

Researchers into developing predictive models incorporating clinical, genetic,
and biochemical markers could significantly enhance our ability to identify at-risk
individuals at an early stage3*. Implementing such models in clinical practice could lead
to more timely and precise interventions, potentially improving outcomes for young
adults with Long-term COVID-193,

The current review has provided valuable insights into the challenges and
complexities of managing PTE in patients with long-term COVID-19, substantial gaps
remain in our understanding and treatment of this condition*>. These gaps through
focused research and clinical trials will be crucial in developing more effective diagnostic
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tools and therapeutic strategies, ultimately reducing the burden of this condition on
young adults and the healthcare system#?.

A more thorough discussion on the economic and societal impacts of long-term
COVID and PTE in young adults could provide a more holistic view of the burden of this
condition?. Young adults are a highly active segment of the workforce, and the long-
term health complications associated with COVID-19 can lead to significant economic
losses, reduced productivity, and increased healthcare costs*”4°,

By addressing these additional points, future discussions and research can
provide a more comprehensive understanding of long-term COVID and PTE in young
adults, ultimately leading to more effective prevention, management, and support
strategies for this vulnerable population®%°1,

CONCLUSION

In conclusion, the intersection of long-term COVID and pulmonary
thromboembolism (PTE) in young adults presents a significant clinical challenge that is
compounded by the complex pathophysiology of SARS-CoV-2 infection.

The persisting inflammatory response and immune dysregulation associated
with Long COVID contribute to a heightened thrombotic risk, which manifests distinctly
in this younger demographic, which is typically at lower risk for such severe outcomes.

This review highlights the critical need for enhanced diagnostic strategies that
consider the overlapping symptoms of long-term COVID and PTE, as well as the
development of tailored anticoagulation protocols that address the unique clinical
needs of these patients. It also underscores the importance of genetic and biomarker
research to identify better those at increased risk of thrombotic complications post-
COVID-19 infection.

The discussions within this review call for a multidisciplinary approach to
managing the long-term effects of COVID-19, incorporating medical and psychosocial
interventions to support the comprehensive health of young adults. As we continue to
gather data and refine our understanding, it will be crucial to translate this knowledge
into policy and practice, optimizing long-term outcomes and minimizing the broader
socioeconomic impacts.

These gaps will be essential for mitigating the long-term complications
associated with COVID-19 through focused research, patient education, and public
health initiatives. This will ensure that young adults can recover fully and actively
contribute to society. As such, the need for ongoing surveillance, research, and adapted
healthcare strategies remains paramount in our global response to this unprecedented
health crisis.

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 206



Long COVID and lung thromboembolism in young adults
Rego ACM, Araujo-Filho |

REFERENCES

1. Tomczyk P, Tomczyk D. Pulmonary embolism in patients in acute COVID-19, long-
COVID and post-COVID syndrome. Przegl Epidemiol. 2023;77(2):172-184. doi:
10.32394/pe.77.17.

2. Yousaf M, Thomas MM, Almughalles S, Hameed MA, Alharafsheh A, Varikkodan |,
Waseem A, Babikir M, Chengamaraju D, Khatib MY. Pulmonary embolism in COVID-
19, risk factors and association with inflammatory biomarkers. Medicine
(Baltimore). 2023 Feb 17;102(7):e32887. doi: 10.1097/MD.0000000000032887.

3. Boyd S, Sheng Loh K, Lynch J, Alrashed D, Muzzammil S, Marsh H, Masoud M, Bin
Ihsan S, Martin-Loeches I. The Incidence of Venous Thromboembolism in Critically
Ill Patients with SARS-CoV-2 Infection Compared with Critically Ill Influenza and
Community-Acquired Pneumonia Patients: A Retrospective Chart Review. Med Sci
(Basel). 2022 Jun 8;10(2):30. doi: 10.3390/medsci10020030.

4. Llausas-Villarreal A, Mendoza-Silva M, Gémez-Gutiérrez OA, Gonzalez-Urquijo M,
Fabiani MA. Extensive deep vein thrombosis and pulmonary embolism as a unique
clinical manifestation of COVID-19 in a young healthy patient. Vascular. 2022
Oct;30(5):1013-1016. doi: 10.1177/17085381211040989.

5. Zolfaghari Emameh R, Heshmatnia J. Management, control, and decision making in
unexpected recurrent venous thromboembolism in COVID-19: a case report. ] Med
Case Rep. 2023 Mar 19;17(1):101. doi: 10.1186/s13256-023-03800-9.

6. Berghaus TM, Bader S, Faul C, Haberl S, Schwarz F, Liebich A, Dierks A, Kircher M,
Lapa C, Pfob CH. Lung perfusion assessed by SPECT/CT after a minimum of three
months anticoagulation therapy in patients with SARS-CoV-2-associated acute
pulmonary embolism: a retrospective observational study. Respir Res. 2022 Oct
31;23(1):296. doi: 10.1186/s12931-022-02188-2.

7. Katsoularis I, Fonseca-Rodriguez O, Farrington P, Jerndal H, Lundevaller EH, Sund M,
Lindmark K, Fors Connolly AM. Risks of deep vein thrombosis, pulmonary embolism,
and bleeding after covid-19: nationwide self-controlled cases series and matched
cohort study. BMJ. 2022 Apr 6;377:€069590. doi: 10.1136/bmj-2021-069590.

8. Ortega-Paz L, Talasaz AH, Sadeghipour P, Potpara TS, Aronow HD, Jara-Palomares L,
Sholzberg M, Angiolillo DJ, Lip GYH, Bikdeli B. COVID-19-Associated Pulmonary
Embolism: Review of the Pathophysiology, Epidemiology, Prevention, Diagnosis,
and Treatment. Semin Thromb Hemost. 2023 Nov;49(8):816-832. doi: 10.1055/s-
0042-1757634.

9. D'Ardes D, Boccatonda A, Cocco G, Fabiani S, Rossi |, Bucci M, Guaghano MT,
Schiavone C, Cipollone F. Impaired coagulation, liver dysfunction and COVID-19:
Discovering an intriguing relationship. World J Gastroenterol. 2022 Mar
21;28(11):1102-1112. doi: 10.3748/wjg.v28.i11.1102.

10. Cueto-Robledo G, Navarro-Vergara DI, Roldan-Valadez E, Garcia-Cesar M, Graniel-
Palafox LE, Cueto-Romero HD, Perez-Calatayud AA, Enriquez-Garcia R, Casillas-
Suarez C. Pulmonary Embolism (PE) Prevalence in Mexican-Mestizo Patients With
Severe SARS-COV-2 (COVID-19) Pneumonia At A Tertiary-Level Hospital: A Review.
Curr Probl Cardiol. 2023 Aug;48(8):101208. doi: 10.1016/j.cpcardiol.2022.101208.

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 207



Long COVID and lung thromboembolism in young adults
Rego ACM, Araujo-Filho |

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lee Y, Jehangir Q, Li P, Gudimella D, Mahale P, Lin CH, Apala DR, Krishnamoorthy G,
Halabi AR, Patel K, Poisson L, Balijepally V, Sule AA, Nair GB. Venous
thromboembolism in COVID-19 patients and prediction model: a multicenter cohort
study. BMC Infect Dis. 2022 May 13;22(1):462. doi: 10.1186/s12879-022-07421-3.

Flumignan CD, Nakano LC, Baptista-Silva JC, Flumignan RL. Antiplatelet agents for
the treatment of deep venous thrombosis. Cochrane Database Syst Rev. 2022 Jul
25;7(7):CD012369. doi: 10.1002/14651858.CD012369.pub2.

Bhakta S, Erben Y, Sanghavi D, Fortich S, Li Y, Hasan MM, Dong Y, Brigham TJ,
Edwards MA, Meschia JF, Franco PM. A systematic review and meta-analysis of
racial disparities in deep vein thrombosis and pulmonary embolism events in
patients hospitalized with coronavirus disease 2019. J Vasc Surg Venous Lymphat
Disord. 2022 Jul;10(4):939-944.e3. doi: 10.1016/j.jvsv.2022.03.003.

O'Shaugnessy F, Syeda SK, Huang Y, D'Alton ME, Wen T, Wright JD, Friedman AM.
Receipt of anticoagulation after venous thromboembolism diagnoses during
delivery hospitalizations. J Matern Fetal Neonatal Med. 2022 Dec;35(25):6353-
6355. doi: 10.1080/14767058.2021.1912000.

Zdanyte M, Rath D, Gawaz M, Geisler T. Venous Thrombosis and SARS-CoV-2.
Hamostaseologie. 2022 Aug;42(4):240-247. doi: 10.1055/a-1661-0283.

ALGhasab NS, Altamimi LA, Alharbi MS, ALMesned SS, Khetan AK. Venous
thromboembolism in COVID-19: A meta-summary of cases. Saudi Med J. 2022
Sep;43(9):979-990. doi: 10.15537/sm;j.2022.43.9.20220316.

Marini CP, Lewis E, Petrone P, Zenilman A, Lu Z, Rivera A, McNelis J. Incidence and
effects of deep vein thrombosis on the outcome of patients with coronavirus
disease 2019 infection. J Vasc Surg Venous Lymphat Disord. 2022 Jul;10(4):803-810.
doi: 10.1016/j.jvsv.2021.10.013.

Zuin M, Barco S, Giannakoulas G, Engelen MM, Hobohm L, Valerio L, Vandenbriele
C, Verhamme P, Vanassche T, Konstantinides SV. Risk of venous thromboembolic
events after COVID-19 infection: a systematic review and meta-analysis. J Thromb
Thrombolysis. 2023 Apr;55(3):490-498. doi: 10.1007/s11239-022-02766-7.

Gabet A, Grave C, Tuppin P, Olié V, Emmerich J. One Year Prevalence of Venous
Thromboembolism in Hospitalized COVID-19 Patients in France: Patients'
Characteristics, Time Trends, and Outcomes. Thromb Haemost. 2022
Sep;122(9):1532-1541. doi: 10.1055/s-0042-1743475.

Spyropoulos AC. Extended post-discharge thromboprophylaxis in hospitalized
COVID-19 patients. Expert Rev Hematol. 2022 Jul;15(7):597-605. doi:
10.1080/17474086.2022.2098104.

Cheng NM, Chan YC, Cheng SW. COVID-19 related thrombosis: A mini-review.
Phlebology. 2022 Jun;37(5):326-337. doi: 10.1177/02683555211052170.

Kurata S, Miyayama N, Ogawa K, Watanabe K, Asano K, Fujii T. Thromboembolic
events in hospitalised patients with COVID-19: ecological assessment with a scoping
review. BMJ Open. 2023 Jan 30;13(1):e066218. doi: 10.1136/bmjopen-2022-
066218.

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 208



Long COVID and lung thromboembolism in young adults
Rego ACM, Araujo-Filho |

23. Claveau T, Hilbert D, Dhaduk R, Morrison P, Fallat L, Jarski R. Incidence of Venous
Thromboembolism in Patients Receiving Anticoagulation for Foot and Ankle
Surgery. J Foot  Ankle Surg. 2023  Jan-Feb;62(1):35-38. doi:
10.1053/j.jfas.2022.03.008.

24.Reynolds AW, Garay M, Lynch S, Black KP, Gallo RA. Incidence of Venous
Thromboembolism following Knee Arthroscopy: Effectiveness of a Risk-Based
Stratified Chemoprophylaxis Protocol. J Knee Surg. 2022 Mar;35(4):443-448. doi:
10.1055/s-0040-1715090.

25. Oleksiuk-Bdjko M, Lisowska A. Venous thromboembolism: Why is it still a significant
health problem?  Adv Med Sci. 2023 Mar;68(1):10-20. doi:
10.1016/j.advms.2022.10.002.

26. Giannis D, Goldin M, Rahman H, Sison CP, Lesser ML, Ngu S, Tsang J, Qiu M, Sanghani
S, Yeh J, Matsagkas M, Arnaoutoglou E, Spyropoulos AC. Risk Factors for
Postdischarge Major Thromboembolism and Mortality in Hospitalized Patients with
COVID-19 with Cardiovascular Comorbidities: Insights from the CORE-19 Registry.
Thromb Haemost. 2023 Nov;123(11):1089-1099. doi: 10.1055/a-2087-3003.

27.Cmor N, Dora E, Rajtman D, Tibaut M, Horvat S, Zver J, Lainscak M. Late-post-COVID-
19 cerebral venous sinus thrombosis and stroke: a case report. J Cardiovasc Med
(Hagerstown). 2023 Jan 1;24(1):72-74. doi: 10.2459/JCM.0000000000001400.

28. Velissaris D, Michailides C, Karalis |, Paraskevas T, Koniari |, Pierrakos C, Karamouzos
V. A Literature Review of Pathophysiology, Clinical Manifestations, Medications and
Optimal Dosage, Outpatient, and Post-hospitalization Use of Anticoagulation in
COVID-19 Patients. Anatol J Cardiol. 2023 May;27(5):232-239. doi:
10.14744/AnatolJCardiol.2023.3023.

29. Simion C, Campello E, Boccatonda A, Tormene D, Spiezia L, Dalla Valle F, Sartori M,
Perin N, Forestan C, Simioni P. POST-discharge thromboprophylaxis in patients with
COVID-19: a single-center experience. Intern Emerg Med. 2023 Apr;18(3):943-948.
doi: 10.1007/s11739-022-03170-y.

30. Woller SC, de Wit K, Robert-Ebadi H, Masias C, Klok FA, den Exter PL, Morange PE,
Castelli D, Hansen JB. A systematic review of biomarkers among hospitalized
patients with COVID-19 predictive of venous thromboembolism: A communication
from the Predictive and Diagnostic Variables Scientific and Standardization
Committee of the ISTH. Res Pract Thromb Haemost. 2022 Aug 26;6(6):e12786. doi:
10.1002/rth2.12786.

31. Alfawzan M, Alhabib A, Alshammari E, Ulhag MM, Eldali A, Alhazmi RM, Alsarhani
DK. Case Report of Thromboembolism Prophylaxis in a Burn Patient With COVID-19.
Cureus. 2023 Mar 11;15(3):e36009. doi: 10.7759/cureus.36009.

32. Patel SV, Shah S, Patel R, Bavishi S, Pethani Y, Shah K. Ovarian Vein Thrombosis: A
Sequela of COVID-Associated Coagulopathy. Cureus. 2023 Mar 20;15(3):e36437.
doi: 10.7759/cureus.36437.

33. Falanga A, Brenner B, Khorana AA, Francis CW. Thrombotic complications in
patients with cancer: Advances in pathogenesis, prevention, and treatment-A

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 209



Long COVID and lung thromboembolism in young adults
Rego ACM, Araujo-Filho |

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

report from ICTHIC 2021. Res Pract Thromb Haemost. 2022 Jul 1;6(5):e12744. doi:
10.1002/rth2.12744.

Vahdat S. A review of pathophysiological mechanism, diagnosis, and treatment of
thrombosis risk associated with COVID-19 infection. Int J Cardiol Heart Vasc. 2022
Aug;41:101068. doi: 10.1016/j.ijcha.2022.101068.

Criado-Garcia J, Blanco-Molina A. Prevention of venous thromboembolic disease in
medical patients. Med Clin (Barc). 2023 May 12;160(9):397-399. doi:
10.1016/j.medcli.2023.01.009.

Ketenci B. A critical issue in COVID-19 patients: Deep venous thrombosis. J Vasc Surg
Venous Lymphat Disord. 2023 May;11(3):678. doi: 10.1016/j.jvsv.2022.10.017.

Liu Y, Cao Y, Wang T, Dong Q, Li F, Wang S. Long-term cardiovascular effects of
COVID-19: emerging data and treatment pathways. J Cardiothorac Surg. 2022
Dec;17(1):99. doi: 10.1186/s13019-022-01776-5.

Maatman TK, Jalali F, Feizpour C, Douglas A, McGuire SP, Kinnaman G. Routine
venous thromboembolism prophylaxis may be inadequate in the hypercoagulable
state of severe coronavirus disease 2019. Crit Care Med. 2022 Jul;50(7):e688-e695.
doi: 10.1097/CCM.0000000000005252.

Kramer MC, Rieder M, Platzer O, Zechner P, Sahanic S, Loffler-Ragg J. Pulmonary
embolism and increased levels of d-dimer in patients with coronavirus disease. Eur
Respir J. 2022 Jun;59(6):2100917. doi: 10.1183/13993003.00917-2021.

Khan IH, Savarimuthu S, Leung MST, Harky A. The need to manage the risk of
thromboembolism in COVID-19 patients. J Vasc Surg. 2022 Apr;75(4):1428-1439.
doi: 10.1016/j.jvs.2021.10.053.

Silverstein WK, Stroud L, Cleghorn GE, Leis JA. Primary care management of post-
acute COVID-19 in adults: a qualitative study. BMJ Open. 2023 Jan;13(1):e057951.
doi: 10.1136/bmjopen-2021-057951.

Hartmann J, Ergang A, Mason D, Dias B. The impact of COVID-19 on pulmonary
function in early convalescence phase. Respir Res. 2023 Feb;24(1):45. doi:
10.1186/s12931-023-02123-3.

Thompson AE, Ranard BL, Wei Y, Jelic S. Cardiovascular complications from long-
term COVID-19: Early evidence and clinical implications. Heart Lung. 2023 Mar-
Apr;52(2):158-163. doi: 10.1016/j.hrting.2022.12.005.

Roberts KA, Colley L, Agbaedeng TA, Ellison-Hughes GM, Ross MD. Mechanisms of
viral-induced thrombosis in COVID-19 and post-vaccination. Thromb Res. 2023
Apr;213:534-S39. doi: 10.1016/j.thromres.2022.11.012.

Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic treatments for
coronavirus disease 2019 (COVID-19): A review. JAMA. 2023 Apr 23;325(18):1824-
1836. doi: 10.1001/jama.2023.5712.

Meyhoff TS, Hvas AM, Gybel-Brask M. Post-discharge symptoms and rehabilitation
needs in survivors of COVID-19 infection: A review of the evidence. Front Med
(Lausanne). 2022 Jul 10; 9:698070. doi: 10.3389/fmed.2022.698070.

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 210



Long COVID and lung thromboembolism in young adults
Rego ACM, Araujo-Filho |

47.Van Dam LF, Kroft LJM, van der Wal LI, Cannegieter SC, Eikenboom J. Incidence and
clinical characteristics of venous thromboembolism in hospitalized and non-
hospitalized patients with COVID-19. Thromb Haemost. 2022 Sep;122(9):1486-
1493. doi: 10.1055/s-0042-1742416.

48. Wright FL, Vogler TO, Moore EE, Moore HB, Wohlauer MV, Urban S, Nydam TL,
Moore PK, Mclntyre RC Jr. Fibrinolysis Shutdown Correlation with Thromboembolic
Events in Severe COVID-19 Infection. J Am Coll Surg. 2022 Aug;235(2):219-226. doi:
10.1016/j.jamcollsurg.2022.04.011.

49. Pugh D, Karunaratne K, Tudor R, Gant V, Lip GYH, Lane DA. Long-term clinical and
biomarker profile of thromboembolic complications in COVID-19: a systematic
review of the literature. J Thromb Thrombolysis. 2022 May;53(3):537-545. doi:
10.1007/s11239-021-02459-3.

50. Larkin J, Searle T, Jamali A, Yee M, Howard N, Goodall R. Understanding the roles of
inflammation and coagulation in COVID-19 associated thrombosis: A systematic
review and proposed algorithm. Eur Heart J Acute Cardiovasc Care. 2023
Jun;12(3):e27. doi: 10.1093/ehjacc/zuaa026.

51. Zimmerman R, Radovanovic D, Heinrich L, Flach PM, Sauter TC, Exadaktylos AK,
Sivilotti MLA. Prevalence and risk factors of venous thromboembolism in young
adults with COVID-19. J Thromb Haemost. 2022 Nov;20(11):2607-2615. doi:
10.1111/jth.15709.

JSurg Cl Res — Vol. 15 (2) 2024: 200-211 211



