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ABSTRACT

The magnitude of thrombosis in Coronavirus disease 2019 (COVID-19) patients is yet to be
understood fully. Thrombosis in COVID-19 patients depends on multiple factors like the severity of
the disease, presence or absence of prophylactic anticoagulants, and the number of anticoagulants
prescribed. Histologically, lung tissues from COVID patients show florid capillary endothelitis with
microthrombi formation in alveolar capillaries and small pulmonary vessels. Inflammation and
diffuse alveolar damage, extensive pulmonary macrophage activation and diffuse interstitial
inflammation play an important role in microthrombi formation in the pulmonary vessels. If
antithrombotic therapy is already prescribed before the diagnosis of COVID-19, it should be
continued. For all hospitalized pregnant patients, prophylactic anticoagulant therapy is prescribed
unless contraindicated. Anticoagulant therapy during labor requires special care. Appropriate
therapeutic and prophylactic anticoagulant regimens must be initiated as and when required
including in the post discharge phase.

Keywords: Florid capillary endothelitis; COVID-19; anticoagulant regimens; anticoagulant therapy.

1. INTRODUCTION (SARS-CoV-2) has resulted in acute respiratory

illness epidemic which was termed as COVID-19
At the end of 2019, a novel coronavirus, severe by the World Health Organization (WHO) [1].
acute respiratory syndrome coronavirus 2  Coronavirus disease 2019 (COVID-19) was
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declared as a pandemic in March 2020 and has
been affecting the world.

Covid-19 may predispose to both arterial and
venous thromboembolism due to excessive
inflammation, hypoxia, diffuse intravascular
coagulation and immobilization [2]. Knowledge
on thrombotic complications in COVID-19 is a
must to provide proper thromboprophylaxis to
patients especially those admitted in intensive
care unit (ICU) to control the risk of such
complications.

Pulmonary embolism and deep vein thrombosis
are manifestations of venous thromboembolism
[3]. They share common risk factors, and
pulmonary embolism is a consequence of deep
vein thrombosis.

The magnitude of thrombosis in COVID patients
is yet to be understood fully. Thrombosis in
COVID depends on multiple factors like the
severity of the disease, presence or absence of
prophylactic anticoagulants, and the number of
anticoagulants prescribed. Along with affecting
organs like lung and GI Tract COVID also leads
to a hypercoagulable state.

2. PATHOPHYSIOLOGY OF
THROMBOSIS IN COVID-19 PATIENTS

COVID-19 is a hypercoagulable state which is a
sequel of hyper inflammation leading to
increased  mortality in these  patients.
Uncontrolled activation of coagulation cascade
resulting from effects of pro inflammatory
cytokines can lead to consumptive coagulopathy.
Derangement of coagulation also includes
disseminated intravascular coagulation (DIC) and
sepsis-induced coagulopathy.

The coronavirus family enters the human cell by
binding ACE 2(Angiotensin- converting enzyme
2), that is found mainly on alveolar endothelium
and epithelium [4]. It has been postulated that
COVID generates pro-inflammatory cytokines
and chemokines in nearby endothelium,
epithelium and alveolar macrophages. These
proteins in turn attract inflammatory cells to the
infection site causing a pro-inflammatory
feedback loop. Tissue factor in sub endothelium
is upregulated in the endothelial cells, leucocytes
and platelets during inflammatory process
causing both intrinsic and extrinsic coagulation
pathway activation which leads to thrombin
formation. Complement activation also occurs by
binding thrombin to protease activated receptors

to promote the formation of fibrin from fibrinogen
[5]. The activation of platelets and clot
stabilization propagate further inflammation.
Natural anticoagulants and fibrinolytics are also
reduced in covid-19 infection. Small pulmonary
vessels can get occluded and they may contain
platelets, fibrin and coagulation factors. They
may also contain neutrophils which gets into the
neutrophil extracellular traps as they get passed
through the Ilung. These and the ongoing
inflammation can cause positive feedback loop.
Some of the other procoagulant stimuli include
lung hypoxia, maybe through upregulation of
plasminogen activator inhibitor 1 by suppression
of fibrinolysis [5]. Prothrombotic pneumonitis and
acute respiratory distress syndrome is thought to
be induced by the above mechanism.
Inflammatory process can influence D-dimer
levels [6]. D-dimer is a product of degeneration of
fibrin and acts as a marker for fibrinolysis which
can be used as an indicator of thrombosis. It is
elevated in thrombotic events [7].

Histologically, lung tissues from COVID patients
show florid capillary  endothelitis  with
microthrombi formation in alveolar capillaries and
small pulmonary vessels. Inflammation and
diffuse alveolar damage, extensive pulmonary
macrophage activation and diffuse interstitial
inflammation play an important role in
microthrombi formation in the pulmonary vessels

[6].

3. INCIDENCE OF THROMBOSIS IN
COVID-19 PATIENTS

A number of studies have reported a high
incidence of thrombotic and thromboembolic
events in COVID-19, especially in patients with
severe disease admitted in ICU. Klok et al.®
identified thrombosis in 31% of 184 Dutch ICU
patients (25 Pulmonary Embolism, 3 Deep Vein
Thrombosis and 3 ischaemic strokes) [8]. They
observed that increasing age and coagulopathy
were independent predictors of outcome. All
patients in this study had received
thromboprophylaxis. (a minority at doses higher
than the usual prophylactic dose). Helms et al.’
demonstrated Pulmonary Embolism in 17% of
150 COVID-19 ICU patients (25% patients
underwent CT Pulmonary Angiogram; 70%
patients were receiving prophylactic heparin and
30% therapeutic dose heparin on intensive care
admission)[9]. Middeldorp et al."® demonstrated
that the incidence of venous thromboembolism
was higher in COVID 19 patients admitted to
Intensive Care Unit (26%, 47% and 59% at 7, 14

722



Rakshana et al.; JPRI, 33(47B): 721-727, 2021, Article no.JPRI.75498

and 21 days respectively). According to this
study 13% had symptomatic thromboembolism
inspite of routine thrombo-prophylaxis, Venous
thromboembolism was observed more in ICU
patients [10]. Tang et al.[11] showed that the
overall mortality among COVID patients admitted
to hospital was 11.5%, and that non-survivors
had significantly higher D-dimer and fibrin
degradation product levels, longer prothrombin
time and activated partial thromboplastin time
compared to survivors on admission. This study
also revealed that 71.4% of non-survivors and
0.6% survivors met the criteria of disseminated
intravascular coagulation during their stay at the
hospital [11]. There is another type of thrombosis
observed in COVID-19 patients, cerebral venous
thrombus (CVT). The incidence of CVT is low
and the available data is limited. Hameed et al.
[12] showed that the common presenting
symptom of CVT is seizures and headache, 65%
presented with cerebral venous thrombus on
admission while 35% developed CVT durning
treatment for COVID [12]. Elezkurtaj et al. [13]
demonstrated that 23.1% of COVID patients died
due to pulmonary thromboembolism and 7.7% of
COVID patients died from deep venous
thromboembolism and the rest died due to other
complications [13].

4. DIAGNOSIS OF THROMBOSIS IN
COVID-19 PATIENTS

Thrombosis is diagnosed by clinical suspicion,
laboratory data and imaging. Diagnosis of
thrombosis is challenging in COVID-19 patients
due to many reasons such as overlapping
symptoms of respiratory failure and hypoxia,
technical difficulties in obtaining data from
hemodynamically unstable critically ill patients on
life saving support systems, initiation of treatment
before confirming diagnosis due to rapid
deterioration of patient and infection precaution
measures. COVID-19 patients are predisposed
to many complications such as hepatic, renal and
respiratory complications, which often pose a
challenge in the timely diagnosis and
management of thrombotic events. But prompt
evaluation of these thrombotic events is crucial
for the treatment of these patients.

A high index of Clinical suspicion is key in the
diagnosis of thrombotic events in such a complex
scenario. The patient may exhibit symptoms
such as tachypnea, decreased oxygen
saturation, increased oxygen requirement and
hemodynamic instability which may be
inconsistent with features of imaging studies.

Edema or asymmetrical limb pain can indicate
deep vein thrombosis(DVT)[14]. Even if imaging
or definitive diagnosis is not available,
anticoagulant therapy should be started if clinical
features supporting thrombotic events are
present.

Laboratory parameters are important for the
diagnosis  of  thrombotic  events.  Any
derangements in the coagulation parameters
cause the activation of coagulation cascade.
Findings indirectly indicate increased risk of
thrombosis, disease severity and mortality.
Raised von Willebrand factor can indicate
endotheliopathy. Studies have shown that in
COVID-19 patients D-dimer, fibrin degradation
products, fibrinogen degradation products and
fibrinogen are found to be increased [15]. It has
also been found that D-dimer levels, C-reactive
protein and fibrinogen degradation products were
higher in patients with severe COVID-19 infection
when compared to mild infection [5].
Antiphospholipid antibodies may also have an
important role in identification of thrombotic
events but there is a greater chance of false
positive reports.

Imaging studies help to find a definitive diagnosis
of thrombosis. Ultrasound and computer
tomography pulmonary angiogram (CTPA) are
useful for identification of deep venous
thrombosis or pulmonary embolism. Point of care
ultrasound is an effective method to identify
thrombosis especially in critically ill settings.
Ultrasound is more useful in pregnant women as
it prevents them from exposure to radiation. Early
detection is important and imaging findings must
be correlated with clinical features. They are
used to diagnose thromboembolisation in
patients in need of extracorporeal membrane
oxygenation (ECMO), renal replacement therapy
(RRT) and in patients with prior anticoagulant
requirement like patients with atrial fibrillation,

mechanical valves or recurrent venous
thromboembolism[5].
5. DRUGS TO TREAT/PREVENT

THROMBOSIS IN COVID-19

Anticoagulants are used for the treatment and
prevention of thrombosis. Based on their action,
anticoagulants are divided into different
categories.

Heparin is a true anticoagulant which includes
unfractionated heparin (UFH) and low molecular
weight heparin (LMWH). It acts by forming
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activated factor X and protease-heparin-
antithrombin[5]. Heparin is used in the treatment
of deep vein thrombosis and pulmonary
embolism, especially in patients undergoing
dialysis, cardiovascular and orthopedic surgeries,
extracorporeal circulation and other invasive
procedures. Heparin is not only used for its
anticoagulant effect but also for its anti-
inflammatory effect in patients with COVID-19.
Heparin also has protective effects on the
endothelium. Unfractionated heparin has anti-
viral effects for coronavirus infection. Some of
the disadvantages of heparin are bleeding,
hyperkalemia, alopecia and injection site
reaction.

Warfarin, a vitamin K antagonist and other
coumarin  derivatives are also effective
anticoagulants. Warfarin is a competitive inhibitor
of VKORC1, causing decreased hepatic
synthesis of vitamin-K dependent clotting factors
including protein S and protein C. Warfarin
therapy needs to be monitored closely due to a
narrow therapeutic index and wide dosing range
which are needed for maintaining therapeutic
INR(international normalized ratio) and also
because of numerous drug interactions[14].

Direct oral anticoagulants include both direct
thrombin inhibitors and direct factor Xa
inhibitors. These have higher safety profile,
greater efficacy and requires less monitoring.
Direct thrombin inhibitors include drugs such as
Dabigatran and direct factor Xa inhibitors include
drugs such as Apixaban, Edoxaban and
Rivaroxaban. Some of the adverse effects of
direct thrombin inhibitors are bleeding, liver injury
and gastrointestinal disorders. Newer
anticoagulants such as idarucizumab are used
for clinical use but they are not globally available.

Indirect inhibitor of factor X asuch as
Fondaparinux achieves anticoagulation by
binding and activating antithrombin.

6. PROPHYLACTIC ANTICOAGULANT IN
COVID-19 PATIENTS

6.1 Prophylaxis Patients

(non-ICU)

The International Society on Thrombosis and
Hemostasis has recommended the use of
antithrombotic prophylaxis with low molecular
weight heparin for all patients who are admitted
unless there is a contraindication [16].
Fondaparinux is recommended if the patient has
heparin induced thrombocytopenia [17]. Routine
thromboprophylaxis is not recommended in

in Acutely Il

mobile patients with acute medical illness or
respiratory symptoms. The choice of heparin is
based on the individual patients depending upon
factors like underlying renal
dysfunction[16].According to American Society of
Hematology (ASH), prophylactic-intensity
anticoagulant is preferred over intermediate-
intensity or therapeutic-intensity anticoagulation
for patients with COVID-19acute illness who do
not have suspected or confirmed VTE[18]. Dose
adjustment for obesity can be used as per
institutional guidance. When anticoagulants are
contraindicated, mechanical prophylaxis should
be used [18].

6.2 Prophylaxis in Critically Il Patients
(ICU)

According to The International Society on
Thrombosis and Hemostasis routine
thromboprophylaxis with standard-dose UFH or
LMWH should be wused in in all patients.
Intermediate dose LMWH can also be used.
Patients with obesity should be considered for
50% increase in dose [16]. COVID-19 patients
who are critically ill may develop liver dysfunction
which results in worsening of coagulopathy.
These patients are at increased risk of bleeding.
Individualizing the dose of anticoagulants based
on their clinical picture is important to prevent
adverse bleeding incidents [5].

6.3 Post-Discharge Prophylaxis

Patients admitted to the hospital for acute illness
have an increased risk of developing thrombotic
events up to 90 days after discharge. So same
risk is to be expected in patients with COVID-19
infection. Hence extended anticoagulant
treatment after discharge is given to patients,
especially those who are discharged from critical
care units. Risk of bleeding should also be
considered while providing with anticoagulants
post-discharge[5]. According to The International

Society on Thrombosis and Hemostasis
extended thromboprophylaxis  should be
considered in patients who meet the high

thrombosis risk criteria. They recommend the
duration of thromboprophylaxis to be at least 14
days and may continue up to 30 days[16].

7. THERAPEUTIC ANTICOAGULANT IN
COVID-19 PATIENTS

Critically ill patients with COVID-19 demonstrated
a more hyper fibrinolytic and hypercoagulable
profile on comparison with patients with mild
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COVID-19 illness. This hypercoagulable profile

was observed despite the therapeutic
anticoagulant doses[19], and in COVID-19
patients with severe illness, therapeutic

anticoagulation did not improve hospital survival
or days free of organ support when compared
with usual care pharmacological
thromboprophylaxis [20].

Therapeutic anticoagulant regimen should be
started in patients with COVID-19 who have
experienced an incident thromboembolic event or
who have had suspicion of thrombotic events.
Patients who are on continuous renal
replacement therapy or have thrombosis of the
catheters or require extracorporeal membrane
oxygenation should be given therapeutic
anticoagulant regimen. Low molecular weight
heparin is given at a dose of 1mg per kilogram
and in case the patient has renal failure or
suspected of going into renal failure then UFH is
used instead of low molecular weight
heparin[21]. Measurement of anti-factor Xa level
may be helpful to identify heparin resistance in
these patients.

8. ANTICOAGULANT THERAPHY IN
PREGNANT/LACTATING MOTHERS

If antithrombotic therapy is already prescribed
before the diagnosis of COVID-19, it should be
continued. For all hospitalized pregnant patients,
prophylactic anticoagulant therapy is prescribed
unless contraindicated. Anticoagulant therapy
during labor requires special care. Unfractionated
heparin, low molecular weight heparin, and
warfarin do not accumulate in the breast milk and
does not affect the baby so it can be used in
breast feeding mother [22]. Direct-acting oral
anticoagulants should not be used in pregnancy.
Decision for administration of anticoagulants in
postpartum or pregnant patients after discharge
should be individualized based on their risk
profile [22].

9. CONCLUSION

COVID-19 is an ongoing pandemic. We now
recognize that thrombotic events are common in
COVID-19 patients. It indicates that there is a
multisystem involvement through inflammatory
cytokines and the ensuing endothelial injury
triggers the activation of the coagulation cascade
leading to thromboembolic events [5]. Elevated D
Dimer levels are almost universal in severe forms
of disease and are an indication of inflammation
and thrombosis. They are also prognostic.

Diagnosis of thrombotic events in COVID
patients is challenging.D-dimer levels must not
be the sole indicator for making decisions on
diagnosis and treatment of thrombotic events in
these patients. The clinical context is paramount
and the physician must always maintain a high
index of suspicion. This will enable early
diagnosis of thrombotic events which is very
important for effective treatment. Appropriate
therapeutic and prophylactic anticoagulant
regimens must be initiated as and when required
including in the post discharge phase.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

CONSENT

It is not applicable.
ETHICAL APPROVAL
It is not applicable.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. World Health Organisation.

Available:https://www.who.int/health-
topics/coronavirus#tab=tab_1

2. Abdalkader M, Shaikh SP, Siegler JE,
Cervantes-Arslanian AM, Tiu C, Radu RA,
Tiu VE, Jillella DV, Mansour OY, Vera V,
Chamorro A. Cerebral venous sinus
thrombosis in COVID-19 patients: A
multicenter study and review of literature.
Journal of Stroke and Cerebrovascular
Diseases. 2021;105733.

3. Demelo-Rodriguez P, Cervilla-Mufioz E,
Ordieres-Ortega L, Parra-Virto A,
Toledano-Macias M, Toledo-Samaniego N,
Garcia-Garcia A, Garcia-Ferndndez-Bravo

725


https://www.who.int/health-topics/coronavirus#tab=tab_1
https://www.who.int/health-topics/coronavirus#tab=tab_1

10.

11.

12.

Rakshana et al.; JPRI, 33(47B): 721-727, 2021, Article no.JPRI.75498

I, Ji Z, de-Miguel-Diez J, Alvarez-Sala-
Walther LA. Incidence of asymptomatic
deep vein thrombosis in patients with
COVID-19 pneumonia and elevated D-
dimer levels. Thrombosis research.
2020;192:23-6

Mc Fadyen JD, Stevens H, Peter K. The
emerging threat of (micro) thrombosis in
COVID-19 and its therapeutic implications.

Circulation research. 2020;127(4):571-
87.
Hajra A, Mathai SV, Ball S,

Bandyopadhyay D, Veyseh M,
Chakraborty S, Lavie CJ, Aronow WS.
Management of thrombotic complications
in COVID-19: an update. Drugs. 2020;1-0.
Price LC, McCabe C, Garfield B, Wort SJ.
Thrombosis and COVID-19 pneumonia:
the clot thickens!.

Wool GD, Miller JL. The impact of COVID-
19 disease on platelets and coagulation.
Pathobiology. 2021;88(1):14-26.

Klok FA, Kruip MJ, Van der Meer NJ,
Arbous MS, Gommers DA, Kant KM,
Kaptein FH, van Paassen J, Stals MA,
Huisman MV, Endeman H. Incidence of
thrombotic complications in critically ill ICU
patients with COVID-19. Thrombosis
research. 2020;191:145-7.

Helms J, Tacquard C, Severac F, Leonard-
Lorant I, Ohana M, Delabranche X, Merdiji
H, Clere-Jehl R, Schenck M, Gandet FF,
Fafi-Kremer S. High risk of thrombosis in

patients  with severe = SARS-CoV-2
infection: a multicenter prospective cohort
study. Intensive care medicine.

2020;46(6):1089-98.

Middeldorp S, Coppens M, van Haaps TF,
Foppen M, Vlaar AP, Miller MC, Bouman
CC, Beenen LF, Kootte RS, Heijmans J,
Smits  LP. Incidence  of  venous
thromboembolism in hospitalized patients
with COVID-19. Journal of Thrombosis and
Haemostasis. 2020;18(8):1995-
2002.

Tang N, Li D, Wang X, Sun Z. Abnormal
coagulation parameters are associated
with poor prognosis in patients with novel
coronavirus  pneumonia. Journal  of
thrombosis and haemostasis.
2020;18(4):844-7.

Hameed S, Wasay M, Soomro BA,
Mansour O, Abd-Allah F, Tu T, Farhat R,
Shahbaz N, Hashim H, Alamgir W, Igbal A.
Cerebral venous thrombosis associated
with COVID-19 infection: An observational,

13.

14.

15.

16.

17.

18.

19.

20.

21.

726

multicenter study. Cerebrovascular
Diseases Extra. 2021;11(2):55-60.
Elezkurtaj S, Greuel S, Ihlow J, Michaelis
E, Bischoff P, Kunze CA, Sinn BV, Gerhold
M, Hauptmann K, Ingold-Heppner B, Miller
F. Causes of Death and Comorbidities in
Patients with COVID-19. Med Rxiv; 2020.
Chandra A, Chakraborty U, Ghosh S,
Dasgupta S. Anticoagulation in COVID-19:

current concepts and controversies.
Postgraduate Medical Journal;
2021.

Oudkerk M, Biiller HR, Kuijpers D, van Es
N, Oudkerk SF, McLoud T, Gommers D,
van Dissel J, Ten Cate H, van Beek EJ.
Diagnosis, prevention, and treatment of
thromboembolic complications in COVID-
19: report of the National Institute for
Public Health of the Netherlands.
Radiology. 2020;297(1):E216-22
International Society on Thrombosis and
Haemastasis.
Available:https://www.isth.org/page/Guidan
ceDocuments

Kang M, Alahmadi M, Sawh S, Kovacs MJ,
Lazo-Langner A. Fondaparinux for the
treatment of suspected heparin-induced
thrombocytopenia: a propensity score—
matched study. Blood, The Journal of the
American  Society of  Hematology.
2015;125(6):924-9.

Cuker A, Tseng EK, Nieuwlaat R,
Angchaisuksiri P, Blair C, Dane K, Davila
J, DeSancho MT, Diuguid D, Griffin DO,
Kahn SR. American Society of Hematology
2021 guidelines on the use of
anticoagulation for thromboprophylaxis in
patients with COVID-19. Blood advances.
2021;5(3):872-888.

Tsantes AE, Frantzeskaki F, Tsantes AG,
Rapti E, Rizos M, Kokoris Sl
Paramythiotou E, Katsadiotis G, Karali V,
Flevari A, Chrysanthopoulou E. The
haemostatic profile in critically ill COVID-19
patients receiving therapeutic
anticoagulant therapy: An observational
study. Medicine. 2020;99(47).

Zarychanski R, ATTACC Investigators.
Therapeutic anticoagulation in critically ill
patients with Covid-19—preliminary report.
Med Rxiv; 2021.

Martinelli 1, Ciavarella A, Abbattista M,
Aliberti S, De Zan V, Folli C, Panigada M,
Gori A, Artoni A, lerardi AM, Carrafiello G.
Increasing dosages of low-molecular-
weight heparin in hospitalized patients with


https://www.isth.org/page/GuidanceDocuments
https://www.isth.org/page/GuidanceDocuments

Rakshana et al.; JPRI, 33(47B): 721-727, 2021, Article no.JPRI.75498

Covid-19. Internal and emergency Available:https://www.covid19treatmentgui
medicine. 2021;1-7. delines.nih.gov/therapies/antithrombotic-
22. National Institutes of Health. therapy/

© 2021 Rakshana et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle4.com/review-history/75498

727


https://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/
https://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/
https://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/
http://creativecommons.org/licenses/by/2.0

	/Journal of Pharmaceutical Research International
	33(47B): 721-727, 2021; Article no.JPRI.75498

	Thrombosis in COVID-19 Patients
	ABSTRACT
	1. INTRODUCTION
	2. PATHOPHYSIOLOGY OF THROMBOSIS IN COVID-19 PATIENTS
	3. INCIDENCE OF THROMBOSIS IN COVID-19 PATIENTS
	4. DIAGNOSIS OF THROMBOSIS IN COVID-19 PATIENTS
	5. DRUGS TO TREAT/PREVENT THROMBOSIS IN COVID-19
	6. PROPHYLACTIC ANTICOAGULANT IN COVID-19 PATIENTS
	7. THERAPEUTIC ANTICOAGULANT IN COVID-19 PATIENTS
	8. ANTICOAGULANT THERAPHY IN PREGNANT/LACTATING MOTHERS
	9. CONCLUSION
	DISCLAIMER
	COMPETING INTERESTS
	REFERENCES


