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Abstract

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is now
a global pandemic. This virus primarily affects the respiratory tract and causes lung injury characterized by acute respiratory
distress syndrome. Although the pathophysiology of COVID-19 is not yet clear, the most widely accepted mechanism is
systemic inflammation. A clinically significant effect of the inflammation is coagulopathy. As a result of this effect, patients
are found to have a high risk of venous thromboembolism. Studies have reported a high incidence of thrombotic complica-
tions in critically ill patients with COVID-19. In this review, we discuss the most updated evidence on the pathophysiology,
diagnosis, and treatment of the coagulopathy of COVID-19. Prophylactic anticoagulation is recommended for all in-patients
with COVID-19. Those with a higher risk of developing thromboembolic events or who have already developed venous
thromboembolism should be treated with therapeutic anticoagulation. We also discuss post-discharge prophylaxis for high-
risk patients and some newly proposed treatments for the hypercoagulability that could improve the outcomes of the affected
patients.

1 Introduction presents with interstitial pneumonia progressing to acute res-
piratory distress syndrome (ARDS), sepsis, and multi-organ
The unrelenting storm of coronavirus disease 2019 (COVID-  failure [2, 3]. Current evidence points to a hypercoagulable

19) caused by severe acute respiratory syndrome coronavirus  state, a sequela of hyper-inflammation, to be an important
2 (SARS-CoV-2) continues to overwhelm the health systems  pathogenic mechanism contributing to increased mortality
worldwide. The infection has already resulted in 2 million in COVID-19 [4-6]. This theory is backed by the reports
cases and a death toll of greater than 100,000 in the USA of elevated inﬂamma[ory and Coagu]ation markers; and a
alone [1]. The exact pathophysiology and management of  correlation between elevated interleukin (IL)-6 and fibrino-
this global pandemic are evolving. COVID-19 is an acute  gen levels [7, 8]. It remains unknown whether the hyper-

complex systemic disorder that, in its most severe state,  coagulable state could be a direct consequence of SARS
P4 Adrija Hajra ' Jacobi Medical Center/Albert Einstein College of Medicine,
adrija847 @gmail.com 1400 Pelham Pkwy S, The Bronx, NY 10461, USA
Sheetal Vasundara Mathai 2 Texas Tech University Health Sciences Center, Lubbock, TX,
sheetalmathai @ gmail.com USA
Somedeb Ball 3 Icahn School of Medicine at Mount Sinai/Mount Sinai
drsomedeb@ gmail.com St. Luke’s West Hospital, Manhattan, NY, USA
Dhrubajyoti Bandyopadhyay 4 Miami Valley Hospital, Dayton, OH, USA
drdhrubajyoti87 @gmail.com 5 John Ochsner Heart and Vascular Institute, Ochsner Clinical
Maedeh Veyseh School, The University of Queensland School of Medicine,
veysehm @nychhc.org New Orleans, LA, USA
Sandipan Chakraborty 6 Westchester Medical Center, New York Medical College,
schakraborty591 @gmail.com Valhalla, NY, USA
Carl J. Lavie
clavie@ochsner.org

Wilbert S. Aronow
wsaronow @aol.com

A\ Adis


http://orcid.org/0000-0003-4972-9073
http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-020-01377-x&domain=pdf

1554

A.Hajra etal.

The clinical course of patients with COVID-19 may be
complicated by coagulopathy leading to venous throm-
boembolism.

Patients with COVID-19 who are admitted to a hospital
should be given prophylactic anticoagulation

Clinical suspicion and risk stratification are important to
determine which group of patients would be treated with
therapeutic anticoagulation.

CoV-2 infection. Uncontrolled activation of the coagulation
cascade resulting from the myriad effects of proinflamma-
tory cytokines can lead to consumptive coagulopathy. The
coagulation derangement includes sepsis-induced coagu-
lopathy (SIC) and disseminated intravascular coagulation
(DIC) [4]. In COVID-19, the balance of this coagulopathy
is tipped towards the thrombotic end, with very few reported
cases of bleeding.

In this article, we discuss the most updated evidence of
pathophysiology, diagnosis, and management of thrombo-
embolic complications in COVID-19. This article mainly
focuses on the management of the thrombotic complica-
tion of COVID-19 including diagnosis and treatment. We
integrate all the updated information from the available
guidelines and highlight the potential new therapies. We
have also attempted to divide the management into an inpa-
tient and outpatient setting and also mention the strategy
for follow-up.

2 Epidemiology of Thrombosis
in Coronavirus Disease 2019 (COVID-19)

The reported incidence of various thrombotic events in
patients with COVID-19 had a range of 7.7-49% [5, 9-14],
which is significantly higher than the incidence in patients
without COVID. The individual studies listing the incidence
and types of thrombotic complications are summarized in
Table 1 [5, 9-14]. Patients were predominantly male with
diabetes mellitus, hypertension, and cardiovascular dis-
eases being the common comorbidities. A history of prior
venous thromboembolism (VTE) was noted in about 3-5%
of patients [9-11].

The most prominent manifestation of coagulopathy
among patients with COVID-19 was VTE, particularly
pulmonary embolism. Cases of pulmonary embolism were
more likely to be associated with higher p-dimer levels,
admission to critical care units, treatment with mechanical
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ventilation, and prior heparin therapy [14, 15]. However,
there were reports of infrequent events of arterial thrombo-
sis, characterized by ischemic strokes or acute coronary syn-
drome [9, 14]. Intensivists also encountered frequent clotting
of circuits in the continuous renal replacement therapy or
extracorporeal membrane oxygenation machines in these
critically ill patients [10]. The mortality rate in these patients
with COVID-19 and thrombotic events varied across studies,
from 8 to 26% [9, 10]. A recent study describing autopsy
reports from 12 patients with COVID-19 showed that mas-
sive pulmonary embolism was the cause of death in four out
of those 12 patients; the source of the embolism was in the
deep veins of the lower extremity [16].

3 Pathophysiological Mechanisms
of COVID-Associated Coagulopathy

The implicated pathogenic mechanisms include thrombo-
inflammation propagated by angiotensin-converting
enzyme-2 receptor-mediated pulmonary and vascular
endothelial injury. The effect of endothelial damage is com-
pounded by activation of the contact pathway by effects of
individual components of neutrophil extracellular traps and
microorganism-derived polyphosphates that activate plate-
lets, mast cells, and factor XII. Other contributing mecha-
nisms involve systemic complement activation (generalized
activation of both alternative and lectin-based pathways)
and pathogen-associated molecular patterns [4, 6, 17, 18].
This is accompanied by a hypofibrinolytic state in the alveo-
lar space created by an elevation of plasminogen activator
inhibitor 1 derived from the lung epithelium and endothelial
cells. Endothelial cell activation, triggered by elevated pro-
inflammatory cytokines (IL-1, IL-6) and hypoxia secondary
to ARDS, play a significant role in COVID-19 coagulopathy
by increasing the tissue factor expression and subsequent
propagation of coagulation cascade [19, 20]. A SARS CoV-2
infection-induced cytokine storm activates the coagulation
pathway. Proinflammatory cytokines such as IL-1p and IL-6
stimulate the expression of tissue factor on immune cells and
initiate extrinsic coagulation cascade activation. In contrast,
the fibrinolytic system is suppressed as mentioned above.
Platelets are activated by various proinflammatory cytokines
and the damaged endothelium. Endothelial damage induced
by inflammation further accelerates the thrombotic reaction.

The mechanism of activation of coagulation is described
as follows: [21-23]:

¢ Endothelial damage leading to activation of tissue factor
and platelets.

e Activation of tissue factors can induce generation of
thrombin and fibrin.
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¢ Direct endothelial injury increases the risk of microan-
giopathy and microvascular clot formation.

¢ Proinflammatory cytokines can exaggerate microvascular
injury and thrombus formation.

e Patients with acute respiratory distress syndrome result-
ing in hypoxia have an increased risk of hypoxia-induced
endothelial damage.

e Activation of macrophages may also play role.

e Derangements in the renin angiotensin pathways may
contribute to the hypercoagulable state of COVID-19.

Histologically, lung tissues from patients with COVID
have showed florid capillary endotheliitis with formation of
microthrombi in alveolar capillaries, and small pulmonary
vessels [24]. Diffuse alveolar damage and inflammation, dif-
fuse interstitial inflammation as well as extensive pulmonary
macrophage activation play important roles in forming the
microthrombi in the pulmonary vessels [22].

The net result of this alteration in the balance of coagula-
tion and fibrinolytic pathways is fibrin deposition, as evi-
denced in patients with ARDS [6], as well as a multitude of
other thrombotic complications. The occurrence of throm-
bosis in the pulmonary vasculature and other organ systems
without evidence of embolic sources promotes local throm-
bosis as a probable hypothesis [3, 16]. The reason for an
increased D-dimer in patients with COVID-19 is not clear
yet. Studies have shown that the increased D-dimer level was
significantly correlated with inflammation, and this may also
be the most reasonable explanation in patients with COVID-
19 [25].

The potential role of antiphospholipid antibodies in the
pathogenesis of thrombotic events in patients with severe
COVID-19 has recently been highlighted. However, arti-
cles have highlighted that in the setting of a high degree
of inflammation and an increased level of inflammatory
markers, those antibodies can be falsely positive. Recently,
Maccio et al. have proposed an interesting pathogenesis
thrombotic disorder in COVID-19. They discussed the role
that reactive oxygen species can play in endothelial injury
and activation of the coagulation cascade [26]. Factors such
as critical illness, immobilization, multiple comorbidities,
mechanical ventilation, and vascular access catheters exac-
erbate the pathophysiological mechanisms outlined above,
resulting in the various thrombotic complications.

4 Diagnosis of Venous Thromboembolism
in COVID-19

The diagnosis of VTE is primarily dependent on three
modalities: clinical suspicion, laboratory data, and imag-
ing. However, detection of VTE in patients with COVID-19
is challenging for various reasons, including the overlapping
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clinical symptoms of hypoxia and respiratory failure, techni-
cal difficulty of obtaining tests owing to the hemodynamic
instability of critically ill patients on life-saving support sys-
tems and the infection precaution measures, and rapid clini-
cal deterioration necessitating initiation of treatment even
before confirmation of diagnosis. Patients with COVID-19
with severe disease are predisposed to develop renal, res-
piratory, and hepatic complications, which often preclude
timely diagnosis and the management of thromboembolic
and bleeding states [27]. Thus, prompt evaluation of these
thromboembolic events is crucial in patients showing no
clinical improvement and/or rapid clinical deterioration.

5 Clinical Suspicion and Predictive Scoring
Systems

Clinical suspicion warranting a diagnosis of VTE is vital in
patients exhibiting worsening tachypnea, decreased oxygen
saturation < 90%, increasing supplemental oxygen require-
ment, and hemodynamic instability in the setting of imaging
findings inconsistent with worsening COVID-19 pneumo-
nia [28]. Asymmetric limb pain or edema can raise clinical
suspicion for deep vein thrombosis (DVT). Recognition of
relevant symptoms and signs is vital, and if imaging/defini-
tive diagnosis cannot be obtained, these patients should be
started on appropriate anticoagulation therapy [29].

The risk of development of VTE can be assessed using
several scoring systems, which can help to guide therapy.
Studies suggest the use of Padua prediction score (factors
such as previous VTE, active cancer, reduced mobility,
known thrombophilic condition, recent trauma or surgery,
age > 70 years, respiratory/cardiac failure, acute myocar-
dial infarction/stroke, acute infection, obesity, and ongoing
hormonal treatment are included; < 4: low risk of VTE; >4:
high risk of VTE) or The International Medical Prevention
Registry on Venous Thromboembolism (IMPROVE) score
(which includes seven risk factors of active cancer, previ-
ous VTE, thrombophilia, lower limb paralysis, immobili-
zation <7 days, intensive care unit/coronary care unit stay,
age > 60 years; more than one positive factor increases the
risk of symptomatic VTE to 7.2%) [30]. A recent study from
China, using the Padua model, reported that 40% of hospital-
ized patients with COVID-19 were at high risk of developing
VTE [31]. Obi et al. recommended using the Wells’ score to
determine the pre-test probability of DVT [32, 33] (Fig. 1).

6 Laboratory Parameters

Table 2 summarizes important findings from studies on
laboratory markers and coagulation parameters used in
the diagnosis of COVID-19. The derangement in levels of
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coagulation markers reflects the activation of the coagula-
tion cascade. These findings have shown to be an indirect
indicator of disease severity, heightened risk of thrombosis,
and mortality [8, 10, 11, 13, 34]. Raised von Willebrand
factor levels could be a surrogate marker of endotheliopa-
thy [10, 35]. A prospective study comparing coagulation
parameter derangement among patients with COVID-19 and
healthy controls found that the values of p-dimer (10.36 vs
0.26 ng/L; p<0.001), fibrin/fibrinogen degradation products
(33.83 vs 1.55 mg/L; p<0.001), and fibrinogen (5.02 vs
2.90 g/L; p<0.001) in all SARS-CoV-2 cases were sub-
stantially higher than those in healthy controls. Moreo-
ver, D-dimer and fibrinogen degradation product values in

patients with severe SARS-CoV-2 infection were higher than
those in patients with mild disease [35]. A meta-analysis
showed that patients with severe disease were found to
have a significantly lower platelet count (mean difference:
—31x10°/L, 95% confidence interval — 35 to —29 x 10°/L)
and thrombocytopenia was associated with a five-fold higher
odds of having the severe disease (odds ratio: 5.13; 95%
confidence interval 1.81-14.58) [36]. An Italian study was
conducted to determine the role of a thromboelastography
point-of-care device in intensive care unit patients. These
findings corresponded with elevated p-dimers, fibrinogen,
C-reactive protein, factor VIII, and von Willebrand factor,
highlighting the importance of anticoagulation [37].

¥ Y
All patients admitted with moderate to severe* COVID-19 —_ Contraindications to anticoagulation present? : :
Clinically significant bleeding/ platelet count <25,000 | —— | Pneumatic compression
\L Y = stockings
High clinical suspicion of VTE \L
Prophylactic anticoagulation®:
Look for: Recommended for all patients (critical and non- critical)
Worsening tachypnea/Decreased oxygen (O2) saturation <90%/ admitted with moderate to severe* COVID-19 (LMWH> UFH)
Increasing supplemental O2 requirement/ HDI in the setting of ¥
imaging findings inconsistent with worsening COVID-19 Dosing:
pneumonia/ unilateral worsening limb pain or edema +CrCl >30mL/min: Enoxaparin 40mg SC QD
s|1 v +CrCl <30mL/min or RRT: UgH 5000U SC BID
r
v | Time for further tests N Apixaban 2.5mg PO BID
l/ ! J/ If HIT present, use Fondaparinux 2.5mg SC QD
gg%irgigzttziflaluatlon it Therapeutic anticoagulation € ot ge e £
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Baseline lab parameters ICU Non-ICU RENAL SPECIAL
CBC with differential, D-dimer, Enoxaparin SC IMPAIRMENT | CONSIDERATIONS: + Modified IMPROVE-VTE score 24
PT, PTT, fibrinogen, ferritin, LDH, UFH 80 Ukg | 1mg/kg BID UFH: No dose « Modified IMPROVE-VTE score 22 and D-
troponin, CPK, CK ) bolus+ 18 If patient on OAC, | adjustment OBESITY dimer level >2 times the upper limit of normal
(ICU- Trend_ D-dimer, fibrinogen, FDP, Ulhr infusion | switch Warfarinto | needed BMI>40; >120kg * Age 275 years / Age >60 years and D-dimer
PT, PTT daily) DOAC [Less Enoxaparin v level >2 times the upper limit of normal
) ) « Age 40 to 60 years, D-dimer level =2 times
Imaging¥: Or preferred than Enoxaparin: «Crclz 30ml.min: S the upper limit of normal, and previous VTE
DVT-CUS Y LMWH due to Crcl15-29 0.75 ml/min BID event or cancer
PE-CTPA — | Enoxaparin increased bleeding | ml/min: 1mg/kg | * Crcl < 30 ml/min:
SC 1mglkg risk in renal SCQD 0.75 mg/kg SC QD i
\L Y BID impairment and DDI Regimens:
* Diagnosed acute VTE INGOVIDI19] Rivaroxaban 10 mg daily for 31 to 39 days
: ECtMOt or Fttrl]?T c:rcu.:!t thrombosis Consider tPA ) PREGNANCY Betrixaban 160 mg on Day 1, followed by
GICILON TIClapste protocol # Consider tPA UFH betrixaban 80 mg once daily for 35 to 42 days
anticoagulation prior to protocol #
hospitalization (Afib, mechanical
heart valves, recurrent VTE)

Fig.1 Management of coronavirus disease 2019 (COVID-19)-asso-
ciated coagulopathy [22, 23, 27]. Afib atrial fibrillation, ARDS acute
respiratory distress syndrome, BID twice a day, BMI body mass
index, CBC complete blood count, CK creatinine kinase, CPK cre-
atinine phosphokinase, Crcl creatinine clearance, CTPA computed
tomography pulmonary angiography, CUS compression ultrasonog-
raphy, DDI drug—drug interaction, DOAC direct oral anticoagulant,
DVT deep vein thrombosis, ECMO extracorporeal membrane oxy-
genation, HDI hemodynamic instability, HIT heparin induced throm-
bocytopenia, /CU intensive care unit, /MPROVE International Medi-
cal Prevention Registry on Venous Thromboembolism, LDH lactate
dehydrogenase, LMWH low-molecular-weight heparin, N no, O,
oxygen, OAC oral anticoagulation, PE pulmonary embolism, PT pro-
thrombin time, PTT partial thromboplastin time, QD once a day, RRT
renal replacement therapy, SC subcutaneous, tPA tissue plasminogen
activator, UFH unfractionated heparin, VTE venous thromboembo-
lism, Y yes. *Moderate COVID-19: evidence of lower respiratory

illness by clinical assessment or imaging, with SpO,>93% on room
air at sea level. Severe COVID 19: SpO,<93% on room air at sea
level, respiratory rate > 30, PaO,/FiO, <300, or lung infiltrates > 50%.
Associated with ARDS, sepsis, and septic shock. Can progress to
critical illness with cardiac, hepatic, renal, and central nervous system
disease. **Risk stratification: VTE: PADUA/IMPROVE/Wells’ scor-
ing systems. DIC: ISTH scoring system. AIf patient taking a DOAC
or warfarin as an outpatient for routine indications (Afib, mechanical
heart valves, recurrent VTE), switch to a therapeutic dose of LMWH
(preferred to UFH as no PTT monitoring required) to decrease DDI.
If patient is placed on UFH, monitor anti-Xa levels instead of PTT
as latter shown to increase in severely ill patients with COVID-19
and confound results. ¥If CUS/CTPA is not feasible, consider bed-
side point-of-care ultrasonography or bedside cardiac ultrasound for
unexplained acute right ventricular strain or intra-cardiac thrombus.
fHematology consultation when required. *Cardiopulmonary deterio-
ration due to PE
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Table 2 Variation in coagulation laboratory parameters in patients with coronavirus disease 2019 (COVID-19)

Author, year  Number  Platelet count PT/INR APTT  Fibrino-  D-dimer Others Number of Important findings
of patients  (10%/L) gen level level patients with
positive DIC
score
Helmsetal., 150 200 PT 84% 1.2 6.99¢g/L  227mg/L  vWFactivity JAAMDIC 6 Significant difference in coagula-
2020 INR 1.12 328% ISTHO tion parameters between 2 groups
Factor VIII (patients with ARDS with and
341% without COVID-19)
LA+ (n=50)
Fogarty et al., 83 212 PT12.8s 31.1s 49¢g/L 881 ng/mL. NR ISTH O D-dimer levels on admission were
2020 significantly higher in the subgroup
eventually needing ICU admission;
levels remained significantly higher
in poor subgroup even after 4 days
Middeldorp 198 239 NR NR NR 1.1 mg/L NR NR D-dimer level was significantly higher
et al., 2020 (2.0 vs 1.1 mg/L, p=0.006) in
patients admitted to ICU vs floor
Higher level was risk factor for VTE
on univariable regression analysis
Tang et al., 183 NR 13.7 s 41.6s 4.55¢g/L 0.66 pg/ NR ISTH 16 Non-survivors had significantly
2020 mL higher D-dimer, FDP, and longer
PT and APTT on admission
71.4% of non-survivors met the crite-
ria of DIC during hospital stay
Cui et al., 81 246.6* 15.4s* 39.9s* NR 5.2 ug/mL* NR NR A D-dimer cut-off value of 1.5 pg/
2020 mL had 85% sensitivity and 88.5%

specificity for predicting VTE

APTT activated partial thromboplastin time, ARDS acute respiratory distress syndrome, DIC disseminated intravascular coagulation, FDP fibrin
degradation products, /CU intensive care unit, /NR international normalized ratio, ISTH International Society on Thrombosis and Hemostasis,
JAAM Japanese Association for Acute Medicine, LA lupus anticoagulant, NR not reported, PT prothrombin time, s seconds, VTE venous throm-

boembolism, vWF Von Willebrand factor
#Value in the patients with VTE

Among those afflicted with COVID-19, the number of
patients with an elevated International Society on Throm-
bosis and Hemostasis DIC score was low, while fibrinogen
levels were elevated [8, 10, 34]. In one retrospective study
including 183 patients with novel coronavirus pneumonia
in China, non-survivors had significantly higher admission
p-dimer and fibrinogen degradation product levels, and more
prolonged prothrombin and partial thromboplastin times.
In this study, 71.4% of non-survivors met the International
Society on Thrombosis and Hemostasis criteria for overt
DIC (> 5 points) [8]. Most of the studies have clinical data
that support the fact that the coagulopathy in COVID-19 is
thrombotic and occasionally manifests as acute DIC.

Studies from China have shown increased p-dimers
(0.5 mg/L or higher) in 46-63% of patients with COVID-
19. Elevation in p-dimers was associated with higher rates
of intensive care unit admission [11], development of
ARDS, [10], and mortality [8]. One study found a p-dimer
cut-off value of 1.5 pg/mL had 85% sensitivity and 88.5%
specificity for VTE prediction in patients with COVID-19
[13]. However, the use of a p-dimer alone for risk strati-
fication is not very useful for the following reasons: (1)
elevated p-dimer levels are not specific for the diagnosis
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of VTE and (2) if only a high p-dimer level is relied on
for diagnosis, it will unnecessarily increase the utilization
of computed tomography pulmonary angiography (CTPA)
without much benefit. Moreover, CTPA may worsen kid-
ney function as a result of contrast use in critically ill
patients [38].

7 Imaging for Diagnosing Venous
Thromboembolism

Imaging studies can help yield a definitive diagnosis of
VTE. Studies have shown the usefulness of compression
ultrasonography and CTPA [5, 9, 12]. One study from Italy
showed 16 (36%) out of 44 patients had VTE on imaging,
and ten (33%) out of 30 patients had a pulmonary embolism
on CTPA. More than 50% of VTE events were diagnosed
within the first 24 h of hospital admission, highlighting the
significance of early diagnosis and treatment in patients with
COVID-19 [9]. The decision to perform an imaging study
for diagnosing DVT should be based on clinical judgment.
Routine screening for DVT in asymptomatic patients is not
recommended [39].
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However, the feasibility of these imaging modalities in
the setting of COVID-19 is a matter of concern. Therefore,
the role of bedside point-of-care ultrasound is important in
aiding diagnosis. One recent multi-center study has shown
100% sensitivity and 95.8% specificity of point-of-care
ultrasound for the diagnosis of DVT [40]. Bedside cardiac
ultrasound also assists with the diagnosis of pulmonary
embolism indirectly by instantaneous assessment of right
ventricular size and function, especially in patients with
high clinical suspicion. These bedside tests will enable
rapid identification facilitating appropriate management
of patients [41, 42]. Ultrasound imaging will be particu-
larly helpful in pregnant women, as it eliminates the risk
of radiation [43].

8 Treatment of Thrombotic Complication
in COVID-19

8.1 Prophylactic Anticoagulation
8.1.1 In-Hospital

The International Society on Thrombosis and Hemostasis
has recommended the use of antithrombotic prophylaxis
with low-molecular-weight heparin for all admitted patients
unless there is a contraindication. In the setting of heparin-
induced thrombocytopenia, fondaparinux is recommended
[44—-46]. Routine thromboprophylaxis is not recommended
in ambulatory patients with acute medical illness or res-
piratory symptoms [9]. Interestingly, the use of heparin is
not only helpful for the anticoagulant effect, but also for its
anti-inflammatory effect in patients with COVID-19 [47].

Heparin also has some protective effects on the endothe-
lium. Direct drug delivery into the lung tissue through
nebulized heparin may be an interesting treatment option to
explore for its effects on the endothelium [48]. In vivo mod-
els of coronavirus infection have demonstrated the anti-viral
effect of unfractionated heparin [49]. The choice of hepa-
rin over low-molecular-weight heparin is clinically relevant
in patients with underlying renal dysfunction. Critically ill
patients with COVID-19 may also develop liver dysfunction
resulting in worsening of coagulopathy. These patients are
at increased risk of bleeding. For these reasons, the type and
dose of AC should be individualized based on their clinical
picture [21, 49]. In patients with a body mass index >40 kg/
m?, a higher dose of thromboprophylaxis has been shown to
decrease the odds of symptomatic VTE by 50% [50]. This
strategy may be useful when treating obese patients with
COVID-19.

8.1.2 Post-Discharge

Patients admitted to the hospital for acute medical illness
have an increased risk of VTE up to 90 days after dis-
charge. A similar risk should be considered for patients with
COVID-19. It may be reasonable to consider extended treat-
ment to prevent thromboembolic events after discharge from
the hospitals. A regulatory-approved regimen can be used
(betrixaban 160 mg on day 1, followed by 80 mg once daily
for 3542 days, or rivaroxaban 10 mg daily for 31-39 days).
Increased bleeding risk should be considered depending on
the patient’s clinical condition and comorbidities [44].

8.2 Therapeutic Anticoagulation

The treatment with a full dose of AC may be beneficial for
patients who are meeting the criteria of a SIC score or who
have a markedly elevated p-dimer level (Fig. 1). In a retro-
spective study involving 449 patients with severe COVID-
19, Tang et al. showed lower 28-day mortality in patients
who had a SIC score >4 and a p-dimer level of > 3.0 pg/
mL, and were treated with heparin (prophylactic dose of
both low-molecular-weight heparin and unfractionated hepa-
rin) compared with patients who were not (40.0% vs 64.2%,
p=0.029) [51]. It has been recommended to start therapeutic
AC in patients with COVID-19 who have experienced an
incident thromboembolic event or have a high suspicion of
thromboembolic disease. Patients with COVID-19 requiring
extracorporeal membrane oxygenation or continuous renal
replacement therapy or who have thrombosis of the cath-
eters or extracorporeal filters should be given therapeutic
AC according to the standard institutional protocols [52].
A recently published study has found evidence of heparin
resistance in critically ill patients with COVID-19. Meas-
urement of the anti-factor Xa level may be useful in these
patients [4, 53].

8.3 Tissue Plasminogen Activator

Few preclinical and clinical reports have suggested that
fibrinolytic therapy may be useful in improving survival
in patients with acute lung injury and ARDS [54, 55]. A
recently published case series reported the effect of tissue
plasminogen activator on patients with COVID-19 expe-
riencing ARDS and respiratory failure. All of the three
patients showed an initial improvement in their partial pres-
sure of oxygen-to-fraction of inspired oxygen ratio. How-
ever, the effect was transient. More evidence is required to
evaluate the impact of tissue plasminogen activator on the
survival of individuals with COVID-19 [55].

A\ Adis



1560

A.Hajra etal.

8.4 Oral Anticoagulation

Patients taking warfarin and those who can take oral medi-
cation should be transitioned to the same depending on the
indication. If there is an option for switching to direct oral
ACs (DOACS), it should be done, because during isolation
for COVID-19, regular international normalized ratio moni-
toring would likely be difficult [44]. The DOACs can be
used in patients with COVID-19 as per the usual indica-
tions. To date, the use of DOACsS in patients with COVID-19
admitted to a hospital is not routinely recommended. Direct
oral ACs have drug—drug interactions with anti-IL-6 (toci-
lizumab) and anti-viral (lopinavir, ritonavir, or darunavir)
medications. Furthermore, in the setting of renal impair-
ment, a common complication in critically ill patients with
COVID-19, reduced excretion of DOACs can increase the
bleeding risk [44, 56-58].

8.5 Newer Agents

Asakura and Ogawa have discussed nafamostat, a serine pro-
tease inhibitor, as a potential AC treatment for patients with
COVID-19. As nafamostat has weak anticoagulation actions,
the authors have suggested combining it with heparin may
augment its positive effects [59]. Recently, evidence from
three COVID-19 pneumonia cases has shown improvement in
clinical status following the administration of nafamostat [60].
As the cytokine storm has an important role in throm-
bosis in patients with COVID-19, anti-IL drugs may prove
their role as a treatment option for affected patients. Studies
are required to see the effect of tocilizumab (anti IL-6) and
canakinumab (anti IL-1) for the treatment of COVID-19.
Anti-human immunoglobulin G and an anti-Janus kinase
inhibitor may also be potential treatment options [61, 62].
Patients with COVID-19 have been noted to have an
increased risk of thrombosis. Apart from VTE, there is evi-
dence that can raise concern for thrombotic risk in other vas-
cular territories, including thrombosis in the coronary circu-
lation [63]. Recently, one case report has shown anterior ST
elevated myocardial infarction in an asymptomatic patient
with COVID-19. The patient was treated with intravenous
thrombolysis, followed by coronary rescue angioplasty. The
patient developed two episodes of acute stent thrombosis
at 2 and 36 h following admission despite optimal medical
therapy. Acute inflammation and endothelial dysfunction in
COVID-19 have been proposed as a potential mechanism for
hypercoagulability. Additionally, excessive platelet aggrega-
bility may play a role resulting in in-stent thrombosis. The
importance of anti-platelet drugs in this scenario should
be reconsidered [64]. One recent article has discussed an
interesting point regarding the use of ticagrelor. The authors
have highlighted the role of ticagrelor not only for its anti-
platelet action but also for inhibition of platelet-neutrophil
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aggregates, NET release, and vascular leakage preventing
SIC [65].

9 Conclusions

COVID-19 is an ongoing, international public health crisis.
The thrombotic complications secondary to the viral infec-
tion are being reported to be important drivers of multi-
system involvement in the COVID-19 disease spectrum.
Endothelial injury and proinflammatory cytokines in the
setting of COVID-19 infection trigger activation of a coag-
ulation cascade, leading to thromboembolic events. Diag-
nosis of VTE may be challenging in patients with COVID-
19, mainly owing to clinical overlapping of symptoms and
difficulty obtaining tests. For this reason, a high degree of
clinical suspicion plays an important role for early diagnosis.
Judicial use of predictive scoring models and appropriate
imaging modalities are important for diagnosing the VTE
events. Therapeutic anticoagulation with heparin should
be promptly started as and when indicated. Future studies
should investigate the nuances of the pathophysiology of
COVID-19 coagulopathy and help establish guidelines on
the use of laboratory biomarkers and the utility of direct oral
anticoagulants in the acute setting.
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