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Abstract

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has brought many unique pathologies, such as coagulopathy, prompting a desperate need for effective management.
COVID-19-associated coagulopathy (CAC) can cause various thromboembolic complications, especially in critically ill
patients. The pathogenesis is likely due to endothelial injury, immobilization, and an increase in circulating prothrombotic
factors. Data on treatment are limited, although prophylactic anticoagulation is advised in all hospitalized patients. Herein,
we have comprehensively reviewed the current literature available on CAC and highlight the pathogenesis, clinical features,

and management of CAC.
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Key Messages

Venous thromboembolism (VTE) is common in COVID-
19 patients, especially those in the intensive care unit.

Prophylactic anticoagulation is recommended in all
patients with COVID-19 unless contraindicated.

1 Introduction

A novel coronavirus was first identified in late 2019 in
Wuhan, China, and rapidly spread throughout the world,
causing a pandemic [1]. The virus was identified as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
and the World Health Organization designated the disease as
coronavirus disease 2019 (COVID-19). The most common
symptoms are respiratory, but gastrointestinal, neurologi-
cal, and other atypical symptoms can also be seen, although
these symptoms are rare [2]. Recent studies showed several
coagulation abnormalities in patients with COVID-19, rais-
ing questions about appropriate management to prevent or
treat thrombosis; this state has been termed COVID-19-asso-
ciated coagulopathy (CAC) [3]. The International Society on
Thrombosis and Hemostasis (ISTH), the American Society
of Hematology (ASH), and the American College of Car-
diology (ACC) have posted interim guidance on this topic.
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Herein, we provide a clinical overview on the pathogenesis,
clinical features, and management of hypercoagulability in
individuals with COVID-19.

2 Pathogenesis

The pathogenesis of hypercoagulability in COVID-19 is ill-
defined. Figure 1 summarizes the proposed pathogenesis of
hypercoagulability in COVID-19; all three components of
Virchow’s triad appear to be involved, including endothelial
injury, stasis, and hypercoagulable state. Endothelial injury
is evident from the direct invasion of endothelial cells by
SARS-CoV-2 [4]; endothelial cells have a high number
of angiotensin-converting enzyme 2 (ACE-2) receptors.
SARS-CoV-2 enters the cell through the ACE-2 receptor
[4]. In the study by Varga et al., viral elements were found
inside the endothelial cells, suggesting direct invasion [4].
Increased angiogenesis was also seen in these patients [5].
Increased cytokines are released, such as interleukin (IL)-6,

and various acute-phase reactants in COVID-19 can lead
to endothelial injury [6]. Reports also suggest activation
of alternate and lectin complement pathways (Cs;, o [mem-
brane attack complex], C4d, and mannose-binding protein-
associated serine protease 2 [MASP2]), leading to further
endothelial cell injury [7]. The use of intravascular cath-
eters can cause direct endothelial cell injury. Stasis is due to
immobilization in all hospitalized patients, especially those
who are critically ill. A hypercoagulable state is seen due to
several coagulation abnormalities from elevated circulating
prothrombotic factors such as elevated von Willebrand factor
(vWF), factor VIII, D-dimer, fibrinogen, neutrophil extracel-
lular traps, prothrombotic microparticles, and anionic phos-
pholipids [8]. Elevated levels of D-dimer have been observed
to correlate with illness severity and 28-day mortality [9].
Fibrinogen levels were also significantly (p =0.003) associ-
ated with IL-6 levels at baseline, according to a logarithmic
regression [8].

Upon autopsy, most patients showed macro- and micro-
vascular thrombosis [10]. Gross examination of the lungs
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Fig.1 Pathogenesis of coagulopathy in COVID-19. Endothelial
injury (endotheliitis) is caused by direct invasion of endothelial cells
by the SARS-CoV-2 virus via ACE-2 receptors, release of inflamma-
tory cytokines such as IL-6, acute-phase reactants, complement acti-
vation, and direct injury from intravascular catheters. Stasis is due to
immobilization in all hospitalized patients. The hypercoagulable state
is due to elevated circulating prothrombotic factors such as elevated
vWF activity, factor VIII, D-dimer, fibrinogen, neutrophil extracel-
lular traps, prothrombotic microparticles, and anionic phospholipids.
TEG findings showed shortened R (increased early thrombin burst),
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phospholipids

shortened K (increased fibrin generation), increased MA (greater clot
strength), and reduced LY30 (reduced fibrinolysis). ACE-2 angioten-
sin-converting enzyme 2, C4d complement 4d, C5b-9 complement
5b-9, COVID-19 coronavirus disease 2019, IL interleukin, K clot
formation time, LY30 clot lysis at 30 min, MA maximum amplitude,
MAC membrane attack complex, MASP2 mannose-binding protein-
associated serine protease 2, R reaction time, SARS-CoV-2 severe
acute respiratory syndrome coronavirus 2, TEG thromboelastography,
vWF von Willebrand factor
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showed small and firm thrombi in peripheral parenchyma
[5]. The pathological hallmark of COVID-19 is diffuse,
small-vessel platelet—fibrin thrombi and intravascular mega-
karyocytes in all major organs, including the heart, lungs,
kidneys, liver, and mesenteric fat [10]. Microscopic findings
demonstrated pauci-inflammatory capillary injury, capillary
congestion with luminal fibrin deposition, and angiogenesis
[5, 10]. The density of intussusceptive angiogenic features
(mean =+ standard error [SE]) 60.7 + 11.8 features per field)
was significantly higher in the lungs from patients with
COVID-19 than from patients with influenza (22.5 +6.9) or
from uninfected controls (2.1 +0.6) [p <0.001 for both com-
parisons] [5]. The degree of intussusceptive angiogenesis
correlated significantly with the duration of hospitalization
(»<0.001). Endotheliitis is visible by electron microscopy
in the endothelium of the heart, lung, small bowel, and kid-
neys [4]. Autopsy of the kidneys showed diffuse tubular
injury, interstitial edema, and fibrin thrombi in the glomeru-
lar capillaries [11].

Routine laboratory testing was performed in 24 critically
ill COVID-19 patients and identified several abnormalities,
including normal or slightly prolonged prothrombin time
(PT) and activated partial thromboplastin time (aPTT), nor-
mal or increased platelet count, and increased D-dimer and
fibrinogen levels [12]. Further testing also showed increased
factor VIII activity and vWF antigens. Thromboelastogra-
phy (TEG) showed a shortened reaction time (R), consistent
with an increased early thrombin burst, in 50% of patients;
shortened clot formation time (K), consistent with increased
fibrin generation, in 83% of patients; increased maximum
amplitude (MA), consistent with greater clot strength, in
83% of patients; and reduced clot lysis at 30 min (LY30),
consistent with reduced fibrinolysis, in 100% of patients
[12]. Similarly, in another viscoelastic test, increased plate-
let and fibrinogen contribution to clot strength was found
[8]. In patients with severe disease and a positive lupus

anticoagulant test, thrombocytopenia and marked prolon-
gation of PT and aPTT can be seen [13].

Although disseminated intravascular coagulation
(DIC) has been rarely reported in severely ill patients with
COVID-19, there are several features that distinguish CAC
from DIC (Table 1). The major clinical finding in CAC is
thrombosis, whereas in acute decompensated DIC, bleed-
ing is the predominant feature. Pathological bleeding is not
a commonly observed feature of COVID-19. Furthermore,
COVID-19 has a few findings similar to DIC, including a
marked increase in D-dimer levels and, in some cases, mild
thrombocytopenia [14]. However, other coagulation param-
eters such as fibrinogen and factor VIII activity are high in
CAC, while acute decompensated DIC is associated with
low fibrinogen, which suggests that consumption of clotting
factors is less likely in CAC. Regardless of the above simi-
larities or differences, the basic principle of management in
both CAC and DIC is treatment of the underlying condition.

3 Clinical Features
3.1 Venous Thromboembolism

Venous thromboembolism (pulmonary embolism [PE] and/
or deep vein thrombosis [DVT]) is common in patients with
COVID-19, even when prophylactic anticoagulation is used,
and can be seen in up to two-thirds of patients in the inten-
sive care unit (ICU). A search of the PubMed database using
the key words ‘hypercoagulability’ and ‘COVID-19’ found
11 studies with a patient population of 10 or more. Details
of the studies, including type, country, number of patients
enrolled, mean age, sex, comorbidities, use of anticoagu-
lation, incidence of thromboembolism, and other relevant
laboratory findings are listed in Table 2. Two of 11 studies
were autopsy studies. Older age, male sex, obesity, smoking

Table 1 Distinguishing features between COVID-19-associated coagulopathy and acute disseminated intravascular coagulation

COVID-19-associated coagulopathy

Acute disseminated intravascular coagulation

Major clinical finding Thrombosis

PT Normal/increased

APTT Normal/increased

Platelet counts Normal/increased/decreased
Fibrinogen Increased

D-dimer Increased

VWF and factor VIII activity Increased

Antithrombin Increased

Anticardiolipin Antibody Positive

Protein C Increased

Bleeding
Increased
Increased
Decreased
Decreased
Increased
Increased
Decreased
Normal

Decreased

aPTT activated partial thromboplastin time, COVID-19 coronavirus disease 2019, PT prothrombin time, vWF von Willebrand factor
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and other chronic medical comorbidities, especially cardio-
vascular disease, hypertension, chronic bronchitis, active
cancer, and diabetes mellitus were associated with a higher
risk of thromboembolism.

In a post-mortem examination of 21 patients with
COVID-19, alveolar and glomerular microthrombi were
seen in 45% and 16.7% of individuals, respectively, while in
another post-mortem study of 12 patients, DVT was seen in
58% of patients with 33% mortality due to a massive PE [11,
15]. Extremely high values of D-dimer (> 20,000 ng/mL;
normal value < 500 ng/mL) were found in 25% of patients.
In a series of 184 patients (all patients receiving prophy-
lactic anticoagulation) with severe COVID-19 and in the
ICU, VTE was reported in 27% [16]; the study was associ-
ated with a 13% mortality rate. Age (adjusted hazard ratio
[aHR] 1.05/year, 95% confidence interval [CI] 17-37%) and
coagulopathy (prolongation of PT >3 s or aPTT>5 s; aHR
4.1,95% CI 1.9-9.1) were found to be independent predic-
tors of thrombosis. In another series of 150 ICU patients,
64 patients had clinically relevant thrombotic complications
(mostly PE) [17]. Clotting of the extracorporeal circuit was
seen in 28 of 29 patients receiving continuous renal replace-
ment therapy (RRT), and 2 of 12 patients undergoing extra-
corporeal membrane oxygenation (ECMO). All patients
received anticoagulation (prophylactic dose, 70%; thera-
peutic dose, 30%). That study also compared patients with
COVID-19-associated acute respiratory distress syndrome
(ARDS) with a matched cohort of non-COVID-19 ARDS
patients and found the rate of PE was higher in COVID-
19 patients [11.7% vs. 2.1%; odds ratio (OR) 6.2, 95% CI
1.6-23.4; p <0.008]. More than95% of patients had elevated
D-dimer and fibrinogen levels, with a considerable increase
in VWF activity, vWF antigen, and factor VIII. The study
also reported a positive lupus anticoagulant test in 87.7%
of patients.

Similarly, a series of 107 ICU patients reported PE in
20.6%. By comparison, in two matched cohorts (one from
the same time interval in the previous year and one from
concurrent patients with influenza rather than COVID-19)
6.1% [absolute risk (AR) 14.4%, 95% CI 6.1-22.8%] and
7.5% (AR 13.1%, 95% CI 1.9-24.3%) of patients, respec-
tively, reported PE [18]. The study also showed elevated
D-dimer, plasma factor VIII and vWF antigen levels associ-
ated with higher PE risk. In one study of 74 ICU patients,
VTE was associated with higher mortality (aHR 2.4, 95% CI
1.02-5.5 [19]. The cumulative incidence of VTE was higher
in the ICU than on the wards. Another study that performed
screening leg ultrasounds in 26 patients with COVID-19 in
the ICU who were all receiving either prophylactic-dose
anticoagulation (31%) or therapeutic-dose anticoagulation
(69%), found VTE in 18 (69%) patients, with a 12% mortal-
ity rate [20]. The majority of the above data were from ICU
patients, however the data are limited in non-ICU patients.
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Two studies (314 and 71 non-ICU patients, respectively)
found an incidence of VTE in the range of 6.4-21%, in spite
of the majority of patients receiving anticoagulation [21,
22].

3.2 Arterial Thromboembolism

Although VTE is more commonly seen with COVID-
19, there have been a few cases of arterial events such as
ischemic stroke and acute limb ischemia. In one report, five
COVID-19 patients younger than 50 years of age were iden-
tified with acute ischemic stroke due to large vessel occlu-
sion during a 2-week period, compared with an average of
0.73 patients every 2 weeks over the previous 12 months
[23]. The cumulative incidence rate of acute ischemic stroke
was found to be between 2 and 3.7% in ICU patients [16, 17]
and approximately 2% in non-ICU patients [21].

A report evaluated data from 20 patients (90% male;
mean age 75 years) with COVID-19 who developed acute
limb ischemia at a single institution over a 3-month period
and found that the incidence of acute limb ischemia was sig-
nificantly higher compared with the previous year (16.3% in
2020 vs. 1.8% in 2019; p <0.001) [24]. Surgical revasculari-
zation was performed in 17 patients, of whom 12 (71%) were
successful. Re-intervention was not required in those who
received postoperative heparin. The study was associated
with a 40% mortality rate, which was significantly higher
in older patients (81 + 10 years vs. 71 +5 years; p=0.008).
The use of postoperative heparin infusion was significantly
associated with improvement in survival (0% vs. 57.1%;
p=0.42). Another series reported on two young and healthy
patients (37 and 53 years of age, respectively) [25]. Both
patients had very high D-dimer levels and were receiving
prophylactic-dose anticoagulation at the time of the event.
There are a few reports on ST elevation myocardial infarc-
tion (STEMI) and mesenteric ischemia [17, 26].

4 Clinical Evaluation

All patients admitted to the hospital with COVID-19 should
get a complete blood count (CBC), and PT, aPTT, fibrino-
gen, and D-dimer levels should be checked. D-dimer levels
have shown to be directly proportional to the severity of
the disease. High D-dimer and fibrinogen levels, normal or
mildly prolonged PT and aPTT, mild thrombocytopenia or
thrombocytosis, or normal platelet count are typically seen.
The values of these typical tests were also found to correlate
with 28-day mortality based on multivariate analysis of 447
patients in a retrospective study [9]. PT (OR 1.107, 95% CI
1.008-1.215) and D-dimer (OR 1.058, 95% CI 1.028-1.090)
levels correlated positively, while platelet count (OR 0.996,
95% CI 0.993-0.998) correlated negatively, with 28-day
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mortality [9]. Few studies have evaluated D-dimer levels
at various cut-off values to predict VTE in patients with
COVID-19 [27]. Cui et al. showed that if a cut-off value
of 1.5 ug/mL was used to predict VTE, the sensitivity was
85.0%, the specificity was 88.5%, and the negative predictive
value was 94.7% [27]. According to ASH, a normal D-dimer
may be enough to rule out PE in most stable COVID-19
patients with low to moderate pretest probability, as calcu-
lated using the Wells score [3].

Although Yao et al. did not specifically study the correla-
tion between various D-dimer levels and VTE, they showed
that D-dimer at a cut-off value of 0.5 ug/mL was present in
more than 70% of patients with COVID-19, and an increase
in D-dimer levels correlated significantly with disease sever-
ity [28]. As many COVID-19 patients may present with
high levels of D-dimer due to inflammation, it is difficult
to rule out VTE based on D-dimer alone in patients with
high pretest probability [29]. Additional testing, including
ultrasonography of the extremities and computed tomogra-
phy angiography (CTA) of the chest are recommended and
should be used readily depending on clinical presentation,
due to the high risk of VTE associated with this disease. A
ventilation-perfusion (VQ) scan is recommended in patients
with contraindications to CTA, such as those with poor renal
function. An echocardiogram may be considered in some
patients, especially those in whom CTA cannot be performed
and in whom a VQ scan has limited value due bilateral infil-
trates. An echocardiogram may show right heart strain and
a dilated/hypokinetic right ventricle. Additional work-up is
recommended in those patients with unexplained hypoten-
sion, tachycardia, worsening respiratory status, or other risk
factors for thrombosis. Patients with atypical findings such
as severe thrombocytopenia and/or markedly prolonged PT/
aPTT require further investigation. If thrombotic microan-
giopathy is suspected, serum lactate dehydrogenase, hapto-
globin, ADAMTS13 activity, and peripheral blood smear
are recommended. Antiphospholipid antibody testing is not
routinely recommended as it can be transiently present in
viral infections.

5 Management

The management of hypercoagulability in COVID-19 can
be challenging due to limited data. Although all hospitalized
patients are at higher risk for thrombosis, ICU patients are
at the highest risk (incidence 1.1% in non-ICU patients vs.
79% in ICU patients) [3]. It is recommended to start pro-
phylactic-dose anticoagulation with low molecular weight
heparin (LMWH) in all acutely ill hospitalized patients
unless contraindicated [30]. Many experts suggest initiating
intermediate-dose (LMWH 30-40 mg subcutaneously twice
daily) or full-dose anticoagulation in critically ill individuals
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with COVID-19 due to the high percentage of patients with
VTE despite receiving prophylactic anticoagulation [16,
31-33]. Due to the lack of high-quality studies favoring
such interventions, and the risks of bleeding associated
with antithrombotic therapies, some medical societies have
deferred from adopting these recommendations in universal
guidelines [30]. In addition, data are lacking comparing dif-
ferent doses of anticoagulation (prophylactic or therapeutic)
in patients with COVID-19. Most institutions have made
their own criteria to manage coagulopathy in these patients.
It is advised to balance the risks of thrombosis with bleeding
while making decisions regarding antithrombotic therapy.
The ISTH has also issued interim guidelines to manage
coagulopathy in COVID-19 [34].

In a pre-proof retrospective study of 2773 patients hospi-
talized with COVID-19, patients who received anticoagula-
tion (786 patients, 21%) had an in-hospital mortality rate
of 22.5% and a median survival of 21 days, compared with
22.8% and a median survival of 14 days in those who did not
receive anticoagulation [35]. A significantly higher number
of patients required mechanical ventilation in those who did
not receive anticoagulation compared with those who did
(29.8% vs. 8.1%, p<0.001). The in-hospital mortality rate
was 29.1% and a median survival of 21 days in a subgroup
of intubated patients who received anticoagulation compared
with a mortality rate of 62.7% and a median survival of
9 days in those who were intubated but did not receive anti-
coagulation. In a multivariate proportional hazard model,
a longer duration of anticoagulation was associated with a
reduced risk of mortality (aHR 0.86/day, 95% CI 0.82-0.89;
p<0.001). Of a total of 62 patients who received anticoagu-
lation, 24 had bleeding events (not statistically significant);
of those 24 patients, 15 had bleeding events after starting
anticoagulation. The above study had multiple limitations,
such as its retrospective observational nature, unknown rea-
sons for not starting prophylactic anticoagulation in 79%
of patients, unobserved confounding factors, and a lack of
metrics to classify patients based on severity. Another ret-
rospective study of 449 patients (99 patients received anti-
coagulation for > 7 days) with severe COVID-19 (defined as
a respiratory rate of > 30 breaths/min, arterial oxygen satu-
ration £93% at rest, and PaO,/FiO, <300 mmHg), 28-day
mortality benefit was found in patients who received hepa-
rin and had either a high sepsis-induced coagulopathy score
(40% with heparin vs. 64.2% without; p=0.029) or a high
D-dimer of more than sixfold the upper limit of normal
(32.8% vs. 52.4%; p=0.017) [9]. This mortality benefit was
not significant in the cohort as a whole.

The recommended prophylactic dose of LMWH for
patients with creatinine clearance (CrCl)>30 mL/min is
40 mg once daily, and 30 mg once daily for CrCI 15-30 mL/
min. For patients with a body mass index > 40 kg/m?, it is
recommended to increase the dose by 30%. Unfractionated
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heparin should be considered in patients with CrCl < 15 mL/
min or receiving RRT, or in those where an invasive proce-
dure is anticipated, such as a cesarean section. Other medica-
tions, such as dalteparin (5000 units once daily), nadroparin
(3800-5700 units once daily), and tinzaparin (4500 units
once daily), are alternatives in other parts of the world. Ther-
apeutic-dose (full-dose) anticoagulation (e.g. LMWH 1 mg/
kg every 12 h) is appropriate in patients with documented
VTE, similar to those individuals without COVID-19, and in
a few cases of suspected VTE where confirmatory testing is
not feasible and the patient developed unexplained respira-
tory failure with stable chest radiograph, along with elevated
D-dimer and/or fibrinogen levels. More than 70% of the
studies summarized in Table 2 showed D-dimer levels being
positively correlated with risk for VTE or illness severity.
D-dimer levels were in the range of 1600-40,000 ng/mL
(normal range <500 ng/mL) [21]. Full-dose anticoagula-
tion is appropriate for individuals with recurrent clotting of
intravascular access devices (arterial lines, central venous
catheters) or extracorporeal circuits, such as continuous RRT
or ECMO, despite prophylactic-dose anticoagulation. Alter-
native therapy should be considered in patients with con-
traindications for heparin, such as heparin-induced thrombo-
cytopenia or active or recent bleeding. Tissue plasminogen
activator can be used in cases of arterial thrombosis, such as
acute limb ischemia, acute STEMI, acute ischemic stroke,
and massive bilateral PE associated with hemodynamic
instability. Surgical consultation is recommended in patients
with acute mesenteric ischemia. In patients with severe acute
kidney injury, initiating RRT is recommended. Patients with
COVID-19 and documented VTE need at least 3 months
of anticoagulation post-discharge from the hospital, with
appropriate follow-up. A few patients who are at high risk,
such as those with immobilization due to recent surgery and
trauma, may need post-discharge prophylaxis even without
documented VTE. Rivaroxaban 10 mg daily for 31-39 days
is considered a reasonable alternative as outpatient prophy-
laxis in such high-risk patients [36].

6 Conclusions

VTE is common is critically ill patients with COVID-19.
Work-up includes routine testing with CBC, PT, aPTT,
fibrinogen, and D-dimer. These tests also correlate with
disease severity and mortality. It is recommended to start at
least prophylactic-dose anticoagulation in all patients with
COVID-19 admitted to the hospital, especially those in the
ICU unless contraindicated. If VTE is suspected, confirma-
tory testing should be obtained to justify full-dose antico-
agulation. Some experts support intermediate- or full-dose
anticoagulation, even in individuals with COVID-19 who do
not have documented VTE, but data on appropriate dosing

are limited. In cases of suspected VTE where standard
confirmatory testing cannot be obtained, full-dose antico-
agulation can be considered in patients with unexplained
respiratory failure with stable chest radiograph, along with
elevated D-dimer and/or fibrinogen levels. Close monitoring
for clinical signs of thrombosis or bleeding is recommended
in all patients. Physicians are advised to use their clinical
judgment to balance the risks and benefits associated with
anticoagulation. Several therapies for COVID-19 are under
investigation, some of which may impact thrombotic risk.
Participation in clinical trials is encouraged to improve our
understanding of pathogenesis and management of coagu-
lopathy in COVID-19. Further trials on anticoagulation
doses in patients with COVID-19 are warranted.
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