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Coronavirus Disease 2019 (COVID-19) is complicated by significant coagulopathy, that
manifests in the form of both pulmonary artery microthromboses and systemic venous
thromboembolism (VTE) leading to excess mortality. Dysregulated innate immune
response in the lung due to viral-entry mediated angiotensin-I-converting enzyme 2
(ACE2) receptor downregulation causes endothelial injury in the pulmonary vasculature,
inflammatory cytokine release, increased thrombin generation and impaired fibrinolysis.
The inflammatory disease process, immobilization with prolonged hospital stay, hypoxia
due to extensive lung injury and pre-existing comorbidities can contribute to thromboem-
bolic episodes (TE). The observed risk for TE in COVID-19 is high despite anticoagula-
tion, particularly in intensive care unit (ICU) patients. A high level of clinical suspicion,
lower threshold for diagnostic imaging and aggressive early and extended thrombopro-
phylaxis is indicated. The available evidence on the optimal strategies to prevent, diag-
nose, and treat VTE in patients with COVID-19 is heterogenous, but rapidly evolving.
We propose an evidence-based, risk-stratified protocol in approaching the risk of TE ep-
isodes in COVID-19 patients. � 2020 IMSS. Published by Elsevier Inc.
Introduction

Patients with Severe Acute Respiratory Syndrome-
Coronavirus-2 (SARS-CoV-2) infection present with a vari-
ety of clinical phenotypes ranging from asymptomatic
infection to profound multiple-organ dysfunction syndrome
and death. Early reports suggested that coagulation distur-
bance was a prominent feature of severe disease (1,2).
There is now increasing evidence that the combination of
increased thromboembolic (TE) events and extensive
microvascular thrombosis in the pulmonary circulation
and elsewhere in the body may be one of the key drivers
of clinical deterioration and death (3).

A variety of reasons including endothelial dysfunction,
severe hypoxemia, inflammation, along with more
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mundane factors such as immobilization and central venous
catheter use have been implicated in the pathophysiology of
coronavirus disease related coagulopathy (CRC) (4). This
short review presents current understanding of the patho-
physiology of CRC and discusses its implications for the
evaluation and management of coagulation abnormalities
in patients with SARS-CoV-2. The search strategy and
the databases searched for this narrative review are tabu-
lated in Table 1. We have also presented the level of evi-
dence currently available for the management of
Coronavirus Disease 2019 (COVID-19) patients, with
respect to the biochemical investigations, imaging, throm-
boprophylaxis and treatment for inpatient management
and extended thromboprophylaxis for outpatient manage-
ment (Oxford system for grading level of evidence) (5).

Pathophysiology of Covid-19 Related Coagulopathy

SARS-CoV-2 uses its ‘spike’ surface glycoprotein
(peplomer) to gain access to host cells using the human
angiotensin-I-converting enzyme 2 (ACE2) receptor.
Inc.
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Table 1. Search strategy used for writing this review (last date of search July 15th 2020)

Database Key words Items found

MEDLINE ([‘COVID’] OR ‘SARS-CoV-2’ [MeSH Terms] OR ‘Coronavirus’ [Title/Abstract]) AND

([‘thrombosis’] OR ‘thromboembolic’ [MeSH Terms] OR ‘anticoagulant’ OR ‘anticoagulation’

[Title/Abstract] OR anti-coag [MeSH Terms] AND [2020/07/15 date of publication])

230

EMBASE ([‘COVID’/exp OR ‘SARS-CoV-2’ OR ‘Coronavirus’: ab, ti] AND [‘thrombosis’/exp OR

‘thromboembolic’ OR ‘thromb*: ab, ti] AND [‘anticoagulant’/exp OR ‘anti-coag*: ab, ti] AND

[embase]/lim AND [01/12/2019-15/07/2020]/py)

133

PubMed All fields; Search term: (COVID* OR SARS CoV-2 OR Coronavirus OR COVID-19) AND

(Thrombosis* OR thromboembolic OR thrombo*) AND (embolic* OR anticoagulant OR

anticoagulation OR anticoag* OR anti-coag*). Date limit used until July 15, 2020. No other limits.

544

Cochrane Library #1 MeSH descriptor: COVID-19 explode all trees 33

#2 SARS-CoV-2

#3 thrombosis

#4 thromboembolic

#5 MeSH descriptor: [thrombo] explode all trees

#6 anticoagulant

#7 anti-coagulant

#8 MeSH descriptor: [anticoag/anti-coag] explode all trees

#9 #1 and #5 and #8

CINAHL #1 COVID 41

#2 SARS-CoV-2

#3 Coronavirus

#4 OR 1-3

#5 thromboembolic

#6 thrombosis

#7 thromb*

#8 OR 5-7

#9 anticoagulant

#10 anti-coagulant

#11 anticoag* OR anti-coag*

#12 OR 9-12

#13 4 AND 8 AND 12

Google Scholar Search terms: COVID, SARS-CoV-2, coronavirus, thrombosis, thromboembolic, thrombo-embolic,

anticoagulation, anti-coagulation

33

A search strategy was conducted in line with the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines. An electronic search of

Medline, EMBASE, PubMed, Cochrane Library, CINAHL and Google scholar was conducted between the dates December 1 2019 until July 15 2020. Bib-

liographies of relevant studies and the ‘‘related articles’’ link in PubMed were used to identify additional studies. References of retrieved articles were also

examined manually for further studies.
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ACE2 is a peptidase, highly expressed in type 2 pneumo-
cytes and has a role in protecting lungs from acute injury
(6). Viral binding dysregulates lung protective pathways
by causing a reduction in the ACE2 receptors and creating
an imbalance in renin-angiotensin-aldosterone system
(RAAS) eventually leading to diffuse alveolar damage
(7). Increased thromboembolic events have been reported
in previous iterations of the coronavirus epidemic such as
SARS (8). However, the incidence and severity of these
events in the current COVID-19 pandemic is unprece-
dented. Multiple pathways have been proposed to explain
this generalized prothrombotic tendency (9). A schematic
representation of COVID-19 related coagulopathy leading
to TE complications is described in Figure 1.

Endothelial Injury

In humans, the ACE2 receptor mRNA is expressed in
virtually all organs including heart, blood vessels, small
intestine, kidney and testis (10). Immunohistochemistry
studies have shown ACE2 receptors to be present not only
in the endothelium of all veins and arteries, but also in the
smooth muscle cells of the muscularis mucosae and the
muscularis propria (11). This explains their role in main-
taining blood pressure and how their dysregulation can
lead to systemic endotheliitis and multiorgan damage. In
health, the endothelium prevents blood clotting by
providing an antithrombotic surface which also promotes
fibrinolysis. Endothelial cell damage secondary to viral
binding to its ACE2 receptors promotes acute inflamma-
tion and development of a thrombotic endovascular sur-
face (12).

ACE-2 Receptor Downregulation and Inflammatory
Cytokines

Down regulation of ACE-2 receptors after viral infection is
now a well-recognized phenomenon in SARS-CoV-2



Figure 1. Schematic representation of the pathogenesis of COVID-19 related coagulopathy.
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infection. Immune response in COVID-19 is dysregulated
due to this ‘down-regulation’ with resulting increased
Angiotensin II levels. Higher Angiotensin II levels promote
endothelial apoptosis and vasoconstriction leading to
regional hypoxia and progression of inflammation (13).
Inflammatory cytokines, together with endothelial injury,
up-regulate tissue factor expression and drive the prothrom-
botic state (14).
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Role of Hypoxia and Other Factors

Pulmonary microvascular thrombi developing in an envi-
ronment of profound peri-vascular inflammation can lead
to regional hypoxia (15). Hypoxia stimulates further throm-
bosis through a hypoxia-inducible transcription factor-
dependent signaling pathway (16). Increased blood viscos-
ity and dehydration leads to stasis which along with endo-
thelial injury and a hypercoagulable state completes the
well-known Virchow’s triad placing these patients at high
risk for thrombotic events (17). Additional precipitants in
these patients are the practice of prone ventilation, which
by itself is pro-thrombotic as it puts all four limbs in posi-
tion lower to the heart and extensive usage of central
venous catheters which initiate endothelial injury.

Relevance in Clinical Management

Venous thrombosis has been reported in around 20% of all
COVID-19 patients, with the rates of venous thromboembo-
lism (VTE) correlating with the severity of the COVID-19
(18). Patients admitted to intensive care unit (ICU) are the
high-risk group with rates as high as 50e70% (Table 2)
(19e25). Majority have involved the pulmonary circulation
supporting the hypothesis of local derangement of anti-
thrombotic mechanisms in addition to a generalized pro-
thrombotic tendency (19). It is unclear how many of these
Table 2. Management of COVID-19 thrombosis in ICU and non-ICU patients in

Intensive care unit (ICU) patients

Author Country

Number of

patients VTE rates

Klok FA et al. (19) Netherlands 184 VTE-27%

PE-14%

Helms J et al. (20) France 150 VTE-43%

(Increased vascular line

thrombosis noted in 28

of 29 ECMO patients)

Middeldorp S et al.

(21)

Netherlands 74 VTE-39%

Cui S et al. (22) China 81 VTEe25%

Llitjos JF et al. (23) France 26 VTEe69%

Non-Intensive care unit (non-ICU) patients

Lodigiani C et al.

(24)

Italy 314 VTEe64%

Artifoni M et al.

(25)

Iran 71 VTEe21%

Middeldorp S et.al

(21)

Netherlands 124 VTEe20%
pulmonary VTE events are embolic in origin from deep
venous thrombosis (DVT) and how many are inflammatory
thromboses originating in peripheral pulmonary arterioles
and progressing into the main arteries. Data on incidence
of VTE in non-ICU patients is limited but the incidence ap-
pears to be higher than the usual incidence in hospitalized
patients (Table 2) (19e25). Reports of COVID-19 patients
with mild symptoms being managed at home presenting
emergently with acute pulmonary embolism (PE) suggests
that there is no direct correlation between severity of chest
symptoms and development of VTE complications (4).

There are also several reports of extra-pulmonary venous
thrombosis including cerebral venous thrombosis and
mesenteric venous thrombosis (26e28). Increased inci-
dence of arterial thrombotic events has been reported in
COVID-19 and can involve a variety of vessels with
different flow and pressure dynamics, including cerebral
circulation, coronary arteries, peripheral vessels and mesen-
teric arteries (29,30). The fact that some of these patients
present with relatively mild chest symptoms, again suggests
that the extra-pulmonary thrombotic events may not always
be linked to clinical severity alone.

Interestingly, there is increasing evidence that standard
VTE prophylaxis does not protect patients against VTE ep-
isodes in COVID-19. Patients have developed PE despite
being on prophylactic and even therapeutic anticoagulation
the literature

Anticoagulation status Comments

All on prophylactic dose 75% were male

70% prophylactic dose Higher rate of VTE in COVID

ARDS compared to non-COVID

ARDS (12 vs. 2%)out

30% therapeutic dose

Prophylactic dose for every

one

Sequential testing done for DVT

on day 1, 7, 21

Not described If 1.5 mg/mL was used as the D-

dimer cut-off value to predicting

VTE, the sensitivity was 85.0%,

the specificity was 88.5%, and

the negative predictive value

(NPV) was 94.7%.

Majority were receiving

therapeutic dose

Recommend VTE screening for

all severe patients

41% prophylactic dose Half of VTEs occurred within

24 h of admission21% Intermediate dose

23% therapeutic dose

All were receiving

prophylactic dose

Only two were symptomatic

All were receiving

prophylactic dose

All hospitalized patients were

evaluated for DVT on day

7,14,21.
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(Table 2) (19e25). These patients may potentially warrant
significantly higher doses of anticoagulants and the use of
unconventional methods such as thromboelastogram
(TEG) to assess coagulation status to titrate anticoagulant
dosing (31). The relative ineffectiveness of standard heparin
congeners in preventing VTE in this setting also supports
the important role of inflammation in the pathogenesis of
VTE in COVID. The protective role of high dose steroids
in COVID-19 may be to an extent related to the reduction
of inflammatory endotheliitis and reduction in frequency
of both minor and major VTE events.

Laboratory Evidence for Dysregulation of Coagulation in
COVID

Derangement of several coagulation and TEG parameters is
seen in COVID-19 patients even without any history of TE
events (Table 3) (2,17,32e35). CRC has some similarity in
laboratory findings to disseminated intravascular coagula-
tion (DIC) such as a marked increase in D-dimer levels
and in some cases, mild thrombocytopenia. However
typical findings in COVID-19 also include high fibrinogen
and high factor VIII activity, ruling out significant con-
sumption of coagulation factors (36). While DIC can occur
in critically ill COVID-19 patients, this is likely to be a part
of the spectrum of terminal multi-organ dysfunction and is
unrelated to CRC (37).
Evaluation of Patients for COVID-19 Related
Coagulopathy

Inpatients (Level of Evidence 4)

All patients admitted with COVID-19 infection should un-
dergo a full blood count and coagulation studies including
prothrombin time (PT), activated partial thromboplastin
time (aPTT), Fibrinogen and D-Dimer levels at admission
(38e41). Repeat testing is reasonable on a daily basis
though frequency can be modified based on initial results,
trend in values and the patient’s clinical condition.
Table 3. Laboratory parameters related to coagulation in patients with SARS-C

Laboratory tests

Prothrombin Time

Platelets

Fibrinogen

D-Dimer

Factor VIII activity

Von Willebrand Factor

ATIII and protein S

Protein C

Thromboelastogram (TEG) findings

Reaction time (R)

Clot formation time (K)

Maximum amplitude (MA)

Clot lysis@ 30 minutes (LY30)
Imaging (Level of Evidence 2a)

Routine imaging to rule out DVT or PE in asymptomatic
cases is not currently recommended, as it can expose health
care workers to risk of infection. There is currently no ev-
idence that routine imaging for DVT in asymptomatic pa-
tients improves outcomes (42). A normal D-dimer by and
large is sufficient to exclude the diagnosis of PE but an
increased D-dimer in this setting is not specific for VTE
(43). In patients with suspected PE, computed tomography
with pulmonary angiography (CTPA) is the preferred test to
confirm or exclude the diagnosis (44). A bedside ECHO
may be the only feasible option in case of logistic diffi-
culties in transferring a sick ICU patient for CTPA. If
DVT is suspected, a bedside compression ultrasound scan
may be performed if it is likely to guide further manage-
ment (45).

Outpatients (Level of Evidence 4)

Coagulation testing for asymptomatic or mild symptomatic
patients may be considered in the presence of other risk fac-
tors for VTE such as chronic inflammatory conditions, dia-
betes and obesity. Patients who have elevated inflammatory
markers such as C-reactive protein (CRP) or D-dimer on
initial assessment should also be considered for coagulation
testing, as these patients represent a more severe phenotype.
There is no role for routine imaging studies in asymptom-
atic patients (37,46).

Management of COVID-19 Related Coagulopathy

An evidence-based algorithm for the management of
COVID-19 patients based on disease severity is depicted
in Figure 2. Low-molecular weight heparin (LMWH) is
known to reduce the risk of VTE and may have additional
anti-inflammatory properties (47). LMWH has been shown
to improve survival in ICU patients but not in non-ICU pa-
tients (48). There is a report of improved survival in those
who receive pharmacological prophylaxis, when compared
to those with no prophylaxis, especially in those with a high
oV-2 infection

Normal or slightly prolonged

Normal or increased

Increased

Increased

Increased

Greatly increased

Small decrease

Small increase

Shortened, consistent with increased early thrombin burst

Shortened, consistent with increased fibrin generation

Increased, consistent with greater clot strength

Reduced, consistent with reduced fibrinolysis



Figure 2. An evidence-based algorithm for the management of COVID-19 related coagulopathy based on disease severity.
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D-dimer (six times) upper limit of normal and for subsets
with high sepsis-induced coagulopathy score (35). Howev-
er, prophylactic and even therapeutic anticoagulation does
not appear to completely alleviate the risk of VTE in COV-
ID and this should always be combined with adequate fluid
resuscitation and agents to reduce inflammation.

There is a report of heparin resistance in COVID-19 pa-
tients, with requirement of very high doses to achieve a
therapeutic aPTT or anti-factor Xa activity (49). The reason
for heparin resistance in this setting is unclear and for pa-
tients with a falsely prolonged aPTT at baseline due to
lupus anticoagulant, the aPTT may be unreliable, and
anti-factor Xa activity should be monitored to guide dosing.
TEG monitoring may be a useful technique in these settings
to assess the coagulation status and guide anticoagulant
therapy (31).
Management in the Outpatient Setting (Level of Evidence
4)

Outpatient thromboprophylaxis may be appropriate for
selected individuals with COVID-19 who are not admitted
to the hospital, especially those with other thrombotic risk
factors such as prior VTE or recent surgery, trauma, or
immobilization, based on clinical judgment. Prophylaxis
may also be indicated for outpatients in the presence of
high inflammatory markers, with view of reports of acute
PE in such patients (4,50).
Management in the Inpatient Setting

Prophylactic Therapy (Level of Evidence 2a)

Standard VTE prophylaxis is appropriate in all hospitalized
medical, surgical, and obstetric patients with COVID-19,
unless there is a contraindication to anticoagulation (e.g.
active bleeding or serious bleeding in the prior 24e48 h).
An alternative agent such as Fondaparinux should be used
if heparin or its derivatives cannot be used as in patients
with past history of heparin-induced thrombocytopenia
(HIT) (51).
High Dose VTE Prophylaxis (Level of Evidence 2b)

Despite the lack of high-quality evidence, the risk of major
VTE in patients with COVID-19 infection is high enough
for some experts to suggest more aggressive thrombopro-
phylaxis dosing or even empiric therapeutic-dose anticoa-
gulation for VTE prevention (Table 2) (19e25). While
the reported risk of bleeding complications in COVID pa-
tients is low, the potential bleeding risk must be balanced
with the benefit of aggressive thromboprophylaxis in these
patients (52). Well recognised risk factors of increased VTE
risk such as obesity, elderly age, cancer, and past history of
VTE may warrant consideration during the decision-
making process.

Full Dose/Therapeutic Anticoagulation (Level of
Evidence 2b)

Therapeutic-dose (full-dose) anticoagulation (e.g. enoxa-
parin 1 mg/kg every 12 h) may be considered in the
following settings, unless there is a contraindication to
anticoagulation.

� Documented or presumed VTE
� Clotting of intravascular access devices—clotting of
intravascular lines or extracorporeal circuits despite
prophylactic anticoagulants

� Critically ill patients in view of the reported high inci-
dence of VTE events whilst on standard
thromboprophylaxis

Role of Anti-platelet Agents (Level of Evidence 5)

While aspirin is being used along with standard VTE pro-
phylaxis in some centers, there is currently no robust evi-
dence to support use of aspirin or clopidogrel for VTE
prophylaxis for medically ill patients or on outpatient basis
(53).

Role of Fibrinolytic Agents (Level of Evidence 4)

The indication that fibrin deposits occur prior to symptoms
of the disease suggests that targeting the fibrinolytic system
to promote fibrin resolution, could limit severity and
improve pulmonary function. A case series described
administration of tissue plasminogen activator (tPA) to
three critically ill individuals with ARDS associated with
COVID-19 (54). One individual had transient improvement
in laboratory parameters but ultimately died. The other two
had improvement in laboratory parameters though final
clinical outcomes were not known. Its current role in man-
agement of severe COVID-19 patients outside the setting of
major thromboembolic event such as a PE or stroke, is
unclear.

Mechanical Methods of Thromboprophylaxis (Level of
Evidence 2b)

Mechanical methods should be used in addition to pharma-
cological agents for patients admitted to the ICU due to
their very high risk of DVT. However, the risk of infection
transmission for the healthcare workers involved in putting
the thrombo-embolic deterrent (TED) stockings and man-
aging them for COVID patients cannot be underestimated.
Isolated mechanical methods should only be considered in
patients at high risk of bleeding or in whom anticoagulation
is contraindicated. In such circumstances, transition to a
pharmacologic agent should be considered as soon as the
bleeding risk becomes acceptably low or has been reversed
(55).
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Extended Thromboprophylaxis Following Discharge
(Level of Evidence 2a)

In view of the high incidence of VTE in patients needing
ICU admission, our unit protocol is to perform a CTPA
for all patients with severe illness prior to discharge. Indi-
viduals with documented VTE whether symptomatic or
incidentally detected will require a minimum of three
months of anticoagulation (56). Individuals with COVID-
19 who have not had a VTE may also warrant post-
discharge prophylactic anticoagulation. Recommendation
from societies is to apply criteria similar to those used in
Medically Ill Patient Assessment of Rivaroxaban versus
Placebo in Reducing Post-discharge Venous Thrombo-
Embolism Risk (MARINER) trial (57). Most hospitalized
patients with COVID-19 would probably meet these
criteria. However, bleeding risk also needs to be incorpo-
rated into decision-making. Our protocol is to recommend
post-discharge anticoagulation prophylaxis for all patients
with moderate or severe illness for 6 weeks, if not contra-
indicated. Oral agents such as rivaroxaban are recommen-
ded to minimize the need for frequent blood tests which
requires repeated contact with health care services.
Conclusion

Covid-19 related coagulopathy is a major contributor to the
overall burden of COVID related morbidity and mortality.
Multiple factors are involved in the development of a pro-
coagulant milieu in the lungs and the rest of the body. More
than half of all critically ill COVID patients will develop
DVT or PE and currently used prophylactic measures
appear to provide only partial protection. Most patients
with COVID-19 infection, irrespective of severity should
be considered for VTE prophylaxis, while higher dose pro-
phylaxis or therapeutic anticoagulation may be indicated in
subsets of patients. Close monitoring is necessary to iden-
tify and treat VTE episodes early and these hospitalized pa-
tients should receive extended prophylaxis against VTE
events in the early post-discharge period.
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