Article published online: 2020-05-11

772 Commentary

Coronavirus Disease 2019, Prothrombotic
Factors, and Venous Thromboembolism

Sam Schulman, MD, PhD:2

TDepartment of Medicine, Thrombosis and Atherosclerosis Research
Institute, McMaster University, Hamilton, Ontario, Canada

2Department of Obstetrics and Gynecology, I.M. Sechenov First
Moscow State Medical University, Moscow, Russia

Semin Thromb Hemost 2020;46:772-776.

Coronavirus disease 2019 (COVID-19) is causing devastating
morbidity and mortality worldwide. Several studies have
shown that the severely ill patients have high or very high D-
dimer values, and a hypercoagulable state has been described
with, in some cases, development of disseminated intravascular
coagulation (DIC). A few reports have indicated that there
seems to be a higher incidence of venous thromboembolism
than expected in otherwise severely ill patients. In this article,
we will discuss the prothrombotic changes observed and to
what extent they are specific for COVID-19. The incidence of
thromboembolic events will be compared with those reported
in sepsis and severe influenza A HIN1. The emphasis is on
venous events, which have been the most frequently reported
events. Finally, the intensity of pharmacological prophylaxis
against venous thromboembolism will be discussed.

The pandemic of COVID-19 is affecting almost every coun-
try in the world, with the number of cases tested and found
infected exceeding two million, with an overall mortality of
approximately 7% at the time of writing.1 There are prelimi-
nary reports from China on venous thromboembolism based
on a relatively small number of patients.>> Subsequently,
European physicians have reported a higher incidence of
thromboembolic events, mainly venous, in patients with
COVID-19 pneumonia in the intensive care unit (ICU).* Anoth-
er manifestation of hypercoagulability is DIC, which was not
reported in other than the occasional case in the largest
published cohorts.>™” On the other hand, abnormalities in
the coagulation tests, meeting previously defined criteria for
DIC, were observed during the terminal days in 71% of non-
survivors in another cohort from Wuhan, China.8

These preliminary findings generate several questions,
some which are as follows:

* What are the indicators of hypercoagulability in COVID-
19 infection?
« Is the hypercoagulability specific for COVID-19 infection?
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* Does the hypercoagulability result in a higher incidence of
thromboembolism than in other patients with severe
infection in the ICU?

* If so, is it justified to use higher than standard doses of
pharmacological prophylaxis against thromboembolism
in these patients?

It should be recognized that the data on this infection are
rapidly emerging and that information obtained from coun-
tries in Europe or North America might differ from those in
China due to variations in ethnic susceptibility, environmen-
tal conditions (e.g., pollution and health care resources
availability), diagnostic routines, and prophylaxis regimens.
Therefore, any assumptions or conclusions drawn in this
article can be proven wrong after a short time.

Indicators of Hypercoagulability

Several reports have documented increased D-dimer lev-
els,>® and these levels were higher on admission in patients
who subsequently had to be treated in the ICU than in
patients not requiring intensive care,’ as well as higher levels
in patients who died in the hospital versus survivors.® A
meta-analysis of 30 studies and 53,000 patients reported
that increased D-dimer was associated with severe COVID-
19 infection, with a p-value of < 0.001.° Tang et al found that
the D-dimer level on admission was fourfold higher in
patients who did not survive the hospitalization compared
with survivors (2.12 vs. 0.61 ug/mL; p < 0.001).8 On days 10
and 14 of hospitalization, the D-dimer values among the
nonsurvivors had increased to > 21 ug/mL (which was the
upper limit of their detection system). Fibrin degradation
products (FDPs) showed a similar pattern.

Guan et al reported that the platelet count was higher in
nonsevere than in severe infection (172 vs. 137.5 x 10°/L),>
whereas Huang et al found the opposite (149 vs. 196 x 10°/L
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for those without or with ICU care, respectively).” Tang et al
observed that in the later stages of their disease, 7 out of 21
nonsurvivors had platelet counts of 50 to 100 x 10°/L and 5
had < 50 x 10°/L,indicating that there was terminal consump-
tion coagulopathy.8 Likewise, the prothrombin time (PT) was
in this late stage prolonged by 3 to 6seconds in 5 and
by > 6 seconds in 10 of the 21 nonsurvivors.? On admission,
the difference in median PT between survivors and nonsurvi-
vors was, however, only 2 seconds,® or only 1.5 seconds be-
tween those requiring or not requiring ICU care.” The activated
partial thromboplastin time was, in the latter study, similar in
the two subsets (26.2 and 27.7 seconds for requiring vs. not
requiring ICU, respectively),” whereas Tang et al saw a non-
significant trend in the opposite direction between nonsurvi-
vors and survivors (44.8 vs. 41.2 seconds, respectively).8

Fibrinogen levels did not differ on admission between
survivors and nonsurvivors (4.51 and 5.16 g/L, respectively),
but in the terminal stage, the nonsurvivors demonstrated
fibrinogen levels of around 1g/L.2 Although antithrombin
values were generally in the normal range, they were signifi-
cantly lower among nonsurvivors than survivors on days 7,
10, and 14 although not initi.zllly.8

Taken together, the main initial coagulation abnormality
is the elevated D-dimer, which is well recognized as an
unspecific marker of hypercoagulability. It seems, however,
to give already at an early stage an idea of the severity of the
infection and is a prognostic indicator of need for ICU care
and of fatal outcome.

Furthermore, there is undoubtedly a pronounced inflam-
matory response in the severely ill patients with high G-reactive
protein (CRP) and cytokines.>’ There is also evidence of end-
organ damage to the heart, with high-sensitivity cardiac tropo-
nin above 99th percentile in 31% of patients requiring ICU care
versus 4% of those not in ICU, and to the liver, with majority of
the severe patients demonstrating elevated bilirubin and trans-
aminases, acute kidney injury, and acute respiratory distress
syndrome.>’ This constellation raises concern about cytokine
storm and, with lymphopenia and thrombocytopenia in the
picture, of a possible secondary hemophagocytic lymphohis-
tiocytosis as well.'” The inflammatory response will also acti-
vate the coagulation system, resulting in thromboinflammation
or immunothrombosis.'"*'? Finally, hypoxia mediated through
increased expression of hypoxia-inducible transcription factors
can not only increase the inflammatory response but also
directly activate platelets and plasma coagulation.’® Direct
targets include tissue factor (increased expression), protein S
(inhibition)," and plasminogen activator inhibitor type 1
(increased levels). The hypoxia in COVID-19 pneumonia is
evident and increases with the severity of the disease.

Specificity of Coagulation Abnormalities

The inflammatory response is seen in sepsis in general and is
associated with DIC and microthrombosis.'® The mecha-
nisms include activation of monocytes, neutrophils, plate-
lets, and endothelial cells; expression of tissue factor; release
of ultralarge von Willebrand factor multimers; release of
cytokines; and generation of neutrophil extracellular traps.
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A case report of a patient with severe COVID-19 pneumonia
managed with lung transplantation demonstrated hemor-
rhagic infarctions as well as microthrombosis formation in
the lungs.'®

In the former COVID severe acute respiratory syndrome,
also known as SARS, there was pronounced fibrin deposition in
the lungs, and the virus was shown to induce transcription of
the hfgl2 prothrombinase gene, which would generate a
procoagulant state.'’ In animal models, there was evidence
of increased expression in the urokinase pathway involving
pro- and antifibrinolytic genes, and in proteomics analyses of
the lung, there was increased expression of fibrin and factor
VIIL'8 Lethal doses (but not sublethal) led to increased levels of
plasminogen peptides associated with increased urokinase
activity. These changes can explain some of the lung pathology
but do not necessarily induce venous thromboembolism.

There is no clear evidence for a different mechanism for
the activation of coagulation in COVID-19 pneumonia com-
pared with severe sepsis, except for the fact that hypoxia may
be worse in the former.

Incidence of Thromboembolism Compared
with Other Patients with Severe Infection in
the ICU

Whether SARS-CoV-1, the microorganism causing SARS,
triggered increased PE is difficult to know since the focus
of the medical staff was on treatment of respiratory failure.
Computed tomography (CT) of the chest is not performed to
diagnose pulmonary embolism (PE), and CT of the pulmo-
nary arteries was rarely performed and was, at the time,
performed mainly using less sophisticated equipment than
today and therefore may have missed subsegmental emboli.

In the XPRESS (Xigris and Prophylactic Heparin Evaluation
in Severe Sepsis) study, 1,994 patients with sepsis received
activated protein C and were randomized to prophylaxis
against venous thromboembolism with heparin or placebo.
There were events of venous thromboembolism during the
study period with a similar incidence in patients who received
unfractionated heparin (5.6%), low-molecular-weight heparin
(LMWH) (5.9%), or placebo (7.0%)."® Most of the events were
found on screening for deep vein thrombosis (DVT). The
PROTECT (PROphylaxis for ThromboEmbolism in Critical
Care Trial) trial randomized 3,764 critically ill patients to
dalteparin or unfractionated heparin, and overall the inci-
dence of venous thromboembolism was similar.?? Dalteparin
(5,000 units once daily) was associated with a lower risk of PE
(1.3 vs. 2.3%; hazard ratio: 0.51; 95% confidence interval: 0.30-
0.88), and the risk of DVT was 7.4%, of which 5.1% were
proximal and mainly detected by screening with ultrasound.

An early review of findings on CT in patients with COVID-
19 did not mention PE, but it should be noted that only CT
chest was performed, and without performing CT pulmonary
angiogram, emboli could have been missed.?’

In another study from China, 81 patients treated in the ICU
were examined through ultrasonography of the leg veins and
CT of the chest.? Of the 81 patients, 20 (25%) developed DVT.
The value of D-dimer was much higher in those who developed
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thrombosis than among those who did not (5.24+3.0 vs.
0.8 +£ 1.2 pg/mL; p < 0.001), but it is not stated when samples
were taken. Furthermore, it is not clear how many, if any, of the
patients received prophylaxis against thrombosis.

Colleagues in Italy, Spain, and New York City have diag-
nosed DVT and PE in higher proportions of patients (personal
communications), but these are just preliminary, though
reliable, observations.

At three hospitals in the Netherlands, all patients with
COVID-19 pneumonia admitted to the ICU were evaluated
for venous and arterial thromboembolic complications.* All
patients received prophylaxis with a standard or increased
dose of LMWH. It appears from the report that the investigators
only performed objective diagnostic imaging in patients with
symptoms, raising suspicion of a thromboembolic event, and
among those, the composite outcome of all thromboembolism
was as high as 31% or a total of 31 cases. Of those, 25 had PE, but
there is no information regarding the location of the emboli
and how many of those were only subsegmental. Of the three
cases with DVT, two were catheter-related upper extremity
thrombosis and one was a proximal leg vein thrombosis. Stroke
was verified in three patients, presumably with evidence of
acute infarct. These findings are difficult to interpret regarding
PE due to the paucity of information and also the difficulty in
finding comparable studies on other infections investigated in
the same way. A symptomatic DVT rate of 1 per 184 or of
catheter-related thrombosis of 2 per 184 is not remarkable.

In a recent review of 17 studies on atrial fibrillation in
patients with sepsis, new-onset atrial fibrillation was diag-
nosed in 2 to 48% of patients, and new strokes were identified
in 0 to 5% of those.?2 Stroke was also, albeit at a slightly lower
incidence, diagnosed in sepsis patients remaining in sinus
rhythm.

Several retrospective studies showed a high incidence of
thromboembolic events in patients hospitalized for the
influenza A HIN1, as shown in ~Table 1.23-%/ Among
patients requiring critical care or with fatal outcome, the
incidence was 25 to 70%, which was dominated by PE without
DVT. For patients admitted to the hospital but not requiring
ICU care, the incidence was 0 to 6%. The mechanisms behind
hypercoagulability in this infection have been reviewed by
Lippi et al.?®

The data so far are thus not conclusive regarding a truly
increased incidence of clinically important thromboembolic
events in patients with COVID-19. There might, however, be a
predominance of pulmonary artery thrombi rather than em-
bolism from the leg veins due to the inflammatory reaction in
the lungs causing profound local hypercoagulability, as sug-
gested by the HIN1 data (=Table 1) and as also reviewed
recently.?’

Dose of Low-Molecular-Weight Heparin:
Standard or Increased?

In most of the studies from China, it is not reported whether,
and in such cases how many, patients received chemopro-
phylaxis against venous thromboembolism and at what
dose. Cui et al reported that when patients with DVT were

Seminars in Thrombosis & Hemostasis ~ Vol. 46 No. 7/2020

Frequent clotting in the CRRT circuit
Two M, one aortic thrombus

One MI, one stroke

One saddle PE, one lobar, two
segmental, and one subsegment
Peripheral vessels

Comments

Device
associate, n
0+0

Arterial, n
0+0

DVT £+ PE, n
240

PE alone, n
5+0

n (%)

7 (70)
7 (50) + 0 (0)°

All events,
7 (6)

5 (25)

5 (62)
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Setting

ICU

Admitted to hospital
ICU

Admitted and
underwent chest CT
Autopsies

119
20
14 +52°

10

Centers for Disease Control
and Prevention (CDC)%3

Bunce et al?*
Avnon et al?®
Agarwal et al%®
Harms et al?’

Author

Abbreviations: CRRT, continuous renal replacement therapy; CT, computed tomography; DVT, deep vein thrombosis; ICU, intensive care unit; MI, myocardial infarction; PE, pulmonary embolism.

A total of 14 patients were treated in the ICU and 52 patients were not, and only the former suffered PE or DVT.

Table 1 Thromboembolic complications with severe influenza A HIN1




started on therapeutic anticoagulation, the D-dimer values
decreased. In a Dutch study, two of the three hospitals
increased the prophylactic dose of nadroparin during the
study period, but it is unclear whether this change led to a
reduced incidence of thromboembolism.*

The American Society of Hematology has on its website a
recommendation to provide the usual thromboprophylaxis
unless there is a clear indication for treatment doses,>® and a
similar indication (i.e., enoxaparin 40-60 mg every day) has
also been recently endorsed by the Italian National Medi-
cines Agency (AIFA).

There have not been any reports of a pattern of increased
bleeding complications in patients with severe COVID-19
infection despite a tendency to develop thrombocytopenia.
Hemoptysis was reported in 4 of 173 patients with severe
disease and in 6 of 926 with nonsevere disease.’ It is
therefore reasonable to assume that there is, in general,
hyper- rather than hypocoagulability. Nevertheless, this is
the case for many other patients admitted to hospital and
ICU, and increased doses of heparin or LMWH are not
recommended for those. Increased doses of anticoagulants
may always carry a risk of more bleeding events. The only
way to resolve this is by performing randomized trials.
Observational studies will be fraught with a large number
of confounders in view of the variety of intensive care
procedures performed and the increasing number of experi-
mental therapies introduced to manage severe COVID-19
pneumonia.

During the few days between submission and receiving the
page proofs, two additional reports of high incidence of venous
thromboembolism despite prophylaxis have emerged. In a
prospective study of 150 consecutive patients with COVID-19
admitted to ICU at two French hospitals, CT of pulmonary
arteries was done in case of deteriorating condition or spike in
D-dimer.3" Out of 100 examined, 25 (25%) had PE of which only
3 were subsegmental, and 3 patients had DVT. All patients
were receiving prophylactic (n = 105) or therapeutic (n = 45)
anticoagulation. A second Dutch cohort included 198 admitted
patients with 74 (37%) in ICU.3? Standard or intermediate
LMWH was routine prophylaxis against DVT. After a median
observation time of 5 days, 33 patients (17%) were diagnosed
with PE (n=11, of which 2 subsegmental) or DVT (n = 22).
Most of the events (n = 29) were in ICU patients and 21 of the
33 events were symptomatic with the remainder found
through screening for DVT. These data support unusually
high incidence of venous thromboembolism despite LMWH
prophylaxis.

Conclusion

In severe COVID-19 pneumonia, there are several changes in
the prothrombotic direction, and this can be explained by
profound inflammatory response as well as hypoxia. Many of
the changes are similar to what is otherwise seen in sepsis,
but hypoxia is likely an aggravating factor in COVID-19
pneumonia. This may result in an increased incidence of
pulmonary thrombosis, which may similarly have been the
case in critically ill patients with influenza A HIN1. Venous
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thromboembolism despite chemoprophylaxis in patients in
ICU is not a new phenomenon, and it is not clear whether this
occurs more often with COVID-19. Thus, it seems premature
to recommend intermediate or therapeutic doses of heparin
or LMWH until we have evidence from randomized clinical
trials.
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