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A B S T R A C T

A striking feature of COVID-19 is the high frequency of thrombosis, particularly in patients who require ad-
mission to intensive care unit because of respiratory complications (pneumonia/adult respiratory distress syn-
drome). The spectrum of thrombotic events is wide, including in situ pulmonary thrombosis, deep-vein
thrombosis and associated pulmonary embolism, as well as arterial thrombotic events (stroke, myocardial in-
farction, limb artery thrombosis). Unusual thrombotic events have also been reported, e.g., cerebral venous sinus
thrombosis, mesenteric artery and vein thrombosis. Several hematology abnormalities have been observed in
COVID-19 patients, including lymphopenia, neutrophilia, thrombocytopenia (usually mild), thrombocytosis,
elevated prothrombin time and partial thromboplastin times (the latter abnormality often indicating lupus an-
ticoagulant phenomenon), hyperfibrinogenemia, elevated von Willebrand factor levels, and elevated fibrin D-
dimer. Many of these abnormal hematologic parameters—even as early as the time of initial hospital ad-
mission—indicate adverse prognosis, including greater frequency of progression to severe respiratory illness and
death. Progression to overt disseminated intravascular coagulation in fatal COVID-19 has been reported in some
studies, but not observed in others. We compare and contrast COVID-19 hypercoagulability, and associated
increased risk of venous and arterial thrombosis, from the perspective of heparin-induced thrombocytopenia
(HIT), including the dilemma of providing thromboprophylaxis and treatment recommendations when available
data are limited to observational studies. The frequent use of heparin—both low-molecular-weight and un-
fractionated—in preventing and treating COVID-19 thrombosis, means that vigilance for HIT occurrence is re-
quired in this patient population.

1. COVID-19 as a hypercoagulable state

The emergence of the novel coronavirus, SARS-CoV-2 (abbreviation
for severe acute respiratory syndrome coronavirus 2), in late 2019, and the
resulting illness, COVID-19 (coronavirus disease, 2019), was declared a
pandemic by the World Health Organization on March 11, 2020. At the
time of writing (August 14, 2020), cases diagnosed world-wide have
exceeded 21,000,000, with over 750,000 deaths (both values re-
presenting underestimates due to incomplete case ascertainment) [1].
Although clinical manifestations of COVID-19 are protean, the major
clinical picture of pneumonia and adult respiratory distress syndrome
(ARDS) is generally believed to account for the majority of deaths.
However, it is increasingly apparent that there is a high frequency of
hemostatic abnormalities, and thrombotic events, in COVID-19, with
emerging consensus that this novel virus induces a hypercoagulable

state beyond that expected in the “typical” critically ill patient. It is also
likely that significant mortality is secondary to pulmonary thrombotic
events, either local (in situ pulmonary thrombosis) or embolic (pul-
monary embolism [PE]).

This review summarizes clinical and laboratory features of COVID-
19 hypercoagulability. The viewpoint is from the perspectives of the
two authors, one of whom has studied another hypercoagulable dis-
order—heparin-induced thrombocytopenia (HIT)—for over 30 years
(T.E.W.), and the other with a longstanding interest in anticoagulation
(S.K). As in HIT, the challenge is to make appropriate thrombopro-
phylaxis and treatment recommendations when available data are
limited and largely observational.

SARS-CoV-2 is a positive-sense single-stranded RNA virus, i.e., its
genetic material functions both as genome and messenger RNA that
directs host ribosomes. The virus gains entry to human cells via its
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surface spike protein, which binds to host receptor angiotensin con-
verting enzyme 2 (ACE2), highly expressed on human endothelial cells,
among other cells (pneumocytes of the alveolar epithelium, renal tub-
ular epithelium, hepatocytes, enterocytes, cardiomyocytes). Targeting
vascular endothelium likely plays an important part in the pro-
thrombotic diathesis of COVID-19, through endotheliilitis (en-
dothelialitis), i.e., viral invasion of endothelial cells and resulting ac-
cumulation of inflammatory cells (host inflammatory response) [2–4].

2. COVID-19: comparison with HIT and severe sepsis

Table 1 lists some comparisons between COVID-19 and HIT. Both
severe COVID-19 and HIT occur in a minority of at-risk patients (those
infected with SARS-CoV-2 and those exposed to heparin, respectively).
Both feature a hypercoagulable state, including high frequency of
thrombosis, and occurrence of unusual thrombotic events. Both feature
abnormalities in blood cell counts (leukocytes, platelets), coagulation
values indicating likely hemostasis activation—elevations in pro-
thrombin time (PT) and fibrin D-dimer—and potential for “high-fi-
brinogen disseminated intravascular coagulation (DIC)”. One major
distinction: while it is now widely accepted that treatment of acute HIT
requires therapeutic-dose anticoagulation (even if no evidence of
thrombosis is apparent) [5], the dosing of anticoagulation needed to
prevent thrombosis in COVID-19 is controversial.

“Pancellular” activation in HIT involves platelets [6], monocytes
[7], neutrophils [8,9], and endothelium [10,11]. Most striking in HIT is
“strong” platelet activation—including formation of procoagulant pla-
telet-derived microparticles [12]—that occurs when HIT antibodies
recognize platelet factor 4 (PF4)/polyanion and activate platelets
through their FcγIIa receptors [13]. PF4 binds to monocytes, with re-
sulting tissue factor expression [14]. Netosis of neutrophils is triggered
by HIT antibodies [8,9]. Finally, numerous prothrombotic con-
sequences of HIT antibody binding to endothelium has been reported,
including perturbed protein C activation [15] and formation of von
Willebrand factor (VWF) strings [16,17].

COVID-19 also has features of pancellular activation. As noted,
SARS-CoV-2 invades endothelial cells, producing endotheliitis and an
associated inflammatory response. Neutrophil infiltration occurs in the
lungs [18], producing high levels of neutrophil extracellular traps
(NETs) in many patients with COVID-19 [19]. Mild thrombocytopenia
often occurs in patients with severe COVID-19 (discussed

subsequently), and it is possible this represents platelet activation re-
sponse, with or without associated activation of hemostasis.

Severe COVID-19 usually results in admission to the intensive care
unit (ICU), and so comparisons with severe sepsis and (non-COVID-19)
ARDS is apropos. Whereas DIC occurs frequently in sepsis [20], the
frequency and clinical impact of DIC in COVID-19 is controversial.
Systemic inflammation, including fibrinolytic shut-down (elevated
plasminogen activator inhibitor-1 levels)—common in sepsis [21]—is
likely a feature too of COVID-19 [22]. Substantial proinflammatory
features indicating “cytokine storm” occur in many patients, con-
tributing also to a prothrombotic phenotype [23]. As discussed later,
some critically ill COVID-19 patients develop a clinical picture re-
miniscent of symmetrical peripheral gangrene (SPG), a disorder of acral
microthrombosis that occurs in a minority of patients with sepsis or
HIT, particularly when certain risk factors (“shock liver”, warfarin)
compromise levels of natural anticoagulant proteins [24].

3. Hematologic abnormalities in COVID-19: prognostic
implications

Hematologic abnormalities of COVID-19 include leukocyte counts
(neutrophilia, lymphopenia), platelet counts (thrombocytopenia,
thrombocytosis), and markers of hemostasis (elevations in PT and
partial thromboplastin time (PTT), fibrin D-dimer and other fibrin-spe-
cific markers). Moreover, various prognostic implications of these ab-
normalities have been demonstrated.

3.1. Leukocyte abnormalities

Guan and colleagues [25] reported on almost 1100 patients diag-
nosed with COVID-19 in China. They evaluated admission laboratory
findings, comparing these between patients with non-severe (N = 926)
and severe (N = 173) pulmonary disease, and further comparing ad-
mission laboratory values among patients who subsequently developed
one or more of the following (versus those who did not): death, me-
chanical ventilation, admission to ICU. Zhou et al. [26] similarly
evaluated various admission laboratory abnormalities as risk factors for
mortality in 191 COVID-19 patients, 54 of whom died.

Guan et al. found lymphopenia (< 1.5 × 109/L) in 83% of COVID-
19 patients, with a higher frequency among patients with severe versus
non-severe disease (96% vs 80%, respectively) as well as a higher

Table 1
Comparison of COVID-19 and HIT.

COVID-19 HIT

Similarities
Risk of severe disease 1–5% (?) infected patients develop severe disease 1–5% heparin-exposed patients develop HIT
High frequency of thrombosis ~40–50% of ICU patients ~40–50% thrombosis rate
Higher frequency of thrombosis with greater

disease severity
Thrombosis rate higher in ICU versus ward patients Thrombosis rate higher in patients with more severe

thrombocytopenia
Venous versus arterial thrombosis Venous predominance Venous predominance
Arterial thrombosis hierarchy Stroke > MI > limb Limb > stroke > MI
Occurrence of unusual thrombi Yes (e.g., CVST, mesenteric artery or vein) Yes (adrenal, CVST, mesenteric artery or vein, etc.)
Endothelial activation Yes Yes
Neutrophilia Yes Yes
Leukocyte activation Yes Yes

Differences
Prominent thrombocytopenia No (mild thrombocytopenia common); moderate to severe

thrombocytopenia occurs in some patients with fatal COVID-19
Yes (> 50% platelet fall in ~90% of patients with HIT;
median platelet count nadir, 60–70 × 109/L)

In situ pulmonary thrombosis Common Uncommon
ARDS picture Common No
Pathological criterion indicating risk for

thrombosis
No distinct marker for risk for thrombosis Platelet-activating HIT antibodies detectable by platelet

activation assay
Thromboprophylaxis and treatment consensus No consensus re: anticoagulant dosing Therapeutic-dose anticoagulation generally recommended

(even in the absence of documented thrombosis)

Abbr.: ARDS, adult respiratory distress syndrome; COVID-19, coronavirus disease, 2019; CVST, cerebral venous sinus thrombosis; ICU, intensive care unit; HIT,
heparin-induced thrombocytopenia; MI, myocardial infarction.
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frequency among those who died, required mechanical ventilation or
admission to ICU (93% vs 83%, respectively) [25]. Zhou et al. observed
that 76% of non-survivors had a lymphocyte count< 0.8 × 109/L on
admission, versus only 26% of survivors; further, absolute lymphocyte
counts tended to rise among survivors whereas they tended to decline
further in non-survivors [26]. Although neither study reported on
neutrophil levels, others have reported a high frequency of neutrophilia
(approximately one-third of patients) in COVID-19 [27]; further, pro-
gressive increase in absolute neutrophil counts often occurs in non-
survivors [28]. Fu and colleagues [29] found a high neutrophil/lym-
phocyte ratio to be associated with severe disease to a greater extent
than other proinflammatory markers such as C-reactive protein (CRP)
or procalcitonin.

For comparison, although HIT is considered a platelet activation
disorder, neutrophilia is common, particularly in patients who develop
thrombosis [30]. Acute neutrophilia can also accompany rapid-onset
HIT post-intravenous heparin bolus administration [30].

3.2. Thrombocytopenia and thrombocytosis

Mild thrombocytopenia is a common feature of COVID-19. Guan
and coworkers [25] found the median (IQR) platelet count on admis-
sion to be 168 (132, 207) × 109/L, with one-third having a platelet
count below 150 × 109/L. The frequency of thrombocytopenia was
higher in patients with severe versus non-severe COVID-19 (58% vs
32%). Zhou et al. [26] also found the admission platelet count to be
significantly lower in non-survivors versus survivors (166 [107, 229] vs
220 [168, 271] × 109/L, respectively; P < 0.0001). Almost 20% of
COVID-19 patients had thrombocytopenia on admission in another
study [27].

Among survivors, the platelet count tended to rise during the second
hospital week in one study, whereas among non-survivors, thrombo-
cytopenia tended to persist or worsen [31]. Thrombocytosis (platelet
count> 450 × 109/L) was seen in 10% of patients on admission in a
study of 5 Boston (Massachusetts) hospitals [32].

HIT features high thrombotic risk despite an oftentimes mild to
moderate degree of thrombocytopenia. For example, the median pla-
telet count nadir in HIT is approximately 55 to 70 × 109/L [33–35],
with a high proportion of patients (~30–50%) with platelet count na-
dirs> 100 × 109/L or even> 150 × 109/L developing thrombotic
events [36]. Perhaps, as in HIT, COVID-19 associated platelet count
declines—even within the “normal” range—could portend progressive
hypercoagulability and high thrombotic risk.

3.3. Coagulation abnormalities

Guan and workers [25] reported on admission fibrin D-dimer levels,
observing that 46% of COVID-19 patients had levels above the upper-
limit of the reference range (0.5 mg/L); further, the frequency of ele-
vated D-dimer was higher in patients with severe (versus non-severe)
disease (60% vs 43%), and higher in patients with severe illness (69%
vs 44%). Zhou et al. [26] also found elevated D-dimer levels on hospital
admission, with this representing a prognostic marker: 93% of non-
surviving patients had a D-dimer over 0.5 mg/L on admission versus
only 57% of survivors; using a 1.0 mg/L D-dimer cut-off, the mortality
difference was even greater (81% vs 24%, respectively), a difference
highlighted in the paper's abstract. Significantly higher D-dimer levels in
critically-ill vs other COVID-19 patients were reported by others
[27,28], with Wang et al. [28] and Li et al. [37] noting progressive
increase in D-dimer levels among non-survivors.

Tang and colleagues [38] analyzed various coagulation markers in
their study of COVID-19 in Wuhan, China, including a comparison of
initial values and subsequent changes in survivors versus non-survivors.
Fig. 1 shows that D-dimer levels were higher on admission among non-
survivors versus survivors (median [IQR]: 2.12 [0.77, 5.27] vs 0.61
[0.35, 1.29]; P = 0.001). Similar observations were made for fibrin

degradation products.
Tang et al. [38] also found elevated PT values in approximately one-

quarter of COVID-19 patients upon admission (Fig. 1). Remarkably,
whereas approximately three-quarters of non-survivors had abnormal
PTs on admission (in relation to normal range of 11.5 to 14.5 s), the
opposite was true for survivors (median [IQR]: 15.5 [14.4–16.3] versus
13.6 [13.0–14.3], respectively; P < 0.001).

Tang et al. also found PTT levels to be prolonged (PTT reference
range, 29.0–42.0 s), with trend to higher values in non-survivors versus
survivors (median [IQR]: 44.8 [40.2, 51.0] vs 41.2 [36.9, 44.0], re-
spectively; p = 0.096). Bowles and colleagues systematically in-
vestigated the cause for PTT prolongation in 35 COVID-19 patients
[39]. Of 34 patients investigated for lupus anticoagulant, positive re-
sults were seen in 31 (91%). Further, factor XII levels tended to be low
in COVID-19 patients (mean value, 55%), without any other factor
deficiencies identified. Thus, as no bleeding tendency related to ele-
vated PTT values would be expected, the authors argued that PTT
prolongation per se should not be used to discourage anticoagulant
prophylaxis or therapy. The authors were careful not to impute any
prothrombotic implications to their findings.

Helms et al. also noted a high frequency of lupus anticoagulant in
their COVID-19 patients admitted to ICU [40]. Harzallah and colleagues
[41] found that 25/56 (45%) COVID-19 patients had lupus antic-
oagulant, with only 3 patients also testing positive for anticardiolipin or

Fig. 1. Progression to overt DIC in patients with fatal COVID-19.
Timeline charts illustrate the changes in coagulation parameters in 183 patients
with COVID-19 pneumonia (21 non-survivors, 162 survivors). The error bars
show medians and 25% and 75% percentiles. The horizontal lines show the
upper normal limits of prothrombin time (PT) and D-dimer, and the lower
normal limits of fibrinogen and antithrombin activity.
aP < 0.05 for survivors versus non-survivors.
Reprinted from [38], with revisions, with permission.
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anti-β2-glycoprotein 1 antibodies. Heparin contamination did not ap-
pear to explain positive lupus anticoagulant testing [39,41]

Fibrinogen values are elevated—often markedly—in patients with
COVID-19 [32,38,42–44]. This reflects the proinflammatory state,
given that patients also have elevations in the other proinflammatory
markers, procalcitonin [25,26,32], CRP [25,32], and ferritin [26,32].
Similarly, VWF levels are elevated in COVID-19 patients [40], often
markedly [44]. ADAMTS13 levels tend to be normal [43] or mildly
reduced [44], perhaps contributing to VWF-platelet microvascular
thrombosis. Varatharajah and Rajah have speculated that endothelial-
derived ultralarge VWF multimers could form large microthrombi
“strings” comprised of platelets and large VWF complexes [45]. Pa-
thologic evidence of complement deposition in lungs and skin suggests
that vascular injury involves generalized activation of both alternative
and lectin-based pathways [46].

Coagulation abnormalities are also a feature of severe HIT, in-
cluding increase in PT [47], PTT [47,48], and fibrin D-dimer (with or
without associated thrombosis) [49]. HIT-associated PTT prolongation
in particular has therapeutic implications, as this phenomenon in-
creases risk of “PTT confounding” with treatment failure resulting from
systematic underdosing of PTT-adjusted anticoagulant therapy (arga-
troban, bivalirudin) [48]. Overt hypofibrinogenemia indicating de-
compensated DIC can also complicate HIT [47,50]. However, as dis-
cussed in the next section, typically elevated levels of fibrinogen in
patients with HIT and COVID-19 complicate the diagnosis of DIC.

4. Does severe COVID-19 cause DIC?

A controversial issue is whether progressively severe COVID-19
causes DIC in the absence of another superimposed DIC trigger, such as
complicating bacterial sepsis. D-dimer elevation alone does not ne-
cessarily indicate DIC, but can simply indicate presence of thrombosis,
such as deep-vein thrombosis (DVT) or PE [51]. This is relevant given
the association between COVID-19 and thrombosis (discussed subse-
quently). It has been suggested that progressive lung disease with as-
sociated alveolitis and in situ pulmonary microthrombosis could also
explain elevated D-dimer in COVID-19 [52,53], perhaps as a result of
high pulmonary levels of lung urokinase [54].

4.1. Progression to overt DIC in patients with fatal COVID-19

The most compelling study pointing to an association between
COVID-19 and DIC is from Tang et al. [38] They reported a remarkable
association between evolution to DIC in COVID-19 non-survivors versus
survivors: whereas only 1/162 (0.6%) survivors met the International
Society on Thrombosis and Haemostasis (ISTH) criteria for overt DIC
[55], 15/21 (72%) non-survivors developed DIC. Fig. 1 shows pro-
gressive rise in PT and D-dimers, and decline in fibrinogen and antith-
rombin levels, in non-survivors versus survivors. Further, the DIC cri-
terion, “thrombocytopenia” (yielding 1 point for platelet count fall
to< 100 × 109/L, and 2 points if< 50 × 109/L) [55], was met by 12/
21 (57%) non-survivors. Despite these striking findings, they do not
rule out the possibility of superimposed bacterial sepsis (a common
trigger of overt DIC), rather than COVID-19 progression per se.

Helms and colleagues' experience [40] argues against overt DIC
occurring in many COVID-19 patients. They reported 150 COVID-19
patients in 4 French ICUs. Although their patients typically had ele-
vated D-dimer levels, none met ISTH criteria for DIC. Moreover, these
authors noted that COVID-19 D-dimer levels were typically lower than
seen in matched patients with (non-COVID-19) ARDS. Similarly, Al-
Samkiri [32] found only 3/400 (0.75%) COVID-19 patients met DIC
criteria.

There are several practical difficulties in standardizing the defini-
tion of DIC. The PT prolongation criteria (in seconds) result in different
INR categories in different hospital laboratories. Also, given numerous
available D-dimer assays, standardization is problematic. One of the

authors (T.E.W) uses D-dimer cutoffs of 2.0 and 10.0 mg/L to assign 2
points (moderate elevation, 2.0–9.9) or 3 points (≥10.0 mg/L),
whereas Tang et al. [38] used cutoffs of 1.0 and 3.0 for assigning these
categories. Nevertheless, DIC is usually characterized by marked con-
sumption of coagulation factors—both procoagulant and antic-
oagulant—and this does not appear to occur in the majority of patients
with COVID-19.

4.2. High-fibrinogen DIC

Clinicians often rule out DIC when fibrinogen values are normal or
elevated. However, fibrinogen levels are often normal in patients who
otherwise meet criteria for DIC [56]. Indeed, one author (T.E.W.) has
observed “high-fibrinogen DIC” in some patients who develop sym-
metrical peripheral gangrene [57]. Such patients can have high fi-
brinogen levels on hospital admission reflecting several days of pro-
dromal illness (e.g., initial Klebsiella pneumonia evolving to
pneumosepsis). A similar phenomenon occurs in HIT—as approxi-
mately two-thirds of cases of HIT occur in postoperative patients
[35,58]—featuring high postoperative fibrinogen values—occurrence
of HIT can lead to fibrinogen consumption but with “normal” fi-
brinogen levels. Such “high-fibrinogen DIC” helps explain severe
thrombotic events in patients with HIT and sepsis, and, potentially, in
patients with COVID-19. However, progressive—usually marked—de-
clines in platelet count are usually seen in patients with high-fibrinogen
DIC associated with sepsis or HIT [35,57,58], and so absence of major
platelet count declines in COVID-19 argues against this phenomenon.

5. Thrombosis in COVID-19

Thrombosis complicating COVID-19 is emerging as a major ex-
planation for patient morbidity and mortality. Just as greater severity of
HIT (judged by lower platelet count nadirs) corresponds to higher
thrombosis frequency [33,34], so too with COVID-19, greater severity
of illness (judged by need for ICU vs ward admission) is associated with
greater frequency of thrombosis.

We identified 16 cohort studies (Table 2) [32,40,59–73] that
quantified rates of thromboembolic disease during hospitalization, from
which several observations emerge. Although stroke, myocardial in-
farction/acute coronary syndrome (MI/ACS) and limb gangrene are
apparent, venous thromboembolism (VTE) dominates. All studies still
had patients in hospital (1 study did not report) and therefore, the true
rates of thromboembolic complications during hospitalization are not
known. Some studies use cumulative rates adjusted for competing risk
of death to estimate the true rate (although this could underestimate
the true frequency of thrombosis if deaths were caused by unrecognized
thromboembolism) [64]. The rate and type of VTE prophylaxis varies
widely among the studies, with some reporting no prophylaxis, other
utilizing standard-dose pharmacologic prophylaxis on the wards and
intermediate-dose prophylaxis in the ICU, to others with a pre-
dominance of therapeutic-dose anticoagulation.

Fig. 2 suggests that the frequency of thrombosis in isolated HIT [58]
could be similar to that observed in severe COVID-19 requiring ICU
admission [63,64,68].

5.1. Frequency estimates of thrombosis complicating COVID-19

Since none of the 16 studies reported rates exclusively for patients
who had completed hospitalization (discharged alive or died), the true
rate of in-hospital thromboembolism is unknown. The cumulative rate
was estimated in 4 studies [64,66,68,72], each reporting different
follow-up times, and results differ from crude rates because of com-
peting risk (death) or longer follow-up in sicker patients than those
discharged earlier. Nearly half the studies screened all patients for DVT
[59–61,65,68–70,73] and the importance of asymptomatic DVT likely
is not the same as clinically symptomatic disease. Some studies reported
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arterial thromboembolism in addition to VTE, with venous disease
predominating. HIT also features venous thrombosis predominance,
with venous:arterial thrombosis ratio of approximately 4:1 in two stu-
dies [35,58]. Similarly, venous thrombosis predominance is seen in
COVID-19; however, it is less clear whether pulmonary “embolism”
reflects DVT-source embolism or rather in situ pulmonary artery
thrombosis (discussed subsequently).

5.2. Pulmonary embolism

Fatal COVID-19 outcomes could often reflect PE, as suggested by
post-mortem studies of patients who have died of COVID-19. For ex-
ample, Wichmann and colleagues [74] reported on twelve consecutive
autopsies performed in Hamburg, Germany (minimizing selection bias
since local law requires autopsies in patients dying with COVID-19). To
their surprise, 7 of the 12 patients had previously unrecognized DVT
identified at post-mortem, with 4 patients' deaths attributable to PE.

Faggiano and colleagues, in Italy, identified 7 patients with PE out
of 25 COVID-19 patients admitted to their ICU over a 2-week period; 3
of the PE were already apparent at admission [75]. Poissy and collea-
gues [76], in France, identified 22 (21%) patients with PE among 107
consecutive patients admitted to ICU because of COVID-19. This high
frequency of PE was approximately three-fold higher than that seen in

the same time period one year earlier (6.1%), as well as in patients
admitted during 2019 with influenza (7.5%).

Bompard and colleagues [77] found an overall 24% frequency of PE
(segmental> proximal> subsegmental) in patients with COVID-19
pneumonia who underwent imaging because of clinical suspicion (in-
cluding D-dimer elevation); the frequency was higher in ICU versus non-
ICU patients (50% vs 18%). PE events occurred despite thrombopro-
phylaxis in all patients including intermediate dosing in ICU patients.
Similar findings were reported by Poyiadji and colleagues (Detroit,
USA) [78], who found 72/328 (22%) COVID-19 patients investigated
by pulmonary angiography to have confirmed PE.

Reported anecdotes have included asymptomatic or minimally
symptomatic COVID-19 patients who presented abruptly with PE
[79,80].

5.3. In situ pulmonary thrombosis

Diffuse alveolar disease can be complicated by pulmonary micro-
thrombosis, irrespective of cause. For example, a 1983 study on ARDS
reported a high frequency of pulmonary microthrombosis [81]. In
COVID-19 ARDS, there also is evidence for in situ pulmonary artery
thrombosis involving small vessels (pulmonary microthrombosis) as
well as larger arteries [3,82,83].

Lax and colleagues [82] reported an 11-patient autopsy study from
Switzerland which showed diffuse alveolar damage in 11 randomly-
selected autopsy patients who died of COVID-19. In the authors' words,
“Notably, the most striking and unexpected finding was the obstruction
of pulmonary arteries by thrombotic material present at both the
macroscopic and microscopic level in all cases. … The key finding of
thrombosis in small to mid-sized pulmonary arteries was unexpected.
On the basis of the occurrence of this finding in all patients, we assume
that these thrombotic events were disease-related and were the im-
mediate cause of death, through acute pulmonary hypertension and
cessation of pulmonary circulation. … [w]e consider our findings to be
caused by thrombosis rather than by thromboembolism, because most
vessels were completely occluded by thrombotic material and small
arteries were involved, with a diameter less than 1 mm.”

Menter and colleagues [83] reported on 21 autopsies performed on
patients who died of COVID-19. They noted that “[i]n five of eleven
cases where immunohistochemistry for fibrin was performed, micro-
thrombi were detected in alveolar capillaries”; moreover, “[f]our cases
presented with peripheral and prominent central pulmonary embo-
lisms.”

Ackermann and colleagues [3] reported on the lung pathology of 7
patients who died of COVID-19. They found features of lung injury
common also to influenza-associated respiratory failure, namely diffuse
alveolar damage with lymphocytic infiltration, as well as precapillary
vessel pathology (microthrombi in small pulmonary arteries with dia-
meter of 1 to 2 mm); however, COVID-19 featured alveolar capillary
microthrombi that were 9 times as prevalent as seen in control lungs
with influenza respiratory failure.

Van Dam and colleagues [84] observed that the radiologic picture of
PE features more peripheral (versus central) thrombosis, indirectly
supporting a potential role for in situ thrombosis in the pathogenesis of
pulmonary “emboli” in some COVID-19 patients.

5.4. Arterial thrombosis: stroke, myocardial infarction, limb artery
thrombosis

Several reports on COVID-19 have focused on arterial thrombosis,
either together or as separate target organ sites, such as MI/ACS, is-
chemic stroke, and limb artery thrombosis. Evaluation of the relative
frequency of target organ involvement can provide interesting per-
spectives: for example, in HIT, the rank order of arterial thrombosis
(limb artery> stroke>MI/ACS) [58] is inverse to usual athero-
thrombosis (MI/ACS > stroke> limb artery). The most common

Fig. 2. Cumulative thrombosis rates: HIT vs COVID-19 (ICU and ward patients).
A. Cumulative thrombosis frequency of isolated HIT (N = 62). Reprinted from
[58], with modifications, with permission.
B. Cumulative thrombosis in ICU patients with severe COVID-19 (N = 184).
Reprinted from [64], with permission.
C. Cumulative incidence of venous thromboembolism (VTE) in COVID-19: ICU
patients (N = 75) versus ward patients (N = 123). Reprinted from [68], with
permission.
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arterial thrombotic event in COVID-19 appears to be thrombotic stroke.
Cantador and colleagues [85] reported on 14 patients in Spain who
developed arterial thrombosis complicating COVID-19, representing
about 1% of 1419 admitted patients: 8 patients had cerebrovascular
events (6 strokes, 2 TIAs), 3 had MI/ACS, and 3 had limb artery
thrombosis. Similar findings were made by Rey and colleagues [86]: of
38 COVID-19 patients who developed arterial thrombosis, 24 had cer-
ebral thrombosis, 10 peripheral artery thrombosis, and 4 patients had
coronary artery thrombosis. Fibrinogen and D-dimer levels were gen-
erally high, and none of the patients met criteria for DIC. Based on these
studies, one can tentatively propose the hierarchy of arterial thrombosis
in COVID-19 to be: stroke> limb artery>MI/ACS. Thus, in contrast to
HIT, COVID-19 hypercoagulability may be associated with a greater
relative risk of thrombotic stroke versus limb artery thrombosis.

Several studies have focused on strokes complicating COVID-19. In
a Chinese report [87] that reviewed 214 consecutive patients hospita-
lized with COVID-19, the frequency of stroke was higher in patients
with severe versus non-severe COVID-19 (5/88 [6%] vs 1/126 [1%],
respectively). Oxley and coauthors [88] reported 5 cases of acute is-
chemic stroke involving large cerebral arteries in COVID-19 outpatients
under the age of 50 observed during a two-week period in New York
city (at most, 1 young patient would have been expected during this
time period); most patients had relatively mild symptoms of COVID-19.
Jain et al. [89] reviewed neuroimaging studies performed on hospita-
lized COVID-19 patients also in New York City; approximately 1% (35/
3218) had stroke (large infarct, n = 17; lacunar infarct, n = 9; he-
morrhagic stroke, n = 9). Another report from New York City by
Merkler and coworkers [90] found that 31 (1.6%) of 1916 patients with
COVID-19 had acute ischemic stroke, a frequency far higher than that
observed (3/1486 = 0.2%) in patients with influenza; after adjustment
for age, sex, and race, the likelihood of stroke was much higher with
COVID-19 versus influenza (odds ratio, 7.6; 95%CI, 2.3–25.2).

Among other studies reporting on various thrombotic manifesta-
tions, the frequency of ischemic strokes was also relatively high (ap-
proximately 2–3%) in the studies of Klok [63,64] and Lodigiani [66].
The topic of cerebral venous sinus thrombosis (CVST) associated with
COVID-19 is discussed later (see section 5.5 Unusual venous and arterial
thromboses).

Peripheral limb artery thrombosis manifesting as limb ischemia
with absent pulses is another potential complication of COVID-19,
particularly in the critically ill. Bellosta and colleagues reported 20
patients who developed peripheral limb artery thrombosis after ad-
mission for COVID-19 pneumonia [91]. The frequency of acute limb
ischemia was at least 5-fold greater than in the year earlier period, for
which the authors proposed that COVID-19 produced a “virus-related
hypercoagulable state.” Surgical revascularization was performed in 17
patients (3 were too ill), with successful outcomes infrequently seen.
Mestres and colleagues, in Barcelona [92], described 4 patients who
developed acute limb ischemia, 3 with infrapopliteal artery thrombosis
in one or both limbs, and 1 patient with femoral-popliteal and radial-
ulnar artery thromboses.

A clinical picture in keeping with symmetrical peripheral gangrene
in COVID-19 ICU patients has also been reported [93]. Laboratory
markers (falling platelet count, rising D-dimer levels to> 20.0 mg/L,
elevated PT) suggested possible overt DIC. However, the authors stated
that the patients did not have elevated lactate levels and were not on
vasopressors, thus somewhat unlike the typical patient with hemody-
namic shock who develops DIC-associated ischemic limb injury [24].
Again, whether such patients have an unusual form of DIC that can lead
to symmetrical peripheral gangrene or venous limb gangrene (as rarely
occurs in severe HIT) [24] or whether these patients have superimposed
bacterial sepsis is uncertain. In contrast, Helms et al. [40] noted that
none of their 150 ICU patients with severe COVID-19 developed acral
tissue necrosis.

Although MI/ACS in the conventional sense occur in a small min-
ority of COVID-19 patients (discussed above), elevated cardiac

biomarkers, such as troponin or creatine kinase MB, are commonly seen
in COVID-19. One review of 26 studies estimated the prevalence of
acute myocardial injury to be approximately 20% [94]. Plausible ex-
planations for myocardial injury included: hyperinflammation/cyto-
kine storm resulting in myocarditis; respiratory failure/hypoxemic
cardiomyocyte injury; down-regulation of ACE2 expression with loss of
protective signaling pathways in cardiac myocytes; hypercoagulability
with resulting coronary microvascular thrombosis; “endotheliitis” in-
volving cardiac vasculature; and inflammation and/or stress causing
coronary plaque rupture or supply-demand mismatch with more con-
ventional myocardial ischemia/infarction. Zhou and colleagues [26]
found troponin levels> 28 pg/mL in 17% of patients admitted with
COVID-19, with almost half (23/50 [46%]) of patients with such ele-
vated troponin levels dying versus patients with lower levels on ad-
mission (1/95 [1%]; P < 0.0001).

5.5. Unusual venous and arterial thromboses

Hypercoagulable states can be characterized by a propensity for
unusual sites of thrombosis. This is also a feature of COVID-19, where
patients have developed such unusual thrombotic events as cerebral
venous sinus thrombosis [95–97], mesenteric artery thrombosis
[98–100], aortic graft thrombosis [101] and mesenteric vein throm-
bosis [102]. However, unlike HIT, adrenal vein thrombosis with sec-
ondary adrenal infarction/hemorrhage has not been reported in COVID-
19. As with HIT [103], catheter-associated upper-limb DVT can com-
plicate COVID-19 [104].

5.6. Risk factors for thrombosis

Seven of the 16 studies in Table 2 reported adjusted analysis for
laboratory thrombosis risk factors, with increased D-dimer the most
consistent, identified in 5 studies. Al-Samkari and coworkers [32] found
elevated D-dimer, platelet count and CRP at presentation were in-
dependent predictors of thrombosis. Adjusted odd ratios (OR) with 95%
CI for D-dimer (expressed in ng/mL) were 3.04 (1.26–7.31) for D-dimer
levels of 1001–2500 and 6.79 (2.39–19.30)> 2500. Platelet count
above 450 × 109/L had an adjusted OR of 3.56 (1.27–9.97) and CRP
levels> 100, OR 2.71 (1.26–5.86). Demelo-Rodríguez et al. [61]
showed D-dimer levels were higher in patients with DVT found by ul-
trasound screening with median levels of 4527 (IQR 1925–9144) ng/
mL vs 2050 (IQR 1428–3235) in patient without DVT (P < 0.001) with
an adjusted OR = 9.8 (2.9–33.7). Klok identified prolongation of PTs
of> 3 s or PTT > 5 s as predictors of thrombotic complications, with
adjusted hazard ratio 4.1 (1.9–9.1) [63].

The subdistribution hazard ratio for elevated median neutrophil-to-
lymphocyte ratio was 1.7 (1.2–2.5) and 1.4 (1.1–1.9) for D-dimer in the
study by Middeldorp [68]. Stoneham [71] found elevations in white
blood cell count, fibrinogen and D-dimer to be associated with VTE with
OR of 1.18, 1.66 and 1.39 respectively. D-dimer> 1.0 at admission had
an adjusted OR of 5.82 (1.42–23.81) in the study led by Zhang [73] for
screen-detected DVT.

6. Illustrative case

Fig. 3 illustrates clinical events and serial laboratory values in a
patient with severe COVID-19 requiring intubation/mechanical venti-
lation. Despite routine thromboprophylaxis with enoxaparin (40 mg/
day) that was doubled (to 40 mg twice-daily) upon ICU admission,
symptomatic PE (proven by CT angiography) occurred in association
with right internal jugular central line removal post-extubation. The
patient also received treatment with hydroxychloroquine, high-dose
corticosteroids, tocilizumab, remdesivir, and COVID-19 convalescent
plasma (listed in order received). There are several noteworthy features
of the case. First, the patient exhibit mild thrombocytopenia (platelet
count, 103 × 109/L) and mild PT elevation (13.5 s; reference range,
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9.0–13.0) at hospital admission, common features of severe COVID-19.
However, neither parameter showed progressive worsening as might be
expected if the infection had progressed to overt DIC. Second, the pa-
tient exhibited a rapid increase in D-dimer (which was normal on ad-
mission) on day 18 despite receiving intermediate-dose enoxaparin. In
hindsight, the abrupt D-dimer increase may have been a marker of de-
velopment of otherwise subclinical DVT that resulted in symptomatic
PE a few days later. And third, the patient also evinced a 43% decline in
platelet count beginning about 10 days after starting enoxaparin
thromboprophylaxis. It is possible that this platelet count fall, together
with PE occurrence, reflects occurrence of HIT (not otherwise suspected
nor investigated for).

7. HIT as a potential complication of COVID-19

HIT occurrence reflects not only exposure to heparin but also the
clinical setting, heparin type, and duration of exposure. For example,
HIT occurs more often with unfractionated heparin (UFH) than with
low-molecular-weight heparin (LMWH) [105], more often in surgical
than medical patients [106], and more often with exposure beyond
10 days than patients who receive 4 or fewer days [107]. Further,
among immunized patients, higher heparin dosing can lead to greater
frequency of HIT “breakthrough”, and so dosing increase from pro-
phylactic to intermediate to therapeutic could also increase the HIT risk
[108]. Inflammation is a risk factor for HIT [109], so it is possible that
COVID-19 represents a high-than-usual risk for HIT than standard
“medical” patients receiving thromboprophylaxis, especially as many
COVID-19 patients are hospitalized for over 1 week.

There are anecdotal reports of HIT occurrence in COVID-19 pa-
tients. Riker and colleagues [110] reported 3 cases of putative HIT
observed among only 16 intubated patients receiving UFH. However,

although all 3 patients tested positive by PF4-dependent enzyme-im-
munoassay (EIA), only 1 patient tested positive by serotonin-release
assay (SRA), so the true frequency of HIT in this report is uncertain.

Lingamaneni and coworkers [111] reported 1 case of confirmed HIT
(DVT, thrombocytopenia after switching from prophylactic-dose LMWH
to therapeutic-dose UFH, SRA-positive) among 5 COVID-19 patients
investigated for HIT who tested EIA-positive (the other 4 patients with
weak-positive EIA results tested SRA-negative). The authors empha-
sized the potential for HIT “overdiagnosis” if EIA-positive status alone is
used to diagnose HIT.

Patell and coworkers [112] reported 5 patients with possible
HIT—based upon suspicious platelet count decline and a positive latex
immunoturbidimetric assay (LIA) for anti-PF4/heparin anti-
bodies—among 88 COVID-19 patients who received at least 5 days of
UFH (median, 11 days of UFH exposure). This corresponded to a cu-
mulative incidence of LIA positivity of 12% at 25 days (95%CI, 4% to
26%). However, LIA reactivity was relatively weak (between 1.0 and
1.9 units/mL) in 4 of the 5 patients, which corresponds to a relatively
low (20–30%) predictivity for SRA-positive status [113], and a clear
positive SRA result was only observed in 1 patient (two patients had
“borderline” SRA-positive results). One of the LIA-positive patients did
not undergo SRA testing, but that patient's LIA result was strong-posi-
tive (> 16 units/mL), which predicts for high (~90%) probability of
HIT [113]. Although the true frequency of HIT in this study was un-
clear, the implication is that HIT is a definite potential complication of
COVID-19 patients, particularly if there is prolonged exposure to UFH.

Given the importance of HIT ascertainment in this novel patient
population, we recommend referral of EIA-positive or LIA-positive
blood samples for testing by functional (platelet activation) assay, such
as the SRA. However, given emerging data regarding occasional false-
negative SRA results [114], we also suggest that SRA-negative blood

Fig. 3. Illustrative case of pulmonary embolism (PE) complicating COVID-19.
Hemostasis abnormalities were evident at onset of symptomatic COVID-19 (mild thrombocytopenia, minor increase in PT and PTT), with subsequent improvement;
however, an abrupt increase in D-dimer and decrease in platelet count preceded occurrence of symptomatic PE. See text for additional clinical details.
Abbr.: BID, twice-daily; PT, prothrombin time; PTT, partial thromboplastin time; QD, once-daily.
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samples (but with strong clinical suspicion of HIT corroborated by
strong-positive EIA or LIA) be referred to a laboratory with experience
in performing newer PF4-dependent platelet activation assays, such as
the PF4-SRA [114], PF4/heparin-SRA [115], or the P-selectin expres-
sion assay [116].

Parzy and colleagues [117] reported 3 patients with laboratory-
confirmed HIT among 13 critically-ill patients requiring venovenous
extracorporeal membrane oxygenation (ECMO) with heparin antic-
oagulation. Since all 13 ECMO patients developed one or more venous
thrombotic events, the contributory role of HIT in explaining throm-
bosis in this study is uncertain. Unfortunately, clinical and laboratory
data supporting the HIT diagnoses were not provided.

A non-peer-reviewed paper from China found that non-surviving
ICU patients frequently had progressive, severe thrombocytopenia
[118]. Many of these patients were receiving LMWH. The authors found
high levels of “HIT antibodies” by enzyme-immunoassay among ICU
patients, and they speculated that HIT may have contributed to severe
thrombocytopenia and adverse outcomes. In some patients, antibodies
were detectable even before heparin treatment, raising the possibility of
COVID-19-associated “spontaneous” HIT syndrome [119]. However,
HIT antibody assays with higher specificity (e.g., SRA) were not per-
formed, so the implications of these observations are uncertain.

Anticoagulant dosing in HIT offers an interesting perspective. Due
to its (relative) rarity, heterogeneous clinical presentation, and (until
recently) difficulty in achieving rapid real-time laboratory confirmation
of a diagnosis of HIT, randomized trials evaluating different treatment
approaches have not been available for HIT. Yet, the recognition of HIT
as a profound hypercoagulable state, together with relevant observa-
tional studies, have led to the current treatment paradigm where—in
the absence of contraindications—patients with HIT are typically
treated with therapeutic-dose anticoagulation. An example of an ob-
servational study that informed this practice was one by Farner and
colleagues, who reported their experience treating HIT with danaparoid
[120]. Paradoxically, patients with HIT-associated thrombosis who
were treated with danaparoid had a lower frequency of subsequent
thrombosis than patients who had “isolated” HIT, i.e., HIT diagnosed on
the basis of a platelet count fall rather than because of thrombosis oc-
currence that led to a diagnosis of HIT. The authors' explanation was
that patients with HIT-associated thrombosis typically received ther-
apeutic-dose danaparoid, whereas patients with isolated HIT were
usually given lower (prophylactic-dose) danaparoid.

8. Prevention and treatment of thrombosis in COVID-19

There is wide variation in dosing of pharmacologic VTE prophylaxis
in COVID-19 patients. Of interest is the observation that continuation of
pre-hospital therapeutic-dose anticoagulation may have an important
effect on reducing development of VTE. Klok and coworkers [64] noted
that the risk of VTE in patients on therapeutic anticoagulation prior to
ICU admission was lower in a competing risk model (HR 0.29 [95%CI,
0.091–0.92]), although no effect on mortality was seen. In another
Dutch study, no patients receiving therapeutic anticoagulation prior to
hospital admission developed VTE [68].

Paranjpe and colleagues studied 2773 patients hospitalized with
COVID-19 within the Mount Sinai Health System (New York City), with
786 (28%) receiving therapeutic-dose anticoagulation at some point
during hospitalization [121]. They used a Cox proportional hazards
model to evaluate the effect of treatment-dose anticoagulation on in-
hospital mortality, finding no difference. However, in patients who
required mechanical ventilation (N = 395), in-hospital mortality was
29.1% (with a median survival of 21 days) for those treated with
therapeutic-dose anticoagulation, as compared to 62.7% (with a
median survival of 9 days) in patients who did not. In a multivariate
proportional hazards model, longer duration of anticoagulant treatment
was associated with reduced mortality (adjusted HR, 0.86 per day,
95%CI, 0.82–0.89, P < 0.001).Ta
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The effect of prophylactic-dose LMWH or UFH was evaluated in 449
Chinese patients with severe COVID-19, of whom 22% received an
anticoagulant. There was no difference in 28-day mortality, however, in
patients with a Sepsis Induced Coagulopathy (SIC) score ≥ 4 and who
received prophylactic-dose heparin, mortality was lower (40.0% vs
64.2%, P = 0.029) [122]. These observations suggest anticoagulation
may have a favorable effect on mortality in the sickest patients.

Several organizations have developed guidelines, guidance state-
ments, answers to frequently asked questions, or state-of-the-art re-
views (Table 3) [123–128]. There is general agreement that all patients
should receive, or be evaluated for, pharmacologic VTE prophylaxis;
none recommend therapeutic-dose VTE prophylaxis unless done in the
context of a clinical trial. Recommendations to use usual prophylactic-
or intermediate-dose anticoagulation varies, as does dose adjustment
for extremes of body weight, and some organizations differentiate ap-
proaches depending on whether the patient is in the ICU. Some state-
ments recommend LMWH over UFH because of less patient exposure
and personal protective equipment utilization. There is not strong
agreement for extended prophylaxis post-discharge, but several groups
recommend considering. Randomized trials are needed to address the
best anticoagulant dose for VTE prevention, and we identified 9 pro-
posed or ongoing trials comparing different doses of LMWH or UFH
(Table 4).
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