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IMPORTANCE The COVID-19 pandemic saw one of the fastest developments of vaccines in an
effort to combat an out-of-control pandemic. The 2 most common COVID-19 vaccine
platforms currently in use, messenger RNA (mRNA) and adenovirus vector, were developed
on the basis of previous research in use of this technology. Postauthorization surveillance of
COVID-19 vaccines has identified safety signals, including unusual cases of thrombocytopenia
with thrombosis reported in recipients of adenoviral vector vaccines. One of the devastating
manifestations of this syndrome, termed vaccine-induced immune thrombotic
thrombocytopenia (VITT), is cerebral venous sinus thrombosis (CVST). This review
summarizes the current evidence and indications regarding biology, clinical characteristics,
and pharmacological management of VITT with CVST.

OBSERVATIONS VITT appears to be similar to heparin-induced thrombocytopenia (HIT), with
both disorders associated with thrombocytopenia, thrombosis, and presence of
autoantibodies to platelet factor 4 (PF4). Unlike VITT, HIT is triggered by recent exposure to
heparin. Owing to similarities between these 2 conditions and lack of high-quality evidence,
interim recommendations suggest avoiding heparin and heparin analogues in patients with
VITT. Based on initial reports, female sex and age younger than 60 years were identified as
possible risk factors for VITT. Treatment consists of therapeutic anticoagulation with
nonheparin anticoagulants and prevention of formation of autoantibody-PF4 complexes, the
latter being achieved by administration of high-dose intravenous immunoglobin (IVIG).
Steroids, which can theoretically inhibit the production of new antibodies, have been used in
combination with IVIG. In severe cases, plasma exchange should be used for clearing
autoantibodies. Monoclonal antibodies, such as rituximab and eculizumab, can be considered
when other therapies fail. Routine platelet transfusions, aspirin, and warfarin should be
avoided because of the possibility of worsening thrombosis and magnifying bleeding risk.

CONCLUSIONS AND RELEVANCE Adverse events like VITT, while uncommon, have been
described despite vaccination remaining the most essential component in the fight against
the COVID-19 pandemic. While it seems logical to consider the use of types of vaccines (eg,
mRNA-based administration) in individuals at high risk, treatment should consist of
therapeutic anticoagulation mostly with nonheparin products and IVIG.
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T he COVID-19 pandemic is challenging the global public
health and health care sectors in many ways. The public
health, health care, and related supply chain infrastruc-

tures were unprepared and underfunded for this crisis. Perhaps the
most impressive and timely response to COVID-19 has been the un-
precedentedly rapid production of effective vaccines against this in-
fectious disease, while effective therapeutics and cost-effective di-
agnostics have lagged.1

Cerebral venous sinus thrombosis (CVST) is a rare form of cere-
brovascular disease that typically affects young women of child-
bearing age2-4 and is generally thought to be associated with the
same general risk factors as other more common forms of venous
thrombosis, such as pregnancy; medications, including oral contra-
ceptives and chemotherapy; infections of brain, ears, or face; head
trauma; inherited blood clotting disorders (eg, functional deficien-
cies of coagulation protein S or C, antithrombin, and factor V Lei-
den); and, rarely, thrombocytopenia,5,6 with prevalence of pro-
thrombotic disorders being especially high in adolescents.7 COVID-19
infection has itself a rare but demonstrated association with CVST.
A retrospective analysis8 identified a CVST incidence of 39.0 pa-
tients per million (95% CI, 25.2-60.2) after COVID-19 infection com-
pared with the 2-week period before COVID-19 infection (0.4 per mil-
lion). Another retrospective study evaluated 14 483 patients
diagnosed with COVID-19 infection over a period of 4 months and
found a higher incidence of CVST (20 of 100 000 patients; 95% CI,
4 of 100 000 to 60 of 100 000).9 However, CVST with thrombo-
cytopenia was entirely unexpected as a much rarer complication as-
sociated with certain types of COVID-19 vaccination.

Two recent reports described case reviews with clinical and labo-
ratory findings of thrombotic thrombocytopenia events after the As-
traZeneca vaccine (ChAdOx1), 1 from Germany and Austria and 1 from
Norway.10,11 Many patients had platelet-activating antibodies directed
against platelet factor 4 (PF4), resulting in a prothrombotic state and
thrombocytopenia. This phenomenon was thought to resemble
heparin-inducedthrombocytopenia(HIT),buttheseindividualshadnot
received heparin prior to developing clots. The antigenic target on PF4
also seems different between HIT and VITT, because the latter condi-
tion has been recently characterized as the development of anti-PF4
antibodieswith8recognizedsurfaceaminoacidslocatedwithinthehep-
arin binding site of the protein, different from those recognized by the
anti-PF4 antibodies developing in patients with HIT.12 The authors of
these articles propose vaccine-induced immune thrombotic thrombo-
cytopenia (VITT) as the name of this emerging syndrome. Similarly, See
et al13 reported on 12 individuals with CVST and thrombocytopenia, all
of whom were women aged 18 to 60 years who developed these com-
plications between 6 to 15 days postvaccination with the Johnson and
Johnson vaccine (Ad26.COV2.S). Several other cases of this phenom-
enon have now been described all around the world.14 That said, there
has been tremendous scientific interest in, but also public concern re-
garding, CVST with VITT following COVID-19 vaccination, despite the
risk of CVST from COVID-19 infection being 60- to 230-fold higher than
the risk from vaccination.15

The ChAdOx1 vaccine is a chimpanzee adenoviral vector vaccine,
whereas the Ad26.COV2.S vaccine is a human adenoviral vector
vaccine.16,17 The clinical syndrome seen after both of these vaccines ap-
pears similar; however, the extent to which these cases represent the
same pathophysiologic syndrome is still unclear, and the syndrome
seemstooccurata4-foldhigherfrequencywithChAdOx1.15 Incontrast,

withthePfizer-BioNTechmessengerRNA(mRNA)vaccine(BNT162b2),
there have been no reports of CVST following a large number of doses
administered. As of April 12, 2021, 3 cases of CVST had been reported
following 84.7 million administered doses of the Moderna mRNA-1273
vaccine, with all 3 individuals having normal platelet counts.18 Only 1 re-
port to date documents possible VITT after the second dose of the
mRNA-1273 vaccine.19

Herein, we discuss the current evidence regarding pharmaco-
logical treatments, including anticoagulants, immunoglobulin
therapy, steroids, and other molecules, in the management of VITT
with CVST postvaccination, as well as the clinical characteristics and
pathophysiology of this emerging disorder.

Pathophysiology
VITT is atypical in that CVST and other forms of thrombotic events oc-
cur in association with thrombocytopenia (10 000 to 100 000 per mi-
croL). CVST occurs when thrombi form in the cerebral veins and major
duralsinuses,20 occurringin3to4peoplepermillionannually,muchless
common than venous thromboembolism, deep vein thrombosis, and
pulmonary embolism, which are seen in 1 in 1000 people annually.21

However, diagnosis of CVST is difficult, and these estimates are likely
lower than the true incidence.22 CVST is an uncommon disorder in the
generalpopulationbutcanbemorecommonincertainsubpopulations.
CVST causes symptoms by 2 main mechanisms that increase pressure
in the brain20: (1) increased venular and capillary pressures and (2) de-
creasedcerebrospinalfluidabsorption.Impairedvenousdrainagecauses
brain tissue edema, impairing delivery of oxygenated blood and lead-
ing to ischemia. A rare yet severe manifestation of CVST is venous hem-
orrhage, which occurs when capillary walls become weakened. Four
main clinical syndromes are seen with CVST6,20: (1) in 90% of patients,
intracranial hypertension presenting as headache, which may be gen-
eralized or localized and worsens with position change; (2) in 44% of
patients, focal deficits with hemiparesis and fluent aphasia; (3) seizures
in 30% to 40% of patients, usually with venous hemorrhage; and (4)
encephalopathy,oftenseeninelderlypatientsandthosewithmajorce-
rebral thrombosis. The average 30-day mortality is 6% and depends on
the size of the thrombus, with the primary cause of death being hernia-
tionfromlargevenoushemorrhage.23 Mostpatientswillhavecomplete
or partial recovery, while approximately 10% have permanent neuro-
logical deficits at 1-year follow-up. Recurrence of CVST is rare, occurring
in3%ofpatients.CVSTmayoccurwithvenousthromboembolism,with
most cases developing within the first year of CVST.24

In the pathophysiology of HIT, exposure to a polyanion, such as
unfractionated heparin, results in complexes of PF4 and heparin.25

PF4 is a positively charged protein found in platelet α-granules that
is released in plasma on platelet activation. When PF4 binds to hep-
arin, the confirmation of PF4 changes and a new antigen is ex-
posed, which results in the development of IgG autoantibodies
against this complex. The complex, now containing heparin, PF4, and
autoantibodies, crosslinks many FcγRIIa receptors on platelets, re-
sulting in intracellular signaling, thromoboxane biosynthesis, plate-
let activation, and aggregation. Activated platelets degranulate and
release more PF4 molecules as well as procoagulant microparticles
in plasma, which are responsible for increased thrombin genera-
tion. In addition, HIT antibodies activate monocytes and endothe-
lial cells leading to accelerated thrombin generation via expression
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of tissue factor. Neutrophil extracellular traps enhance coagulation
by providing a scaffold for platelets, red blood cells, von Willebrand
factor, and tissue factors. This positive feedback loop results in a hy-
percoagulable state and thrombosis. However, thrombocytopenia
seen in HIT is predominantly due to removal of activated platelets
and antibody-coated platelets by the macrophages of the reticulo-
endothelial system.26 In the case of VITT, autoantibodies are also gen-
erated, although these patients have not received heparin and it is
likely that an unidentified polyanion in the adenoviral vaccines or ex-
pressed by the infected cells by the vaccine is binding to PF4. In pa-
tients with suspected or confirmed VITT, rapid initiation of treat-
ment similar to that of severe HIT is hence recommended (Figure 1).
Currently, to our knowledge, no potential strategies are available for
the prevention of VITT.

Epidemiology and Clinical Characteristics of VITT
Based on studies in Europe and the United Kingdom, the incidence
of VITT is around 1 per 100 000 to 250 000 vaccine recipients, al-
though this is a continuously moving target.27 CVST is estimated to
occur at a rate of 1 per 100 000 vaccine recipients with the Ch-

AdOx1 vaccine and 1 per 1 000 000 with the Ad26.COV2.S vaccine.28

More than 90% of patients with CVST have been younger than 60
years, with more women being affected than men (2.5:1 ratio).27 In
the US, all patients who received the Ad26.COV2.S vaccine and de-
veloped CVST with VITT were female.13 The median (range) onset
of symptoms was 10 (5-24) days after the ChAdOx1 vaccine10,11,29

and 8 (6-15) days after the Ad26.COV2.S vaccine.13 Notably, most
patients did not have a history of coagulation disorders.30 The most
common thrombotic event associated with VITT is CVST, although
patients have presented with other forms of thrombosis, espe-
cially venous thromboembolism, abdominal vein clots, and arterial
clots.10,11,29 A report from Scotland also revealed that the risk of ar-
terial thrombosis may be increased by more than 20% in recipients
of adenovirus-based vaccines.31

Patients presented with symptoms associated with increased
intracranial pressure (eg, headaches, visual disturbances, nausea
and/or vomiting, and other neurological symptoms) as well as short-
ness of breath, lethargy, back pain, abdominal pain, petechiae, and
leg or arm weakness. Compared with other thrombotic events, this
phenomenon is unique in that these patients had positive test re-
sults for HIT. Patients in the US, Europe, and UK all had positive test
results for PF4 or heparin antibody immunoassay (PF4 enzyme-

Figure 1. Schematic Representation of the Pathogenesis of Vaccine-Induced Immune
Thrombotic Thrombocytopenia (VITT) and Therapeutic Targets
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linked immunosorbent assay).32 One peculiar aspect of this pathol-
ogy is that positivity for anti-PF4 antibodies seems to be mostly re-
stricted to enzyme-linked immunosorbent assay–based assays, with
other methods being characterized by rather poor diagnostic
sensitivity.33 Platelet activation assays were positive in the Europe
and United Kingdom groups, but serotonin release assays were not
uniformly positive in the US. The variable positivity with serotonin
release assays seems to be influenced by some technical aspects,
in that assay modification by adding PF4 yields a much higher diag-
nostic sensitivity.34 Platelet nadirs ranged from 7 to 113 ×103/μL (to
convert to ×109/L, multiply by 1) and 10 to 127 ×103/μL for the Ch-
AdOx1 and Ad26.COV2.S vaccines, respectively. Reported plasma
fibrinogen levels were low to normal (suggesting a component of
intravascular coagulation), ranging between 40 and 568 mg/dL (to
convert to g/L, multiply by 0.01). D-dimer levels were markedly el-
evated, several-fold higher than the upper limit of the reference
range, reflecting a severe thrombotic event. Platelet recovery ap-
pears to occur with use of a nonheparin anticoagulant in addition
to IVIG. The mortality rate can be as high as 50%, unless the syn-
drome is recognized early and appropriately treated.28,32 A diag-
nostic algorithm is proposed in Figure 2.

Risk Factors
There are no well-known risk factors for VITT with CVST postvaccina-
tion other than female sex and age younger than 60 years. In the gen-
eral population, CVST is much more common in women than men, with

a ratio of approximately 3:1.35 CVST has a higher frequency among pa-
tientsyoungerthan40years,thosewiththrombophilia,orwomenwho
are pregnant, post partum, or taking hormonal contraception.2,31 Infec-
tions, including localized (eg, sinusitis and meningitis) and systemic (eg,
COVID-19),andinflammatorydiseases(eg,vasculitides,rheumatoidar-
thritis, and inflammatory bowel disease) may also contribute to the de-
velopment of CVST. Other risk factors include cancer, high blood cell
counts, trauma (eg, head trauma, neurosurgical procedure, and lum-
barpuncture),andnephroticsyndrome.Priorthrombosisisnotcurrently
considered a risk factor for VITT.

First-line Therapies
Anticoagulation
Therapeutic anticoagulation with nonheparin anticoagulants is the
primary treatment for VITT with or without CVST. Owing to a high
incidence of spontaneous intracerebral hemorrhage in patients with
CVST, use of anticoagulation was a matter of debate for many years.
However, current consensus is to treat CVST patients with or with-
out preexisting intracerebral hemorrhage with therapeutic antico-
agulation. This recommendation is based on pre–COVID-19 random-
ized clinical trials evaluating anticoagulation in patients with CVST,
which showed that anticoagulation is not only important in manag-
ing CVST, but also does not lead to extension of hemorrhages.36,37

These findings support the hypothesis that improvement in ve-
nous outflow obstruction with anticoagulation decreases venular and
capillary pressure and reduces the risk of further bleeding.20

Figure 2. Differential Diagnosis Algorithm for Vaccine-Induced Immune Thrombotic Thrombocytopenia (VITT)
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If VITT is suspected, the following tests should be performed: complete blood
cell count (CBC) with platelet count, heparin-induced thrombocytopenia (HIT)
assays (anti-PF4–based enzyme-linked immunosorbent assay and functional
platelet assays), along with measurement of plasma fibrinogen and D-dimer.
Platelet count can be low to normal if VITT is detected early in the disease
process. Enzyme-linked immunosorbent assays based on PF4–poly (vinyl
sulfonate) can be used as rapid tests and appear to yield the lowest rate of false
negative results. Direct imaging, such as computerized tomography venography
or magnetic resonance venography, is used to diagnose cerebral venous sinus

thrombosis. aPTT indicates activated partial thromboplastin time; ELISA,
enzyme-linked immunosorbent assay; PF4, platelet factor-4; PT, prothrombin
time.
a Symptoms include persistent severe headache, vision change (blurred, double

vision), seizures, chest pain, shortness of breath, abdominal pain, limb pain,
and swelling.

b Using a cutoff of 150 ×103/μL for platelets leads to the highest sensitivity,
although most patients with VITT present with values <50 ×103/μL.
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Society recommendations are to avoid heparin and heparin-
containing products in the management of this syndrome (Box).
Nonheparin anticoagulants are currently considered better thera-
peutic options, supported by case reports describing progression of
thrombosis following heparin use10 and the similarity of this compli-
cation to HIT and autoimmune HIT. Direct oral anticoagulants (DO-
ACs), such as dabigatran, apixaban, rivaroxaban, edoxaban, and
fondaparinux, as well as parenteral direct thrombin inhibitors (eg,
bivalirudin and argatroban) are options, as these have been used in
patients with HIT.38 The decision between each of these agents will
depend on the drug profile and patient situation (Table 1). DOACs
and fondaparinux can be used in noncritically ill patients with less
severe thrombocytopenia. However, there is a slight risk of cross-
reactivity between fondaparinux and HIT antibodies.39 In critically ill
patients with severe thrombocytopenia (platelet level less than
50 ×103/μL) and severe risk of bleeding, intravenous direct throm-
bin inhibitors can be used given their intravenous route and short
half-life.40 Parenteral direct thrombin inhibitors bear a considerable
bleeding risk, lack reversal agents, and are associated with higher
costs.41 Yet their effects are rapidly reversed on discontinuation.
VITT is considered provoked thrombosis, and treatment for at least
3 months is recommended.

DOACs are recommended over vitamin K antagonists, such as
warfarin, for VITT, despite international guidelines for CVST sug-
gesting vitamin K antagonists over DOACs, although other studies
are evaluating DOACs in the context of CVST.20,42 Warfarin can in-
duce a paradoxical hypercoagulable state, commonly within 3 to 10
days of therapy initiation, owing to its inhibitory effects on some co-
agulation proteins. This is mostly because protein C and vitamin K–de-
pendent natural anticoagulant have shorter half-lives than most other
vitamin K–dependent γ-carboxylated procoagulants (factors II, IX,
and X).43 These effects are reported to be more profound in the hy-
percoagulable setting of HIT. Thus, in VITT, alternative anticoagu-
lants should be administered, and warfarin therapy may be re-
sumed when the platelet count has recovered (greater than
150 ×103/μL for at least 2 days).

The American Heart Association and American Stroke Associa-
tion 2011 Scientific Statement for the management of CVST2 rec-
ommends restricting catheter-directed fibrinolysis to experienced
centers and patients whose condition deteriorates despite inten-
sive coagulation. Systematic reviews have shown that fibrinolytic
treatment is associated with intracranial and extracranial major bleed-
ing complications.44 Thus, fibrinolytic therapy should only be con-
sidered in patients with extensive CVST whose condition worsens
despite anticoagulation.45

IVIG
IVIG contains immunoglobulin G of all subclasses derived from pooled
human plasma, and has been used in the management of
COVID-19.46 In high doses, IVIG can competitively inhibit the bind-
ing of VITT antibodies with the platelet FcγRIIa, thereby inhibiting
platelet activation and aggregation.47 In autoimmune HIT and other
diseases where IVIG can be considered, a dose of 1 g/kg daily for at
least 2 days in divided doses can rapidly increase platelet counts and
reduce hypercoagulability.47-49 This outcome is particularly impor-
tant in patients with VITT who manifest severe thrombocytopenia
and thrombosis, with or without bleeding, and who require
anticoagulation.50 Case series have documented that IVIG im-

proves platelet count and recovery in VITT by inhibition of serum-
induced platelet activation.10,11,50 Since platelet activation is likely
the key step in the manifestation of VITT, several professional soci-
eties recommend administration of IVIG as soon as VITT is diag-
nosed or under consideration (Table 2),5,51-56 although the useful-
ness of additional treatment with IVIG requires further study. It has
been suggested that actual body weight should be used in dosing
IVIG, given its dose-dependent effects in reducing antibody-
induced platelet activation.47,50 IVIG is also used in immune throm-
bocytopenic purpura; thus, IVIG can be administered prior to PF4
enzyme-linked immunosorbent assay results being available, when
differential diagnosis of either VITT or immune thrombocytopenic
purpura is still being considered.

Because IVIG may inhibit serotonin release in the serotonin re-
lease assays, blood samples should be drawn before IVIG infusion
to avoid false negative results.57 IVIG is itself potentially prothrom-
botic, and thrombotic events have been reported after IVIG admin-
istration in patients with immune thrombocytopenic purpura.58

Steroids as Second-line Agents
Steroids can hypothetically inhibit the synthesis of new autoantibod-
ies, thereby interrupting platelet activation and thrombosis. To our
knowledge, there are no large-scale studies documenting benefits with
steroidsinthetreatmentofHIT,andtheavailabledataarelimitedtoiso-
lated case reports and case series.59,60 More recently, systemic steroids
have been used in combination with IVIG for the management of VITT.
Of the 5 individuals with VITT in the study by Schultz et al,11 4 were
treated with concomitant methylprednisolone (1 mg/kg/d) and IVIG.
Three patients had documented CVST and 2 of these patients died.
Georgeetal61 reportedsuccessfultreatmentforapatientwithVITTand
CVST using steroids, IVIG, and bivalirudin.

When Are Platelet and Fibrinogen
Transfusions Indicated?
Platelet transfusion may be considered in patients with VITT and se-
rious bleeding, or prophylactically if invasive procedures with high
bleeding risk are required. However, routine platelet transfusion

Box. Heparin-Containing Products to Be Avoided in Patients
With Vaccine-Induced Immune Thrombotic Thrombocytopenia

Unfractionated heparin

Low-molecular-weight heparin (eg, enoxaparin, dalteparin, na-
droparin, tinzaparin)

Heparin lock flush solutions

Heparin-bonded catheters (eg, CVC, PAC)

Prothrombin complex concentrates (eg, 4F-PCC)a

Hematopoietic Progenitor Cells by Apheresis (HPC-A)

Abbreviations: CVC, central venous catheter; 4F-PCC, 4-factor prothrombin
complex; PAC, pulmonary artery catheter.

a 3F-PCC can be used if the patient has a history of heparin-induced
thrombocytopenia.
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should be avoided.51,53 It has been reported that in patients with HIT,
platelet transfusions led to a 5-fold increase in mortality.62 Plate-

lets are the source of PF4, the antigenic target for the antibodies in
VITT, and may thus worsen progression of VITT. However, a no-

Table 1. Summary of Nonheparin Anticoagulants for Use in Patients With Confirmed or Suspected
Vaccine-Induced Immune Thrombotic Thrombocytopenia (VITT)

Anticoagulant Dose
Route of
administration

Mode of
action

Reversal
agent Monitoring

Drug
interactions

Primary
mechanism
of
elimination
(half-life) Contraindications

Special
populations

Rivaroxaban 15 mg Twice
daily with
food for 3
wk, then 20
mg OD with
food

Oral Direct
factor Xa
inhibitor

Andexanet
alfa

None;
antifactor Xa
activity can
be monitored
if required

Metabolized
primarily by
CYP3A4.
P-gp
substrate

Kidney
(5-9 h)

Active
pathological
bleeding; severe
hypersensitivity
to rivaroxaban

Use in pregnancy
and breastfeeding
unknown

Edoxaban 60 mg Once
daily

Oral Direct
factor Xa
inhibitor

Andexanet
alfa

None;
antifactor Xa
activity can
be monitored
if required

P-gp
substrate

50% Kidney,
50%
metabolism
and biliary
or intestinal
excretion
(10-14 h)

Active
pathological
bleeding

Use in pregnancy
and breastfeeding
unknown

Apixaban 10 mg Twice
daily for 1
wk, then 5
mg twice
daily

Oral Direct
factor Xa
inhibitor

Andexanet
alfa

None;
antifactor Xa
activity can
be monitored
if required

Metabolized
primarily by
CYP3A4.
P-gp
substrate

Hepatic
(8-15 h)

Active
pathological
bleeding; severe
hypersensitivity
to apixaban

Use in pregnancy
and breastfeeding
unknown

Dabigatran 150 mg
Twice daily

Oral Direct
thrombin
inhibitor

Idarucizumab Not
recom-
mended
unless drug
failure is
suspected,
major or
life-threatening
bleeding is
experienced
while taking
dabigatran,
or urgent
surgery or
invasive
procedure is
required
while taking
dabigatran

P-gp
substrate

Kidney
(12-17 h)

Active
pathological
bleeding; severe
hypersensitivity
to dabigatran

Use in pregnancy
and breastfeeding
unknown; risk of
bleeding increases
with age

Argatroban 2 μg/kg/min Intravenous Direct
thrombin
inhibitor

None Adjust to
aPTT 1.5-3 ×
baseline

Heparin,
warfarin,
thrombo-
lytics, GPIs

Hepatobi-
liary (40-50
min)

Hypersensitivity
to argatroban or
to any
component of the
product; major
bleeding

Can be used
in pregnancy;
use in
breastfeeding
unknown

Bivalirudin 0.15
mg/kg/h

Intravenous Direct
thrombin
inhibitor

None Adjust to
aPTT 1.5-2.5
× baseline

Heparin,
warfarin,
thrombo-
lytics, GPIs

Enzymatic
(25 min)

Active major
bleeding;
hypersensitivity
to bivalirudin or
its components

Can be used
in pregnancy;
use in
breastfeeding
unknown;
possible
increased
bleeding risk in
elderly
individuals

Fondaparinux Weight-
based: <50
kg, 5 mg
once daily;
50-100 kg,
7.5 mg once
daily; >100
kg, 10 mg
once daily

Subcutaneous Indirect
factor Xa
inhibitor

Andexanet
alfa

None;
antifactor Xa
activity can
be monitored
if needed

No major
interactions

Kidney
(17-24 h)

Active major
bleeding; history
of serious
hypersensitivity,
severe kidney
impairment (CrCl
<30 mL/min),
thrombocyto-
penia associated
with positive in
vitro test for
antiplatelet
antibody in the
presence of
fondaparinux,
bacterial
endocarditis

Can be used
in pregnancy;
use with caution
with elderly
individuals

Abbreviations: CrCl, creatinine clearance; GPI, glycoprotein IIb-IIIa inhibitors.
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table difference in clinical presentation of HIT and VITT is the inci-
dence of bleeding. Concomitant bleeding, which is relatively un-
common in HIT, tends to occur more often in patients with VITT and
CVST and portends a poor prognosis. In the case series in Europe,
all 4 patients with VITT and CVST experienced an intracerebral hem-
orrhage. Likewise, among the 12 individuals with CVST and VITT in
the study in the US, 7 had intracerebral hemorrhage.11 In the popu-
lation-based study in Scotland, the frequency of hemorrhagic events
up to nearly 1 month after vaccination was increased by approxi-
mately 50%.31

Platelet transfusion also may be required prior to
neurosurgical procedures in these patients. A concern with
platelet transfusion is increased risk of thrombosis, and additional
thrombotic events after receiving platelet transfusion were
reported.29 In addition, a large retrospective review of 6332 pa-

tients with HIT found higher odds of arterial thrombosis but not ve-
nous thrombosis (age- and sex-adjusted odds ratio, 3.4; 95% CI, 1.2-
9.5) as well as mortality (age- and sex-adjusted odds ratio, 5.2; 95%
CI, 2.6-10.5) in patients who received platelet transfusion.62

Human fibrinogen (coagulation factor I) plays an important
role in normal hemostasis and binds platelets and thrombin,
resulting in platelet aggregation and promoting coagulation.
Fibrinogen concentrate and cryoprecipitate are prepared from
pooled human plasma and are used in fibrinogen deficiency with
clinically significant bleeding or prior to invasive procedures.
Low fibrinogen levels (less than 1.5 g/L) can be seen in severe
cases of HIT with consumptive coagulopathy.63 Low fibrinogen
levels have been reported in approximately half of the cases of
VITT.10,11,13 The incidence of low fibrinogen levels may be different
if patients are identified earlier in the disease course.

Table 2. Current Societal Recommendations for Treatment of Confirmed or Suspected Vaccine-Induced
Immune Thrombotic Thrombocytopenia (VITT)

Therapy

American Society
of Hematology
(ASH)51

American Heart
Association and
American Stroke
Association5

International
Society on
Thrombosis and
Hemostasis52

British Society for
Haematology53

Thrombosis &
Hemostasis
Society of
Australia and
New Zealand54

Ontario COVID-19
Science Advisory
Table55

Society of
Thrombosis and
Hemostasis
Research56

Anticoagulants

Direct
thrombin
inhibitors

Yes Yes Yes Yes, critical illness
dose argatroban
appropriate while
platelet count
<30 ×103/μLa

Yes Alternative Yes

DOACs Yes Yes Yes Yes Yes Yes, first line Yes

Fondaparinux Yes Yes Yes Yes, low-dose
fondaparinux
appropriate while
platelet count
<30 ×103/μLa

Yes Not described Not recommended
(may foster
production of
platelet-activating
antibodies)

Other therapies

IVIG Recommended
(with
anticoagulation),
1 g/kg daily for 2 d

Recommended;
1 g/kg body
weight daily for
2 d after
laboratory testing
for PF4 antibodies
has been sent

Early IVIG
recommended,
0.5-1 g/kg daily
for 2 d

Early IVIG
recommended,
1g/kg divided
into 2 d if needed;
may be repeated

Consider for
possible VITT,
give
immediately
for probable
VITT, 1-2 g/kg
in 2 divided
doses

Recommended;
1 g/kg daily for
at least 2 d (use
actual body
weight)

Recommended
(with
anticoagulation),
1 g/kg daily on
2 consecutive days

Platelet
transfusion

Not recommended;
only if initial
treatment fails or if
patient has serious
bleeding, and/or
needs surgical
intervention

Avoid Avoid, unless
patient requires
urgent surgery

If urgent
neurosurgery
required

Avoid Avoid Not described

Steroids No consensus or
data yet available

Considered Considered (eg,
prednisone 1 to 2
mg/kg) if
platelet count is
less than
50 ×103/μLa

Benefit may
outweigh risk,
but uncertain

If signs of new
or progressive
thrombosis

Not described Not described

TPE Not recommended,
unless thrombosis
continues despite
anticoagulation
and IVIG

Not described Consider early
use if platelet
count remains
less than
30 ×103/μLa

despite IVIG and
steroid treatment

Considered if
very severe or
treatment-
resistant disease

If signs of new
or progressive
thrombosis

Not described Not described

Rituximab Not described Not described Not described If IVIG and TPE
unsuccessful

Not described Not described Not described

Eculizumab Described Not described Not described Not described Not described Not described Not described

Abbreviations: DOAC, direct oral anticoagulants; IVIG, intravenous immunoglobulin; TPE, therapeutic plasma exchange.
a To convert to 109/L, multiply by 1.
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Avoiding Aspirin

Aspirin is an irreversible inhibitor of platelet cyclooxygenases and
prevents formation of prostaglandin derivative, thromboxane A2,
thereby inhibiting platelet aggregation. In vitro studies have not
shown any efficacy of aspirin in inhibiting PF4 antibody mediated
platelet activation.64,65 Owing to an increased risk of bleeding and
no clear benefit, aspirin should be probably avoided in patients with
VITT. For the same reasons, aspirin as a prophylaxis for VITT in vac-
cine recipients is not recommended.66 This is different for COVID-
19, where aspirin could be considered prophylactically for systemic
microthrombosis.67 Similarly, other antiplatelet agents like P2Y12 in-
hibitors (eg, clopidogrel) should be avoided for both prophylaxis and
treatment for VITT, and there are no data supporting their use.

Plasma Exchange
Therapeutic plasma exchange (TPE), or plasmapheresis, is an
extracorporeal therapy to exchange a patient’s plasma and large
molecular weight substances, such as autoantibodies, with
replacement fluid (eg, donor plasma, albumin, or a combination
of albumin and saline). TPE has been recommended prior to
administration of heparin for urgent cardiac surgery as a way to
quickly remove HIT antibodies.68 However, routine use of plasma
exchange for treatment of VITT is not currently recommended.51

Besides the bleeding risk posed with placement of a large bore
catheter in a patient with thrombocytopenia and need for pro-
longed apheresis, rapid or complete removal of IgG antibodies
might not be possible owing to the large extravascular volume of
distribution.51 However, in patients with CVST, severe (extensive
thrombosis with platelets less than 30 ×103/μL) or resistant (con-
tinued thrombosis despite IVIG) VITT treatment with IVIG alone
might not be enough because of the high antibody burden. In
these circumstances, it is recommended to start daily TPE early,69

which should be continued for 5 days or longer until appropriate
increase in platelet count is observed.51-53

Other Investigational Therapies
Rituximab
The benefit of rituximab in various autoimmune disorders is be-
lieved to be due to decreased production of pathogenic autoanti-

bodies resulting from depletion of nonmalignant B cells.70 Schell
et al71 reported a case of refractory HIT that failed to respond to non-
heparin anticoagulation and TPE. This prompted a second course
of TPE combined with immunosuppression using corticosteroids and
rituximab in an attempt to inhibit new antibody production. It is un-
clear if this approach was effective, as the patient’s platelet count
improved only after bilateral limb amputation due to gangrene, with
the authors contemplating infection as a possible contributor. Theo-
retically, rituximab can be effective, although currently there are no
reports on the use or efficacy of rituximab in this condition.

Eculizumab
The complement system is a group of plasma proteins that form an
essential part in the innate immune system, and complement acti-
vation may contribute to immune-complex–driven thromboinflam-
mation in autoimmune diseases.72 Fc receptor–dependent platelet
activation, addressed by IVIG, is not the only mechanism by which
VITT develops. PF4 and anti-PF4 immune complexes can also acti-
vate the complement system through the classical pathway, which
is activated by an antigen-antibody reaction.73

Eculizumab, a long-acting humanized monoclonal antibody tar-
geted against complement C5, prevents the cleavage of C5 into C5a
and C5b by the enzyme C5 convertase.74 Therapeutic complement
modulation may offer clinical benefits for patients with VITT,75 par-
ticularly in patients for whom IVIG does not work. In a case series
by Tiede et al,75 eculizumab was given to 2 patients, one with CVST
and thrombotic microangiopathy and the other with splanchnic vein
thrombosis for whom IVIG and anticoagulation therapy (ie, salvage
therapy) did not work. Both patients improved following therapy,
suggesting a possible role for complement inhibition in patients
whose condition progresses despite other therapies.

Conclusions
VITT, while uncommon, is a clinically devastating and fatal compli-
cation after vaccination with adenoviral vector COVID-19 vaccines.
The mechanism of development of the prothrombotic state and its
association with the vaccine are still only partially known, because
multiple converging prothrombotic pathways may be involved in the
pathogenesis. The primary treatment option is therapeutic antico-
agulation with nonheparin products and IVIG. It is reasonable to avoid
adenoviral vector COVID-19 vaccines in high-risk populations, es-
pecially younger female individuals, and instead consider immuni-
zation with an mRNA-based vaccine.
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