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Review

Addressing Vaccine-Induced Immune Thrombotic
Thrombocytopenia (VITT) Following COVID-19
Vaccination: A Mini-Review of Practical Strategies

Po-Wei Chen,™? Zong-Yun Tsai," Ting-Hsing Chao,’ Yi-Heng Li,? Charles Jia-Yin Hou™* and Ping-Yen Liu™?

In response to the COVID-19 pandemic, several vaccines were developed and rolled out at unprecedented speed,
and notwithstanding this rapid pace of development, the results from initial clinical trials involving tens of thousands
of adult subjects generally indicated that most vaccines were remarkably effective and safe, with no major safety
warnings noted. However, with more than 2 billion vaccination doses administered to date, reports of rare adverse
events following immunization (AEFI) are beginning to emerge. In late February 2021, atypical thrombotic events
following immunization with the adenoviral vector-based ChAdOx1 nCov-19 vaccine were first reported, and similar
events have also been observed in recipients of the adenoviral vector-based Ad26.COV2.S vaccine and the mRNA-
based BNT162b2 and mRNA-1273 vaccines. These manifestations of atypical thrombosis and thrombocytopenia
following COVID-19 vaccine immunization are now collectively referred to as vaccine-induced immune thrombotic
thrombocytopenia (VITT). Although the reported incidence remains very low and does not affect the overall benefit
of immunization, it is also true that if left untreated, VITT can be debilitating or even fatal. Therefore, this review
seeks to provide a comprehensive overview regarding the incidence, pathogenesis, presentation, diagnosis, and
treatment of VITT, as well as considerations for special populations, based on the currently available evidence in
the literature. It is hoped that this will enhance awareness of this vaccine side effect, so that cases of VITT may be
identified and treated in a timely and appropriate manner.
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INTRODUCTION
The COVID-19 pandemic spurred a global race to de-
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velop effective vaccines, and in an unprecedentedly
short period of time, several vaccines entered large clin-
ical trials involving tens of thousands of adult partici-
pants. Trial results generally showed these vaccines to
be remarkably efficacious and safe, with no major safety
issues reported.l'3 On the basis of these results, the
United States Food and Drug Administration (FDA), Eu-
ropean Medicines Agency (EMA), and other regulators
around the world duly issued emergency use authoriza-
tions (EUA) to several COVID-19 vaccines, including the
adenoviral vector-based ChAdOx1 nCov-19 (Vaxzevria:
University of Oxford/AstraZeneca or CoviShield: Serum
Institute of India; EMA-authorized) and Ad26.COV2.S
(Janssen/Johnson & Johnson; FDA- and EMA-authorized)
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vaccines, and the mRNA-based BNT162b2 (Comirnaty:
Pfizer-BioNTech; FDA- and EMA-authorized) and mRNA-
1273 (Moderna; FDA- and EMA-authorized) vaccines.
Vaccination remains the single most effective way to re-
duce severe or fatal disease in COVID-19 for now.* How-
ever, with more than 2 billion vaccination doses admin-
istered to date, it is inevitable that cases of rare adverse
events following immunization (AEFI) will begin to em-
erge. In late February 2021, atypical thrombotic events
were first reported in a small number of individuals who
received the ChAdOx1 nCov-19 vaccine,5 and further re-
ports have emerged in recent months.®® Similar events
have been reported for the Ad26.COV2.S vaccine,”* the
BNT162b2 vaccine,"® and the mRNA-1273 vaccine™® as
well. Afflicted individuals can display a diverse array of
persistent (> 3 days) signs and symptoms, the most com-
mon of which include severe headache, dizziness, visual
disturbances, fever, shortness of breath, or pain in the
back, abdomen, or extremities. 801! Upon clinical ex-
amination, thromboses at unusual sites such as the ce-
rebral venous sinus (CVST) or splanchnic venous system
(SVT), pulmonary embolism, deep vein thrombosis, or
acute arterial thrombosis were noted.”*#'*!* Although
these events bear clinical resemblance to heparin-in-
duced thrombocytopenia (HIT), the vast majority of
cases had no known exposure to heparin before the on-

Table 1. Reported VITT incidence in COVID-19 vaccination

set of illness.”®”'? These atypical manifestations of th-

rombosis and thrombocytopenia have now been collec-
tively termed, vaccine-induced immune thrombotic th-

-14 . .
11214 51so known as vaccine-in-

rombocytopenia (VITT),
duced prothrombotic immune thrombocytopenia (VIPIT)

or thrombosis with thrombocytopenia syndrome (TTS).**

INCIDENCE

Due to limited clinical experience, diagnostic chal-
lenges, and variable reporting mechanisms and follow-
up periods, the true incidence of VITT following COVID-
19 vaccination remains unknown. Current figures are
based on three types of sources: analysis of pharmaco-
vigilance reporting results,l’g'lo’l‘t"19 prospective or retro-
spective analysis of vaccinated populations,?®?*
scale prospective post-marketing Phase Illb or Phase IV
2425 Table 1 presents incidence rates derived
from these sources in the form of events per vaccinated
people or events per administered vaccine doses, and it
can be seen that incidence varies widely, even for the
same vaccine. Initial reports suggested a higher inci-
dence in young females,®’ but this may simply reflect
the demographics of early vaccinated populations, the
majority of which were women.'%'6202223

or large-

studies.

To make sense

Analysis of pharmacovigilance reporting results

Country

Vaccine . VITT cases  Incidence* Key findings Ref.
(study population)
ChAdOx1 nCov-19 Europe EudraVigilance 222 1/153,153 Incidence lower than estimated rates for the 10
(34,000,000) (VTE: 222) general population, but unusual thromboses were
listed as a rare side effect of the ChAdOx1 nCov-
19 vaccine.
ChAdOx1 nCov-19 Germany 31 1/87,121  Germany suspended the ChAdOx1 nCov-19 vaccine 15
(2,700,767) (VTE: 31) for regular use in persons under 60.
ChAdOx1 nCov-19 United Kingdom 77 1/275,325 Thrombotic risk after vaccination lower than that 16
(21,200,000) (VTE: 77) observed for hospitalized COVID-19 patients.
Ad26.COV2.S United States 12 1/600,000 A warning on rare clotting events was added to 17
(7,200,000) (VTE: 12) the Ad26.COV2.S vaccine.
BNT162b2 Europe EudraVigilance 35 1/1,542,857 Currently undergoing safety review by the EMA. 1
(54,000,000) (VTE: 35)
BNT162b2 United States VAERS 15 1/1,256,087# Observed case numbers are not greater than 18
(18,841,309) those expected for the general population.
mMRNA-1273 Europe EudraVigilance 5" 1/800,000 Currently undergoing safety review by the EMA. 1
(4,000,000) (VTE: 5)
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Table 1. Continued

Analysis of pharmacovigilance reporting results

. Country i L
Vaccine . VITT cases  Incidence* Key findings Ref.
(study population)
mRNA-1273 United States VAERS 13 1/1,250,777# Observed case numbers are not greater than 18
(16,260,102) those expected for the general population.
BNT162b2 United States 20 1/1,000,000 Incidence may be comparable or lower than 19
mRNA-1273 (20,000,000) (VTE: 20) coincidental rates, but asymptomatic and mild
cases may be underreported.
ChAdOx1 nCov-19 Global WHO Vigibase 2,169 1/166,775 ATE and VTE were comparable for the ChAdOx1 8
BNT162b2 (361,734,967) (VTE: 795; nCov-19 vaccine, but 2-3 times more ATE than
mRNA-1273 ATE: 1,374) VTE were reported for the mRNA vaccines.
Retrospective analysis of vaccinated populations
Country
Vaccine (study population; VITT cases  Incidence* Key findings Ref.
female percentage)
ChAdOx1 nCov-19 Denmark 142 1/1,981 Increased rates of VTE were observed following 20
(148,792; 80%) (VTE: 59; vaccination, and Denmark and Norway have since
Norway ATE: 83) suspended use of the ChAdOx1 nCov-19 vaccine.
(132,472; 78%)
ChAdOx1 nCov-19 Nepal 1 1/5,591 Potential deep vein thrombosis was observed in 21
(5,591; N/A) a serious case.
ChAdOx1 nCov-19 South Korea 0 0 No VITT cases were noted. 22
(5,589; 77%)
BNT162b2 South Korea 0 0 No VITT cases were noted. 22
(277; 77%)
BNT162b2 United States 24 1/20,411  Thrombosis rates remain lower than that in 23
mRNA-1273 (489,871; 59.1%) COVID-19 patients.
Prospective large-scale post-marketing phase lllb or phase IV studies
Vaccine Country ] VITT cases  Incidence* Key findings Ref.
(study population)
ChAdOx1 nCov-19 Scotland 4,319 1/395 An association was found between ChAdOx1 24
(1,707,962) (VTE: 893; nCov-19 vaccination and higher risk of ITP and
ATE: 3,288) ATE.
Ad26.COV2.S South Africa 0 0 Five thrombotic events were reported in subjects 25
(288,368) with known thromboembolism risk factors, but
no VITT cases were noted.
BNT162b2 Scotland 2,084 1/394 No associations with ITP, VTE, or ATE were noted 24
(821,052) (VTE: 421; for BNT162b2 vaccination.
ATE: 1,603)

* Incidence is presented as VITT events per vaccinated people, except # reflects VITT events per vaccination doses. " Unvetted

numbers at time of publication. * The data in this reference was cited from a pre-print study by Taquet M et al. Cerebral venous

thrombosis: a retrospective cohort study of 513,284 confirmed COVID-19 cases and a comparison with 489,871 people receiving a
COVID-19 mRNA vaccine. Available from: URL: https://osf.io/a9jdq/.
ATE, arterial thrombotic events; EMA, European Medicines Agency; ITP, idiopathic thrombocytopenic purpura; N/A, not available;
Ref., reference number; VAERS, Vaccine Adverse Event Reporting System; VITT, vaccine-induced immune thrombotic
thrombocytopenia; VTE, venous thrombotic events; WHO, World Health Organization.
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of this data, it is important to look at background or ex-
pected incidence rates of the thromboses and throm-
bocytopenia that constitute VITT, as well as incidence
rates in COVID-19 patients.”® Current data suggest that
background incidence rates may be comparable to or
slightly higher than incidence rates reported after vacci-
nation,m'w’lg‘n’28 although after this is taken into ac-
count, some studies still show increased thrombotic risk
following ChAdOx1 nCov-19 vaccination.?>** Reported
incidence rates of suspected VITT following immuniza-
tion with mRNA vaccines remains within expected back-
ground levels to date.'®**?®
COVID-19 patients, especially in hospitalized patients,
significantly exceed both background and post-vaccina-
tion incidence rates for all four vaccines discussed in this
162327 and thus it should be stressed that the be-
nefits of vaccination still exceed the risk of developing
VITT.

However, incidence rates in

review,

POTENTIAL MECHANISMS OF VITT PATHOGENESIS

The pathogenesis of VITT has not been well-estab-
lished thus far, but it bears clinical and biochemical simi-
larities to HIT.*®”' VITT and the clinically similar HIT
have a common denominator in the presence of high-
titer anti-PF4-polyanion antibodies,®”?°
platelet activation in functional assays.7 However, it
should be noted that the detection of these antibodies
alone is not an indication or predictor of VITT. A Norwe-

which can cause

gian study of 492 health care workers who received a
first dose of the ChAdOx1 nCov-19 vaccine found 6 indi-
viduals with anti-PF4-polyanion antibodies, but these
antibodies did not have platelet-activating properties,
and no cases of VITT developed.’® Other studies have
failed to find anti-PF4-polyanion antibodies in suspected
cases of VITT,' and it is possible that several different
mechanisms may be involved in VITT pathogenesis.

PF4 (platelet factor 4, also known as CXCL4) is one
of the most abundant chemokines released upon pla-
telet activation, and is a positively-charged tetrameric
protein that binds to glycosaminoglycans.>* When re-
leased from platelet a.-granules, PF4 binds to polyanions
and undergoes conformational changes that can induce
a strong immune response, leading to the production of
antibodies that activate platelets and cause them to
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clump together, resulting in clot formation and decreased
platelet levels.? Ultimately, such marked stimulation of
the coagulation system can induce clinically significant
thromboembolic complications, as in HIT.> Moreover,
PF4 is also a chemotactic protein for immune effector
cells such as monocytes and neutrophils, and the pro-
thrombotic action of anti-PF4 antibodies likely involves
antibody-mediated platelet activation through IgG-FcyR
interactions and similar FcR-mediated engagement of

102932 pctivation of these other

immune effector cells.
cell types will further increase thrombotic risk.>

In view of this, several potential mechanisms involv-
ing platelets and PF4 have been proposed for VITT to
date. It should be noted that the cause of VITT may not
be the same for all cases, and thus different mechanisms
should be widely assessed and explored. One proposed
mechanism involves direct interaction between platelets
and SARS-CoV-2 spike proteins produced after vaccina-
tion (Figure 1). It is known that SARS-CoV-2 can directly
activate platelets via interactions between the virus spike
protein and the abundant angiotensin-converting en-
zyme 2 (ACE2) receptors on platelet surfaces.*® Follow-
ing immunization with adenoviral vector-based vaccines,
adenoviruses in the vaccines will enter coxsackievirus
and adenovirus receptor-positive (CAR+) cells, and these
cells will then produce and present SARS-CoV-2 spike
proteins to trigger an immune response. It is possible
that in rare instances, spike proteins may be overex-
pressed or released into the bloodstream to interact
with platelets, thus inducing platelet activation, PF4 re-
lease, and anti-PF4 antibody formation, ultimately re-
sulting in thrombosis and thrombocytopenia (Figure 1).
Incidentally, platelets and their precursor megakaryo-
cytes are also CAR+ cells,® and it is worth investigating
whether adenoviruses in the vaccines can enter or inter-
act with these cells, as well as the impact of this on pla-
telet activation and anti-PF4 antibody formation.

Another proposed mechanism concerns the cross-
reactivity of adenoviral antibodies with PF4, as studies
have shown that antibodies to adenoviruses in the vac-
cine are also generated following immunization with
ChAdOx1 nCov-19, and can persist at stable levels for al-
most 3 months.* It is possible that rare types of such
antibodies may inadvertently cross-react with PF4 to
trigger platelet activation and clotting mechanisms, but
further research is needed to confirm this.
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Schematic depicting the mechanism of action of adenoviral vector-based COVID-19 vaccines (with the ChAdOx1 nCov-19 vaccine as an ex-

ample) and a hypothetical model of how this could induce vaccine-induced immune thrombotic thrombocytopenia. Adenoviruses in the vaccines in-
fect coxsackievirus and adenovirus receptor-positive (CAR+) cells after intramuscular injection, and these CAR+ cells subsequently produce
SARS-CoV-2 spike protein, which is taken up by antigen-presenting cells (APC) for stimulation of T cells, resulting in the activation of adaptive immune
responses. However, the SARS-CoV-2 spike proteins may also activate platelets, leading to the release of platelet factor 4 (PF4) from platelet
a-granules, and ultimately resulting in stimulation of the coagulation system and clinically significant thromboembolic complications. Further re-
search is needed to confirm this hypothetical model. Try cells, T follicular helper cells.

Yet another proposed mechanism involves interac-
tions between PF4 and specific components of COVID-
19 vaccines. Like heparin, both double-stranded DNA
and single-stranded mRNA are negatively-charged, and
can form highly immunogenic complexes with PF4.”%%* I
double-stranded DNA borne by adenoviral vector-based
COVID-19 vaccines, such as ChAdOx1 nCov-19, inadver-
tently comes into contact with PF4 due to microtrauma
and microbleeding at the injection site, the resulting
DNA-PF4 complexes may subsequently trigger an im-
mune reaction involving antigen-presenting cells, me-
mory B cells, and potentially primary T cells, resulting
in the formation of anti-PF4-polyanion antibodies that
can activate platelets and cause thrombosis and throm-
bocytopenia. A similar risk may exist for mRNA vaccines,
but due to modifications that dampen pathogen-associ-
ated molecular pattern sensing mechanisms, such as the
replacement of uridine with N1-methyl-pseudouridine
(ml‘lr’),34 immunogenic risk may be reduced, thus result-
ing in lower rates of VITT observed thus far for mRNA
vaccines. Other negatively-charged substances such as

ethylenediaminetetraacetic acid (EDTA), which is used in
the ChAdOx1 nCov-19 vaccine, may also interact with PF4
in rare circumstances to trigger immune thrombotic th-
rombocytopenia.’® However, more research is needed to
confirm the exact vaccine components, if any, that can
interact with PF4 to induce VITT.

CLINICAL ASPECTS AND DIAGNOSIS

To date, most cases of VITT have been reported af-
ter the first dose of the ChAdOx1 nCov-19 vaccine, with
fewer cases reported for mRNA vaccines or after the se-
cond vaccine dose,* although this may change as more
pharmacovigilance data is collected. Onset remains
largely within a window of 5-42 days post-vaccination,
with no cases reported within 1-2 days or > 6 weeks af-
ter vaccination.™ VITT risk appears to be higher for
younger females under the age of 60,
simply mirror the demographics of early vaccinated po-
pulations. VITT can be an aggressive syndrome, with re-

but this may
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ports indicating fatal outcomes in 20-50% of those af-

fected.” Therefore, clinicians should be particularly alert

when examining patients who have received an adenoviral
vector-based COVID-19 vaccine within the past 28 days,™
and who display key clinical features of VITT, including:

e Symptom onset between 4 and 28 days after COVID-19
vaccination;

e Chest pain and/or shortness of breath;

e Severe abdominal pain or persistent nausea and vomit-
ing;

e Leg pain, redness or swelling, pallor or coldness;

e New neurologic symptoms, such as severe, recurrent,
or persistent headaches, seizures, blurry or double vi-
sion, focal weakness, or aphasia;

e Aches or pain in the back or extremities;

e Petechiae or purpura.

For suspected cases of VITT, a complete blood count
that includes the following items should be ordered, with
results indicative of VITT shown as follows:******%

e Complete blood cell count: thrombocytopenia with
normal white blood cell and hemoglobin levels;

e Platelet count: Count < 150,000/;1L,3'7 with nadirs of
9,000/uL to 107,000/ uL reported;

e Prothrombin time (PT)/activated partial thrombopla-
stin time (APTT): abnormal parameters may be indica-
tive of early VITT, while normal parameters are sugges-
tive of immune thrombocytopenia (ITP);*®

e D-dimer test: Marked elevation***>*® or > 4 times up-
per limit of normal;*’

e Fibrinogen test: low levels of fibrinogen have been noted
in VITT;

e PF4-heparin enzyme-linked immunosorbent assay
(ELISA):13'35'37 positive result. Note that ELISA tests should
be used as other antibody assays (such as chemilumine-
scence™ or latex-enhanced immunoassays™) have been
found to be negative in cases of VITT.

The German Society of Thrombosis and Haemostasis Re-

search (GTH) recommends the complete blood count as

the first test for VITT to be performed in their diagnostic
algorithm,™ and in most reported cases with no heparin
exposure, their serum will demonstrate vigorous reac-
tivity on the PF4-heparin ELISA test. If the ELISA test is

low positive, patients are recommended to undergo a

confirmatory PF4 platelet activation assay.14’35'36 In addi-

tion to the complete blood count, computer tomogra-
phy (CT) or magnetic resonance (MRI) imaging of appro-

Acta Cardiol Sin 2021;37:355-364

priate areas in accordance with symptoms, such as im-
aging of the head for symptoms consistent with CVST,
can also assist with diagnosis."**>*” A management al-
gorithm for the diagnosis and treatment of VITT is pre-
sented in Figure 2. Please note that patients who experi-
ence major arterial or venous thrombosis with throm-
bocytopenia following immunization with the ChAdOx1
nCov-19 vaccine should not receive a second dose of the

vaccine B0

TREATMENT

In cases of definite/possible VITT or probable VITT
following diagnostic procedures, and where imaging re-
veals the presence of thrombosis, it is recommended
that patients should be hospitalized, and treatment initi-
ated with non-heparin anticoagulants.l‘"%'37 Platelet
transfusions should be avoided.*** It should be noted
that a significant proportion of VITT cases also had intra-
cerebral hemorrhage, which may complicate initial man-
agement.14 For acute or severe cases, adjunctive thera-
pies such as intravenous immunoglobulin (IVIG), plasma
exchange, or mechanical thrombectomy may be help-
ful.****3738 £or pleeding complications, IVIG and/or pre-
dnisone may also be suggested to improve platelet counts,
and cryoprecipitate and/or fresh frozen plasma (FFP)
may be used for correction of coagulopathy.14 Once pa-
tients recover, continuing oral anticoagulation is recom-
mended."*?" If imaging reveals no overt thrombosis, but
thrombocytopenia with marked D-dimer elevation is
present, thromboprophylaxis with non-heparin antico-
agulants should be considered.'***?®* Management re-
commendations are also presented in Figure 2.

Recently, two reports of successful treatment of VITT
following immunization with the ChAdOx1 nCoV-19 vac-
cine have been published, in which non-heparin anti-
coagulation with short-acting danaparoid-sodium, high-
dose IVIG, and prednisone,* and non-heparin anticoa-
gulation with endovascular treatment,* respectively re-
sulted in successful treatment outcomes without further
complications. However, it should be noted that these
treatment recommendations are based on the best evi-
dence currently available, and may be revised or up-
dated as new evidence emerges. Readers are encour-
aged to follow the latest updates and guidance from the
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Symptom onset between 4 and 28 days
after adenoviral vector-based vaccination

A 4

Laboratory assessment
CBC', PT/APTT, D-dimer?, Fibrinogen, PF4-ELISA3

- =

l\ Y
| Thrombocytopenia ‘ | Normal platelet count }——4{ VITT less likely |
A 4
Imaging for site of 1. Identify alternative
suspected diagnosis
thrombosis 2. Follow up serial data
3. Image study based
on clinical suspicion*
Thrombus (+) | Thrombus (-) | i
Definite/Possible VITT? If D-dimer > 4000 ng/mL

or D-dimer > 2000 ng/mL. (——{ NO | LT p\;ﬁ?r'b"'ty i

with clinical suspicion

1. Consult hematology and

thrombosis experts YES

2. Evaluate bleeding risk

3. IVIG (Steroid or plasma | Probable VITT | If further confirmatory
exchange may be exams and imaging still
considered) l show no evidence of VITT

4. Non-heparin anticoagulation n Treat as VITT first
with preference for NOACs and do further exams*

5. Avoid platelet transfusion
(unless life-threatening
bleeding or emergent
surgery)

6. Cryoprecipitate if fibrinogen
<150 mg/dL

Figure 2.  Proposed algorithm for the management of vaccine-induced immune thrombotic thrombocytopenia. *Thrombocytopenia is defined as
platelet count < 150,000 L, with typical reported nadirs ranging from 9,000 pulL to 107,000 L. ’Normal plasma levels of D-dimers are < 500 ng/ml,
and the application of age-adjusted cut-offs (age x 10 ng/mL when above 50 years) for the exclusion of thrombosis can improve specificity. %I avail-
able, anti-PF4-heparin ELISA testing and functional platelet activation testing are recommended for confirmed VITT cases (definite VITT). *Further ex-
ams for probable VITT include sending serum samples for PF4 antibody assays (HIT ELISA); abdominal ultrasonography/CT imaging for portal or
splanchnic vein thrombosis (even in the absence of symptoms); or imaging for CVST, which should be examined closely as initial images may be nega-
tive but positive results seen in subsequent testing.”*>> APTT, activated partial thromboplastin time; CBC, complete blood count; CT, computer
tomography; CVST, cerebral venous sinus thrombosis; ELISA, enzyme-linked immunosorbent assay; HIT, heparin-induced thrombocytopenia; IVIG,
intravenous immunoglobulin; NOAC, novel oral anticoagulant; PF4, platelet factor 4; PT, prothrombin time; VITT, vaccine-induced immune throm-
botic thrombocytopenia.

FDA, EMA, United States Centers for Disease Control  of Haematology.

(CDC), and professional societies such as the Interna-

tional Society on Thrombosis and Haemostasis, Ameri- SPECIAL POPULATIONS

can Heart Association/American Stroke Association, the For patients receiving anti-platelet agents, it is re-
American Society of Hematology, and the British Society = commended that:
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e Anti-platelet therapy does not represent a therapeutic
preventive strategy for VITT in native patients.

e Once undergoing anti-platelet therapy, it is suggested
that current medication should be maintained.

Antiplatelet agents are commonly used in patients at

risk for cerebrovascular events, acute coronary syndrome,

or peripheral arterial disease or after percutaneous co-
ronary or vascular interventions with stenting. Patients
are at high risk for complications such as stent throm-
bosis if anti-platelet therapy is discontinued prema-
turely. Considering that atherosclerosis is the major rea-
son for the use of anti-platelet agents, and that the po-
tential mechanism of VITT differs from the process of
atherosclerosis and stent failure, it is recommended to
maintain anti-platelet therapy without interruption dur-
ing the period of immunization with COVID-19 vaccines.

For the same reasons, there is no evidence to recom-

mend the avoidance of adenoviral vector-based vaccines

for patients in this group. Importantly, there is a lack of
evidence regarding a role for aspirin in the prevention of

VITT, and in vitro evidence shows that aspirin does not

prevent platelet activation by anti-PF4 antibodies.'**’

Aspirin is not efficacious in preventing HIT antibodies

from activating platelets, and can also increase the risk

of bleeding in TTS.
For patients receiving anticoagulants, it is recom-
mended that:

e For VITT treatment, the choice of non-heparin antico-
agulant depends on the patient’s clinical status and an-
ticipated need to stop anticoagulation (based on risk of
bleeding or need for an invasive procedure).

e Once undergoing anticoagulant therapy, it is suggested
that current medication should be maintained.

Anticoagulants are mostly used in patients with a his-

tory of venous thromboembolism, atrial fibrillation with

high embolic risk, any thrombotic events, intracardiac

thrombus, and those with mechanical heart valve im-

plants. Maintaining anticoagulant therapy without inter-

ruption is recommended during the period of immuniza-
tion with COVID-19 vaccines, and there is currently no
evidence contraindicating the use of adenoviral vector-
based vaccines for patients in this group. Nevertheless,
some points should be considered. First, before receiv-
ing any COVID-19 vaccine, the underlying etiology re-
garding TTS/HIT should undergo a detailed and compre-
hensive review. Second, platelet counts should be checked
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to ascertain whether there were any bleeding events
following immunization with an adenoviral vector-based
vaccine. Minor bleeding after vaccination, manifesting
as bruising or petechiae, may be similar to that experi-
enced while receiving anticoagulants, and thus could be
overlooked by patients. Third, novel oral anticoagulants

(NOACs) may be preferred over warfarin for general con-

ditions, particularly in Asian patients; however, warfarin

remains indicated in special groups such as patients with
mechanical heart valve implants, and due to the higher
bleeding risk associated with warfarin, it should be used
with caution when thrombocytopenia is present.

For patients with previous venous thromboembo-
lism, it is recommended that:

e The benefits of vaccination continue to outweigh the
risk, but careful consideration is advised for those at
higher risk of specific types of blood clots and with back-
ground medical conditions.

e HIT, coincident with thrombocytopenia and venous
thrombotic events (VTE) in unusual sites: as this shares
similar features with VITT, adenoviral vector-based vac-
cines should be avoided in such patients.

e Other traditional provoking factors: as these have a dif-
ferent mechanism from VITT, adenoviral vector-based
vaccines may be considered if no other option is avail-
able.

Venous thromboembolism is a common cardiovascular

condition, but rare cases simultaneously present with

thrombocytopenia. However, no evidence exists to show
an association with higher risk of VITT for previous his-
tory of VTE or the presence of traditional provoking fac-
tors such as thrombotic event history, use of birth con-
trol or other hormone medication, autoimmune disease,
low platelet count or other platelet disorders, or preg-
nant women, although this may potentially be due to
the limited number of cases reported to date. Still, it is
also true that VITT may not develop through the same
mechanisms as traditional bleeding or clotting prob-
lems. Importantly, people with a history of HIT, which
has clinical similarities to VITT, were reported to be at
increased risk of VITT, and thus they are advised to re-
ceive other types of COVID-19 vaccines, rather than an
adenoviral vector-based vaccine.'®*? As with HIT, VITT
can occur at unusual sites such as the splanchnic (sple-
nic, portal, mesenteric) veins, adrenal veins, and the ce-
rebral and ophthalmic veins, and although the patho-
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physiology for these unusual sites of thrombosis is still
unknown,®”® it is recommended that patients with a
history of thrombosis occurrence at atypical sites should
receive other COVID-19 vaccines instead of an adeno-
viral vector-based vaccine. Nevertheless, it should be
noted that thrombotic risk in COVID-19 patients, espe-
cially for hospitalized patients, remains far higher than
that for VITT,"**"?® and thus patients with a history of
venous thromboembolism remain at higher risk for VTE
following COVID-19 infection as compared to the risk of
VITT after vaccination.

CONCLUSIONS

Following the widespread rollout of COVID-19 vac-
cines, rare cases of VITT have begun to emerge, particu-
larly in relation to the adenoviral vector-based ChAdOx1
nCov-19 and Ad26.COV2.S vaccines. It should be noted
that the risk of VITT remains far lower than the risk of
thrombotic complications stemming from COVID-19 in-
fection, especially for severe hospitalized cases, and
thus the benefit of vaccination still outweighs the risks.
Nevertheless, for the rare occurrences of VITT that do
emerge after immunization, a standardized manage-
ment procedure for diagnosis and treatment would be
helpful for early detection and timely treatment of such
cases, and could facilitate better outcomes. A manage-
ment algorithm is accordingly proposed in Figure 2. This
is based on the best available evidence at present, but
changes may be warranted as new evidence and re-
search emerges. In summary, this review provides a com-
prehensive overview of the incidence, possible mecha-
nisms, diagnosis, and treatment of VITT as described in
the literature to date, and hopefully this will facilitate
the appropriate management of VITT after vaccination.
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