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Review article

COVID-19 vaccine-induced
immune thrombotic
thrombocytopenia: a review

Rare but serious thrombotic incidents in relation to thrombocytopenia, termed vaccine-
induced immune thrombotic thrombocytopenia (VITT), have been observed since the vaccine
rollout, particularly among replication-defective adenoviral vector-based severe acute re-
spiratory syndrome coronavirus 2 vaccine recipients. Herein, we comprehensively reviewed
and summarized reported studies of VITT following the coronavirus disease 2019 (COVID-19)
vaccination to determine its prevalence, clinical characteristics, as well as its management.
A literature search up to October 1, 2021 using PubMed and SCOPUS identified a combined
total of 720 articles. Following the PRISMA (Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses) guideline, after screening the titles and abstracts based on the eligibility
criteria, the remaining 47 full-text articles were assessed for eligibility and 29 studies were in-
cluded. Findings revealed that VITT cases are strongly related to viral vector-based vaccines,
which are the AstraZeneca COVID-19 vaccine (95%) and the Janssen COVID-19 vaccine (4%),
with much rarer reports involving messenger RNA-based vaccines such as the Moderna CO-
VID-19 vaccine (0.2%) and the Pfizer COVID-19 vaccine (0.2%). The most severe manifestation
of VITT is cerebral venous sinus thrombosis with 317 cases (70.4%) and the earliest primary
symptom in the majority of cases is headache. Intravenous immunoglobulin and non-heparin
anticoagulant are the main therapeutic options for managing immune responses and throm-
bosis, respectively. As there is emerging knowledge on and refinement of the published guide-
lines regarding VITT, this review may assist the medical communities in early VITT recognition,
understanding the clinical presentations, diagnostic criteria as well as its management, of-
fering a window of opportunity to VITT patients. Further larger sample size trials could further
elucidate the link and safety profile.

Keywords: COVID-19 vaccine, Viral vaccines, Thrombocytopenia, Thrombosis, Prevalence

In the past years, the coronavirus disease 2019 (COVID-19) caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) has claimed many lives throughout
the world. This necessitated the development of COVID-19 vaccines as one of the
ways to curb and reduce the disease burden. Owing to the advancement in technolo-
gies and knowledge, COVID-19 vaccines were produced and manufactured in a short
amount of time. Reactions at the site of injection, headache, fatigue, myalgia, and fever
are the most commonly reported adverse events following COVID-19 immunization

(1].
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Howevey, several rare but serious and potentially lethal throm-
botic incidents in relation to thrombocytopenia, termed vaccine-
induced immune thrombotic thrombocytopenia (VITT), have
been observed since the vaccine rollout, particularly among rep-
lication-defective adenoviral vector-based SARS-CoV-2 vaccine
recipients [2], with 15.8 cases and 2.1 cases detected per million
persons receiving the first and second doses of AstraZeneca
ChAdOx1 nCoV-19 vaccine, respectively [3], and 3.2 cases per
million found among Janssen Ad26.COV2.S vaccinees [4]. Cases
of VITT can also be seen in the messenger RNA (mRNA) vaccine,
albeit to a much lesser extent than with the viral vector-based
vaccines. To date, only seven cases have been discovered from
the Moderna mRNA-1273 vaccine and 32 reports involved the
Pfizer BNT162b2 mRNA vaccine [3]. Even when treated prompt-
ly, the blood clots emerging from VITT are aggressive and have a
high possibility of causing death or severe impairments [5].

A notable feature of this syndrome is that the thrombosis
commonly arises in atypical locations such as the cerebral or
splanchnic (splenic, portal, mesenteric, hepatic) veins [6-10].
In some patients, thrombosis develops at the more common
sites including the deep veins of the lower limb and pulmo-
nary arteries [6-10]. In addition, arterial thrombosis, which
can result in ischemic stroke and peripheral arterial occlu-
sion, has been reported among VITT patients [11].

In diagnosing VITT, the presence of thrombosis, thrombo-
cytopenia, and markedly high D-dimer values in the time-
frame of 4 to 42 days following the COVID-19 vaccination,
coupled with a positive anti-PF4 enzyme-linked immunoas-
say (ELISA) test, strongly indicate VITT and confirm the diag-
nosis, particularly in the absence of functional testing [12-14].
Confirmatory functional testing such as a serotonin release
assay (SRA) may be executed to supply additional data and is
valuable in diagnosing complex cases of VITT [15].

Various radiological imaging tools were employed to confirm
the thrombotic event in VITT patients. These include brain com-
puted tomography angiography (CTA), magnetic resonance im-
aging (MRI), and magnetic resonance venography (MRV) to de-
tect cerebral venous sinus thrombosis (CVST) [16]. In recogniz-
ing the presence of an ischemic stroke (IS), a brain magnetic res-
onance angiogram (MRA) or head computed tomography (CT)
was used [16]. CT pulmonary angiography (CTPA) was com-
monly utilized in verifying pulmonary embolism (PE) [16]. Dop-
pler ultrasonography was carried out to identify deep vein
thrombosis (DVT) [16]. Splanchnic vein thrombosis (SVT), on
the other hand, can be confirmed with Doppler ultrasonogra-
phy, an abdominal CT, or pelvis CT [16]. In term of its manage-
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ment, intravenous immunoglobulin (IVIG) and non-heparin
anticoagulant are usually employed in treating this syndrome
[12,15,17-21].

The objectives of this study include critically reviewing the
prevalence of COVID-19 VITT cases reported worldwide.
Apart from that, the clinical characteristics and management
of COVID-19 VITT were assessed.

As there is emerging knowledge on and refinement of the
published guidelines regarding VITT, this review may assist
the medical communities in early VITT recognition and opti-
mal intervention, offering a window of opportunity to VITT
patients.

For the searching strategy, the author performed a literature
search by using two online databases, SCOPUS and PubMed.
The search comprised English-language articles or reports
published between 2019 until 2021 by using Boolean operator,
truncation, and a combination of keywords such as “COVID-19
Vaccine,” “Thrombocytopenia,” “Thrombus Thrombocytope-
nia,’
of the articles were evaluated for the purpose of screening and

“Prevalence’; and “Management.” The abstracts and titles

inclusion. During the preliminary title screening, the following
English articles or reports related to the keywords were includ-
ed: original articles, research articles, case reports, case series,
brief reports, correspondence, and short communications.
Meanwhile book chapters, review articles, commentaries, en-
cyclopedias, letter to editors, and non-English articles were ex-
cluded. Then, the articles or reports were assessed for eligibili-
ty, with only studies that exclusively focused on VITT and stud-
ies that presented at least one case of VITT being chosen. The
data from each selected article were stored and analyzed in Mi-
crosoft Excel software (Microsoft Corp., Redmond, WA, USA)
for the purpose of data extraction.

The prevalence of VITT cases following each COVID-19 vacci-
nation was calculated by dividing the number of patients who
developed VITT after each COVID-19 vaccination (AstraZen-
eca COVID-19 vaccine [n=429], Janssen COVID-19 vaccine
[n=18], Moderna COVID-19 vaccine [n=1], and Pfizer COV-
ID-19 vaccine [n=1]) by the total of VITT cases (n=450) and
multiplying by 100. The prevalence of CVST cases among

https://doi.org/10.7774/cevr.2023.12.4.265



VITT patients was calculated by dividing the number of VITT
patients who developed CVST following COVID-19 vaccina-
tion (n=317) by the total of VITT cases (n=450) and multiply-
ing by 100. The percentage for mortality of the VITT patients
was calculated by dividing the number of VITT patients for
each outcome (alive [n=309], died [n=137]) by the total num-
ber of VITT patients (n=450) and multiplying by 100.

The literature search was conducted from 14th October 2019
until 9th October 2021, and identified a combined total of 720
articles. After screening the titles and abstracts based on the
exclusion criteria, the remaining 47 full-text articles were as-
sessed for eligibility and 29 studies were included (Fig. 1).
The demographic, clinical characteristics, laboratory find-
ings, and outcome of patients with VITT from the published
studies are displayed in Tables 1-4. Pharmacological and
non-pharmacological management used by the gathered
studies are illustrated in Table 5.

From the 29 studies included, there are a total of 18 case
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reports, six case series, and five retrospective and/or prospec-
tive studies of VITT. The retrieved case reports and case series
[6-9,22-41] comprised data of 74 VITT patients (22 males, 51
females, one unknown sex) with the age ranging from 18 to
77 years old, whereas the gathered retrospective and/or pro-
spective studies [10,42-45] involved 376 VITT patients (144
males, 229 females, three unknown sex) with an age range
from 18 to 79 years old. Among the total of 450 patients in the
analysis, it can be observed that VITT cases were mainly fe-
male (n=280, 62%) and younger than 60 years old (>50%).
The majority of VITT cases were associated with viral vector-
based vaccines, particularly the AstraZeneca COVID-19 vac-
cine (n=429, 95%), followed by the Janssen COVID-19 vac-
cine (n=18, 4%), and to a much lower extent, mRNA-based
vaccines, which are the Moderna COVID-19 vaccine (n=1,
0.2%) and the Pfizer COVID-19 vaccine (n=1, 0.2%). The
range period between vaccination and symptom onset was
between 1 and 48 days, with headache predominating the
clinical presentation, with nearly all VITT patients reporting
it as one of their first symptoms.

As displayed in Table 2, which comprised data from case

720 Literature search performed on
ScienceDirect and PubMed from 14th
October 2019 until 9th October 2021

557 Records screened

510 Records excluded

- Book chapters (n=239)
- Review articles (n=125)

47 Articles/reports sought for retrieval

- Commentaries (n=121)
- Encyclopedia (n=19)

/

- Letter to the editors (n=4)
- Non-English articles (n=2)

eligibility

47 Articles/reports assessed for

18 Records excluded
- Unrelated studies (studies on
immune thrombocytopenia,

ITP or thrombotic

thrombocytopenia purpura,
TTP)

29Total studies included in review

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart.
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Table 4. Continued

Outcomes

Other
complications (died/alive)

Others

Type of VITT
DVT PE

MI

SVT

31/70(44%) had

CVST
70/70

Radiological imaging

Author

29% Died

CTV: CVST in all 70 patients

Perry etal.

evidence of

(100%)

[42](2021)

extracranial venous

thrombosis, arterial

thrombosis, or both,

with PE and hepatic

portal vein thrombosis
being particularly
common

VITT, vaccine-induced immune thrombotic thrombocytopenia; CVST, cerebral venous sinus thrombosis; SVT, splanchnic vein thrombosis; MI, myocardial infarctions; DVT, deep vein thrombosis; PE, pulmonary embolism; IS,

ischemic stroke; MRI, magnetic resonance imaging; DSA, digital subtraction angiography; ICA, internal carotid artery; MCA, middle cerebral artery; MV, mesenteric vein; PV, portal vein; SV, splenic vein; HV, hepatic vein;

TMA, thrombotic microangiopathy; ICH, intracerebral hemarrhage; CTV, CT venography; CT, computed tomography; PVT, portal vein thrombosis; MRV, magnetic resonance venography; IVC, inferior vena cava.
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series and case reports, CVST is the most severe manifestation
of VITT with 55 cases reported among the total of 24 studies,
followed by PE (n=17), SVT (n=14), DVT (n=8), ischemic
stroke (n=4), and myocardial infarction (MI) (n=1). Twenty-
five of the 74 VITT cases are complicated by the concurrent
presence of a life-threatening type of stroke, which is intrace-
rebral hemorrhage (ICH). In addition to CVST, some patients
(n=24) had concomitant thromboses at different sites.

Table 4 presents data from retrospective and/or prospective
studies. All VITT patients (n=3) from the study by Wolf et al.
[45] had CVST. Tiede et al. [44] reported on five VITT patients:
one had CVST accompanied by the presence of thrombotic
microangiopathy and left temporal bleeding, one patient had
SVT, and three patients had had an ischemic stroke with two of
them having concomitant thrombosis at other sites (aortic arch
and popliteal artery). Perry et al. [42] outlined 70 VITT patients,
all of whom had CVST, and 31 of whom also had extracranial
venous thrombosis, arterial thrombosis, or both, with PE, he-
patic vein thrombosis and portal vein thrombosis being the
most prevalent manifestations. Pavord et al. [10] described 220
VITT patients that consisted of 170 definite and 50 probable
cases. Among these patients, the most prevalent presenting
feature of VITT was CVST (n=110), followed by PE (n=63),
SVT (n=41), DVT (n=40), aortic thrombosis or ischemic limb
(n=26), and MI (n=9). The occurrence of ICH was observed in
40 out of 110 CVST patients. Sdnchez van Kammen et al. [43]
reported on 78 VITT patients. All the patients had CVST, and 70
of them had concomitant thrombotic events including PE
(n=16), SVT (n=10), DVT (n=6), MI (n=2), and other less
common types of thrombosis such as pelvic vein thrombosis,
kidney thrombosis, inferior vena cava thrombosis, aortic arch
thrombus, ventricular thrombus, and basilar artery thrombus.
The occurrence of ICH was seen in 94 of the 110 CVST patients.
From the presented studies, 137 patients died, constituting
30% of the overall patient population, while 309 patients (69%)
survived from this condition and the status of the remaining
four patients is unknown.

For the laboratory findings of these VITT patients, a low
blood platelet count (reference range, >150x10°/L) and D-
dimer elevation (reference range, <0.5 mg/L) was seen in the
majority of studies in which 99% (n=446) had thrombocyto-
penia and 79% (n=356) had markedly high D-dimer levels.
PF4 ELISA results were positive in nearly all cases (85%,
n=381), with optical density readings typically exceeding 0.5.

As illustrated in Table 5, 24 of 26 retrieved studies employed
various types of anticoagulation in treating the thrombosis in
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Management
heparin (16), non-heparin parenteral
anticoagulant (22), corticosteroid (51),
fibrinogen replacement (15), IVIG (55),
plasma exchange (16), platelet transfusion
(25); invasive: endovascular management
(9), intracranial pressure monitor
(13), decompressive hemicraniectomy (13)

Pharmacological: anticoagulant (60), LMWH/
anticoagulant (50), direct oral

Other
complications

PE IS Others

DVT

Type of VITT

Mi

SVT

31/70 (44%)
arterial thrombosis,
or both, with PE
and hepatic portal
vein thrombosis
being particularly

venousthrombosis,
common

had evidence
of extracranial

CvST
70/70
(100%)

UK

Country
IS, ischemic stroke; DIC, disseminated intravascular coagulation; ICH, intracerebral hemorrhage; RBC, red blood cell; IVIG, intravenous immunoglobulin; 0D, optical density; aHIT, autoimmune heparin-induced

thrombocytopenia; TID, 3 times a day; ICH, intracerebral hemorrhage; RV, right ventricle; BID, 2 times a day; SC, subcutaneous; MV, mesenteric vein; PV, portal vein; SV, splenic vein; HV, hepatic vein; IVC, inferior vena

cava; LMWH, low molecular weight heparin; IJVT, internal jugular vein thrombosis; TMA, thrombotic microangiopathy; PVT, portal vein thrombosis; IVC, inferior vena cava.

Perry et al. [42] (2021)

Author
VITT, vaccine-induced immune thrombotic thrombocytopenia; CVST, cerebral venous sinus thrombosis; SVT, splanchnic vein thrombosis; MI, myocardial infarctions; DVT, deep vein thrombosis; PE, pulmonary embolism;

Table 5. Continued
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VITT patients [6,8-10,23,25,26,29-45]. These include enoxapa-
rin, apixaban, bivalirudin, tinzaparin, argatroban, dalteparin,
danaparoid sodium, dabigatran, fondaparinux, rivaxoraban,
and heparin. In a study by Tiede et al. [44], a thrombolytic agent,
altelapse, was used in addition to anticoagulation treatment. As
seen in 18 studies, IVIG was administered to VITT patients as
the initial treatment for managing the immune response [6,10,
23,26,29-39,42-44]. Besides IVIG, 16 studies reported the use of
another class of drug, a steroid, as the second line treatment of
these immune-mediated disorders [6,9,10,23,26,30,31,33,36-39,
41-44]. Monoclonal antibodies including eculizumab and ritux-
imab were also administered as a second line immunomodula-
tion treatment of VITT, as reported in two studies [43,44]. Five
studies employed plasma exchange as a salvage therapy for pa-
tients [10,37,41-43], particularly in patients with poor prognosis
[41], with a thrombosis that had progressed [37] or in patients
with severe disease involving CVST, multiple site thrombosis, or
both [10]. In some studies, platelet transfusions, cryoprecipitate
transfusions, or fibrinogen concentrate were administered to
patients who particularly suffered from massive bleeding or be-
fore neurosurgical intervention [6,8,9,23,25,28,33,\36-38,40,42,
43]. In a case series involving three VITT patients, one of them
was transfused with platelets and cryoprecipitate to maintain
the blood platelet count above 50x 10°/L [23]. Three studies re-
ported administering red blood cell or blood transfusion to their
patients [8,22,28]. In a case series by Greinacher et al. [8], one
patient was administered with the recombinant factor VIIa after
the repeat CT imaging revealed diffused gastrointestinal bleed-
ing. Along with the pharmacological treatment, VITT patients in
11 studies underwent invasive treatment such as neurosurgery,
decompressive craniectomy, external ventricular shunt, intra-
cranial bolt insertion, and endovascular thrombectomy in order
to monitor and manage the pressure that had built up within
their cranium, which is typically caused by hemorrhages [6,9,10,
23,25,28,36,39,42,43,45). In a case study by Rodriguez et al. [36],
elastic compression stockings were used as a non-pharmaco-
logical treatment for the symptoms of DVT.

Prevalence

VITT is a rare but serious adverse event following adenoviral
vector-based vaccinations for COVID-19. Findings showed
that VITT is a rare sequel that is almost exclusively seen with
replication defective viral vector-based vaccines, which are
the AstraZeneca COVID-19 vaccine (95%) and the Janssen
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COVID-19 vaccine (4%), with much rarer reports (0.4%) in-
volving mRNA-based vaccines such as the Moderna COV-
ID-19 vaccine and the Pfizer COVID-19 vaccine.

Mechanism of action

Even though the exact mechanism by which this condition oc-
curs is not concretely understood, some authors have hypothe-
sized that adenoviral DNA or other currently unknown nega-
tively charged (polyanionic) vaccine components could bind to
positively charged (polycationic) PF4 due to electrostatic inter-
action, causing conformational changes and then forming a
neoantigen that further triggers the production of an anti-PF4
antibody [2,46-48]. The anti-PF4 antibody recognizes the neo-
antigen, leading to cross-linking between their Fc region and the
low affinity Fc receptor IIA (FcRIla) presented on the surface of
platelets, resulting in the formation of pathogenic immunocom-
plexes [46]. These complexes stimulate platelet activation [46],
causing degranulation, enabling PF4 to be liberated from the al-
pha granule [48,49]. Concurrently, platelet activation also pro-
motes the release of prothrombotic platelet-derived microparti-
cles, which contribute to the formation of clots and the induc-
tion of a prothrombotic cascade [49]. Not only that, but the inter-
action of PF4, activated platelets and antibodies stimulates the
release of neutrophil extracellular traps from leukocytes, hence
increasing the likelihood of thrombotic events [48,49]. As a result
of this consumptive process, the platelets are used up, thereby
decreasing the platelet count and ultimately causing thrombo-
cytopenia [50]. Additionally, the reticuloendothelial system,
specifically the spleen, eliminates immunoglobulin G-coated
platelets, intensifying thrombocytopenia [33,51].

Types of VITT

A total of 317 out of 450 VITT patients presented with throm-
bosis at an atypical site, which is the cerebral venous sinus—
and therefore known as CVST—, making it the most dominant
manifestation of VITT. Even so, the development of thrombosis
at the typical sites are also common, for instance PE and DVT
which account for more than 151 cases. PE and DVT as well as
CVST are types of venous thromboembolism (VTE). DVT is
characterized by the formation of a blood clot in a deep vein,
typically in the lower leg, thigh, or pelvis, and in rare cases in
the arm [52]. DVT can be proximal (popliteal, femoral, or iliac
veins) or distal (internal jugular, subclavian, axillary, and bra-
chial veins) and embolization is a concern with proximal DVTs
[53,54]. PE is not a disease, but rather a serious complication of
underlying venous thrombosis, which usually results from a

282

thrombus originating in the deep veins of the lower extremities
that travels to the lungs, thereby causing blockage [55]. SVT,
which accounts for over 66 cases, is an unusual manifestation
of VTE and another uncommon anatomical site of thrombosis.
SVT encompass splenic vein thrombosis, mesenteric vein
thrombosis, portal vein thrombosis, and hepatic vein throm-
bosis (portal vein thrombosis being the most prevalent form of
SVT). In addition to VTE, arterial thromboembolism events
such as MI and ischemic stroke occur to a lesser extent among
VITT patients with 12 cases and seven cases, respectively.

The majority of the presented CVST-associated VITT cases
(n=119) are complicated by the occurrence of a hemorrhagic
stroke, which is an ICH. This combination represents the most
serious form of venous sinus thrombosis and is usually associ-
ated with worse outcomes such as death. Pathogenesis of
CVST comprises two mechanisms: firstly, thrombosis in the
venous sinus of the brain can cause focal neurological symp-
toms [56] including hemiparesis [6,23,33], aphasia [38], slurred
speech [24,38], hemiplegia [36], eye deviation [9], and hemi-
anopia [39]. Secondly, thrombosis at this site can obstruct ve-
nous drainage, leading to venous congestion that further
causes an increase in the venous and capillary pressure [56-
58]. If the arterial pressure is unable to counter the venous
pressure, cerebral edema, hemorrhage, or ischemia occur [56-
58]. These two processes can happen concurrently [56].

Signs and symptoms

Presenting signs and symptoms of the VITT patients reflect the
underlying location of the thrombosis. From the gathered
studies, VITT patients with SVT experience fever, vomiting,
abdominal pain, and back pain, while patients with DVT en-
counter lower extremity discomfort, leg pain, and venous dis-
tention. On the other hand, patients that have chest pain,
breathlessness, and dyspnea are suggestive of having PE. For
CVST, even though its symptoms are diverse and myriad, the
most frequent one is a headache, which is diffuse and may
progress over days to weeks. A headache may be the sole com-
plaint or associated with other focal neurological symptoms.
The signs and symptoms of ischemic stroke and MI are more
or less identical to CVST and PE, respectively, since the throm-
bosis occurs at the same location, which is at the venous or ar-
terial vessels of the brain or heart. For MI, the most common
sign and symptom that can be observed is chest pain. In some
cases, multiple locations of symptoms occur simultaneously,
indicating the occurrence of thrombosis at multiple sites.

https://doi.org/10.7774/cevr.2023.12.4.265



Risk factor

Although VITT cases are not age- or gender-specific, it can be
noted from the retrieved studies that persons younger than 60
years old (>50%) and females were mostly affected by this
clinical syndrome, representing 62% of the total patients. How-
ever, a review by the UK’s Medicines and Healthcare products
Regulatory Agency (MHRA) stated that the higher rates of
VITT cases among females is not seen across all age groups
and the differences remain small [3].

Besides, according to the findings, a great majority of pa-
tients were previously healthy and fit with no remarkable med-
ical or medication history. The use of the contraceptive pill,
hormone replacement therapy, a history of thromboembolism,
obesity, and hypertension are the most significant potential
predisposing factors that can be observed among them. De-
spite this, the Expert Haematology Panel [59], an official UK
government website for data and insights on coronavirus [60]
and a group of researchers led by Pai et al. [19] stated that there
is no evidence to suggest that individuals with a history of
thrombosis or known risk factors for thrombosis such as preg-
nancy, antiphospholipid syndrome, people who use birth con-
trol or people with platelet disorders are at greater risk of VITT.
This is consistent with what has been stated by Pavord et al. [10]
in their retrospective and prospective cohort study about clini-
cal features of VITT involving 220 VITT patients in the United
Kingdom, in which no individual risk factors were observed.
Rather, they found that VITT patients with a very low blood
platelet count, CVST, intracranial bleeding, or serious coagula-
tion activation, or patients that have all these conditions, have
ahigher risk of death.

As a precautionary measure, the MHRA advises individuals
who develop this syndrome after the first dose of the Astra-
Zeneca COVID-19 vaccine to not receive their second dose
until the clots are fully stable [60]. When the second dose of
COVID-19 vaccination can be taken, an alternative to the As-
traZeneca COVID-19 vaccine should be used [60]. Additional-
ly, for patients who are in a prothrombotic state, such as preg-
nant women, Pfizer and Moderna COVID-19 vaccines are pre-
ferred because of the vast experience with them, and the ac-
cessible safety data [60].

Diagnosis

According to the available published guidelines [12-14], with
the exception of the Brighton Collaboration (BC) guidelines
[61], the presence of thrombosis, thrombocytopenia, and
markedly high D-dimer values in the timeframe of 4 to 42
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days following COVID-19 vaccination, alongside positive an-
ti-PF4 antibodies as tested by ELISA, strongly indicates VITT/
thrombocytopenia syndrome and is perfectly adequate to
confirm the diagnosis, particularly in the absence of func-
tional testing. Functional testing may be executed to supply
additional data and is valuable in diagnosing complex cases
of VITT. BC guidelines split the suspected VITT patients into
five levels, with definite cases (level 1) meeting all the follow-
ing criterion [61]: (1) new onset of thrombocytopenia, with a
platelet count of less than 150x10°/L, (2) no known exposure
to heparin within 100 days, and (3) occurrence of thrombosis
in the veins or the arteries. In the cases that have been identi-
fied, information on anti-PF4 antibodies is collected. The as-
pects of this guideline that differ from others include that it
does not require the data on D-dimer level as the primary tri-
aging in diagnosing VITT patients, and it does not state the
usual timeframe before the onset of symptoms.

Laboratory feature

The defining laboratory features of VITT are usually positive
anti-PF4 antibody ELISA results, coupled with coagulation ab-
normalities such as thrombocytopenia, strikingly high level of
D-dimer, and low levels of fibrinogen. A complete blood count
can be conducted to ascertain the platelet count, and accord-
ing to the published guideline [13,14,61,62], it has been deter-
mined that thrombocytopenia is defined as a platelet blood
count less than 150x10°/L. All the patients presented in the
retrieved studies, excluding those with missing data, had a low
blood platelet count, with the lowest one at 8x 10°/L [8], except
two patients presented in the study by Pavord et al. [10] that
had a normal blood platelet count upon admission. Pavord et
al. [10] categorized their patients according to the guideline by
the Expert Haematology Panel [14], which classified suspected
VITT patients into four categories: definite VITT, probable
VITT, possible VITT, and unlikely VITT. Since these two pa-
tients did not meet all the criteria for definite VITT, they were
classified as probable VITT patients.

Another main marker that is important in the initial triag-
ing of VITT cases is the D-dimer level [13,14,61,62]. Suspect-
ed patients of VITT have a markedly elevated level of D-dimer
which is 4 times beyond the normal upper limit [13,62]. All
patients for whom D-dimer level information is available
have significantly elevated levels, with the highest one at 142
mg/L [8]. VITT patients presented in the studies by Sdnchez
van Kammen et al. [43] and Mehta et al. [33] did not have da-
ta on the D-dimer levels; the former authors followed BC
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guidelines, and the latter used cases that presented early dur-
ing the COVID-19 vaccination program. According to Favalo-
ro et al. [63], if the patients have thrombocytopenia but a nor-
mal or only modestly raised D-dimer level at the time of pre-
sentation, it is more likely that they have immune thrombo-
cytopenia (ITP) than VITT.

For screening of anti-PF4 antibodies, an ELISA is the most
reliable tool [6-8], because it provides superior sensitivity and
specificity for VITT testing [64]. The result of ELISA is ex-
pressed in the form of optical density, which is proportional
to the concentration of antibodies present in the sample. An
optical density reading >0.499 [7,38] indicates the presence
of anti-PF4 antibodies. An additional functional assay such as
a SRA may be performed to confirm the positive result of the
ELISA test, and is needed in complex cases in which the ELI-
SA result is negative or equivocal in the suspected VITT pa-
tient [13,15,65]. A positive anti-PF4 antibody ELISA or func-
tional assay are the key distinguishing features of VITT from
the other syndrome of thrombocytopenia and/or thrombosis
such as ITP and thrombotic thrombocytopenia purpura [65].

However, not all patients in the retrieved studies had a pos-
itive ELISA result. For instance, a patient in the case report by
Guetl et al. [30] reported negative anti-PF4 antibodies, but
since there was a strong clinical suspicion of VITT as she ful-
filled the other criteria, including the occurrence of thrombo-
sis, thrombocytopenia, and a significantly elevated D-dimer
level at an appropriate timeframe post-vaccination, the au-
thor assumed that she had VITT and was treated accordingly.
Panels of the National Institute for Health and Care Excel-
lence guidelines said that although ELISA was generally be-
lieved to be accurate and reliable, false-negative results were
still possible [66]. Additionally, as stated by Platton et al. [67],
despite a negative test result for PF4, VITT may still be con-
sidered since the underlying pathology for CVST depends on
the patient’s history. Therefore, a person who satisfies all the
criteria for VITT but whose ELISA result is negative may still
be suspected of having the syndrome. Besides, not all patients
in the retrieved studies underwent an ELISA test. One of the
reasons behind this could be because ELISA assays are not
widely available in diagnostic laboratories [67].

To summarize, all the patients present in the retrieved stud-
ies satisfied these three laboratory findings with the exception
of those that lacked data, those with no samples available,
those for whom this test was not performed because of death
or because a different guideline was followed by the authors,
or the few cases that were initially presented during the early
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stages of the COVID-19 vaccination program.

Imaging findings

For people for whom there is a high clinical suspicion of VITT,
imaging tests should be performed on the same day based on
the location of symptoms before initiation of any therapy to veri-
fy thromboembolism. Unenhanced CT of the brain is a rational
primary diagnostic imaging test for individuals with suspected
CVST because it can eliminate other differential diagnoses, in-
cluding ICH that has nonspecific and similar neurologic symp-
toms such as headaches [68]. However, the sensitivity of unen-
hanced CT is insufficient to exclude CVST [68]. Therefore, it is
imperative that both vascular and parenchymal imaging are
carried out simultaneously, either with an urgent non-contrast
CT head and a CTA/CT venogram (CTV), or with an urgent MRI
head and a contrast-enhanced MRV [16,68]. From the retrieved
studies, in diagnosing and confirming CVST, the following imag-
ing tools were used: CT scan (14 studies) [6,10,22-28,34-36,38,
39], MRI (seven studies) [10,27,34,36,38,43,45], MRV (three stud-
ies) [34,38,43], CTV (seven studies) [6,22,23,29,39,42,43], and
CTA (five studies) [27,28,32,37,38].

To diagnose SVT, Doppler ultrasound and CT with contrast
are commonly employed [16,69]. If the patient is highly sus-
pected of having portal vein thrombosis, it is best to start with
an abdominal CT scan or MRI instead of an ultrasound [69]. A
CT scan is advantageous because it reveals any additional pa-
thology that may be present, such as a cancerous tumor [69]. In
cases where splenic vein thrombosis is suspected, Doppler ul-
trasound is the diagnostic test of choice. A diagnosis of splenic
vein thrombosis is pretty unlikely if the splenic vein Doppler
ultrasound is normal [69]. Doppler ultrasound is also the most
suitable for diagnosing hepatic venous thrombosis, and after
the diagnosis has been made, a CT scan of the abdomen or an
MRI may be performed to confirm this [69]. To diagnose mes-
enteric vein thrombosis, a CT scan of the abdomen is the first
line diagnostic tool since it has a 90% accuracy rate [69]. How-
ever, in cases where a CT scan is non-diagnostic, CTA is recom-
mended to be performed [69]. Mesenteric venous thrombosis,
on the other hand, is best visualized using MRV, but it is not
necessary in the majority of cases because CT scans are suffi-
cient [69]. From the retrieved studies, in diagnosing and con-
firming SVT, the following imaging tools were used: CT ab-
dominal and pelvis (six studies) [6,8,9,22,34,41], abdominal
CTA (two studies) [34,40], abdominal ultrasound (two studies)
[35,38], and Duplex ultrasound (one study) [40].

Compression ultrasonography with Doppler is the imaging
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modality that is frequently used for identification of DVT [16].
This imaging tool is non-invasive with superior performance
that is simple, safe, practical, extremely sensitive, and specific
for the detection of lower extremity DVTs without requiring
the use of radiation or contrast exposure [70-72]. From the
gathered studies, two studies [36,37] used Doppler ultra-
sound and another two studies [31,38] utilized lower extrem-
ity ultrasound in diagnosing and confirming DVT.

CTPA is the gold standard for diagnosing PE [73] because it is
very sensitive (83%), specific (96%) [74], widely accessible, mini-
mally invasive, rapid, has the ability to directly visualize emboli
in the pulmonary vasculature, and can provide alternative diag-
noses [75]. The prognosis of acute PE is primarily determined by
the residual pulmonary circulation and the degree of right ven-
tricular (RV) dysfunction [76]. Since CTPA possess additional
prognostic value in which it can assess RV function, it can predict
the severity of PE as well as the patient’s prognosis [75]. From the
gathered studies, four studies use CTPA in diagnosing and con-
firming the presence of PE [23,30,32,41]. Meanwhile another two
studies employed chest CTA instead of CTPA [37,38].

The brain and its arteries can be visualized in great detail
using MRI and MRA; hence, these can be used for detecting
an ischemic stroke [77]. Even though CT is as effective as MRI
at locating blood, an MRI is remarkably accurate in diagnos-
ing an acute ischemic stroke and its cause [77] since it is more
sensitive and provides a more comprehensive picture [78]. A
case report by Blauenfeldt et al. [9] and Malik et al. [32] men-
tioned the use of MRI and head CT in respectively diagnosing
and confirming an ischemic stroke.

All the VITT patients from the presented studies had throm-
bosis except one patient in a case series by Scully et al. [7] that
only experienced hemorrhagic symptoms. This patient how-
ever had a positive anti-PF4 antibody ELISA test, thrombocy-
topenia as well as D-dimer elevation. In this case, Pavord et al.
[10] stated that that the lack of thrombosis was most likely due
to the early detection and treatment of VITT.

Management

According to the published guidelines, for managing the im-
mune responses in VITT, it is recommended to immediately treat
patients with IVIG at 0.5 to 1 g per kg daily for 2 days, especially if
the patient has a blood platelet count of less than 50x10°/L
[13,14,62,66). If there is insufficient response to treatment after 2
to 3 days, as evidenced by no improvement in blood platelet
count or development or progression of thrombosis, it is reason-
able to consider a second dose of IVIG or adding another type of
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treatment including steroids (methylprednisolone, dexametha-
sone, or prednisolone), plasma exchange, or monoclonal anti-
body (rituximab or eculizumab) [10,62,66]. Plasma exchange
[13,14,62,66,79] can be considered to reduce the high antibody
burden in patients with poor prognosis such as having severe
thrombocytopenia (blood platelet count less than 30x10°/L),
secondary bleeding, a fibrinogen level less than 1 g/L, CVST,
multiple organ thrombosis [13,66], or progressed thrombosis [62]
despite being given IVIG, steroid, and non-heparin anticoagulant
treatments [13,62]. From the retrieved studies, 18 studies utilized
IVIG as the initial treatment for managing the immune responses
[6,10,23,26,29-39,42-44], and 16 studies reported the use of an-
other class of drug, which is steroids, as the second line treatment
for these immune-mediated disorders [6,9,10,23,26,30,31,33,36-
39,41-44). Besides, five studies employed plasma exchange as a
salvage therapy for patients [10,37,41-43]. Sangli et al. [37] de-
scribed the use of plasma exchange when DVT had progressed
and a new upper DVT develops even after the administration of
IVIG and steroids. Pavord et al. [10]. reported the utilization of
plasma exchange in 17 patients who suffered with disease involv-
ing CVST, multiple thrombosis or both. Monoclonal antibodies
such as eculizumab and rituximab have also been administered
as second line immunomodulation treatment of VITT in two
cases [43,44]. In a case report by Tiede et al. [44], eculizumab was
used in two patients, one because of thrombotic microangiopa-
thy and renal failure, while in another patient, the drug acted as
rescue therapy because of a severe thromboembolic event de-
spite the use of IVIG and while on anticoagulation. The rationale
behind the use of monoclonal antibody is because, in addition to
the Fc receptor-dependent platelet activation that is addressed
by IVIG, PF4 and anti-PF4 immune complexes can also trigger
the complement system via the classical pathway, which is trig-
gered by the antigen-antibody interactions [79]. Therefore,
monoclonal antibody is another suitable choice in dampening
the immune-complex-driven thrombus inflammation, by pre-
venting the activation of the complement protein.

For managing thrombosis, if the platelet count of the patient is
greater than 50x10°/L and there is no evidence of significant
bleeding [13], a non-heparin anticoagulant such as direct oral anti-
coagulant (apixaban or rivaroxaban) or parenteral direct thrombin
inhibitors (bivalirudin or argatroban) can be administered
[13,62,66]. The selection among these agents will depend on the
drug profile and is specific to the patient’s condition [79]. Parenteral
direct thrombin inhibitors are strongly recommended for critically
ill VITT patients with very low blood platelet count—less than
30x10°/L—due to their intravenous route of administration and
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short half-life [66]. Twenty-four of the 26 retrieved studies em-
ployed various types of anticoagulation in treating the thrombosis,
with non-heparin anticoagulant being the most prevalent [6,8-
10,23,25,26,29-45). Some studies that initially used heparin or low
molecular weight heparin (LMWH) switched to non-heparin anti-
coagulation after a positive PF4 result was confirmed or after VITT
cases were suspected [8,23,34,37,38,40]. A majority of the pub-
lished guidelines recommend the use of a non-heparin anticoagu-
lant because of its proven safety and effectiveness [13,14,62,66].
Heparin or LMWH must be avoided in the treatment of VITT due
to the lack of consensus regarding their safety [62].

Prophylactic platelet transfusions might aggravate the develop-
ment of VITT because human platelets store PF4, the antigenic
target of the antibodies in VITT [79]. Therefore, such transfusions
must be avoided in treating suspected or diagnosed VITT pa-
tients [13,62,66,80] unless there is a presence of massive bleeding
[79] or a need for surgical intervention (that usually results from
the sequelae of CVST) in removing the thrombosis [13,62,66]. In
this case, platelet transfusion or fibrinogen replacement are
needed to be executed before the surgery in order to reduce the
risk of bleeding [66] and to augment intraoperative coagulation
[81]. However, platelet transfusions should only be accomplished
after IVIG administration [81]. From the findings, 13 studies uti-
lized platelet transfusion and fibrinogen replacement in treating
VITT patients [6,8,9,23,25,28,33,36-38,40,42,43].

Neurosurgical intervention, including decompressive crani-
ectomy;, is also required, particularly when there is elevated
pressure in the brain as a result of ICH secondary to CVST [81].
The preoperative anticoagulant of choice for patients that have
bleeding due to thrombosis or anticoagulation is argatroban
[81]. Due to its short half-life, it can be stopped with an adequate
preoperative measure without the need for a reversal agent [82].
Furthermore, for postoperative anticoagulation in these pa-
tients, Kuramatsu et al. [83] recommend initiating therapeutic
anticoagulation on day 6, but only for those who are at high risk
of a thromboembolic event. As seen from the findings, neuro-
surgery was performed on VITT patients in 11 studies [6,9,10,23,
25,28,36,39,42,43,45), particularly those who had CVST.

VITT cases are strongly related to viral vector-based vaccines,
particularly the AstraZeneca COVID-19 vaccine, with much rar-
er reports involving mRNA-based vaccines such as the Moderna
COVID-19 vaccine and the Pfizer COVID-19 vaccine. CVST is
the most dominant manifestation of this syndrome with head-
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ache as the first primary symptom. In term of its management,
IVIG and non-heparin anticoagulant are the main therapeutic
options for managing immune responses and thrombosis, re-
spectively. It is hoped that future research could explore the high
incidence of CVST in VITT patients and determine the possible
causes before a definite conclusion can be drawn.
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