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Abstract
Background: Cases of thrombosis with thrombocytopenia syndrome (TTS) have been reported following vaccination with
AZD1222 or Ad26.COV2.S. This review aimed to explore the pathophysiology, epidemiology, diagnosis, management, and prog-
nosis of TTS.
Methods: A systematic review was conducted to identify evidence on TTS till 4th September 2021. Case reports and series
reporting patient-level data were included. Descriptive statistics were reported and compared across patients with different
sexes, age groups, vaccines, types of thrombosis, and outcomes.
Findings: Sixty-two studies reporting 160 cases were included from 16 countries. Patients were predominantly females with a
median age of 42.50 (22) years. AZD1222 was administered to 140 patients (87·5%). TTS onset occurred in a median of 9 (4)
days after vaccination. Venous thrombosis was most common (61.0%). Most patients developed cerebral venous sinus throm-
bosis (CVST; 66.3%). CVST was significantly more common in female vs male patients (p= 0·001) and in patients aged <45
years vs ≥45 years (p= 0·004). The mortality rate was 36.2%, and patients with suspected TTS, venous thrombosis, CVST, pul-
monary embolism, or intraneural complications, patients not managed with non-heparin anticoagulants or IVIG, patients receiv-
ing platelet transfusions, and patients requiring intensive care unit admission, mechanical ventilation, or inpatient neurosurgery
were more likely to expire than recover.
Interpretation: These findings help to understand the pathophysiology of TTS while also recommending diagnostic and man-
agement approaches to improve prognosis in patients.
Funding: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
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Introduction
Having exerted widespread effects over all spheres of society,
the coronavirus disease 2019 (COVID-19) pandemic has
forced government and healthcare institutions to divert resour-
ces and develop methods to curtail it. Vaccines have been put
under extreme emphasis as the prime method of halting trans-
mission, with over one billion doses administered worldwide.

Among these vaccines, the Oxford-AstraZeneca (AZD1222)
and the Johnson & Johnson (Ad26.COV2.S) have recently been
implicated in an extremely rare prothrombotic disorder com-
prising of thrombosis in uncommon sites with concurrent
thrombocytopenia and development of anti-platelet factor 4
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(anti-PF4) antibodies.1,2 This disorder has been termed as
thrombosis with thrombocytopenia syndrome (TTS).

Owing to its atypical presentations, TTS can present as a
diagnostic challenge for healthcare workers. The common man-
ifestations range from routine constitutional changes to visual
defects, severe headaches, leg and back pains, easy bruising,
or petechiae. Unchecked, TTS may lead to cerebral hemor-
rhages and fatality.1,3 As reports of TTS came to light, admin-
istration of both vaccines was temporarily restricted, with
Denmark and Norway permanently halting the AZD1222
vaccine.

Similar to its rare occurrence, current evidence on TTS is
also limited, existing in the form of case reports and series.
Further hampering this issue, a large proportion of available
data is centered around pharmacovigilance programs, such as
Vaccine Adverse Event Reporting System (VAERS) and
Medicines and Healthcare products Regulatory Agency
(MHRA).4,5 While these systems are excellent at providing
early warnings for pharmacological adverse events, their capac-
ity to inform clinical decision-making is limited, owing to their
reliance on non-standardized patient-reported outcomes.

We conducted a systematic review of patient-level data with
the aim of summarizing the limited data available and explore
the pathogenesis, epidemiology, clinical features, diagnoses,
management, and prognoses in TTS patients.

Methods
The protocol of this review is registered with PROSPERO
CRD42021252688, and this review has been reported in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines.

Electronic Searches
An exhaustive literature search was conducted on PubMed,
Embase, CINAHL, Scopus, LILACS, Global Index Medicus,
World Health Organization (WHO) COVID-19 Database,
Europe PMC, ScienceDirect, Preprints, medRxiv, Open
Science Framework (OSF), and Research Square to identify
all scientific literature available till 4th September 2021. No lan-
guage restrictions were applied. The strategies employed for
searching these databases are documented in Supplementary
Appendix (p3-7).

In addition, reference lists of all identified review articles and
included studies were checked for additional references. To
identify potentially relevant gray literature, reports and guide-
lines published by several hematological and pharmacovigi-
lance organizations were hand searched (appendix p8).

Selection Strategy
Case reports and series providing patient-level data on TTS
cases were included in this review. Patients with radiologically
confirmed venous or arterial thrombosis and associated throm-
bocytopenia (platelet count <150 000/mm3) occurring within 4

to 30 days of administration of AZD1222 or Ad26.COV2.S
vaccine were classified as confirmed TTS cases if their enzyme-
linked immunosorbent assay (ELISA) heparin-PF4 antibodies
were positive.3 Patients meeting the above criteria but with
missing ELISA results were considered suspected cases.

EndNote x9 by Clarivate Analytics was used to remove
duplicate records. Title and abstracts of deduplicated records
were screened by UW and SA independently using Rayyan
QCRI.6 Full-text review was independently performed by
MST and AH. All discrepancies were resolved through discus-
sion and consensus.

Data Extraction
Data extraction from the included studies was performed by
SMG, MST, ZA, and AH using a structured Microsoft Excel
2016 worksheet. The worksheet was piloted prior to data
extraction on two studies randomly selected from the included
studies.

The extracted variables included: study characteristics (country,
setting, type); patient demographics (age, sex, ethnicity, comorbidi-
ties, current medications, SARS-CoV-2 infection status,
SARS-CoV-2 serology, vaccine administered, number of doses
administered); clinical manifestations (time of onset of TTS after vac-
cination, presenting signs and symptoms); radiological characteristics
(imaging modalities, venous/arterial thrombosis, blood vessel(s)
involved); laboratory parameters (platelet count, hemoglobin, leuko-
cytes, fibrinogen, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), γ-glutamyltransferase (GGT), lactate
dehydrogenase (LDH), serum creatinine, lactate, C-reactive protein,
D-dimers, activated partial thromboplastin time (APTT), prothrom-
bin time (PT), thrombin time (TT), international normalized ratio
(INR), blood film, antiphospholipid antibodies, anti-PF4 antibodies);
therapeutic management (heparin, steroids, intravenous immuno-
globulins (IVIGs), platelet transfusions, non-heparin anticoagulants,
thrombectomy, intensive care unit (ICU) admission, mechanical ven-
tilation); and outcomes (complications, recovery, mortality).

Comorbidities, current medications, SARS-CoV-2 infection
status, recent exposure to heparin prior to TTS onset, and compli-
cations were assumed negative unless otherwise specified in
included studies. However, these characteristics were marked
unknown when studies reported aggregated data and it was not
possible to disaggregate data to individual patients.
Management options were marked unknown for studies report-
ing aggregated data and for studies not documenting at least
one of the following management options: heparin, steroids,
intravenous immunoglobulins (IVIGs), platelet transfusions,
and non-heparin anticoagulants. For remaining studies, manage-
ment options were assumed negative unless otherwise specified.

TTS onset was defined as the time of the first symptom
occurring on or after the fourth day of vaccination. For all lab-
oratory parameters, we extracted the first-available and most
abnormal results. Severe thrombocytopenia was defined as a
platelet count ≤25 000/mm3. The final dataset was rechecked
thrice for accuracy by SMG, MST, and ZA by referring to orig-
inal studies, and all discrepancies were resolved accordingly.
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Statistical Analyses
Analyses were performed on IBM SPSS Statistics version 24.
Descriptive statistics were reported. Shapiro-Wilk tests for nor-
mality were performed to assess the distributions of continuous
variables (Table S1, appendix p9-10), and they were presented
as means± standard deviations or medians (interquartile ranges
[IQRs]) as appropriate. Categorical variables were summarized
using frequencies and percentages.

Clinicodemographic characteristics were compared across
patients with different sexes, age groups, vaccines, types of
thrombosis, and outcomes. For these comparisons, continuous
variables, such as age, days from vaccination to TTS onset,
and days from vaccination to hospitalization, were converted
to categorical variables. These comparisons were performed
using chi-squared tests or Fisher’s exact tests, when assump-
tions for the former were not met. Missing data were included
in analyses, allowing denominators to remain consistent. For
sensitivity analyses, clinicodemographic characteristics were
compared across patients with different outcomes after exclud-
ing suspected TTS cases. All analyses were two-sided with p
<0·05 considered threshold for statistical significance.

Quality Assessment
Quality assessment of included studies was independently con-
ducted by UW and SA using the National Institute of Health
Quality Assessment Tool for Case Series Studies.7 Each case
series was scored out of nine, based on clarity of study objec-
tives, case definition, consecutive subject recruitment, compara-
bility of subjects, clarity of intervention, definition and
measurement of outcomes, length of follow-up, statistical
methods, and results. A case series scoring seven to nine was
considered good quality, four to six fair considered quality,
and less than four considered poor quality. Consecutive
subject recruitment, comparability of subjects, and statistical
methods were excluded from the scoring criteria for case
reports, which were consequently scored out of six. Case
reports scoring six were considered good quality, three to five
considered fair quality, and less than three considered poor
quality.

Results
The literature search yielded 36 734 studies after deduplication
(Figure 1). Out of these, 92 studies were reviewed as full text
and 62 studies were included according to our inclusion criteria
(Table S2, appendix p11-26).1,2,8-67 The remaining 30 studies
were excluded (Table S3, appendix p27-28).

Among the included studies, 21 studies were case series
while 41 were case reports. Most studies were published at
the time of reporting of this review, except for three which
were preprints.14,23,28 Majority of the studies (N= 59) origi-
nated from high-income countries (HICs), with most being
reported from United Kingdom (Table 1).

Patient Demographics
From the included studies, 160 patients (120 confirmed and 40
suspected) were included in this review after excluding 21 inel-
igible patients (Table S4, appendix p29). The patients were
predominantly females with a median age of 42·50 years
(IQR 22, range 21–77 years; N= 132). Most patients were
from the United Kingdom and France (28·1% [45 of 160]
and 16·9% [27 of 160], respectively). Ethnicity was docu-
mented for only 29 patients, out of which, 26 were
Caucasians and 3 Asians.

At the time of vaccination, most patients had insignificant
preexisting comorbidities, active medications, exposure to
heparin, and pregnancy status. Only two patients (1.3% [2 of
160] had documented history of prior SARS-CoV-2 infection,
while another patient (0·6% [1 of 160]) had COVID-19 at pre-
sentation. COVID-19 serology was positive in 38 of 59 patients
(64·4%), with all patients developing antibodies against the
spike glycoprotein (Table 2). Among patients who had received
Ad26.COV2.S vaccine, COVID-19 serology was insignificant
in 5 (100% [5 of 5]) and unknown in the remaining 15 patients
(Table S6; appendix p33–35).

Clinical Manifestations
A total of 140 of 160 patients (87·5%) were administered
AZD1222 while the rest had received Ad26.COV2.S vaccine.
For patients receiving AZD1222 vaccine, onset of TTS predom-
inantly occurred after the first dose (76/77, 98.7%), while
dosages were unknown for the remaining 63 patients. The
median number of days from vaccination to TTS onset and hos-
pitalization were 9 (4; N= 131) and 11 (5; N= 113), respec-
tively. Patients who were hospitalized within 15 days of
vaccination were more likely to have received AZD1222
vaccine than Ad26.COV2.S vaccine (p <0.0010); Table S6,
appendix p33–35). Patients had a median length of hospital
stay of 7 (11; N= 40) days.

Venous thrombosis was most common among patients, fol-
lowed by combined arterial and venous thrombosis and isolated
arterial thrombosis. Most patients developed cerebral venous
sinus thrombosis (CVST), predominantly affecting the trans-
verse, sigmoid, and sagittal sinuses. CVST was significantly
more common in in female vs male patients (p= 0·001;
Table S7, p36–38) and in patients aged <45 years vs ≥45
years (p= 0·004; Table S8, p39-41). Splanchnic vein thrombo-
sis (SVT) and pulmonary embolism (PE) were also documented
in a subset of patients. Other relatively common locations of
thrombosis were deep veins, internal jugular vein, and portal
vein (14·4% [23 of 160], 11·3% [18 of 160], and 10.6% [17
of 160]], respectively).

Presenting symptoms commonly included severe headache
or neurologic changes in patients with CVST; abdominal
pain or backache in patients with SVT; chest pain or shortness
of breath in patients with PE; and leg pain or swelling in
patients with deep vein thrombosis (DVT). Symptoms of
thrombocytopenia, such as petechiae or mucosal bleeding,
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were often present as well. Computed tomography (CT), mag-
netic resonance imaging (MRI), ultrasound, and digital sub-
traction angiography were the most common imaging
modalities employed to visualize thrombosis and associated
complications.

Laboratory Parameters
ELISA for PF4 antibodies was positive in 120 patients (100%
[120 of 120]), while 15.6% patients (25 of 160) were tested
with unspecified assays and 5·6% patients (9 of 160) were not
tested for anti-PF4 antibodies. Serotonin release assays
(SRAs) were used in six confirmed patients and yielded positive
results. Among the rapid HIT assays, chemiluminescence

immunoassays (CLIAs) were negative in four confirmed
patients, latex-enhanced immunoassays negative in three con-
firmed and two suspected patients, and lateral flow immunoas-
says negative in one confirmed and one suspected patient.

All patients had a significant decline in platelet count at diag-
nosis, but the exact platelet counts were missing for 28 patients.
Among the remaining patients, 45.5% (60 of 132]) developed
severe thrombocytopenia. Additionally, many patients had ele-
vated levels of D-dimers, PT, TT, and INR with low levels of
fibrinogen. Blood films results were documented for 12 of
160 patients (7.5%), revealing schistocytes and platelet aniso-
cytosis in 16.7% patients each (2 of 12). Antiphospholipid anti-
bodies were assessed in 71 (44·4% [71 of 160]) and were
positive in 4 patients (5·6% [4 of 71]).

Figure 1. PRISMA flow diagram of study selection process
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Therapeutic Management
Heparin was administered to 35 patients (37.2% [35 of 94]),
with majority receiving low-molecular-weight-heparins
(LMWHs). Most patients were administered steroids, IVIG,
and non-heparin anticoagulants. A subset of patients was also
managed with platelet transfusions, endovascular thrombec-
tomy, ICU admission, and mechanical ventilation.

Complications and Outcomes
A significant proportion of patients developed hemorrhages (60
of 160 patients, 37·5%), with intracranial hemorrhages being
more common than extracranial hemorrhages. Subtypes of
intracranial hemorrhage included intracerebral (56.8% patients
[21 of 37]), subarachnoid (32.4% [12 of 37]), combined intra-
cerebral and subdural (2.7% [1 of 37]), and combined intracere-
bral and subarachnoid hemorrhages (8.1% [3 of 37]). Subtypes
of intracranial hemorrhage were unknown for 21 patients.
Extracranial hemorrhages involved the gastrointestinal system
(GIT), adrenal glands, conjunctiva, and surgical site (33·3%
[2 of 6], 33·3% [2 of 6], 16·7% [1 of 6], and 16·7% [1 of 6]
patients, respectively).

Other intraneural complications commonly included brain
herniation (18 of 160 patients, 11·3%) and cerebral edema (11
of 160 patients, 6.9%). These complications were significantly
more common in patients who were administered AZD1222
vaccine vs Ad26.COV2.S vaccine (p= 0·046; Table S6, appen-
dix p33-35).

Extra-neural complications were relatively uncommon, pri-
marily manifesting as edema, ischemia, or infarction of the
bowel wall, cardiac arrest, myocardial infarction, severe acute
respiratory syndrome, or toe infarction. The incidence of extra-
neural complications was higher in patients with combined arterial
and venous thrombosis vs isolated arterial or venous thrombosis
(p= 0·017; Table S9, appendix p42-44).

The mortality rate in this review was 36·2% (47 of 130),
while outcomes were unknown for 30 patients. Compared to
recovery, mortality was more common among suspected TTS
patients, patients with venous thrombosis, CVST, pulmonary
embolism, or intraneural complications, patients not managed
with non-heparin anticoagulants or IVIG, patients receiving
platelet transfusions, and patients requiring ICU admission,
mechanical ventilation, or neurosurgery (Table S10, appendix
p45-47).

On sensitivity analysis, treatment with IVIG was not signifi-
cantly associated with mortality or recovery. Additionally, mor-
tality was found to be more common compared to recovery in
patients receiving oral contraceptives (p= 0·0090) and those
developing intracranial hemorrhages (p= 0.0080). The validity
of other findings remained unchanged (Table S11, appendix
p48-50).

Quality Assessment of Included Studies
A total of 37 studies were determined to be of good quality while
the remaining 25 studies were of fair quality (Table S5, appendix
p30-32). Studies were primarily downgraded for unclear study
population,9,10,12,15,16,20,25,26,35,37,38,42,45,46,50-53,57-59,62,64-66 non-
consecutive subject recruitment,1,2,8,9,11,20-23,28,29,31,35,37,65,67

incomparable subjects,20,35,37 unclear intervention,2,8,9,16,21,22

inadequate length of follow-up,1,2,9,19,22,28,32,67 inadequate
description of statistical methods,20,35,42 and inadequate descrip-
tion of results.20 Common causes for downgrading studies were
unclear study population and non-consecutive subject recruit-
ment, raising concerns that the included sample could be biased
towards severer presentations.

Discussion
Manifesting with atypical thrombosis, thrombocytopenia,
and anti-PF4 antibodies, TTS is an extremely rare but
serious platelet-activating prothrombotic disorder that clini-
cally resembles spontaneous HIT.68-70 The concurrence of
thrombosis and thrombocytopenia in TTS indicates an
immunological etiology contributing to the hypercoagulable
state.71 In the case of HIT, the prothrombotic state has been
associated with IgG-specific antibodies, capable of recog-
nizing multimolecular complexes between the cationic PF4

Table 1. Distribution of studies (N= 62) and TTS cases (N= 160)
according to country of origin

Country

World Bank country
classification by
income level

Number of
studies
(N= 62)

Number of
TTS cases
(N= 160)

Austria HIC 3 (4·84%) 4 (2·50%)
Austria &
Germany

HICs 1 (1·61%) 10 (6·30%)

Canada HIC 2 (3·23%) 3 (1·90%)
Denmark HIC 2 (3·23%) 2 (1·30%)
France HIC 7 (11·29%) 27 (16·90%)
Germany HIC 7 (11·29%) 19 (11·90%)
India LMIC 2 (3·23%) 2 (1.30%)
Italy HIC 8 (12·90%) 9 (5·60%)
Norway HIC 3 (4·84%) 11 (6·90%)
Oman HIC 2 (3·23%) 2 (1.30%)
Republic of
Korea

HIC 1 (1·61%) 1 (0.60%)

Republic of
North
Macedonia

UMIC 1 (1·61%) 1 (0.60%)

Saudi Arabia HIC 1 (1·61%) 1 (0.60%)
Slovenia HIC 1 (1·61%) 1 (0.60%)
Taiwan HIC 2 (3·23%) 2 (1.30%)
United
Kingdom
(UK)

HIC 10
(16·13%)

45 (28·10%)

United States of
America
(USA)

HIC 9 (14·52%) 20 (12·50%)

HIC: high-income country; UMIC: upper-middle-income country; LMIC:
lower-middle-income country; LIC: low-income country; TTS: thrombosis with
thrombocytopenia syndrome
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and the anionic heparin.69 However, the unique aspect of
TTS is that there is no prior exposure to heparin that can
explain the subsequent development of thrombosis and
thrombocytopenia. While existing theories have proposed
that one or more anionic components of the vaccines could
be triggering the formation of anti-PF4 antibodies, the
exact pathophysiology of TTS remains an active area of
investigation globally.1

Table 2. Clinicodemographic characteristics of all patients (N= 160)

Variable Frequency (%)

Sex
Male 48 (32·2%)
Female 101 (67·8%)
Unknown 11

Age/years
29 or less 24 (17·5%)
30–49 66 (48·2%)
50–69 42 (30·7%)
70 or more 5 (3·6%)
Unknown 23

Comorbidities
Hematological 3 (2·4%)
Other 36 (28·3%)
None 88 (66·3%)
Unknown 33

Medications
Contraception 9 (7·7%)
Other 10 (8·5%)
None 98 (83·8%)
Unknown 43

COVID-19 serology
Antibodies against spike protein 38 (64·4%)
Antibodies against nucleocapsid 0 (0·0%)
Antibodies against both 0 (0·0%)
No antibodies 21 (35·6%)
Unknown 101

Vaccine
AZD1222 140 (87·5%)
Ad26.COV2.S 20 (12·5%)

TTS
Confirmed 120 (75·0%)
Suspected 40 (25·0%)

Days from vaccination to TTS onset
6 or less 15 (11·5%)
7–8 45 (34·4%)
9–10 25 (19·1%)
11–12 21 (16·0%)
13 or more 25 (19·1%)
Unknown 29

Days from vaccination to hospitalization
9 or less 28 (24·8%)
10–11 32 (28·3%)
12–13 19 (16·8%)
14–15 12 (10·6%)
16 or more 22 (19·5%)
Unknown 47

Thrombosis
Arterial 20 (12·6%)
Venous 97 (61·0%)
Both 42 (26·4%)
Unknown 1

CVST 106 (66·3%)
Splanchnic vein thrombosis 39 (24·4%)
Pulmonary embolism 48 (30·0%)
Management: Heparin

Yes 35 (37·2%)
No 59 (62·8%)
Unknown 66

(continued)

Table 2. (continued)

Variable Frequency (%)

Management: Heparin subtypes
Unfractionated 6 (20·7%)
LMWH 21 (72·4%)
Both 2 (6·9%)
Class unknown 6

Management: Non-heparin anticoagulants
Yes 62 (64·6%)
No 34 (35·4%)
Unknown 64

Management: Steroids
Yes 48 (50·0%)
No 48 (50·0%)
Unknown 64

Management: IVIG
Yes 62 (64·6%)
No 34 (35·4%)
Unknown 64

Management: Platelet transfusions
Yes 21 (21·9%)
No 75 (78·1%)
Unknown 64

Management: Thrombectomy
Yes 14 (14·6%)
No 82 (85·4%)
Unknown 64

ICU admission
Yes 26 (26·5%)
No 72 (73·5%)
Unknown 62

Mechanical ventilation
Yes 16 (16·3%)
No 82 (83·7%)
Unknown 62

Hemorrhage
Intracranial 53 (33·1%)
Extracranial 3 (1·9%)
Both 4 (2·5%)
None 100 (62·5%)

Other intraneural complications 38 (23·8%)
Extra-neural complications 23 (14·4%)
Craniectomy/hemicraniectomy 25 (15·6%)
Outcome
Recovering 83 (63·8%)
Mortality 47 (36·2%)
Unknown 30

TTS: thrombosis with thrombocytopenia syndrome; CVST: cerebral venous
sinus thrombosis; LMWH: low-molecular-weight-heparin; IVIG: intravenous
immunoglobulin; ICU: intensive care unit
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Implicated in the development of TTS, AZD1222 and
Ad26.COV2.S are adenoviral vector-based vaccines encoding
the spike glycoprotein. Our review identified more cases of
TTS patients who were administered AZD1222 compared to
patients who received Ad26.COV2.S. While the exact reason
for this pattern is unknown, we propose several hypotheses
that could explain this difference.

First, AZD1222 uses a chimpanzee vector while
Ad26.COV2.S utilizes the human Ad26-based vector, engaging
different host cell receptors. Additionally, Ad26.COV2.S
vaccine transgene encodes for a membrane-bound
SARS-CoV-2 spike glycoprotein that does not shed S1,
which is substantially different from the unmodified spike gly-
coprotein coded by AZD1222. These differences can lead to
different phylogenetic and biological characteristics, potentially
resulting in different vaccine safety with regards to TTS.72

However, another adenoviral vaccine, Sputnik V, also utilizes
the human Ad26 serotype along with Ad5 serotype in two sep-
arate doses,73 and despite being administered in multiple coun-
tries, there are no reported cases of TTS following vaccination
with Sputnik V till date.74

Second, TTS is an extremely rare disorder with an incidence
rate ranging from 1 in 125 000–1,000,000 individuals vacci-
nated for SARS-CoV-2.75 Across 31 countries with data avail-
able, AZD1222 has been administered to approximately 48
million individuals compared to 19 million who received
Ad26.COV2.S till 25th June 2021.76 Additionally, both vac-
cines are being administered in different parts of the world,
with AZD1222 being more common in Europe and
Ad26.COV2.S being more common in the United States.
Pharmacovigilance capacities differ significantly between
Europe and the United States, which could potentially lead to
differences in reporting of TTS.77 Regardless, these hypotheses
cannot be confirmed in the absence of reliable epidemiological
data originating from high-quality and uniform pharmacovigi-
lance systems.

In our review, a majority of TTS patients were females, those
aged 30–49 years, and those without any known comorbidities.
These gendered trends could be attributed to the clinical and
pathophysiological resemblance of TTS with HIT, considering
that females have twice the risk of developing HIT compared to
males.78 Existing theories explaining these trends in HIT are
based upon sex-dependent immune responses to heparin-PF4
multimolecular complexes.78 However, the extent to which
these theories can be extrapolated to TTS is currently
unknown, owing to the absence of heparin exposure in TTS
patients. On the other hand, TTS patients in our review exhib-
ited contradictory age trends compared to HIT, which is rare in
patients aged <40 and has a higher incidence in older patients.79

Among all patients, venous thrombi were more common
compared to arterial thrombi, another feature that TTS shares
with HIT.80 However, while statistically insignificant, male
patients more often developed arterial thrombosis compared
to female patients in this review. Generally, risk factors contrib-
uting to stasis and hypercoagulability components of the
Virchow’s triad are most significant for venous thrombosis,

while those contributing to vessel wall changes relatively
stand out more in arterial thrombosis.81 Most of the female
patients included in this review were 21–49 years of age, and
hence, are expected to have protective effects of estrogen on
blood vessel walls.82

Additionally, existing literature had hypothesized that, com-
pared to younger patients, older TTS patients might be more
likely to present with arterial thrombosis.83 This could be attrib-
uted to the post-menopausal loss of protective effects of estro-
gen, considering that most patients with TTS were females. Our
review also identified the incidence of arterial thrombosis to be
higher in patients aged ≥45 vs <45 years, but this difference
was not statistically significant.

When compared with HIT, another contradictory character-
istic of TTS is that a majority of patients develop CVSTmore so
than elsewhere in the body, as highlighted in our review. On the
other hand, CVST is extremely rare in patients with HIT, with
very limited number of cases documented in literature.84

While the pathophysiology of CVST in the setting of TTS war-
rants further investigations, our findings indicate that CVST is
significantly more common in female patients and patients
aged <45 years. Intracranial hemorrhages have traditionally
been common in CVST patients, developing in nearly
one-third of cases.85 This can explain the high proportion of
TTS patients with intracranial hemorrhages observed in our
review.

For diagnostic purposes, existing guidelines recommend
testing suspected TTS patients for anti-PF4 antibodies prior
to initiation of therapy, particularly using the ELISA assay.3

Individuals with TTS often have high optical density (OD)
readings, ranging from 2·00 to 3·00 or even higher, which
are sufficient to inform diagnosis in the setting of thrombosis
and thrombocytopenia following recent COVID-19 vaccina-
tion without any exposure to heparin.1,31 Despite being the
gold-standard for diagnosing HIT, SRAs are often not
required in suspected TTS patients with strongly positive
ELISA results, with our review only identifying six patients
tested with SRAs. This can be attributed to the higher cost,
turnaround time, and resource intensiveness associated with
SRAs, limiting their use in most settings around the globe.86

While the sensitivity and specificity of SRAs and ELISA
have not been compared in TTS patients, evidence extrapo-
lated from HIT suggests that SRAs, however, could poten-
tially be helpful in patients with negative or equivocal
ELISA findings but strong suspicion of TTS, owing to their
greater specificity in HIT.87 However, this necessitates
further investigations, considering that patients with negative
ELISA results were excluded from this review.

We recommend that rapid HIT assays, such as CLIAs, latex-
enhanced immunoassays, and lateral flow immunoassays,
should not be used to confirm or exclude diagnosis of TTS.
While these assays can provide rapid results with credible diag-
nostic accuracy in the case of HIT,88 they were consistently
negative in TTS patients included in this review.

Physicians suspecting TTS should have a lower threshold for
conducting diagnostic investigations, including complete blood
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count and imaging based on presenting symptoms. Upon detec-
tion of thrombocytopenia and thrombosis, ELISA, D-dimers,
fibrinogen, PT, and APTT should be immediately requested
to confirm the diagnosis. In our review, suspected patients
who were not tested with ELISA were more likely to expire
than recover, highlighting the significance of early diagnostic
investigations and subsequent treatment initiation.

In this review, unfractionated heparins were less commonly
administered to patients compared to LMWHs. Because of
inadequate sample size, we cannot conclusively comment on
the safety of either of these in TTS patients. However,
LMWHs might be safer considering that they have smaller
sizes which limit their interaction with PF4 and platelets, trans-
lating into a lower risk of immune sensitization and subsequent
development of HIT.89,90 If immune sensitization still occurs,
the antibodies generated by LMWHs belong to the IgA and
IgM classes, which are less associated with development of
HIT, as opposed to the IgG antibodies generated by unfractio-
nated heparins.90

Non-heparin anticoagulants, such as argatroban, danaparoid,
fondaparinux, or direct oral anticoagulants, remain a better
alternative to heparin for TTS patients, considering that they
are not associated with HIT and that patients not managed
with non-heparin anticoagulants were more likely to expire
than recover in our review. IVIG should also be used in con-
junction with non-heparin anticoagulants, owing to its success
in the treatment of spontaneous HIT.91,92 We also recommend
avoiding platelet transfusions due to their potential of exacer-
bating the thrombotic symptoms. Our review identified a
higher likelihood of mortality compared to recovery among
patients receiving platelet transfusions.

While this review attempts to build upon the gaps in existing
literature, more investigations are still required to completely
understand the pathophysiological elements of TTS, considering
that most existing theories have been extrapolated from evidence
based on HIT. Additionally, despite the suggestive temporal rela-
tionship of AZD1222 or Ad26.COV2.S with TTS, caution is
required when drawing conclusions about the safety of these vac-
cines. TTS is an extremely rare disorder, and the unexpected risk
of TTS following vaccination is insubstantial compared to the
risk of developing COVID-19 without vaccination.3

This review has several limitations which need to be
accounted for while interpreting our results. First, since TTS
is an extremely rare disorder, we could only identify 160
patients, and those too with a lot of missing data, impacting
the quality of our analyses. Second, some laboratory assess-
ments were not conducted in a significant number of patients.
Third, we included case reports and case series in this review,
each of which might have separate confounders which could
not be addressed due to reporting inconsistencies. Regardless
of these limitations, however, this is the largest review on
TTS reported till date.

Data Sharing Statement
All data relevant to the study are uploaded as Supplemental Material.

Author Contributions
UW and AH conceptualized the study. UW and SA designed the study,
drafted protocol, and screened titles and abstracts of retrieved articles.
MST and AH performed full-text review of shortlisted studies. UW and
SA conducted quality assessment of all included studies. SMG, MST,
ZA, and AH retrieved all data from included studies. SMG, MST, and
ZA rechecked the complete dataset for accuracy. UW performed all
statistical analyses. All authors contributed to interpretation of
results. UW, SA, and SMG drafted the initial version of the manuscript
which was reviewed and edited by all authors. All authors approved the
final version of the manuscript to be published.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

ORCID iDs
Usama Waqar https://orcid.org/0000-0002-9447-5810
Natasha Ali https://orcid.org/0000-0003-4990-330X

Supplemental Material
Supplemental material for this article is available online.

References

1. Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic throm-
bocytopenia after ChAdOx1 nCov-19 vaccination. N Engl J
Med. 2021;384(22):2092-2101. doi: 10.1056/NEJMoa2104840

2. See I, Su JR, Lale A, et al. US Case reports of cerebral venous
sinus thrombosis with thrombocytopenia after Ad26.COV2.S vac-
cination, march 2 to April 21, 2021. JAMA. 2021;325(24):2448-
2456. doi: 10.1001/jama.2021.7517

3. American Society of Hematology. Thrombosis with thrombocyto-
penia syndrome (also termed vaccine-induced thrombotic throm-
bocytopenia). 2021. Accessed April 30, 2021. https://www.
hematology.org/covid-19/vaccine-induced-immune-thrombotic-
thrombocytopenia

4. Konstantinides SV. Thrombotic complications of vaccination
against SARS-CoV-2: what pharmacovigilance reports tell us–
and what they don’t. Eur Respir J. 2021;58(1):2101111. doi: 10.
1183/13993003.01111-2021

5. Smadja DM, Yue Q-Y, Chocron R, et al. Vaccination against
COVID-19: insight from arterial and venous thrombosis occur-
rence using data from VigiBase. Eur Respir J. 2021;58-
(1):2100956. doi: 10.1183/13993003.00956-2021

6. Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan—a web
and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.
doi: 10.1186/s13643-016-0384-4

7. National Institute of Health. Quality assessment tool for case
series studies. 2021. Accessed April 30, 2021. https://www.
nhlbi.nih.gov/health-topics/study-quality-assessment-tools

8 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0002-9447-5810
https://orcid.org/0000-0002-9447-5810
https://orcid.org/0000-0003-4990-330X
https://orcid.org/0000-0003-4990-330X
http://doi.org/10.1056/NEJMoa2104840
http://doi.org/10.1001/jama.2021.7517
https://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
https://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
https://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
https://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
http://doi.org/10.1183/13993003.01111-2021
http://doi.org/10.1183/13993003.01111-2021
http://doi.org/10.1183/13993003.00956-2021
http://doi.org/10.1186/s13643-016-0384-4
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools


8. Althaus K, Möller P, Uzun G, et al. Antibody-mediated procoagu-
lant platelets in SARS-CoV-2-vaccination associated immune
thrombotic thrombocytopenia. Haematologica. 2021;106-
(8):2170-2179. doi: 10.3324/haematol.2021.279000

9. Gras-Champel V, Liabeuf S, Baud M, et al. Atypical thrombosis
associated with VaxZevria®(AstraZeneca) vaccine: data from
the French network of regional pharmacovigilance centres.
Therapie. 2021;76(4):369-373. doi: 10.1016/j.therap.2021.05.007

10. Bayas A, Menacher M, Christ M, et al. Bilateral superior ophthal-
mic vein thrombosis, ischaemic stroke, and immune thrombocyto-
penia after ChAdOx1 nCoV-19 vaccination. Lancet.
2021;397(10285):e11. doi: 10.1016/S0140-6736(21)00872-2

11. Mehta PR, Mangion SA, Benger M, et al. Cerebral venous sinus
thrombosis and thrombocytopenia after COVID-19 vaccination–
A report of two UK cases. Brain Behav Immun. 2021;95:514-
517. doi: 10.1016/j.bbi.2021.04.006

12. Castelli GP, Pognani C, Sozzi C, et al. Cerebral venous sinus thrombo-
sis associated with thrombocytopenia post-vaccination for COVID-19.
Crit Care. 2021;25(1):1-2. doi: 10.1186/s13054-021-03572-y

13. Franchini M, Testa S, Pezzo M, et al. Cerebral venous thrombosis
and thrombocytopenia post-COVID-19 vaccination. Thromb Res.
2021;202:182-183. doi: 10.1016/j.thromres.2021.04.001

14. Zanferrari C, Fanucchi S, LiberatoNL, et al. Excellent response to high-
dose intravenous immunoglobulin in anti-PF4 positive cerebral throm-
bosis following ofxord-AstraZeneca AZD1222 vaccine. doi: 10.21203/
rs.3.rs-399801/v1. 2021. Updated April 12, 2021. Accessed May 24,
2021. https://www.researchsquare.com/article/rs-399801/v1.

15. Bjørnstad-Tuveng TH, Rudjord A, Anker P. Fatal cerebral hae-
morrhage after COVID-19 vaccine. Tidsskr Nor Laegeforen.
2021;141(8). doi: 10.4045/tidsskr.21.0312

16. Jamme M, Mosnino E, Hayon J, et al. Fatal cerebral venous sinus
thrombosis after COVID-19 vaccination. Intensive Care Med.
2021;47(7):790-791. doi: 10.1007/s00134-021-06425-y

17. Garnier M, Curado A, Billoir P, et al. Imaging of Oxford/
AstraZeneca COVID-19 vaccine-induced immune thrombotic
thrombocytopenia. Diagn Interv Imaging. 2021;102(10):649-
650. doi: 10.1016/j.diii.2021.04.005

18. Graf T, Thiele T, Klingebiel R, et al. Immediate high-dose intrave-
nous immunoglobulins followed by direct thrombin-inhibitor treat-
ment is crucial for survival in sars-covid-19-adenoviral vector
vaccine-induced immune thrombotic thrombocytopenia VITT
with cerebral sinus venous and portal vein thrombosis. J Neurol.
2021;268(12):4483-4485. doi: 10.1007/s00415-021-10599-2

19. Jones M, Boisvert A, Landry J, et al. Limb ischemia and pulmo-
nary artery thrombosis after the ChAdOx1 nCoV-19 (Oxford–
AstraZeneca) vaccine: a case of vaccine-induced immune throm-
botic thrombocytopenia. CMAJ. 2021;193(24):E906-EE10. doi:
10.1503/cmaj.210795

20. Geeraerts T, Montastruc F, Bonneville F, et al.
Oxford-AstraZeneca COVID-19 vaccine-induced cerebral
venous thrombosis and thrombocytopaenia: a missed opportunity
for a rapid return of experience. Anaesth Crit Care Pain Med.
2021;40(4):100889. doi: 10.1016/j.accpm.2021.100889

21. Scully M, Singh D, Lown R, et al. Pathologic antibodies to platelet
factor 4 after ChAdOx1 nCoV-19 vaccination. N Engl J Med.
2021;384(23):2202-2211. doi: 10.1056/NEJMoa2105385

22. Vayne C, Rollin J, Gruel Y, et al. PF4 Immunoassays in
vaccine-induced thrombotic thrombocytopenia. N Engl J Med.
2021;385(4):376-378. doi: 10.1056/NEJMc2106383

23. Smith CW, Kardeby C, Di Y, et al. Platelet activation by
vaccine-induced immune thrombotic thrombocytopenia (VITT)
patient Serum is blocked by COX, P2Y12 and kinase inhibitors.
doi: 10.1101/2021.04.24.21255655. 2021. Updated April 27,
2021. Accessed May 24, 2021. https://www.medrxiv.org/
content/10.1101/2021.04.24.21255655v1.

24. Tiede A, Sachs UJ, Czwalinna A, et al. Prothrombotic immune
thrombocytopenia after COVID-19 vaccine. Blood. 2021;138-
(4):350-353. doi: 10.1182/blood.2021011958

25. Muster V, Gary T, Raggam RB, et al. Pulmonary embolism and
thrombocytopenia following ChAdOx1 vaccination. Lancet.
2021;397(10287):1842. doi: 10.1016/S0140-6736(21)00871-0

26. D’agostino V, Caranci F, Negro A, et al. A rare case of cerebral
venous thrombosis and disseminated intravascular coagulation
temporally associated to the COVID-19 vaccine administration.
J Pers Med. 2021;11(4):285. doi: 10.3390/jpm11040285

27. George G, Friedman KD, Curtis BR, et al. Successful treatment of
thrombotic thrombocytopenia with cerebral sinus venous throm-
bosis following Ad26.COV2.S vaccination. Am J Hematol.
2021;96(8):E301-E3E3. doi: 10.1002/ajh.26237

28. Soleimani B, Turaga S,KhanD, et al. Syndrome of cerebral venous sinus
thrombosis and thrombocytopenia after vaccination for COVID-19. doi:
10.21203/rs.3.rs-439289/v1. 2021. Updated April 19, 2021. Accessed
May 24, 2021. https://www.researchsquare.com/article/rs-439289/v1.

29. Wolf ME, Luz B, Niehaus L, et al. Thrombocytopenia and intracra-
nial venous sinus thrombosis after “COVID-19 vaccine AstraZeneca”
exposure. J Clin Med. 2021;10(8):1599. doi: 10.3390/jcm10081599

30. Blauenfeldt RA, Kristensen SR, Ernstsen SL, et al. Thrombocytopenia
with acute ischemic stroke and bleeding in a patient newly vaccinated
with an adenoviral vector-based COVID-19 vaccine. J Thromb
Haemost. 2021;19(7):1771-1775. doi: 10.1111/jth.15347

31. Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and
thrombocytopenia after ChAdOx1 nCoV-19 vaccination. N
Engl J Med. 2021;384(22):2124-2130. doi: 10.1056/
NEJMoa2104882

32. Muir K-L, Kallam A, Koepsell SA, et al. Thrombotic thrombocy-
topenia after Ad26.COV2.S vaccination. N Engl J Med. 2021;384-
(20):1964-1965. doi: 10.1056/NEJMc2105869

33. Abou-Ismail MY, Moser KA, Smock KJ, et al. Vaccine-induced
thrombotic thrombocytopenia following Ad26.COV2.S vaccine
in a man presenting as acute venous thromboembolism. Am J
Hematol. 2021;96(9):E346-E349. doi: 10.1002/ajh.26265

34. Al Rawahi B, BaTaher H, Jaffer Z, et al. Vaccine-induced immune
thrombotic thrombocytopenia following AstraZeneca (ChAdOx1
nCOV19) vaccine-A case report. Res Pract Thromb Haemost.
2021;5(6):e12578. doi: 10.1002/rth2.12578

35. Al-Mayhani T, Saber S, Stubbs MJ, et al. Ischaemic stroke as a pre-
senting feature of ChAdOx1 nCoV-19 vaccine-induced immune
thrombotic thrombocytopenia. J Neurol Neurosurg Psychiatry.
2021;92(11):1247-1248. doi: 10.1136/jnnp-2021-326984

36. Aladdin Y, Algahtani H, Shirah B. Vaccine-Induced immune
thrombotic thrombocytopenia with disseminated intravascular
coagulation and death following the ChAdOx1 nCoV-19

Waqar et al 9

http://doi.org/10.3324/haematol.2021.279000
http://doi.org/10.1016/j.therap.2021.05.007
http://doi.org/10.1016/S0140-6736(21)00872-2
http://doi.org/10.1016/j.bbi.2021.04.006
http://doi.org/10.1186/s13054-021-03572-y
http://doi.org/10.1186/s13054-021-03572-y
http://doi.org/10.1186/s13054-021-03572-y
http://doi.org/10.1186/s13054-021-03572-y
http://doi.org/10.1016/j.thromres.2021.04.001
http://doi.org/10.21203/rs.3.rs-399801/v1
http://doi.org/10.21203/rs.3.rs-399801/v1
http://doi.org/10.21203/rs.3.rs-399801/v1
https://www.researchsquare.com/article/rs-399801/v1
https://www.researchsquare.com/article/rs-399801/v1
https://doi.org/10.4045/tidsskr.21.0312
http://doi.org/10.1007/s00134-021-06425-y
http://doi.org/10.1007/s00134-021-06425-y
http://doi.org/10.1007/s00134-021-06425-y
http://doi.org/10.1007/s00134-021-06425-y
http://doi.org/10.1016/j.diii.2021.04.005
http://doi.org/10.1007/s00415-021-10599-2
http://doi.org/10.1007/s00415-021-10599-2
http://doi.org/10.1007/s00415-021-10599-2
http://doi.org/10.1007/s00415-021-10599-2
http://doi.org/10.1503/cmaj.210795
http://doi.org/10.1016/j.accpm.2021.100889
http://doi.org/10.1056/NEJMoa2105385
http://doi.org/10.1056/NEJMc2106383
http://doi.org/10.1101/2021.04.24.21255655
https://www.medrxiv.org/content/10.1101/2021.04.24.21255655v1
https://www.medrxiv.org/content/10.1101/2021.04.24.21255655v1
https://www.medrxiv.org/content/10.1101/2021.04.24.21255655v1
http://doi.org/10.1182/blood.2021011958
http://doi.org/10.1016/S0140-6736(21)00871-0
http://doi.org/10.1016/S0140-6736(21)00871-0
http://doi.org/10.1016/S0140-6736(21)00871-0
http://doi.org/10.3390/jpm11040285
http://doi.org/10.1002/ajh.26237
http://doi.org/10.21203/rs.3.rs-439289/v1
http://doi.org/10.21203/rs.3.rs-439289/v1
https://www.researchsquare.com/article/rs-439289/v1
https://www.researchsquare.com/article/rs-439289/v1
http://doi.org/10.3390/jcm10081599
http://doi.org/10.1111/jth.15347
http://doi.org/10.1056/NEJMoa2104882
http://doi.org/10.1056/NEJMoa2104882
http://doi.org/10.1056/NEJMc2105869
http://doi.org/10.1002/ajh.26265
http://doi.org/10.1002/rth2.12578
http://doi.org/10.1136/jnnp-2021-326984
http://doi.org/10.1136/jnnp-2021-326984
http://doi.org/10.1136/jnnp-2021-326984


vaccine. J Stroke Cerebrovasc Dis. 2021;30(9):105938. doi: 10.
1016/j.jstrokecerebrovasdis.2021.105938

37. Bano F, Badugama B, Chandra D. Thrombosis and thrombocytopaenia
after ChAdOx1 nCoV-19 vaccination: a single UK centre experience.
BMJ Case Rep. 2021;14(7):e243894. doi: 10.1136/bcr-2021-243894

38. Barral M, Arrive L, El Mouhadi-Barnier S, et al.
Thromboaspiration and fibrinolysis infusion for portomesenteric
thrombosis after AstraZeneca COVID-19 vaccine administration.
Intensive Care Med. 2021;47(9):1034-1036. doi: 10.1007/
s00134-021-06458-3

39. Bersinger S, Lagarde K, Marlu R, et al. Using nonheparin anticoag-
ulant to treat a near-fatal case With multiple venous thrombotic
lesions during ChAdOx1 nCoV-19 vaccination-related vaccine-
induced immune thrombotic thrombocytopenia. Crit Care Med.
2021;49(9):e870-e873. doi: 10.1097/CCM.0000000000005105

40. Choi JK, Kim S, Kim SR, et al. Intracerebral hemorrhage due to
thrombosis with thrombocytopenia syndrome after vaccination
against COVID-19: the first fatal case in korea. J Korean Med
Sci. 2021;36(31):e223. doi: 10.3346/jkms.2021.36.e223

41. Clark RT, Johnson L, Billotti J, et al. Early outcomes of bivalirudin
therapy for thrombotic thrombocytopenia and cerebral venous
Sinus thrombosis after Ad26.COV2.S vaccination. Ann Emerg
Med. 2021;78(4):511-514. doi: 10.1016/j.annemergmed.2021.04.035

42. Cliff-Patel N, Moncrieff L, Ziauddin V. Renal vein thrombosis
and pulmonary embolism secondary to vaccine-induced throm-
botic thrombocytopenia (VITT). Eur J Case Rep Intern Med.
2021;8(7):002692. doi: 10.12890/2021_002692

43. Costello A, Pandita A, Devitt J. Case report: thrombotic thrombo-
cytopenia after COVID-19 janssen vaccination. Am Fam
Physician. 2021;103(11):646-647.

44. Dhoot R, Kansal A, Handran C, et al. Thrombocytopenia and
splanchnic thrombosis after Ad26.COV2.S vaccination success-
fully treated with transjugular intrahepatic portosystemic shunting
and thrombectomy. Am J Hematol. 2021;96(9):1180-1182. doi:
10.1002/ajh.26258

45. Fanni D, Saba L, Demontis R, et al. Vaccine-induced severe
thrombotic thrombocytopenia following COVID-19 vaccination:
a report of an autoptic case and review of the literature. Eur Rev
Med Pharmacol Sci. 2021;25(15):5063-5069. doi: 10.26355/
eurrev_202108_26464

46. Gabarin N, Patterson S, Pai M, et al. Venous thromboembolism
and mild thrombocytopenia after ChAdOx1 nCoV-19 vaccination.
Thromb Haemost. 2021;121(12):1677-1680. doi: 10.1055/
a-1585-6182

47. Gangi A, Mobashwera B, Ganczakowski M, et al. Imaging and
hematologic findings in thrombosis and thrombocytopenia after
ChAdOx1 nCoV-19 (AstraZeneca) vaccination. Radiology.
2021:211546. doi: 10.1148/radiol.2021211546

48. Gattringer T, Gressenberger P, Gary T, et al. Successful manage-
ment of vaccine-induced immune thrombotic thrombocytopenia-
related cerebral sinus venous thrombosis after ChAdOx1 nCov-19
vaccination. Stroke Vasc Neurol. 2021:svn-2021–sv001142. doi:
10.1136/svn-2021-001142

49. Hocking J, Chunilal SD, Chen VM, et al. The first known case of
vaccine-induced thrombotic thrombocytopenia in Australia.Med J
Aust. 2021;215(1):19-20.e1. doi: 10.5694/mja2.51135

50. Ikenberg B, Demleitner AF, Thiele T, et al. Cerebral venous sinus
thrombosis after ChAdOx1 nCov-19 vaccination with a mislead-
ing first cerebral MRI scan. Stroke Vasc Neurol. 2021:
svn-2021–sv001095. doi: 10.1136/svn-2021-001095

51. Jacob C, Rani KA, Holton PJ, et al. Malignant middle cerebral
artery syndrome with thrombotic thrombocytopenia following
vaccination against SARS-CoV-2. Journal of the Intensive Care
Society. 2021;0(0):1-6. doi:10.1177/17511437211027496
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