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Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare but highly morbid complication after adenoviral vector-based SARS-
CoV-2 vaccination. The pre-VITT syndrome is defined as vaccine-induced immune thrombocytopenia without thrombosis typically presenting
with new-onset headache. This review aims to identify at-risk patients before complications such as cerebral venous sinus thrombosis occur. We
review previously published reports of 19 patients (median age 35 years, range 23—74; 16 females) who met the diagnostic criteria for a pre-VITT
syndrome. Seven patients progressed to VITT, 12 patients did not. Patients who experienced VITT received delayed treatment. The median
interval between the onset of headache and VITT-treatment (i.e. anticoagulation, immune globulins, or corticosteroids) was 5 days (range 1—
8 days) compared with 2 days (0-5 days) in those without subsequent VITT (P = 0.033). The interval from onset of headache to anticoagulation
was longer in patients with VITT (median 7 vs. 2 days; range 3-9 vs. 0—7 days; P =0.01). Anticoagulation was safe in all patients with a pre-VITT
syndrome as no haemorrhagic complications occurred after anticoagulation was started despite low platelets. The transient decline of platelet
count after admission was significantly more pronounced in patients who progressed to VITT (median 67 vs. 0 x 10*/uL; range 0-77 x 10*/uL vs.
0-10 x 10%/uL; P=0.005). p-dimers did not differ between groups. Pre-VITT syndrome is a ‘red flag’ and allows to identify and preemptively
treat patients at-risk of further progression to VITT. However, it must be distinguished from post-vaccination immune thrombocytopenia.
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Graphical Abstract
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Introduction

Vaccine-induced immune thrombotic thrombocytopenia (VITT), cur-
rently also termed thrombosis with thrombocytopenia syndrome
(TTS) and previously termed vaccine-induced prothrombotic immune
thrombocytopenia (VIPIT), is a rare but highly morbid complication after
adenoviral vector-based vaccination against SARS-CoV-2."? Early reports
of fulminant cerebral venous sinus thrombosis (CVST) in VITT patients

showed mortality rates up to 60%, leading to the temporary discontinu-
ation of Oxford-AstraZeneca’s vaccine (ChAdOx1 nCoV-19) in several
European countries or Johnson & Johnson'’s vaccine (AD26.COV2.S) in
the USA."* This high mortality was mainly caused by delayed start of
treatment with therapeutic-dose anticoagulants and intravenous immu-
noglobulins (IVIG). Recent reports suggest that early recognition and im-
mediate treatment of VITT may lower morbidity and mortality.> At the
same time, however, current guideline criteria regard the manifestation of
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Clinical pathway to manage pre-VITT syndrome

thrombosis as a mandatory finding to diagnose VITT and consequently
also as prerequisite to provide VITT-specific treatment (ie. IVIG,
therapeutic-dose anticoagulation, or corticosteroids).>*™®

The recent description of a pre-VITT syndrome (i.e. vaccine-induced
immune thrombocytopenia without thrombosis) now opens the possi-
bility to identify patients at risk even before life-threatening complica-
tions such as CVST or other thromboses occur.”'® Based on current
data, this pre-VITT syndrome may manifest clinically as severe headache
occurring 4-18 days after adenoviral vector-based SARS-CoV-2 vaccin-
ation.” Because complete VITT may manifest within 6 weeks after
adenoviral vector-based SARS-CoV-2 vaccination, it is reasonable to
speculate that also pre-VITT syndrome may manifest after Day 18.°

In contrast to VITT, pre-VITT syndrome does not demonstrate
thrombosis on imaging, while laboratory tests demonstrate typical
thrombocytopenia (<150 x 10%/uL) and elevated p-dimer levels
(the pre-VITT patients identified up to now all had p-dimer levels
>1.5 mg/L).” Positive platelet factor 4 (PF4)/heparin IgG ELISA and
a positive functional test for PF4-dependent platelet-activating anti-
bodies eventually confirm the diagnosis.

Two dilemmas are clinically highly relevant for the recognition and
treatment of pre-VITT. Firstly, headache is one of the most common
adverse events reported after vaccination. However, these common
headaches typically occur during the first 3 days following vaccin-
ation."" Secondly, it is increasingly recognized that adenoviral vector-
based SARS-CoV-2 vaccination can induce immune thrombocyto-
penia (ITP). These patients are at risk for major bleeding. Therefore,
as headaches as well as thrombocytopenia after SARS-CoV-2 vaccin-
ation include aetiologies other than pre-VITT/VITT, the objective of
this review is to introduce a clinical pathway to diagnose and manage
patients presenting with delayed headache after adenoviral vector-
based SARS-CoV-2 vaccination. As the further global roll-out of
SARS-CoV-2 vaccines in low-to-middle-income countries will strongly

) L 121
rely on adenoviral vector-based vaccines, 3

we also provide a prag-
matic approach to manage patients in areas with limited access to la-

boratory and radiological assessments.

Methods

We used the Pubmed database to search for case reports on ‘VITT’,
‘VIPIT’, and ‘“TTS’ with additional search terms ‘COVID-19 vaccination’,
‘SARS-CoV-2 vaccination’, ‘post-vaccinal headache’, and ‘post-vaccinal
CVST’. We then selected published case reports and case series, if pa-
tients fulfilled the following criteria recently introduced to define the
pre-VITT syndrome”:

* Adenoviral vector-based SARS-CoV-2 vaccination (AstraZeneca or
Johnson & Johnson) 4-42 days previously.®

* Thrombocytopenia with or without elevated b-dimer level.

* Absence of CVST and other thrombosis on imaging [e.g. in

contrast-enhanced computed tomography (CT) angiography, magnet-

ic resonance (MR) angiography, or digital subtraction angiography].

Positive anti-PF4/heparin 1gG ELISA.

Clinical presentation with severe new-onset headache (Note: headache

is the most frequent cause for hospital admission, but also other symp-
toms suggestive of procoagulant activity like leg pain, abdominal pain,
or respiratory discomfort might potentially present as a pre-VITT
syndrome).

We then compared patients with pre-VITT syndrome who subse-
quently progressed to VITT to patients who did not develop thrombotic
complications. To identify factors potentially contributing to different
outcomes in either group, we analyzed demographic data, initial labora-
tory findings, latency to and type of VITT-specific treatment, and clinical
presentation of headache. Mann—Whitney U test was used to test for sig-
nificant differences between groups (with a significance level of 0.05).

Results

To date, 20 patients fulfilling the diagnostic criteria of the pre-VITT
syndrome are published in the literature.”'*° In one initial case ser-
ies a patient was reported who developed a pre-VITT syndrome
while being anticoagulated with a vitamin K antagonist.” As this pa-
tient is not fulfilling the strict criteria for assessing the relevance of
early start of anticoagulation after onset of pre-VITT, we removed
this patient from this review. Consequently, 19 patients were in-
cluded for further analysis (median age 35 years, range 23-74; 16 fe-
males). Demographic data, laboratory findings, treatment data, and
imaging results are summarized in Supplementary material online,
Table 3.

Eighteen patients (i.e. 94.7%) developed pre-VITT syndrome after
a first-dose ChAdOx1 nCoV-19 vaccination (Oxford/AstraZeneca).
All of these 18 patients presented with delayed headache as leading
symptom. To date, only one patient was described with a pre-VITT
syndrome after AD26.COV2.S vaccination (Johnson & Johnson).'
Unlike all other patients reviewed here, this patient did apparently
not complain of headache, but rather of lower leg pain. Here, re-
peated ultrasound failed to demonstrate deep vein thrombosis and
also CT of the chest, abdomen and pelvis as well as magnetic reson-
ance imaging of the brain revealed no thrombosis. It seems reason-
able to assume that a pre-VITT syndrome with delayed headache
as leading symptom may also precede VITT after AD26.COV2.S vac-
cination. In a report by Thaler et al.,'” a female patient developed de-
layed headache without other symptoms, but only after hospital
admission due to post-vaccination haematomas which led to the
diagnosis of a pre-VITT syndrome.

One initial report described 11 patients (mean age 46 years, range
23-74 years, nine females) that presented with severe headaches at
4-18 days after ChAdOx1 nCoV-19 vaccination.” On the first admis-
sion, none of these patients showed signs of CVST in contrast CT or
MR venography, however, laboratory tests demonstrated thrombo-
cytopenia, high p-dimer levels, and also positive PF4/heparin 1gG
ELISA and PF4-dependent platelet-activating antibodies. Moreover,
in a subset of these patients, early initiation of VIT T-specific therapy
prevented progression to VITT, and patients remained free of
thrombotic or haemorrhagic complications. The typical temporal
evolution from pre-VITT syndrome to subsequent progression to
VITT is illustrated by the following case: a 48-year-old previously
healthy woman presented to a local hospital 7 days after first-dose
ChAdOx1 nCOV-19 vaccination with a 2-day history of chills and se-
vere right frontotemporal headache. Laboratory analysis showed
moderate thrombocytopenia (102 x 10%/uL); p-dimer levels were
not measured. A cerebral CT scan including contrast venography
was normal without evidence of CVST and the patient was dis-
charged home without any treatment. Three days later, the patient
was re-admitted to another hospital after being found with reduced
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consciousness (Glasgow Coma Scale 12), aphasia, and right-sided
hemiparesis without cardiopulmonary symptoms. A CT scan re-
vealed intracerebral haemorrhage (ICH) in the left frontotemporal
lobe. Again, CT angiography showed no signs of CVST, but an incom-
plete thrombosis of the right jugular vein, and pulmonary embolism
in the right inferior lobe. Platelet count was reduced to 35 x 10%/uL
and p-dimer levels were elevated to 34 mg/L. Vaccine-induced im-
mune thrombotic thrombocytopenia was suspected and specific
therapy was started with both IVIG (1 g per kg body weight per
day over 2 days) and dexamethasone (40 mg/day for 4 days).
Digital subtraction angiography ruled out arteriovenous malforma-
tion, aneurysms, or signs of CVST. Within a few hours, the patient’s
clinical status deteriorated. A follow-up CT showed increased
cerebral swelling, which led to decompressive hemicraniectomy.
The next day, anticoagulation with argatroban was initiated.
Vaccine-induced immune thrombotic thrombocytopenia was even-
tually confirmed by positive PF4/heparin IgG ELISA and the presence
of PF4-dependent platelet-activating antibodies. One week later, the
patient was referred to a rehabilitation facility, platelet count was
normalized, and D-dimer level only slightly elevated.

In addition to the initial case series with 11 patients (including the
patient who was excluded from this review due to pre-existing vita-
min K antagonist treatment), a recent literature search (as of January
1, 2022) found nine additional reports of patients who met the cri-
teria for pre-VITT syndrome (Table 1 and supplementary material
online, Table 3)."*2° All 19 patients reviewed here received anticoa-
gulation but at different times during the disease course. Among
them, in 15 patients anticoagulation was combined with IVIG, and
7 of these 15 patients received corticosteroids. Overall, 7 of the
19 patients eventually progressed to VITT, while 12 patients did
not. In the seven patients with subsequent VITT, four patients ex-
perienced ICH with evidence of CVST in three; six patients showed
extracranial thrombosis (three pulmonary embolism, two splanchnic
vein thrombosis, two limb vein thrombosis).”'*'*'” One patient
died.” In all 18 patients who survived, platelet counts and p-dimer le-
vels normalized following treatment and also headaches resolved
within a few days. Importantly, anticoagulation in the pre-VITT syn-
drome appears to be safe, as no patients experienced haemorrhagic
complications after initiation of anticoagulation despite low platelet
counts. In fact, the degree of platelet count reduction indicates
more fulminant platelet activation by the anti-PF4-antibodies and,
therefore, a more prothrombotic state rather than an increased
bleeding risk.>" All four patients with haemorrhagic complications
due to VITT developed ICH before anticoagulation was started.”'®
In three of these patients, ICH was already established when neuroi-
maging showed subsequent VITT. In the remaining patient, subse-
quent VITT was accompanied by CVST without ICH. Only after
treatment with IVIG was started without anticoagulation, the pa-
tients developed secondary ICH. Anticoagulation was then started
3 days later without further deterioration.

For all but two patients (Patients 18 and 19 in the supplementary
material online, Table 3), detailed information on the time of onset of
headache was provided in the respective reports.?’ The two remain-
ing patients are not included in the following statistical analysis of
time intervals between onset of headache and start of
VITT-specific treatment. Both patients remained free of thrombotic
complications. Patients who progressed to VITT received delayed

Table 1 Clinical characteristics of patients with
subsequent vaccine-induced immune thrombotic
thrombocytopenia compared with patients
without vaccine-induced immune thrombotic
thrombocytopenia

Patients with Patients P
subsequent without
VITT subsequent
VITT
n 7 12
Female (n) 4 12
Age (years) 32 (24-63) 40 (23-74) n.s.
Onset of headache® 7 (5-18) 9 (3-14) ns.
(days after
vaccination)
Start of any 5(1-8) 2 (0-5) 0.033
VITT-therapy® (days
from onset of
headache)
Start of 7 (3-9) 2 (0-7) 0.01
anticoagulation®
(days from onset of
headache)
Start of IVIGs® (days 3 (0-5) 3 (1-8) ns.
from onset of
headache)
Initial platelet count 97 (61-136) 50 (12-112) 0.014
(x10° per plL)
Decline of platelet 67 (0-77) 0 (0-10) 0.005
count (x10° per plL)
Lowest platelet count 39 (26-93) 50 (12-105) ns.

(x10° per plL)
Platelet count at
discharge (x10?
per pl)
D-dimer level (mg/L)
PF4/heparin ELISA
(optical density)

185 (130-374) 153 (108-232)  ns.

284 (4.8-36.0)
277 (145-3.47)

98(17-350)  ns.
300 (193-360) ns.

Results are given by median (range). P-values are given when Mann—Whitney U test
showed significant differences between groups (significance level is .05); ‘n.s.” (not
significant) is inserted where statistical analysis did not show significant differences.
“Individual data were reported for n=17 patients; for two patients detailed
information was not included in the respective report.

treatment with a median interval between onset of headache to
any VITT-specific treatment (i.e. either anticoagulation, IVIG, or cor-
ticosteroids) of 5 days compared with 2 days in patients without sub-
sequent VITT (range 1-8 vs. 0-5 days; P=0.033; see Figure 7). Even
more pronounced were the differences with regard to initiation of
anticoagulation: the median time delay from onset of headache to an-
ticoagulation was 7 days in patients with subsequent VITT compared
with 2 days in patients without progression to VITT (range 3-9 vs. 0—
7 days; P=0.01). Of note, of those four patients who were treated
with anticoagulation only and did not receive either IVIG or corticos-
teroids, three patients remained free of subsequent thrombosis. In
these three patients, latency to anticoagulation was 2.3 days. In the
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Latencies from onset of headache to VITT-specific treatment
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Figure 1 Latencies from onset of headache to vaccine-induced immune thrombotic thrombocytopenia-specific treatment: latencies to
vaccine-induced immune thrombotic thrombocytopenia-specific treatment of seven patients who developed subsequent vaccine-induced immune
thrombotic thrombocytopenia are illustrated by straight arrows (blue), median time to start of vaccine-induced immune thrombotic
thrombocytopenia-specific treatment was 5 days. Latencies of 10 patients who were prevented from subsequent vaccine-induced immune throm-
botic thrombocytopenia are illustrated by dotted arrows (green), median time to start of VITT-specific treatment was 2 days (P < 0.05).

remaining patient anticoagulation (apixaban) was started as late as 7
days after onset of headache, when she progressed to VITT with pul-
monary embolism.

Surprisingly, in patients with subsequent VITT, platelet count at
admission was higher compared with patients without progression
to VITT (median 97 vs. 50 x 10%/uL; range 61-136 x 10°/uL vs.
12-112 x 103/pL; P=0.014). However, the transient decline of
platelet count after admission was significantly more extensive in pa-
tients with subsequent VITT (median 67 vs. 0 x 10%/uL; range 0-77
x 10*/uL vs. 0-10 x 10*/uL; P=0.005). p-dimer levels did not differ
between groups (median 28.4 vs. 9.8 mg/L; range 4.8-36.0 vs. 1.7—
35.0 mg/L; P=0.088). The higher initial platelet count in those
who progressed to VITT is an unexpected finding. Potentially these
patients had a substantially higher baseline platelet count and overall

many more platelets were activated intravascularly than in the pa-
tients who did not develop thrombosis.

Headache semiology or intensity did not discriminate well be-
tween patients with and without further development of cerebro-
vascular complications in pre-VITT syndrome. A more detailed
description of headache phenomenology is provided in Salih et al.”
Headaches were mostly of tension-type and holocephalic with a
high intensity (4-10 on a Numeric Rating Scale 1-10). In two pa-
tients, tension-type headaches were lateralized to the right hemi-
sphere. In one of them a follow-up CT scan demonstrated ICH,
but in the left hemisphere (see detailed report of the index patient
above). The other patient did not show haemorrhagic or thrombotic
complications on follow-up and did not develop VITT. In one patient,
who also remained free of cerebrovascular complications, onset of
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headache was thunderclap-like. In all other patients, headache had a
gradual onset including those patients who presented with ICH on
follow-up.

Discussion

Clinical presentation

The prevalence of headache during the first week (i.e. Days 0-7) after
AD26.COV2.S vaccination (Johnson & Johnson) was reported to be
52.2% with a peak-prevalence of 50.8% on Day 1, compared with
7.4% on Day 7."" Headaches occurring at Days 1-3 after adenoviral
vector-based SARS-COV-2 vaccination usually represent a flu-like
clinical picture without specific treatment implication. In contrast, pa-
tients with delayed headache (i.e. 4-42 days) after adenoviral vector-
based SARS-CoV-2 vaccination require immediate work-up to cor-
rectly diagnose pre-VITT syndrome or VITT. It should be acknowl-
edged that because headache is common after vaccination, there is
some risk to act overly presumptuous in the assessment of
pre-VITT syndrome. This could not only lead to unnecessary costs
but also put patients at risk from unwarranted anticoagulation ther-
apy. Therefore, we emphasize that in addition to clinical symptoms
(e.g. new-onset headache), mandatory laboratory criteria (i.e.
thrombocytopenia or drop in platelets and elevated p-dimer levels)
must be met to justify our proposed investigation and treatment be-
fore VITT. Finally, a positive anti-PF4 ELISA must be confirmed be-
fore pre-VITT syndrome can be diagnosed. Considering the
extensive medical support required and the high morbidity and mor-
tality in (pre-)VITT patients, we believe that our proposed pathway is
justified from both a financial and risk-benefit perspective.

Based on the review of currently published case reports, headache
semiology or intensity did not discriminate well between patients
with and without further development of cerebrovascular complica-
tions in pre-VITT syndrome. Pre-VITT syndrome may be more fre-
quent than VITT with CVST in patients presenting with delayed
new-onset headache after adenoviral vector-based SARS-CoV-2
vaccination. Most patients with pre-VITT syndrome presented
with severe headache (94.7%), while the prevalence of headache in
patients with VITT and CVST was reported to be only 49.4%."°

Clinically it is highly relevant to discriminate pre-VITT from post-
vaccination ITP.2>™° Immune thrombocytopenia is caused by plate-
let glycoprotein-specific antibodies, which induce increased phago-
cytosis of platelets and eventually also impaired platelet production
by megakaryocytes. Immune thrombocytopenia can be triggered

by adenoviral vector-based SARS-CoV-2 vaccination. However,
these patients do not present with severe headache and their
D-dimer levels are not strongly elevated (see Table 2). In contrast
to pre-VITT patients, they can present with petechiae and haema-
toma other than intracranial haemorrhage.

Pathophysiology

While PF4-dependent, platelet-activating antibodies form the com-
mon pathophysiological basis of both VITT and pre-VITT syndrome,”
the specific aetiology of headache in the absence of CSVT in patients
with pre-VITT syndrome remains unclear. Results of multimodal an-
giographies in published cases clearly argue against the hypothesis
that CVST was already present but overlooked at a time when head-
aches first led to hospital admission. However, disseminated mani-
festation of microthrombosis in smaller cortical veins could cause
multifocal stasis of venous blood flow. Such microthromboses could
cause meningeal irritation and headaches and also potentially pro-
gress to CVST or ICH. The detection of such small thrombi in the
cerebral venous and sinus system may also depend on the mode of
radiological technique. While CT and MR venography have similar
sensitivity to detect CVST,”” certain MR image modes like
susceptibility-weighted imaging or the use of high Tesla MRI might
be a more sensitive approach to detect potential microthromboses.
The radiological challenge to identify early signs of small CVST is illu-
strated in a case reported by Ikenberg et al.’® A first brain MR was
regarded void of CSVT when the patient initially presented due to
headache 7 days after first-dose ChAdOx1 nCov-19 vaccination.
When the patient was re-admitted 3 days later with obvious CVST
of the left transverse and sigmoidal sinus, in a focused retrospective
analysis of the first MRI subtle irregularities were noted at the bot-
tom of the left transverse sinus in the contrast-enhanced T1w image
which might indicate beginning thrombus formation at an early stage
of CVST."® Interestingly, in a case report of pre-VITT after the
Johnson & Johnson vaccine, the patient complained of severe lower
extremity pain without radiologic evidence of thrombosis on re-
peated ultrasound. As there are no microvessels in the large lower
limb veins, we speculate that pain in the vascular bed could also result
from an inflammatory process.

Vaccine-induced immune thrombotic thrombocytopenia shares
common immune mechanism with heparin-induced thrombocyto-
penia (HIT) and other autoimmune thrombotic thrombocytopenia
syndromes. The development of CVST secondary to HIT is rare, 8
suggesting a specific pathophysiological factor in VITT leading to a
predominantly intracranial manifestation. In antiphospholipid

Table 2 Platelet count, p-dimer level, and anti-PF4 ELISA findings in pre-VITT syndrome, vaccine-induced
immune thrombotic thrombocytopenia, vaccine-induced immune thrombocytopenia, and non-VITT induced

thrombosis
Pre-VITT syndrome  VITT  Vaccine-induced immune thrombocytopenia  Non-VITT induced thrombosis
Platelet count 1 1 1 “
D-dimer level M M “—(1) 1
Anti-PF4 ELISA =11 i} ==(1) -

Low |; normal «»; moderately elevated 1; strongly elevated 11.
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syndrome, multifocal stasis of venous blood flow has been discussed
as pathophysiological factor contributing to headache.?” It might be
speculated that VITT-associated antibodies additionally attack intra-
cranial structures inducing inflammatory cascades in meningoence-
phalic tissue. Recently another hypothesis has been raised.*® Based
on the finding that release of DNA from leucocytes by NETosis,
i.e. the formation of neutrophil extracellular traps (NETs), is one
of the main mediators of the prothrombotic state, impaired degrad-
ation of DNA can promote thrombosis formation. Preliminary find-
ings based on systems biology and transcriptomics indicate a low
DNASE1 expression in central nervous system endothelial cells
that can potentially lead to increased DNA half-life and persistent
procoagulant activity of NETs.>!

A mouse model indicates the possibility that co-operative signal-
ling of two platelet receptors, C-type lectin-like receptor-2
(CLEC-2) and GPIIb/llla, can be an underlying cause.>> C-type lectin-
like receptor-2 antibody F(ab) fragments trigger within minutes a
CVST-like thrombotic syndrome in mice, with platelet consumption
and death. Thrombi manifest mainly in the cortical venules and tran-
scranial intravital microscopy even showed rapidly progressing
thrombosis in the superior sagittal sinus. Interfering with CLEC-2 sig-
nalling or inhibition of GPIIb/llla completely blocked platelet activa-
tion and CVST. Blocking GPIlIb/llla after onset of neurological
symptoms protected mice from platelet consumption, CVST, and
death, which was not seen after treatment with heparin. The authors
conclude that aberrant platelet activation can be a major trigger of
CVST and potential target for treatment. In contrast, post-
vaccination ITP is caused by increased platelet phagocytosis eventu-
ally aggravated by impaired platelet production due to autoanti-
bodies binding to platelet glycoproteins.

We have previously reported a patient who developed a pre-VITT
syndrome while being anticoagulated with a vitamin K antagonist.”
This patient did not develop CVST despite presenting with severe
headache. This further supports the concept that sufficient anticoa-
gulation during the time platelet-activating antibodies are present can
prevent the development of thrombosis. However, vitamin K an-
tagonists should never be started in VITT, because the procoagulant
imbalance caused by early reduction of the anticoagulant factor pro-
tein C and delayed reduction of the procoagulant clotting factors. In
our previously reported patient, however, a stable therapeutic range
was already reached long before onset of the pre-VITT syndrome,
with balanced low levels of prothrombotic and anticoagulatory fac-
tors, which strongly reduces the risk for new thrombotic complica-
tions. Nevertheless, vitamin K antagonists should be preferentially
avoided in these patients as protein C seems to be important for
the prevention of microvascular thrombosis in patients with pro-
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coagulant syndromes related to intravascular platelet activation.

Assessment, diagnosis, and treatment

The number of published reports on patients presenting with a
pre-VITT syndrome reviewed here is still low (n = 19). Also, two re-
ports did not provide detailed information on time treatment was in-
itiated after headaches started. Statistical analysis of some parameters
was therefore performed only for the data of the remaining 17 pa-
tients. Thus, conclusions outlined in this review need to be inter-
preted with some caution. Future studies on patients with a

pre-VITT syndrome might identify more specific clinical and labora-
tory markers defining a high risk of further progression to VITT.
Although this review has a few limitations, some important conclu-
sions can be drawn for clinical assessment, diagnosis, and treatment.

Based on current knowledge on the pre-VITT syndrome and its
high potential for subsequent progression to VITT we here suggest
a clinical pathway to manage patients presenting with delayed new-
onset headache as leading symptom after adenoviral vector-based
SARS-CoV-2 vaccination (see Figure 2). This clinical pathway should
allow a reasonable diagnostic and therapeutic management of pa-
tients at-risk even in non-industrialized areas with limited health
care system resources.

In patients who present with new-onset, persistent headache at 4—
42 days after adenoviral vector-based SARS-CoV-2 vaccination, fo-
cused laboratory testing including platelet count should be initiated.
The platelet count and p-dimer level are the most important para-
meters to differentiate between pre-VITT, VITT, vaccine-induced
ITP; and non-VITT induced thrombosis (see Table 2). If onset of
headache was hyperacute (‘thunderclap’-like) or if the headache is
accompanied by a neurological deficit, neuroimaging (CT or MR)
with arterial and venous contrast-based angiography is mandatory.
The radiological spectrum of VIT T-associated cerebrovascular com-
plications comprises CVST, ICH, and potentially also subarachnoid
haemorrhages. If neuroimaging detects an alternative headache aeti-
ology not attributable to VITT, subsequent treatment should follow
according to the detected pathology and respective guidelines. In the
absence of pathological findings on neuroimaging, pre-VITT syn-
drome remains a tentative diagnosis. If laboratory tests reveal
thrombocytopenia with elevated D-dimer levels, the implications
may be two-fold. Firstly, whenever possible a PF4/heparin IgG
ELISA should be performed. Secondly, the immediate start of
VITT-specific therapy is recommended. In centres where IVIGs are
not available, therapeutic-dose anticoagulation should be started
and corticosteroids might be given as adjunct. In case argatroban
or fondaparinux are not available, the use of DOACs may be recom-
mended or, alternatively, even heparin, as recent data strongly sug-
gests that—in contrast to HIT—it can be safely used in the
majority of VITT patients.**"3¢ Efforts to arrange subsequent neu-
roimaging and PF4/heparin IgG ELISA are recommended wherever
possible. Treatment response should be evaluated by remission of
headache as well as increase of platelet counts on follow-up.
Elevation of D-dimer levels alone, without clinical symptoms and
thrombocytopenia, are not specific enough to trigger comprehensive
work-up to assess for VITT/pre-VITT syndrome.

If laboratory tests show normal platelet counts and neuroimaging fails
to detect pathological findings, a lumbar puncture should be considered
depending on the presence of other symptoms like altered vigilance and
meningism or fever to exclude SAH, bacterial and viral meningoenceph-
alitis, or the recently reported post-ChAdOx1-nCox19 vaccination
autoimmune encephalitis.>” If cerebro-spinal fluid analysis is normal
and symptoms persist, a repeated platelet count is recommended.
Especially in the early phase of VITT and pre-VITT syndrome, platelets
may remain within normal limits.>® Similar to HIT, a further decrease
in platelets compared with absolute platelet counts may more appropri-
ately indicate ongoing platelet consumption. In vaccination-induced ITP,
however, b-dimer levels are either normal or moderately increased.
Anti-PF4-antibodies are usually absent or present in low titres and do
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Figure 2 Suggested assessment, diagnosis, and treatment of pre-vaccine-induced immune thrombotic thrombocytopenia syndrome: a diagnostic
approach to the patient presenting with headache after adenoviral vector-based immunization. A detailed explanation is provided in the text.

not activate platelets (see Table 2). Whether both entities pre-VITT and
[TP can occur concomitantly in the same individual is currently unknown.

Conclusion

Recognition of the pre-VITT syndrome defines a window of opportun-
ity to prevent patients from further progression to VITT, including the
potentially fatal manifestation of CVST. The clinical pathway presented
in this review should help to early identify patients witha pre-VITT syn-
drome among those presenting with post-vaccinal headache and to dif-
ferentiate pre-VITT from vaccination-induced ITP. As vaccination will
remain the most effective approach to contain the COVID-19 pan-
demic sufficient management of complications should help to maintain
the acceptance of vaccinations worldwide.
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