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ARTICLE INFO ABSTRACT

KeyWO_TdS-' Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a novel prothrombotic disorder charac-
Heparin ) terized by thrombosis, thrombocytopenia, and disseminated intravascular coagulation identified in hun-
5352_3?;(; immune globulin (IVIG) dreds of recipients of ChAdOx1 nCoV-19 (Oxford/AstraZeneca), an adenovirus vector coronavirus disease

2019 (COVID-19) vaccine. VITT resembles heparin-induced thrombocytopenia (HIT) in that patients have
platelet-activating anti-platelet factor 4 antibodies; however, whereas heparin typically enhances platelet
activation by HIT antibodies, VITT antibody-induced platelet activation is often inhibited in vitro by phar-
macological concentrations of heparin. Further, the thrombotic complications in VITT feature much higher
frequencies of atypical thrombosis, most notably cerebral vein thrombosis and splanchnic vein thrombo-
sis, compared with HIT. In this review, we outline the treatments that have been used to manage this
novel condition since its recognition in March 2021, including anticoagulation, high-dose intravenous im-
mune globulin, therapeutic plasma exchange, corticosteroids, rituximab, and eculizumab. We discuss the
controversial issue of whether heparin, which often inhibits VITT antibody-induced platelet activation,
is harmful in the treatment of VITT. We also describe a case of “long VITT,” describing the treatment
challenges resulting from platelet-activating anti-PF4 antibodies that persisted for more than 9 months.
© 2022 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Therapeutic plasma exchange (TPE)
Vaccine-induced immune thrombotic
thrombocytopenia (VITT)

Introduction (IVIG), therapeutic plasma exchange (TPE), corticosteroids, ritux-

imab, and eculizumab. Further, many patients have received sup-

Vaccine-induced immune thrombotic thrombocytopenia (VITT),
also known as thrombosis with thrombocytopenia syndrome
(TTS), was first identified in March 2021 following vaccination
with the ChAdOx1 nCoV-19 (AstraZeneca) vaccine, an adenovirus
vector COVID-19 (coronavirus disease 2019) vaccine [1]. Multiple
peer-reviewed publications [2-4]| subsequently confirmed the
initial observations, showing that this syndrome is characterized
by thrombosis and thrombocytopenia, and as in heparin-induced
thrombocytopenia (HIT), involves platelet-activating antibodies
against platelet factor 4 (PF4).

Treatments that have been used in the management of VITT
include anticoagulation, high-dose intravenous immune globulin
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portive blood product transfusions, including platelets, fibrinogen
(concentrates, cryoprecipitate), and plasma. The primary objective
of our article is to review these various treatments of VITT. We will
focus on the 2 major therapies appropriate for most or all patients,
namely anticoagulation and high-dose IVIG. We will address the
issue of whether heparin may be as effective as non-heparin anti-
coagulation for this novel anti-PF4, HIT-mimicking disorder. Many
aspects of VITT treatment remain uncertain, including the con-
troversy of heparin vs non-heparin anticoagulation, when salvage
therapy such as TPE might be indicated, the role of corticosteroids,
and duration of anticoagulation, among other issues. We will con-
clude our review with considerations of what the legacy of VITT
will be regarding better understanding of certain aspects of HIT
management. Table lists some noteworthy treatment controversies
and paradoxes applicable to HIT and VITT.

0037-1963/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Table 1
Treatment controversies and paradoxes in HIT and VITT.

Treatment controversy or paradox Comment

Heparin vs non-heparin anticoagulation

Heparin may promote platelet activation if heparin-dependent antibodies are present (characteristic of

HIT); however, VITT features PF4-dependent, rather than heparin-dependent, platelet activation (rather,
heparin in pharmacological concentrations can inhibit VITT serum-induced platelet activation)

IVIG—prothrombotic or antithrombotic

IVIG inhibits platelet activation in HIT and VITT, and thus helps to deescalate antibody-induced

hypercoagulability (in contrast, IVIG treatment of ITP and drug-induced ITP is rarely complicated by

acute thrombosis)
As per recommendations for treatment of “isolated” HIT (ie, strongly suspected HIT without apparent

Treatment of “isolated” HIT and VITT

thrombosis), patients with strongly suspected VITT recognized by thrombocytopenia alone should
receive therapeutic-dose anticoagulation; high-dose IVIG is also indicated for VITT

Corticosteroid therapy

Corticosteroids decrease reticuloendothelial (macrophage) clearance of antibody-coated platelets, and

thus their use could shift platelet clearance towards platelet activation (theoretical deleterious effect of

corticosteroids)
Avoidance of vitamin K antagonist therapy in acute HIT
and VITT

Increased risk of venous limb gangrene and skin necrosis due to depletion of protein C and ongoing
thrombin generation

References for this table are found in the relevant sections of the text.

General considerations

As with patients with severe HIT [5,6], VITT can be viewed as
a highly prothrombotic form of disseminated intravascular coag-
ulation (DIC). One distinction between HIT and VITT is that the
former is often identified through platelet count monitoring only;
in 1 study [7], approximately half of patients ultimately proven
to have HIT were recognized following initial HIT-associated
thrombosis, while the remaining patients with so-called “iso-
lated HIT” were recognized because of an unexpected platelet
count fall. In contrast, VITT patients are almost always recog-
nized because of symptoms and signs of thrombosis, beginning
5 to 45 days following vaccination with an adenovirus vector
vaccine (most often, between 5 and 30 days post-vaccination,
with median time from vaccination to presentation 14 days; day
of vaccination=day 0) [8,9]. Of course, not all post-vaccination
thrombotic events reflect the occurrence of VITT, so the role of
the clinician when assessing a patient with post-vaccination
thrombosis is to distinguish between VITT and non-VITT
thrombosis.

In a patient who develops symptoms or signs of post-vaccine
thrombosis, the presence of thrombocytopenia is an important
clue pointing towards a potential diagnosis of VITT. However,
there are other non-vaccine explanations for the combination
of thrombosis and thrombocytopenia, including (among others)
cancer-associated DIC [10], antiphospholipid syndrome [11,12],
pulmonary embolism with DIC [13], chronic immune thrombo-
cytopenia (ITP) [14], paroxysmal nocturnal hemoglobinuria [15],
thrombotic thrombocytopenic purpura [16], and even “sponta-
neous HIT syndrome” [17]. Perhaps most common, on purely
statistical grounds, are simply patients who have mild chronic
thrombocytopenia of diverse explanations (low-normal range spec-
trum, hereditary, hypersplenism, myelodysplasia, etc.) who sub-
sequently develop thrombosis following vaccination, either coin-
cidentally or perhaps related to (non-VITT) proinflammatory ef-
fects of vaccination. These are important considerations, given
that the clinician may need to make initial treatment deci-
sions in the absence of a clear diagnosis of VITT vis-a-vis other
possibilities.

The anatomical location of the thrombosis is also an important
clue pointing towards a diagnosis of VITT. Just as there are cer-
tain unusual thrombotic events that point to a diagnosis of HIT
in a patient receiving heparin (eg, bilateral lower-limb DVT, pul-
monary embolism, acute limb artery thrombosis, adrenal hemor-
rhagic infarction, and so forth) [18], so too unusual thrombi, most
notably cerebral venous (sinus) thrombosis (CVT) and splanchnic
vein thrombosis (SVT) are characteristic thrombi seen in approxi-
mately 50% and 20% of patients, respectively, with recognized VITT
[8,9].

Anticoagulation

The principles of the treatment of VITT have been extrapolated
from clinical experience with HIT. Similar to HIT, VITT is a highly
prothrombotic DIC disorder, and therapeutic anticoagulation is one
of the mainstays of treatment. Given the involvement of anti-PF4
antibodies in VITT, current treatment guidelines [19-22] recom-
mend against the use of heparin-based anticoagulation, and for the
use of non-heparin anticoagulants, including fondaparinux, direct
oral anticoagulants (DOACs), and direct thrombin inhibitors (arga-
troban, bivalirudin). While there is clinical uncertainty in this area,
current evidence—both clinical and laboratory—suggests that the
use of heparin-based anticoagulation may be safe for the manage-
ment of VITT.

In vitro studies using VITT sera have demonstrated that platelet
activation is usually inhibited by the addition of pharmacologi-
cal (i.e., clinically relevant) concentrations of heparin [2-4,23,24];
this is in contrast to what is seen using HIT patient sera, where
pharmacological concentrations of heparin typically enhance reac-
tivity in vitro in washed platelet activation assays, including the
serotonin-release assay (SRA) [25] as well as the heparin-induced
platelet activation (HIPA) test [26]. Further, in HIT, there are known
situations in which heparin administration is harmful, most no-
tably “heparin-associated anaphylactoid reactions,” in which pa-
tients develop abrupt complications—including thrombotic events—
within 5 to 30 minutes after receiving a heparin bolus [27]. To our
knowledge, similar abrupt thrombotic or anaphylactoid events as-
sociated with abrupt heparin-induced platelet count declines have
not been reported in VITT.

Biochemical data also support the concept that heparin may not
be harmful for VITT patients, based on the discovery that the tar-
get antigens of VITT antibodies differ from HIT [28]. HIT antibodies
bind to 1 or more heparin-dependent antigen sites on PF4 that are
only revealed upon heparin binding to the heparin-binding site on
PF4. In contrast, the target of VITT antibodies appears to be the
heparin-binding site itself; thus, the addition of heparin can dis-
place VITT antibodies, resulting in inhibition of platelet activation
by VITT sera. Further, heparin was also shown to inhibit directly
the binding of VITT antibodies to PF4 [28].

Currently published case series do not appear to demonstrate a
significant increase in mortality in VITT patients treated with hep-
arin as opposed to non-heparin-based anticoagulation [8,29,30]. A
recent meta-analysis [31] found no significant difference in mortal-
ity between heparin- and non-heparin-based anticoagulation treat-
ments (risk ratio, 0.84; 95% CI, 0.47-1.50; P=.80). However, these
data are challenging to interpret given numerous confounders, in-
cluding variability in concurrent treatments patients received (IVIG,
corticosteroids, TPE), and some patients treated with both heparin
and non-heparin anticoagulation.
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Another problematic aspect of trying to ascertain benefit/risk
of heparin vs non-heparin anticoagulation is that single endpoints,
such as mortality, may be too crude to determine adverse effects of
treatment. Further, case-series typically do not provide details re-
garding granular aspects of anticoagulation effects, such as changes
in platelet count or alterations in hypercoagulability. Nevertheless,
in a study of 3 VITT patients that included a detailed assessment of
platelet count changes and coagulation parameters, there did not
appear to be an abrupt decline in platelet count upon starting hep-
arin, as would be expected if the patients had heparin-dependent,
activation-enhancing antibodies as is characteristic of HIT; more-
over, heparin was associated with a decrease in consumptive coag-
ulopathy, as shown by improvements in fibrinogen concentrations
(Fig. 1) [24]. Given the uncertainty in this area, non-heparin anti-
coagulants should continue to be used preferentially over heparin
anticoagulants in the management of cases of proven or suspected
VITT.

Heparin and non-heparin anticoagulation: Activated partial
thromboplastin time (aPTT) confounding

In addition to the uncertainty regarding the safety of heparin-
based anticoagulation in the management of VITT, there is also
uncertainty regarding whether aPTT-adjusted therapies, such as
heparin, are optimally effective in a DIC state. Non-heparin an-
ticoagulants, such as argatroban and bivalirudin, are also moni-
tored by aPTT. A DIC state often leads to prolongation of the aPTT,
which thereby alters the anticoagulant/aPTT dosing relationship
when using aPTT-guided treatment nomograms, leading to poten-
tial systematic under-treatment with anticoagulation. This phe-
nomenon, called “aPTT confounding” [32,33], could explain why
aPTT-adjusted therapies often fail in cases of severe HIT and could
also explain failure in severe VITT cases. Another explanation for
aPTT confounding relevant to critical illness is that very high fac-
tor VIII levels (explained by factor VIII being an acute-phase reac-
tant) interfere with the relationship between anticoagulant levels
and aPTT values [34].

Corroborating data for this concept of aPTT confounding was
presented in a recent study examining the use of argatroban in HIT
and VITT patients, which demonstrated significant discordance be-
tween aPTT levels and argatroban concentrations [34]. The authors
proposed that direct assessment of argatroban levels, using a dilute
thrombin time (dTT), to be preferable to aPTT monitoring. The sole
use of aPTT levels to monitor argatroban in the treatment of VITT
was also discouraged in a recently published guideline [35]. Taking
this into account, non-aPTT-adjusted therapies, including fonda-
parinux, danaparoid, and direct oral anticoagulants (DOACs; either
Xa or Ila-inhibiting), may be preferred in the treatment of VITT and
HIT on theoretical grounds. A small case-series (n=6) describing
use of danaparoid (often administered by subcutaneous injection)
from Finland reported generally favorable outcomes, with recovery
in 5 of 6 patients; the single fatal outcome was the first patient in
Finland diagnosed with VITT, who presented with myocardial in-
farction and CVT with cerebral hemorrhages, and in whom high-
dose IVIG therapy was not administered up-front [36].

A further theoretical advantage of non-aPTT-adjusted therapies
that target factor Xa (eg, fondaparinux, danaparoid, rivaroxaban,
apixaban, edoxaban) is that they downregulate thrombin gener-
ation but do not interfere with thrombin-enhanced activation of
protein C [37,38]. The paradoxical concept that an anticoagulant
that is otherwise effective in most situations might be deleterious
in an extreme hypercoagulability state is illustrated in the subse-
quent section that discusses warfarin-associated microthrombosis.

Avoidance of vitamin K antagonists in acute HIT/VITT

In the acute setting, vitamin K antagonists such as warfarin
should be avoided in HIT, as this treatment has been shown to trig-

ger microthrombosis, resulting in venous limb gangrene and skin
necrosis [39,40]. HIT patient plasma following treatment with vi-
tamin K antagonists in acute HIT has been shown to have ongo-
ing thrombin generation and a significant reduction in protein C
levels, with an estimated increased risk of vitamin K antagonist-
associated venous limb gangrene of 5% to 20% [41]. Given the sim-
ilar prothrombotic nature of VITT, vitamin K antagonists should be
avoided in the acute setting based on clinical experience with HIT.

High-dose IVIG

Prior to the recognition of VITT, it had been found that high-
dose IVIG was effective for the treatment of severe HIT, includ-
ing patients with atypical clinical features (delayed-onset HIT, per-
sisting/refractory HIT); such patients are known to have high-titre
HIT antibodies that possess both heparin-dependent and heparin-
independent platelet-activating properties [6,42]. Moreover, both in
vitro and ex vivo data showed that high-dose IVIG inhibits HIT
antibody-induced platelet activation in a dose-dependent fashion,
and without any effects on EIA reactivity [42-46]. These data pro-
vided a scientific and clinical rationale for the use of high-dose
IVIG to treat VITT.

Indeed, observational data support the concept that high-dose
IVIG is also effective in the management of VITT [2-4,23,24,29,47-
50]. The probable efficacy is based on several clinically-relevant ob-
servations: first, the platelet count usually rises abruptly following
administration of IVIG; second, laboratory markers of hypercoagu-
lability are improved (eg, rising fibrinogen levels, falling D-dimer
levels) [23,24,48,49]; and third, serial blood samples obtained in
VITT patients before and after 2 or 3 doses of IVIG have demon-
strated reversion to a weaker or negative PF4-enhanced SRA (PF4-
SRA)—especially in the absence of added PF4—albeit with persis-
tence of strong EIA reactivity (Fig. 2) [23,24]. These ex vivo data
indicate that the mechanism of action of IVIG is competitive inhi-
bition of platelet activation by VITT antibodies at the level of the
platelet Fcylla receptors, rather than inhibition of binding of the
antibodies to their PF4 target [8,23,24,28,42]. These data also cor-
roborate in vitro data, in which HIT or VITT serum-induced platelet
activation in the SRA (or PF4-SRA) is inhibited by IVIG in a dose-
dependent fashion [45,46]. Similar ex vivo and in vitro data have
also been reported for patients with spontaneous HIT syndrome
treated with high-dose IVIG [46,51].

Current guidelines recommend that IVIG be administered up-
front in the treatment of probable and confirmed cases of VITT, at
a dose of 1 gram/kilogram body weight for 2 days, with the dosing
based on actual body weight [19-22]. Given the dose-dependent
effect of IVIG on reducing antibody-mediated platelet activation,
actual body weight dosing is preferred to ideal body weight dosing
[44]. In certain resistant cases, repeat administration of IVIG has
been required, based upon recurrence of a platelet count decline
after an initial increase [8,24,52].

Therapeutic Plasma Exchange (TPE)

TPE has been used in the treatment of refractory cases of VITT,
with evidence of clinical benefit [9,52,53]. Plasma exchange results
in the removal of VITT anti-PF4 antibodies [9]. In a prospective co-
hort study of suspected VITT cases, 17 patients with severe disease,
defined in the study as CVT, thrombosis at multiple sites, or both,
were treated with plasma exchange, with a survival rate of 90% [8].
In a case series of 3 VITT patients refractory to initial treatment
with IVIG and anticoagulation, TPE was continued until there was
a sustained increase in platelet count; 1 patient had an increase in
platelet count and decrease in D-dimer with TPE alone; 1 patient
had a demonstrated increase in platelet count and decrease in D-
dimer with TPE and rituximab; 1 patient did not have an increase
in platelet count until additional doses of IVIG were administered
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Fig. 1. Platelet counts in relation to heparin treatment in 3 patients with VITT. For patients 1 and 2, heparin treatment was given prior to clinical recognition of VITT; for
patient 3 heparin treatment was given for an 8-day period during which high-dose IVIG and TPE were administered, and after demonstration in vitro that the patient’s
serum did not enhance platelet activation in the presence of heparin. None of the patients showed an abrupt drop in platelet count upon starting heparin; rather, platelet
counts increased in all 3 patients (although the platelet counts returned to pre-heparin baseline in patient 2). For patients 1 and 2, available fibrinogen data indicated that
heparin administration was associated with a decrease in consumptive coagulopathy, as shown by rising fibrinogen levels. Data obtained from 3 patients reported elsewhere
[24]. Data for patients 1 and 2 reprinted with permission of the Massachusetts Medical Society (data for patient 3 in Fig. 1 has not been reported previously). aPTT, activated
partial thromboplastin time; IV, intravenous; IVIG, intravenous immune globulin; SC, subcutaneous; TPE, therapeutic plasma exchange; U, units; UFH, unfractionated heparin.

concurrently with TPE [52]. For 2 of these patients, the replace-
ment fluid was plasma, and for 1 patient the replacement fluid was
half plasma and half albumin [52]. In another reported case, a VITT
patient who was refractory to treatment with anticoagulation, IVIG,
and rituximab, had subsequent sustained improvement of throm-
bocytopenia following TPE with plasma used as the replacement
fluid [53]. Further study on the optimal timing of initiation of TPE
in refractory disease, and its potential frontline use in severe VITT
is required. As with HIT, plasma is the preferred replacement fluid

as it results in greater inhibition of HIT antibody-mediated platelet
activation compared to albumin [54].

Corticosteroid, rituximab, eculizumab

Corticosteroids are sometimes used to treat VITT based on
treatment parallels with other immune-mediated disorders, such
as ITP. For example, corticosteroids are believed to raise the
platelet count in chronic ITP by decreasing clearance of antibody-
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Fig. 2. Inhibition of platelet activation by high-dose IVIG. Platelet activation (as shown by percent serotonin-release) in the standard serotonin-release assay (SRA) (leftmost
panel) and in the PF4-enhanced SRA (PF4-SRA; rightmost panel) for serial samples obtained for 3 patients—samples obtained before and after 2 to 4 doses of high-dose
intravenous immune globulin (IVIG). In all 3 patients, samples obtained post-IVIG showed substantial decrease in serum-induced platelet activation. In contrast, there was
no inhibition of EIA reactivity, shown as units of optical density (OD); boxed insets in leftmost panel). These data indicate that IVIG works by inhibiting platelet activation
through platelet Fcylla receptors, rather than by inhibiting interaction between the antibodies and the antigen target(s) on PF4. Reprinted (with modifications) [24] with
permission of the Massachusetts Medical Society. EIA, enzyme-immunoassay; IV.3 indicates an Fc receptor-blocking monoclonal antibody; IVIG, intravenous immune globulin;

0D, optical density; PF4, platelet factor 4; U, units.

coated platelets by macrophages of the reticuloendothelial sys-
tem [55]. However, corticosteroids could theoretically be delete-
rious in disorders such as HIT and VITT if such corticosteroid-
induced inhibition of “benign” platelet clearance by macrophages
results in a shift towards greater antibody-induced platelet ac-
tivation. Also, corticosteroids may not result in a decrease in
VITT antibody levels, given observations that many VITT pa-
tients continue to have strong positive EIA test results for
many months following the development of VITT, irrespective

of whether or not they received corticosteroids. Based on these
considerations, we do not routinely use corticosteroids to treat
VITT.

Rituximab, a monoclonal antibody that targets CD20 on B-cells,
has also been used in the treatment of VITT, though the clinical ef-
ficacy of this adjunct therapy remains unclear [3,8,9,29,52,53]. Rit-
uximab should be used with caution in the context of an ongoing
pandemic, particularly when there exists uncertainty as to its clin-
ical benefit, as its use can limit vaccine immune response [56-58].
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platelet activation assays—including conventional serotonin-release assay (SRA) performed with different concentrations of unfractionated heparin (UFH), indicated as “SRA
(UFH)” as well as the PF4-enhanced SRA, indicated as “PF4-SRA.” Results of serial polyspecific anti-PF4/polyvinyl sulfonate EIAs are not shown, as these were uniformly
strong (all >2.0 units of optical density) throughout the entire period from post-vaccination days 17 through 317. In general, administration of high-dose IVIG raised the
platelet counts over the subsequent several days, although response was generally transient, and appeared to become refractory (approximately days 25-47), resulting in the
decision to initiate TPE on day 47 because of recurrent thrombocytopenia and concern regarding possible new subacute infarct in the right putamen. The patient continued
to have detectable platelet-activating antibodies on day 276, but tested negative on day 317. See text for further details regarding the case, including clinical and laboratory
follow-up until day 317. FEU, fibrinogen-equivalent units; Fonda, fondaparinux; IVIG, intravenous immunoglobulin; PF4-SRA, PF4-enhanced SRA; PO, per os; Riva, rivaroxaban;

SRA (UFH), conventional SRA performed at different concentrations of heparin; UFH, unfractionated heparin; + = positive platelet activation test result; -=

activation test result.

Eculizumab, a monoclonal antibody which targets the comple-
ment system via its activity against C5, has also been used in
the treatment of VITT. In a case series of 5 VITT patients, 2 were
treated with eculizumab [30]. One of these patients was treated
with eculizumab because of renal failure and evidence of throm-
botic microangiopathy, in combination with heparin. The second
patient, who had received argatroban and IVIG, had eculizumab
administered as salvage therapy due to ongoing thrombocytope-
nia post-IVIG. Both patients recovered, though the influence of
eculizumab on their clinical course and its role in this prothrom-
botic condition remains uncertain.

Blood product replacement (platelets, fibrinogen)

Clinical guidelines for the treatment of VITT suggest that pro-
phylactic platelet transfusions should be avoided, as in HIT, as
this could further fuel the prothrombotic state of this disorder
[9,19-21]. Platelet transfusions administered to VITT patients have
been associated with progression of thrombosis [4], and an in-
creased mortality rate, with 1 paper demonstrating an 84% mor-
tality rate in VITT patients with CVT after receiving platelet trans-
fusions (n=25), compared to 27% of patients who did not receive
platelet transfusions (n=45) [29]. However, in the case of severe
bleeding or severe thrombocytopenia and the need for emergency

=negative platelet

surgery, platelet transfusions have been administered in VITT pa-
tients [3,8].

The fibrinogen level is often reduced in VITT patients
[2,3,4,48,59]. Transfusion to correct hypofibrinogenemia has been
performed in patients with VITT [9,29]. Given the possibility of in-
creasing thrombotic risk with fibrinogen replacement, this should
be reserved for patients with bleeding or who need surgical inter-
vention with a fibrinogen level less than 1.5 g/L.

Treatment duration

A remarkable feature of HIT is the usual transient nature of
anti-PF4/heparin antibodies, with a median time to loss of assay
reactivity of 40 and 100 days, respectively, for platelet activation
and immunoassays [60]. In contrast, however, VITT antibody re-
activity appears to persist for much longer, including in platelet
activation assays [61]. Thus, relapse of thrombocytopenia with or
without thrombotic complications is a major risk of VITT, if the ef-
fects of IVIG or TPE have waned, especially if anticoagulation is in-
terrupted. Thus, even in patients with VITT-associated thrombosis
who have good initial responses to high-dose IVIG and anticoag-
ulation, follow-up outpatient management should include ongoing
platelet count, fibrinogen, and D-dimer monitoring, to determine
if the effects of IVIG are waning, and/or whether hypercoagulabil-
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ity is exacerbated. As illustrated in the next section, some patients
with VITT can have antibody-induced hypercoagulability that per-
sists for several months, and which can prove refractory to high-
dose IVIG and/or anticoagulation.

Long VITT

Glinther and colleagues [62] reported a 54-year-old male who
developed severe VITT as shown by symptomatic stroke (CVT with
secondary cerebral hemorrhage requiring emergency craniectomy),
bilateral adrenal hemorrhages, thrombocytopenia (platelet count,
37 x 10°/L), and DIC (fibrinogen, 0.94 g/L; p-dimer >30 mg/L), with
initial presentation 12 days following first dose of vaccination with
ChAdOx1 nCoV-19. The patient tested strongly positive for VITT an-
tibodies, both by EIA as well as PF4-dependent washed platelet
activation assay. Interestingly, these assays were strongly positive
both when an initial sample was studied from admission, as well
as a day 90 sample. The patient’s clinical course was complex, and
he was managed with several anticoagulants (argatroban, tinza-
parin [low-molecular-weight heparin|, danaparoid, fondaparinux),
with the platelet count falling on several occasions after the effects
of a preceding course of high-dose IVIG had waned. This case of
“long VITT” illustrates that platelet-activating anti-PF4 antibodies
associated with VITT can persist for more than 3 months, thus ex-
plaining recurrence of thrombocytopenia when platelet activation-
inhibiting effects of IVIG wear off.

We have also encountered a patient with “long VITT” who had
platelet-activating anti-PF4 antibodies detectable for more than 9
months following a diagnosis of VITT at our center (Fig. 3). The
69-year-old male patient was hospitalized beginning 1 week fol-
lowing vaccination with ChAdOx1 nCoV-19, with complaints of
headache and progressive neurological symptoms indicating stroke
(the first several weeks of hospitalization have been reported else-
where [24]). Investigation of associated thrombocytopenia resulted
in a confirmed diagnosis of VITT. Imaging studies performed dur-
ing the first week of hospitalization demonstrated numerous ve-
nous and arterial thrombotic events (Fig. 3). Repeat administration
of high-dose IVIG resulted in generally transient platelet count in-
creases on several occasions. The patient also received TPE from
day 47 to day 69 (15 TPE procedures with replacement using
solvent-detergent plasma, total 374 units of plasma administered).

Serial platelet counts in this patient showed gradually increas-
ing values over time, with all platelet counts after day 175 mea-
suring greater than 150 x 109/L (except for a transient period of
thrombocytopenia from days 302 to 308 related to invasive line-
related polymicrobial bacteremia associated with septic shock; not
shown in Fig. 3). Throughout the patient’s hospital stay serial PF4-
dependent EIAs (assessed by commercial polyspecific PF4/polyvinyl
sulfonate EIA) have remained strongly positive (all >2.0 units of
optical density [OD]). Serial platelet activation assays have also
been generally positive, although some samples tested negative
(for some samples, temporally related to recent administration of
high-dose IVIG). As shown in Fig. 3, both the EIA and the PF4-SRA
(but not the conventional SRA) remained positive on day 276, in-
dicating long-term persistence of platelet-activating anti-PF4 anti-
bodies. The next available blood sample from day 317 tested neg-
ative in both the SRA and PF4-SRA, although the EIA remained
strongly positive (2.31 OD units). This case illustrates the chal-
lenges of managing patients with long VITT.

The legacy of VITT—a better understanding of HIT treatment

Since the initial identification of VITT in March 2021, the
scientific community has gained considerable experience in the
diagnosis and treatment of this novel disease. One of the likely

unexpected legacies of VITT is that there will be a better ap-
preciation of certain clinical and treatment aspects of HIT itself.
Clinical experience with VITT has yielded further insights into HIT,
including better recognition of this condition as a DIC state. IVIG
has previously been shown to decrease hypercoagulability in cases
of severe HIT [42], a concept that is further exemplified by the
generally positive outcomes following treatment of VITT with IVIG.
IVIG and TPE have demonstrated to have some clinical benefit in
cases of refractory VITT, and through this clinical experience may
become more widely used in the treatment of severe HIT.

Ongoing observational research is required to further explore
the long-term outcomes of these conditions, and the ideal treat-
ment regimen to maximize good clinical outcomes in these pro-
thrombotic disorders.
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