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SUMMARY

The use of high-dose intravenous immune globulin (IVIG) plus anticoagulation is
recommended for the treatment of vaccine-induced immune thrombotic thrombo-
cytopenia (VITT), a rare side effect of adenoviral vector vaccines against coronavi-
rus disease 2019 (Covid-19). We describe the response to IVIG therapy in three of
the first patients in whom VITT was identified in Canada after the receipt of the
ChAdOx1 nCoV-19 vaccine. The patients were between the ages of 63 and 72 years;
one was female. At the time of this report, Canada had restricted the use of the
ChAdOx1 nCoV-19 vaccine to persons who were 55 years of age or older on the basis
of reports that VITT had occurred primarily in younger persons. Two of the pa-
tients in our study presented with limb-artery thrombosis; the third had cerebral
venous and arterial thrombosis. Variable patterns of serum-induced platelet activa-
tion were observed in response to heparin and platelet factor 4 (PF4), indicating
the heterogeneity of the manifestations of VITT in serum. After the initiation of
IVIG, reduced antibody-induced platelet activation in serum was seen in all three
patients. (Funded by the Canadian Institutes of Health Research.)

ECENTLY, VACCINATION WITH ADENOVIRAL VECTOR VACCINES AGAINST

coronavirus disease 2019 (Covid-19) has been implicated in a rare pro-

thrombotic disorder that has been termed vaccine-induced immune throm-
botic thrombocytopenia (VITT)."> Most patients in whom VITT has been diag-
nosed have been between the ages of 20 and 55 years and have presented with
unusual thromboses, such as cerebral venous sinus thrombosis and splanchnic-
vein thrombosis."® The pathogenesis involves the production of IgG antibodies
that recognize platelet factor 4 (PF4) and that strongly activate platelets through
their Fcylla receptors, leading to a decrease in the number of platelets (platelet
consumption) and activation of coagulation."* The disorder strongly mimics auto-
immune heparin-induced thrombocytopenia (HIT)*® on the basis of both clinical
and serologic evidence, even though patients with VITT usually have not received
heparin.

High-dose intravenous immune globulin (IVIG) competitively inhibits the inter-
action of VITT antibodies with the platelet Fcylla receptors, thus reducing platelet
activation — a result that may be an important treatment consideration. Since
minimal data exist for treating patients with VITT, the recommended use of IVIG
is based primarily on an analogy with treatment of autoimmune HIT, in which the
administration of IVIG rapidly increases the platelet count and reduces hyperco-
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Figure 1 (facing page). Clinical and Laboratory Data
for the Three Study Patients with VITT.

Serial platelet counts and coagulation tests for pb-dimer
and fibrinogen levels are shown in relation to clinical
events in the three patients. The timing of blood sam-
ples obtained before and after the administration of in-
travenous immune globulin (IVIG) correspond to the
performance of enzyme-linked immunosorbent assays
and platelet-activation assays.

Panel A shows the findings in Patient 1, a 72-year-old
woman in whom vaccine-induced thrombotic thrombo-
cytopenia (VITT) was complicated by limb-artery
thrombosis and partial celiac-artery thrombosis. The
calculation of the IVIG dose was based on both weight
and height, according to the “dosing weight” designa-
tion (1 g per kilogram of body weight) of the Ontario
dose calculator.” Thus, for a female patient weighing
59 kg with a height of 162 cm, the dose would be 55 g
per kilogram, which the patient received. However, the
first dose was divided into portions of 15 g and 40 g
per kilogram, since the patient had an adverse reaction
(severe chills) after the initial 15-g infusion of IVIG; the
remaining 40 g per kilogram was given the next day
without incident.

Panel B shows the findings in Patient 2, a 63-year-old
man with VITT that was complicated by limb-artery
thrombosis, pulmonary embolism, and deep-vein
thrombosis. According to the “dosing weight” on the
Ontario dose calculator, for a male patient weighing
158 kg with a height of 198 cm, the dose of IVIG would
be 120 g per kilogram; the patient’s actual dose was
165 g per kilogram because the ordering physician opt-
ed to use a dose closer to the patient’s actual body
weight.

Panel C shows the findings in Patient 3, a 69-year-old
man with VITT that was complicated by stroke involv-
ing the right middle cerebral artery, cerebral venous si-
nus thrombosis (right cerebral transverse and sigmoid
sinuses), and thromboses in the right internal carotid
artery, right internal jugular vein, hepatic vein (main
and left branch), and distal lower-limb vein (one branch
of the left trifurcation), along with a diagnosis of pul-
monary embolism. According to the “dosing weight”
on the Ontario dose calculator, for a male patient
weighing 140 kg with a height 185 cm, the IVIG dose
would be 105 g per kilogram; the actual dose the pa-
tient received was 100 g per kilogram. A third dose of
IVIG was given on day 24 because of concern regarding
a partial loss of the IVIG effect, with possible exacerba-
tion of VITT, since the patient’s platelet count fell from
125,000 to 106,000 per cubic millimeter and the p-di-
mer level increased from 14.8 to more than 20 mg per
liter. After the third dose of IVIG, the platelet count
rose to 165,000 per cubic millimeter, and the p-dimer
level fell to 13.1 mg per liter. SC denotes subcutaneous,
and UFH unfractionated heparin (which is shown in
units per kilogram per hour in Patient 2; details regard-
ing heparin dosing were not available for Patient 1).
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agulability.®!* Our report documents the inhibi-
tion of serum-induced platelet activation after
treatment with IVIG in three patients in whom
VITT was diagnosed between March 31 and
April 13, 2021. Our study also shows how the
serotonin-release assay — the most common labo-
ratory test of platelet activation that is performed
to detect HIT in North American reference labo-
ratories — can be adapted to detect VITT anti-
bodies.

CASE REPORTS

PATIENT 1

Patient 1 was a 72-year-old woman with an un-
remarkable medical history who reported having
an onset of left limb pain and claudication 7 days
after vaccination with ChAdOx1 nCoV-19 (Covi-
shield, an AstraZeneca vaccine licensed for pro-
duction by the Serum Institute of India). Her
symptoms progressed, and she was admitted to
the hospital 8 days after symptom onset. Imag-
ing showed a suprarenal aortic thrombus, with
occlusion of the left superficial and deep femo-
ral arteries, plus partial thromboses of the celiac
and right peroneal arteries. At that time, a dis-
order resembling heparin-induced thrombocyto-
penia was not suspected, so unfractionated hepa-
rin was started; 3 days later, the patient underwent
surgical embolectomy. By that time, VITT was
suspected, and argatroban was initiated. Since
there was no improvement in the platelet count
during a 5-day period, high-dose IVIG was ad-
ministered. The patient’s platelet count increased,
and she was discharged home while receiving
oral apixaban.

PATIENT 2

Patient 2 was a 63-year-old man without cardio-
vascular risk factors or a history of thrombosis
who reported having cramping in his left leg be-
ginning 18 days after vaccination. Four days later,
acute dyspnea developed. The following day, his
left leg became painful and cold. He presented
to the emergency department (24 days after vac-
cination), at which time computed tomographic
angiography showed acute arterial thrombosis in
the left leg, plus extensive pulmonary embolism.
He received tinzaparin (low-molecular-weight hep-
arin) and underwent surgical embolectomy. Low-
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Table 1. ELISA Reactivity before and after Treatment with IVIG.*
Patient No.
After First
Before IVIG IVIG Dose
Patient 1 2.70 2.80
Patient 2 1.78 2.38
Patient 3 2.69 2.72

ELISA Results

After Second After Third After Fourth
IVIG Dose IVIG Dose IVIG Dose
OD units
2.86 291 NA
2.39 NA NA
2.76 2.70 2.80

* Results are shown in optical density (OD) units on enzyme-linked immunosorbent assay (ELISA) for IgG, IgA, and IgM
antibodies against platelet factor 4 (PF4)—polyanion complexes (reference value, 0.40 OD units) before and after the
administration of intravenous immune globulin (IVIG) in the three study patients. No consistent reduction in ELISA re-
activity was seen after treatment with IVIG, which indicates that IVIG did not inhibit VITT antibody binding to PF4. The
addition of a high level of heparin (100 U per milliliter) inhibited reactivity by more than 90% in all 12 samples tested

(not shown in the table). NA denotes not applicable.

er-limb ultrasonography revealed nonocclusive
right popliteal deep-vein thrombosis. Suspicion
of VITT prompted a switch from heparin to
fondaparinux and the administration of IVIG.
Although no new thromboses occurred after IVIG
treatment, residual distal lower-limb thrombosis
resulted in distal foot ischemic necrosis, and at
the time of this report, the patient was awaiting
amputation.

PATIENT 3
Patient 3 was a 69-year-old man with non—insu-
lin-dependent diabetes mellitus, hypertension,
obstructive sleep apnea, recently diagnosed pros-
tate cancer (not yet staged), and no history of
thrombosis; he had a history of heparin expo-
sure 9 months earlier during transcatheter aor-
tic-valve replacement, which was followed by the
administration of aspirin (81 mg) daily. Twelve
days after vaccination, he reported having head-
ache and confusion and was admitted to the
hospital with progressive left-sided weakness.
The diagnosis of VITT was made on hospital day
3 when further left-sided weakness became evi-
dent; right middle cerebral-artery stroke with
hemorrhagic transformation was identified. Ad-
ditional thromboses were documented in the
right internal carotid artery, right cerebral trans-
verse and sigmoid sinuses, right internal jugular
vein, hepatic vein, and distal lower-limb vein; pul-
monary embolism was also found. He was treated
with fondaparinux and IVIG. No new clinically
evident thromboses were subsequently observed,
although the patient continued to have hemiplegia.
A recurrence of thrombocytopenia led to the
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administration of additional IVIG, which was fol-
lowed by a transient improvement in the platelet
count, along with a switch to rivaroxaban owing
to a concern about VITT antibody cross-reactivi-
ty with fondaparinux; however, this cross-reac-
tivity was ruled out by laboratory testing. Subse-
quently, the patient underwent therapeutic plasma
exchange with the use of solvent detergent plasma
as replacement fluid, which was administered in
13 exchanges from day 47 to day 62 after vacci-
nation. The patient had subsequent gradual im-
provement in his platelet count, which reached a
normal level of 158,000 per cubic millimeter on
day 62.

METHODS

Written informed consent for publication of
their data was obtained from all three patients
or their substitute decision makers. Serum was
obtained both before and after the administra-
tion of IVIG to identify any changes in platelet-
activating reactivity (ex vivo studies). We used a
commercial immunoassay to detect antibodies
against PF4—polyanion complexes (LIFECODES PF4
IgG/IgA/IgM enzyme-linked immunosorbent as-
say [ELISA], Immucor), according to the manu-
facturer’s instructions. We also performed a se-
rotonin-release assay, in which the patient’s
serum was incubated with donor platelets con-
taining radioactive ™C serotonin and various
levels of heparin. On this assay, when antibody
that is present in the serum binds and activates
donor platelets, it releases radiolabeled sero-
tonin from the platelet granules. Thus, a higher
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percentage of serotonin release indicates greater
platelet activation.”> However, we also used an
assay that included a modification in which in-
creasing doses of PF4 were added to the serum
rather than heparin.® We performed other as-
says with high levels of unfractionated heparin
(100 U per milliliter), Fc receptor-blocking
monoclonal antibody (IV.3) (5 ng per milliliter),
and IVIG (Gammagard Liquid, Shire Pharma)
(10 mg per milliliter). Weak reactivity was defined
as a serotonin release of 20% to 49.9%, and strong
reactivity as a release of more than 80%.

RESULTS

PLATELET CHANGES AFTER IVIG
Figure 1 shows serial platelet counts for the
three patients in relation to treatment with anti-
coagulant and IVIG. Data regarding the patients’
height, weight, and dosing considerations for IVIG
administration (according to the Ontario dose
calculator™) are provided in the Figure 1 legend.
In Patient 1, the platelet count rose from
39,000 to 77,000 per cubic millimeter during
treatment with intravenous heparin, which was
stopped before surgery. The platelet count did
not change postoperatively during the 5-day ad-
ministration of argatroban. However, after the
administration of IVIG, the platelet count rose
from 74,000 to 114,000 per cubic millimeter dur-
ing a 2-day period, at which time the patient was
discharged while receiving oral apixaban. At a
follow-up visit 9 days later, the platelet count had
normalized at 166,000 per cubic millimeter. Al-
though mild thrombocytopenia recurred during
the next 3 weeks, the p-dimer levels normalized.
In Patient 2, the platelet count initially rose
from 36,000 to 77,000 per cubic millimeter after
the administration of intravenous heparin. Sub-
sequently, the platelet count fell, and heparin
was switched to fondaparinux. After treatment
with IVIG, the platelet count rose from 27,000 to
124,000 per cubic millimeter during a 3-day pe-
riod; 7 days after the initiation of IVIG, the
platelet count was 640,000 per cubic millimeter.
In Patient 3, no initial heparin was given.
After VITT was diagnosed, IVIG and fondaparinux
were administered, which resulted in an increase
in the platelet count from 35,000 to 125,000 per
cubic millimeter during a 3-day period, followed
by a decrease to 106,000 per cubic millimeter
and an increase in the p-dimer level; after a third
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dose of IVIG (as shown in the fourth blood
sample), the platelet count rose to 165,000 per
cubic millimeter, and the p-dimer level fell once
again.

None of the three patients had clinical evi-
dence of new or progressive thrombosis after
IVIG treatment.

LABORATORY TESTING

Two of the three patients (Patients 2 and 3) had
evidence of disseminated intravascular coagula-
tion, including elevated p-dimer levels (>10 and
>20 mg per liter, respectively [reference range,
<0.50]), low-normal fibrinogen levels (140 and
200 mg per deciliter, respectively [reference range,
160 to 420]), and a mildly increased interna-
tional normalized ratio (peak, 1.3 and 1.4, re-
spectively [reference range, <1.2]). These results
met the criteria for overt disseminated intravas-
cular coagulation.”® After treatment with IVIG,
the two patients had a reduction in serial p-dimer
levels and an increase in serial fibrinogen levels,
findings that were consistent with decreased
hypercoagulability.

PLATELET IMMUNOLOGIC ANALYSES

All three patients tested strongly positive for
antibodies against PF4—polyanion complexes on
ELISA (Table 1). No consistent reduction in ELISA
reactivity was seen after treatment with IVIG,
which indicated that IVIG did not inhibit VITT
antibody binding to PF4. Patient 2 tested nega-
tive on a latex-based immunoturbidimetric assay
(HemosIL HIT—Ab(pF oty Instrumentation Labora-
tory), a local rapid-screening test for HIT anti-
bodies. According to a recent report,* this screen-
ing test has shown negative results for VITT
antibodies.

Serum obtained before IVIG administration
(baseline) in the three patients showed three dif-
ferent reaction patterns on the serotonin-release
assay, the standard platelet-activation assay for
HIT. Patient 1 tested weakly positive for HIT,
with serum producing 19% serotonin release with
heparin at a concentration of 0 U per milliliter,
41% at 0.1 U per milliliter, 23% at 0.3 U per mil-
liliter, and 0% at 100 U per milliliter (Fig. 2A).
(On this assay, a positive result is a release of
>20% with heparin at a concentration of 0.1 U
per milliliter or at a concentration of 0.3 U per
milliliter that is inhibited at 100 U per milliliter.)
Testing of serum from Patient 2 showed an atypi-
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Figure 2 (facing page). Results of Platelet-Activation
Assays.

Panel A shows the results of a conventional platelet-
activation assay for heparin-induced thrombocytopenia
(a serotonin-release assay) in the three study patients.
Platelet activation was inhibited in serum obtained
from the three patients after treatment with IVIG. Pan-
el B shows the results of a modified platelet-activation
assay to detect VITT antibodies reactive against plate-
let factor 4 (PF4) in the three patients. Variable levels
of inhibition of PF4-enhanced serotonin release were
seen in patients’ serum obtained after treatment with
IVIG. Complete inhibition was seen with the addition
of Fcylla receptor-blocking monoclonal antibody
(IV.3) or the addition of IVIG at a concentration of

10 mg per milliliter.

cal result, with 35% serotonin release observed
in the absence of heparin that was inhibited to
less than 5% with the addition of heparin at a
concentration of 0.1 U per milliliter and 0.3 U
per milliliter. Testing of serum from Patient 3
also showed an atypical result, with serotonin
release of 78% with heparin at a concentration
of 0 U per milliliter and 72% at 0.1 U per mil-
liliter. For all three patients, serum-induced se-
rotonin release was not observed after one or
two doses of IVIG.

In Patients 1 and 2, the addition of PF4 (10 ug
per milliliter) to serum obtained at baseline
showed strong (>80%) serotonin release (Fig. 2B).
No effect of PF4 was seen in the baseline serum
from Patient 3, which showed a 78% serotonin
release in the absence of PF4. In all three pa-
tients, serum that was obtained after IVIG treat-
ment showed a reduction in reactivity in the
presence of PF4; these reductions ranged from
marked (in Patient 3) to minor (in Patient 2).
Patient 2, whose serum showed the least reduc-
tion in serotonin release in the presence of PF4
after IVIG administration, had the greatest in-
crease in the platelet count (from 27,000 to 640,000
per cubic millimeter during a 7-day period).

DISCUSSION

The use of high-dose IVIG to treat thrombosis is
unusual, especially considering that thrombotic
events have been well documented after IVIG
administration in patients with immune throm-
bocytopenic purpura, a hemorrhagic disorder.'®"

N ENGL J MED

However, in the case of patients with autoim-
mune HIT*™ and in our three study patients with
VITT, the inhibition of serum-induced platelet-
activating properties by IVIG was associated with
increased platelet counts.

These findings probably reflect in vivo inhibi-
tion of antibody-induced platelet activation and
reduced hypercoagulability, as shown by an
increase in fibrinogen levels and a decrease in
p-dimer levels in Patients 2 and 3. Increasing the
platelet count is especially important when pa-
tients have severe thrombocytopenia and multi-
ple unusual thromboses that require therapeutic-
dose anticoagulation, especially in the context of
hemorrhagic transformation after cerebral in-
farction. Moreover, antibodies that have been
implicated in HIT also activate monocytes'® and
neutrophils® through membrane Fcy receptors.
Since patients with VITT can have severe throm-
bocytopenia that potentially lasts for several
weeks, early administration of IVIG may be an
important adjunct therapy to anticoagulation for
the management of VITT. Currently, several
VITT treatment guidelines recommend up-front
administration of high-dose IVIG when VITT is
strongly suspected and thrombosis is present.0?
The dosing recommendation of 1 g per kilogram
of body weight*2? on two consecutive days (i.e.,
a total of 2 g per kilogram) can be ambiguous,
since the applicable body weight can range from
“ideal” to “actual” weight or an intermediate
value called “dosing” weight.* We suggest the
use of dosing weight at the very least and prefer-
ably the actual body weight in making these
calculations,**? given the dose-dependent effects
of IVIG in decreasing antibody-induced platelet
activation.”?

Our study also shows how the platelet-activa-
tion test used in North American reference labo-
ratories — the serotonin-release assay — can be
adapted to detect VITT antibodies by including a
reaction well for PF4. Recently, Greinacher and
colleagues' found that supplementation of PF4
(10 pg per milliliter) was helpful in diagnosing
VITT with the use of a washed-platelet activation
test based on visual detection of platelet aggre-
gation. We found that the reactivity patterns of
the serum obtained from our study patients with
VITT were heterogeneous, since two samples
tested positive (one weakly) on the conventional
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test for HIT, although the reaction pattern in
serum obtained from Patient 3 was atypical. In
Patients 1 and 2, who had weak and negative
results, respectively, on the conventional test for
heparin-dependent antibodies, the addition of
PF4 resulted in strong serotonin release. Thus,
we suggest that testing for HIT and VITT anti-
bodies can be readily accomplished by perform-
ing the standard platelet-activation assay at the
usual conditions, with the addition of PF4 (210 ug
per milliliter) without heparin. We also recom-
mend testing at 0 U per milliliter as a buffer
control, since serum-induced serotonin release
in the absence of heparin is a feature of autoim-
mune HIT.®” Our observations support the rec-
ommendation to test for VITT antibodies in se-
rum before IVIG administration to avoid false
negative results on the serotonin-release assay.*
In contrast, ELISA reactivity was not inhibited by
IVIG treatment, as shown in Table 1 and as re-
ported in patients with HIT.>?

In our study, we describe three of the first
patients in Canada in whom VITT was diagnosed
after ChAdOx1 nCoV-19 vaccination. All three
patients received doses of vaccine that were pro-
duced by the Serum Institute of India, which at
the time of this study had supplied approximately

two thirds of the ChAdOx1 nCoV-19 doses ad-
ministered in Canada.” After the initial cases of
VITT were reported in Europe (beginning in late
March 2021), the rollout of the AstraZeneca vac-
cine program in Canada was restricted to per-
sons who were 55 years of age or older. This
restriction accounted for the older ages of our
three patients (72, 63, and 69 years of age). Of
note, all three patients had one or more arterial
thrombotic events. In addition, two patients had
venous thrombosis. Of the 41 patients with VITT
who had been described at the time of this re-
port, arterial thrombosis had been diagnosed in
only 5.5 However, the patients who have been
described in other studies were mostly younger
than those in our report. We suspect that older
persons with VITT may be more likely to present
with arterial thrombotic events.
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