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ABSTRACT

Background Capsular warning syndrome (CWS) is defined
as recurrent episodes of transient ischaemic attacks >3
times during a short time frame. There is no effective
therapy to stop these attacks. We, herein, report our
experience of using intravenous tirofiban to treat CWS.
Methods All patients with CWS in our hospital from
January 2013 to September 2017 were reviewed.

Patients in tirofiban group (T-group) were treated by
intravenous tirofiban at 0.4 pg/kg/min for 30 min followed
by 0.1-0.15 pg/kg/min infusion. Other treatments (non-T-
group) included thrombolytic, oral antiplatelet agents and
anticoagulant. Intracerebral haemorrhage (ICH), systematic
bleeding, new attacks after treatment, National Institutes
of Health Stroke Scale (NIHSS) scores at 24 hours and
modified Rankin Scales (mRSs) at 3 months were recorded.
Descriptive statistics were used for analysis.

Results Of 23 patients qualified (15 in T-group, 8 in
non-T-group), the duration of symptoms ranged from 2 to
100 min before treatments. After treatment, in T-group,
four patients (26.7%) had recurrent attacks, and NIHSS
scores were 0 in 11 patients (73.3%) at 24 hours. All
patients reached a favourable outcome (MRS <2 at 3
months. In non-T-group, five patients (62.5%) had new
attacks. NIHSS scores were 0 in two patients (25%) at

24 hours. At 3 months, seven patients (87.5%) reached a
favourable outcome. Neither ICH nor systematic bleeding or
thrombocytopaenia occurred in both groups of patients.
Gonclusions Intravenous tirofiban can be a potentially
effective and safe therapy to stop early symptomatic
fluctuations and shorten the duration of functional deficits
in patients with CWS.

INTRODUCTION

Capsular warning syndrome (CWS) is defined
as recurrent stereotyped episodes of at least
three transient ischaemic attacks (TIAs)
during a short time frame, affecting two or
more anatomical regions such as patient’s face,
arm and leg, but without any cortical symp-
toms." With the widespread use of magnetic
rensonance imaging (MRI) , anatomical areas
that often related to the CWS have been iden-
tified to include internal capsule, pons or
anywhere in the corticospinal tract.” Actually,
the current definition of CWS should include
patients with TIA and those with transient
symptoms of infarction because most of them
were diagnosed clinically without the benefit
of obtaining an MRI before treatments.”

Although CWS occurs in only about 1.5%
of patients with transient symptoms, the risk
of developing into a permanent deficit is high
and often with poor prognosis." Moreover,
the frequently recurrent attacks cause signif-
icant disability and great anxiety to patients
who experience these episodes. Different
therapies have been proposed, including anti-
coagulation, antiplatelet therapies and even
recombinant tissue plasminogen activator
(rt-PA), in order to stop the process of CWS.
Unfortunately, there is no confirmed effec-
tive therapy so far.”™'! One retrospective study
enrolled 51 patients with fluctuating lacunar
syndromes (similar to CWS), and who were
treated with intravenous abciximab (an anti-
body fragment binds to the glycoprotein (GP)
IIb/IIIa receptor) suggested that abciximab
might be beneficial and safe.'* Tirofiban is
a fast-acting highly selective non-peptide GP
IIb/IIIa receptor antagonist that is presum-
ably safer than abciximab because its effect
on platelet aggregation was reversible."” '*
Intravenous tirofiban was safe, and potentially
effective when used alone or combined with
other agents in several studies for treating
patients with acute ischaemic stroke.'”™” We,
herein, report our preliminary experience of
using intravenous tirofiban to treat patients
with CWS, and compared with the outcomes
of eight patients treated with other methods
at our stroke centre. A brief review of the
literatures on this topic was also completed
(online supplementary table 1).

PATIENTS AND METHODS

This is a retrospective study. Data of all
patients presenting with a diagnosis of CWS
from January 2013 to September 2017 were
reviewed (Table 1). CWS was defined as
having at least three stereotyped episodes
in 24hours with either motor hemiparesis,
sensory hemiparesis, sensory-motor hemip-
aresis or ataxic hemiparesis affecting two or
more parts of a patient, including the face,
arm or leg, but without cortical symptoms.
Hemiplegic migraines and focal seizures were
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excluded. Head computed tomography (CT) scan and
CT angiography (CTA) were performed to exclude any
intracerebral haemorrhage (ICH) and detect the stenosis
or occlusion of a large vessel before treatment. Most
patients had head MRI within 48 hours of admission.
The patients who received intravenous tirofiban
were divided into two groups (Table 2). In tirofiban
group (T-group) I, patients received intravenous tirofiban
bolus (0.4pg/kg body weight per minute) over 30 min
followed by a continuous intravenous infusion (0.1pg/
kg body weight per minute) for 24hours. Overlapped
with tirofiban infusion for 4hours, these patients also
received oral aspirin (100mg) and clopidogrel (300 mg)
as the loading dose, followed by aspirin 100mg plus
clopidogrel 75mg per day for 21 days and only aspirin
100mg (or clopidogrel 75mg) per day for the next 69
days. In T-group II, patients initially had intravenous rt-PA
but developed worsening of their neurological deficits
or fluctuating symptoms. Tirofiban was initiated and
followed with the same oral antiplatelet strategy. They
all had additional CT or MRI to rule out any ICH before
tirofiban was started. For those patients who refused tiro-
fiban, they were treated with intravenous rt-PA alone,
oral antiplatelet agents, anticoagulation and intrave-
nous hydration (table 3). Same oral antiplatelet therapy
was continued for 3 months in non-T-group as well.
Besides the antithrombotic therapy, all patients
received statin (atorvastatin 40 mg or rosuvastatin 20 mg)
on admission and followed with daily oral atorvastatin
20mg or rosuvastatin 10mg. All patients had National
Institutes of Health Stroke Scale (NIHSS) every 2hours
in the first 24 hours after admission and every day before
discharge or when there was a recurrent episode. At
3-month follow-up, a modified Rankin Scale (mRS) was
performed. Any type of ICH, system bleeding and throm-
bocytopaenia were monitored during hospitalisation.
The AHA Guidelines for the Early Management of
Patients with Acute Ischemic Stroke gave a weak recom-
mendation of intravenous alteplase treatment for
patients with rapidly improving stroke symptoms.'® Only
six patients accepted intravenous alteplase treatment in
our study. All patients in T-group were consented before
tirofiban administration.
Descriptive statistics were used for analysis.

RESULTS
Of 23 patients included, 17 (73.9%) were male and their
mean age was 58.1 (range 28-82). Their stroke risk factors
were listed in tables 1 and 2. No patients had history of
cardiac arrhythmia or evidence of atrial fibrillation on
the continuous ECG monitoring after admission. The
number of CWS episodes ranged from 3 to more than 9
times within 24hours before the treatments. The dura-
tion of each episode ranged from 2 to 100 min.

Cerebral atherosclerosis was identified by CTA in 82.6%
of all patients (14/15 in T-group, 5/8 in no-T-group).
Follow-up MRI of head was done in 14/15 patients in the

Table 1 Clinical characteristics of patients with capsular
warning syndrome

Non-

Tirofiban  tirofiban

group group

N (%) N (%)
Male sex 11 (73.3) 6 (75.0)
Hypertension 9 (60) 5 (62.5)
Diabetes mellitus 0 2 (25.0)
Hypercholesterolaemia 11 (73.3) 6 (75.0)
Previous ischaemic stroke 0 0
Ischaemic heart disease 0 0
Atrial fibrillation 0 0
Peripheral vascular disease 0 0
Current alcohol use 10 (67.7) 3 (37.5)
Smoking 7 (46.7) 3 (37.5)
Previous antiplatelet therapy 2 (138.3) 0
Previous anticoagulant therapy 0 0
Previous antihypertensive 4 (26.7) 0
therapy
Previous treatment with statins 2 (18.3) 0
Previous antiplatelet and statins 2 (13.3) 0

therapy

T-group, 7/8 in non-T-group, 3 patients (14.3%) were
negative; 3 patients (14.3%) had high signal on diffu-
sion-weighted imaging in paramedian pons; 1 (4.8%)
in the territory of lenticulostriate arteries and 14 (66.7
%) in the territory of anterior choroidal artery (AChA)
(table 2). Two patients refused MRI but had a follow-up
head CT scan, which showed no ICH after therapy. For the
safety outcomes, no ICH and systemic bleeding took place
during their hospitalisation. No one had thrombocyto-
paenia (ie, platelet count dropped below <100X1079/L)
before discharge.

In T-group I, 11 patients received tirofiban directly
post-CT scan. Among them, six patients started treatment
while having symptoms. After infusion of tirofiban, four
of them recovered completely with no new fluctuating
symptoms. Two patients (#2 and #4) had partial recovery
(NIHSS=2and 1, respectively) at 24hours. Five patients
received tirofiban treatment between the attacks. Among
them, one (#3) developed new episodes during mainte-
nance infusion period (0.1 pg/kg/min) and the other one
(#11) had an attack at 3hours after completing a 24-hour
infusion. Both patients (#3 and #11) recovered quickly
after an additional intravenous loading dose of tirofiban.
Considering the possibility that recurrent episodes might
be related to a much higher activity of platelets, after the
second loading dose, maintenance dose was adjusted to
0.15pg/kg/min in patient #3, and their total infusion
time was also prolonged to 36hours. For patients #11,
the maintenance infusion was continued for another
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24 hours after the second loading dose. Fluctuating symp-
toms then stopped.

In T-group II (n=4), patients received intravenous rt-PA
first, but their neurological symptoms worsened. NIHSS
scores changed from 5 to 11 after intravenous rt-PA
in one (#15) patient. One patient (#13) had intrave-
nous rt-PA followed with dual antiplatelet agents immedi-
ately (aspirin 100 mg plus clopidogrel 300 mg). However,
his symptoms were still fluctuating during the next
24hours. The other two patients (#12 and #14) also had
repeated recurrent symptoms after intravenous rt-PA.
After starting intravenous tirofiban, fluctuating symp-
toms in two patients (#12 and #14) were well controlled.
During the maintenance infusion stage, two patients (#13
and #15) had fluctuations of symptoms again. They were
given another loading dose of tirofiban, followed by a
higher dose of maintenance infusion (0.15pg/kg/min)
and prolonged infusion time (up to 36 hours).

A day after the initiation of tirofiban, NIHSS scores
was 0 in 11 (73.3%) patients in the T-group (including
T-group I and T-group II). At 3 months, a favourable
outcome (mRS <£2) was observed in all of them (mRS=0
in 12 patients and mRS=1 in 2 patients) (table 2).

In the non-T-group, including those received intrave-
nous rt-PA only, five patients (62.5%) had symptom fluc-
tuation with fixed neurological deficits. At 24 hours, only
2/8 (25%) patients completely recovered (NIHSS=0).
At 3 months, 7/8 (87.5%) (mRS=0 in four patients
and mRS=1 in three patients) patients had favourable
outcome (mRS <2) (table 3).

Besides the data from our own centre, the outcomes of
the patients with CWS by different treatments reported in
the PubMed database (only in English) were summarised
in online supplementary table 1.

Site of IL on

3months mRS MRl
PP-R
AChA-L
DWI (-)
AChA-L
DWI (-)

LSA-L
AChA-L

NIHSSs at

after treatments 24 hours

Fluctuation

e
+
+
i
4e

Aspirin (100 mg), clopidogrel

(300mg), LMWHSs,

Vasopressors
Aspirin (100mg), clopidogrel

(300mg), hydration
Aspirin (100mg), clopidogrel

Aspirin (100mg), LMWHSs,
(8300mg), hydration

rt-PA, LMWHSs, hydration
rt-PA, aspirin (100 mg),
clopidogrel (300 mg),
LMWHs, hydration
hydration

Aspirin (100mg), LMWHs,
Clopidogrel (300 mg),
LMWHs, hydration

Treatments

NIHSS
15
13

11
10

Duration of the Maximum
1-10m

episodes
20m
5-60m
5-10m
5-180m
30m
60m
4-6m

DISCUSSION

Although CWS is a relatively rare clinical syndrome and
the symptoms might resolve spontaneously, the repeated
attacks could result in permanent neurological deficits.
The prognosis is poor and with a 7-day risk of stroke up to
60%." There are different hypotheses of the underlying
pathophysiology of CWS. Therefore, different strategies
have been considered, including thrombolysis, anticoag-
ulation, dual oral antiplatelet agents, raising blood pres-
sure or aggressive intravenous hydration (online supple-
mentary table 1). However, to the best of our knowledge,
currently, there is no effective strategy.

In our study, six patients (four in T-group II, two in
non-T-group) had intravenous rt-PA at first but still had
repeated attacks. One patient (#15) even had neurolog-
ical deterioration (NIHSS increased from 5 to 11). The
other five patients continue to have fluctuating symptoms
during and after intravenous rt-PA. Our findings were
consistent with a previous report in which nine patients
treated by intravenous rt-PA but continue to have wors-
ening of neurological function."" Thrombolytic agents
could activate platelet aggregation that in turn would

Evidence of AP NE before
treatment

by CTA

Risk factors
Hy, DM

Hy, Dy, CS, CD
Hy, Dy

Hy, DM

Hy, Dy, CS, CD
Dy, CS, CD

Dy
Dy

Sex/age (y)

F/66
M/31
M/55
M/76
M/47
F/55
M/59
M/57
AChA-L, territory of left anterior choroidal artery; AP, atheromatous plaque; CD, current drinking; CS, current smoker; CTA, CT angiography; DM, diabetes mellitus; Dy, dyslipidaemia; DWI, diffusion-weighted imaging; Hy, hypertension; IL, infarct

location; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NE, number of episodes; PP-R, right paramedian pontine; /, not available; y, years of age.

Table 3 Demographics, risk factors, clinical history, treatments and outcomes in non-tirofiban group

Patients

N
(3]
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cause the reocclusion of the recanalised artery by intra-
venous rt-PA.'?One multicentre study showed 75% of the
12 patients treated by intravenous rt-PA had a favourable
outcome.'’ However, in this study, the inclusion criterion
was defined as the succession of at least three recurrent
episodes within a 72-hour period, which was different
from those used a 24-hour time frame. The relative longer
time frame might contribute to a higher rate of the good
outcome.

Recent studies using high-resolution MRI in patients
with CWS suggested that even when traditional cerebral
vascular angiography (including CTA, magnetic reso-
nance angiography or digital subtraction angiography)
did not show any significant abnormality of large intra-
cranial arteries, atherosclerotic plaques were discovered
at branching point of the penetrating arteries, which
could partially explain the underlying pathophysiology
of CWS.*”*! These stereotypical attacks might be caused
by the ‘thrombotic’ process and overactivation of plate-
lets. In fact, in our case series, significant atheroscle-
rotic changes (detected by CTA) were more common
compared with those reported in the literatures (78.3%
vs 14%)."" Although several reports showed the effec-
tiveness of a combination of aspirin and loading dose of
clopidogrel in some patients with CWS,” # the results
were inconsistent. Such combination therapy was not
consistently effective in our study either. We speculated
that such inconsistency might be related to the limited
efficacy of oral antiplatelet agents. Therefore, tiro-
fiban, a more fast-acting and powerful platelet GP IIb/
IIIa receptor inhibitor, might be a better agent to treat
patients with CWS.

In our study, patients in T-group I received intrave-
nous tirofiban right after their admission. The clinical
fluctuation was successfully stopped in 81.8% (9/11) of
patients during the tirofiban infusion. In T-group II, intra-
venous tirofiban was administrated to remedy the failed
therapy by intravenous rt-PA. Patients in this group had
either partial or complete recovery after the additional
tirofiban treatment. Notably, new episodes occurred
during the maintenance phase of intravenous tirofiban or
several hours after tirofiban stopped in 26.7% (4/15) of
patients but quickly resolved after another loading dose
of tirofiban. This phenomenon indirectly confirmed the
likelihood of platelet hyperactivity and provided further
evidence for the need of aggressive antiplatelet therapy
in patients with CWS. Besides, continuous infusion
(24-48 hours) with the repeated loading dose of tirofiban
in this cohort of patients with CWS was safe. Neither any
type of haemorrhage transformation nor thrombocyto-
paenia occurred before discharge.

From our study, oral antiplatelet agents, anticoagula-
tion and even thrombolysis were not effective, as findings
reported in the literatures (table 3 and online supplemen-
tary table 1). However, at 3 months follow-up, all patients
in the T-group and 87.5% of patients in the non-T-group
reached a favourable outcome (mRS <2). This high rate of
a favourable outcome in our study might be related to the

use of dual antiplatelet therapy (aspirin 100mg and clopi-
dogrel 75mg per day for 21 days), an important strategy to
combat hyperactive platelets in patients with CWS.

Lacunar infarct was identified in 90.5% (19/21) of the
patients who had a follow-up MRI scan. Interestingly,
most of the lesions (66.7%) were in the territory of AChA
in our study. It has been reported that acute cerebral
infarction located in this area had higher risk of clinical
progression and poor outcome even intravenous throm-
bolytic therapy was given.** We speculated that the
earlier use of more powerful antiplatelet agents should
be considered after traditional thrombolytic therapy in
patients with acute infarction in the territory of AChA,
regardless if these patients had repeated TIAs prior to
their final stroke.

CONCLUSION

Intravenous tirofiban appeared to be effective and safe in
stopping recurrent and fluctuating symptoms in patients
with CWS. We speculated that hyperactivity of platelets
might play an important role during the process of CWS,
especially in patients with evidence of intracranial ather-
osclerosis and postintravenous rt-PA treatment. Anti-
platelet therapy during the acute phase with tirofiban
and dual antiplatelet therapy during the subacute phase
might be an effective and safe strategy of treating and
preventing CWS. However, this positive result could not
be confirmed by our series since only a small number of
patients was treated without a control group. Another
limitation of our study was the lack of direct laboratory
evidence of inhibition of platelet activity by intravenous
tirofiban. A multicentre registry or prospective trial is
needed to confirm the findings from our study.

Correction notice This article has been corrected since it was published. There
was an error to data in the Results section of the Abstract.
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