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In this review article, we summarized the current advances in rescue management
for reperfusion therapy of acute ischemic stroke from large vessel occlusion due
to underlying intracranial atherosclerotic stenosis (ICAS). It is estimated that 24—
47% of patients with acute vertebrobasilar artery occlusion have underlying ICAS
and superimposed in situ thrombosis. These patients have been found to have
longer procedure times, lower recanalization rates, higher rates of reocclusion
and lower rates of favorable outcomes than patients with embolic occlusion.
Here, we discuss the most recent literature regarding the use of glycoprotein llb/
Illa inhibitors, angioplasty alone, or angioplasty with stenting for rescue therapy
in the setting of failed recanalization or instant/imminent reocclusion during
thrombectomy. We also present a case of rescue therapy post intravenous tPA and
thrombectomy with intra-arterial tirofiban and balloon angioplasty followed by
oral dual antiplatelet therapy in a patient with dominant vertebral artery occlusion
due to ICAS. Based on the available literature data, we conclude that glycoprotein
IIb/llla is a reasonably safe and effective rescue therapy for patients who have
had a failed thrombectomy or have residual severe intracranial stenosis. Balloon
angioplasty and/or stenting may be helpful as a rescue treatment for patients who
have had a failed thrombectomy or are at risk of reocclusion. The effectiveness
of immediate stenting for residual stenosis after successful thrombectomy is still
uncertain. Rescue therapy does not appear to increase the risk of sSICH. Randomized
controlled trials are warranted to prove the efficacy of rescue therapy.

rescue therapy, intracranial atherosclerosis, intracranial atherosclerosis stenosis,
balloon angioplasty, intracranial stenting, intracranial stenosis, failed thrombectomy,
literature review

Introduction

Intracranial atherosclerotic stenosis (ICAS) is one of the common causes of stroke and
accounts for up to 50% of all strokes in certain ethnic groups (1-4). Randomized clinical
trials have failed to show the efficacy of intracranial stenting in patients with symptomatic
severe ICAS (1, 5-10). Some of the landmark studies, including the Stenting and Aggressive
Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis (SAMMPRIS),
Vitesse Intracranial Stent Study for ischemic Stroke Therapy (VISSIT), Vertebral Artery
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Ischemia Stenting (VIST), and Vertebral Artery Stenting Trial
(VAST) trial, reported a higher rate of stroke or death within
30 days in the percutaneous angioplasty and stenting (PTAS) plus
best medical therapy (BMT) group (e.g., 14.7% in the SAMMPRIS
trial) (1, 11-13).

Of note, approximately 24-47% of patients with acute
vertebrobasilar artery occlusion have underlying ICAS and
superimposed in situ thrombosis (14). Patients with underlying ICAS
were found to have longer procedure times, lower recanalization rates,
and higher rates of reocclusion than those with embolic occlusion
(15-18).

Currently, there is no Level A evidence regarding the optimal
rescue strategy for failed recanalization or instant/imminent
reocclusion in acute ischemic stroke from large vessel occlusion
due to underlying ICAS (19-21). Here, we present a case
illustration of rescue therapy post intravenous tPA and
thrombectomy with intra-arterial tirofiban and balloon angioplasty
followed by oral dual antiplatelet therapy (DAPT) in a patient with
dominant vertebral artery occlusion due to ICAS. We also
performed a narrative review of the available literature on rescue
therapy after thrombectomy.

Case illustration

A 57-year-old man with a history of uncontrolled hypertension
presented to our comprehensive stroke center 2h after an acute onset
of headache, nausea, vomiting, dysarthria, diplopia, truncal and left
arm ataxia, and left face and arm numbness. His National Institutes of
Health Stroke Scale (NIHSS) score was 3 for dysarthria, numbness,
and arm ataxia but the patient reported that ataxia, diplopia and
dysarthria are disabling. CT of the head showed no intracranial
hemorrhage but a hyperdense vessel sign in the left intracranial
vertebral artery (VA) (Figure 1). Intravenous tPA was administered
according to the standard of stroke care. Four-vessel diagnostic
cerebral angiography demonstrated that the right vertebral artery
terminated in the right posterior inferior cerebellar artery (PICA) and
an occlusion of the left VA past the level of the left PICA (Figure 2).
There was distal reconstitution of the basilar and posterior cerebral
arteries via hypoplastic right posterior communicating artery
(Figure 3). Successful thrombectomy was performed using a stent-
retriever device.

Immediate postretrieval angiography showed severe stenosis of
the left intracranial VA (Figure 4). However, repeat angiography after
10 min showed reocclusion of the left VA at the level of the stenosis
(Figure 5). A total of 250 micrograms of intra-arterial tirofiban was
infused for rescue therapy followed by gentle balloon angioplasty of
the stenosis (Figure 6). Repeat angiography 30 min later showed a
patent left VA with improved focal stenosis (Figure 7). Given high risk
of reocclusion due to ICAS and 300 mg aspirin was administered per
rectum despite recent administration of tPA. The patient was started
on alow-dose tirofiban infusion at a rate of 0.15 mcg/kg/min for 24h
and was bridged to dual antiplatelet therapy with 325 mg aspirin and
75mg clopidogrel daily. The P2Y12 platelet function test result was in
the therapeutic range (57 PRU) 3days following the procedure.
Postoperative MRI showed a low burden of scattered diffusion
restriction in the bilateral cerebellar hemispheres (Figure 8).
Follow-up MRI was obtained 2 days later due to episodes of recurrent
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FIGURE 1
Non-contrast CT head demonstrating hyperdense vessel sign in the
left intracranial vertebral artery (arrow).

FIGURE 2

Diagnostic cerebral angiography, lateral view, demonstrating
occlusion of the left vertebral artery past the level of the left
posterior inferior cerebellar artery.

diplopia showed an increased burden of diffusion restriction
(Figure 9). Nevertheless, the patient showed remarkable recovery and
had a Modified Rankin Score (mRS) of 1 upon discharge and mRS of
0 at 90 days.
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FIGURE 3

Diagnostic cerebral angiography, lateral view, distal reconstitution of
the basilar and posterior cerebral arteries via hypoplastic right
posterior communicating artery (arrowheads).

FIGURE 5
Repeat angiography, lateral view, showing reocclusion of the left
vertebral artery at the level of the stenosis.

FIGURE 4
Post-thrombectomy angiography, lateral view, showing severe
stenosis of the left intracranial vertebral artery (arrow).

FIGURE 6
Repeat angiography, lateral view, demonstrating the balloon
angioplasty of the stenotic left vertebral artery.
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FIGURE 7
Follow-up angiography 30 min after the balloon angioplasty, lateral
view, demonstrating patent left vertebral artery with residual stenosis.

FIGURE 8
A postoperative MRI of the brain showing a low burden of scattered
diffusion restriction in the bilateral cerebellar hemispheres
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FIGURE 9
A repeat MRI of the brain showing increased burden of diffusion
restriction in bilateral cerebellar hemispheres.

Review of literature

The efficacy of rescue therapy for failed mechanical thrombectomy
or persistent severe stenosis due to underlying ICAS is not well
established (15, 22, 23). The limited data mostly come from retrospective
studies, including case reports, case series, registries, and cohort studies.

Additionally, the interpretation of the existing data is challenging,
as most studies included a heterogeneous group of patients, such as
patients with failed thrombectomy, regardless of the presence of
ICAS. Furthermore, most data are from Asian patient populations due
to their relatively higher predilection for developing ICAS, which
makes generalizability difficult.

Acute ischemic stroke from large vessel occlusion due to ICAS is
a distinct pathological process that poses unique therapeutic
challenges (20). The most challenging issue is the high risk of
immediate reocclusion or failure to recanalize (24). One possible
explanation is that thrombectomy with a stent-retriever device may
cause endothelial injury at the site of ICAS and increase
thrombogenicity (25). In a case series by Forbrig et al., immediate
reocclusion occurred in 25 out of 34 patients, and residual high-grade
stenosis occurred in the remaining 9 (26). A meta-analysis by Tsang
et al. showed that the risk of instant reocclusion is significantly higher
after mechanical thrombectomy in strokes due to ICAS as compared
to other types of strokes (36.9% vs. 2.7%, respectively, OR, 23.7, 95%
CI 6.96-80.7) (24). In another study by Baek et al., successful
permanent recanalization with stent-retriever thrombectomy was
achieved in only 28.9% of occlusions caused by ICAS compared to
82.8% of occlusions due to all other etiologies (20). In two studies,
comparable recanalization rates were achieved with rescue therapies
such as balloon angioplasty and/or stenting, but these increased the
duration of the endovascular procedure (20, 27). The latter has been
shown to be an independent predictor of poor outcome (28).
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Conversely, some studies have suggested that ICAS itself is an
independent predictor for a good outcome, which is explained by
chronic ischemic preconditioning and development of collateral
circulation, resulting in a smaller core and a larger penumbra (16, 29).

Various rescue strategies have been proposed, including different
combinations of dual antiplatelet therapy (DAPT), intra-arterial (IA)
or intravenous (IV) infusion of glycoprotein IIb/IIla receptor
inhibitors, angioplasty and stenting (20, 21, 25, 30-32).

Glycoprotein llb/llla receptor
inhibitors

Rescue therapies after failed thrombectomy include intra-arterial
or intravenous bolus (dose) of GP IIb/IIIa inhibitors with or without
subsequent intravenous infusion for 12-48h, balloon angioplasty and
stenting. Some of the indications are severe residual stenosis or instant
reocclusion due to ICAS, failed thrombectomy, proximal thrombus
with the potential to cause distal embolism or incomplete
recanalization (4, 25, 33-38).

Tirofiban, eptifibatide, and abciximab are the three GP IIb/IIIa
inhibitors approved for use in the United States (39). A 2021 study by
Jang et al. retrospectively compared patients receiving intra-arterial
tirofiban for rescue therapy to those who did not. This study included
314 patients, of whom only 35 received intra-arterial tirofiban. The
authors concluded that intra-arterial tirofiban had no association with
increased risk of hemorrhage, 3-month mortality or improved
outcome when given for rescue therapy (36). A similar study
conducted in China investigated the safety and efficacy of intra-
arterial infusion of low-dose tirofiban (0.25-1mg) followed by an
intravenous infusion (0.1 mcg/kg/min) for 12-24h in patients with
underlying ICAS who needed rescue therapy for the above indications.
After adjusting for confounding factors, tirofiban was associated with
excellent outcomes (mRS 0) and functional independence (mRS 0-2)
(adjusted OR 1.819; CI, 1.064-3.110 and OR 1.849; CI, 1.065-3.212,
respectively) and was not associated with an increased risk of
intracranial hemorrhage (adjusted HR 0.998; 95% CI 0.021-46.825;
p =0.999). The association was stronger in patients with severe stroke
(NIHSS>5) and anterior circulation stroke (37).

The results of the above studies should be interpreted with caution
due to the nonrandomized nature of the studies and potential
selection bias.

A retrospective analysis of prospectively collected data compared
standard practices between two hospitals in South Korea, one of which
used angioplasty and stenting as a primary rescue therapy for failed
MT in ICAS-related stroke, and the other hospital used intra-arterial
infusions of 0.5-1 mg of tirofiban. There were no significant differences
in the rates of successful reperfusion, symptomatic hemorrhage,
3-month modified Rankin scale score 0-2, and mortality between the
two centers (28).

In general, hemorrhagic conversion in patients with posterior
circulation stroke is very uncommon, and the use of tirofiban in this
patient population is generally low risk (40). In addition, some authors
hypothesized that patients with ICAS may be at lower risk for
hemorrhagic conversion due to the formation of collaterals and
ischemic preconditioning over time, resulting in a generally smaller
infarct core compared to patients with other etiologies of large vessel
occlusion (16, 29, 40).
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Route of administration

Currently, there is not enough evidence to support intra-arterial
versus intravenous bolus of GP IIa/IIIb inhibitors, and the optimal
duration of subsequent intravenous infusion is unknown (36, 38). A
recent retrospective study by Yang et al. included 503 patients and
compared three groups of patients who underwent mechanical
thrombectomy within 24h after stroke symptom onset. Eligible
patients also received IV tPA. Most patients received no tirofiban
(n =354), 79 received an intraarterial bolus (10 mcg/kg) of tirofiban
followed by an intravenous infusion (0.15 mcg/kg/min), and 70
received intravenous (10 mcg/kg) tirofiban followed by an
intravenous infusion (0.15 mcg/kg/min). The treatment choice was
at the discretion of the interventionalist. Tirofiban was infused for
rescue treatment for ICAS, failed thrombectomy, proximal thrombus,
or stent placement. The patients who received an intra-arterial bolus
of tirofiban had a significantly higher rate of sSICH (19.1% vs. 0%,
p <0.001), in-hospital death (23.6% vs. 0%, p <0.001) and death at
3 months (26.8% vs. 11.0%, p =0.021), as well as a lower rate of 90-
day favorable outcome (35.4% vs. 51.2%, p =0.038). In the subgroup
of patients with ICAS, intravenous tirofiban increased the
recanalization rate (95.3% vs. 64.1%, p <0.001) and decreased the rate
of poor outcome (7.0% vs. 38.6%, p <0.001) compared to the
nontirofiban group (38). However, the current evidence is not
compelling enough to advocate for one method of tirofiban
administration over another.

Rescue balloon angioplasty without
stenting

The rationale for avoiding stent placement in the setting of
acute ischemic stroke includes a possible increased risk of
hemorrhage with DAPT, longer procedure times and the risk of
in- stent thrombosis due to a lack of standard preprocedural
antiplatelet treatment (28, 30).

Therefore, balloon angioplasty alone has been proposed as an
initial step for residual severe stenosis due to ICAS (23). However,
some authors suggested that balloon angioplasty itself may cause
further intimal injury and increase the risk of instant reocclusion,
causing a “snowplowing effect” (occlusion of adjacent perforators),
and may be less effective than stenting due to vessel recoiling (30).

There are only a few retrospective case series of patients who were
treated primarily with balloon angioplasty for residual severe
intracranial stenosis after successful mechanical thrombectomy (22,
23, 41, 42). The largest case series of 68 patients was presented by
Chen et al. In that study, successful recanalization was achieved in 45
patients with balloon angioplasty alone, whereas an additional 16
patients required rescue stenting. The combined recanalization rate
was 89.7% with this strategy (23).

Most recently, Ni et al. presented the results of balloon angioplasty
combined with Tirofiban as a first-line rescue treatment after failed
mechanical thrombectomy for middle cerebral artery occlusions and
underlying ICAS. A retrospective review of 47 subjects showed an
87% (n =41) rate of successful recanalization. Stent placement was
attempted in the remaining 6 patients, of whom 3 had successful
recanalization. Good functional outcome (mRS <2) was achieved in
55.3% of the patients (22).
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Rescue stenting for failed
thrombectomy

Successful vessel recanalization is the key for improving the
treatment outcomes of stroke (20, 34). Therefore, it is not surprising
that a number of small studies have almost uniformly shown that
rescue stenting for failed thrombectomy is associated with better
recanalization rates and improved clinical outcomes (mRS<2)
including for strokes of mild to moderate severity (NIHSS <9) (34,
43-47). The rate of favorable clinical outcome ranged from 35.1 to
56.5% when rescue stenting was performed versus 2.5-19.7% if the
vessel was left occluded (17, 32, 34, 43, 45, 46, 48). The reported rate
of successful recanalization varied widely from 59.1 to 96.5% across
different studies (34, 43, 44, 46). The rate of SICH was not significantly
different with either treatment modality (7.1-9.7% in patients who
underwent rescue stenting vs. 10.8-14.1% in patients who were left
nonrecanalized) (17, 32, 45). Stracke et al. reported higher rate of
sICH after rescue stenting in anterior circulation compared to
posterior circulation stroke (32). They also reported lower rates of
sICH with the use of the Acclino/Acclinoflex stent (Acandis GmbH)
compared to other stents (3.3% vs. 14.3%; p <0.01) (32, 49).

A few studies found a lower mortality rate in patients with rescue
stenting (15-28% vs. 46.5-50%) (45, 48). However, one study, which
analyzed data from 53 patients, reported no statistically significant
difference in mortality rates (43).

The largest study evaluating rescue intracranial stenting for failed
thrombectomy was a retrospective review of a prospectively collected
database of 499 patients in the SAINT (Stenting and Angioplasty in
Neurothrombectomy) Study. Rescue intracranial stenting was
compared to failed recanalization (modified Thrombolysis in Cerebral
Ischemia score 0-1).

Compared with the failed reperfusion group, rescue intracranial
stenting had a favorable shift in the overall mRS score distribution
(acOR, 2.31 [95% CI, 1.61-3.32]; p <0.001), higher rates of functional
independence (35.1% vs. 7%; adjusted odds ratio [aOR], 6.33 [95% CI,
3.14-12.76]; p <0.001), and lower mortality (28% vs. 46.5%; aOR, 0.55
[95% CI, 0.31-0.96]; p =0.04) at 90days. The rates of sICH were
comparable across both groups (7.1% vs. 10.2%; aOR, 0.99 [95% CI,
0.42-2.34]; p =0.98), even after a matched cohort analysis (45).

Additionally, a meta-analysis of pooled data including 530 patients,
of whom 365 underwent stenting, showed that rescue intracranial
stenting after failed mechanical thrombectomy or high failure risk
thrombectomy results in improved clinical outcomes compared with
patients without stenting (48.5% vs. 19.7%, respectively; p <0.001),
without an increase in the rate of sICH, despite any additional use of
antiplatelet agents (9.7% vs. 14.1%, respectively; p =0.04) (17).

Two studies showed no significant improvement with rescue
intracranial stenting for a failed thrombectomy. Hassan et al.
conducted a nonrandomized study involving 420 patients with stroke
due to underlying ICAS who failed mechanical thrombectomy (TICI
0-2A). Forty-six patients underwent emergency stenting, whereas the
remaining 374 patients were treated medically. Acute intracranial
stenting in addition to mechanical thrombectomy was not associated
with an increase in overall length of stay, intracerebral hemorrhage
rates, or any change in discharge mRS score (18).

Zhou et al. conducted a study involving 68 patients with failed
thrombectomy, of whom 47 received rescue stent placement. The rate
of successful recanalization was 80.85%, and a favorable outcome was
achieved in 57.45% of the patients at 90 days. Of note, in the stenting
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group, only 2 patients (4.26%) were reported to have atrial fibrillation
as the possible etiology of stroke. The time from groin puncture to
recanalization was significantly longer in the stenting group (p =0.03),
and there was no difference in the rate of intracranial hemorrhage (50).

One study investigated the outcomes of rescue intracranial
stenting in failed thrombectomy of the basilar artery. Luo et al.
performed a subgroup analysis of data from the Endovascular
Treatment Key Technique and Emergency Work Flow Improvement
of Acute.

Ischemic Stroke (ANGEL-ACT) prospective registry in China.
Among the 93 patients who failed thrombectomy, 81 (87.1%) received
rescue stenting with a 92.6% recanalization rate.

Compared with the patients who did not receive rescue therapy
(n=12), the patients who underwent rescue stenting had a higher rate
of favorable clinical outcomes (modified Rankin Scale score at 90 days
postprocedure, 0-3: 16.7 vs. 51.9%, respectively; p =0.023) without an
increase in the rate of sSICH, but with a significantly lower mortality
rate (58.3 vs. 18.5%; p =0.006) (51). Some of the reported independent
predictors of poor functional outcome after rescue intracranial
stenting for failed thrombectomy are high NIHSS score upon (aOR
1.10; p =0.002), a higher pre-existing mRS (aOR 2.02; p =0.049), and
a modified Thrombolysis in Cerebral Infarction score 0 to 2a following
stenting (aOR 23.24; p <0.001) (32).

Emergent stenting of ICAS following
successful thrombectomy

There is currently no strong evidence to support emergent
stenting after successful thrombectomy, as the data are scarce and
limited to case series and cohort studies (26, 27, 52-56). Li et al.
performed a comparative analysis of 184 consecutive patients with
severe stenosis after thrombectomy, in which 64 patients underwent
rescue angioplasty or stenting, and 120 patients were managed
medically. Intracranial angioplasty/stenting resulted in better
functional outcomes (51.6% vs. 35.0%, p= 0.02) and a lower 24-h
reocclusion rate (6.3% vs. 17.5%, p =0.03). All patients had stroke in
the anterior circulation (52). In another multicenter prospective
cohort study enrolling a total of 113 consecutive patients with
underlying ICAS >70% in the anterior cerebral circulation, 81 (71.7%)
received emergent angioplasty and/or stenting after thrombectomy.
The patients in the emergent angioplasty and/or stenting group were
significantly more likely to have recanalization at 24 h (adjusted OR
[aOR], 3.782; 95% confidence interval [CI], 1.821-9.125; p =0.02) and
less likely to have early neurologic deterioration (aOR, 0.299; 95% CI,
0.110-0.821; p =0.01) (55). There was no significant increase in SICH
(aOR, 0.710; 95% CI, 0.199-2.622; p =0.67), death (aOR, 0.581; 95%
CI, 0.186-2.314; p =0.41), or functional independence at 90days
(aOR, 1.752; 95% CI, 0.774-3.257; p =0.16) (55).

In a meta-analysis of 1,315 subjects, 261 underwent emergent
intracranial stenting for residual stenosis after thrombectomy. The
pooled estimate of the successful recanalization rate was 88% (95% CI
84-92%), and the rate of favorable outcomes was 52% (95% CI,
47-56%).

Symptomatic intracranial hemorrhage occurred in 5% of the
patients, and the mortality rate was 15% (54).

One study performed a comparative analysis of outcomes between
Tirofiban infusion alone and rescue angioplasty/stenting as a primary
treatment strategy for underlying severe ICAS after mechanical
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thrombectomy (57). Two comprehensive stroke centers prospectively
collected data on 140 consecutive patients. There were no significant
differences between the two centers in the rate of successful
reperfusion, parenchymal hemorrhage, sSICH, 3-month mRS score,
and mortality (57).

Conclusion

o Tirofiban may be beneficial for rescue therapy after failed
thrombectomy or residual severe intracranial stenosis.

« Balloon angioplasty and/or stenting may be beneficial as a rescue
treatment for failed thrombectomy or impending reocclusion.
The role of immediate stenting for residual stenosis after
successful thrombectomy is still unclear, and randomized clinical
trials are needed.

o Rescue treatment with GPIIa/IIIb receptor inhibitors and/or
balloon angioplasty and/or stenting does not appear to significantly
increase the risk of symptomatic intracranial hemorrhage.
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