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Abstract. - OBJECTIVE: Intravenous (IV) re-
combinant tissue plasminogen activator is the
standard of care for patients with acute ischemic
stroke (AIS) who present to the hospital within 4.5
hours of symptom onset. However, IV thrombol-
ysis, even bridging thrombolysis (combining in-
travenous thrombolysis and mechanical throm-
bectomy) has limited efficacy among patients
who had occlusive lesions associated with high-
grade arterial stenosis requiring revasculariza-
tion to improve neurological deficits. We evaluat-
ed whether rescue stenting results in good out-
comes among patients after the failure of intra-
venous thrombolysis and bridging thrombolysis.

PATIENTS AND METHODS: We retrospec-
tively analyzed patients with AIS who underwent
rescue stenting for large vessel occlusion with
severe atherosclerotic stenosis between May
2020 and August 2022 at Can Tho S.1.S Gener-
al Hospital. Primary outcomes included the in-
cidence of hemorrhagic transformation and the
rate of good outcomes (modified Rankin Scale <
3) at 3-month follow-up.

RESULTS: We identified 13 patients who re-
ceived rescue stenting after the failure of IV al-
teplase and bridging thrombolysis, but only 11
patients met the inclusion criteria. All patients ex-
perienced successful recanalization, and 1 (9.1%)
patient experienced new infarcts. Of these 11 pa-
tients, 10 (90.9%) had good outcomes 3 months
after rescue stenting. Additionally, a loading dose
of dual antiplatelet therapy (DAPT) applied con-
currently with IV alteplase improved the recanali-
zation rate for large target arteries but had no sig-
nificant effect on the incidence of symptomatic
intracranial hemorrhage.

CONCLUSIONS: Rescue stenting appears to
represent an additional therapeutic option in
cases that fail to resolve with IV alteplase, which
may improve clinical outcomes.
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Introduction

Stroke is the second most common cause of
death worldwide, with an annual mortality rate
of approximately 5.5 million'. Depending on the
timing of presentation, intravenous (IV) admin-
istration of recombinant tissue plasminogen acti-
vator can be an effective treatment, but is most
effective when used between 3 and 4.5 hours of
symptom onset. Bridging thrombolysis, which
describes the combination of IV thrombolysis and
mechanical thrombectomy, can lead to long-term
functional independence after 90 days with high-
er recanalization success rates than [V thrombol-
ysis alone without increased risk*. The HER-
MES meta-analysis of five trials (MR CLEAN,
ESCAPE, REVASCAT, SWIFT PRIME, and
EXTEND IA) indicated the potential benefits of
mechanical thrombectomy (MT) in case of prox-
imal circulation occlusions. The recanalization
failure rate of this treatment, defined as a modi-
fied Thrombolysis in Cerebral Ischemia (mTICI)
score of 2a or worse, remained high, ranging from
13% to 29%, and most patients experienced poor
clinical outcomes*®. Permanent stent placement
has been suggested as a potential approach for
achieving successful recanalization, which is the
goal of endovascular therapy in the early manage-
ment of acute ischemic stroke (AIS)%’. However,
the risk of intracranial hemorrhage associated
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with the combined use of IV thrombolysis and a
loading dose of dual antiplatelet therapy (DAPT)
increases when rescue stenting is applied®®. We
hypothesize that stent deployment might serve
as a feasible treatment for large artery occlusion
after the failure of intravenous thrombolysis and
bridging thrombolysis.

Patients and Methods

Patient Selection

We retrospectively analyzed 11 consecutive pa-
tients aged>18 years with AIS who underwent res-
cue stenting for large vessel occlusions underlying
severe atherosclerotic stenosis after the failure of IV
alteplase and bridging thrombolysis therapy admin-
istered within 4.5 hours of symptom onset. Treated
large vessels included the carotid artery, internal
carotid artery (ICA), middle cerebral artery (MCA)
M1 segment, intracranial segment of the vertebral
artery, and basilar artery. All patients were treated at
Can Tho S.I.S General Hospital between May 2020
and August 2022. Patients with either a premorbid
modified Rankin Scale (mRS) > 2 or who under-
went the initial therapy 24 hours after symptom on-
set were excluded from this study (Figure 1).

The following variables were collected during
this study: patient demographics, cerebrovascular
risk factors, assessments of initial stroke severity
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Figure 1. Flowchart of patient selection for the present study.

at admission using the National Institutes of Health
Stroke Scale (NIHSS), mRS from the premorbid
time point through 3-months follow-up, I'V alteplase
administration, Diffusion-Weighted Imaging-Al-
berta Stroke Program Early Computed Tomography
Scores (DWI-ASPECTS), posterior circulation AS-
PECTS (pc-ASPECTS), procedural characteristics,
and outcomes.

Informed consent was provided by all patients
or their legally authorized surrogates after receiv-
ing a detailed explanation of the procedures. The
study protocol was approved by the Ethics Council
in biomedical research at Can Tho S.I.S General
Hospital (7920C/QD-S.1.S, dated May 10, 2020).

Procedures

Prior to performing rescue stenting, all patients un-
derwent baseline neurovascular magnetic resonance
imaging (MRI) and magnetic resonance angiography
(MRA). Eligible patients were those with AIS treated
with IV alteplase within 4.5 hours of symptom onset
in accordance with the standard protocol of the hos-
pital (0.6 mg/kg or 0.9 mg/kg infused over 60 min-
utes, with 10% of the total dose as an initial I'V bolus).
After the treatment with IV alteplase, patients were
monitored for neurological deterioration by using the
NIHSS. Neurological deterioration was defined as a
change in the NIHSS of > 4 points within 24 hours.
MRI and MR A were used to screen patients with re-
corded neurological deterioration (Figure 2). Patients
with no evidence of intracerebral hemorrhage in MRI
who presented with increased hyperintense lesions
due to large vessel steno-occlusion were indicated for
immediate recanalization.

General anesthesia was used during the proce-
dure. If susceptibility-weighted imaging or cerebral
angiography revealed large cerebral artery occlu-
sion due to thrombus, direct aspiration alone or the
Solumbra technique was first performed. Vessel
recanalization was evaluated by using the modified
Thrombolysis in Cerebral Infarction (mTICI) grade,
with failed recanalization defined as mTICI grade 2a
or lower. A loading dose of DAPT (300 mg clopido-
grel and 162 mg aspirin) was administered through
a nasogastric tube either after failed M T reperfusion
attempts or during direct rescue stenting. During the
procedure, all catheters were continuously infused
with saline containing 2,000 IU/500 ml heparin;
therefore, patients were only administered IV hep-
arin if the procedure lasted longer than 60 minutes,
consisting of a 3,000 IU bolus, followed by an in-
fusion of 500 IU/hour. Residual in-stent recurrent
stenosis > 50% diameter, as assessed by cerebral an-
giography, required retreatment by re-angioplasty.
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Figure 2. Sample case: A, Diffusion-Weighted Imaging-Alberta Stroke Program Early Computed Tomography Score of 7 (green
circle). B, Magnetic resonance angiography revealed acute occlusion in the left middle cerebral artery (MCA) M1 segment (yvellow
circle). C, Digital subtraction angiography showed acute occlusion in the left MCA M1 segment (red arrow) and the distal M2
segment (black arrow). D, Angioplasty performed using a Gateway 2.0 x 15 (Stryker Neurovascular, Fremont, CA, USA) (orange
arrow). E, Angiography following dilation (white arrow). F, Successful recanalization after the placement of a Wingspan 3.0 x 20
stent (Stryker Neurovascular, Fremont, CA, USA). g, Intracranial hemorrhage was excluded on the postoperative computed tomogra-
phy scan (green circle). H, Left chronic infarct after 1 year (green circle). i, Left MCA M2 segment remained visible (white arrow).

Successful revascularization was defined as mTICI
> 2b. After the procedure, patients were continuous-
ly maintained at a systolic blood pressure ranging
from 120 to 140 mmHg. From the day after the pro-
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patients with no evidence of parenchymal hemato-
ma on head computed tomography or MRI and with
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no vascular risk factors, such as high blood pressure,
high cholesterol, or poor blood glucose control. A
daily dose of 75 mg clopidogrel was prescribed af-
ter 3 months. Symptomatic intracranial hemorrhage
(SICH) was defined as any evidence of hematoma
on follow-up imaging after stroke onset and neuro-
logical deterioration, defined as a > 4-point increase
on the NIHSS relative to baseline, according to the
guidelines established by the European Cooperative
Acute Stroke Study (ECASS) 11,

Outcomes

The primary outcome was assessed by using
the mRS, with a good functional outcome defined
as mRS of 0-2 at 3-month follow-up. Outcome
data were collected through telephone interviews
conducted by experienced neurologists.

Statistical Analysis

Statistical analyses were performed using Stata 16
(StataCorp LLC, Texas, USA). Data are expressed
as the mean and standard deviation (SD) for continu-
ous variables. Categorical variables are displayed as

frequencies and percentages. A p <0.05 was consid-
ered statistically significant with a 95% CI.

Results

We identified 13 cases of rescue stent deploy-
ment during the defined study period, from May
2020 to August 2022, at Can Tho S.I.S General
Hospital. A total of 11 patients met the eligibility
criteria and were enrolled in this study. Patients
ranged in age from 43 to 73 years. The mean age
was 59.4 years, and 100% of enrolled patients were
men. Patients with severe symptoms, as assessed
by the NIHSS, accounted for 54.6% of the cohort.
The mean baseline DWI-ASPECTS was 7.6 (SD,
0.4), and the mean baseline pc-ASPECTS was 5.5
(SD, 0.5). Neurovascular risk factors for ischemic
stroke included hypertension (100%), smoking
(72.7%), hyperlipidemia (18.2%), diabetes mellitus
(36.4%), and myocardial infarction (36.4%). Among
four patients treated with 0.6 mg/kg alteplase, three
patients received both IV alteplase and groin punc-

Table I. Clinical and procedural characteristics of patients who underwent rescue stenting.

Treatment (mg/kg) + (1.U./kg)

Brain concentrations (pg/ml)

Patient characteristics
Age in 'y, mean (SD)
Male sex, n (%)
Diabetes mellitus, n (%)
Smoking, n. (%)
Hyperlipidemia, n (%)
Myocardial infarction, n (%)
Admission characteristics
IV alteplase
0.9 mg/kg, n (%)
0.6 mg/kg, n (%)
NIHSS > 21, n (%)
Site of lesion
Carotid artery, n (%)
Internal carotid artery, n (%)
Middle cerebral artery M1 segment, n (%)
Intracranial vertebral artery, n (%)
Basilar artery, n (%)
Procedural characteristics
Time from onset to groin puncture in hours, mean (SD)
Groin puncture performed within 4.5 hours of onset, n (%)

Time between alteplase and loading dual in minutes, mean (SD)

Procedure time in minutes, mean (SD)
Procedural time > 60 minutes, n (%)
Anterior circulation, n (%)

Occlusive lesions, n (%)
Self-expanding stent, n (%)
Angioplasty time > 1, n (%)
Procedure > 1, n (%)

New infarcts, n (%)

59.4 (3.2)
11 (100%)
4 (36.4%)
8 (72.7%)
2 (18.2%)
4 (36.4%)

7 (63.6%)
4 (36.4%)
6 (54.6%)

1 (9.1%)
1(9.1%)
7 (63.6%)
1(9.1%)
1(9.1%)

6.5 (0.6)
3 (27.3%)
270 (42)
63.6 (5.9)
4 (36.4%)
9 (81.8%)
9 (81.8%)
9 (81.8%)
5 (45.5%)
4 (36.4%)

1(9.1%)

DAPT, dual antiplatelet therapy; SD, standard deviation; NIHSS, National Institutes of Health Stroke Severity; IV, intravenous.
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Figure 3. Proportions of procedures performed to achieve successful recanalization.

ture within 4.5 hours of symptom onset. Anterior
circulation lesions (81.8%) were more commonly
identified than posterior lesions (18.2%), particu-
larly MCA M1 segment lesions (63.6%) (Table I).
Besides, no significant difference between the ce-
rebral circulations were found in poor outcome at 3
months (p = 0.2, Table II).

Although occlusive lesions were identified in
81.8% of patients, only 9.1% of patients experi-
enced new infarcts after treatment (Table II).

More patients underwent rescue stenting alone
(63.6%) than received rescue stenting in combina-
tion with other procedures, such as MT (9.13%) or
carotid or intracranial stenting (27.3%; Figure 3).

Discussion

The time from symptom onset is a primary
factor when deciding how to treat AIS. Patients

who present within 4.5 hours of symptom onset
and are candidates for thrombolytic agents can
benefit from the administration of IV alteplase,
which binds to the fibrin surface of the thrombus
and directly converts circulating plasminogen to
plasmin. The updated American Stroke Associa-
tion, American Heart Association, and European
Stroke Organization guidelines approve the use
of IV alteplase administration within 4.5 hours of
ischemic stroke symptom onset'"'?. Early recanal-
ization following IV alteplase in the ICA (MCA
M1 segment; MCA M2 segment; and combined
M1 and M2) resulted in MR A-assessed total (com-
plete and partial) success rates of 51.9% (14.3%
and 47.6%) after 24 hours and 66.7% (14.3% and
47.6%) after 7 days. However, the recanalization
success rates for the MCA M2 segment were 91.6%
(58.3% and 33.3%) at 24 hours and 100% (90.9%
and 9.1%) 7 days'®. These differences may be due
to (1) larger emboli in larger vessels; (2) initially

Table Il. Preprocedural and postprocedural characteristics according to functional outcomes at 3-month follow-up.

Good Outcome

Poor Outcome

Baseline Variables (n=10) (n=1) p-value
Age > 70 years, n (%) 2 (18.2%) 1 (9.1%) 0.3
Diabetes, n (%) 4 (36.4%) 0 0.6
Smoking, n (%) 7 (63.6%) 1 (9.1%) 0.8
Hyperlipidemia, n (%) 2 (18.2%) 0 0.8
Myocardial infarction, n (%) 4 (36.4%) 0 0.6
IV alteplase 0.9 mg/kg, n (%) 6 (54.5%) 1 (9.1%) 0.6
NIHSS > 21, n (%) 5 (45.5%) 1 (9.1%) 0.5
pc-ASPECTS < 6 points, n (%) 0 1 (9.1%) 0.5
Posterior circulation, n (%) 1 (9.1%) 1 (9.1%) 0.2
Procedural time > 60 minutes, n (%) 4 (36.4%) 0 0.6
Occlusive lesions, n (%) 8 (72.7%) 1 (9.1%) 0.8
Self-expanding stent, n (%) 8 (72.7%) 1 (9.1%) 0.8
Angioplasty > 1, n (%) 4 (36.4%) 1 (9.1%) 0.5
Procedure > 1, n (%) 3 (27.3%) 1 (9.1%) 0.4
New infarcts, n (%) 0 1 (9.1%) 0.1

Good outcome, modified Rankin Scale 0-2; Poor Outcome, modified Rankin Scale > 2; NIHSS, National Institutes of Health Stroke

Severity; IV, intravenous; pc-ASPECTS, posterior circulation Alberta Stroke Program Early Computed Tomography Score.
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Figure 4. Distribution of modified Rankin Scale (mRS) values among patients before and after rescue stenting. The mRS
scores are categorized as good outcome (mRS 0-2, blue, red and green, respectively), poor outcome (mRS 3-5, purple, azure

and orange, respectively) and death (mRS 6, cobalt blue).

lysed thrombi causing microvascular thrombosis
at distal arteries; (3) severe residual stenosis due
to large artery occlusion; and (4) high wall shear
rates associated with early platelet accumulation
and activated coagulation proteins in arteries
with residual stenosis®!*°, Although alteplase is
eliminated by the liver with an initial half-life of
approximately 5 minutes (free form) and a termi-
nal half-life of 72 minutes (bound form), the use
of antithrombotic therapy (other than I'V aspirin)
might be considered during the first 24 hours af-
ter treatment with [V alteplase or bridging throm-
bolysis (Class of Recommendation IIb - weak,
Level of Evidence B-Nonrandomized)"". In the
Antiplatelet Therapy in Combination with rt-PA
Thrombolysis in Ischemic Stroke (ARTIS) trial,
the use of 300 mg IV aspirin within 90 minutes of
IV alteplase administration increased the risk of
intracranial hemorrhage and did not improve out-
comes at 3-month follow-up compared with the
use of standard alteplase without aspirin'®. Suc-
cessful recanalization is a critical factor leading
to a favorable prognosis for patients with AIS>®.
Therefore, rescue stent placement is often consid-
ered, although few studies®*!*?° have described
the outcomes of rescue stent cases treated with
preprocedural 1V alteplase, followed by a load-
ing dose of DAPT or a combination of IV gly-
coprotein IIb/I11a inhibitor bolus and oral DAPT
within 24 hours. Stracke et al?' reported that the
administration of I'V alteplase before rescue stent-
ing did not influence hemorrhage risk (p = 0.311).
Moreover, the Stenting and Angioplasty in Neu-
rothrombectomy (SAINT) study reported that
rescue stenting was associated with a substantial
decrease in sICH occurrence among patients who

received IV thrombolysis (unadjusted odds ratio
= 0.84; p = 0.03) and could represent a safe treat-
ment option for large vessel occlusion underlying
severe atherosclerosis (p < 0.001)". In our study,
none of the patients experienced hemorrhagic
transformation, although the mortality rate (9.1%)
of our study was higher than those reported by
Sallustio et al® (0%) or Kwon et al® (5.7%). Based
on the short half-life of alteplase within 72 min-
utes, we administered DAPT to prevent in-stent
thrombosis after failed thrombolysis and MT. Ad-
ditionally, the mean time to initiation of antiplate-
let in our study (270 minutes, Table I) was three
times as long as the protocol used for the ARTIS
trial (90 minutes). Interestingly, the high preva-
lence of intracranial atherosclerosis among Asian
populations was a deciding factor in the decision
to perform direct stenting when reocclusion was
detected after IV alteplase, with the average pro-
cedure time 63.6 minutes (Table 1)**. The perfor-
mance of direct stenting without attempting MT
passes prevented any increased incidence of pro-
cedural complications (Figure 4).

Limitations

Our study had several limitations. This study
was an observational retrospective study at a sin-
gle center with a small number of patients, and the
decision to perform rescue stenting depended on
the experience of the interventionists. Therefore,
our findings should be interpreted cautiously due
to potential selection bias and the inability to as-
sess whether our findings can be generalized to
other countries. In the future, randomized con-
trolled trials are necessary to investigate whether
patients who undergo rescue stenting for recanal-
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ization combined with DAPT compare favorably
with patients treated using standard management
strategies, especially the time to early antiplatelet
therapy initiation within 24 hours following IV
alteplase failure.

Conclusions

Permanent stent placement as a rescue recanal-
ization strategy within 24 hours of IV alteplase
and bridging thrombolysis failure, combined with
a concomitant DAPT loading dose, improved the
proportion of good clinical outcomes without in-
creasing hemorrhagic complications.
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