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Abstract

Background: Rescue stenting (RS] is a bailout strategy for failed thrombectomy. Optimal
platelet inhibition strategy after RS remains unclear.

Objectives: We aimed to describe and compare different platelet inhibition strategies during/
after RS.

Design: Retrospective cohort study across 34 international centers.

Methods: Patients with large vessel occlusion and RS after failed thrombectomy (2019-
2023) were included. Periprocedural and postprocedural platelet inhibition strategies were
described and compared, focusing on glycoprotein lIb/Illa (GPIIb/Illa) inhibitors, single
antiplatelet therapy (SAPT), and dual antiplatelet therapy (DAPT). We assessed the effects
of platelet inhibition strategy and potentially covariates on the primary outcome of 90-day
modified Rankin Scale (mRS] using ordinal shift analysis with proportional odds models.
Results: RS was performed in 589 patients (mean age 67.9years, 60.8% male). Numerous
combinations of platelet inhibitors were administered. Periprocedural GPIIb/Illa inhibitors
were used in 61.5% of patients. Postprocedural DAPT was administered to 80.5% and
SAPT to 13.3%. Functional independence [(mRS 0-2) was achieved in 40.7%, while 26.3%
died within 90 days. Stent occlusion occurred in 20.5%, with 67.6% of these occlusions
within 24 h. Postprocedural stent-occlusion was independently associated with worse
functional outcome at 90days (OR 4.1, 95% CI 2.3-7.2, p<0.001). No significant association
between periprocedural GPIIb/Illa inhibitors, and 90-day mRS or stent occlusion was found.
Postprocedural SAPT was associated with worse functional outcomes (adjusted odds ratio
(aOR) 2.4, 95% Cl 1.1-5.0, p=0.02), higher mortality (aOR 2.1, 95% CI 1.05-4.0, p=0.03),

and increased stent occlusion rates (aOR 4.8, 95% Cl 2.3-9.7, p<0.001) compared to
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postprocedural DAPT. Symptomatic intracranial hemorrhage occurred in 6.8% of patients,
with no significant difference between antiplatelet regimens.

Conclusion: Extensive heterogeneity exists in platelet inhibition strategies following RS. Stent
occlusion is associated with worse clinical outcomes, and the first 24 h post-RS are critical for
stent patency. Compared to SAPT, DAPT was associated with better functional outcome, lower

mortality, and lower stent occlusion rates.

Plain language summary

When clot removal for stroke fails and a stent is placed, different blood thinner
treatments affect risk of stent blockage and outcomes

When doctors try to remove a blood clot during a stroke but are unsuccessful, they
sometimes place a stent to reopen the blocked artery—a procedure called “rescue
stenting.” After placing a stent, patients need blood-thinning medications to prevent the
stent from becoming blocked again. However, the best way to manage these medications
is unclear. In this study, we looked at 589 patients from 34 hospitals around the world
who had rescue stenting between 2019 and 2023. We compared different strategies for
using blood thinners, including strong drugs given during the procedure and either one
(“single”) or two (“dual”) blood thinners given afterward. We found a lot of variation in
how doctors used these medications. Using a strong blood thinner during the procedure
didn’'t seem to change long-term recovery or the risk of the stent blocking. However, after
the procedure, patients who were treated with two blood thinners did better than those
who got only one. Patients on dual therapy were more likely to recover well, less likely
to die, and less likely to have their stent block again. Importantly, most stent blockages
happened within the first 24 hours after the procedure, and patients with stent blockages
did worse, highlighting the 24h period as critical for blood thinner treatment.

Keywords: intracranial arteriosclerosis, ischemic stroke, platelet aggregation inhibitors,

stents, thrombectomy
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Introduction

Stroke significantly contributes to morbidity and
mortality worldwide.! Mechanical recanalization
of the occluded artery by thrombectomy has been
shown to benefit patients, reducing disability and
mortality.? Successful reperfusion is a strong pre-
dictor regarding functional outcome and sur-
vival.3* However, in 10%-30% of patients,
thrombectomy fails to achieve successful reperfu-
sion>® with the majority of cases attributed to
intracranial atherosclerotic disease (ICAD).7-8
Failed reperfusion has been associated with an
increased risk of early neurologic deterioration,®
and poor reperfusion was shown to be associated
with worse outcomes compared to best medical
management. !0

Rescue stenting (RS) has been proposed as a bail-
out strategy in failed thrombectomy cases and non-
randomized data suggest that RS might be a safe
and effective option after failed thrombectomy.!!-17
While one trial in China did not show better out-
comes after bailout angioplasty or stenting in
patients with unsuccessful recanalization or at risk
of reocclusion after thrombectomy,!® the ongoing
IntraCranial Atherosclerosis Related Large-vessel
Occlusion Treated With Urgent Stenting trial
(ICARUS, NCT06472336) is currently assessing
whether early RS is superior to continued mechani-
cal thrombectomy in ICAD-related failed reperfu-
sion. However, antiplatelet medication is needed
when RS is performed. Numerous management
options regarding the platelet inhibition strategy
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exist!®: Glycoprotein IIb/IIla (GPIIb/IIIa) inhibi-
tors may be used, single or dual oral antiplatelets
may be administered, and the dosage may be
adapted. Interventionalists must balance the risk of
stent occlusion against the possibility of hemor-
rhagic complications. Currently, no high-quality
data exist to draw conclusions regarding the opti-
mal antiplatelet strategy.

This study aims to describe the antiplatelet strate-
gies utilized in multiple international centers and
compare different platelet inhibition strategies in
RS after failed thrombectomy in large vessel
occlusions (LVOs) using data from a large, inter-
national, multicenter registry.

Methods

In this retrospective cohort study, we performed
an analysis of the “Blood pressure and Antiplatelet
medication management after rescue angioplasty
after failed Endovascular treatment in Large and
distal vessel occlusions with probable IntraCranial
Atherosclerotic Disease” (BASEL ICAD) regis-
try. In this international registry, 34 centers retro-
spectively collected patient data using the
following inclusion criteria: adult patients (age
18years and older) with acute ischemic stroke
who underwent thrombectomy between January
1st, 2019, and December 31st, 2023 and in whom
either RS or rescue angioplasty was performed
after failed thrombectomy. For this analysis of the
BASEL ICAD registry, only patients with LVO
who received RS were included. No other exclu-
sion criteria were applied. Data from participat-
ing centers were curated by reviewing patient
charts and procedure notes.

The primary clinical outcome was the modified
Rankin Scale (mRS) at 90 days, and mRS 0-2 was
considered a good functional outcome. The pri-
mary technical outcome was the rate of intra- and
postprocedural stent occlusion. Further outcomes
of interest included the National Institute of Health
Stroke Scale (NIHSS) at 24 h, clinical worsening
(defined as increase in NIHSS =4 points), symp-
tomatic intracranial hemorrhage (sSICH), any sub-
arachnoid hemorrhage (SAH), all-cause mortality
within 90 days and procedural complications.

Periprocedural medication was defined as initi-
ated during the procedure. Postprocedural medi-
cation was defined as initiated after the procedure

had ended. The switch from periprocedural to
postprocedural medication was left at the discre-
tion of the treating physicians, but usually was
within 24 h after the procedure.

Statistical analysis

Baseline characteristics were described as mean
with standard deviation or median with inter-
quartile range for continuous variables, and fre-
quency with percentage for categorical variables.
Regarding periprocedural medication, patients
who received GPIIb/IIIa-inhibitors were com-
pared with patients who did not receive GPIIb/
IIIa-inhibitors. Regarding postprocedural medi-
cation, patients who managed with single anti-
platelet therapy (SAPT) were compared to
patients with dual antiplatelet therapy (DAPT).
We assessed effects of the platelet inhibition strat-
egy and potential covariates on the primary out-
comes using an adjusted ordinal shift analysis
with proportional odds models. Predefined covar-
iates were prestroke mRS (3-5 vs 0-2), age, sex,
intravenous thrombolysis (yes vs no), and NIHSS
at admission. We adjusted for clustering of data
by center by adding center as a random intercept
to all models. The results are presented as the
adjusted common odds ratio (cOR) (ordinal shift
analysis) or adjusted OR (logistic regression) with
corresponding 95% confidence interval and the
uncorrected p-values.

As a secondary analysis, to control for potential
bias by indication, we matched patients under
postinterventional SAPT to patients under DAPT
to control for potential bias by indication. A 1:1
nearest neighbor matching without replacement
based on the Mahalanobis distance was applied
using the following matching variables: age,
NIHSS at admission, prestroke mRS, intrave-
nous thrombolysis, periprocedural SAH or vessel
perforation, intraprocedural stent occlusion with
exact matching for the latter four variables. We
compared the rate of posttreatment stent occlu-
sion between matched SAPT and DAPT patients
using a Fisher exact test.

As a supplementary analysis, we investigate the
effect of stent patency status on mRS at 90 days in
a mixed-effects ordinal regression model, adjusted
for prestroke mRS (3-5 vs 0-2), age, sex, intrave-
nous thrombolysis (yes vs no), and NIHSS at
admission.
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Statistical analysis was performed by a profes-
sional statistical analyst (N.R.) using R v4.3.2
(https://www.r-project.org/). No adjustment for
multiple testing was done and p-values<<0.05
were deemed statistically significant. This article
follows the STROBE reporting guidelines (http://
www.strobestatement.org).

Results

Patient cohort and treatment characteristics
Overall, 589 patients met the inclusion criteria
(60.8% male, mean age 67.9 = 12.7years). The
median (IQR) baseline NIHSS was 12 (11).
Intravenous thrombolysis was administered prior
to EVT in 26.4% of patients. The median (IQR)
time from symptom onset to groin puncture was
310 (403) min. Median (IQR) ASPECT (Alberta
Stroke Program Early CT Score) Score was 9 (2).
Table 1 summarizes the patient baseline charac-
teristics. After a median of two thrombectomy
passes (IQR 1-3), RS was performed in all
patients. In 50.9%, balloon angioplasty was per-
formed before stenting, while 18.0% of patients
were subjected to balloon angioplasty after stent-
ing and 8.1% of patients received balloon angio-
plasty both before and after stenting. Median
time from onset to recanalization was 400 min
(IQR 287-693min). Supplemental Table S1
contains procedural details.

Platelet inhibition strategies

Various combinations of peri- and postprocedural
medications were used. During the procedure, the
majority of patients received a combination of
GPIIb/IIIa-inhibitors and P2Y12-Antagonists
and/or Cyclooxygenase-inhibitors (48.5%) or
GPIIb/IIIa-inhibitors alone (21.3%) or P2Y12-
Antagonists and/or Cyclooxygenase-inhibitors
alone (26.3%). Only 3.9% of patients did not
receive any periprocedural medication. After the
procedure, 80.5% of patients received dual anti-
platelet therapy (DAPT) and 13.3% of patients
received single antiplatelet therapy (SAPT). A
minority received triple antiplatelet therapy
(0.6%) and 5.5% of patients did not receive any
postprocedural antiplatelets. DAPT consisted
of Aspirin + Clopidogrel in 62.8%, Aspirin +
Ticagrelor in 34.4%, Aspirin + Prasugrel in 2.6%,
and Clopidogrel + Ticagrelor in 0.2%. Figure 1
illustrates the number of patients under each
platelet inhibition strategy. The Supplemental

Tables S2 and S3 contain details of peri- and
postinterventional antiplatelet medication.

Outcomes

Overall, 40.7% of patients reached functional
independence at 90days, that is, mRS 0-2. All-
cause mortality at 90days was 26.3%. Overall,
stent occlusion occurred in 102 (20.5%) patients.
Intraprocedural stent occlusion was reported in
8.5% of patients and postprocedural stent occlu-
sion occurred in 12.4% (45.5% within 24h,
30.3% between 24 h and 7 days, 7.6% after 7 days
and 16.7% at an unknown timepoint). Overall,
67.6% of stent occlusions occurred within 24h
after stent implantation. sSICH occurred in 6.8%
of patients and 19.9% experienced any SAH at
any time point. In 6.1% of patients, subarachnoid
hemorrhage or vessel perforation was observed
during the intervention. Extracranial vessel dis-
section occurred in 2.0%, femoral or retroperito-
neal hematoma in 2.0%, and other complications
in 5.4%. The median NTHSS at 24h was 10 (IQR
3-19).

Comparisons regarding periprocedural

medication

Overall, 361 patients received GPIIb/IIIa-
inhibitors, while 156 patients were managed
without GPIIb/IIla-inhibitors. In multiple odds
modeling, no independent association between
the use of GPIIb/IIIa-inhibitors and a lower mRS
score at 90days was found (common OR 1.3
95% CI 0.8, 2.0), p=0.3). Periprocedural
GPIIb/IIla-inhibitors were not independently
associated with rates of periprocedural stent
occlusion (OR 0.8 (0.4, 1.6), p=0.5), sICH (OR
1.0 (0.5-2.1], p=1.0), any SAH (OR 1.1 (0.7-
1.8), p=0.6), or death within 90days (OR 1.2
(0.8-2.0), p=0.4).

Comparisons regarding

postprocedural medication

A total of 65 patients received postprocedural
SAPT while 396 patients received DAPT.
Figure 2 shows mRS bar graphs for patients under
postprocedural SAPT and DAPT. Postprocedural
SAPT was independently associated with worse
functional outcomes (cOR 0.2 (0.1, 0.4),
$»=0.02), a higher mortality (aOR 2.1 (1.0, 4.0),
p»=0.03) and higher rates of postprocedural stent
occlusion (OR 4.8 (2.3, 9.7), p<0.001). After
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Table 1. Patient baseline characteristics.

Table 1. (Continued)

Baseline characteristic

All patients (n=589)

Baseline characteristic All patients (n=589)

Age (years, mean = SD)

Male sex

Cerebrovascular risk factors
Hypertension
Hyperlipidemia
Dyslipidemia
Diabetes mellitus
Current or past smoking
Atrial fibrillation

History of stroke or
transitory ischemic attack

Prestroke mRS
0
1

4
5

Prestroke anticoagulation
use

Prestroke antiplatelet use
None
Single antiplatelets
Dual antiplatelets

NIHSS at admission
(median (IQR))

Intravenous thrombolysis

Time from onset to groin
puncture in minutes
(median (IQR))

Site of arterial occlusion

Intracranial internal
carotid artery

67.9£12.7

60.8% (n=358)

76.1% (n=434)
38.0% (n=208)
34.0% (n=163)
32.4% (n=183)
36.7% (n=196)
17.1% (n=96)

24.9% (n=136)

65.8% (n=383)
22.5% (n=131)
6.9% (n=40)
4.0% (n=23)
0.7% (n=4)
0.2% (n=1)
14.9% (n=77)

67.3% (n=346)
25.9% (n=133)
6.8% (n=35)

12 (IGR 11, range
7-18)

26.4% (n=155)
310 (403)

13.2% (n="78)

(Continued)

M1-segment of the 55.3% (n=326)

middle cerebral artery

23.1% (n=136)
8.3% (n=49)

Basilar artery

V4-segment of the
vertebral artery

mRS, modified Rankin Scale; NIHSS, National Institutes
of Health Stroke Scale; IQR, Interquartile Range.

matching of 49 patients with postprocedural
SAPT to 49 patients with postprocedural DAPT,
SAPT patients had a higher rate of postinterven-
tional stent occlusion (29.2% vs 8.7%, p=0.024).
The absolute rate of SICH was higher in patients
under SAPT, but the adjusted model did not
show a significant treatment effect (OR 2.2 (0.7,
5.5), p=0.12). The same was true for SAH (OR
1.8 (0.9, 3.4), p=0.07).

Comparisons regarding stent patency status
Postprocedural stent-occlusion was indepen-
dently associated with worse functional outcome
at 90days (OR 4.1 (2.3, 7.2), p<0.001). Patients
with postprocedural stent occlusion demon-
strated clinical worsening defined as increase in
NIHSS=4points in 74.2% of the cases.
Intraprocedural stent-occlusion however was not
significantly associated with higher mRS at
90days (OR 1.7 (0.9, 3.1), p=0.11).

Discussion

In this retrospective analysis of a large multicenter
registry, we report the outcomes of 589 patients
who received RS as bailout therapy after failed
thrombectomy. In our study, 40.7% of patients
reached functional independence at 90days, and
overall mortality at 90days was 26.3%. These
results align with other retrospective studies of RS.16

To the best of our knowledge, this study is the
first to report details of the extensive heterogene-
ity of different platelet inhibition strategies in res-
cue stenting after failed thrombectomy. Not only
combinations of antiplatelet agents differed
widely: heterogeneity regarding the modus of
initiation (e.g., loading) and the dosage was
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Periprocedural medication

GP2b/3a-| + P2Y12-A / COX-I
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GP2b/3a-| only
110

P2Y12-A / COX-l only
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No periprocedural medication

Periprocedural medication unknown

72

| Postprocedural medication ’

SAPT
65

DAPT

392

Unknown

102

Figure 1. Sankey diagram shows number of patients under different antiplatelet strategies.

APT, Antiplatelet therapy; COX-1, Cyclooxygenase-inhibitors, such as Aspirin; DAPT, Dual antiplatelet therapy; GP2b/3a-I,
Glycoprotein-lIb/llla-inhibitors, such as Tirofiban, Eptifibatide, and Abciximab; P2Y12-A, P2Y12-Antagonists, such as
Clopidogrel or Cangrelor; SAPT, Single antiplatelet therapy; TAPT, Triple antiplatelet therapy.

Distribution of the Modified Rankin Scale (mRS)

at 90 days SAPT vs DAPT
SAPT 9 6 5 7 7 22
(n=60)
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DAPT 45 57 50 46 43 82
(n=372)
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Figure 2. mRS of patients after rescue stenting with single versus dual postprocedural antiplatelet therapy.
mRS at 90 days was available for 92.3% of SAPT patients and for 94.9% of DAPT patients.
DAPT, dual antiplatelet therapy; mRS, Modified Rankin Scales; SAPT, Single antiplatelet therapy.

substantial, too. While individualized patient care
is desirable in general, the paucity of data on
platelet inhibition after rescue stenting may sug-
gest that this heterogeneity rather reflects uncer-
tainty about the optimal strategy. This has
important implications for the design and inter-
pretation of recently published and ongoing trials:
since rescue stenting without sufficient platelet

inhibition has a high likelihood of stent reocclu-
sion and thus failure, platelet inhibition regimens
should be regarded as an integral component of
the intervention. Furthermore, the lack of a con-
sensus on optimal platelet inhibition may contain
a risk of treatment disparity: in patients with
lower socioeconomic status, limited financial
resources could lead physicians to choose the
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cheapest available medication rather than what
they believe to be the optimal therapy, as long as
there is no evidence to guide standards of platelet
inhibition post-RS. A similar pattern is reflected
in a survey on the choice of platelet inhibition for
rescue stenting of basilar artery occlusions, in
which respondents from high-income countries
more often chose GPIIb/IIIa inhibitors than
respondents from middle-income countries.20

No significant independent associations between
functional outcome at 90days and the usage of
periprocedural GPIIb/IIIa inhibitors were found.
However, GPIIb/IIIa inhibitors are known as
potent rescue medications in acute thrombotic
scenarios.21:22 A possible explanation may include
that intraprocedural stent occlusions occurring in
patients without GPIIb/IIIa inhibitors were
noticed by the interventionalist, who was able to
react immediately, while postprocedural stent
occlusions might depend more on postprocedural
antiplatelets. Finally, this study did not demon-
strate increased risks when GPIIb/IIIa inhibitors
are used.

Postprocedural SAPT was less frequently admin-
istered than DAPT and was independently associ-
ated with worse functional outcome, worse
survival, and higher rates of stent occlusion.
However, this needs to be interpreted with cau-
tion since there is likely bias by indication. Patients
with large infarcts at presentation or patients with
hemorrhagic complications during the procedure
might have been excluded from DAPT. Not only
hemorrhagic transformation with large hemato-
mas2?3 but also postinterventional subarachnoid
hemorrhage of higher grades has been associated
with poorer outcomes.?* Therefore, the patient
status before the initiation of postprocedural anti-
platelets may have contributed to worse functional
outcomes. In our study, there was no independent
significant association between hemorrhagic
transformation or subarachnoid hemorrhage and
the choice to use SAPT, but our dataset may have
been underpowered to detect an existing connec-
tion. Furthermore, matching between SAPT and
DAPT patients was performed to reduce the risk
of bias and confirmed the association of SAPT
with higher rates of postinterventional stent
occlusions.

In their multicenter prospective registry, Baek
et al.13 found an independent association between
stent patency and better functional outcomes. In

our data, 74% of patients with postprocedural
stent occlusion developed clinical worsening and
postprocedural stent occlusion was significantly
associated with worse mRS at 90 days, which cor-
respond well to the study from Baek et al. In sum-
mary, it is likely that the higher rate of stent
occlusion in patients under SAPT contributed to
worse functional outcomes.

In our series, 20.5% of patients experienced stent
occlusions, which were associated with neuro-
logic deterioration and worse functional outcome
at 90 days. In emergent extracranial carotid stent-
ing, stent occlusion rates of 8%—-22% have been
reported, and stent occlusion has also been
associated with poor clinical outcome.25:26
Approximately two-thirds of stent occlusions
occurred during the procedure or within 24h
after the procedure. This has important conse-
quences for clinical patient management, indicat-
ing that the first 24 h of antithrombotic medication
are critical for patients after RS. While postproce-
dure stent occlusions were associated with worse
functional outcomes, intraprocedural stent occlu-
sions were not. This may be explained by detec-
tion latency: in intraprocedural stent occlusion,
the interventionalist in charge may react immedi-
ately to restore and then confirm lasting stent
patency. Postprocedure stent occlusion may be
unnoticed for hours, especially in patients still
recovering from anesthesia and systemic applica-
tion of medications is the only possible immediate
response. Furthermore, real-time imaging is typi-
cally not available to verify treatment success. For
these reasons, it is reasonable to assume a longer
duration of hypoperfusion in postprocedure stent
occlusion.

The question of whether emergent antiplatelet
medication increases the risk of hemorrhagic
transformation is still under debate. While the
“Safety and efficacy of aspirin, unfractionated
heparin, both, or neither during endovascular
stroke treatment” trial (MR CLEAN-MED)
found that for thrombectomy patients in general,
300mg of periprocedural aspirin increased the
risk of sICH,?” a meta-analysis focusing on
patients with failed thrombectomy showed rescue
stenting with antiplatelet therapy was not associ-
ated with a higher risk of SICH.!! In our study,
patients receiving DAPT did not have a higher
frequency of sSICH compared to patients receiv-
ing SAPT. On the contrary, patients receiving
SAPT had an absolute higher percentage of
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sICH, although this was not significant. The
higher frequency of postinterventional stent
occlusion in SAPT patients might have led to
higher absolute infarct volumes which go along
with an increased risk of sICH, although this
hypothesis needs to be verified in future studies.

This study has limitations, including its nonrand-
omized retrospective design. The cohort may be
underpowered to detect existing associations, for
example, between hemorrhagic events and the
choice to use GP-IIb-IIla-inhibitors, DAPT or
SAPT. Furthermore, the combination of various
peri- and postinterventional medications leads to
heterogeneity in the study population. On the one
hand, this reflects real-world practice and there-
fore strengthens the study’s validity. On the other
hand, for meaningful comparisons patients had to
be assigned to broader groups such as postproce-
dural SAPT and DAPT and antiplatelet regimes
were nonuniform within these groups. Finally,
other strategies such as the transient deployment
of a stentretriever across the lesion during infu-
sion of GP IIb/IIIa inhibitors without permanent
stenting?® might be therapeutic options, too, and
have not been evaluated in this study.

Strengths of this study include its international
multicenter design and its dimension of the
patient cohort.

Conclusion

In conclusion, platelet inhibition strategies for
rescue stenting after failed thrombectomy are
characterized by extensive heterogeneity. The
first 24h post-RS are critical for stent patency. In
this large retrospective cohort study, DAPT was
associated with better functional outcome, lower
mortality, and lower stent occlusion rates com-
pared to SAPT.
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Appendix

Abbreviations

BASEL ICAD registry Blood pressure and anti-

platelet medication man-
agement after reScue
angioplasty after failed
endovascular treatment
in large and distal vessel

ICAD

ICARUS trial

LVO
mRS
NIHSS

RS
SAH

sICH

occlusions with probable
IntraCranial
Atherosclerotic Disease
(BASEL ICAD) registry
Intracranial
Atherosclerotic Disease
IntraCranial
Atherosclerosis-Related
Large-vessel Occlusion-
Treated With Urgent
Stenting trial

Large Vessel Occlusion
Modified Rankin Scale
National Institutes of
Health Stroke Scale
Rescue Stenting
Subarachnoid
Hemorrhage
Symptomatic
Intracranial Hemorrhage
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