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ABSTRACT

BACKGROUND AND PURPOSE: Postprocedural dual-antiplatelet therapy is frequently withheld after emergent carotid stent place-
ment during stroke thrombectomy. We aimed to assess whether antiplatelet regimen variations increase the risk of stent thrombo-
sis beyond postprocedural day 1.

MATERIALS AND METHODS: Retrospective review was undertaken of all consecutive thrombectomies for acute stroke with tandem
lesions in the anterior circulation performed in a single comprehensive stroke center between January 9, 2011 and March 30, 2020.
Patients were included if carotid stent patency was confirmed at day 1 postprocedure. The group of patients with continuous dual-anti-
platelet therapy from day 1 was compared with the group of patients with absent/discontinued dual-antiplatelet therapy.

RESULTS: Of a total of 109 tandem lesion thrombectomies, 96 patients had patent carotid stents at the end of the procedure. The
early postprocedural stent thrombosis rate during the first 24 hours was 14/96 (14.5%). Of 82 patients with patent stents at day 1, in
28 (34.1%), dual-antiplatelet therapy was either not initiated at day 1 or was discontinued thereafter. After exclusion of cases with-
out further controls of stent patency, there was no significant difference in the rate of subacute/late stent thrombosis between
the 2 groups: 1/50 (2%) in patients with continuous dual-antiplatelet therapy versus 0/22 (0%) in patients with absent/discontinued
dual-antiplatelet therapy (P = 1.000). In total, we observed 88 patient days without any antiplatelet treatment and 471 patient days
with single antiplatelet treatment.

CONCLUSIONS: Discontinuation of dual-antiplatelet therapy was not associated with an increased risk of stent thrombosis beyond
postprocedural day 1. Further studies are warranted to better assess the additional benefit and optimal duration of dual-antiplatelet
therapy after tandem lesion stroke thrombectomy.

ABBREVIATIONS: DAPT ¼ dual-antiplatelet therapy; ST ¼ stent thrombosis

In around 15% of endovascular procedures for anterior circulation
stroke,1 there is a tight stenosis or occlusion of the cervical carotid

artery in addition to the intracranial artery occlusion. The optimal
endovascular management of tandem lesions has yet to be defi-
ned; however, there is mounting evidence2,3 that emergent stent

placement in the carotid artery associated with at least 1 antiplatelet

agent could lead to better recanalization rates and improved clinical

outcomes. A more definitive answer should be provided by the

Thrombectomy In TANdem lesions (TITAN) randomized multi-

center trial,4 designed to assess the safety and efficacy of emergent

internal carotid artery stent placement in tandem lesion thrombec-

tomy. This study recently enrolled the first patient in early 2020.
In patients undergoing emergent carotid stent placement, there

is no consensus regarding the optimal periprocedural antiplatelet

therapy. Many groups5,6 chose to avoid dual-antiplatelet therapy

(DAPT) during the first 24hours in an attempt to reduce the risk

of hemorrhagic transformation. Conversely, less aggressive antipla-

telet regimens might increase the risk of carotid stent thrombosis.
Stent thrombosis was recently identified as a predictor of unfav-

orable clinical outcome.7,8 To date, available data regarding stent

patency rates remain scarce. Most case series of endovascular man-

agement for tandem lesions5,9-11 do not report postprocedural
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stent patency, while some publications12-15 offer partial data for a

subgroup of patients for whom carotid imaging controls were

available. Reported rates of stent thrombosis ranged between 1.2%

and 22.0%.6-8,12–14,16,17

To date, no study has attempted to differentiate between early
(first 24 hours) and subacute/late postprocedural stent thrombo-
sis. During the first 24 hours, protection against stent thrombosis
is conferred by antiplatelet agents administered during the proce-
dure (periprocedural antiplatelets). Beyond 24hours, the recom-
mended antiplatelet regimen is DAPT for 4–12weeks,9,17 but in
reality, antiplatelets are often tailored in view of neurological and
extra-neurological hemorrhagic events. It is currently unknown
whether discontinuation of DAPT is associated with an increased
risk of late stent thrombosis.

Thus, we aimed to describe the variations in the postproce-
dural antiplatelet regimen in a large consecutive cohort of tandem
lesion thrombectomies with emergent carotid artery stent place-
ment and to assess whether discontinuation of DAPT was associ-
ated with an increased risk of carotid stent thrombosis.

MATERIALS AND METHODS
We performed a retrospective review of a prospectively collected
data base of stroke endovascular procedures in a single comprehen-
sive stroke center (Strasbourg University Hospital, France), includ-
ing all consecutive cases treated by endovascular thrombectomy for
acute stroke with tandem lesions in the anterior circulation between
January 9, 2011, and March 30, 2020. Tandem lesions were defined
as an association of extracranial ICA occlusion or stenosis of$70%
using the NASCET criteria and an intracranial artery occlusion in
the anterior circulation. Patients were included in the study if
treated by emergent carotid stent placement during thrombectomy
and if stent patency was confirmed at day 1 postprocedure.
Exclusion criteria were as follows: no carotid stent implanted, failure
of recanalization, periprocedural stent thrombosis, imaging study
showing an occluded carotid stent at day 1, and absence of further
imaging studies for stent patency after day 1 or after antiplatelet
treatment discontinuation.

Images stored on the PACS and radiology reports were
reviewed to extract technical details of the endovascular proce-
dure, as well as postprocedural imaging. Patient files were
reviewed to extract patient demographics, comorbidities, peri-
and postprocedural antiplatelet regimens, clinical status at dis-
charge, and clinical follow-up information.

Patient Selection and Preprocedural Imaging
Patients with acute stroke were selected for endovascular procedures
using MR imaging, except in case of extreme agitation or absolute
contraindications. Patients with favorable profiles for recanalization
were selected using clinical-radiologic mismatch (discrepancy
between the severity of neurologic deficits and the size of acute is-
chemic lesion on the diffusion sequence) as well as estimation of
leptomeningeal collateral status using FLAIR vascular hyperinten-
sities.18 Patients with acute infarction in more than two-thirds of the
middle cerebral artery territory were generally not considered for
treatment. Wake-up strokes and patients with unclear time of onset
were considered for treatment if last seen well ,12hours before
evaluation, using the same imaging selection criteria.

Endovascular Procedure
All procedures were performed with the patient under general an-
esthesia. During the studied period, the strategy did not change sig-
nificantly and consisted, in most cases, of an antegrade approach:
stent placement and angioplasty of the proximal occlusion before
addressing the intracranial occlusion.

Periprocedural and Postprocedural Antiplatelet
Treatment
The periprocedural antiplatelet regimen consisted of an IV loading
dose of aspirin (250mg) with or without a loading dose of clopi-
dogrel (300mg), depending on operator preferences and case-by-
case discussion (estimation of hemorrhagic transformation risk
depending on the size of the acute ischemic lesion and concomi-
tant treatment with IV thrombolysis). Periprocedural DAPT was
generally avoided in cases with a DWI ASPECTS of,5. In selected
cases, glycoprotein IIb/IIIa inhibitors were administered in the
acute phase for treatment of periprocedural stent thrombosis.

Postprocedural antiplatelet treatment was initiated after
24 hours (day 1 postprocedure). If the stent was patent and in the
absence of significant hemorrhagic transformation, clopidogrel,
75mg/day, was administered for 3months in addition to life-
long aspirin, 75mg/day. In case of significant hemorrhagic trans-
formation, antiplatelets were suspended or a single antiplatelet
was administered (aspirin) until the clinical status was stable and
the extent of hemorrhagic transformation was reassessed on
repeat cerebral imaging.

Postprocedural Imaging and Clinical Follow-up
All patients underwent cerebral CT at day 1 postprocedure.
Hemorrhagic transformation was evaluated using the European
Cooperative Acute Stroke Study criteria.19 In addition, for patients
with carotid stents, cervical and transcranial Doppler sonography
was performed at day 1 and, if possible, before discharge, to check
for stent patency. If a sonographic examination was not feasible at
day 1, CT angiography of the carotid arteries was performed along
with the CT examination. In addition, whenever possible, patients
were recalled for additional clinical and carotid sonography exami-
nations between 3months and 1 year after the initial event.

Statistical Analysis
Continuous variables were presented as median with interquartile
range and compared using the Mann-Whitney test after assess-
ment of the normality of distribution. Categoric variables were
presented as numbers and percentages and compared using the
Pearson x 2 test or Fisher exact test, depending on theoretic num-
bers. Statistical data were analyzed using GraphPad Prism,
Version 6.0 (GraphPad Software).

RESULTS
During the study period, we identified 109 thrombectomies for
acute strokes with tandem lesions. The Figure illustrates the
patient-selection diagram. Among 96 patients with patent carotid
stents at the end of the thrombectomy procedure, 14 cases had
occluded carotid stents at day 1, accounting for an early postpro-
cedural stent thrombosis rate of 14.5%. Among the 14 patients
with occluded carotid stents at 24 hours, the median mRS score
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at discharge was 4 (interquartile range, 4–4) and the mortality
rate was 1/14 (7.1%). Only 1 patient (7.1%) had mRS# 2.

Among 82 patients with patent carotid stents at day 1, in 54
cases (65.8%), DAPT could be initiated at day 1 and continued
without interruptions. In the remaining 28 cases (34.1%), DAPT
was either not initiated at day 1 or was discontinued thereafter.

After further exclusion of cases without further controls of
stent patency beyond day 1 or after DAPT discontinuation, the
first group of 50 patients without interruptions in postprocedural
DAPT was compared with the second group of 22 patients with
absent or discontinued postprocedural DAPT.

A comparison of baseline characteristics, procedural metrics,
and outcomes across the 2 groups is detailed in the Online

Supplemental Data. Patients with absent/discontinued DAPT
had significantly longer onset-to-femoral puncture times, lower
ASPECTSs, more frequent hemorrhagic transformation, and less
favorable clinical outcomes. All these differences can be explained
by the selection process: The main reason for avoiding DAPT
was hemorrhagic transformation. Late time window treatment
and lower baseline ASPECTS are known predictors of hemor-
rhagic transformation, while hemorrhagic transformation itself is
a known predictor of worse clinical outcomes.

The Table details antiplatelet regimen variations within the
group of 22 cases with absent/discontinued DAPT. Most fre-
quently, DAPT was avoided because of hemorrhagic transforma-
tion of ischemic stroke (68.1%), followed by subarachnoid

hemorrhage (9.1%) and decompressive
craniectomy (13.6%). Nine patients
(40.9%) never received DAPT, while
for the remaining 13 (59.1%), DAPT
was discontinued for varying periods
(median, 9 days; interquartile range, 5–
12 days). In total, we observed 88
patient days without any antiplatelet
treatment and 471 patient days with
single-antiplatelet treatment. The me-
dian stent patency follow-up duration
in this group was 57 days (interquartile
range, 35–125 days).

There was no significant difference
in the rate of subacute/late stent
thrombosis between the 2 groups: 1/
50 (2%) in patients with continu-
ous DAPT versus 0/22 (0%) in pati-
ents with absent/discontinued DAPT
(P=1.000).

DISCUSSION
To the best of our knowledge, this is
the first study to specifically assess the
risk of subacute/late stent thrombosis
beyond postprocedural day 1 in
patients treated with emergent carotid
stent placement for acute stroke with
tandem lesions. The 3 main findings
of this work are as follows: 1)
Postprocedural DAPT is frequently
discontinued in this population; 2)
subacute/late stent thrombosis is
much less frequent than early stent
thrombosis (during the first 24 hours);
and 3) discontinuation of postproce-
dural DAPT does not seem to be asso-
ciated with an increased risk of stent
thrombosis.

In a previous publication,7 we ana-
lyzed predictors of postprocedural
stent thrombosis in 73 patients. We
observed 14 cases (19.1%) of stent
thrombosis, most of which (13/14,

Description of patients with absent/discontinued dual-antiplatelet treatment
DAPT Not Initiated at
Day 1 or Discontinued
Thereafter (n = 22)

Antiplatelet regimen
Never received DAPT (No) (%) 9/22 (40.9%)
Patient days without antiplatelet treatment 71
Patient days with single antiplatelet treatment 355
Discontinued DAPT (No) (%) 13/22 (59.1%)
Duration without DAPT (median) (IQR) (day) 9 (5–12)
Patient days without antiplatelet treatment 17
Patient days with single antiplatelet treatment 116

Total
Patient days without antiplatelet treatment 88
Patient days with single antiplatelet treatment 471

Reason for avoiding DAPT (No) (%)
Hemorrhagic transformation of ischemic stroke 15 (68.1%)
Subarachnoid hemorrhage 2 (9.1%)
Decompressive craniectomy 3 (13.6%)
Gastrointestinal bleedinga 2 (9.1%)
Planned interventional/surgical procedureb 2 (9.1%)
Lack of naso-/orogastric access 1 (4.5%)
Duration of stent patency follow-up (median) (IQR) (day) 57 (35–125)
Stent occlusion beyond day 1 (No) (%) 0 (0%)

Note:—IQR indicates interquartile range.
a One patient had both SAH and gastrointestinal bleeding; the second patient had both hemorrhagic transforma-
tion and gastrointestinal bleeding.
b One patient had both hemorrhagic transformation and a surgical procedure.

FIGURE. Patient-selection diagram.
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92.8%) occurred during the first 24hours. Due to this finding, we
hypothesized that the highest risk of stent thrombosis is observed
during the first 24 hours. To further assess the real frequency of
stent thrombosis in the subacute/late phase (beyond day 1), in the
present study, we focused exclusively on patients with a patent
stent at day 1. Although a multivariate analysis to identify predic-
tors of late stent thrombosis was planned, this was not feasible due
to the very low number of detected events. In the cardiology litera-
ture,20 the timing of coronary stent thrombosis (ST) is delineated
as follows: early ST (acute ST, between 0 and 24hours, and suba-
cute ST, 24hours to 30days), late ST (between 30days and 1 year),
and very late ST (.1 year). Given the very low rate of stent throm-
bosis observed beyond the first 24 hours, we chose to simplify the
classification of carotid stent thrombosis into 2 categories: early ST
(first 24 hours) and subacute/late ST (beyond day 1).

Few published studies have reported stent patency rates for a
large proportion of patients in their cohort.8,12–14,17 The time
point of stent thrombosis (early versus subacute/late) is not listed
in most of these studies. Malik et al16 reported 24-hour imaging
follow-up of stent patency for all 77 patients in their cohort, with
only 1 (1.2%) thrombosed stent. Long-term stent patency follow-
up was available in only 27 patients, with an in-stent restenosis
rate of 2/27 (7.4%). Postprocedural antiplatelet regimen varia-
tions were not listed. Renú et al8 reported a stent occlusion rate
of 22% at 24hours in a cohort of 99 patients; however, they did
not record stent patency beyond day 1. Wallocha et al6 reported
24-hour Doppler sonography results for all 149 patients with
stents in their cohort, with 8 (5.4%) cases of stent thrombosis.
Stent patency rates beyond day 1 were not listed. However, the
authors did offer details on postprocedural antiplatelet regimen
variations; 32.2% of patients received only a single antiplatelet
agent, 3.3%, no antiplatelet agent. The duration of DAPT discon-
tinuation was not provided; however, this relatively high propor-
tion of patients who did not receive postprocedural DAPT is
concordant with the findings in our study.

That postprocedural DAPT discontinuation was not associated
with an increased risk of stent thrombosis is surprising. In the car-
diology literature, early antiplatelet therapy discontinuation was
identified as a prevalent and consistent, significant predictor of
coronary stent thrombosis.20 However, the comparison with our
clinical setting is limited by significant differences in vessel size and
morphology, types of stents, and local hemodynamic conditions.
One possible explanation might be that the overall percentages of
late stent thrombosis are very low, either with or without continu-
ous postprocedural DAPT. To detect a small difference between
the 2 groups, a very large sample size would be needed; thus, the
negative result of the present study could represent a type II error.
Nevertheless, the low rate of late stent thrombosis in itself (1/72,
1.3% for our entire cohort) could prove useful for decision-making
in the clinical setting. There are no established criteria for with-
holding DAPT, and often the decisions are based on a subjective
evaluation of the extent of hemorrhagic transformation. Given the
overall low likelihood of carotid stent thrombosis, clinicians could
probably use a low threshold to temporarily withhold DAPT in
patients with concomitant hemorrhagic events.

In view of the worse clinical outcomes for patients with dis-
continued DAPT, an alternative hypothesis is that interruption of

DAPT could cause thromboembolic events short of stent occlu-
sion. In the Safety and Efficacy Study for Reverse Flow Used
During Carotid Artery Stenting Procedure (ROADSTER II)
trial,21 a report on elective transcarotid artery revascularization,
the investigators blamed most of their strokes on discontinuation
of DAPT. In the current study, because the group with discontin-
ued DAPT did clinically worse mostly because of factors related
to the index stroke and complications, it is not feasible to discern
this effect.

Of note, the only case of late stent thrombosis observed in our
study occurred at day 5 postthrombectomy in a patient treated with
continuous DAPT from day 1. A Casper stent (MicroVention) was
placed and then subsequently had to be covered with a second stent
(Wallstent; Boston Scientific) due to malapposition in the carotid
bifurcation. The presence of 3 layers of metal mesh, in addition to
the initial stent malapposition, most likely played a principal role in
the subsequent stent thrombosis in this case; however, clopidogrel
resistance was not tested and might also have been a contributing
factor.

Currently, there is no consensus on the optimal duration of
postprocedural DAPT; available data in the literature reveal a
large variation in practices, ranging from 4 to 12 weeks.6,9 If
the findings of our current study are confirmed in larger
cohorts, in light of the low frequency of subacute/late stent
thrombosis and the likely small additional benefit of DAPT
versus single antiplatelet agent beyond the first 24 hours, the
recommended duration of postprocedural DAPT could poten-
tially be shortened in patients with higher neurologic or sys-
temic hemorrhagic risk.

The present study has 2 main strengths. First, it included all
consecutive cases of tandem lesion stroke thrombectomies per-
formed during a long time interval. Second, all patients bene-
fited from stent patency imaging at day 1, and most patients
also had further controls during follow-up. This process allowed
differentiation between early and subacute/late stent thrombo-
sis. However, several limitations also need to be considered
when interpreting the current data: most important, the retro-
spective study design, all patients being treated in a single cen-
ter, and the reduced statistical power due to overall cohort size
and the relatively small number of cases in the group with dis-
continued postprocedural DAPT. Moreover, a quarter of the
patients with discontinued DAPT were followed for ,35 days.
Hence, they did not have the usual 1-month follow-up standard
for determining stent patency as in carotid stent trials; thus,
some cases of subacute stent thrombosis might have gone
undetected.

CONCLUSIONS
In this study of consecutive patients treated with emergent ca-
rotid stent placement during tandem lesion stroke thrombec-
tomy, stent thrombosis beyond the first 24 hours was rare.
Despite postprocedural DAPT being frequently discontinued in
this population, this outcome was not associated with an
increased risk of stent thrombosis. Further studies are warranted
to better assess the additional benefit and the optimal duration of
DAPT versus a single-antiplatelet agent beyond the first 24 hours
postthrombectomy.
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