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Abstract

Purpose Endovascular treatment of unruptured intracranial aneurysms with stent-assisted coiling or flow diverter stents requires
a prophylactic antiplatelet premedication to avoid thrombo-embolic complications. Guidelines for optimal antiplatelet regimens
are poorly defined. The aim of this study is to report our experience using a high dosage antiplatelet premedication regimen for
patients with unruptured intracranial aneurysms undergoing endovascular treatment by stent-assisted coiling or flow diverter
stents.

Methods From a retrospective analysis of a prospectively maintained database, we collected clinical and angiographic data of
400 procedures in 362 patients treated by stent-assisted coiling or flow diverter stents for 419 unruptured intracranial aneurysms.
Descriptive and analytic statistics were performed to report morbidity, mortality, and complication rates and to demonstrate
associations between variables and outcomes. Logistic multivariable regression was performed to rule out confounding factors
between subgroups.

Results Thrombo-embolic complications occurred in 23/400 procedures (5.75%) and hemorrhagic complications in 19/400
procedures (4.75%). The majority of complications were minor and transient with overall procedure-related morbidity and
mortality rates of 1.75% (n =7/400) and 1.25% (n = 5/400) respectively. The co-existence of multiple cardiovascular risk factors
among smoking, hypertension, dyslipidemia, and age > 65 years old was significantly associated with permanent procedure-
related morbidity (p = 0.006) and thrombo-embolic complications occurrence (p = 0.034). Age alone was associated with higher
permanent morbidity (p =0.029) and was the only variable associated with higher hemorrhagic complication (p = 0.024).
Conclusion In this study, the use of a high dosage antiplatelet premedication was safe and effective for the treatment of
unruptured intracranial aneurysms with stent-assisted coiling or flow diverter stents. Mortality and morbidity rates compare
favorably with the current literature. The thrombo-embolic complications rate is low and most of them were clinically silent.
However, the hemorrhagic complications rate was substantial and a significant proportion of them were associated with mortality.
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AP Antiplatelet

INR Interventional neuroradiology
UIA  Unruptured intracranial aneurysm
mRS Modified Rankin Score

CV Cardiovascular

Introduction

Over the last 15 years, stenting techniques have been devel-
oped to allow the endovascular treatment (EVT) of unruptured
intracranial aneurysms (UIA) that were not amenable to treat-
ment by simple coiling. Stenting techniques are now accepted
as reliable therapeutic options particularly for complex UIA.
Stents are used in conjunction with coils or as stand-alone
devices. Classic stents (braided or laser cut) are mostly used
for stent-assisted coiling (SAC) whereas flow diverter (FD)
stents are used as stand-alone devices. Flow diverter stents
are indicated for complex UIA, such as large necked or bifur-
cation UIA with side branches, in particular those located in
the internal carotid artery or the vertebral-basilar arteries.
PCONus stents are another option for bifurcation aneurysms
[1-3].

In order to limit thrombo-embolic (TE) complications, it is
necessary to reduce platelet reactivity prior to EVT with SAC
or FD stents. The standard strategy is to use a dual antiplatelet
(AP) therapy, combining aspirin and a P2Y12 inhibitor, such
as clopidogrel, prasugrel, or ticagrelor [4]. In our institution, a
specific regimen was implemented in 2011, promoting the use
of aspirin and clopidogrel in high dosage only the day before
and on the morning of the procedure. This contrasts with the
usual prophylactic regimen for the elective EVT of an UIA,
classically longer than 3 days and using a lower dosage [5].
The main rationale for this protocol was to increase the pa-
tients” compliance. Indeed, as the patient was always admitted
on the day before the procedure, the medical team could en-
sure that the premedication was taken.

To the best of our knowledge, there is currently no guide-
line about which drug, dosage, and protocol should be used in
neurovascular treatments with stents. Only a few papers on the
subject have been published and no high-evidence-level study
demonstrated whether one premedication should be used rath-
er than another [4, 6]. Moreover, there is a high variability of
patterns regarding AP premedication among neurovascular
teams [5]. In that context, it is crucial to explore that area by
reporting experiences using different protocols and to deter-
mine guidelines, in order to provide the best care to patients.

The aim of this study is to report our monocentric experi-
ence using this specific and unusual AP premedication and to
discuss the management of platelet inhibition prior to
neurovascular procedures using SAC or FD stents for the
EVT of UIA.
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Patients and methods
Study design

This study was approved by our institutional ethical commit-
tee. We retrospectively analyzed our prospectively maintained
database to identify all patients treated in our institution with
SAC or FD for one or multiple UIA between January 2011
and September 2016. This period was chosen because at this
time a new specific AP regimen was implemented. During this
period, patients with a weight <80 kg received a loading dose
0f 320 mg of aspirin and 300 mg of clopidogrel the day before
and on the morning of the procedure. For patients > 80 kg, the
same regimen was empirically administered with higher dos-
ages: 450 mg of clopidogrel and 480 mg of aspirin. No platelet
function monitoring was used.

From the retrospective analysis of medical files, we gath-
ered all variables available from the time of the procedure up
to the 3-month follow-up. We analyzed clinical and demo-
graphic data along with procedural protocols and angiograph-
ic results. The final procedural outcome and the complications

Table 1 Baseline characteristics of patients (n=362)

Age (years old) 53.6+124
16-25 1.7% (n = 6/362)
25-45 19.3% (n =70/362)
45-65 58.6% (n =212/362)
>65 20.4% (n =74/362)
Sex
Male 22.7% (n =82/362)
Female 77.3% (n =280/362)
Smoking
Yes 55.5% (n =201/362)
No 44.5% (n =161/362)
Hypertension
Yes 53.6% (n =194/362)
No 46.4% (n = 168/362)
Dyslipidemia
Yes 33.1% (n =120/362)
No 66.9% (n =242/362)

Number of CV risk factors (among smoking, hypertension, dyslipidemia,
and age > 65 years)

4 CV risk factors
3 CV risk factors
2 CV risk factors
1 CV risk factor

2.8% (n = 10/362)
22.4% (n =81/362)
27.9% (n = 101/362)
28.7% (n = 104/362)

0 CV risk factor 18.2% (n = 66/362)
Baseline mRS (before the first procedure if many)

Baseline mRS <2 99.4% (n =360/362)

Baseline mRS >2 0.6% (n =2/362)
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were also reported based on the 3-month follow-up medical
reports.

Permanent morbidity, also referred as morbidity, was de-
fined by the association of three criteria: (1) a mRS (modified
Rankin Score) superior or equal to 2 but different to 6 (death)
at the 3-month follow-up, (2) an increase of at least 1 of the
mRS at 3-month follow-up compared with the baseline mRS,
and (3) the occurrence of a peri-procedural complication as-
sociated with that increase.

The inclusion criteria were the use of the prophylactic reg-
imen described in the last paragraph and the elective treatment
of an UIA using a stenting technique (SAC or stent as stand-
alone device, including FD stents). The exclusion criteria were
the use of a stenting technique for another indication (ruptured
aneurysms, dissecting aneurysms, dissections, stenosis) and
the use of a different AP protocol. All consecutive patients
matching those criteria were included.

Complications were assessed in two different ways.
First, according to the chronology of the complication
(intraprocedural vs post-procedural). Second, according
to the type of complication (TE complication vs hemor-
rhagic (HH) complication). A major HH complication
was defined as a type 2 bleeding or more according to
the Bleeding Academic Research Consortium Definition
for Bleeding [7].

Treatment technique

The decision regarding the most appropriate treatment was
made for each patient by a multidisciplinary neurovascular
team. All procedures were performed by a senior interven-
tional neuroradiologist. Each patient underwent a complete
neurological examination by neurologists before and after
EVT. Patients were monitored 24 h in our intensive care
unit after EVT. Every patient received a dual AP therapy
for three months (80 mg of aspirin and 75 mg of
clopidogrel) and was then seen in consultation by a senior
neurointerventionalist. All patients received aspirin 80 to
100 mg for life after the 3-month appointment. In selected
cases, clopidogrel 75 mg was also prescribed for a duration
of 3 extra months.

Endovascular procedures were performed under general
anesthesia and systemic heparinization that was monitored
by frequent measurements of the activated clotting time
(ACT). A baseline ACT was obtained prior to the bolus infu-
sion of a high-loading dose of heparin (5000 IU), and then
every 30 min. The heparin bolus was followed by a continu-
ous drip (2000 to 2500 IU/h), with the purpose of doubling the
baseline ACT. Systemic heparinization was prolonged for 12—
24 h in all patients. The procedures were performed through
6F or 8F common femoral arterial access. In tortuous anato-
mies and in procedures with flow diverter (FD) stents, a co-
axial system was used including a long sheath placed in the

common carotid artery (Neuron max, Penumbra Inc.,
Alameda, CA, USA or IVA 6F, Balt, Montmorency, France)
and a 5 or 6F intermediate catheter placed as high as required
to obtain stability up to the cavernous segment of the ICA. In
other cases, a single 6F guiding catheter (Envoy or Envoy DA
XB, Codman Neurovascular, Raynham, MA, USA) was
placed up to the upper cervical portion of the ICA.
Dedicated microcatheters were used to deliver the stents and
were navigated with Synchro 14 (Stryker NeuroVascular,
Kalamazoo, MI, USA), Terumo 12 (Microvention, Aliso
Vigjo, CA, USA), and Traxcess (Microvention, Aliso Viejo,
CA, USA) guidewires. When additional coiling was per-
formed, Prowler select LP (Codman Neurovascular,
Raynham, MA, USA), Headway 17 (MicroVention, Aliso
Viejo, CA, USA), and Headway Duo (MicroVention, Aliso
Viejo, CA, USA) microcatheters were used using a jailing
technique for FD stents and by navigating the microcatheter
through the stent mesh for conventional stents. A femoral
closure device (Angioseal 6 or 8F (St-Jude Medical, Saint-
Paul, MI, USA) and Proglide (Abott, Chicago, IL, USA))
was always placed to obtain hemostasis at the groin.

Statistical analysis

Quantitative data were expressed in mean values + stan-
dard deviation (SD) or medians and 95% confidence inter-
vals (CI), accordingly, after verification of normality of
distributions by the Kolmogorov-Smirnov test.
Percentages were presented in the categories of qualitative
variables. Associations between different outcomes (mor-
tality, morbidity, TE complications, and HH complica-
tions) and potential risk factors were analyzed with the
X~ test and Fisher’s exact test. Cochran-Armitage tests
were used to study linear tendencies of proportions of out-
come in ordinal variables. Student’s ¢ test was used to
compare means of quantitative variables if the distribution
were normal. Odds ratios with their 95% CI were calculat-
ed using univariate and multivariable logistic regression to
rule out confounding variables. The level of statistical sig-
nificance was determined as 0.05. The software used to
lead the statistical analysis was Stata/IC 15.1.

In patients with more than one procedure included, only the
last one was considered for the univariate and multivariate
statistical analysis. The rationale was to avoid a statistical bias
because two or more procedures in the same patient are not
independent from one another. If more than one aneurysm was
treated during one procedure, only the largest was considered
in the analysis. If more than one stent was used, only the first
one was considered.

Multivariable logistic regression was performed for TE and
HH complications only, because there were not enough pa-
tients in the permanent morbidity and mortality groups.
Moreover, only multivariable analyses with two predictors
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were possible due to the small number of complications. The
potential confounding variables tested were age, cardiovas-
cular (CV) risk factors, aneurysm location, aneurysm size,
aneurysm type, use of a pCONus stent, and use of a flow
diverter stent. The predictor was considered a confounding
variable if the adjusted odd ratio differed by more than 15%
from the unadjusted odd ratio.

Results
Patients, aneurysms, and procedures

From this analysis, we have included 400 elective proce-
dures for the treatment of 419 UIA in 362 patients.

The mean age was 53.6 +12.4 years old with 77.3% of
women (n =280/362) and 22.7% of men (n=82/362). The
current or past smokers represented 55.5% of patients (n =
201/362) and 81.8% (n=296/362) had at least one CV risk
factor among smoking, hypertension, dyslipidemia, and age
> 65 years old. The baseline mRS was <2 in 99.4% (n = 360/
362) of them. Full patients’ characteristics are summarized in
Table 1.

Aneurysms were mostly saccular (61.9%—n =259/419)
and wide-necked (86.6%—n = 348/402). The median maxi-
mal diameter was 5.23 mm (95% CI [4.73-5.75]). The most
common location was the internal carotid artery,
representing 42.0% of the aneurysms, and the second most
common location was the middle cerebral artery
representing 26.2%. Full aneurysms characteristics are sum-
marized in Table 2.

Three hundred eighty-five patients (96.2%) received
doses of 300 mg/320 mg of clopidogrel/aspirin and 15 pa-
tients (3.7%) received 450 mg/480 mg respectively. No other
premedication protocol was used. Braided and laser cut
stents were used in 309 procedures (68.9%), FD stents in
116 procedures (25.8%), and pCONus stents in 24 procedures
(5.3%). Complete obliteration was seen in 52.5% of the pro-
cedures. Full procedure details are summarized in Table 3.

Outcomes

Thrombo-embolic complications occurred in 23 procedures
(n=23/400—15.75%) with 6 cases (n = 6/400—1.50%) asso-
ciated with permanent morbidity or mortality at 3-month fol-
low-up. Hemorrhagic (HH) complications occurred in 19 pro-
cedures (n=19/400—4.75%) with 6 cases (n=6/400—
1.50%) associated with permanent morbidity or mortality at
3-month follow-up (Table 4).

Thrombo-embolic complications were seen during EVT
(n=12/400—3.00%) on DSA controls or were diagnosed as
post-procedural stroke or symptomatic ischemic spots on MRI
(n=11/400—2.75%). Intraprocedural TE complications were
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Table 2

Characteristics of aneurysms (n =419)

Location
Internal carotid
Supra-clinoid
Infra-clinoid
Middle cerebral artery
Anterior cerebral artery’
Posterior circulation
Type
Saccular
Circumferential neck
Fusiform

Recanalization after
prior treatment
Maximal diameter (mm)

Size range
Small (0 to 5 mm)
Medium (5 to 15 mm)
Large (15 to 25 mm)
Giant (>25 mm)

42.0% (n=176/419)
30.3% (n=127/419)
11.7% (n = 49/419)
26.2% (n=110/419)
19.6% (1= 82/419)
12.2% (n=51/419)

61.9% (1 =259/419)
13.1% (n=55/419)
4.1% (n=17/419)

21.0% (n = 88/419)

Median =5.23; 95% CI [4.73-5.75]

48.2% (n=201/419)
46.3% (n=195/419)
4.5% (n=19/419)
1.0% (n=4/419)

Dome (mm) Median=3.67; 95% CI [3.36-3.94]
Neck (mm) Median=3.45; 95% CI [3.26-3.58]
Dome-to-neck ratio Median=1.08; 95% CI [1.01-1.16]
Smallest parent artery Median =2.43; 95% CI [2.35-2.50]

diameter (mm)

Wide-necked?
Yes 86.57% (n=348/402)
No 13.43% (n=54/402)

! Including anterior communicating artery and pericallosal artery

2 Wide-necked IA were defined as a neck diameter superior or equal to
4 mm or a dome-to-neck ratio inferior to 2 (only available for saccular
aneurysms). Circumferential neck aneurysms were considered wide-
necked. Fusiform aneurysms were not included in that classification

successfully managed by administration of IV abciximab (n =
11/400—2.75%) or by balloon angioplasty (n=1/400—
0.25%). In 11 of these 12 complications, no permanent mor-
bidity nor mortality were observed; in one of them treated with
IV abciximab, a post-procedural hemorrhage occurred
resulting in death. Among the post-procedural TE complica-
tions, there were 8 cases (n=8/400—2.00%) of post-
procedural strokes: they were all managed conservatively at
the ICU and 6 of them were associated with permanent
morbidity.

Major hemorrhagic complications occurred in 19 proce-
dures (n=19/400—4.75%). Retroperitoneal hemorrhages
with anemia occurred in 8 cases (n=8/400—2.00%) and
were managed with blood transfusion. Post-procedural in-
tracranial hemorrhages were seen in 9 procedures (n =9/
400—2.25%): 8 were subarachnoid or intraparenchymal
hemorrhages from the treated aneurysm and one was an
intraparenchymal hemorrhage distant from the aneurysm.
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Table 3

Characteristics of procedures (n =400)

Table 4  Description of outcomes (n =400)

Premedication protocol
Clopidogrel 4x75 mg + Aspirin 4x80 mg
Clopidogrel 6x75 mg + Aspirin 6x80 mg

Number of aneurysms treated (per procedure)

1 aneurysm
2 aneurysms
3 aneurysms

Number of stents implanted (per procedure)

1 stent
2 stents
3 stents
Type of stents implanted (repartition)’

Braided
Laser cut
Flow diverter
PCONus

96.2% (n =385/400)
3.7% (n=15/400)

95.8% (n=383/400)
3.7% (n = 15/400)
0.5% (n = 2/400)

88.3% (1 = 353/400)
11.3% (1 = 45/400)
0.5% (1 = 2/400)

Total of stents
implanted = 449

25.2% (n=113/449)
43.7% (n = 196/449)
25.8% (n = 116/449)
5.3% (n =24/449)

Post-procedural angiographic control (per aneurysm)

Complete obliteration
Residual neck

Residual aneurysm

Absence of obliteration (flow diverter alone)

Number of stents (per aneurysm)

52.5% (n=220/419)
16.9% (n="71/419)
8.6% (n=36/419)
22.0% (n=92/419)

Intraprocedural complications
None
Thrombus in situ
Arterial dissection
Aneurysmal perforation
Post-procedural complications
None
Symptomatic ischemic spots on MRI
Symptomatic territorial ischemia
Hemorrhage (SAH or other)
Hemorrhage distant from the aneurysm
Extracranial hemorrhage
TE complications
With transient morbidity
With permanent morbidity
With mortality
HH complications
With transient morbidity
With permanent morbidity
With mortality
Reversibility of the event
No event
Totally reversible

4.50% (n=18/400)
95.50% (1 = 382/400)
3.00% (n = 12/400)
1.00% (n =4/400)
0.50% (1 = 2/400)
7.00% (1 = 28/400)
93.00% (n = 372/400)
0.80% (1 = 3/400)
2.00% (1 = 8/400)
2.00% (1 = 8/400)
0.30% (1 = 1/400)
2.00% (n = 8/400)
5.75% (n =23/400)
4.00% (n = 16/400)
1.50% (n = 6/400)
0.25% (n = 1/400)
4.75% (n = 19/400)
3.25% (n = 13/400)
0.25% (n = 1/400)
1.25% (n = 5/400)

89.00% (n = 356/400)
8.00% (n =32/400)

1 stent 88.1% (n=369/419)
11.5% (n=48/419)
0.5% (n=4/419)

2 stents
3 stents
Other implanted material (per aneurysm)

None 32.0% (n = 134/419)
Coils 67.8% (1 =284/419)
WEB device 0.2% (n = 1/419)

3 Stents repartition by type:

- Braided stents were LEO, LEO BABY, and LVIS JUNIOR

- Laser cut stents were ENTERPRISE and SOLITAIRE

- Flow diverters stents were FRED, PIPELINE, P64, and SILK
- PCONus stents are PCONUS

Two iatrogenic aneurysmal ruptures occurred (n = 2/400—
0.50%) and one of them was associated with morbidity.
Three hemorrhagic complications were asymptomatic
(n=3/400—0.75%): two post-procedural intracranial hem-
orrhages, diagnosed on the control CT, and one aneurysmal
perforation, managed during the procedure. All intracranial
hemorrhages were managed by a supportive treatment in
the ICU.

The procedure-related morbidity and mortality rates
were of 1.75% (n="7/400) and 1.25% (n=5/400) respec-
tively. Among complications associated with morbidity, 6
were due to TE complications (post-procedural strokes)
and only 1 to a HH complication (iatrogenic aneurysmal
rupture). All 5 cases of mortality were related to a HH

Partially reversible 1.30% (n =5/400)
1.80% (n =7/400)
1.75% (n =7/400)
1.50% (n = 6/400)
0.25% (n = 1/400)
1.25% (n =5/400)
1.00% (n =4/400)

0.25% (n = 1/400)

Non-reversible
Procedure-associated permanent morbidity
Symptomatic territorial ischemia
Aneurysmal perforation
Procedure-associated mortality
Hemorrhage (SAH or other)
Hemorrhage distant from the aneurysm

complication, one of them after IV abciximab for the treat-
ment of a TE complication.

Factors associated with outcome

There were no significant differences in terms of TE and HH
complications, permanent morbidity, or mortality between the
two types of AP regimen. Procedural (stent type, number of
stents, aneurysm features) and demographic (cardiovascular
risk factors, age) characteristics were not associated with
procedure-related mortality, but the number of patients in that
group was low (n=5).

The co-existence of multiple CV risk factors among
smoking, hypertension, dyslipidemia, and age > 65 years old
was significantly associated with permanent procedure-related
morbidity (p =0.006) and TE complication occurrence (p =
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0.034). There is a linear tendency between the number of CV
risk factors cumulated and TE complication (p = 0.0025).

Age alone was associated with higher permanent morbidity
(p=0.029) and was the only variable associated with higher
HH complication (p =0.024), with a linear tendency (p =
0.0077).

The type of stent showed a significant association with
procedure-related permanent morbidity and TE complications
(»=0.029 and p=0.004, respectively). Among the stent
types, pCONus were shown to have significantly higher rates
of morbidity and TE complications, compared with laser cut
for morbidity, and compared with either braided stents, laser
cut, or FD for TE complications. There was no significant
difference between other stents in terms of complications
and permanent morbidity/mortality.

The aneurysm type, size range, and location did not influ-
ence the occurrence of TE or HH complication nor the
procedure-related permanent morbidity/mortality. Neither
did the number of stents implanted nor the number of aneu-
rysms treated in one procedure.

Univariate statistical analyses are detailed in Tables 5, 6, 7,
and 8.

Multivariable analysis and confounding variables
Risk factors of TE complications

An age superior or equal to 65 years old was in many cases
independently significantly associated with TE complications,
except we took into account the presence of 2 or more CV
risks (p =0.22) or the use of a pCONus device (p =0.07).

The presence of 2 or more CV risk factors was a better
predictor of TE complications as it was almost always (adjust-
ed for age, p = 0.06) independently associated with TE com-
plications. Adjusted for age, the crude OR (3.77 (1.28-8.87))
decreased from 19%, suggesting age was a confounding factor
in the association.

The use of pCONus was an even better predictor and
showed a stronger independent association with TE compli-
cations, although highly variable (wide confidence intervals of
OR). Adjusted for age or for the number of risk factors, the
crude OR (5.45 (1.62—18.31)) decreased from 18 or 25%.

Risk factors of HH complications

An age superior or equal to 65 years old and an aneurism size
smaller than 5 mm were always independently associated with
HH complications.
Saccular aneurysm was no longer associated with HH com-
plications when we adjusted the OR for other predictors.
Crude and adjusted odd ratios are presented in Tables 9, 10,
11, and 12.
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Discussion
Findings

In this study, our specific AP regimen was shown to be safe
and effective for the premedication of patients undergoing
elective EVT of UIA by SAC or FD stents. The thrombo-
embolic complications rate is low and most of them were
clinically silent. However, the hemorrhagic complications rate
was substantial and a significant proportion of them were as-
sociated with mortality.

Background

There are 2 types of major complications occurring during or
after EVT of UIA: the most frequent is a TE event; the second,
a HH complication [8—10]. The occurrence of TE complica-
tions during or after a stenting procedure for EVT of UIA is
estimated between 2 and 21% in the current literature; for HH
complications, the rates are estimated between 2.2 and 11.6%
[5, 8-12]. These results vary widely between studies for the
following reasons: definition of complications, stent type, an-
eurysm features, populations aimed, practice patterns, and op-
erators’ experience [4, 5].

In this study, the TE complication rate was 5.75% and
the overall major HH complication rate was 4.75%. The
rate of intracranial hemorrhage was 2.16% (n=10/400),
the other ones being retroperitoneal hematomas requiring
blood transfusion. All of the complications leading to mor-
tality were associated with an intracranial hemorrhage.
Most of the complications could safely be managed so that
the procedure-related morbidity and mortality were of
1.75% and 1.25% respectively. These results are in accor-
dance, or even compare favorably with series published in
the literature including meta-analysis on SAC and FD
treatments [3, 5, 8—14]. However, no objective comparison
can be made considering the significant disparities be-
tween those series.

TE complications

The low occurrence of TE complications may be explained by
the following reasons: (1) full control on the patient’s compli-
ance; (2) strict and monitored heparinization protocol, with a
high-loading dose bolus and control of the ACT every 30 min;
(3) high experience center, with over 200 aneurysms treated
by EVT each year, among which 75% with SAC or FD [1, 5];
(4) high-loading dose AP regimen, which might overcome
peri-procedural complications in patients with partial
clopidogrel resistance. This latter is known to be a major topic
in both cardiological and neurovascular procedures [6, 8].
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Table 5 Univariate analysis using Fisher exact tests (n =362)

n Mortality (%) p Morbidity (%) p TE (%) pvalue HH (%) p value
Smoking
Yes 201 050 0.176 ~ 1.99 0.696 597 0.679 4.98 0.998
No 161 248 1.24 497 4.97
Hypertension
Yes 194 2.06 0378 258 0222 773 0.048 5.37 0.512
No 168 0.60 0.60 2.98 4.17
Dyslipidemia
Yes 120 1.67 0.668  2.50 0402  10.00 0.009 5.00 0.986
No 242 1.24 1.24 331 4.96
Age category
<45 76 0.00 0.308 0.00 0.029 2.63 0.081 1.32 0.024
45-65 212 142 0.94 4.72 4.25
> 65 74 2.70 5.41 10.81 10.81
Number of CV risk factors
0 66 0.00 0842 152 0.006  1.52 0.034 1.52 0.530
1 104 192 0.00 2.88 4.81
2 101 1.98 0.99 5.94 5.94
3 81 1.23 2.47 9.88 7.41
4 10 0.00 20.00 20.00 0.00
Number of aneurysms treated
1 350 143 1.000 171 1.000  5.71 1.000 5.14 1.000
2 11 0.00 0.00 0.00 0.00
3 1 0.00 0.00 0.00 0.00
Aneurysm type
Saccular 215 1.90 1.000 1.90 1.000 7.00 0.120 7.00 0.310
Circumferential neck 48 0.00 2.10 8.30 2.10
Fusiform 15 0.00 0.00 0.00 0.00
Recanalization after prior treatment 84 1.20 1.20 1.20 2.40
Aneurysm location
Internal carotid artery 151 1.30 0.920  0.70 0.170  4.00 0.270 3.30 0.520
Middle cerebral artery 93 2.10 1.10 6.50 7.50
Anterior cerebral artery' 74 1.30 2.70 4.10 5.40
Posterior circulation 44 0.00 4.50 11.40 4.50
Aneurysm size range
Small (0 to 5 mm) 170 230 0390 120 0350  4.10 0.120 7.70 0.190
Medium (5 to 15 mm) 174 0.60 1.70 5.80 2.90
Large (15 to 25 mm) 16 0.00 6.30 18.80 0.00
Giant (>25 mm) 2 0.00 0.00 0.00 0.00
Premedication protocol
Clopidogrel 4x75 mg + Aspirin 4x80 mg 350 143 1.000  1.71 1.000  5.14 0.137 4.86 0.463
Clopidogrel 6x75 mg + Aspirin 6x80 mg 12 0.00 0.00 16.67 8.33
Stent name
LEO 26 3.85 0.141  0.00 0.029  3.85 0.005 7.69 0.562
LEO BABY 35 0.00 0.00 14.29 5.71
LVIS JUNIOR 35 2.86 2.86 5.71 8.57
ENTERPRISE 142 0.70 0.70 1.41 4.23
SOLITAIRE 11 9.09 0.00 9.09 9.09
FRED 3 0.00 0.00 0.00 0.00
PIPELINE 17 5.88 11.76 11.76 5.88
P64 34 0.00 0.00 2.94 2.94
SILK 31 0.00 0.00 6.45 0.00
PCONUS 18 0.00 11.11 22.22 11.11
Stent type
Braided 96 2.08 0.891 1.04 0.029 833 0.004 7.29 0.231
Laser cut 153 131 0.65 1.96 4.58
Flow diverter 85 1.18 2.35 5.88 2.35
pCONus 18 0.00 11.11 22.22 11.11
Number of stents
1 318 1.26 0479 126 0.175  5.03 0.350 4.72 0.506
2 42 2.38 4.76 9.52 7.14
3 2 0.00 0.00 0.00 0.00

! Including anterior communicating artery and pericallosal artery
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Table 6 Cochran-Armitage tests to explore linear tendency of age on different outcomes (n = 362)

n Mortality (%) p Morbidity (%) p TE (%) p value HH (%) p value

Age category

<45 76 0.00 0.1560 0.00 0.0099 2.63 0.0290 1.32 0.0077

45-65 212 1.42 0.94 4.72 4.25

> 65 74 2.70 5.41 10.81 10.81
Number of CV risk factors

0 F 1.52 0.0025

1 2.88

2 5.94

3 9.88

4 20.00

Clopidogrel resistance

Clopidogrel resistance is an important issue associated with an
increased risk of TE complications [6, 8]. Whether or not this
high dosage premedication might overcome those complica-
tions in this cohort is merely speculative: the platelet response
was not assessed, and patients were not tested for clopidogrel
resistance. However, in the recent literature, some studies have
shown the efficacy of using high dosages of aspirin and
clopidogrel in preventing TE complications in clopidogrel-
resistant patients [15—18]. Considering the high prevalence
of clopidogrel resistance in the population and the results of
our study, it seems that using empirically such a high dosage
regimen without any platelet function test is a reliable option
for neurovascular procedures. In the non-responder patients, a
change of strategy could be adopted, for instance a switch
towards another AP drug.

The issue of clopidogrel resistance is already well-known
in cardiology as it is associated with ischemic complications
in patients undergoing percutaneous coronary interventions
[8, 9, 19]. In these patients, 4 to 30% do not demonstrate an
adequate platelet inhibition with standard doses of clopidogrel
[20]. Many solutions were adopted to ensure a predictable and
efficient platelet inhibition. The first and most accepted solu-
tion was to quantify the platelet reactivity under AP medica-
tion using a platelet function test, in order to define the patient

Table 7 Stent type

subgroups analyses for Difference between p value

morbidity using Fisher

exact tests (n = 362) Braided vs laser cut 1.00
Braided vs flow diverter 0.61
Braided vs PCONus 0.06
Laser cut vs flow diverter 0.29
Laser cut vs PCONus 0.03
Flow diverter vs PCONus 0.14

@ Springer

as responder, hyporesponder, or non-responder so that the
management could be adjusted accordingly [8, 15]. There is
however currently no strong evidence about tailoring the AP
premedication on the basis of platelet function test in
neurointerventional literature. In a recent meta-analysis,
Skukalek et al. showed no evidence supporting the use of
platelet function test as it did not change the clinical outcome
but only the occurrence of asymptomatic ischemic lesions
[16]. Moreover, no sufficiently high level of certitude studies
have been published yet, and most publications in this area are
retrospective, case series, or expert opinions [4, 5, 15, 17, 18,
21]. For all these reasons, we never perform any platelet func-
tion test and it does not have a significant impact on our TE
rate that is low.

The bodyweight is also known to be a risk factor for sub-
therapeutic AP therapy, justifying the use of increased doses in
patients with body mass index >25 [22]. In our series, we
reported no significant difference, in terms of TE or HH com-
plications, between the 2 regimens.

HH complications

Even if the retrospective non-comparative feature of this study
does not allow to demonstrate an increase of hemorrhagic
complications with a high-loading dose of aspirin and
clopidogrel, it is questionable whether it might promote them.

Table 8 Stent type

subgroups analyses for Difference between p value

TE complications using

Fisher exact tests (n = Braided vs laser cut 0.03

362) Braided vs flow diverter 0.58
Braided vs PCONus 0.09
Laser cut vs flow diverter 0.14
Laser cut vs PCONus 0.003
Flow diverter vs PCONus 0.048
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Table 9  Unadjusted odds ratios (OR) of thrombo-embolic complica-
tions (n =362; thrombo-embolic complications =20)

OR 95% C1 p value
Age > 65 years old 2.79 1.10-7.09 0.03
>2 CV risk factors 3.77 1.24-11.52 0.02
Posterior location 2.59 0.89-7.52 0.08
Saccular aneurysm 2.16 0.77-6.07 0.15
Aneurysm size >5 mm 1.69 0.66-4.34 0.28
Atleast 1 FD 0.96 0.34-2.72 0.94
Use of pCONus stent 5.45 1.62-18.31 0.006

The hemorrhagic complications rate is substantial, and the
mortality rate is mainly explained by bleeding. Five patients
died in this study, four of them from a post-procedural intra-
cranial hemorrhage and one from an iatrogenic bleeding after
administration of abciximab, in the context of intraprocedural
stent thrombosis. Moreover, age was shown to be a predictive
factor for a HH complication.

In a retrospective comparative study on Pipeline emboliza-
tion device, Attalah et al. [23] did not observe a significant
difference in terms of hemorrhagic complications between
standard and high-loading protocol, though they emphasized
the higher hemorrhage rate in the loading dose group. In a
retrospective study, White et al. [12] suggested platelet
overinhibition as a potential mechanism for post-procedural
delayed hemorrhage following flow diversion of UIA.
Considering the high doses of dual AP therapy used in this
study, it is worth considering whether an overinhibition might
have played a role in the bleeding that occurred. Since no
platelet activity monitoring was used, it is not possible to
verify this hypothesis.

Another component that might promote hemorrhage is the
administration of unfractionated heparin until 24 h after the
procedure. It is still controversial whether or not it should be
administered [24]. Nevertheless, the combination of a high-
dosing AP premedication with post-procedural heparin prob-
ably increase the hemorrhage risk. This should maybe lead to

Table 10  Unadjusted odds ratios (OR) of hemorrhagic complications
(n =362; hemorrhagic complications = 18)

OR 95% CI p value
Age >65 years old 3.37 1.28-8.87 0.01
>2 CV risk factors 1.82 0.67-4.97 0.24
Posterior location 0.90 0.20-4.04 0.89
Saccular aneurysm 3.64 1.04-12.82 0.04
Aneurysm size >5 mm 0.32 0.11-0.93 0.03
Atleast 1 FD 0.35 0.08-1.54 0.16
Use of pCONus stent 2.40 0.51-11.31 0.67

adapt the post-procedural heparin protocol in order to reduce
that risk. Further prospective studies are needed to confirm
these hypotheses.

Future considerations

A promising change of practice is to use other platelet
inhibitors such as prasugrel and ticagrelor, already known
in cardiology [25]. Even if there are still no significant
studies to recommend the use of these drugs, a few papers
have recently been published and have shown encouraging
results [4, 26]. When these molecules could be most

Table 11 Adjusted odds ratios (ORa) of thrombo-embolic complica-
tions (n = 362; thrombo-embolic complications = 20)
ORa 95% CI p value
Age > 65 years old adjusted for
>2 CV risk factors 1.86 0.69-5.00 0.22
Posterior location 2.66 1.04-6.81 0.04
Saccular aneurysm 2.71 1.06-6.91 0.04
Aneurysm size >5 mm 2.59 1.00-6.71 0.05
Use of flow diverter stent 2.79 1.10-7.10 0.03
Use of pCONus stent 240 0.92-6.28 0.07
>2 CV risk factors adjusted for
Age > 65 years old 3.05 0.94-9.94 0.06
Posterior location 3.78 1.23-11.57 0.02
Saccular aneurysm 3.60 1.18-11.02 0.03
Aneurysm size >5 mm 3.60 1.17-11.06 0.03
Use of flow diverter stent 3.82 1.24-11.75 0.02
Use of pCONus stent 3.26 1.05-10.15 0.04
Posterior location adjusted for
Age > 65 years old 240 0.82-7.07 0.11
>2 CV risk factors 2.60 0.88-7.65 0.08
Use of flow diverter stent 2.63 0.89-7.74 0.08
Saccular aneurysm adjusted for
Age > 65 years old 2.08 0.73-5.88 0.17
>2 CV risk factors 1.98 0.70-5.61 0.20
Aneurysm size > 5 mm adjusted for
Age > 65 years old 1.44 0.55-3.78 0.46
>2 CV risk factors 1.48 0.57-3.85 0.42
Use of flow diverter stent 1.69 0.66-4.34 0.27
Use of flow diverter stent adjusted for
Age > 65 years old 0.94 0.33-2.69 0.91
>2 CV risk factors 1.13 0.39-3.26 0.82
Aneurysm size >5 mm 0.96 0.34-2.71 0.93
Posterior location 1.09 0.38-3.14 0.88
Use of pCONus stent adjusted for
Age >65 years old 4.49 1.29-15.60 0.02
>2 CV risk factors 4.08 1.18-14.05 0.03
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Table 12 Adjusted odds ratios (ORa) of hemorrhagic complications
(n =362; hemorrhagic complications = 18)

ORa 95% CI p value

Age > 65 years old adjusted for

>2 CV risk factors 3.14 1.06-9.26 0.04

Posterior location 341 1.29-8.99 0.01

Saccular aneurysm 3.24 1.22-8.60 0.02

Use of flow diverter stent 345 1.30-9.13 0.01

Use of pCONus stent 321 1.20-8.56 0.02
>2 CVrisk factors adjusted for

Age > 65 years old 1.17 0.38-3.62 0.78

Saccular aneurysm 1.68 0.61-4.62 0.31

Aneurysm size >5 mm 2.12 0.77-5.86 0.15

Use of flow diverter stent 1.69 0.62-4.63 0.31

Use of pCONus stent 1.71 0.62-4.74 0.30
Posterior location adjusted for

Age > 65 years old 0.80 0.17-3.65 0.77

Use of flow diverter stent 0.79 0.17-3.59 0.76
Saccular aneurysm adjusted for

Age > 65 years old 3.51 0.99-12.41 0.05

>2 CV risk factors 3.50 0.99-12.35 0.05
Aneurysm size >5 mm adjusted for

>2 CV risk factors 0.29 0.10-0.85 0.02

Use of flow diverter stent 0.32 0.11-0.93 0.04
Use of flow diverter stent adjusted for

Age > 65 years old 0.33 0.07-1.49 0.15

>2 CV risk factors 0.37 0.08-1.66 0.19

Aneurysm size >5 mm 0.35 0.08-1.55 0.17

Posterior location 0.34 0.08-1.52 0.16
Use of pCONus stent adjusted for

Age > 65 years old 1.81 0.37-8.86 0.47

>2 CV risk factors 2.05 0.43-9.89 0.37

interesting for clopidogrel-resistant patients in whom there
is no bioactivation, they also could replace clopidogrel in
the general practice and thus allow to avoid the clopidogrel
resistance issue.

Limitations

Our study has several limitations. First, the monocentric
retrospective design inherently presents multiple biases,
even if our protocol was prospectively implemented.
Second, the operators’ technical experience constitutes a
possible confounding variable. Indeed, as our daily prac-
tice in neurovascular stenting is high, some technical fea-
tures of stenting, in particular the quality of stents apposi-
tion, may not be comparable with other centers. Hence, this
may affect our TE complications rate because it has been
showed that the stent apposition on the arterial wall is
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directly correlated with the stenting efficiency [27].
Third, the specific regimen dedicated to patients with a
weight > 80 kg remains arbitrary and no evidence supports
its use. Moreover, this medication was only used in 15
procedures; thus, no conclusion can be drawn on that.
Further prospective studies should be performed, particu-
larly to assess the relationship between the AP regimen and
the body mass index. Fourth, in univariate and multivari-
able tests, the statistical analysis had to leave out 38 pro-
cedures. They could not be included in those analyses be-
cause only one procedure per patient could be included
(the most recent was considered as mentioned before).
The rationale was to avoid statistical bias due to dependen-
cy between two procedures in a same patient. Among those
38 procedures, three TE complications and one HH com-
plication happened. They were included in the complica-
tion rates anyway, in order not to occult them. At last, we
acknowledge the lack of generalizability of pre-admitting
patients the day before the elective procedures.

Conclusion

Stenting techniques are increasingly used for EVT of UIA.
The need of AP premedication remains a major concern for
stent placement because no guideline has been published yet
and practice patterns are highly heterogeneous. This study
shows that the use of high dosages of aspirin and clopidogrel
is safe and effective for the premedication of patients under-
going EVT of UIA by ST. Mortality and morbidity rates com-
pare favorably with the current literature. The TE complica-
tions rate is low and most of them were clinically silent.
However, the HH complications rate was substantial and a
significant proportion of them were associated with mortality.
Further prospective randomized control trials are needed to
confirm those findings with comparing standard vs high dos-
ing of AP premedication and with including new AP drugs
such as prasugrel or ticagrelor, considered as new promising
therapeutic options for the premedication of patients undergo-
ing EVT for UIA.
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Appendix. Complications mRS reports

tional and national research committee and with the 1964 Helsinki dec-
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this type of study, formal consent is not required.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Table 13 Thrombo-embolic and

hemorrhagic complication N=1 Complication Baseline mRS Post-procedural ~ 3-month mRS
mRS
Patient 1 Clot during procedure then intracranial 0 6 6
hemorrhage post-abciximab
Table 14 Hemorrhagic
complications N=18 Complication Baseline Post-procedural mRS 3-month mRS
mRS
Patient 2 Intracranial hemorrhage 0 6 6
(distant from the aneurysm)
Patient 3 Intracranial hemorrhage 0 0 6
Patient 4 Intracranial hemorrhage 0 0 6
Patient 5 Intracranial hemorrhage 0 5 6
Patient 6 Intracranial hemorrhage 0 5 4
associated with aneurysmal
perforation during procedure
Patient 7 Intracranial hemorrhage 2 3 2
Patient 8 Retroperitoneal hemorrhage 0 2 0
Patient 9 Retroperitoneal hemorrhage 0 2 0
Patient 10 Intracranial hemorrhage 0 0 0
Patient 11 Retroperitoneal hemorrhage 0 2 0
Patient 12 Retroperitoneal hemorrhage 0 2 0
Patient 13 Retroperitoneal hemorrhage 0 2 0
Patient 14 Retroperitoneal hemorrhage 0 2 0
Patient 15 Retroperitoneal hemorrhage 0 2 0
Patient 16 Procedural aneurysmal perforation 0 0 0
Patient 17 Intracranial hemorrhage associated 0 2 0
with arterial dissection during
the procedure
Patient 18 Intracranial hemorrhage 0 0 0
Patient 19 Retroperitoneal hemorrhage 2 2 0
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Table 15 Thrombo-embolic

Baseline mRS ~ Post-procedural mRS ~ 3-month mRS
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Thompson BG, Brown RD, Amin-Hanjani S, Broderick JP,
Cockroft KM, Connolly ES, Duckwiler GR, Harris CC, Howard
VI, Johnston SCC, Meyers PM, Molyneux A, Ogilvy CS, Ringer
AJ, Torner J, American Heart Association Stroke Council, Council
on Cardiovascular and Stroke Nursing, and Council on
Epidemiology and Prevention, American Heart Association,
American Stroke Association (2015) Guidelines for the manage-
ment of patients with unruptured intracranial aneurysms: a guide-
line for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 46:2368-2400.
https://doi.org/10.1161/STR.0000000000000070

Molyneux AJ, RSC K, Yu L-M, Clarke M, Sneade M, Yarnold JA,
Sandercock P, International Subarachnoid Aneurysm Trial (ISAT)
Collaborative Group (2005) International subarachnoid aneurysm
trial (ISAT) of neurosurgical clipping versus endovascular coiling
in 2143 patients with ruptured intracranial aneurysms: a randomised
comparison of effects on survival, dependency, seizures,
rebleeding, subgroups, and aneurysm occlusion. Lancet 366:809—
817. https://doi.org/10.1016/S0140-6736(05)67214-5

Lv X, Yang H, Liu P, Li Y (2016) Flow-diverter devices in the
treatment of intracranial aneurysms: a meta-analysis and systematic
review. Neuroradiol J 29:66—71. https://doi.org/10.1177/
1971400915621321

Kim KS, Fraser JF, Grupke S, Cook AM (2018) Management of
antiplatelet therapy in patients undergoing neuroendovascular pro-
cedures. J Neurosurg 129:890-905. https://doi.org/10.3171/2017.5.
INS162307

Faught RWF, Satti SR, Hurst RW, Pukenas BA, Smith MJ (2014)
Heterogeneous practice patterns regarding antiplatelet medications
for neuroendovascular stenting in the USA: a multicenter survey. J
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complications N=22 Complication
Patient 20  Post-procedural stroke
Patient 21  Post-procedural stroke
Patient 22 Post-procedural stroke
Patient 23 Post-procedural stroke
Patient 24 Post-procedural stroke
Patient 25  Post-procedural stroke
Patient 26  Clot during procedure
Patient 27  Post-procedural stroke
Patient 28  Clot during procedure
Patient 29  Clot during procedure
Patient 30 Clot during procedure
Patient 31  Symptomatic ischemic spots on MRI
Patient 32 Post-procedural stroke
Patient 33~ Symptomatic ischemic spots on MRI
Patient 34 Clot during procedure
Patient 35  Clot during procedure
Patient 36 Symptomatic ischemic spots on MRI
Patient 37 Clot during procedure
Patient 38 Clot during procedure
Patient 39 Clot during procedure
Patient40  Clot during procedure
Patient41  Clot during procedure
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