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Abstract

The present study aims to establish the efficacy and safety of different endovascular devices,
according to the anatomical position of the aneurysm. Methodology: In a retrospective cohort
with an anonymized database, patients with diagnosed intracranial unruptured saccular
aneurysms were taken to endovascular therapy between 2014 and 2021. Results: Occlusion
with immediate Raymond Roy | - Il was present in 99.2% of patients in all locations and in
96.2% at 12-month follow-up. Complications occurred more frequently (35%) in the anterior
cerebral artery (ACA) and the internal carotid artery in its ophthalmic segment (25%), but
without any statistically significant difference. Conclusion: This study show the absence of a
difference in the risk and efficacy in the treatment of unruptured aneurysms intracranial using

stents and coils related to their location.
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INTRODUCTION

Currently intracranial aneurysms (IA) have a prevalence between 1 to 7% of the world
population [1,2]. The etiology is controversial at the moment, because the risk factors do not
condition a specific population, but are usually acquired injuries due to congenital defects in

the blood vessel wall, atherosclerotic changes, trauma or septic embolism.

Endovascular treatment has been established as the intervention of choice for ruptured and
unruptured aneurysms (UIA) [3,4]. Coils and arterial reconstruction with stents in aneurysms
with complex anatomy are the main management due to their efficacy, low morbidity and
mortality [5]. Other techniques are balloon-assisted embolization or “remodeling”, as well as
combined interventions of coils + stents to ensure the protection of the vessel from the
migration of the coils [7,8], extrasaccular embolization or use of flow diverters (Pipeline Flex,
Slik, Surpass, FRED, Derivo). [6].

The main complication of UIA is rupture, which is dependent on multiple factors such as the
maximum size, the angle of entry, the morphology, the non-sphericity index, the growth and the
location of the IA. Among the complications developed in the application of stents non flow-diverter
assisted coiling are stenosis, migration of the device, intra-stent thrombus formation and
postoperative bleeding [9]. Currently, there is insufficient documentation of the association
between the location of the aneurysm, its risk of rupture, and complications with coil management
and non-flow-diverting stents. Our objective was to determine if the location of the IA can be

defined as a predictor of the efficacy and safety of the procedure.

METHODOLOGY

This work is a retrospective cohort study of patients diagnosed with unruptured cerebral
aneurysms managed with stents non flow-diverter assisted coiling. The present study received
institutional medical ethics committee approval (06518/2022); however, patients' informed
consent was not performed due to the nature of the study. The data analyzed came from the
anonymized institutional database, which contains information from medical records, medical
consultations, and follow-up angiotomography or 3D subtraction angiography (3D-ADS) by the

Interventional Radiology Service.

Patient cohort

Patients over 18 years of age diagnosed with 1A, managed intrainstitutionally by endovascular



treatment with stents non flow-diverter assisted coiling between January 1, 2014 and
December 30, 2021, at the FOSCAL and FOSCAL International Clinic in Floridablanca,
Santander, Colombia. Patients with ruptured |IA were excluded. The variables studied included
sociodemographic, clinic and IA characteristics. Additionally, we included complications related
to treatment and in the follow-up (12 months). The scales used to determine the efficacy and
security were the modified Rankin (mRS) and occlusion in angiotomography findings by
Raymond Roy (RRO).

Procedure description

Under general anesthesia, asepsis and antisepsis protocol, through a puncture of the femoral
artery with a 18G needle with the Seldinger technique, a short 5F introducer is inserted, using
a diagnostic catheter and hydrophilic guide 0.035"x150 cm, which is increased to the common
carotid artery and cerebral angiography is performed to visualize the aneurysm in the location
according to each patient, to proceed with embolization. An 8Fr guide catheter is determined
up to the common carotid artery and through this intermediate 6Fr catheter is lowered to the
carotid segment prior to the aneurysm, followed by a microcatheter mounted on a 0.014" x 200
cm microguide until the distal branch of the aneurysm is catheterized, to proceed ascending
and release non-flow-diverting stents, consecutively increase the microcatheter until the
aneurysmal sac is catheterized, through which the embolization with coils is performed.
Subsequently, angiographic controls are performed to assess the occlusion of the aneurysm,
together with the permeability of the stent and the distal vessels. The systems are removed
maintaining the integrity of the treating artery. Closure of the femoral artery defect is performed

with the Perclose/ProGlide 6Fr percutaneous closure system.

Antiplatelet protocol

Dual antiplatelet therapy (DAPT) is the management established as an institutional protocol,
with daily doses of acetylsalicylic acid (ASA) 100 mg and Clopidogrel 75 mg orally for a period
of 7 days prior to endovascular intervention. The response to these drugs was verified with the
VerifyNow test before the procedure when it was available, considering normal ranges of PRU
from 60 to 200. Patients with PRU values <60 (Hyperresponsive) were administered 75 mg of
oral Clopidogrel every 48 hours or 72 hours, or doses 37.5 mg daily. Patients with PRU >200
(Hyporesponsive), ticagrelor was administered at a loading dose (180 mg) 24 hours before
endovascular management and continued at a dose of 90 mg every 12 hours for 6 months.

During the procedure, 50 IU/kg of unfractionated heparin was administered, followed by



activated coagulation time controls, and finally, 7 days after the intervention, the second

VerifyNow test was performed.

Statistical analysis

The qualitative variables were detailed with absolute and relative frequencies, including
confidence intervals. Quantitative variables were described by mean and standard deviation.
The bivariate analysis between groups was performed using the t student and anova (as
appropriate) for quantitative variables and the chi-square test for qualitative variables. A p-
value of statistical significance was estimated to be less than 0.05. The information was
collected and verified in Microsoft Excel® (version 16.39). Stata/SE v 15.0 software (2003-5
Stata corp. College Station, Texas, version 9.0) was used for database validation, variable

processing, and analysis.

RESULTS

Population characteristics

One hundred thirty-eight patients with 147 intracranial aneurysms were included. Seven patients were
excluded, 6 were treated only with stents and one with an IA in the cervical segment of the internal
carotid artery (ICA). The mean age of the patients was 61.78 years, with a minimum age of 19 years
and a maximum of 83 years. The majority of patients were women (79.71%). The most frequent
antecedent was arterial hypertension (48.55%), followed by subarachnoid hemorrhage (SAH, 23.91%)
and smoking (14.49%) (Table 1).

Diagnostic and IA characteristics

Most of the patients were diagnosed incidentally (82.31%). The location most frequent was the middle
cerebral artery (MCA, 38.78%), followed by the anterior communicating artery (AcomA, 19.73%) and
the anterior cerebral artery (ACA, 13.61%). Ninety-nine percent of the aneurysms included were of a
saccular type and regular wall in 78.91%. Multiple aneurysms (= 2) were present in 54.42% of patients

and single aneurysms in 45.58%. (Table 1).

Table 1. Demographic and clinical characteristics of patients diagnosed with unruptured

intracranial aneurysm.



Frequency

Gender n (%)
Female 110 (79.71)
Male 28 (20.29)
Antecedentes n (%)
HTA 67 (48.55)
DM 13 (9.42)
Smoke 20 (14.49)
Ruptured Aneurysm 19 (13.77)
SAH Antecedent 33 (23.91)
Family history of Aneurysm 18 (13.04)
Family history of autoimmune disease 6 (4.35)
or vasculitis
Diagnosis n (%)
Incidental 121 (82.31)
Symptomatic 23 (15.65)
Family Screening 3(2.04)
Location n (%)
MCA 57 (38.78)
Anterior Communicating Artery 29 (19.73)
ACA 20 (13.61)
ICA Ophthalmic Segment 16 (10.88)
T Carotid 7 (4.76)
ICA Communicating Segment 6 (4.08)
Basilar Artery 6 (4.08)
ICA Choroidal Segment 3(2.04)
PCA 2(1.36)
Cerebellar Arteries 1(0.68)
Morphology n (%)
Dissecting 1(0.68)
Sacular 146 (99.32)
Wall n(%)
Irreqular 31(21.09)
Regular 116 (78.91)

Single or Multiple Aneurysm n(%)

1 67 (45.58)
22 80 (54.42)




History of previous treatment n(%)

Surgery 1(0.68)
Coils 18 (12.24)
Coils+Balloon 7 (4.76)
Coils+stent 16 (10.88)
Without previous treatment 105 (71.43)
Stent Type n(%)
Laser-cut Stent 91 (61.90)
Braided 56 (38.10)
Stent Name n(%)
Solitaire 50 (34.01)
Neuroform Atlas 39 (26.53)
Leo Baby 42 (28.57)
Lvis Evo 8 (5.44)
Leo 6 (4.08)
Neuroform 2(1.36)
Number of stents n(%)
1 142 (96.60)
2 5 (3.40)

Coil Type n(%)

Hidrocoils 99 (67.35)
Platinum 48 (32.65)
Intra-Stent Angioplasty n(%) 9(6.12)
Antiaggregation Scheme n(%)
Clopidogrel+Aspirin 128 (87.07)
Ticagrelor+Aspirin 19 (12.93)
Anticoagulation n(%) 138 (94.52)

Treatment

Regarding the type of coil, hydrocoils were used in 67.35% and platinum in 35.65%. In 6.12%
of the |As intra-stent angioplasty was performed. The most commonly stent used were Solitare
(34.01%), followed by Leo Baby (28.57%), and Neuroform Atlas (26.53%). The antiplatelet
regimen in the majority of the population (87.07%) was Clopidogrel+Aspirin, followed by

Ticagrelor+Aspirin (12.93%).






Table 2. Raymond Roy scale at immediate and 12-month follow-up in patients diagnosed with

unruptured intracranial aneurysm treated with coils + non-flow-diversifying stent (p-value =

0.884).
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Immediate Raymond Roy

The occlusion rate was determined angiographically with the RRO scale immediately and at 12
months follow up. The RRO | was present in 95% of patients with IA in the ACA, 87.72% of the
MCA, 85.71% of T Carotid, 83.3% of the ICA in its communicating segment, in the AcomA with
82.76%, ICA with 81.25% in its ophthalmic portion and 66.67% in the choroidal segment. The
RRO Il classification was evidenced in 33.33 % of the ICA choroidal segment 18.75% of the
ophthalmic segment, in the AcomA with 17.24%, 16.67% of its communicating segment,
14.29% of the ICA in its choroidal portion, 10.53 % of MCA and 5% of the ACA.Finally, 1.75
% of the patients with aneurysms in ACM presented RRO llla of occlusion immediately and

none were classified as RRO llIb.

12-months Raymond Roy

RRO | stratification 12 months after the procedure was found in 100% of the cerebellar artery
and posterior cerebral artery, 94.12% of the ACA, 92.86% of the AcomA, 86% of the MCA,
83.3% of the basilar artery, 68.75% of the ICA ophthalmic segment, 66.67% of the ICA
communicating segment and of the choroidal segment.RRO |l stratification was present in 25%
of its ophthalmic portion of the ICA, 33.33% of the communicating segment, and of the choroidal
segment. Additionally, in 12% of the MCA and 7.14% of the AcomA. RRO Illa was obtained in
5.8% of the IA in ACA and 2% of the MCA. Finally, RRO lllb was present in 6.25% of the IA
located i n the ophthalmic segment of the ICA and 16.67% of the basilar artery.



Table 3. Perioperative and 12-month postoperative complications in patients diagnosed with

unruptured intracranial aneurysm treated with coils + non-flow-diversifying stent.

Hemorrhagic = Hemorrhagic
complication complications
Perioperative  at 12 months

Thromboembolic
Complications at
12-month follow-up

Thromboembolic
complications
perioperative,

n follow-up n
0, n n 0,
(%) %) %) (%)
4 3
ACA (20) (15) 0 0
ICA
Communicatin 0 0 0 0
g Segment
ICA Choroidal
Segment 0 0 0 0
ICA 3 1
Ophthalmic 0 0
Segment (18.75) (6.25)
5 8 1
MCA 8.77) (14.04) (1.96) 0
PCA 0 0 0 0
Anterior
Communicating 2 2 ! 0
Artery (6.90) (6.90) (3.57)
Basilar Artery 0 ” 6167) 0 0
Cerebellar
Arteries 0 0 0 0
T Carotid 0 0 0 0
P value 0.535 0.865 0.984 0.01

Complications
Patients with more than one complication

Three patients presented both hemorrhagic and thromboembolic complications, one patient
with Al in anterior communicating artery have one complications by intrastent thrombosis
in Artery carotid right with the use of Tirofivan, achieving a successful repermeabilization,
associated with a history of sticky platelet syndrome type | and In addition to presenting a

hematoma at the puncture site.



The second patient presented subarachnoid hemorrhage (Hunt-Hess Il) due to a ruptured
aneurysm of the left internal carotid artery, posterior communicating segment. In addition, 2
more cerebral aneurysms were found in each of the middle cerebral arteries, so cerebral
embolization with coils and Solitaire stenting of the left internal carotid artery aneurysm with
100% occlusion of the aneurysm was performed for a Roy-Raymond | result. During the
procedure, acute thrombosis of the temporal branch of the middle cerebral artery secondary
to post-subarachnoid hemorrhage spasm was evidenced, for which mechanical
thrombectomy with aspiration and chemical thrombectomy with tirofiban was performed, with

improvement for a TICI Ill result, without neurological deficit

The third patient died from rupture of the right ICA in the segment ACoP at the time of stent
release, an attempt was made to occlude the rupture with a balloon but without success,
due to the patient's clinical compromise, the ICA was left occluded with the balloon and
surgical exploration was performed, which revealed a tear in the distal segment and
proximal 1/3 of the LMCA with an extension of 12 mm with protrusion into the subarachnoid
space of the balloon and the proximal end of the stent, On deflating the balloon, there was
extreme bleeding from the RCA in addition to bleeding due to retro-flow of the LMCA, and
otherwise severe cerebral edema with protrusion of the parenchyma and extensive
subarachnoid hemorrhage of the thick layer in the right hemisphere and base cisterns.
Decompressive craniectomy was performed to control the hemorrhage with temporary
clipping of the RCA and MCA with subsequent microsurgical reconstruction of the right

internal carotid artery and right MCA, however, the patient died.

Thromboembolic complications

Eleven patients had thromboembolic complications of which 5 (8.77) were located in the
MCA, 4 (20%) in the ACA, and 2 (6.90%) in the anterior communicating artery. Regarding
the patients with aneurysms located in the MCA, the first and second patients developed in-
stent thrombosis that required the use of tirofiban in 1 mg boluses until completing 5 mg,
followed by the loading dose, achieving resolution and clinical improvement. The third
patient presented dysarthria and loss of strength in the right upper limb with spontaneous
resolution of symptoms, diagnostic imaging was performed and no areas of bleeding or
ischemia were evidenced, so TIA was considered and was administered the dose of
antiplatelet therapy (Ticagrelor 90 mg),the next day patient neurologically without deficit, so
he was discharged on the third day.The two missing cases were mentioned above in

patients with more than two complications. In the ACA, the first patient presented occlusion



of the left pericallosal artery with in-stent thrombosis, the second with occlusion of the ACA
and Heubner's recurrent artery. The third patient presented progressive deterioration of
language and movement in the right hemibody, due to imaging support and spontaneous
resolution of symptoms, it was considered TIA. The fourth patient presented a slight motor
deficit in the right upper and lower limb, with a brain MRI showing a filling defect in M1,
without ischemic or hemorrhagic areas, which presented a progressive resolution of
disability with physiotherapy support. Finally, the one complication in the anterior
communicating artery were due to hyperacute intrastent thrombosis with the use of
Tirofiban, achieving a successful repermeabilization. The missing patients are described in

the complications thromboembolic and hemorrhagic.
Hemorrhagic complications

Of the 15 patients who had perioperative bleeding complications, 7 patients had an
aneurysm in the MCA, of which 1 patient presented complication associated with vascular
access with a small hematoma at the level of the right inguinal region, in the same location
a patient had aneurysm rupture at the level of the dome without hemodynamic stability of
the patient, so embolization is performed with 4 coils and occlusion of 100% of the
aneurysm, another patient had hematoma related to vascular access at the level of the
right subclavian artery, of these patients one had hematemesis related to the

antisegregation and 1 patient had bleeding at the level of the right femoral artery puncture.

In 3 patients the aneurysm was located in the ICA of the ophthalmic segment related to
complications associated with vascular access, the first patient with ecchymosis and
lacerations at the level of the puncture, the second patient developed hematoma secondary
to the puncture of the central venous catheter, and the third patient developed a hematoma
in the left inguinal region with pain on palpation, with arterial echo Doppler finding of
pseudoaneurysm adjacent to the distal segment of the common femoral artery and origin
of the left superficial femoral artery, endovascular repair of pseudoaneurysm with stent and
balloon was performed. Of the aneurysms located in the anterior communicating artery,
only 1 developed perioperative bleeding complications related to hematoma of the puncture

site.

As for the 3 complications that occurred in the aneurysm located in the ACA, 1 patient had
moderate bleeding after removal of the CVC, another patient had mild epistaxis associated
with antiplatelet therapy and 1 patient had intracranial intraparenchymal left frontoparietal
cortico-subcortical intraparenchymal hemorrhage of 8.5x4. 6x5 cm for an approximate

volume of 100 cc with mass effect and subalpine herniation and midline deviation of 8mm.



as for the region of the anterior communicating artery only one complication characterized
by hematoma of the puncture site was recorded, as with the aneurysm located in the basilar
artery, where hematoma was recorded in the right inguinal region, not pulsatile, without

inflammatory signs but painful, associated with vascular access.

Complications in Follow-up at 12-mo

Hemorrhagic complications during the 12-month follow-up occurred in 4 patients with
aneurysms located in the ICA in its ophthalmic segment, 2 in the anterior communicating
artery, and the MCA. The first complication occurred in a patient with IA at the level of the
ICA in its ophthalmic portion, who presented multiple spontaneous ecchymoses in the trunk
and extremities. The second and third patients had aneurysms in the anterior
communicating artery, one of them had fecal occult blood, and underwent colonoscopy
which was not related to the result of the verifynow, the third case was due to hematoma in
the abdominal wall with extension to the peritoneal cavity causing pain and functional
limitation. Ultimately the patient with an aneurysm in the MCA presented hematochezia for
a period of 8 days, associated with severe anemia (Hb 6.2 gr/dl), which required a

transfusion of 2 units of red blood cells, due to a hyporesponsive to platelet anti-aggregation.

No patient with thromboembolic complications was reported 12 months after the procedure.



Table 4. Modified Rankin Scale mRs according to their aneurysm location at 12 months
postoperatively in patients diagnosed with unruptured intracranial aneurysm treated with

coils + non-flow-diversifying stent.
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12-months mRs

The mRs 0-1 was present in 50% of aneurysms in the PCA, 85% in the ACA , 80.71% in the
MCA, 85.7% of aneurysms in the carotid T, 89.65% of the AComA and in 100% of the
population with aneurysms in the basilar artery, the ICA in its communicating, choroidal and
ophthalmic segment. The mRs 2-3 was present in 3.45% of the AComA and 5.26% of the
MCA. Finally, mRs with a range of 4 - 5 occurred in 50% of the population with UA located in
the PCA. The mRs 6 classification occurred in a patient with an aneurysm in the MCA (1.75%)

mentioned above in the complications

DISCUSSION:

The present study is a retrospective review of a series consecutive of 138 patients with IA

unruptured for treatment with coils + stents not flow diverters, allowing a comparison clinic and



angiographic depending on the localization for aneurysms. We find that the IA localization did

not significantly influence the adequated occlusion and the presentation of the complications.
Middle cerebral artery

In our study, the MCA represents 38.78% of the aneurysms in the population and shows an
immediately complete occlusion (RRO 1) in 87.72%, higher than the report in the study of
Hidernori Oishi et,al (65%). [10] At follow-up at 12 months RRO I- Il in our study was 98 %,
higher than H.Qishi et.al (92.1%) and Ricardo (96.2%) [11]. The hemorrhagic (14.04%) was
the principal complication of MCA during the perioperative time, frequently associated most
with hematomas due to vascular access. Hemorrhage also stood out as the only complication
during the 12-month follow-up. of which were complications minimal and one spontaneous
resolution was presented. Oishi Hidenoria et al. at difference in our outcomes, the
complication that was present most frequently was in-stent thrombosis acutely, due to
Inadequate preparation of antiplatelet therapy and insufficient distal stent anchoring [10]. The
low frequency of thromboembolic events perioperative (8.7%) and at 12-mo follow-up (1.96%)
in our database can be attributed to the protocol interinstitutional of testing the platelet function
(VerifyNow) in the perioperative time, and from the result (>200 PRU) the sensitivity to

antiplatelet therapy is determined and if necessary modified to Ticagrelor.

Anterior Communicating artery

A case of a giant aneurysm in the anterior communicating artery treated with Leo+Baby (Balt,
Montmorency, France) demonstrated the good flow detour capability of the stent [12]. A report
of two patients with ACoA aneurysms, embolized with Solitaire-assisted-coils stent, reported a
complete occlusion rate (RRO I) in 100% of patients with IA in ACOA [13]. Our results show
100% immediate occlusion RRO I) in 82.76% of the population, and 92.86% complete occlusion
at 12 months follow-up, compared to 100% of the population reported by M. Martinez at 6
months follow-up.In the two previous studies, none presented arterial spasms, ruptures, or
thromboembolic complications, unlike the only two complications in our results, associated with
hematomas due to vascular access, probably attributable to hyperresponse in the VerifyNow
(<60 PRU) in one of the cases.

Basilar artery

The present study used the Solitaire stent and LEO Baby stent more frequently for aneurysms
located in the basilar artery. The rate of immediate occlusion with RRO I, was present in 100%

of the population, along with follow-up at 12 months with 83.3% of complete occlusion. These



results can be compared with Wojciech et al. with an immediate occlusion of 100% of the
aneurysm in this location, but without a follow-up at 12 months [14]. This allows us to determine
the efficacy of both stents for the management of IA in the posterior circulation. The results of
our study (mRS < 2 was present in 100% of the IA located in the BA) on good clinical outcomes
were superior to those of Mordasini et al. when reporting an mRS 0-2 in 28.6% and Espinosa
et al with 50% of the 18 patients with basilar artery occlusion treated with a Solitaire stent
[15,16]. The differences with our study are based on the greater number of patients with basilar

artery aneurysms vs. our population (n=6).

The main limitations of the present study are based on the fact that all the patients analyzed
belonged to a single center, so factors such as the skill of the interventionalists may have biased
the results. Furthermore, there are few previous studies on this subject in the literature that
includes the Latin American population in their analysis and the comparison of the different

locations, which highlights the relevance of the present study.

CONCLUSION
This study show the absence of a difference in the risk and efficacy in the treatment of

unruptured aneurysms intracranial using stents and coils related to their location.
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