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Abstract

rence and one aneurysm had neck recanalization.

safe.

Background: The treatment of intracranial wide neck aneurysms (WNAs) is usually difficult, hence several endovas-
cular techniques were developed. This study aims to assess the clinical and angiographic imaging outcome of endo-
vascular management of intracranial wide neck aneurysm. Forty patients were referred to the neuro-endovascular
unit, at our hospital, each with a wide neck aneurysm. They were assessed regarding clinical presentation, aneurysm
size, the character of the aneurysm, and the age and sex of the patient. Post-procedural, clinical, and angiographic
outcomes of the patients who underwent endovascular intervention were reviewed.

Results: In this study, the mean aneurysmal neck was 5.4 4 1.6 mm (mm). Endovascular intervention was carried out
in all 40 patients in the form of simple coiling in 3 patients, double-catheter technique in 5 patients, balloon-assisted
coiling (BAC) in 16 patients, stent-assisted coiling (SAC) in 13 patients, and flow diverter (FD) in 3 patients. Regarding
clinical outcome, 4 patients had unfavorable outcome (the modified Rankin Scale, mRS > 2) at presentation and 3
patients at discharge. There was no unfavorable clinical outcome at 6- and 12-month follow-ups. Overall angiographic
outcome at 1-year follow-up, 37/40 aneurysms (92.5%) had complete occlusion while two aneurysms had neck recur-

Conclusion: The current endovascular techniques in the treatment of WNAs are considered effective, feasible, and
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Background
A wide neck aneurysm (WNA) is defined as an aneurysm
that has a neck of >4 mm or a dome-to-neck ratio of <2
[1, 2]. WNAs were considered to be challenging or dif-
ficult to treat by endovascular therapy as the possibility of
coil protrusion into the parent vessel is high [3].
Endovascular management of WNAs is associated
with low rates of morbidity and mortality compared to
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microsurgical clipping. Endovascular treatment is proven
to be effective in preventing re-bleeding after aneurysmal
subarachnoid hemorrhage (SAH) [4—6]. The treatment of
these types of aneurysms is considered difficult despite
these advantages [7]. Various endovascular devices, such
as balloons and stents were developed in response to this
situation [8—10]. However, some treatment outcomes
for these aneurysms showed a low initial angiographic
occlusion rate and high recurrence rates [3, 5, 8, 11, 12].
Device innovations have ushered in new treatment con-
cepts, such as FD, to overcome these issues [6].

Since instability of coil in WNAs leads to herniation
into the parent artery, and herniated coils may lead to
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migration or cause thrombo-embolic complications,
complete coil embolization using a single microcatheter
without a supporting device in cases of wide-necked
intracranial aneurysm is technically very difficult. Total
occlusion rates have increased recently as a result of the
advancement of supporting devices such as balloons and
stents [13].

The aim of this study is to evaluate the efficacy and
safety of different available endovascular modalities used
in WNAs.

Methods

This is a retrospective analysis of treatment for WNAs.
We reviewed the medical records of patients who under-
went endovascular intervention at the neuro-endovascu-
lar unit within the last 5 years. The study was approved
by, the Faculty of Medicine, Ethical Committee at our
university. Informed written consent to participate in the
study was obtained from all patients.

We retrospectively analyzed the medical and surgical
records of 40 patients who had endovascular treatment
for ruptured and unruptured WNAs. This was carried
out during the period from 2016—2020.

All patients had computed tomography angiography
(CTA), or digital subtraction angiography (DSA). Com-
puted tomography (CT) and CTA imaging were carried
out on a 64-channel Multidetector CT scanner (Aquilion;
Toshiba Medical Systems, Tokyo, Japan). DSA was carried
out on three-dimensional (3D) digital subtraction angi-
ography (DSA) machine (Siemens Healthineers, Forch-
heim, Germany). Magnetic resonance imaging (MRI) was
carried out on a 1.5-Tesla MRI system (Achieva, Philips
Medical Systems, Best, The Netherlands).

The size, height, width, and length of the aneurysm’s
neck were carefully assessed. The specific technique for
endovascular aneurysm treatment was dependent on
the angiographic findings. The therapeutic procedures
were carried out through a percutaneous femoral artery
puncture. Six French femoral sheaths were placed and
the guiding catheter was inserted into the parent vessel.
A microcatheter suit for aneurysm coillig, Echelon (ev3
Endovascular Inc/Covidien, Plymouth, Minn). A Marks-
man microcatheter (ev3, Irvine, CA, USA) suit for FD
insertion, we used Pipeline Embolization Device (ev3
Endovascular Inc/Covidien, Plymouth, Minn) and Axium
coils; 3D and Helix (ev3 Endovascular Inc/Covidien,
Plymouth, Minn). Target coils (Stryker Neurovascular,
Fremont, CA, USA).

The microcatheter was advanced over the micro-
guidewire into the site of the aneurysmal sac. A bolus of
3000 international unit (IU) heparin was infused at the
beginning of the procedure (with the targeted activated
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clotting time of 250 s) and 1000 IU heparin was infused
per hour during the procedure.

Patients with a stent or FD received antiplatelet med-
ications before the procedure in the form of 300 mg of
each clopidogrel and aspirin, 30 min before the proce-
dure. In addition, they were given a 24-h heparin infusion
(intravenous 25,000 IU for 24 h). Following the treat-
ments these patients were given clopidogrel 75 mg once
daily for at least 6 months and aspirin 100 mg once daily
for the rest of their lives.

The clinical outcome was assessed by mRS [14] after
1 month of the procedure, at 6 months and at once a year
follow-ups. Favorable outcome was defined as mRS from
0 to 2 and unfavorable outcome more than 2.

CT scan or MRI was carried out to detect any post-
operative ischemia. Procedural-related ischemia was
defined as new ischemic symptoms or new imaging
infractions after the procedures.

Angiographic outcomes by DSA follow-up were per-
formed at 6 months and 1 year after intervention which
were assessed by Raymond-Roy score [15] for coil-
ing embolization and O’Kelly-Marotta grade (OKM)
[16] for FD. Raymond-I and OKM D consider favorable
occlusion.

Statistical Package for the Social Sciences (SPSS) ver-
sion 25 launched on 2017 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Categorical variables
were expressed as numbers and percentages, statistical
significance was calculated using Fisher’s exact test. Con-
tinuous data were expressed in mean = standard devia-
tion. Depending on the type of variables, the Student’s
T and Chi-square tests will be used. Freidman test was
used to test the differences between the repeated mRS
measurements. Statistical significance was described as
p-value<0.05.

Results

In this study, 40 patients had WNAs, 22 patients were
male (55%) and 18 patients were female (45%). Out of
these 40 patients, 23 presented with clinical manifesta-
tions of a ruptured aneurysm, 17 patients with unrup-
tured aneurysms (16 patients had headache, and one
patient presented with third nerve palsy).

The modified Fisher grade [17] was used to assess the
SAH in CT brain of all patients at presentation, as it
was grade 1 in 10, grade 2 in 5 patients, and grade 3 in 8
patients.

Diagnostic angiography showed 35 aneurysms were in
the anterior circulation (87.5%), and (12.5%) were located
in the posterior circulation. The mean aneurysmal height
was 6.9+2.1 mm, the dome was 6.6+6.2 mm and the
neck was 5.44+2.1 mm.
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Table 1 Summary of study results

Variable n (%)

Immediate post-procedure angiography follow-up 40 (100%)
Complete occlusion 39 (97.5%)
Aneurysm neck residual 1(2.5%)

One-year follow-up angiography 40 (100%)
Complete occlusion 37 (92.5%)
Neck recurrence 2 (5%)
Aneurysm recurrence 1(2.5%)

Table 2 Summary of peri-procedural complications

Variable n (%)

Peri-procedural complications 8 (20%)
Mechanical vasospasm 3 (7.5%)
Groin hematoma 2 (5%)
Coil migration 1 (2.5%)
Herniated coil 1 (2.5%)
Thrombus formation 1(2.5%)
Death 0 (0%)

All patients underwent endovascular intervention in
the form of simple coiling in 3 cases, double-catheter
technique in 5 cases, BAC in 16 cases, SAC in 13 cases,
and FD in 3 cases.

A summary of the treatment results and follow-up
data is presented in Table 1. In addition, a summary
of the peri-procedural complications is presented in
Table 2.

Ventriculomegaly complicated SAH in four patients,
which resolved spontaneously with follow-up without
any intervention. Post-SAH vasospasm occurred in 6
patients; 4 patients cured, and 2 patient complicated with
stroke which partially improved with physiotherapy.

Unfavorable clinical outcome (mRS > 2) was found in 4
patients at presentation and 3 patients at discharge. There
was no unfavorable clinical outcome at 6- and 12 month
follow-ups.

Immediate angiographic follow-up showed 36 patients
(90%) with Raymond-I and one patient (2.5%) with Ray-
mond-II necessitating further management with stent-
assisted technique (Figs. 1, 2).

One year of angiographic follow-up showed 34 patients
(85%) with Raymond-I, two patients (5%) with Raymond-
I1, and one patient (2.5%) with Raymond-III (Table 3).

Three aneurysms (7.5%) which had been treated with
FD were angiographically assessed and revealed complete
occlusion (OKM Grade D) at immediate post-procedural
imaging and after 1-year follow-up.
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Discussion

Wide neck cerebral aneurysms are difficult aneurysms to
be treated either by surgical or endovascular approach
[18]. Endovascular treatment of this type of aneurysm
has been challenging for many reasons. Apart from coil
protrusion and thrombo-embolic complications due to
neck width, several branches arise from the neck, and
may cause branch occlusion during coiling. In addition,
a wide neck has a higher risk of aneurysm recanalization
[19]. To overcome these concerns, various techniques
have been developed: BAC, SAC, FD, and intrasaccular
flow disruption [19].

We retrospectively reported a series of 40 WNAs
to evaluate the safety and efficacy of endovascular
treatment. Different techniques were reported in the
treatment of cerebral WNAs-like simple coiling, double-
microcatheter technique, BAC, SAC, and FD. The clinical
and radiological outcomes of these cases were assessed
at a 1-year follow-up. We found that the initial angio-
graphic occlusion was significantly related to the type of
intervention. The only aneurysm that had residual neck
was reported with simple coiling treatment, otherwise
complete occlusion was reported in other treatment
modalities.

Our results are relatively different from the large study
conducted by Chung and colleagues [13] who reported
immediate complete occlusion rates of SAC, double-
catheter coiling, and BAC embolization were 63.8%,
46.7%, and 63.2%, respectively. The differences could be
attributed to our small sample size.

Over the past two decades, the initial results in the lit-
erature review showed relatively lower rates of complete
occlusion, however, the improvements in neurovascu-
lar stent techniques improve the treatment of complex
intracranial aneurysms [20, 21]. The Matrix and Plati-
num Science Trial conducted by Hetts and colleagues
[22] reported complete occlusion and subtotal occlusion
of SAC and coiling alone, in the treatment of unruptured
cerebral aneurysms, of 45.7% and 62.8%, respectively.

King and colleagues [23] also compared two types of
SAC and the initial and final complete occlusion were
reported in 53% and 69%, respectively. In addition, the
Enterprise type showed a higher rate of complete occlu-
sion at follow-up. In a recent multicenter study [24] of
SAC including 162 aneurysms (97.5% were wide-necked),
the reported initial and long-term complete occlusion
rates of 72.8% and 81.5%, respectively. These results are
relatively similar to our study as the complete occlusion
rate was found in 92.5% of aneurysms.

Our results also agreed with other studies; as in the
USA trial [25], using the stent technique, complete and
adequate occlusions were obtainable in 12 months 88.2%
and 96.1%, respectively. Cagnazzo and colleagues [26]
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follow-up shows complete occlusion of the aneurysm (G-1)

Fig. 1 Anterior communicating artery aneurysm with 4.1-mm fundus and 3.8-mm neck (dome-to-neck ratio of < 2). Simple coiling (A-F). One-year

also reported in their study the long-term complete or
near-complete aneurysm occlusion of 95.4% [26].

Regarding FD, a recent meta-analysis conducted by
Abdel-Tawab and colleagues [27] concluded a complete
occlusion rate of 82.4% in posterior circulation aneu-
rysms and 77.5% in the anterior circulation aneurysm.
The rate of complete aneurysm occlusion was 82.1% at
12 months, which is relative to what we reported in our
results.

We had no mortality in our patients and the peri-
procedural complications rate was relatively low (20%).
These findings are similar to Gory [9], who reported a

low rate of overall peri-procedural complications as they
used the Solitaire device and found a complication rate
of 12.7%. Another meta-analysis showed the same rate of
peri-operative complications as they reported 20.2% and
13.1% in patients treated with SAC and coiling, respec-
tively [28].

In our study, thrombus formation occurred in one
patient treated with SAC and was managed with balloon
dilatation and stenting. King and colleagues [23] reported
near-similar rates of thrombo-embolic events of 6.4%.
Thrombo-embolic events are considered the major com-
plications of SAC.
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complete occlusion of the aneurysm

Fig. 2 Right carotid cavernous aneurysm with 16-mm fundus and 5.4-mm neck. A, B DSA anteroposterior and lateral views, right internal carotid
artery. C Pipeline flow diverter 4.25 x 18 mm. D Immediate postcontrast DSA shows stagnation of dye within the sac. E 1-year follow-up shows

Table 3 Immediate radiological outcome and 1-year follow-up
in 37 patients (excluding 3 patients treated by flow diverters)

Raymond-Roy Immediate One-year Details

classification  outcome follow-up

Raymond-I 36 34 Two patients became
Raymond-I

Raymond-I| 1 2 One patient became
Raymond-Ill

Raymond-Ill 0 1 Need further management

Vasospasm was the main complication encountered
in our study during and after endovascular intervention.
Delayed cerebral ischemia is considered the worst com-
plication after SAH occurred due to vasospasm [27].

We encountered mechanical vasospasm in three
patients treated with SAC during the procedure which
required nimodipine infusion and there were no related
post-procedure clinical complications. SAH-related
vasospasm was reported in six patients pre-intervention

and caused contralateral weakness: four of the patients
improved with medical treatment, however the other
two patients were complicated with stroke which par-
tially improved with physiotherapy. These findings are
similar to that in the Matrix and Platinum Science trial
[22] that revealed the rate of peri-procedural adverse
events of patients with WNAs was similar in the SAC
(6.6%) and coiling (4.5%), while at 1-year follow-up, the
rate of stroke was higher in the SAC (8.8%) than in the
coiling group (2.2%).

In accordance with the present results, a previous
systematic review [29] has demonstrated that the over-
all procedure-related complication rate is 6.5%. Only
two patients had intracranial hemorrhage in this study
and there were six cases of groin hematomas that did
not require any surgical intervention, so the rate of
hemorrhagic complications was quite low. However,
the risk of thrombo-embolic complications was rela-
tively higher which was 4.9% [29]. There were no hem-
orrhagic complications in our study.
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Several limitations should be considered in the cur-
rent study. Firstly, the small size of our study sample
has WNAs. Secondly, the retrospective nature of the
study and the potential patient selection bias for endo-
vascular treatment. Thirdly, the rarity of using some
high-cost endovascular modalities in the treatment of
WNAs, such as flow diverters.

Conclusion

WNAs are difficult to treat and are permanently
occluded. Despite some difficulties during treatment,
endovascular treatment of intracranial aneurysms has
proven safe, effective, and feasible. Due to the introduc-
tion of new flow modification devices, further studies
with longer follow-ups are required to approve their
effectiveness in the treatment of WNAs.
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