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Abstract

Background Flow diversion with or without coiling has been established as the treatment of choice for large unruptured
aneurysms. This study aims to assess possible predictors for radiological and clinical outcome such as location of the aneu-
rysm (anterior or posterior circulation), complexity by a branching artery, bifurcation, and adjuvant coiling.

Methods This study was conducted on 65 consecutive patients with 65 large, unruptured intracranial aneurysms
(size > 10 mm) treated with flow diverters. Follow-up angiography was done for 60 patients (92.3%) at 12 + 8.6 months
range from 3 to 36 months.

Results Complete occlusion was achieved in 50 from 60 aneurysms (83.4%), while 8 aneurysms (13.3%) had neck remnant,
and another two aneurysms (3.3%) remained with aneurysmal remnant. Periprocedural complications were encountered
in 14 patients (21.5%) with morbidity in six patients (9.2%) and mortality in one patient (1.5%). In a multivariate logistic
regression, anterior versus posterior location was less likely associated with worse outcome; adjusted OR (95% CI) of 0.16
(0.07-0.01), p=0.006. Complete occlusion in complex aneurysms with branching artery was 60% versus 88% in simple
aneurysms without branching artery (p-value =0.04).

Conclusions Flow diverter deployment of a large, unruptured aneurysm in the anterior circulation might have a better
outcome than one in the posterior circulation. Flow diverter of aneurysms with branching artery or at bifurcation might be
associated with aneurysm persistence and complications respectively.
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Introduction

The cumulative rupture rate of posterior circulation
untreated large aneurysms and posterior communicating
artery aneurysms is as high as 50% in 5 years and slightly
lower (40%) in anterior circulation [1]. This high risk can
be reduced by early definitive endovascular or surgical treat-
ment. Large and giant aneurysms are a challenge to treat
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because of the high mortality and morbidity in both endo-
vascular and surgical approaches [2, 3].

Flow diverting stents (FDS) had appeared as a tool for
treating these large intracranial aneurysms because they
encourage neointimal growth through the neck of the aneu-
rysm leading to the reconstruction of the parent vessel while
preserving normal antegrade blood flow. The Food and Drug
Administration (FDA) approved the pipeline embolization
device (PED) in 2011 as a treatment for adults with wide-
necked brain aneurysms> 10 mm in ICA from the petrous
to the superior hypophyseal segment after the results of
PUFS trial (the Pipeline for Uncoilable or Failed Aneu-
rysms trial) [4]. Then, the FDA expanded the indication
to include smaller internal carotid artery aneurysms up to
the carotid bifurcation. Nevertheless, some issues such as
FDSs for aneurysms in the posterior circulation, bifurcation
aneurysms, and the presence of an incorporating branch-
ing artery at the neck of the aneurysm are still in a debate
[5]. The current study aimed to assess possible predictors
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for radiological and clinical outcome such as location, pres-
ence of an incorporating branching artery, bifurcation, and
adjuvant coiling.

Methods
Participants

This retrospective study has been conducted based on
patients’ records after obtaining the institutional review
board approval and according to the Declaration of Hel-
sinki. Sixty-five consecutive patients with unruptured sac-
cular aneurysms larger than 10-mm diameter were collected
from June 2016 to June 2021. MRI and MRA brain were
performed in all cases to exclude partially thrombosed or
dissecting aneurysms. Previously embolized aneurysms
were excluded. All aneurysms were confirmed by digital
subtraction angiography (DSA). The neck was considered
wide if the dome size to neck width ratio was <1.5. All
recruited patients were given two antiplatelet drugs (75 mg/
day clopidogrel plus 150 mg/day aspirin) for 10 days before
the procedure.

Endovascular treatment

All procedures were done on Philips biplane (Allura clarity
FD 20/15, Netherland) under general anesthesia and through
trans-femoral approach. The procedures were performed by
two senior neuro-interventionalists with more than 5 years of
experience in endovascular therapy. After sheath settlement,
injection of heparin was done to preserve the activated clot-
ting time at 2 to 3 times the baseline through the procedure.
Next, a proper (6 F) guiding catheter was navigated through
the aorta and then positioned at the distal internal carotid
artery or vertebral artery.

SILK (Balt, France) or Pipeline (Covidien, USA) FDSs
were used in all cases. Multiple FDS were used in 17 aneu-
rysms (26.2%) in an overlapping or telescopic manner
according to the operator’s opinion as regards stagnation
or position of the first FDS after its deployment. The used
microcatheters were Vasco 21 (Balt, France) or marksman
(Covidien, USA). A shapeable microwire of 0.14 or 0.16
was used to navigate the microcatheter in the parent artery of
the aneurysm. Working projection was selected to visualize
the distal and proximal part of the landing area of the flow
diverter subsequently; the aneurysms were treated with flow
diverter implantation with or without coiling according to
the complexity of the anatomy and size of the aneurysm. At
the end of the procedure, Vaso-CT was done by the Philips
Machine to visualize the opening of the stent and its opposi-
tion to the wall of the artery.
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Data regarding the aneurysms’ actual size, the width of
the aneurysmal neck, aneurysmal type, complex aneurysm
with a branching artery at the neck or the dome, and treat-
ment results were collected by two senior neuroradiologists.
Raymond’s classification was used to classify the angio-
graphic results of aneurysm occlusion at follow up [6].

Procedural complications were identified. Hemorrhagic
complications such as intraparenchymal hemorrhage at the
same or other territory and aneurysm rupture up to the last
follow-up were reported. Thromboembolic complications
such as side branch occlusion, dissections, distal emboli,
and thrombus formation inside the stent had been identi-
fied. The clinical consequences of these complications were
measured by mRS (modified Rankin scale) in the immediate
postoperative phase. Clinical deterioration was considered,
if mRS increased by one point in comparison to the preop-
erative score.

All patients were evaluated clinically by two senior
neurologists, using mRS at discharge and 3-month post-
treatment, either through clinical visits or telephone con-
tact. The post-operative antiplatelet regimen (150 mg aspi-
rin+ 75 mg clopidogrel) was administered for 6 months then
only 150 mg aspirin for 1 year. Follow-up MRI brain and
DSA were performed for all cases at 12 + 8.6 months, rang-
ing from 3 to 36 months. In-stent stenosis (if > 50% of stent
diameter) was recorded at follow-up DSA [7].

Statistical analysis

The study data was analyzed using SPSS (IBM SPSS Statis-
tics for Windows, Version 24.0. Armonk, NY: IBM Corp).
Descriptive statistics were reported as frequencies for cat-
egorical data. Median and IQR were used for numerical
data which was not normally distributed. Chi-square test,
chi-square test for trend, and Fischer’s exact test were used
to compare two or more categorical variables. A p-value
of 0.05 or less was considered statistically significant. Uni-
variate logistic regression and thereafter multivariate logis-
tic regression analysis for variables with p < 0.2 were used
to find out possible predictors for good outcome regarding
mortality, morbidity, and occlusion.

Results
Demographic data and aneurysms characteristics

The study included 65 patients who harbored 65 aneurysms.
The median age was 55.5 years (IQR: 44.25-62.75 years).
Females represented 70.8% of all patients. The initial clinical
presentation and vascular risk factors are shown in (Table 1).

The median size of aneurysms was 16.4 mm (IQR:
12.50-23.85 mm), ranged from 12 to 39 mm. The median
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Table 1 Initial presenting symptoms and risk factors

Clinical presentation n (%)
Headache 40 (61.5%)
Cranial nerve palsy 9 (13.8%)
Motor deficit 7 (10.8%)
Seizures 5(7.7%)
Visual field affection 4(6.2%)

Risk factors n (%)
Hypertension 25 (38.5%)
Diabetes mellitus 6 (9.2%)
Smoking 16 (24.6%)
Hyperlipidemia 10 (15.4%)

Table2 Aneurysms data

Aneurysm characters n (%)

Width of the neck
Narrow necked 54 (83.9%)
Wide necked 11 (16.9%)

Complex aneurysms with an incorporating branching artery at neck
Complex 11 (16.9%)
Not complex 54 (83.1%)

Bifurcation or sidewall aneurysm
Bifurcation aneurysm 12 (18.5%)
Side wall aneurysm 53 (81.5%)

Aneurysm location
Internal carotid artery 51 (78.5%)
Middle cerebral artery 6 (9.2%)
Anterior communicating artery 1(1.5%)
Basilar tip artery 3 (4.6%)
Basilar trunk artery 2 (3%)
Vertebral artery 1(1.5%)
Posterior cerebral artery (P1) 1(1.5%)

neck width was 7.15 mm (IQR: 5.85-10.24 mm). Aneu-
rysms larger than 25 mm were considered giant aneurysms
and their number was 15 aneurysms (23%). Aneurysm
characters such as complex aneurysms by an incorporating
branching artery, bifurcation aneurysms, neck width, and
locations are presented in Table 2.

Procedural complications and immediate clinical
outcome

Balloon angioplasty was done in 11 aneurysms (16.9%) due
to stenosis in the parent artery or inappropriate apposition
of the flow diverter to the arterial wall. Adjuvant coiling
was done in 19 aneurysms (29.2%) due to giant size and/or
irregular shape (Fig. 1).

Overall procedural complications occurred in 12 aneu-
rysms (18.5%). Thrombus formation occurred inside the
stent in three cases and technical problems such as stent
dislodgement and improper deployment in three cases lead-
ing to deterioration in mRS (modified Ranken scale) in
five cases (7.7%). Two cases with side branch occlusion,
two cases with dissection, and two cases with distal emboli
occurred without clinical deterioration.

Two cases of delayed rupture (3%) occurred 24 h and
3 weeks after the operation. One of them had mRS =5, with
an aneurysm at the basilar trunk, and the other one (1.5%)
died with an aneurysm complicated with branching PICA
(posterior inferior cerebellar artery). The permanent mor-
bidity and mortality rates were 9.2% and 1.5% respectively.
Thromboembolic complications occurred in aneurysms at
bifurcation more than sidewall aneurysms (41.7% versus
13.2% with p-value=0.04, OR: 4.69 and CI: 1.162-18.962).
Complications in large and giant aneurysms occurred in nine
and three aneurysms, respectively, without statistical dif-
ference (18% against 20%, respectively with P-value=0.9).

Multiple variables regarding clinical outcome such as
adjuvant coiling and aneurysm location were tested. It was
found that FDS without adjuvant coiling had statistically sig-
nificant better outcome regarding combined morbidity and
mortality (93.5% versus 73.7% with P-value =0.04). FDS
at anterior circulation reported better clinical outcome than
posterior one (93.1% versus 42.9% with P-value=0.003). In
a multivariate logistic regression, the location of aneurysm
was the only predictor of clinical outcome (Table 3).

Angiographic follow-up results

Sixty cases (92.3% of all cases) were followed up at
12 + 8.6 months, ranging from 3 to 36 months by MRI and
DSA. Four patients were lost to follow-up because they were
from outside the country and one patient died as previously
described. The latest angiographic outcomes reported com-
plete occlusion in 50 patients (83.4%), neck remnant in 8
(13.3%), and sac remnant in two patients (3.3%) (Fig. 2).
There was no in-stent stenosis in follow-up imaging.

Complete occlusion in aneurysms with an incorporating
branching artery was 60% versus 88% in simple aneurysms
without branching artery (p-value=0.04). The presence of a
branching artery in the neck of the aneurysm had statistically
significant worse occlusion rate but other variables such as
aneurysm size of dome (80% versus 60% in large against
giant aneurysm, p-value =0.312) or neck width (90.9% ver-
sus 79.9% in narrow necked aneurysms against wide necked
aneurysms, p-value =0.676), and location of the aneurysms
(p-value =0.375) and bifurcation (86.4% versus 75% in side-
wall aneurysm against bifurcation one, p-value=0.733) had
no effect on occlusion rate.
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Fig. 1 Terminal carotid large
(20 mm) aneurysm with coil
adjuvant. a and b 3D and 2D
image AP view right ICA show-
ing terminal carotid aneurysm
and the right A1 is arising from
its sac. ¢ Non-subtracted image
showing flow diverter and
coils. d 2D image AP control
12 months showing complete
occlusion of the aneurysm

Table 3 Multivariate logistic regression of variables affecting clinical
outcome

Predictor Unadjusted ~ Adjusted OR 95% CI of P-value
variable OR OR
Adjuvant 0.2 0.26 0.05-1.48 0.130
coiling
Anterior 0.06 0.16 0.07-0.01 0.006
versus
posterior
circulation

OR odds ratio, CI confidence intervals

Discussion

In our cohort, complete occlusion was achieved in 50 from
60 aneurysms (83.4%), while eight aneurysms (13.3%) had
neck remnant, and another two aneurysms (3.3%) remained
with sac remnants. Breganti and colleagues reported 85%
complete occlusion rate in an Italian multicenter study
with 295 aneurysms, using SILK and PED FDS [8]. The
PITA trial (The Pipeline Embolization Device for the
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Intracranial Treatment of Aneurysm Trial) reported 93.2%
complete occlusion rate in 6-month follow-up without in-
stent stenosis but dome size and neck size were less than
the current study (mean dome size=11.5 mm and mean
neck size =9.07 mm) [9]. In this study, there was no recur-
rence or rebleeding after confirmation of complete occlu-
sion such as in PUFS 5-year results [10]. In a multicenter
study (four Spanish hospitals), the complete occlusion
was 78.1% after 1-year follow-up without recurrence or
retreatment but in-stent stenosis was 6.3% [11]. ASPIRe
was a prospective, single-arm, multi-center registry for
191 patients undergoing PED treatment of 207 intracranial
aneurysms (anterior and posterior circulations); complete
occlusion rate was 78.6% in 6 months [12].

In the present study, complete occlusion in complex
aneurysms with branching artery was 60% versus 88% in
simple aneurysms without branching artery (p-value =0.04)
but without statistically significant difference on morbid-
ity. Multiple studies reported persistence of aneurysm fill-
ing in complex aneurysms with branching artery because
FDS does not close this branch due to continuous blood
demand from the branch’s territory, and so, the filling of the
aneurysm will continue [13, 14]. We did not find a relation
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Fig.2 A giant carotid cavernous
aneurysm. a and b DSA (digital
subtraction angiography) in AP
and lateral views for a giant
aneurysm before stenting. ¢

and d DSA in AP and lateral
views after stenting 12-month
follow-up

between occlusion rate and neck width or size of the aneu-
rysms, which was similar to other studies [15—17], but other
studies reported this relation because they included a high
percentage of small-sized aneurysms [18].

The study procedural complication rate was 18.5%, result-
ing in combined mortality and mortality 10.7% which was
comparable with many FDS studies. Zhou G. and colleagues
reported in a meta-analysis the overall complication rate was
14.6%, with more complications in the posterior circulations
than the anterior one (44.7% versus 23.7%) which is similar
to the study results [19]. It could be due to many perforators
at the vertebrobasilar system.

Hemorrhagic complications are the most devastating
ones and associated with worse clinical outcomes in FDS.
The present study did not have intraparenchymal hemor-
rhage (IPH) but it had delayed rupture aneurysms (two
aneurysms =3%) which comparing to different previous
results. In two large meta-analyses, the calculated IPH
and aneurysm rupture rates were (2.9, 2.9%) and (1.8, 2%)
respectively, which were higher in giant aneurysms [19,
20]. The IntrePED study showed similar results, with IPH
and aneurysm rupture rates of 5.8% and 5.8%, respectively
[21]. Almandoz and colleagues reported a relation between

P2Y 12 reaction unit values and all major perioperative
thromboembolic and hemorrhagic complications after PED
procedures [22]. Furthermore, the hemorrhagic transfor-
mation from ischemic stroke, dual antiplatelet therapy, and
hemodynamic changes from flow diverter placement may
contribute to IPH [23].

In the IntrePED study, the rate of thromboembolic com-
plications was increased in large or giant aneurysms because
of intra-aneurysmal thrombosis or a prolonged procedure
time, ranging from 5.2 to 13.5% [21]. It was found more
thromboembolic complications at bifurcation aneurysms
which were similar to other studies [24] and contradictory
to others [25]. The contradictory results might be due to
the treatment of small-sized aneurysms in these studies in
contrast to the current study which included only large and
giant aneurysms.

The morbidity and mortality rates of the study were 9.2%
and 1.5%, respectively, comparing with other multiple stud-
ies. Ye G. and colleagues reported in a meta-analysis that the
total morbidity and mortality rates are 9.8 and 3.8%, respec-
tively [20]. The location of the aneurysm was a risk factor
for morbidity and mortality in this study that was reported
in many studies [26, 27]. In FIAT (The Flow Diversion in
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the Treatment of Intracranial Aneurysm Trial) which is the
only randomized controlled study, morbidity and mortality
were lower for proximal carotid aneurysms (8.0%) than for
posterior circulation aneurysms (46.2%) [28]. The current
study revealed that adjuvant coiling associated with more
morbidity and mortality which is statistically significant but
not a predictor according to multivariate logistic regression.
Zhou and colleagues reported adjuvant coiling as a predictor
for occlusion rate and clinical outcome [29]. Bad outcome
with adjuvant coiling might be due to more prolonged pro-
cedure and the use of more devices that might lead to more
thromboembolic complications.

The study had some limitations such as the retrospec-
tive design with all intrinsic bias of the study design such
as selection bias. One of the most important limitations of
this study is the relatively low number of cases which could
affect the results in terms of limiting the statistical power of
identifying potentially significant variables associated with
complications and outcome. The study was performed in
a single center. The interventional society may need more
RCTs on FDS in certain situations such as bifurcations, com-
plex aneurysms with branching artery, and adjuvant coiling.

Conclusions

Flow diverter deployment of a large unruptured aneurysm
in the anterior circulation might have better outcome than
this one in the posterior circulation. Flow-diverter stent in
aneurysms with an incorporating branching artery or at
bifurcation might be associated with aneurysm persistence
and complications respectively.
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