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Abstract Objective In recent years, endovascular methods have been developed to treat
intracranial aneurysms. To date, results of endovascular treatment (EVT) for anterior
communicating aneurysms (ACoAs) have never been investigated in Iran. Thus, we
sought to assess the mid-term angiographic and clinical outcomes of patients with
ACoAs who underwent EVT in a tertiary center.

Materials and Methods Electronic health documents of patients with ACoAs who
underwent EVT from March 2019 to July 2021 were retrospectively reviewed.
Demographic and clinical characteristics of patients, procedural and clinical compli-
cations along with immediate and 12 months’ postprocedural angiographic and clinical
results were included in the analysis. Aneurysm occlusion status was classified based on
the Raymond-Roy Occlusion Classification (RROC), and clinical outcomes were
assessed using the modified Rankin Scale (mRS).

Results Of 38 patients with 38 ACoAs, 32 patients (84.21%) presented with subarachnoid

Keywords hemorrhage of whom 23 (60.52%) had ruptured ACoAs. EVT included simple coiling in 29
= anterior patients (76.32%), balloon-assisted coiling in 6 (15.79%), and stent-assisted coiling in 3
communicating (7.89%). Immediate and 12-month postprocedural angiograms demonstrated complete/
artery near-complete occlusion (RROCIand Il)in 32 (84.21%) and 35 patients (97.22%), respectively.
= endovascular Periprocedural complications occurred in five patients (13.15%), and the mortality rate was
treatment 5.26%. Thirty-two patients (84.21%) had favorable outcomes (mRS 0-2) at the last follow-up.
= intracranial aneurysm Conclusion EVT is a safe and beneficial procedure with favorable mid-term clinical
= clinical outcome and angiographic outcomes for ACoAs. Our results can lay the foundation for further
= angiographic studies in developing countries and are satisfactory enough for neurointerventionists
outcome to put EVT on the therapeutic agenda of ACoAs.
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Endovascular Treatment of Anterior Communicating Artery Aneurysms

Introduction

The most common location of intracranial aneurysms,
observed in 35% of cases, is the anterior communicating artery.
Based on the macroscopic morphologic classification, saccular
aneurysms occur in up to 90% of cases of anterior communi-
cating artery aneurysms (ACoAs)." A majority of unruptured
ACoAs are asymptomatic and found incidentally; while sub-
arachnoid hemorrhage (SAH) is deemed to be the most com-
mon symptom in case of a rupture occurs.” Surgical clipping
was the first method used for treating ACoAs. With the results
of the International Subarachnoid Aneurysm Trial published in
2002, the treatment of intracranial aneurysms has preferen-
tially shifted toward endovascular treatment (EVT).

Endovascular coiling, used for the first time by Guglielmi
etalin 1990, has been used since then as an effective technique
of intracranial aneurysm embolization, and more clinical
experience in the use of endovascular techniques, has led to
a decline in the rate of complications.* Stent-assisted coiling
(SAC) and balloons-assisted coiling (BAC) embolization has
been proposed as alternatives to achieve the endovascular
reconstruction of complex aneurysms.>® The advent of newer
techniques such as flow diversion and the introduction of
catheters that are easier to maneuver have made endovascular
embolization of ACoAs safer and more feasible.” EVT for ACoAs
also has difficulties and can be technically demanding. Intra-
procedural rupture and thrombus formation are vexed com-
plications of coiling of ruptured intracranial aneurysms
increasing morbidity and mortality.6

Even though a wealth of studies have shown the favorable
results of EVT for ACoAs,? the rate of aneurysm occlusion
following endovascular methods, especially in centers re-
cently adopting EVT, has been insufficiently investigated.
Herein, we sought to review and evaluate the angiographic
and clinical outcomes of patients with ACoAs who under-
went EVT in a tertiary center for the first time in Iran.

Materials and Methods

Study Design and Population

This retrospective study was performed on patients with
ACoAs undergoing EVT from March 2019 to July 2021 in our
referral center. All procedures for ruptured aneurysms were
performed within 2 days of admission. Glasgow Coma Scale
was assessed at the admission and a computed tomography
angiography was performed for each patient. Conventional
and rotational digital subtraction angiographies were used to
assess aneurysms’ sizes and configurations. Patients’ elec-
tronic data were assessed retrospectively including their
basic clinical and angiographic characteristics, early angio-
graphic and clinical results, such as patient’s age, sex, pres-
ence of SAH, ruptured or unruptured aneurysm, aneurysm
size, and procedural and clinical complication. SAH grading
and the presence of focal neurological deficits to grade the
clinical severity of SAH were assessed using the modified
Fisher scale® and modified World Federation of Neurosurgi-
cal Societies (WENS),'? respectively. Written consent was
obtained from each participant or their guardians. This study
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was approved by our institutional ethics committee with the
ethical code number: IR.BMSU.REC.1401.008.

Antiplatelet Treatment

Dual-antiplatelet therapy including (1) clopidogrel (75 mg/day)
and acetylsalicylic acid (ASA) (325 mg/day) or (2) ticagrelor
(90 mg/twice a day) and ASA (80 mg/day) was used for 7 to
14 days prior to EVT in patients with unruptured aneurysms and
resumed for 3 to 6 months. ASA (80-240 mg/day) continued for
12 months following the intervention. Those who had ruptured
aneurysms took (1) clopidogrel (300 mg) and ASA (325 mg) or
(2) ticagrelor (180mg) and ASA (325 mg) before undergoing
anesthesia. In patients treated with stent deployment, eptifi-
batate (180 npg/kg) was administered intravenously before
using the stent and the above-mentioned dose was repeated
after 10 minutes. Infusion of eptifibatate (2 pg/kg/min) was
resumed promptly after the EVT for at least 6 to 12 hours in
patients taking clopidogrel and 4 to 6 hours in those taking
ticagrelor.

Endovascular Treatment

All patients underwent EVT under general anesthesia through
femoral artery access. Note that 3,000- or 5,000-unit bolus of
heparin was administered after the 6F sheath was inserted
into the right femoral artery, followed by a maintenance
dosage of 1,000 units per hour. A guiding wire (Avigo or
Transend) was inserted and navigated to the aneurysm lumen
and then a microcatheter (Echelon or Headway) was intro-
duced to deploy coils (Axium, GDC, and Cosmos coils) to
obliterate aneurysm lumen.

SAC (LVIS stent) or BAC (Scepter ¢) was performed for wide-
necked aneurysms.>'! An aneurysm with a neck diameter of
4 mm or bigger or a dome-to-neck (D-N) ratio of less than 2
was regarded as awide-necked intracranial aneurysm.'? In the
case of using BAC, we used a coaxial or triaxial system to
advance the balloon and a coiling microcatheter into the
affected aneurysm. A Synchro-14 microwire (Stryker) was
utilized afterward so as to position the balloon across the
aneurysm neck. The balloon was then blown up to secure the
microcatheter and avert coil prolapse into the parent vessel
throughout the final coil placement.’? In the case of SAC, the
neurointerventionist jailed the microcatheter after device
deployment.’

Clinical and Angiographic Follow-Up Studies

Clinical outcomes were evaluated by an expert interventional
neurologist at the discharge visit. The latest follow-up, 1 year
after the intervention, was conducted according to in-person
visit or telephone interview with the patients or their relatives
in case of inability to communicate properly. The modified
Rankin Scale (mRS) score was used to evaluate the clinical
outcome of patients at discharge and the last follow-up visit.
Favorable and poor clinical outcomes were considered
mRS scores of 0 to 2 and 3 to 6, respectively. Regarding the
angiographic outcomes, patients underwent cerebral angiog-
raphy immediately after the intervention and 12 months
thereafter to assess the aneurysm’s occlusion status. Ray-
mond-Roy Occlusion Classification (RROC)'® was used to
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Table 1 Demographic characteristics of patients who underwent endovascular treatment for ACoAs

Variable Total (n=38) Ruptured (n=23) Unruptured (n=15) p-Value
Age (y) 57.29+11.48 58.04 +12.21 56.13+10.56 0.623
Gender (male) 15 (39.47%) 8 (34.78%) 7 (46.67%) 0.464
Tobacco smoker 21 (55.26%) 11 (47.82%) 10 (66.67%) 0.100
SAH 32 (84.21%) 23 (100%) 9 (60%) 0.002
Modified Fisher grade 1.53+1.17 2.09+1.12 0.66+0.61 < 0.001
Modified WFNS 1.74+1.26 2.22+1.44 1.00+1.27 0.002
Aneurysm dome size (mm) 9.76 +4.03 9.514+4.35 10.13+4.03 0.652
Aneurysm neck size (mm) 3.76 £1.14 3.63+1.25 3.96+1.14 0.395
Dome-to-neck ratio (mm) 2.57+0.54 2.59+0.53 2.53+0.54 0.749
Endovascular treatment 0.591

- Simple coiling 29 (76.32%) 18 (78.27%) 11 (73.34%)

- Balloon-assisted coiling 6 (15.79%) 4 (17.39%) 2 (13.33%)

- Stent-assisted coiling 3(7.89%) 1 (4.34%) 2 (13.33%)

Abbreviations: ACoAs, anterior communicating aneurysms; SAH, subarachnoid hemorrhage; WFNS, World Federation of Neurosurgical Societies.
Note: Data are the number of patients (%) or mean =+ standard deviation (SD). Statistically significant differences are shown in bold (p < 0.05).

identify the immediate and follow-up angiographic outcomes.
In this regard, RROC I is defined as complete obliteration, RROC
II as residual neck, and RROC III as a residual aneurysm.

Statistical Analysis

Descriptive statistics on individuals’ characteristics for cate-
gorical variables were expressed as percentages and quanti-
tative data were presented as mean +standard deviation.
Statistical analysis was performed with an independent
sample t-test for quantitative variables and chi-square or
Fisher’s exact test for categorical variables. All statistical
analyses were performed using SPSS software version 26
(SPSS Inc., Chicago, Illinois, United States). Statistical signifi-
cance was defined as a p-value less than 0.05.

Results

Patients’ Characteristics

Totally, 38 patients with 38 ACoAs, including 23 ruptured
aneurysms underwent EVT. There were 23 females and 15
males (39.48%) with a mean age of 57.29 +11.48 years
among whom 21 (55.26%) were smokers. A staggering 32
patients (84.21%) presented with SAH owing to a ruptured
aneurysm of whom 23 were ruptured ACoAs (p =0.002). The
discovery of nine patients with unruptured ACoAs was on
account of SAH from another intracranial aneurysm, and the
remaining six were found fortuitously. The mean modified
Fischer scale and modified WFNS for our patients were
1.53 +1.17 and 1.74 + 1.26, respectively. The mean modified
Fisher grade in the ruptured group was 2.09 4+ 1.12, while it
was 0.66+0.61 in the unruptured group (p < 0.001). Simi-
larly, there was a significant difference in the modified
WEFNS between the ruptured (2.22 4+ 1.44) and unruptured
(1.00 £ 1.27) groups (p=0.002). The mean aneurysm dome
and neck sizes were 9.76 +-4.03 and 3.76 + 1.14, respectively,
with a mean D-N ratio of 2.57 4+ 0.54. Simple coil emboliza-

tion was the most common intervention (n=29, 76.32%),
followed by BAC (n =6, 15.79%) and SAC (n =3, 7.89%). There
was no significant difference between patients with rup-
tured and unruptured ACoAs in terms of age, sex, aneurysm
dome size, neck size, D-N ratio, and the type of endovascular
intervention (~Table 1).

Angiographic Outcomes

EVT was successfully performed in all patients. Immediate
postprocedural angiograms showed complete/near-complete
occlusion in 32 patients (84.21%), including 22 (57.90%) com-
plete obliterations (RROCI)and 6 (15.79%) with a residual neck
(RROC II). Of 36 patients who underwent follow-up cerebral
angiography at 12 months postoperatively, 28 had RROC I, 7
had RROC I, and only 1 had RROC III. Of 10 aneurysms with a
residual neck (RROC II), 5 showed complete obliteration in the
12-month postprocedural angiogram and 5 others remained
in the same status (RROC II). Of six patients with residual
aneurysm (RROC III), the follow-up angiogram showed com-
plete obliteration (RROCI) in one and neck remnant (RROC II)
in two aneurysms. Only one aneurysm remained in RROC III
after 1 year of follow-up that was retreated by simple coiling
without any complication. There was no significant difference
between ruptured and unruptured ACoAs regarding their
occlusion status at discharge or follow-up (=Table 2).

Clinical Outcomes and Periprocedural Complications
Of 38 patients, 27 (71.05%) had favorable outcomes at
discharge, including 14 patients (60.86%) with ruptured
and 13 (86.67%) with unruptured aneurysms (p=0.145).
Over a 12-month follow-up, 32 patients (84.21%) demon-
strated favorable clinical outcomes, including all patients
(100%) with unruptured and 17 (73.91%) with ruptured
ACoAs (p=0.029). Procedural-related complications oc-
curred in 5 patients (13.15%). The most common complica-
tion was intrastent thrombosis, which occurred in 4 cases
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Table 2 Clinical and angiographic outcomes of patients with ACoAs at discharge and follow-up

Variable | Total (n=38) | Ruptured (n=23) | Unruptured (n=15) p-Value
Immediate RROC 0.944
- 22 (57.90%) 13 (56.52%) 9 (60%)

-1l 10 (26.31%) 6 (26.08%) 4 (26.67%)

-1 6 (15.79%) 4 (17.40%) 2 (13.33%)

Follow-up RROC? 0.693
-1 28 (77.78%) 16 (76.19%) 12 (80%)

-1l 7 (19.44%) 4 (19.04%) 3 (20%)

-1 1(2.78%) 1(4.77%) 0 (0%)

Favorable outcome at discharge 27 (71.05%) 14 (60.86%) 13 (86.67%) 0.145
Favorable outcome at follow-up 32 (84.21%) 17 (73.91%) 15 (100%) 0.029
Complications 0.153
- Intrastent thrombosis 4(10.52%) 4 (17.39%) 0 (0%)

- Intraoperative rupture 1(2.63%) 1 (4.34%) 0 (0%)

Abbreviations: ACoAs, anterior communicating aneurysms; RROC, Raymond-Roy Occlusion Classification.
Note: Data are the number of patients (%) or mean =+ standard deviation (SD). Statistically significant differences are shown in bold (p < 0.05).
?Out of 36 patients, 2 patients expired in the ruptured group during the follow-up.

(10.5%). Thrombosis was resolved by intravenous adminis-
tration of Integrilin without any new neurological deficits.
Intraoperative aneurysm rupture occurred solely in one
patient. We controlled the bleeding by reversing the heparin,
coiling the aneurysm, and inserting an external ventricular
drain thereafter. Nonetheless, the patient expired 14 days
later on account of extensive brain damage. There was
another expired case in our study who died due to coronavi-
rus disease 2019 (COVID-19)-related pneumonia. Although
all five complications were exclusively observed in patients
with ruptured aneurysms, no significant differences were
noted between the two groups (p =0.153).

Discussion

The anterior communicating artery is the most prevalent site
for intracranial aneurysms.! ACoAs are usually asymptomatic
and incidental, but in case of being symptomatic, SAH is the
most common presentation of ACoAs due to aneurysm rup-
ture.? Treatment for ACoAs has always been a contentious
matter and surgical clipping was deemed to be the conven-
tional method to treat ACoAs.'® Since the introduction of
detachable coils by Guglielmi et al, EVT has been growing in
popularity and it has become the preferable therapeutic
method in the majority of cases harboring ACoAs.* The advent
of newer techniques such as BAC, SAC, and flow diverters have
enabled neurointerventionists to deal with more complex
ACoAs'”: however, opting for the suitable endovascular
method should be based on the indication, resources and
facilities, and expertise of the neurointervention team.'®

In our study, EVT for ACoAs was successfully performed
for all the cases. Having reviewed the pertinent literature, we
found that the rate of failure in EVT has been reported
between 0 and 11.1%.%%2% Complete/near-complete aneu-
rysm obliteration (RROCIand II) was achieved in a staggering

32 patients (84.21%) and 35 (97.22%) immediately and at
the last follow-up, respectively, which was comparable to
previous studies.?'~%4 A recent systematic review by Yarah-
madi et al® reported that the immediate complete and near-
complete angiographic occlusion was 89.2% (95% confidence
interval [CI] 86.4-91.2%). Immediate therapeutic success
depends on multiple factors; that is to say that treating
ACoAs with a D-N ratio less than 1.7, ruptured aneurysmal
sac, irregular shape, superior or posterior dome orientation,
and wide neck and large dimensions of the aneurysm usually
yields less desirable outcomes.?

The functional status of the patients was assessed at
discharge and the last follow-up and classified into two
groups: (1) favorable outcome (mRS 0-2) and (2) poor
outcome (mRS 3-6). At discharge 27 patients (71.05%)
showed favorable outcomes, and by the last follow-up, the
number of patients with mRS less than 3 had reached 32
(84.21%) which corresponds to data in the literature.®%?
Notably, all patients with unruptured aneurysms were in
satisfactory clinical status, whereas six patients from the
ruptured group depicted poor outcomes.

The rate of total periprocedural complications varies
between 2.6 and 16.1% among studies.’®?” The most prevalent
complications were thrombosis®2%-?8 observed in up to 11.2%
of patients, and intraoperative aneurysm rupture in up to 6.1%
of patients.®1%?8 Less prevalent complications were coil pro-
lapse29 and procedure-related vasospasm.‘?’0 Intraprocedural
complications tend to be associated with higher risks of
periprocedural and in-hospital mortality and long-term mor-
bidities.'® Increased experience in applying endovascular
methods has led to a reduction in treatment complications.*
Our periprocedural complication rate of 13.15% was also
consistent with earlier endovascular studies.?®?” Four
patients, who had ruptured aneurysms at admission, encoun-
tered thrombotic events during the procedure. Having
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administered intravenous Integrilin, all the intrastent throm-
bosis resolved without rendering any new deficits.

In line with previous studies with mortality rates
ranging from 10 to 31%,%22%31:32 we have reported a
mortality rate of 5.26% in our study. One individual
experienced an intraoperative aneurysm rupture and
expired within 2 weeks following the endovascular inter-
vention on account of extensive brain damage, while the
other one died due to COVID-19 pneumonia 4 months
postoperatively. The rate of retreatment in previous stud-
ies on EVT of ACoAs pales in comparison with that of our
study. One patient who was treated by simple coiling and
aneurysm remnant on immediate and final angiograms
(RROC III) underwent retreatment by simple coiling
(2.63%). Our low retreatment rate can be attributable to
our moderately low sample size and a shorter follow-up
duration compared to previous studies varying between
5.5 and 13.2%.5:22:25.26.33

To the best of our knowledge, this is the first study on
patients with ACoAs treated by endovascular intervention
from a tertiary center in Iran. In this retrospective study,
baseline characteristics along with clinical and angiographic
outcomes of 38 ACoAs undergoing three types of EVT have
been provided. The main shortcoming of our study was
the retrospective design. Furthermore, relatively shorter
follow-up compared to previous studies has deterred us
from assessing the retreatment rates, obliteration, and func-
tional status in the long run. Beyond and above that, the lack
of a control group treated by microsurgical clipping as the
conventional method could have hindered us from drawing a
firm conclusion and encouraging other centers to adopt
endovascular methods. Therefore, larger prospective studies
with longer follow-ups, especially in developing countries,
ought to be conducted so as to substantiate our findings and
transcend our limitations.

Conclusion

The results of the current study have led us to infer that EVT
is a safe and beneficial procedure with favorable mid-term
clinical and angiographic outcomes for ACoAs. Our pilot
experience can lay the foundation for further studies,
especially in developing countries, and are satisfactory
enough for neurointerventionists to put EVT on the thera-
peutic agenda of ACoAs. However, larger prospective com-
parative cohort studies are highly proposed so as to lead to a
firm conclusion, particularly for centers considering EVT for
ACoAs.
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