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ABSTRACT

AIM: To compare the outcomes of distal anterior cerebral artery (DACA) aneurysm treatment using endovascular therapy (EVT) and 
surgical clipping, and to assess their risk factors.   
MATERIAL and METHODS: We retrospectively sampled and analyzed 31 patients treated for ruptured Distal anterior cerebral 
artery (DACA) aneurysms from a larger sample of 250 patients treated for ruptured aneurysms between July 2018 and July 2021. 
The outcomes of patients who underwent clipping and EVT were compared using chi-square tests. T-tests were used for univariate 
analysis and a logistic regression analysis was used to determine the risk factors affecting outcomes.
RESULTS: Of the 31 patients, 20 were treated with clipping and 11 with EVT. Patients treated with EVT had a mean age of 35.45 ± 
6.66. The mean age of the clipping group was 44.4 ± 6.94 years (p=0.002). Intraoperative rupture was significantly more common in 
the clipping group (p=0.025). There were no significant differences in the postoperative incidence of vasospasm or hydrocephalus 
(p=0.12). Modified Rankin Scale scores (p=0.017) and Glasgow Outcome Scale scores (p=0.02) both at discharge and 6-month 
follow-ups were significantly better in the EVT group than in the clipping group. Length of stay in the Intensive Care Unit (ICU) was 
9.27 ± 2.6 days following EVT and 23.60 ± 6.29 following clipping (p=0.001). Age (p=0.0136), Hunt and Hess grade (p=0.02), and 
the occurrence of intraprocedural rupture (p=0.009) were found to significantly affect outcomes.
CONCLUSION: The outcomes of EVT were better than those for clipping and required a shorter stay in the ICU and the hospital. 
This may be partially attributable to the dual-trained neurovascular surgeon who performed the procedures. Older age, poorer Hunt 
and Hess grades, and intraoperative aneurysm rupture adversely affected outcomes.
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surgically, one faces the fundus first and proximal access 
is often difficult, leading to intraoperative rupture and vaso-
spasm and increasing the chances of postoperative brain 
edema, infarct, and hydrocephalus. Because of the distal 
location, these aneurysms can be difficult to access through 

█   INTRODUCTION

Distal anterior cerebral artery (DACA) aneurysms con-
stitute 1 %–9% of all cerebral aneurysms (13,15). 
This type has been reported to be more fragile than 

other aneurysms (2,16). When they are approached micro-
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a microcatheter and the need for coiling by balloon or stent in 
wide-necked cases creates challenges in endovascular ther-
apy (EVT). Previous studies have reported better outcomes 
with microsurgical clipping than EVT (13,16). However, these 
lesions have become more accessible with the development 
of better angio hardware and newer techniques, which can 
provide good distal access up to the supraclinoid segment of 
the internal carotid artery. This, in turn, allows microcatheter 
stability for coiling (2). Few comparative studies have reported 
better results with EVT and there have been few comparative 
analyses of outcomes when these lesions are managed by 
dual-trained neurovascular surgeons (2). In the present study, 
we compared the outcomes of microsurgical clipping and EVT 
for the treatment of DACA aneurysms. We also endeavored to 
identify factors affecting the outcomes in such patients.

█   MATERIAL and METHODS
This study was approved by the local institutional ethical 
committee (IEC No. 543/21). We retrospectively analyzed 
patients treated for DACA aneurysms between July 2018 and 
July 2021. From a pool of 250 patients who had undergone 
treatment for ruptured aneurysms at our center, we identified 
31 with DACA aneurysms. This number is higher than one 
would expect because our institute is the only center in this 
region with the facilities to treat patients with microsurgical 
clipping and EVT. All such procedures in our department were 
performed by surgeons trained in microsurgical clipping and 
endovascular interventions.

We included all patients with DACA aneurysms treated by 
either clipping or coiling. We excluded patients having features 
of dissecting aneurysms, and those with infectious and 
traumatic etiologies that may have interfered with outcomes.

Patients’ demographic details such as age and sex; and clinical 
data, including Hunt and Hess grades, pre and postoperative 
modified Rankin Scale (mRS) scores, the time between the 
onset of symptoms and treatment, comorbid conditions, 
treatment type (microsurgical clipping or coiling), and the 
occurrence of perioperative events such as intraoperative 
rupture, vasospasm, brain edema, postoperative infarct, and 
hydrocephalus were obtained from the medical records of our 
institution.

The risks and benefits of both procedures were explained 
to the patients, or their relatives, where applicable, and they 
chose their preferred option. After obtaining their consent the 
treatment was planned. We also obtained the permission of 
patients or their relatives to use their data for teaching and 
clinical research.

Patients having a fundus to neck ratio greater than 1.5 and 
those with comorbidities were advised to undergo EVT. Those 
having hematoma with mass effect and branches arising from 
the fundus, and those with a fundus to neck ratio less than 1.5 
were advised to undergo clipping.

All patients were initially evaluated with computed tomography 
(CT) angiography and 3D image reconstructions followed by 
digital subtraction angiography (DSA) to evaluate the blood 

flow, collateralization, and configuration of aneurysms. 
Postoperative CT angiography and DSA were also conducted 
with each patient and follow-up DSAs were performed at 
6-month and 1-year follow-ups.

Raymond-Roy classification of aneurysm occlusion was 
used to assess the angiography aneurysm obliteration results 
for both clipping and EVT. Complete obliteration with no 
visualization of the sac and neck of the aneurysm was classed 
as type 1; the presence of a small residual neck was classed 
as type 2; visible dye in the sac of the aneurysm was classed 
as type 3.

Clinical outcomes were assessed by postoperative mRS 
scores and Glasgow Outcome Scale (GOS) scores. Outcomes 
were classes as good if the mRS score was either 1 or 2 and 
bad if it was 3. Similarly, outcomes were classed as good if the 
GOS score was 4 or 5 and bad if it was less than 4.

Statistical analyses of baseline characteristics were per-
formed using chi-square tests, Fisher’s exact tests, and stan-
dard t-tests. All factors affecting outcome were analyzed by 
univariate analysis, followed by logistic regression analysis. A 
p-value<0.05 was considered statistically significant. Statis-
tical analysis was performed using SPSS software for Win-
dows, version 22 (IBM Corp., Armonk, NY, USA).

█   RESULTS
Angiographic findings: In this study, 20 DACA aneurysms 
were clipped. Of these, 15 were located on the A2–A3 junction, 
three were distal to the A2–A3 junction in a callosomarginal 
location, and two were proximal to the A2–A3 junction near 
the origin of the frontopolar artery. Eleven aneurysms were 
coiled, of which, eight were at the A2–A3 junction, two were 
distal to the A2–A3 junction, and one was proximal to the 
A2–A3 junction. Twelve of the clipped aneurysms were filling 
from the left A1 as the right A1 was in spasm and aneurysms 
were not visualized upon right internal carotid artery (ICA) 
injection. Four of the 11 coiled aneurysms were filling from 
the left A1, with severe spasms in the right A1. There were 
two azygos anterior cerebral arteries (ACAs) in the clipping 
group and one in the EVT group. Three patients in the clipping 
group and two in the EVT group had multiple anterior and 
posterior aneurysms. Eight of the clipped aneurysms and five 
of the coiled aneurysms were wide-necked with an A3 branch 
arising from the dome. Three of the clipped aneurysms were 
smaller than 5 mm, 11 were 5–10 mm, and six were larger 
than 1 cm. Eight of the coiled aneurysms were 5–10 mm and 
three were larger than 1 cm. Follow-up DSA identified 15 of 
the 20 clipped aneurysms as Raymond-Roy occlusion type 
1, four as type 2, and one as type 3 (Figure 1). Seven of the 
coiled aneurysms were type 1 (Figure 2), and three were type 
2. One of the coiled DACA aneurysms was type 3 but a repeat 
DSA after 7 days found it had recoiled, achieving a type 2 
classification (Figure 3). Classifications observed on follow-up 
DSA are shown in Table I and Figure 4.

Surgical Approaches

All endovascular procedures were performed through a right 
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Figure 1: A) Preoperative CT angiography revealing 
bleed in the interhemispheric fissure. 
B) CT angiography with 3D reconstruction revealing 
one distal anterior cerebral artery aneurysm at the 
A2-A3 junction and another at the Right internal 
carotid artery bifurcation. C) Post-operative CT 
angiography revealing clipped aneurysm with no 
infarct or brain edema. D) Post-operative DSA 
suggests complete obliteration of the aneurysm.

Figure 2: A) NCCT head suggests bleed in 
interhemispheric fissure by ruptured DACA 
aneurysm. B) Pre-operative DSA revealed a wide-
based aneurysm at the A2-A3 junction (marked 
by arrowhead). C) Post-operative DSA suggests 
complete obliteration of the aneurysm. (marked by 
arrowhead).
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Intraoperative and Postoperative Complications

Intraoperative aneurysm rupture occurred in one EVT and 
10 clipping cases (p=0.025). Aneurysms that were inferiorly 
and laterally directed with associated intraparenchymal 
hematoma and brain edema ruptured during dissection of 
the interhemispheric fissure. Vascular manipulation to achieve 
proximal control led to infarctions in the region of the ACA in 

femoral artery puncture. In 17 of the clipped aneurysms, an 
interhemispheric surgical approach was adopted. A pterional 
approach was used with three as these patients had an anterior 
communicating artery (Acom) aneurysm, ICA bifurcation, and 
an ophthalmic segment aneurysm in addition to their DACA 
aneurysms (Figure 1).

Figure 3: A) NCCT head suggests diffuse SAH in 
the interhemispheric fissure, Sylvian fissures, and 
perimesencephalic cisterns. B) Pre-operative DSA 
suggests a narrow neck of DACA aneurysm at the 
A2-A3 junction(marked by arrowhead). C) Post-
operative  DSA suggests complete obliteration of the 
neck of the aneurysm (marked by arrowhead).

Figure 4: Stacked column shows the post-
procedural Raymond-Roy classification of 
angiographic results.

A

B C
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Table I: Demography and Clinical Profile of Patients Who Underwent Microsurgical Clipping and Endovascular Therapy

Clipping Coiling p-value
No.of cases 20 11

Sex
Male 8 4
Female 12 7

Age(yrs)-(mean) 44.4 ± 6.94 35.45±6.66 0.002
Duration to treat after  onset 8.25 ± 4.57 7.63±3.85 0.042
Intracerebral haemorrhage 6 2
Intraventricular haemorrhage 4 2
SAH 15 9
Hunt &Hess Grade 0.685

1 8 2
2 3 5
3 6 2
4 3 2
5 -

Fisher grade 0.806
1 2
2 3 5
3 12 4
4 3 2

mRS Score 0.290
1 1
2 6 3
3 10 8
4 2 -

Location 0.496
Infracallosal 2 2
Genu 13 7
Supracallosal 5 2
Aneurysm size 0.583
<5 mm 3 -
5-10 mm 11 9
>10 mm 6 2
Fundus: neck
<1.5
>1.5

Branch arising from fundus 2 -
Morphology
Saccular 20 11
Fusiform - -
Dissecting - -
Multiple 3 2
Azygous 1 1
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Postoperative Outcomes

The mRS scores in the immediate postoperative period were 
1.45 ± 0.68 in the EVT group and 2.3 ± 0.97 in the clipping 
group, suggesting significantly better postoperative recovery 
in the EVT group (p=0.017) (Table III and Figure 5). The mRS 
scores at 6-month follow-ups were 1.13 ± 0.4 in the EVT 
group and 2.3 ± 0.68 in the clipping group, with a p-value 
of 0.017, suggesting good ongoing improvement in the EVT 
group (Table IV). Five patients in the clipping group and one 
in the EVT group required a ventriculoperitoneal (VP) shunt as 
they did not respond to EVD for hydrocephalus and raised 

six of the 20 clipping patients, while hardware manipulation 
led to vasospasm and subsequent infarction in one of the 
11 patients who underwent EVT (p=0.19). Six patients in 
the clipping group and two in the EVT group developed 
hydrocephalus, for which an external ventricular drain (EVD) 
was inserted. Subsequently, five patients in the clipping group 
and one in the EVT group required permanent shunts (p=0.12). 
Coil compaction in the aneurysm neck and partial obliteration 
of the lumen occurred in two of the 11 patients who underwent 
EVT. These patients were treated with an antiplatelet agent as 
they refused further surgical intervention (Table II).

Table II: Perioperative Events

Clipping Coiling p-value

Intraoperative complications

Intraprocedural rupture/Bleeding 10 1 0.025

Spasm 3 3 -

Coil compaction - 1 -

Coil migration - 1 -

Postoperative complications

Rebleeding 1 - -

Spasm 5 4 0.221

Infarction 7 2 0.229

Hydrocephalus 6 1 0.126

Table III: Treatment Results at Discharge

Clipping Coiling p-value

mRS score

1 4 8 0.017

2 8 2

3 6 1

4 - -

Glasgow outcome score

5 4 6 0.021

4 6 2

3 6 2

2 2 1

1 - -

Length of stay in ICU 23.60 ± 6.29 9.27 ± 2.6 0.001

Length of stay in hospital 33.6 ± 7.9 18.72 ± 2.19 0.001

Mortality 2 -

ICU: Intensive Care Unit, mRS: Modified Rankin Scale.
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outcomes in both groups. The type of procedure performed 
to treat the patient with DACA aneurysm was not found to 
significantly affect outcomes (Table V).

█   DISCUSSION
DACA aneurysms are difficult to treat and previous research 
has reported variable outcomes in treating these aneurysms 
with EVT (13). Although their reported incidence is 1%–9% 
of all aneurysms, the incidence in the present study was 12% 
because our center is the major referral hospital in the region 
(2,15).

DACA aneurysms occur in the narrow interhemispheric 
passage between the falx cerebri and the medial frontal 
lobe. In the majority of the patients, they present initially with 
bleeding in the interhemispheric fissure, which is followed by 
bleeding in intraparenchymal and intraventricular locations. 
Intracranial bleeding occurs in 80%–90% of patients with 
DACA aneurysms (2,3,10,15,16). In 10%–46% of cases, they 
co-occur with other aneurysms (2,3,9,10,15,16).

The most prevalent locations of DACA aneurysms are the A3 
segment (69%–89%), the A2 segment below the genu of the 
corpus callosum (around 9%), and the A4–A5 segment (5%–
20%,). In our study, the incidences of DACA aneurysms in 
these locations were 74%, 10%, and 16%, respectively (2,6).

The mean size of DACA aneurysms has been previously 
reported as 5–8 mm, with around 50% smaller than 8 mm 
(17,18). The incidence of aneurysms with wide necks and a 
fundus to neck ratio less than 1.5 has been reported as around 
30%–40%, with a branch arising from fundus in 10% (17,18). 
This configuration presents a major surgical challenge for both 
clipping and EVT procedures.

intracranial pressure following aneurysm rupture (p=0.12). 
Although 25% of patients in the clipping group, compared to 
10% in the EVT group, required a VP shunt, the difference was 
not found to be significant (p=0.12). The length of stay in the 
intensive care unit (ICU) was 23.6 ± 6.29 days after clipping 
and 9.27 ± 2.16 days after EVT (p=0.001), suggesting earlier 
recovery following EVT (Fig. 6). Similarly, the average length 
of hospital stay was longer in the clipping group. A logistic 
regression analysis of the factors predicting poor outcomes 
found that age (p=0.0136), Hunt and Hess grades p=0.02), 
and intraprocedural rupture (p=0.009) significantly affected 

Table IV: Treatment Results After 6 Months

Clipping Coiling p-value

MRS score

1 4 8 0.0107

2 8 2

3 8 1

4 - -

Glasgow Outcome Score

5 4 6 0.0267

4 8 4

3 4 -

2 2 1

1 - -

Mortality 2 -
mRS: Modified Rankin Scale.

Figure 5: Barchart with box &whisker 
pattern suggests MRS score is better 
in coiling group than clipping group at 
discharge, MRS at 6 months followed the 
similar trend as at the time of discharge.
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aortic arches that could not support the distal access catheter 
and microcatheter. Previous studies have reported complete 
occlusion of DACA aneurysms in 78%–97% of patients who 
underwent EVT (4,17,18). In the present study, we achieved 
Raymond-Roy type 1 occlusion in 74% and type 2 occlusion 
in 26% of the patients who underwent EVT. All of the patients 
in whom complete occlusion was not achieved had an arterial 
branch arising from the fundus and what appeared to be a 
small residual neck. However, no further enlargement of the 
residual neck was observed on the 6-month follow-up DSAs 
(14).

In the clipping group, total obliteration of the aneurysm was 
achieved in 80% and near-total obliteration in 20% of the 
patients in our study. Lehecka et al. conducted a large study of 
501 microsurgically clipped DACA aneurysms. They reported 
complete obliteration in 91% and near-total occlusion in 
5% (6). Shukla et al. reported complete occlusion in 93% of 
patients with DACA aneurysms treated by microsurgery (16). 
Carvi et al. reported better microsurgery results in patients 
with infra-callosal and peri-callosal distal branches, with an 
occlusion rate > 90% (1). None of these studies indicate the 
number of patients with a residual aneurysm neck on follow-
up DSAs.

DACA aneurysms are very fragile with a higher incidence 
of intraoperative rupture compared to aneurysms in other 
locations. Intraoperative rupture during microsurgical clipping 
has been reported in 10%–26% of patients (1,2,6,7,14). In 
the present study, the incidence was 50% in patients who 
underwent clipping and 10% in those treated with EVT, which 
is slightly higher than the rates reported in other studies 
(4,7,8,14,17,18). One reason for this may have been a greater 
number of patients with intraparenchymal hematoma with 
surrounding edema, which makes dissection in an already 

The presence of vascular anomalies like azygos DACA, 
triplication of the A2 segment, bihemispheric DACA, and 
associated arteriovenous malformations can influence surgical 
outcomes. Different studies have reported the presence of an 
azygos artery in 3%–22% of patients with DACA aneurysms 
(2,6). In the present study the incidence was 6.5%. However, 
none of the other associated anomalies were observed in our 
study.

With advances in medical technology and the use of guiding 
catheters, surgeons can now achieve good distal access 
to the supraclinoid ICA, which provides sufficient stability 
to microcatheters for coiling DACA aneurysms. As a result, 
current outcomes using EVT to treat these lesions are 
much improved. Previously, EVT was only considered for 
such aneurysms with poor Hunt and Hess grades but the 
treatment is now possible with all DACA aneurysm patients. 
In our patient population, we were unable to perform EVT in 
four patients because of difficult proximal access and these 
patients underwent microsurgical clipping. Of these four, two 
had anomalous loops in the proximal ICA and two had type 3 

Table V: Logistic Regression Analysis of Factors Affecting 
Outcome Following the Procedure for Treatment of DACA 
Aneurysms

Variable Coefficient p-value

Age 190161759.43744 0.0136

Hunt and Hess grades 122497340.95764 0.0245

Intraprocedural rupture 149681721.95662 0.0410

Constant 73102604.56119 0.0098

Figure 6: Barchart with box &whisker 
pattern suggests shorter ICU stay inpatient 
who underwent coiling as compared to 
clipping.
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the two options were explained to them, including the risks 
and probable outcomes of each. There were fewer patients in 
the EVT group and the small sample size in this group is likely 
to have weakened the validity and reliability of our findings. 
It is possible that there would have been more significant 
differences between the groups if this had been a randomized 
prospective study with a larger sample.

█   CONCLUSION
DACA aneurysms are more vulnerable to rupture than other 
aneurysms in the circle of Willis and this leads to a high 
incidence of intraoperative rupture. Postoperative recovery in 
our EVT group was found to be better than that of our clipping 
group, both during the immediate postoperative period and 
on subsequent follow-up. The length of ICU and hospital stay 
was significantly shorter in patients treated with EVT than 
those treated with clipping. The dual training of our surgical 
staff in both of these procedures may have helped to improve 
our outcomes in both treatment modalities. However, overall, 
outcomes were found to be better in patients treated with EVT.
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