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Abstract Objectives Distal anterior cerebral artery (DACA) aneurysms are a subset of aneur-
ysms located in the anterior circulation but away from the circle of Willis. We analyze
the clinical presentation and outcomes of two treatment groups—surgical and
endovascular—for DACA aneurysms managed by a dual-trained neurosurgeon.
Material and Methods A retrospective evaluation of radiological and
operative/interventional data of 34 patients with 35 DACA aneurysms over a 12-
year period was analyzed. Twenty-seven patients underwent surgery, whereas seven
underwent endovascular coiling of the aneurysms. Modified Fisher grade and World
Federation of Neurosurgical Societies scale (WFNS) were used to note the subarachnoid
hemorrhage (SAH) severity.
Statistical Analysis Categorical data were presented as frequency and percentage,
while noncategorical data were represented as mean� SD. Statistical significance for
difference in outcome between the two groups was analyzed using Chi-square test, and
p<0.05 was considered statistically significant.
Results Of 34 patients, 33 presented with a bleed and 23.5% patients were noted to
have another aneurysm in addition to the DACA aneurysm. Patients who underwent
clipping for another aneurysm along with the DACA aneurysm in a single surgical
exercise had a poor outcome compared with those who underwent surgery for the lone
DACA aneurysm (7 vs. 20, p¼0.015). Most patients in both surgical (70.37%) and
endovascular (85.71%) groups had good outcome (mRS � 2).
Conclusions A good outcome can be achieved with either surgery or endovascular
coiling in the management of DACA aneurysms. In patients with multiple aneurysms,
SAH with aneurysmal rupture of DACA should be managed first; the other unruptured
aneurysm may be operated after an interval to avoid morbidity.

published online
September 28, 2021

DOI https://doi.org/
10.1055/s-0041-1735823.
ISSN 0976-3147.

© 2021. Association for Helping Neurosurgical Sick People. All
rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article 711

mailto:sunilvf@gmail.com
https://doi.org/10.1055/s-0041-1735823
https://doi.org/10.1055/s-0041-1735823


Introduction

Distal anterior cerebral artery (DACA) aneurysms are defined
as aneurysms located on the A2-A5 segments of the anterior
cerebral artery and on its distal branches.1–4 DACA aneur-
ysms account for 2 to 9.2% of all intracranial aneurysms.1,2

They are relatively uncommon aneurysms, located distal to
the circle of Willis, characterized by a small size, and
associated with a broad base with originating branches
and anatomical anomalies of the anterior cerebral artery.2

Their clinical presentations are different from other proxi-
mally located aneurysms on the intracranial anterior circu-
lation. Although a meta-analysis on the outcome of surgical
and endovascular management of these aneurysms has been
published, there are few publications on the management of
these aneurysms by a dual-trained neurosurgeon.5 We dis-
cuss the clinical presentation; evaluate the outcome of
surgical and endovascular treatment of these aneurysms in
relation to demographics, clinical status at presentation, and
grade of subarachnoid hematoma (SAH)/bleed on CT scan or
MR imaging. The various endovascular modalities of aneu-
rysm treatment are also discussed here.

Materials and Methods

The study population was identified through a retrospective
review of radiological imaging, which included digital sub-
traction angiogram (DSA) images, operative videos and
surgical notes related to all DACA aneurysms. Patients with
DACA aneurysm, aged between 19 to 72 years were included
in this study, numbering a total of 34 cases, categorized into
two groups, namely, surgical and endovascular coiling group,
based on the treatmentmodality adopted. The surgical group
comprised 27 patients constituting 3.2% of the aneurysms
operated over a 12-year period between January 2007 and
June 2019. Endovascular coiling group consisted of seven
patients and were managed using the endovascular route
over a period of 4 years and 6 months from January 2015 to
June 2019. All patients in both the treatment arms were
managed by a single dual-trained neurosurgeon. Demo-
graphic data such as age and sex and findings of MRI and
CT angiogram were collected from medical electronic
records and radiological reports, respectively.

All patients had undergone DSA prior to intervention.
Patients in the surgical groupwere operated through either a
pericoronal parasagittal craniotomy and an interhemispher-
ic corridor approach, extended anterior interhemispheric
approach, or extended frontotemporal craniotomy. Neuro-
navigational guidance (Medtronic Stealth neuronavigation
system) was used in the surgical group. For patients who
were managed by endovascular coiling, either Barricade or
Axiem coils were used for the procedure. The aneurysms
were coiled using a 6-Fr guide catheter and a 0.0165” (Vasco
þ10 microcatheter, Balt USA, Irvine, CA) or 0.017” (Echelon
10 microcatheter, Medtronic Neurovascular, Irvine, CA)
microcatheter placed in them guided by a 0.014” microwire.
The severity of SAH was assessed, based on the modified
Fisher grade andWorld Federation of Neurosurgical Societies

scale (WFNS).6,7 Outcome at follow-up was evaluated using
the modified Rankin scale (mRS).8 A good outcome was
defined as a mRS of � 2. Patients who underwent endovas-
cular coiling of the DACA aneurysm were scored, based on
the Raymond Roy occlusion classification for aneurysm
occlusion postcoiling, as presented in ►Fig. 1.9

Per our protocol, patients underwent a DSA or CT angio-
gram at 3-month follow-up after the intervention. A DSAwas
the preferred modality of evaluation of the postprocedure
status of the aneurysm. A CT angiogram was performed in
case the patient turned down a DSA test. CT angiogram was
performed at 1- and 2-year follow-up after surgery.

Statistical Analysis
Statistical analyses were performed with SPSS for Windows
(SPSS; SPSS Inc., Chicago, IL). Categorical datawere presented as
frequency and percentage, while noncategorical data were
represented asmean� SD. Statistical significance for difference
in outcome between the two groups was analyzed using Chi-
square test, andp<0.05was considered statistically significant.

Results

The mean age of the patients was 48.9�13.03 years (range
19–72 years, median 47 years). In the surgical group, the
majority were male (51.85%), presented with DACA aneu-
rysm bleed (92.59%), and were less than 50 years of age
(59.25%). The majority in the endovascular treatment group
were females (85.71%), aged>50 years (71.43%), and all
presented with DACA aneurysm bleed (100%), as presented
in ►Table 1. Seven patients in the surgical group had other

Fig. 1 Raymond Roy occlusion classification.
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Table 1 Demographics and clinical and radiological details of surgical and endovascular coiling treatment group and treatment
outcome

Variables Number of patients
n (%)

Surgical group
(n¼ 27)

Endovascular group
(n¼7)

Gender Male 14 (51.85) 1 (14.29)

Female 13 (48.15) 6 (85.71)

Age (years) < 50 16 (59.25) 2 (28.57)

> 50 11 (40.75) 5 (71.43)

Indication DACA bleed 25 (92.59) 7 (100)

Vertigo 1 (3.7) 0

Other SAH 1 (3.7) 0

Additional aneurysm DACA only 20 (74) 7 (100)

DACAþ anterior communicating aneurysm 3 (11.11) 0

DACAþmiddle cerebral aneurysms 2 (7.4) 0

DACAþ ophthalmic segment aneurysm 1 (3.74) 0

Bilateral DACA aneurysms 1 (3.74) 0

Mode of surgery Parasagittal craniotomy and an interhemispheric corridor 21 (77.78) –

Extended frontotemporal craniotomy 5 (18.52) –

Anterior interhemispheric approach 1 (3.7) –

Raymond Roy
occlusion classification

1 – 5 (71.43)

2 – 2 (28.57)

WFNS 1 22 (81.48) 3 (42.86)

2 0 2 (28.57)

3 3 (11.11) 1 (14.29)

4 2 (7.41) 1 (14.29)

Modified Fisher grade 1 2 (7.41) 0

2 11 (40.74) 5 (71.43)

3 10 (37.04) 2 (28.57)

4 4 (14.81) 0

Aneurysm site Right 17 (62.96) 4 (57.14)

Left 9 (33.33) 3 (42.86)

Bilateral 1 (3.7) 0

Size of aneurysm Small (< 1cm) 20 (74.07) 6 (85.71)

Large (1–2.4 cm) 6 (22.22) 1 (14.29)

Giant 1 (3.7) 0

New postoperative
deficits

Absent 20 (74.07) –

Weakness 7 (25.93) –

mRS outcome Good (0–2) 19 (70.37) 6 (85.71)

Poor (3–6) 8 (29.63) 1 (14.29)

Abbreviations: DACA, distal anterior cerebral artery; mRS, modified Rankin scale; SAH, subarachnoid hemorrhage; WFNS, World Federation of
Neurosurgical Societies Scale.
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aneurysms along with a DACA aneurysm—anterior commu-
nicating aneurysm (3), middle cerebral aneurysm (2), oph-
thalmic segment aneurysm (1), and bilateral DACA
aneurysms (1). This adds up to 20.5% of patients with
multiple aneurysms associated with DACA aneurysm
(►Table 1).

Majority of patients in both groups had WFNS grade 1
(surgical: 81.48% and endovascular: 42.86%) and modified
Fisher grade 2 bleed (surgical: 40.74% and endovascular:
71.43%) on CT/MR imaging at presentation and had right side
aneurysm (surgical: 62.96% and endovascular: 57.14%) and
small size aneurysm of less than 1 cm (surgical: 74.07% and
endovascular: 85.71%), as presented in ►Table 1. Out of the
small aneurysms, 13 (48%) in the surgical group and 3 (42.8%)
in the endovascular group were less than 6mm size, classi-
fied as very small aneurysm.10 Among the patients who had
Fisher grade 3 and 4 bleed, 9 (33%) had intracerebral hema-
tomas (ICH). Anatomical variants were seen in three patients
in the surgical group, of whom two patients had an azygous
anterior cerebral artery. One patient had infraoptic origin of
the anterior cerebral artery associated with an anterior
communicating artery aneurysm and a DACA aneurysm at
the junction of the right pericallosal and callosomarginal
artery.

The mean age of patients in the surgical group was
48.1 years with a median of 47 years. Most patients in the
surgical group were operated through parasagittal cranioto-
my and an interhemispheric corridor (77.78%) to reach the
aneurysm. No new neurological deficits were noted in 74% of
operated patients. Among the seven surgical patients who
developed weakness in the postoperative period, two were
attributed to vasospasm and one patient had a right frontal
venous infarct and superior mesenteric artery (SMA) syn-
drome. Five patients underwent an extended frontotemporal
craniotomy extending to the midline, in order to secure
aneurysms at both locations. One patient with SAH, and
aneurysms in the anterior communicating artery and DACA
underwent an “extended” anterior interhemispheric ap-
proach to clip both the aneurysms. One patient who pre-
sented with a ruptured ophthalmic segment aneurysm was
operated for the same at presentation, and also had an
unruptured DACA aneurysm which was subsequently oper-
ated at 6-month follow-up. Five (18.5%) patients had a
postoperative retraction associated frontal contusion, which
did not require any further intervention. Out of these, four
patients had another aneurysm operated in addition to the
DACA aneurysm.►Fig. 2 is an illustrative case of a largeDACA
aneurysm.

Fig. 2 (A) Coronal MRI brain showing a large distal anterior cerebral artery aneurysm with luminal thrombus; (B) and (C) Digital subtraction
angiogram (DSA) images lateral and anteroposterior (AP) view of the aneurysm; (D) Intraoperative picture of the aneurysm; (E) and (F) DSA
images lateral and AP view showing aneurysm exclusion postclipping.
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In the surgical group, the mean duration of stay was
19.7 days (median 15 days). Twenty-three patients were
on follow-up for a mean duration of 10.8 months (range
3 months to 41/2 years). Fourteen (60%) of the 23 patients
had a check DSA, and 5 (21.7%) underwent a CT angiogram at
3-month follow-up. There was no residual aneurysm located
at the DACA operative site. Twelve of these patients under-
went CT angiogram at 1 year and five patients at 2-year
follow-up after surgery, with no recurrence noted on
imaging.

There were no mortalities recorded in the peroperative
period. Nineteen (82%) of the 23 patients had a good outcome
at last follow-up. Age, sex, hemispheric side of the aneurysm,
time duration from presentation to surgery, number of clips
used at surgery, WFNS grade at presentation, and modified
Fisher score at presentation CT/MR imaging had no bearing
on patient outcome. Patients with multiple aneurysms
(DACA aneurysm with an aneurysm at a different location,
including bilateral DACA aneurysms), presenting with SAH
and having both the DACA and the other aneurysm clipped in
the same sitting, had a statistically poor outcome than those
who had undergone surgery for a lone DACA aneurysm (7 vs.
20, p¼0.015). This is illustrated in ►Fig. 3. There was no
significant statistical difference in the outcome between the
surgical group when analyzed over patient demographics,
duration from presentation to intervention, clinical/radio-
logical presentation, and aneurysm location (p>0.05). In the
endovascular treatment group, coiling was attempted for a
patient with a DACA aneurysm. It was abandoned in favor of
aneurysm clipping, as it was not possible to maintain the
microcatheter inside the aneurysm during coiling, due to a
relatively wide neck. The decision for endovascular interven-
tion was based on the review of the preoperative CT angio-
gram or DSA images and the possible support the
extracranial and intracranial vasculature would provide to
the endovascular hardware systems for aneurysm coiling.

The mean age of endovascular treatment group was 51.5
years with a median age of 54 years. No intraprocedural
ruptures were noted among these patients. The mean dura-
tion of hospital stay was 15.6 days (median 11 days) and the
mean follow-up period was 9 months (range: 5 months to

2 years and 4 months; median: 10 months). Majority of
patients had Raymond Roy class 1 (71.43%) postcoiling, as
presented in ►Fig. 4. Six (85%) of the seven patients were in
mRS grade 0 at follow-up, indicating good outcome. Howev-
er, one (15%) patient had poor outcome. He had a large
hematoma, WFNS grade 4, modified Fisher grade 4 at pre-
sentation, and a mRS of 4 at 1-year follow-up. Five patients
had undergone a CT angiogram and one patient a DSA at
follow-up period, ranging from 3 months to 2 years after
aneurysm coiling. Two patients had coil compaction with a
visible aneurysm neck in follow-up imaging. They declined
further management. Since this was a small subgroup of
patients, we did not analyze outcome based on patient
demographics and clinical and radiological presentations.

Discussion

DACA aneurysms were reported to have a poor management
outcome in comparison to aneurysms at other locations and
were often referred to as malignant aneurysms.4,11 A study
conducted over a 25-year period reported an incidence of
6.2% for DACA aneurysms out of 2137 aneurysms operated,
and A3 segment of the anterior cerebral artery was the most
common location of the DACA aneurysm, representing 56%
of the cases.2 This study noted a lower incidence of 3.8% for
DACA aneurysms in our aneurysm case series. Ninety-seven
percent of the patients presented with a bleed attributed to
the DACA aneurysm, and therewere no traumatic or mycotic
aneurysms in the series. Twenty-six (76.4%) of the aneur-
ysms in our series were small sized (< 1 cm).

The incidence of ICH related with ruptured DACA aneu-
rysm is reported to vary between 40% to 70% in previous
literature.11–13 We noted an incidence of 33% of ICH, which
was lower than reports of Ohno et al and Sekerci et al who
reported an incidence of 40% and 70% of ICH, respective-
ly.11,12 This may be due to the aneurysm located between a
firm falx and frontal lobe, with little intervening

Fig. 4 (A, B) Digital subtraction angiogram (DSA) lateral and oblique
views of left distal anterior cerebral artery aneurysm at the origin of
pericallosal and callosomarginal artery; (C) and (D) Postprocedure
DSA lateral and oblique views Raymond Roy class 1 occlusion.

Fig. 3 Comparison of surgical outcome of solitary distal anterior
cerebral artery (DACA) aneurysm-only group with DACA with another
aneurysm group.
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subarachnoid space. Orz reported an incidence of 86% for
ruptured small DACA aneurysms, indicating that these
aneurysms may be intervened on despite their small
size.9,13 Researchers also reported poor admission grade
and initial ICH as factors for unfavorable prognosis.

Surgery was performed mostly through the parasagittal
route, followed by retraction of the frontal lobe away from
the falx. A single retractor was used in all cases with no
retractor placed on the falx. Dissection was performed in a
direction proximal to the supposed site of the aneurysm to
secure proximal control. Neuronavigational guidance was
used in 11 (40.7%) cases. Aneurysm rupturewas encountered
in 4 (14.8%) cases during dissection and was controlled by
application of a proximal clip, and then further continuation
of aneurysm neck dissection and clipping. A higher intra-
operative rupture of 35%was reported byOrz.13 In this study,
patients who underwent surgery for another aneurysm in
addition to the DACA aneurysm fared statistically more
poorly than patients who underwent surgery for the rup-
tured singular DACA aneurysm (p<0.05). The possible con-
tributors to poor outcome might be a larger craniotomy,
extensive subarachnoid dissection at two locations, concom-
itant vessel manipulation due to aneurysm location on the
anterior communicating artery and bilateral DACA (n¼4),
and quantum of bleed.

Endovascular treatment: Coiling as a modality of treat-
ment was previously advocated for patients with poor-grade
SAH.11,14However, with advancements in DSA radiology and
endovascular hardware technologies, it is easier to visualize
and catheterize beyond the aneurysm neck.15 Although we
had seven patients in the endovascular treatment group, 85%
of the patients had a good outcome at last follow-up. Asmuch
as 71.6% had Raymond Roy grade 1 or 2 aneurysm occlusion
at completion of the coiling procedure. Similar reports of
RaymondRoygrade 1 or 2 aneurysmocclusionwere reported
in previous studies.16,17 Suzuki et al and Sturiale et al
reported a rate of 66.3% and 78%, respectively, at completion
of coiling procedure for DACA aneurysms.16,17 Both noted a
coil compaction at follow-up angiogram. Conversely, Huang
et al had an impressive success rate of 97% at the end of the
coiling procedure.1 However, the clearance of the intracere-
bral bleed and thick interhemispheric SAH is not possible by
the endovascular route. We have moved toward manage-
ment of DACA aneurysms through the endovascular route
only when the proximal vasculature can support aneurysm
catheterization.

Pipeline Embolization Device, Silk Vista Baby stent, and
Flow-Redirection Endoluminal Device (FRED) have been
used as stent-flow diverters for these aneurysms under
coverage of dual antiplatelet agents.18,19 These studies had
employed the use of Flow diverter stent placement in treat-
ing unruptured DACA aneurysms. Cagnazzo et al reported
that 3 out of 15 treated patients developed ischemic com-
plications in the postprocedure period. Aneurysm exclusion
was seen in 70% of their study.18 We do not have experience
of treating DACA aneurysms with flow diversion.

In the surgical arm of our study, 25.9% of the patients
developed postoperative weakness due to vasospasm.

Retraction contusion and venous infarct was noted in
22.2% of operative cases in our study, underlying the tight
corridor for dissection around important venous drainage
channels and retraction on an edematous brain. Reexplor-
atory surgery for decompression craniotomywas not needed
to be performed for these complications. Furthermore,
Lehenka et al mentioned a surgical morbidity and mortality
rate of 1% and 12%, respectively.3 Their 1-year mortality rate
was 13% and a favorable outcomewas observed in 78%. There
was no mortality noted in the present study.

In terms of outcome, 82% of our surgical group patients
and 85% of the endovascular group patients had a good
treatment outcome at last follow-up. A study conducted by
Peschillo et al reported a good outcomewith anmRS score of
0 to 2 in surgical (67.4%) and endovascular (78.9%) groups
(p¼0.034).20Hunt andHess grade, rebleed before treatment,
ICH and intraventricular hemorrhage, and severe preopera-
tive hydrocephalus have been reported as independent
factors that can predict the unfavorable outcome at 1-year
follow up.3 Pandey et al showed that patients who had
undergone clipping of DACA aneurysms had a better out-
come than the endovascular group. As much as 92% of the
surgical group versus 64% in the endovascular group had a
good outcome at follow-up, although the results were not
statistically significant (p¼0.36). The study had 28 patients
undergoing endovascular coiling and 13 microsurgical clip-
ping.21 In contrast, our study had a larger surgical arm, of
which 70.3% demonstrated a good outcome. We included
management of other unruptured aneurysms along with the
DACA aneurysm and emphasized the uniqueness of a single
operator on both the study arms.

There are some limitations to this study. Most patients in
the surgical groupwere of good clinical grade (WFNS grade 1)
at presentation. This could be due to a referral bias, as many
patients were referred from other parts of the country and a
good WFNS grade could facilitate such travel. The endovas-
cular groupwas smaller than the operative group (7:27). We
have not characterized the location of the aneurysm on the
DACA segment. Patients with a poor mRS at discharge and
who were lost to follow-up may have succumbed either to
SAH-related management complications or to secondary
causes at an outside rehabilitation facility within or after
the 30-day period after aneurysm treatment. As this was a
retrospective study, such details were unavailable.

Conclusion

In the surgical management of the ruptured DACA aneur-
ysms, the DACA aneurysm should be operated first, followed
by a later procedure on the other unruptured aneurysm. The
management of DACA aneurysms need to be individualized,
based on aneurysmmorphology and vascular anatomy prox-
imal to the aneurysm, which can aid in aneurysm access. In
case of unfavorable proximal vasculature, the surgical option
can be chosen.
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