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ABSTRACT

SUMMARY: In this study, a single center’s experience of 20 patients and a systematic review and a meta-analysis of 16 studies, including
279 patients/aneurysms, assessed the safety and efficacy of endovascular treatment of distal anterior cerebral artery aneurysms. The
authors conclude that endovascular treatment of distal anterior cerebral artery aneurysms is associated with high angiographic occlusion
rates, but the complication rates are higher compared with other aneurysms in the circle of Willis.

ABBREVIATIONS: DACA � distal anterior cerebral artery; GOS � Glasgow Outcome Scale

Distal anterior cerebral artery (DACA) aneurysms are rare,

representing approximately 1–9% of all intracranial aneu-

rysms.1 Endovascular treatment of these aneurysms presents a

number of challenges. Earlier studies have reported high rates of

arterial dissection, intraprocedural rupture, and incomplete oc-

clusion rates for endovascular treatment of DACA aneurysms.2-5

Despite these initial challenges, further refinements in endovas-

cular techniques made coil embolization emerge as a promising

therapeutic option for aneurysms at this location.6,7 To clarify the

safety and efficacy of endovascular treatment of DACA aneu-

rysms, we report our experience in conjunction with a systematic

review and meta-analysis of the literature.

MATERIALS AND METHODS
After institutional review board approval, we performed a retro-

spective analysis of all consecutive adult patients who underwent

attempted endovascular treatment of intracranial aneurysms in-

volving the DACA at a tertiary referral center (Mayo Clinic, Roch-

ester, Minnesota) between January 1999 and September 2012. All

patients provided approval for the use of their medical records for

retrospective analysis. Patients were identified through a search of

angiographic reports and clinical records. The following data

were collected for each patient: demographic characteristics, an-

giographic features, clinical presentation, and outcomes. Among

the angiographic features, aneurysm size (maximum dimension

as measured by 3D digital subtraction angiography), rupture sta-

tus, location, and incidence of azygos variant were evaluated. The

CT appearance of all patients with SAH was assessed by use of the

Fisher scale, and the clinical status at admission for patients with

subarachnoid hemorrhage was assessed by use of the Hunt and

Hess Scale. Clinical outcome for all patients was assessed by use of

the Glasgow Outcome Scale (GOS). Details about the endovascu-

lar procedure included use of adjuncts (balloon-assisted and

stent-assisted coiling), intraprocedural complications, and degree

of immediate angiographic occlusion.

Outcomes and Complications
Radiologic outcomes for endovascular coiling were stratified into

3 levels, on the basis of the degree of angiographic aneurysm filling

evaluated immediately after the completion of the endovascular

procedure and at last follow-up: 1) complete occlusion (100%),

defined as a lack of angiographic filling of the sac and the neck or

nearly complete occlusion (�90%), defined as no filling of the sac

but with small residual neck filling; 2) incomplete occlusion

(�90%), defined as persistent angiographic filling of a portion(s)

of the sac, and 3) failed occlusion, defined as an aneurysm that

could not be embolized, without any coil introduced or left in the

aneurysm. Studied periprocedural complications (within 30 days

of treatment) included intraoperative rupture, parent artery oc-

clusion, transient ischemic attack, vasospasm, and stroke.

Literature Review
A comprehensive review of the literature was performed by use of

the keywords “aneurysms” “pericallosal,” “distal anterior cerebral

artery,” “DACA,” and “endovascular” to search the PubMed,
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Ovid MEDLINE, Ovid EMBASE, Scopus, and Web of Science

data bases. All studies reporting patients with DACA aneurysms

treated with endovascular therapy were selected. To be consid-

ered, studies had to be published in English, report more than 2

cases, and provide detailed information regarding perioperative

and postoperative complications and aneurysm occlusion rates.

The search strategy was developed and executed by a reference

librarian and a methodologist with expertise in systematic re-

views. For each study, we extracted the following information:

aneurysm rupture status, immediate and delayed angiographic

occlusion rates, procedural failure rates, morbidity, mortality,

overall patient perioperative complication rate, iatrogenic aneu-

rysm rupture, periprocedural stroke, vasospasm, and intraproce-

dural thrombosis/transient hemiparesis. In assessing overall pa-

tient perioperative complication rate, we determined the

proportion of patients who had 1 or more of the following com-

plications: iatrogenic aneurysm rupture, periprocedural stroke,

vasospasm, and intraprocedural thrombosis/transient hemipare-

sis. For studies reporting clinical outcome according to the mRS,

the equivalent score on GOS was calculated.

Statistical Analysis
For our institutional case series, all statistical analyses were per-

formed by use of the SAS-based statistical software package JMP

9.0 (www.jmp.com). Significant difference between continuous

variables was assessed by a Student t test. From each study, we

assessed the cumulative incidence (event rate) and 95% CI for

each outcome. Event rates were pooled across studies by use of

random-effects meta-analysis.8 Heterogeneity across studies was

evaluated by use of the I2 statistic.9

RESULTS
Institutional Series
A total of 20 consecutive patients were included in our single-

center series (18 women and 2 men). Three patients had an addi-

tional 7 aneurysms. Four of these associated aneurysms were ob-

served and not treated because of the small size. Two patients

underwent clip ligation and 1 patient underwent endovascular

coil embolization for their associated aneurysms in separate ses-

sions. Demographic, angiographic, and clinical features are sum-

marized in On-line Table 1. The mean � SD age was 60.5 � 10.8

(range, 38 – 80 years). Eleven patients (55%) presented with SAH.

In all cases, the DACA aneurysm was responsible for the SAH.

Most aneurysms (19/20) were small (�10 mm in maximum di-

ameter). The mean size of ruptured aneurysms was significantly

smaller than unruptured aneurysms (4.3 versus 7.6 mm, P �

.029). Endovascular coiling was completed successfully in every

case. Immediate total/near-total angiographic obliteration was

achieved in 85% of cases and was maintained at follow-up (16.6

months on average) in 69% (11/16) of patients. Two patients

(10%) with partial occlusion at follow-up underwent surgical

clipping. No patients underwent recoiling. Two patients (10%)

had intraoperative aneurysm perforations that were controlled

with additional coiling of the aneurysm. Both patients had previ-

ously ruptured aneurysms, and this procedural complication re-

sulted in no morbidity. One patient (5%) had intraprocedural

thrombus formation that was asymptomatic and treated with in-

travenous administration of abciximab (ReoPro). None of these

periprocedural events resulted in permanent morbidity or

mortality.

Systematic Review
Two hundred forty-one articles were retrieved after the first

literature search. Among these, 53 were selected by abstract

review and analyzed in detail. Fifteen studies met our inclu-

sion/exclusion criteria and are listed in On-line Table 2. In-

cluding our own experience, a total of 16 studies were included

in this meta-analysis.1-7,10-17 The total number of patients an-

alyzed was 279 (259 from literature and 20 from our series).

Fourteen studies with a total of 246 patients provided information

regarding aneurysm rupture status; among them, 185 patients

(75.2%) harbored ruptured aneurysms. The largest study had 41

patients and the smallest study had 4 patients.

Endovascular Technique and Short-Term Angiographic
Outcomes
The rate of total/near-total occlusion immediately after the endo-

vascular procedure was 86% (95% CI � 75–92%) and the proce-

dural failure rate was 8% (95% CI � 4 –14%).

Procedure-Related Complications
The overall rate of operative complications was 12% (95% CI �

8 –18%). Procedure-related ischemia and iatrogenic rupture oc-

curred in 5% (95% CI � 3–9%) and 7% (95% CI � 4 –12%) of

patients, respectively. Procedure-related permanent morbidity

rate was 8% (95% CI � 5–13%).

Long-Term Angiographic and Clinical Follow-Up
The rate of total/near-total (�95%) occlusion at mean follow-up

was 78% (95% CI � 65– 88%). A good clinical recovery (includ-

ing both patients with ruptured and unruptured aneurysms) was

reported in 75% (95% CI � 66 – 82%). The average duration of

clinical follow-up was 13.47 � 8.73 months (mean follow-up du-

ration reported in 12/16 of the studies). The rate of overall mor-

tality at follow-up was 9% (95% CI � 6 –14%) (On-line Table 3).

Heterogeneity and Publication Bias
Statistical heterogeneity was low to moderate for most outcomes

except for complete/near complete occlusion (immediate and at

follow-up) and SAH occurrence (I2�50%). Data were limited

and did not allow for additional quantitative analysis to explore

causes of heterogeneity through subgroup analysis or evaluate for

the presence of publication bias.

DISCUSSION
In combining outcomes data from 16 studies, this systematic re-

view provides representative data on aneurysm occlusion rates

and complications associated with endovascular treatment of

DACA aneurysms. We have demonstrated high rates of total/near

total occlusion for DACA aneurysms treated with endovascular

embolization. However, complications are not negligible, with

procedure-related morbidity rates of 8%. Approximately 75% of

the patients in this meta-analysis had SAH, which probably con-

tributes to the relatively high mortality rates (9%) reported with

endovascular treatment of DACA aneurysms.
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Ruptured DACA aneurysms cause intracerebral hemorrhage

(in addition to SAH) in more than one-half of cases and are asso-

ciated with worse outcome after rupture when compared with

aneurysms in other locations.18,19 Complications associated with

endovascular treatment of these aneurysms are not rare and prob-

ably related to a higher level of technical difficulty because of distal

location, morphology (with frequent partial incorporation of the

parent artery in the neck), and higher association with anatomic

variations. These challenges may explain the relatively higher pro-

cedure-related complication rates compared with aneurysms in

more common locations reported by some investigators.1-4 Kes-

ton et al2 demonstrated higher rates of periprocedural rupture

and incomplete coiling of DACA aneurysms when compared with

other circle of Willis aneurysms. In the International Study of

Unruptured Intracranial Aneurysms (ISUIA), endovascular

treatment of unruptured circle of Willis aneurysms was associated

with a perioperative mortality rate of 2% and an overall morbid-

ity/mortality rate of 9.3%.20 In a series of 600 circle of Willis an-

eurysms, Brisman et al21 reported an intraoperative rupture rate

of 1%. In a systematic review of treatment of aneurysms of the

MCA, a location that has traditionally been considered a difficult

location for endovascular treatment, Brinjikji et al22 demon-

strated an intraoperative rupture rate of nearly 2% for unruptured

aneurysms and 5% for ruptured aneurysms. In this series, combined

procedure-related morbidity and mortality were 5% and 6% for un-

ruptured and ruptured aneurysms, respectively. In our systematic

review, the overall periprocedural rupture rate was nearly 7%, with a

procedure related morbidity rate of 8%, markedly higher than that

reported for treatment of other circle of Willis aneurysms.

Early case series of coiling for ruptured pericallosal aneurysms

reported low success rates and high technical difficulty.3,19 Pierot

et al4 reported a coiling success rate of only 25% (2/8 patients) and

concluded that endovascular therapy was at best an adjunct to

surgery.4 However, with refinement of endovascular therapy,

subsequent case series have reported higher technical success

rates.3,15,17 In a recently published series of 22 patients with

DACA aneurysms by Cavalcanti et al, 23 complete/near complete

occlusion rate was 95% and 1 patient had an intraoperative rup-

ture. In their review of the literature, recently published series

reported occlusion rates of 80 –100%, with a procedural related

morbidity rate of 9% and mortality rate of 9%. Intraoperative

rupture in both their series and systematic review was approxi-

mately 5%. Our meta-analysis has similar outcomes compared

with the systematic review by Cavalcanti et al23; we found aneu-

rysmal occlusion rates of 86%, iatrogenic rupture rates of 7%,

procedure-related morbidity rates of 8%, and mortality rates of

9%.

Although complication rates for endovascular treatment of

DACA aneurysms remain a concern, previous studies have dem-

onstrated that patients with ruptured pericallosal aneurysms have

significantly better outcomes when treated with coiling over clip-

ping. In a study of 86 patients (54 clipped and 32 coiled) harbor-

ing pericallosal aneurysms, Hui et al12 demonstrated that patients

with ruptured pericallosal aneurysms fared better with endovas-

cular therapy, with a better chance of complete recovery. Surgical

and endovascular treatments of unruptured pericallosal aneu-

rysms have similar results and outcome.

Our study has several methodologic limitations. Primarily, the

available evidence is observational, nonrandomized, and non-

comparative. Data in the published literature are collected retro-

spectively and details such as stratification of outcomes by clinical

status at admission are often lacking. In addition, it is difficult to

differentiate procedure-related mortality from mortality second-

ary to complications of SAH. Thus, it is likely that mortality sec-

ondary to treatment of pericallosal aneurysms is lower than re-

ported in this study. The quality of evidence (confidence) is

limited because of imprecision, heterogeneity, and methodologic

limitations with the use of the GRADE framework (Grading of

Recommendations, Assessment, Development and Evalua-

tion).24-26 Our systematic review and case series has several

strengths. We followed a comprehensive systematic review pro-

cess and searched multiple data bases in an attempt to improve the

precision of estimates derived from our own data. We believe that

these results represent the best available evidence regarding endo-

vascular treatment for aneurysms in an uncommon location. The

outcomes reported here reflect an average incidence to be ex-

pected for this procedure across multiple settings and institutions.

CONCLUSIONS
Endovascular coiling of DACA aneurysms is associated with im-

mediate occlusion rates of 85% and a low recurrence rate at fol-

low-up. However, endovascular treatment of DACA aneurysms is

also associated with complication rates higher than those reported

for endovascular treatment of aneurysms in other locations.
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