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ARTICLE INFO ABSTRACT

Objectives: Since publication of the ISAT study, the majority of neurovascular centers adhere to “coil first” policy
for patients with subarachnoid hemorrhage (SAH). However, final allocation in favor of coiling or clipping is
based on anatomic features of ruptured intracranial aneurysms with respect to clinical characteristics of SAH. In
this study, we analyzed the parameters relevant for treatment allocation of ruptured anterior communicating
artery aneurysms (AComAA).

Patients and methods: From our institutional SAH database, all cases with ruptured AComAA, which underwent
diagnostic subtraction angiography (DSA) with subsequent treatment allocation, were included. The radio-
graphic features of AComAA were collected from pre-treatment DSA. In addition, demographic, clinical and
radiographic parameters of SAH were recorded. The variables selected through univariate analyses were sub-
sequently evaluated using multivariate regression analysis.

Results: Of 300 SAH patients in the final analysis, the majority of the cases underwent endovascular coiling
(n = 221, 73.7%). The following aneurysm features were associated with treatment modality in the univariate
analysis: maximal sack size (p = 0.034), perpendicular height (p = 0.007), aspect ratio (p < 0.001) and sack/
neck-ratio (p = 0.001). Accordingly, the following cutoffs for these variables were defined upon the receiver
operating characteristics curves: 5mm for sack size, 6 mm for perpendicular height, 1.6 for aspect ratio and
sack/neck-ratio. In the multivariate analysis, aspect ratio of 1.6 was the only independent predictor of treatment
allocation (p = 0.005; aOR = 2.57; 95% CI 1.33-4.96), which remained significant (p = 0.003; aOR = 2.77;
95% CI 1.41-5.45) after adjusting for patients’ age, WFNS & Fisher grades, as well as intracerebral hematoma
volume.

Conclusion: Although not-routinely assessed during initial allocation treatment, our retrospective analysis
proved that aspect ratio is a reliable predictor of treatment allocation of ruptured AComAA. Except for large
space-occupying ICH commonly obligating the microsurgical treatment, other clinical and radiographic char-
acteristics of SAH do not seem to be of clinical relevance for the selection of treatment modality.
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1. Introduction (AComA) is one of the most common sites not only for IA but also of

rupture in case of SAH [25,28]. Improvement in endovascular treat-

Since the publication of the ISAT [25], there has been a major
paradigm shift towards endovascular treatment for intracranial aneur-
ysms (IA) not located at the middle cerebral artery [21]. However, final
treatment allocation in favor of clipping or coiling is the matter of an
interdisciplinary consensus based on anatomic features of the ruptured
IA with respect to radiographic/clinical/demographic characteristics of
subarachnoid hemorrhage (SAH). The anterior communicating artery

ment modalities and techniques made a greater amount of IA at this
location suitable for endovascular treatment than during the early post-
ISAT era or during the BRAT [27]. Nonetheless there still is a significant
portion of AComA aneurysms (AComAA) that are considered as not
suitable for this type of treatment.

In particular, small aneurysm size and low sack/neck ratio have
been mentioned as radiographic parameters making IA less suitable for
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endovascular treatment [26,9]. Furthermore, clinical factors like pa-
tients” age [9], presence of a large intracerebral hematoma (ICH) [26]
or IA dome projection [30] have been mentioned as factors influencing
treatment decision.

The aim of this study was to identify the factors relevant for treat-
ment allocation of ruptured AComAA. Using a large monocentric post-
ISAT SAH database, we evaluated the role of demographic, clinical and
radiographic features of ruptured AComAA and SAH in the treatment
decision, with special emphasis on anatomic characteristics of IA. In
addition, we addressed the impact of the radiographic features of
AComAA on the treatment success and functional outcome of SAH
patients.

2. Material and methods

The study presents a retrospective analysis based on our institu-
tional database containing all consecutive patients with aneurysmal
SAH treated between January 2003 and June 2016. The cases with
ruptured AcomAA, that underwent digital subtraction angiography
(DSA) with subsequent treatment allocation were included into the final
analysis. The study protocol was approved by the institutional ethic
review board. All patients or their relatives gave written consent within
the treatment contract before inclusion into the database.

2.1. Treatment protocol

SAH patients were treated according to the internal treatment
protocol in accordance with the current SAH guidelines [10,34]. All
patients were admitted to our neurosurgical intensive care unit and
received Nimodipine oral or via gastric tube for 21 days after bleeding
event. Transcranial Doppler ultrasound was performed for a minimum
of 14 days after bleeding. Acute hydrocephalus was treated by place-
ment of an external ventricular drainage (EVD).

On the basis of the existing evidence [25,24] and institutional
policy, ruptured AComAA were referred for coiling, if they were con-
sidered eligible for endovascular treatment without stent placement.
The final decision in favor of coiling or clipping was made upon in-
terdisciplinary consensus between the vascular neurosurgeon and the
interventional neuroradiologist on duty. SAH patients with space-oc-
cupying ICH necessitating urgent decompression surgery underwent
direct microsurgical clipping after diagnostic work-up with computed
tomography angiography (CTA). These cases were excluded from the
final analysis.

2.2. Data management

Demographic and clinical parameters were taken from digital/
analog patients’ charts. Initial clinical severity was estimated utilizing
the World Federation of Neurosurgical Societies (WFNS) grading system
[35]. For statistical analysis, we dichotomized the WFNS grade into
poor (WFNS grade 4-5) and good (WFNS grade 1-3) clinical condition.

Radiographic features of SAH were taken from the pretreatment CT
imaging. Radiographic severity of SAH was judged according to the
original Fisher scale [15] with further dichotomization into high (Fisher
scale 3-4) and low (Fisher scale 1-2) radiographic severity. Presence of
an ICH and intraventricular hemorrhage (IVH) was noted as well. Vo-
lume of the ICH was calculated using the a*b*c/2 method [19]. Se-
verity of IVH was measured according to the original Graeb score [16].

Aneurysmal radiographic characteristics were extracted from pre-
treatment 2D-DSA imaging by the first author (MDO). This included
maximal aneurysm sack diameter in millimeter (mm) and aneurysm
neck size in mm. Perpendicular height in mm defined as maximum
perpendicular distance from the aneurysm neck to the dome of the IA
(Fig. 1). Upon these parameters, we calculated the sack-neck-ratio and
the aspect ratio (perpendicular height divided by neck size). The mor-
phology of the IA was defined as irregular in case of presence of
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Fig. 1. Example of measurement of aneurysm dependent parameters on a DSA
3D reconstruction of an AComAA. A: Perpendicular height; B: Maximal an-
eurysm sack diameter; C: Neck diameter.

Abbreviations: AComAA Anterior communicating artery aneurysms; ;
DSADigital substraction angiography

daughter aneurysm(s) (< 50% of IA size) or presence of more than one
aneurysm lobe (> 50% of IA size). The direction of the aneurysm dome
was divided into anterior and posterior projection (Fig. 2).

The diameter of the two Al segments of the anterior cerebral artery
was measured in mm just proximal to the cross section to the AComA.
Al segments were considered asymmetric, if the diameter of the smaller
Al segment was less than two-thirds of the diameter of the dominant
side [23]. Al segment not visible in the DSA was classified as aplastic.
Furthermore, we calculated an A1/A1 ratio by dividing the diameter of
the larger Al segment by the lesser one as well as the difference be-
tween the two Al diameters (in mm).

Success of treatment was judged separately for clipping and coiling
cases:

Coiling cases were controlled with time of flight (TOF) and contrast
enhanced (CE) magnetic resonance imaging (MRI) during initial hos-
pitalization and after 6 month. Results were judged according to the
grading system proposed by Raymond-Roy et al. [31]:

Grade 1: Complete obliteration

Grade 2: Residual neck

Grade 3: Residual aneurysm

For statistical analysis we dichotomized into adequate occlusion
(grade 1 and 2) and inadequate occlusion (grade3). At 6 month MRI
follow-up, any increase in the Raymond-Roy-gradation was judged as
regrowth of the aneurysm.

Clipping cases were controlled with DSA during initial hospitaliza-
tion. Results were judged using the grading system by Sindou et al.
[33]:

Grade 1: Less than 50% of neck size remnant

Grade 2: More than 50% of neck size remnant

Grade 3: Residual lobe of multilobulated aneurysm

Grade 4: Residual sack that is less than 75% of original aneurysm
size

Grade 5: Residual sack that is more than 75% of original aneurysm
size.

All cases with grade 4 or 5 remnant were scheduled with direct
retreatment, whereas al cases with grade 1-3 remnant were further
followed up with DSA or CT angiography. Subsequently we
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dichotomized into adequate occlusion (grade 1-3) and inadequate oc-
clusion (grade 4-5).

Functional outcome was estimated using the modified Rankin scale
[36] (mRs) at 6 month follow-up. mRS > 3 was defined as unfavorable
outcome.

2.3. Statistical analysis

The impact of radiographic characteristics of AComAA on the
treatment allocation was the primary endpoint of this study. In addi-
tion, the following secondary endpoints were also addressed: the as-
sociation between the significant radiographic characteristics of
AComAA with the completeness of aneurysm occlusion, aneurysm re-
growth and functional outcome.

To address the primary endpoint, all demographic, clinical and
radiographic parameters were analyzed in univariate manner, re-
garding their association with the treatment modality. For categorical
variables, the chi-square test, or, if applicable, the Fisher exact test was
used. For continuous variables, the Student’s t-test was used for nor-
mally distributed and the Mann-Whitney U test for non-normally dis-
tributed data. Clinically relevant cutoffs were defined with receiver
operating characteristic (ROC) curves. Significant parameters selected
through univariate analysis were subsequently evaluated using multi-
variate regression analysis.

To address the secondary endpoints, a multivariate regression
analysis adjusted for common outcome confounders (patients’ age,
clinical condition at admission and the severity of SAH) was also per-
formed.

The data analysis was performed using Prism Version 7 for Windows
(Graph Pad Inc., San Diego, California) and SPSS Version 22 for
Windows (SPSS Inc., IBM, Armonk, New York). Continuous parameters
are given in mean values * standard deviation (SD). P-values < 0.05
were defined as significant. Missing data was managed using multiple
imputation.

3. Results

Of 994 SAH patients in the database, 329 (33.1%) suffered from a
ruptured AComAA. Twenty-nine cases were excluded because of no
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Fig. 2. Example of dome posterior (A) and anterior (B) pro-
jection of an AComAA in lateral view taken from DSA. For
judgment of dome projection a line perpendicular to the
anterior skull base was drawn through the aneurysm base
(dashed line). Aneurysm dome projection anterior of this line
were judged as ‘anterior’. Subsequently, aneurysm dome
projection posterior to this line was judged as ‘posterior’.
Abbreviations: AComAA - Anterior communicating artery
aneurysms; DSA - Digital substraction angiography

treatment (n = 13) or urgent microsurgical clipping and ICH evacua-
tion upon CTA without further diagnostics with DSA (n = 16).
Therefore, the remaining 300 SAH patients with AComAA represented
the final cohort. The majority of the cases were allocated to treatment
by coil embolization (221; 73.7%). Among these patients only 1 case
(0.5%) was initial treated with stent associated coiling, no flow diverter
were used in this series. The coiling rate during the first half of the
observational period (January 2003 — September 2009) was 75.6% and
in the second half (Oktober 2009 — June 2016) 71.3%. There was no
significant difference regarding the coiling rate between these two
observational periods (p = 0.431). 39.7% of the patients were in initial
poor clinical condition and 84.5% had a high radiographic severity of
SAH. Mean age of the cohort was 55 + 13 years and more than half of
the patients were female (55.7%). ICH was present in 29.3% of the
cases and IVH in 51.3%. 74.3% of the patients underwent EVD place-
ment due to acute hydrocephalus.

3.1. Univariate analysis of predictors of treatment allocation

Among all tested parameters (Table 1) the following variables could
be identified as significant in univariate analysis: IAs selected for coil
embolization were significantly larger (maximal sack size
6.47 = 3.12mm vs. 6.05 = 3.79mm; p = 0.034) and had a higher
perpendicular  height (6.66 * 3.42mm vs. 5.78 * 3.49 mm
p = 0.007). Furthermore, the values of aspect ratio (2.12 + 0.91 vs.
1.68 += 0.65; p < 0.001) and sack/neck-ratio (2.05 = 0.85 vs.
1.73 = 0.70; p = 0.001) were also higher in the coiling subgroup
(Table 1). Accordingly, the following cutoffs for these variables were
defined upon the ROC curves: 5 mm for sack size (AUC: 0.580), 6 mm
for perpendicular height (AUC: 0.602), and 1.6 for both surrogate
markers (AUC: 0.643 and 0.623 for aspect [supplements figure E1] and
sack/neck-ratios respectively). There was no association between the
demographic (age, sex, ethnicity), clinical (WFNS grade) and CT-based
radiographic (Fisher grade, ICH presence and volume, IVH presence
and severity) parameters of the patients and the selection of treatment
modality.
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Table 1

Univariate analysis of parameters influencing treatment allocation in case of ruptured AComAAs. Significant parameters are marked in bold.
Parameter Microsurgical clipping Endovascular treatment P OR 95% CI

%/ mean * SD %/ mean * SD

Demographic parameters
Age (years) 55 + 13 56 = 13 0.996 - -
Gender female 53.2 % 56.6 % 0.601 0.87 0.52 - 1.46
Ethnicity Caucasian 92.5 % 94.1 % 0.597 0.77 0.28 - 2.09
SAH characteristics
WENS 4-5 38.0 % 40.3 % 0.789 0.91 0.54 - 1.54
Fisher 3-4 * 82.9 % 85.1 % 0.700 0.85 0.40 - 1.77
Acute Hydrocephalus 81.0% 71.9 % 0.134 1.66 0.88 - 3.14
IVH 58.9 % 48.6 % 0.147 1.52 0.90 - 2.56
Graeb score T 2.67 = 3.43 2.63 = 3.65 0.524 - -
ICH 28.5 % 31.6 % 0.666 1.16 0.67 - 2.03
ICH volume (ml) ¥ 11.80 + 8.39 9.61 = 11.11 0.098 - -
IA morphology
Sack size (mm) 6.05 + 3.79 6.47 + 3.12 0.034 - -
Neck size (mm) 3.46 = 1.49 3.27 = 1.20 0.509 - -
Perpendicular height (mm) 5.78 = 3.49 6.66 + 3.42 0.007 - -
Sack-neck-ratio 1.73 = 0.70 2.05 = 0.85 0.001 - -
Aspect ratio 1.68 = 0.65 2.12 = 091 < 0.001 - -
Anterior projection of IA dome 82.3 % 81.4 % > 0.99 1.06 0.54 - 2.07
IA irregularity 54.4 % 57.0% 0.691 0.90 0.54 - 1.51
A1 characteristics
Al-Assymetry 49.4 % 50.7 % 0.896 1.05 0.63 - 1.76
Al-Aplasie 13.9 % 11.3% 0.548 0.79 0.37 - 1.69
Al-Difference (mm) 0.97 + 0.84 0.96 = 0.90 0.828 - -
Al-Ratio 1.95 + 1.26 1.99 + 1.31 0.636 - -

*Data missing for 42 patients.
"Data missing for 20 patients.
*Data missing for 8 patients.

3.2. Multivariate analysis of predictors of treatment allocation

Among the IA-related characteristics, an aspect ratio of =1.6
(p = 0.005; adjusted odds ratio [aOR] = 2.57; 95% confidence interval
[95% CI] 1.33-4.96) was the only independent predictor of treatment
allocation in favor of coiling. Sack size = 5mm (p = 0.235;
aOR = 1.58; 95% CI 0.74-3.34), perpendicular height =6 mm
(p = 0.250; aOR = 1.47; 95% CI 0.76-2.86) and sack-neck- ratio =1.6
(p = 0.444; aOR = 1.33; 95% CI 0.64-2.74) had no independent pre-
dictive value.

The strong association between the aspect -ratio and treatment al-
location remained significant after adjusting for possible clinical and
demographic confounders (patients” age, WFNS and Fisher grades and
ICH volume). In particular, the aspect ratio =1.6 was the sole in-
dependent predictor of treatment allocation in this enhanced multi-
variate analysis (p = 0.003; aOR = 2.77; 95% CI 1.41-5.45, Table 2).

3.3. Coiling and clipping rates in different aspect ratio subgroups

There were 108 (36%) AComAA with an aspect ratio < 1.6. Of
them, 66 individuals were selected for endovascular treatment (61.1%,
compared with 80.7% coiling rate among AComAA with the aspect

Table 2
Multivariate analysis of radiographic/clinical/demographic parameters re-
garding the influence on treatment allocation.

Parameter P aOR 95% CI

Sack size = 5mm 0.196 1.65 0.77 - 3.53
Sack-neck-ratio = 1.6 0.472 1.31 0.63 - 2.70
Perpendicular height = 6mm 0.184 0.63 0.32-1.25
Aspect ratio = 1.6 0.003 2.77 1.41 - 5.45
Age (years) 0.634 0.99 0.98 - 1.02
WENS 4-5 0.516 0.82 0.46 - 1.49
Fisher 3-4 0.931 0.97 0.44 - 2.12
ICH volume (ml) 0.252 1.02 0.98 - 1.06

ratio =1.6). For higher and lower values of the aspect ratio, the dif-
ferences in the coiling-to-clipping rates were even stronger. So, only
48.8% (21/43) of the AComAAs with the aspect ratio <1.2 underwent
endovascular treatment, while the cases with the aspect ratio =3.2
were mostly coiled (26/28, 92.8%; example aneurysm in supplements
figure E2).

3.4. Influence of aspect ratio < 1.6 on outcome and treatment success

In the coiling subgroup, the aspect ratio < 1.6 showed no impact on
unfavorable outcome at 6 month follow-up could (p = 0.285), after
correction for age (p =0.138) poor initial clinical condition
(p < 0.001; aOR = 9.00; 95% CI 4.26-19.03) and high Fisher grades
(p = 0.150). This also accounted for adequate aneurysm occlusion
(p = 0.903) and regrowth at 6 month follow-up (p = 0.209) after cor-
rection for aneurysm sack size (mm; p = 0.10; aOR = 0.84; 95% CI
0.74 — 0.96 and p = 0.344 respectively).

In the microsurgical clipping subgroup, there was also no influence
of the aspect ratio < 1.6 on unfavorable outcome (p = 0.502), after
correction for age (p = 0.008; aOR = 1.064; 95% CI 1.02-1.11), poor
initial clinical condition (p = 0.081) and high Fisher grade (p = 0.227).
Furthermore, there was no impact on adequate aneurysm occlusion
(p = 0.923) after correction for aneurysm sack size (mm; p = 0.540)
and intraoperative aneurysm rupture (p = 0.720) as well. No regrowth
of aneurysm remnant occurred in this subgroup.

4. Discussion

The aim of this study was to identify the parameters that influence
treatment allocation of ruptured AComAAs in a large institutional SAH
cohort. Among the IA related radiographic parameters, only an aspect
ratio of 1.6 showed an independent impact on treatment allocation.
This was also the case after correction for potential clinical/radio-
graphic/demographic confounders.
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4.1. AComAA radiographic characteristics and their clinical value

Radiographic parameters of ruptured AComAA including sack and
neck size, sack/neck ratio, perpendicular height, aspect ratio, IA irre-
gularity as well as radiographic features of associated vessels as Al
diameter, asymmetry (or aplasia) have been extensively evaluated for
their impact on AComAA growth and rupture [3,23,7,8,32,18,6]. Only
a small portion of these anatomic IA characteristics have been ad-
dressed as potential confounders of treatment decision of ruptured
AComAA.

4.2. Treatment allocation in case of ruptured AComAA

Since publication of the ISAT [25], there has been a major paradigm
shift towards endovascular treatment of ruptured IA. This also accounts
for AComAA, whereas the portion of endovascular treated AComAAs
has further increased over time, most likely due to improvement of
endovascular techniques [27]. At the same time, wide necked [26] or
very small IA [17] were recognized as less suitable for endovascular
approach, especially in the earlier post-ISAT time. Also in our cohort,
AComAA with a small sack size and low sack/neck ratio were more
likely to be treated using microsurgical clipping. However, our multi-
variate analysis identified aspect ratio as the sole predictor of treatment
allocation (superior to other radiographic IA characteristics and SAH
features). Additionally, dome projection has been proposed to be a
factor that should be taken into consideration during treatment decision
of AComAA [29]. Our data showed no influence of anterior projection
of the IA dome on treatment allocation. Also, sub-analysis of the data
regarding AComAAs in the BRAT and the subsequent post BRAT cases
failed to prove the influence of this parameter on treatment decision
[27]. In the BRAT study, further reasons for crossover from the en-
dovascular treatment arm to the microsurgical treatment arm regarding
AComAAs included large aneurysms in young patients and ICH that
urged subsequent evacuation [26]. Our analysis failed to draw an in-
dependent association between treatment allocation and patients’ age
or ICH volume. Perhaps partly due to our study design. SAH cases with
space-occupying ICH requiring urgent treatment due to clinical signs of
brain-herniation were referred directly to clipping without preceding
DSA and consideration for coiling.

To the best of our knowledge, the aspect ratio has not been analyzed
regarding treatment allocation of ruptured AComAA. For unruptured
IA, an aspect ratio > 1.6 has been identified as the only independent
predictor of treatment decision in favor of coiling without additional
endovascular techniques (implantable devices). In case of an aspect
ratio < 1.2, additional techniques were almost ultimately necessary
[4]. A low aspect ratio reflects two classic features of an aneurysm that
makes it more difficult to coil. A larger neck, which increases the risk of
coil protrusion and therefore thromboembolic complications as well as
a smaller aneurysm height with less space to contain the coil mass.
Utilization of additional techniques like flow diversion and stent as-
sisted coiling have gained acceptance in the case of SAH [1]. These
techniques come along some inconvenient, because of the need for dual
antiplatelet therapy preceding and following the implantation of the
device [14,37]. Especially in case of patients that need further surgical
treatment like decompressive craniectomy or placement/revision of
EVD, this could be connected with a higher bleeding risk and related
morbidity [12,20,22,11]. A recent meta analysis of utilization of flow
diversion in case of SAH showed that this treatment modality might
achieve a good occlusion rate but still comes with a relevant compli-
cation rate [5]. Therefore, a treatment using microsurgical clipping
might be considered as more suitable in cases with an aspect ratio < 1.6
if applicable. Flow diversion might be an option in cases where whether
microsurgical clipping, nor endovascular coiling seem to be an ade-
quate option. An even newer endovascular device is the Woven Endo-
Bridge (WEB) [13]. Which was mainly designed to make more wide
necked aneurysms suitable for endovascular treatment. One of the main
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advantages is that in case of sole use of the WEB there is no need for
antiplatelet therapy. However, the available data so far mostly consists
of mixed (ruptured and unruptured) series without controls. Most of
these series do not report initial occlusion rates but only midterm oc-
clusion rates [2]. This is an important point as especially in case of SAH
the direct adequate aneurysm occlusion is one of the main goals to
prevent rebleeding after therapy.

5. Limitations

The crucial issue of this retrospective analysis is the lower quality/
completeness of data compared with prospective data storage.
Furthermore, radiographic ratios have not been calculated in the setting
of treatment allocation discussion but retrospectively. Even though, the
imaging parameters even if not directly calculated before treatment
seem to influence treatment decision. We think that this study presents
a large dataset with so far unevaluated parameters regarding treatment
allocation in case of ruptured AComAA.

6. Conclusion

Although not routinely assessed during initial allocation of treat-
ment, our retrospective analysis confirmed aspect ratio as a reliable
predictor of treatment allocation in favor of coiling of ruptured
AComAAs. Except for large space-occupying ICH commonly obligating
the microsurgical treatment, other clinical and radiographic char-
acteristics of SAH and the ruptured AComAA do not seem to be of
clinical relevance for the selection of treatment modality.
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