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BACKGROUND AND PURPOSE: There is no satisfactory parameter that can predict the need for
assistant devices for endovascular aneurysm coiling. Our aim was to evaluate the utility of MOA as a
predictor of the need for stent-assisted coiling in ICA sidewall aneurysms.

MATERIALS AND METHODS: From a retrospective review of an internal data base, 55 consecutive ICA
sidewall aneurysms were identified. Thirty-two of the aneurysms were treated by using endovascular
techniques. Because 23 of the 55 aneurysms were either untreated or clipped, 3 experienced
interventionalists reviewed the 3D images of these aneurysms and then made a decision as to
whether stent-assisted coiling would have been required. Thirty-one of the 55 aneurysms would have
required stent-assisted coiling, while 24 would not. Neck width, DNR, AR, and MOA were obtained
from each aneurysm by using prototype software. These parameters were then correlated with the
requirement of stent-assisted coiling.

RESULTS: MOA and neck width of aneurysms requiring stent-assisted coiling were significantly larger
than those not requiring stent-assisted coiling (P � .001 and �0.001, respectively). Although the DNR
and AR of aneurysms requiring stent-assisted coiling were smaller than those not requiring it, the
difference was not significant (P � .22 and 0.12, respectively). ROC analysis revealed that MOA was
the parameter that best correlated with the need for stent-assisted coiling. Inclusion of MOA with the
rest of the parameters significantly increased the predictive performance regarding the need for
stent-assisted coiling (P � .005).

CONCLUSIONS: In this small study, MOA was a useful parameter to predict the need for stent-assisted
coiling in ICA sidewall aneurysms. Further prospective study of this parameter for aneurysms at
multiple locations is required to determine its ultimate value.

ABBREVIATIONS: AR � aspect ratio; AUC � area under the curve; CI � confidence interval; DNR �
dome-to-neck ratio; DSA � digital subtraction angiography; ICA � internal carotid artery; MOA �
maximum ostium angle; OphA � ophthalmic artery; PcomA � posterior communicating artery;
ROC � receiver operating characteristic; SHA � superior hypophyseal artery

The geometric features of an intracranial aneurysm are key
determinates for both the feasibility of endovascular treat-

ment and the angiographic outcome following treatment.1,2

Soon after the introduction of the Guglielmi detachable coil, it
was recognized that aneurysms with small necks (�4 mm)
were more likely to be completely occluded at the time of
initial treatment and also to remain occluded at the time of
follow-up than were those with larger necks (�4 mm).3,4

Later, Debrun et al5,6 and then Cloft et al7 described the use of
DNR in determining the suitability of aneurysms for treat-
ment with endovascular techniques (those with DNR of
�1.5–2 were deemed difficult or impossible to treat by using

standard techniques). Because of the development of balloon
remodeling8-10 and stent-assisted coiling,11-13 many aneu-
rysms with wide necks/small DNRs can now be treated suc-
cessfully by using endovascular treatment. While neck width
and DNR have some value in predicting whether use of these
adjunctive techniques is necessary, they have not been proved
to be completely reliable.14

In part this outcome is, in our opinion, the result of both a
lack of consensus and, thus, uniformity in the techniques that
have been used to measure aneurysm height, neck and dome
width, and the dependence of these parameters on the partic-
ular 2D projection that is chosen for measurement. These
shortcomings make it impossible to determine the usefulness
of the reported thresholds derived from the parameters (eg,
neck width � 4 mm, DNR � 1.5 or 2, or AR � 1.214) as
predictors, in general, of the need for use of either balloon
neck protection or stent-assisted coiling. Additionally, these
parameters do not address at all the geometric relationships
between an aneurysm and its parent artery. Although Martin
et al15 suggested an arbitrary proportion of 2:1 for parent ar-
tery diameter�neck width ratio, this was favorable for patency
of the parent artery after coiling, and no data or analyses were
provided to support this conclusion.
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These drawbacks, the observation from Black et al16 that
the ostium of intracranial aneurysms tends to be more ellip-
soid than circular, and the report by Karmonik et al17 of a
practical technique for measurement of the percentage of the
circumference of a parent artery that is incorporated into an
aneurysm ostium, were the motivation for our search for a
more helpful and reproducible parameter to serve as a predic-
tor of the need for stent-assisted coiling. It was our hypothesis

that the MOA (an angle formed between the center line of the
parent artery and the 2 margins of an aneurysm ostium at its
widest point) (Fig 1F) would be both a more reproducible and
a more reliable parameter for determining the need for stent-
assisted coiling than would the other parameters previously
described. In this report, we describe the use of this parameter
in determining the need for stent-assisted coiling in a series of
ICA sidewall aneurysms.

Fig 1. Measurement of the MOA. A, Segmentation of the artery harboring a target aneurysm. B, Proximal and distal points to the aneurysm are selected by placing 2 spheres. The 3D
image is 360° rotatable toward any direction to make sure that the spheres are appropriately placed. C, The parent artery centerline is computed. Viewing from any projection desired,
one can adjust the centerline with manipulation of each small sphere aligning on it. D, The ostium angle and the other dimensions are measured on the red plane, which is movable between
the blue and yellow planes. The location of the blue and yellow planes corresponds to the places where spheres with corresponding colors are placed (B). E, The contour of the parent
artery and the aneurysm. Each color axis corresponds to each color plane displayed on D. F, Cross-section of the red plane on D. An ostium angle of this aneurysm, which is painted over
with dark blue, is determined as an angle between 2 lines connecting the center of the parent artery and each edge of the aneurysm. Measurements of this plane are displayed on the
bottom of the screen shown on E. The ostium angle and MOA are thus obtained. After this process, simulation of stent deployment is initiated on the basis of the geometric information
obtained at this stage (not shown).
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Materials and Methods

Data Base
In a retrospective review of an internal departmental data base from

December 2007 to October 2009, a total of 55 patients having a final

radiographic diagnosis of an ICA sidewall aneurysm who also under-

went 3D-DSA as a part of their evaluation were identified. Among

them, 5 (9.1%) were excluded because of an inadequate 3D-DSA. The

remaining 50 (11 men and 39 women) were studied. The mean age

was 51.9 years (range, 25–70 years). Five had multiple aneurysms on

the same ICA. Thus, a total of 55 aneurysms were studied: Thirteen

were ruptured and 42 were unruptured. Among these, 32 were treated

with endovascular techniques, while the other 23 were either un-

treated or clipped (Tables 1 and 2).

Image Acquisition
2D-DSA and 3D-DSA acquisitions were obtained on all subjects by

using a biplane angiographic system (Axiom Artis dBA; Siemens,

Forchheim, Germany). The 3D-DSA datasets were transferred to a

commercially available workstation (Leonardo; Siemens) for viewing

and postprocessing. Prototype software (Siemens) was installed on

the workstation and used to measure the MOA with the following

technique: First, a manually chosen region of interest was defined by

manipulation of the reconstructed volume so that the region of inter-

est would include only an aneurysm and the appropriate segment of

its parent artery (Fig 1A). The parent artery centerline was then auto-

matically computed and displayed after placing 2 points that were

used to mark a position on the parent artery proximal and distal to the

aneurysm (Fig 1B, -C). Planes perpendicular to the parent artery cen-

terline were constructed between the proximal and distal markers.

The planes continuous with (between) those defining the limits of the

aneurysm ostium were assumed to include the largest maximum di-

ameter of the part of the aneurysm related to the ostium. Starting

from this plane and going in the proximal and distal directions along

the centerline, planes were then assumed to include the aneurysm

until the maximum diameter of a plane fell below a certain percentage

(�100%) of the parent artery diameter. The first proximal and distal

planes of �100% of the parent artery were marked as being the start

and the termination of the aneurysm ostium. For all such planes, the

portion of the region-of-interest contour that was �100% of the ves-

sel radius was assumed to belong to the aneurysm (Fig 1D, -E). As

measured from the centerline, the angular extent of this portion was

defined as being the ostium angle (Fig 1F); this thus defined the per-

centage of the parent artery circumference included in the ostium.

The maximum angle (ie, MOA) was taken for further analysis. Aneu-

rysm height and maximum dome and neck widths of aneurysms were

also measured on the same workstation. For the measurement of

these dimensions, on the basis of the observation from Brinjikji et al18

that 3D-DSA imaging tended to underestimate the DNR, the 2D-DSA

images that provided the optimal separation from an aneurysm to its

parent artery were used for the measurement. These numbers were

then used to calculate DNR and AR.

Data Analysis
The MOA, neck width, DNR, and AR of each aneurysm were then

correlated with the use of stent-assisted coiling. For the 23 aneurysms

that were either untreated or clipped, 3 experienced interventionalists

(A.A., C.M.S., and B.A.K.), who were blinded as to how the aneu-

rysms had been treated, were asked to review the 3D studies and to

then decide if they would have treated the aneurysm with coiling only,

coiling and balloon, or coiling and stent with or without a balloon.

Aneurysms falling into the last category were regarded as those that

required stent-assisted coiling. Fourteen aneurysms of the 23 were

considered to require stents, while the rest were not. When 2 of the

observers disagreed, the third one’s opinion was used to make a final

decision (there was no situation in which each of the 3 observers made

different decisions).

Statistical analysis was performed by using R, Version 2.10.0

(R Development Core Team, 2009, http://cran.r-project.org/bin/

windows/base) and the Package gee, Version 4.13 (Carey VJ, 2009,

http://cran.r-project.org/web/packages/gee/index.html). Multiple ob-

servations (aneurysms) per patient were taken into account by using

bootstrapping (the number of bootstrap replications was 1000).

Group comparisons (stent required versus non-stent required) were

performed for each geometric parameter by using generalized esti-

mating equation models. ROC analysis was also performed to evalu-

ate which parameter was best correlated with the use of stents. Pair-

wise comparisons of the AUC were performed by calculating the

variance of the difference in AUCs from a paired study design.19

Logistic regression was used to determine a predictor for the use of

stents containing all the 2D parameters; the addition of MOA was

then tested via a �2 test based on the difference in deviance between

the 2 nested models. A P value � .05 was considered significant.

Results
Thirty-one aneurysms required or were considered to require
stent-assisted coiling, while 24 aneurysms did not. Among
these 31 aneurysms, 3 ruptured aneurysms were included, and
only 1 was actually treated with stent-assisted coiling. The
other 2 were clipped. The average MOA of aneurysms re-
quiring stent-assisted coiling was much larger than that of
aneurysms not requiring the use of a stent, with a statistically
significant difference (133.3 � 42.5° and 93.0 � 29.8°, respec-
tively; P � .001). The average neck width also revealed a sta-
tistically significant difference; aneurysms requiring stents had
markedly wider necks than those not requiring stents (4.67 �
1.93 mm and 3.10 � 1.17 mm, respectively; P � .001). The
average DNR of aneurysms requiring stents was smaller than
that of aneurysms not requiring stents, but this difference was
not statistically significant (1.38 � 0.44 and 1.58 � 0.70, re-
spectively; P � .22). For the AR, the average of aneurysms
requiring stents was smaller than that of aneurysms not re-

Table 1: Location of aneurysms

Stent
Required

No Stent
Required Total

ICA-PcomA 5 13 18
ICA-OphA 13 4 17
ICA-SHA 4 4 8
Cavernous 3 2 5
Others 6 1 7
Total 31 24 55

Table 2: Assistant devices used for aneurysm coilinga

Ruptured Unruptured Total
Coil only 3 (1) 8 (4) 11 (5)
Balloon 7 (1) 6 (2) 13 (3)
Stents 3 (2) 28 (13) 31 (15)
Total 13 (4) 42 (19) 55 (23)
a Numbers in parentheses indicate aneurysms that were either untreated or clipped.
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quiring stents, but this difference was not statistically signifi-
cant (1.34 � 0.66 and 1.71 � 1.08, respectively; P � .12) (Ta-
ble 3). According to the ROC analysis, AUC and the 95% CI
for each parameter were the following: MOA: 0.790 (0.649 –
0.885), neck width: 0.770 (0.625– 0.870), DNR: 0.622 (0.467–
0.756), and AR: 0.632 (0.477– 0.763). Thus, the MOA was
most relevant to the use of stents (Fig 2). For the difference of
the AUC between the MOA and each of the 2D parameters,
MOA-DNR (0.413 � 0.107) and MOR-AR (0.422 � 0.921)
showed significant differences (P � .001 and P � .001, respec-
tively), whereas MOA�neck width did not (0.021 � 0.089,
P � .81) (Tables 4 and 5). For the addition of the MOA to the

2D parameters, the logistic model containing the MOA and all
the 2D parameters showed significantly higher predictive per-
formance compared with the model containing just 2D pa-
rameters (P � .005). Thus, inclusion of the MOA was war-
ranted to predict the use of stents.

Discussion
Our results demonstrated that in this cohort, the MOA was an
excellent predictor of the need to use stent-assisted coiling in
treatment; the predictive value of this parameter was also su-
perior to that of the other tested measurements (Fig 2). Fur-
thermore, the use of the MOA increased the utility of the other
parameters as predictors of the need to use stent-assisted coil-
ing in aneurysm treatment. This might be expected because
the MOA represents the geometric relationship between an
aneurysm and its parent artery (how much of the parent artery
is involved by an aneurysm),17 while the other parameters only
address aneurysm dimensions. Thus, inclusion of the MOA in
addition to the previous parameters in treatment planning
would seem to be warranted.

The determination of the MOA requires a technically sat-
isfactory 3D reconstruction (in this study, 5 of 55 patients were
excluded due to inadequate 3D images). Once, however, ac-
ceptable 3D images are available, the MOA can easily be ob-
tained during the simulation of stent deployment by using
virtual parent artery reconstruction.17,20 Therefore, obtaining
the MOA requires no additional effort and may even facilitate
workflow compared with measuring aneurysm neck width
and the parent artery diameter separately.15

This study included several limitations. First was the small
sample size. Second, only sidewall ICA aneurysms were stud-
ied because with the available software, it was impossible to
obtain the MOA from bifurcation or terminal aneurysms. The
observation that ICA aneurysms are often candidates for bal-
loon/stent-assisted coil embolization9,12 supported this selec-
tion. A third limitation was the use of both stents and balloons
as adjunct devices for coiling (stents were used in 31 aneu-
rysms, balloons were used in 13 aneurysms, and only in 11
aneurysms was no adjunctive assistance required). Because of
the small number of aneurysms in which no adjunctive devices
were used, we did not report the details of a subgroup analysis
comparing simple coiling with balloon- and/or stent-assisted
coiling. Although the details are not shown, the statistical anal-
ysis revealed that the MOA showed a significant difference
between these groups (balloon-/stent-required aneurysms
had much larger MOAs, P � .001) and, in the ROC analysis, a
second-best predictive performance for the use of balloon/
stents, following neck width with a small difference (P � .86)
and followed by DNR and AR with a significant difference
(P � .001 and �0.001, respectively). The inclusion of the
MOA was also warranted (P � .05). However, again, this
group comparison should have less impact due to the signifi-
cant difference in the number of subjects in each group
(11 versus 44). Fourth, in deciding about the need for stent-
assisted coiling in the group of aneurysms that were either
untreated or clipped, only the geometric characteristics of an
aneurysm and its parent artery were taken into consideration.
Other factors such as tortuosity, stenosis, or calcification of the
access route, which could alter the decision-making, were not
considered. Moreover, the decision made by the 3 experienced

Table 4: AUC for each parameter

AUC

95% CI

Lower Limit Upper Limit
Neck width 0.770 0.625 0.870
DNR 0.622 0.467 0.756
AR 0.632 0.477 0.763
MOA 0.790 0.698 0.914

Table 5: Difference of AUC

MOA Difference SE P Value
Neck width 0.021 0.089 .81
DNR 0.413 0.107 �.001
AR 0.422 0.921 �.001

Table 3: Group comparison for each parameter

Stent
Required

No Stent
Required P Value

Neck width 4.67 � 1.93 3.10 � 1.17 �.001
DNR 1.38 � 0.44 1.58 � 0.70 .22
AR 1.37 � 0.66 1.71 � 1.08 .12
MOA 133.3 � 42.5 93.0 � 29.8 �.001

Fig 2. ROCs for each parameter. The MOA (black solid line) manifests the largest AUC
among the parameters (See also Table 3).
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interventionalists based on their experience rather than the
reported geometric parameters (ie, neck width, DNR, and AR)
may have weakened the predictive performance of these pa-
rameters for the use of stents. Fifth, in these patients, the need
for stents was considered only as an aid to coiling and not as an
independent method of treatment (ie, the use of a stent as a
flow diverter was not considered).21,22 Because a variety of
stents are now in clinical use for treatment of aneurysms un-
favorable for the standard technique (ie, coiling with or with-
out assistant balloons or stents)23,24 and because most such
aneurysms tend to arise from a relatively large segment in the
parent artery wall,24 the MOA would be likely one of the useful
factors for predicting the use of these kinds of stents. Last, this
study was conducted in retrospective fashion. Thus, inevitable
selection bias would exist. Further prospective study with a
large number of subjects at multiple locations is needed. Also,
long-term follow-up of this cohort is warranted to evaluate
how the MOA correlates the treatment outcome.

Conclusions
In this small study, MOA was a useful parameter to predict the
need for the stent-assisted coiling in ICA sidewall aneurysms.
Further prospective study of this parameter for aneurysms at
multiple locations is required to determine its ultimate value.
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4. Fernandez Zubillaga A, Guglielmi G, Viñuela F, et al. Endovascular occlusion of
intracranial aneurysms with electrically detachable coils: correlation of aneu-
rysm neck size and treatment results. AJNR Am J Neuroradiol 1994;15:815–20

5. Debrun GM, Aletich VA, Kehrli P, et al. Selection of cerebral aneurysms for
treatment using Guglielmi detachable coils: the preliminary University of Il-
linois at Chicago experience. Neurosurgery 1998;43:1281–95, discussion
1296 –97

6. Debrun GM, Aletich VA, Kehrli P, et al. Aneurysm geometry: an important
criterion in selecting patients for Guglielmi detachable coiling. Neurol Med
Chir (Tokyo) 1998;38(suppl):1–20

7. Cloft HJ, Joseph GJ, Tong FC, et al. Use of three-dimensional Guglielmi de-
tachable coils in the treatment of wide-necked cerebral aneurysms. AJNR Am J
Neuroradiol 2000;21:1312–14

8. Moret J, Cognard C, Weill A, et al. Reconstruction technic in the treatment of
wide-neck intracranial aneurysms: long-term angiographic and clinical re-
sults—apropos of 56 cases. J Neuroradiol 1997;24:30 – 44

9. Malek AM, Halbach VV, Phatouros CC, et al. Balloon-assist technique for
endovascular coil embolization of geometrically difficult intracranial aneu-
rysms. Neurosurgery 2000;46:1397– 406, discussion 1406 – 07

10. Aletich VA, Debrun GM, Misra M, et al. The remodeling technique of balloon-
assisted Guglielmi detachable coil placement in wide-necked aneurysms: ex-
perience at the University of Illinois at Chicago. J Neurosurg 2000;93:388 –96

11. Luo CB, Wei CJ, Chang FC, et al. Stent-assisted embolization of internal ca-
rotid artery aneurysms. J Chin Med Assoc 2003;66:460 – 66

12. Akpek S, Arat A, Morsi H, et al. Self-expandable stent-assisted coiling of wide-
necked intracranial aneurysms: a single-center experience. AJNR Am J Neuro-
radiol 2005;26:1223–31

13. Wakhloo AK, Lanzino G, Lieber BB, et al. Stents for intracranial aneurysms:
the beginning of a new endovascular era? Neurosurgery 1998;43:377–79

14. Brinjikji W, Cloft HJ, Kallmes DF. Difficult aneurysms for endovascular
treatment: overwide or undertall? AJNR Am J Neuroradiol 2009;30:1513–17

15. Martin D, Rodesch G, Alvarez H, et al. Preliminary results of embolisation of
nonsurgical intracranial aneurysms with GD coils: the 1st year of their use.
Neuroradiology 1996;38(suppl 1):S142–50

16. Black SP, Leo HL, Carson WL. Recording and measuring the interior features
of intracranial aneurysms removed at autopsy: method and initial findings.
Neurosurgery 1988;22(1 pt 1):40 – 44

17. Karmonik C, Arat A, Benndorf G, et al. A technique for improved quantitative
characterization of intracranial aneurysms. AJNR Am J Neuroradiol
2004;25:1158 – 61

18. Brinjikji W, Cloft H, Lanzino G, et al. Comparison of 2D digital subtraction
angiography and 3D rotational angiography in the evaluation of dome-to-
neck ratio. AJNR Am J Neuroradiol 2009;30:831–34

19. Pepe MS. The Statistical Evaluation of Medical Tests for Classification and Predic-
tion. Oxford, United Kingdom: Oxford University Press; 2003:108

20. Karmonik C, Strother CM, Chen X, et al. Stent-assisted coiling of intracranial
aneurysms aided by virtual parent artery reconstruction. AJNR Am J Neuro-
radiol 2005;26:2368 –70

21. Wanke I, Forsting M. Stents for intracranial wide-necked aneurysms: more
than mechanical protection. Neuroradiology 2008;50:991–98

22. Meng H, Wang Z, Kim M, et al. Saccular aneurysms on straight and curved
vessels are subject to different hemodynamics: implications of intravascular
stenting. AJNR Am J Neuroradiol 2006;27:1861– 65

23. Szikora I, Berentei Z, Kulcsar Z, et al. Treatment of intracranial aneurysms by
functional reconstruction of the parent artery: the Budapest experience with
the Pipeline embolization device. AJNR Am J Neuroradiol 2010;31:1139 – 47

24. Lylyk P, Miranda C, Ceratto R, et al. Curative endovascular reconstruction of
cerebral aneurysms with the Pipeline embolization device: the Buenos Aires
experience. Neurosurgery 2009;64:632– 42, discussion 642– 43

1220 Yasuda � AJNR 32 � Aug 2011 � www.ajnr.org


