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Abstract When embolizing cerebral aneurysms, dense coil
packing may prevent recanalization but this may be influ-
enced by the aneurysm morphology. We have analyzed retro-
spectively the relationship between anatomic features and the
volumetric coil packing density. We analyzed 452 aneurysms
in 434 patients treated by coil embolization without stenting,
expressing packing density as volume embolization ratio
(VER, volume of inserted coils/aneurysm volume). Six mor-
phological variables (neck width, height, maximum diameter,
dome to neck ratio (DNR), and aspect ratio), aneurysm loca-
tion, and whether the aneurysm was ruptured or unruptured
were analyzed with respect to dense (VER ≥20 %) or loose
(VER <20 %) packing densities, using logistic regression
analysis and ROC analysis. Among 452 aneurysms, VERs
>20 % were achieved for 272 aneurysms, with a mean VER
of 24.7 %. The mean VER of the remaining 180 aneurysms
was 15.6 %. In univariate analyses, the predictors for dense
packing were having an anterior circulation, DNR, aspect ra-
tio, and neck width. In multivariate analysis, the independent
predictors were smaller neck width (odds ratio (OR) 0.8735;
95 % confidence interval (CI) 0.7635–0.9993) and larger as-
pect ratio (OR 1.6679; 95 % CI 1.0460–2.6594). ROC analy-
sis showed optimal cutoff values for an aspect ratio of 1.35
(sensitivity 69.5 %, specificity 51.7 %) and a neck width of
3.13 mm (sensitivity 51.1 %, specificity 27.8 %). Although
dense coil packing is still difficult to achieve in wide-necked

aneurysms without the use of stents, packing with VER >20%
is expected to be achieved when the height is 1.35 times larger
than the neck width.
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Introduction

Recanalization is a major problem in the embolization of ce-
rebral aneurysms. It is well known that packing coils as tightly
as possible is important to avoid recanalization and that in-
complete embolization is one of the major risk factors for
recanalization [4, 18, 23]. To evaluate the tightness of coil
embolization, the volume embolization ratio (VER: coil
volume/aneurysm volume×100 %) is a useful index, with
VERs greater than 20–25 % reported to be effective in
avoiding recanalization [13, 14, 26–29].

The morphological features of aneurysms vary and are well
known to affect their amenability to endosaccular coil embo-
lization. Since the 1990s, wide-necked aneurysms have been
said to be difficult to embolize as a coil easily herniates from
the neck. The neck width and dome to neck ratio (DNR) have
been identified as predictive factors for incomplete emboliza-
tion [6, 7, 11, 15]. An aneurysm with a low aspect ratio (<1.2)
has also recently been said to be difficult to embolize without
using an adjunctive technique such as balloon remodeling or a
stent-assisted technique [2]. However, the relationship of VER
and various morphological features has not yet been adequate-
ly investigated. We have therefore reviewed the morphologi-
cal features of aneurysms treated at our institute and retrospec-
tively analyzed their relationship to VER.
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Materials and methods

Patients

Our institute’s review board approved the data collection and
statistical analyses for this study. The medical records and
angiograms for 508 consecutive patients suffering 551 aneu-
rysms, who had been treated by endovascular surgery at our
institute between 2006 and 2012, were reviewed.

The following cases for which VER data and/or aneurysm
volume were unavailable were excluded from the analysis:
cases of retreatment, parent artery occlusions, partially
thrombosed aneurysms, presence of extrasaccular coils due
to procedural rupture or protrusion to the parent artery and
embolizat ion with expandable coi ls (Hydrocoi l ;
Microvention, Aliso, Viejo, California). Cases of stent-
assisted embolization were also excluded because the stent
assistance greatly influences the packing density in wide-
necked aneurysms. After these exclusions, 452 aneurysms in
434 patients were included in the statistical analysis.

Angiography and endovascular surgery

Prior to treatment, diagnostic angiography was carried out
using 4F catheters. Usually, two-dimensional angiography
and three-dimensional rotational angiography (3D-RA) were
used (Integris Allura; Philips Medical Systems, Best, the
Netherlands). The aneurysm diameter, neck width, and vol-
ume were measured from volume-rendered 3D images using a
default value as a threshold. The detailed methodology for
3D-RA and the measurement of aneurysm volume is as fol-
lows. Fifteen milliliters of nonionic contrast medium was
injected through a 4F catheter by use of an injector with a
velocity of 3 mL/s. Image acquisition started 1 s after the start
of the injection. The acquisition time of images was 4 s.
Volume-rendered 3D images were reconstructed with a
100 % magnification and a matrix of 256×256×256 pixel
by using the machine software. The threshold for the
volume-rendered image was fixed as the default value provid-
ed by the software. To digitally measure the aneurysm vol-
ume, the aneurysm was manually segmented from the parent
artery on this 3D reconstruction and volume was calculated by
using machine software (3D-RAworkstation, Philips Medical
Systems, Best, the Netherlands).

In most cases, the procedure used a transfemoral approach.
A balloon-assisted technique was primarily employed for
endosaccular embolization. A balloon catheter was almost
always prepared and positioned at the neck, as it is effective
for neck remodeling and flow control when intraoperative
rupture occurs, and inflated if necessary. Therefore, in case
of a very small neck aneurysm, a balloon is primarily prepared
for intraoperative rupture and is not often actually inflated.

A double catheter technique was occasionally employed, in
conjunction with the balloon remodeling technique, for irreg-
ularly shaped aneurysms withmultiple domes or for very large
or giant aneurysms, so that coil placement could be continued
in cases where premature withdrawal of one microcatheter
occurred. Since September 2011, stent for aneurysm treatment
has been available and was used in some highly selected
cases, such as fusiform aneurysms and wide-necked aneu-
rysms, for which a balloon remodeling technique is still inef-
fective. These stent-assisted cases were also excluded from
this analysis.

The working angle was set and the coiling procedure was
started using 3D-shaped coils in almost all cases. A balloon
catheter was inflated if remodeling was needed. For middle-
sized aneurysms (diameter >7–8 mm), thicker coils (diame-
ter=0.0135–0.015 in.) were used from the start. Softer coils of
either helical or 3D shape were used as filling and finishing
coils.

The coil volume was calculated using the equation: V=π
(p/2)2L, where L represents the coil length, and p represents
the primary coil diameter. VERwas calculated as coil volume/
aneurysm volume×100 %. A VER of 20 % was set as the
minimum requirement for embolization and VER was calcu-
lated every time a coil was inserted. This VER value of min-
imum requirement is derived from previous investigations by
several authors. Optimal VERs to prevent recanalization were
reported to be greater than 20–25 % when the aneurysm vol-
ume is approximately calculated from 2D angiogram [13, 14,
27–29]. And the value was revised to 15.5–19.4 % based on a
work clarifying that the aneurysm volume measured using
3D-RA is 1.26–1.29 times larger than the approximation from
2D angiogram [25]. Therefore, 20 % was set as minimum
requirement in our practice.

Data collection and statistical analysis

The following data for aneurysms were collected from medi-
cal records and complemented by repeat measurements from
3D-RA images: VER, rupture status at presentation (ruptured
or unruptured), aneurysm location (anterior or posterior circu-
lation), aneurysm volume (V), neck width (N), and three di-
ameters, height (H), width (D1), and another width perpendic-
ular to D1(D2), as shown in Fig. 1. The largest value among
H,D1, andD2 was defined as the maximum diameter (maxD)
for each aneurysm. The dome to neck ratio (DNR) was calcu-
lated as the ratio of the mean ofD1 andD2 toN (D1+D2/2N).
The aspect ratio (AR) was calculated as the ratio of the height
to neck width (H/N). The VERs were categorized as densely
packed (VER ≥20 %) and loosely packed (VER <20 %).

Univariate logistic regression analysis was carried out for
VER (densely or loosely packed) and eight variables, as de-
scribed above: maxD,H, N, AR, DNR, V, ruptured or not, and
anterior or posterior circulation. For variables found to be
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significant by univariate analysis, a multivariable logistic re-
gression analysis was carried out to determine independent
predictors of dense packing (VER ≥20 %). The predictive
accuracy of the independent predictors for dense packing
was assessed by calculating the area under the receiver oper-
ating characteristic (ROC) curves. Optimal cutoff values were
chosen as the point on the ROC curve closest to the top left
corner. Statistical analyses used Excel Toukei 2012 software
(Social Survey Research Information Co. Ltd., Tokyo Japan.)

Results

Among the 434 patients, 107 were male and 327 were female
and their mean age was 60.1 years. Among the 452 aneu-
rysms, a VER ≥20 % was achieved for 272 aneurysms, with
a mean VER of 24.7 %. The mean VER of the remaining 180
aneurysms was 15.6 %. The baseline categories and charac-
teristics for the 452 aneurysms in 434 patients are shown in
Tables 1 and 2.

Univariate logistic regression analysis showed that anterior
circulation, larger dome to neck ratios, larger aspect ratios, and
smaller neck width values were significantly related to dense

packing (p=0.0072, 0.0002, <0.0001, <0.0001, respectively;
see Table 3). Multivariate logistic regression analysis showed
that larger aspect ratios (odds ratio (OR) 1.6679; 95 % confi-
dence interval (CI) 1.0460–2.6594) and smaller neck width
values (OR 0.8735; 95 % CI 0.7635–0.9993) were indepen-
dent predictive variables (Table 4).

ROC analysis showed that the optimal cutoff value of the
aspect ratio for predicting dense packing was 1.35 (area under
curve=0.6305) with a sensitivity of 69.5 % and specificity of
51.7 %. The optimal cutoff value for neck width was 3.13 mm
(area under curve=0.6259) with a sensitivity of 51.1 % and
specificity of 27.8 %.

Discussion

Since the Guglielmi detachable coil (GDC) was developed in
the early 1990s [9, 10], endovascular surgery for cerebral an-
eurysms has made great advances. However, the constantly
present risk of recanalization is a major drawback of coil em-
bolization compared with clipping surgery. Recanalization
sometimes leads to rebleeding in ruptured aneurysm [12]
and, although it rarely leads to bleeding in unruptured aneu-
rysm, it needs continuous, long-term, follow-up radiological
examinations [8, 19]. The causes of recanalization are multi-
factorial and loose coil packing is one of the major factors [4,
18, 23].

Several authors have investigated the relationship between
coil packing density (VER) and recanalization and have sug-
gested that VERs greater than 20–25 % are likely to prevent
coil compaction [13, 14, 26–29]. In most of these reports, with
the exception of Sluzewski, et al., aneurysm volume was

Table 1 Baseline categorization of 452 aneurysms in 434 patients

Category No. of
aneurysms

No. of aneurysms
with VER ≥20 %
(total=272)

No. of aneurysms
with VER <20 %
(total=180)

Ruptured 95 55 40

Unruptured 357 217 140

Anterior circulation 360 228 132

Posterior circulation 92 44 48

Fig. 1 Diagram showing measurements made of the morphological
parameters of an aneurysm. H height, N neck, D1 width, D2 width
perpendicular to D1. Aspect ratio is calculated as H/N. Dome to neck
ratio is calculated as D1+D2/2N

Table 2 Baseline characteristics of 452 aneurysms in 434 patients

Characteristic Mean±SD Mean±SD Mean±SD

For 452
aneurysms

For aneurysms
with VER ≥20 %
(total=272)

For aneurysms
with VER <20 %
(total=180)

Aspect ratio 1.66±0.73 1.79±0.81 1.46±0.53

Dome to
neck
ratio

1.55±0.55 1.63±0.61 1.43±0.41

Neck width
(mm)

3.74±1.70 3.46±1.51 4.17±1.88

Maximum
diameter
(mm)

6.64±3.02 6.45±2.93 6.93±3.13

Height (mm) 5.67±2.59 5.68±2.56 5.64±2.65

Aneurysm
volume
(cm3)

0.18±0.33 0.16±0.28 0.20±0.38

VER (%) 21.11±6.17 24.71±4.78 15.64±3.39

VER volume embolization ratio
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estimated from 3 diameters (A, B, and C) measured in 2-
dimensional angiograms, using the formula: V=4/3 π (A/2)
(B/2) (C/2). It has previously been reported that volume cal-
culations using the software supplied with the 3D-RA work-
station (Philips Medical Systems) is on average 1.26–1.29
times larger than the approximate volumes obtained using
the conventional formula [25]. Therefore, the conventionally
recommended VER of 20–25 % can be roughly interpreted as
15.5–19.4%when the volume is digitally measured using 3D-
RA, and a VER of 20 % was set as the minimum requirement
in our practice. It may be controversial to set a single VER
value as a goal, because in vitro experiments and computa-
tional fluid dynamic studies have shown that a hemodynami-
cally effective VER is dependent on neck size, lateral wall
type or terminal type, and the angle made by a sac and its
parent artery [1, 20]. Therefore, 20 % of VER is always a
minimum requirement and we aim to embolize as densely as
possible.

To achieve a VER of 20% ormore, aneurysmmorphology,
coil selection, and the selection of an adjunctive technique
may be important factors. As to aneurysm morphology,
wide-necked aneurysms have been said to be difficult to
embolize [6, 7, 11, 15]. Neck widths over 4 mm and dome
to neck ratios over 2.0 have been used to define aneurysms
likely to be difficult to embolize [6, 7]. To treat such aneu-
rysms, the balloon remodeling technique was first developed
[5, 17], then 3D-shaped coils were introduced [3, 21], and
recently, the stent-assisted technique has become available.
With the use of a stent, very wide-necked aneurysms and even

fusiform aneurysms can now be treated. However, intensive
and prolonged use of antiplatelet medication is required [24],
which limits the use of stents for ruptured aneurysms and for
patients who cannot tolerate long-term antiplatelet medica-
tion, such as patients with cancer whomay needmajor surgery
and youngwomenwhowant to become pregnant in the future.
Therefore, coil embolization without stenting is still the first
choice for endosaccular embolization and it is important to be
able to predict if an aneurysm is likely to be successfully
embolized with coils alone, with or without using the balloon
remodeling technique, or whether stenting is inevitable.

Wide-necked aneurysms are still difficult to embolize, but
our results suggest that when the height of the aneurysm above
the neck (H in Fig. 1) is large, countermeasures such as using
3D-shaped coils and the balloon remodeling technique en-
ables successful coil embolization without stenting. Once the
first coil basket has been successfully made, the use of the
recently introduced filling coils of variable shape and softness
should also improve the probability of achieving a higher
VER. Brinjikji et al. previously reported that the aspect ratio
was an independent predictor of the need to use adjunctive
techniques such as balloon remodeling and stenting, as they
employed simple coiling without balloon or stenting as their
methodology of first choice; neck width and dome to neck
ratio were identified as significant factors in univariate analy-
ses but not inmultivariate analysis [2]. Although our treatment
strategy is somewhat different, in using balloon remodeling as
a baseline technique in our procedure and using a different
endpoint for our study, our results are coherent with these
results. Both aspect ratio and neck width were independent
predictors for dense packing in our analysis, although from
ROC analysis, the aspect ratio was a more reliable predictor,
with a higher sensitivity and specificity than neck width. Al-
though VER alone does not determine the risk of recanaliza-
tion, this study may contribute to how we can use data from
angiograms to predict whether dense packing can be achieved
with balloon remodeling, or whether stenting is needed.

The limitations of this study are its retrospective design and
the limited number of factors that have been analyzed. Some
other morphological features that may influence VER, but
were not include in this study, include the presence of blebs,
an irregular shape, and lateral wall versus bifurcation aneu-
rysms. The selection of coil, in terms of shape, primary diam-
eter, and softness, may also influence VER [16, 22], but were
not controlled in this study and were based on the subjective
decisions of individual operators, although this tends not to
differ greatly within a single institute.

Balloon neck remodeling technique was used in most cases
in this study, although data of whether a balloon was actually
inflated or not in every case are absent. As balloon neck re-
modeling may raise VER, this study results can not be applied
when the balloon-assisted technique is not feasible. Immediate
and follow-up angiographic results are also absent. Especially

Table 3 Univariate logistic regression analysis of predictors of success
of dense coil packing in aneurysms

Variable P value OR 98 % CI of OR

Ruptured or unruptured 0.6092 1.1273 0.7121–1.7846

Anterior or posterior circulation 0.0072 1.8843 1.1874–2.9903

Aspect ratio <0.0001 2.2455 1.5852–3.1808

Dome to neck ratio 0.0002 2.424 1.5135–3.8823

Neck width <0.0001 0.7772 0.6893–0.8764

Maximum diameter 0.1008 0.9491 0.8917–1.0102

Height 0.8672 1.0063 0.9353–1.0826

Aneurysm volume 0.2451 0.7082 0.3958–1.2671

Table 4 Multivariate logistic regression analysis of predictors of
success of dense coil packing in aneurysms

Variables P value OR 98 % CI of OR

Neck width 0.0489 0.8735 0.7635–0.9993

Dome to neck ratio 0.4297 1.277 0.6961–2.3427

Aspect ratio 0.0316 1.6679 1.046–2.6594

Anterior or posterior circulation 0.0599 1.5988 0.9807–2.6065

P<0.05 is defined as statistically significant
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the follow-up results are important to validate VER of 20% as
the minimum requirement to prevent recanalization, though
the value is derived from previous several studies with
follow-up data. Such follow-up data may enable a sensitivity
analysis of candidates of packing densities to determine the
optimal VER to achieve long-term occlusion.

Conclusions

Higher aspect ratios and smaller neck widths are independent
predictors for densely packed aneurysms with VERs of 20 %
or more in endosaccular coil embolization without the use of
stents. Although dense coil packing is still difficult for a wide-
necked aneurysm without using a stent, packing with VER
>20 % is expected to be achieved when the height is 1.35
times larger than the neck width.

References

1. BabikerMH,Gonzalez LF, Albuquerque F et al (2010) Quantitative
effects of coil packing density on cerebral aneurysm fluid dynam-
ics: an in vitro steady flow study. Ann Biomed Eng 38(7):2293–
2301

2. Brinjikji W, Cloft HJ, Kallmes DF (2009) Difficult aneurysms for
endovascular treatment: overwide or undertall? AJNR Am J
Neuroradiol 30:1513–1517. doi:10.3174/ajnr.A1633

3. Cloft HJ, Joseph GJ, Tong FC et al (2000) Use of three-
dimensional Guglielmi detachable coils in the treatment of
wide-necked cerebral aneurysms. AJNR Am J Neuroradiol
21:1312–1314

4. Cognard C, Weill A, Spelle L et al (1999) Long-term angiographic
follow-up of 169 intracranial berry aneurysms occluded with de-
tachable coils. Radiology 212:348–356

5. Cottier JP, Pasco A, Gallas S et al (2001) Utility of balloon-assisted
Guglielmi detachable coiling in the treatment of 49 cerebral aneu-
rysms: a retrospective, multicenter study. AJNR Am J Neuroradiol
22(2):345–351

6. Debrun GM, Aletich VA, Kehrli P et al (1998) Selection of cerebral
aneurysms for treatment using Guglielmi detachable coils: the pre-
liminary University of Illinois at Chicago experience. Neurosurgery
43:1281–1295

7. Fernandez Zubillaga A, Guglielmi G, Vinuela F et al (1994)
Endovascular occlusion of intracranial aneurysms with electrically
detachable coils: correlation of aneurysm neck size and treatment
results. AJNR Am J Neuroradiol 15:815–820

8. Gonda DD, Khalessi AA, McCutcheon BA et al (2014)
Long-term follow-up of unruptured intracranial aneurysms
repaired in California. J Neurosurg. doi:10.3171/2014.3.
JNS131159

9. Guglielmi G, Viñuela F, Sepetka I et al (1991) Electrothrombosis of
saccular aneurysms via endovascular approach. Part 1: electro-
chemical basis, technique, and experimental results. J Neurosurg
75(1):1–7

10. Guglielmi G, Viñuela F, Dion J et al (1991) Electrothrombosis of
saccular aneurysms via endovascular approach. Part 2: preliminary
clinical experience. J Neurosurg 75(1):8–14

11. Hope JK, Byrne JV, Molyneux AJ (1999) Factors influencing suc-
cessful angiographic occlusion of aneurysms treated
by coil embolization. AJNR Am J Neuroradiol 20:391–399

12. Johnston SC, Dowd CF, Higashida RT et al (2008) Predictors
of rehemorrhage after treatment of ruptured intracranial aneu-
rysms: the cerebral aneurysm rerupture after treatment (CARAT)
study. Stroke 39:120–125. doi:10.1161/STROKEAHA.107.
504670

13. Kai Y, Hamada J, Morioka M et al (2005) Evaluation of the
stability of small ruptured aneurysms with a small neck after
embolization with Guglielmi detachable coils: correlation be-
tween coil packing ratio and coil compaction. Neurosurgery
56:785–792

14. KawanabeY, Sadato A, TakiWet al (2001) Endovascular occlusion
of intracranial aneurysms with Guglielmi detachable coils: correla-
tion between coil packing density and coil compaction. Acta
Neurochir (Wien) 143:451–455

15. Kiyosue H, Tanoue S, Okahara M et al (2002) Anatomic features
predictive of complete aneurysm occlusion can be determined with
three-dimensional digital subtraction angiography. AJNR Am J
Neuroradiol 23:1206–1213

16. Mehra M, Hurley MC, Gounis MJ et al (2011) The impact of
coil shape design on angiographic occlusion, packing density
and coil mass uniformity in aneurysm embolization: an in vitro
study. J Neurointerv Surg 3(2):131–136. doi:10.1136/JNS.
2010.004390

17. Moret J, Cognard C, Weill A et al (1997) The Bremodelling
technique^ in the treatment of wide neck intracranial aneurysms.
Angiographic results and clinical follow-up in 56 cases. Interv
Neuroradiol 3(1):21–35

18. Murayama Y, Nien YL, Duckwiler G et al (2003) Guglielmi de-
tachable coil embolization of cerebral aneurysms: 11 years’ experi-
ence. J Neurosurg 98:959–966

19. Oishi H, Yamamoto M, Shimizu T et al (2012) Endovascular ther-
apy of 500 small asymptomatic unruptured intracranial aneurysms.
AJNR Am J Neuroradiol 33(5):958–964. doi:10.3174/ajnr.A2858

20. Otani T, Nakamura M, Fujinaka T et al (2013) Computational fluid
dynamics of blood flow in coil-embolized aneurysms: effect of
packing density on flow stagnation in an idealized geometry. Med
Biol Eng Comput 51:901–910. doi:10.1007/s11517-013-1062-5

21. Piotin M, Iijima A, Wada H et al (2003) Increasing the packing of
small aneurysms with complex-shaped coils: an in vitro study.
AJNR Am J Neuroradiol 24:1446–1448

22. Quasar Grunwald I, Molyneux A, Kühn AL et al (2010) Influence
of coil geometry on intra-aneurysmal packing density: evaluation of
a new primary wind technology. Vasc Endovascular Surg 44(4):
289–293. doi:10.1177/1538574410363916

23. Raymond J, Guilbert F,Weill A et al (2003) Long-term angiograph-
ic recurrences after selective endovascular treatment of aneurysms
with detachable coils. Stroke 34:1398–1403

24. Rossen JD, Chalouhi N, Wassef SN et al (2012) Incidence of cere-
bral ischemic events after discontinuation of clopidogrel in patients
with intracranial aneurysms treated with stent-assisted techniques. J
Neurosurg 117:929–933. doi:10.3171/2012.8.JNS12185

25. Sadato A, Hayakawa M, Tanaka T et al (2011) Comparison of
cerebral aneurysm volumes as determined by digitally measured
3D rotational angiography and approximation from three diameters.
Interv Neuroradiol 17:154–158

26. Sluzewski M, van Rooij WJ, SlobMJ et al (2004) Relation between
aneurysm volume, packing, and compaction in 145 cerebral aneu-
rysms treated with coils. Radiology 231(3):653–658

27. Tamatani S, Ito Y, Abe H et al (2002) Evaluation of the stability of
aneurysms after embolization using detachable coils: correlation
between stability of aneurysms and embolized volume of aneu-
rysms. AJNR Am J Neuroradiol 23:762–767

Neurosurg Rev (2016) 39:109–114 113

http://dx.doi.org/10.3174/ajnr.A1633
http://dx.doi.org/10.3171/2014.3.JNS131159
http://dx.doi.org/10.3171/2014.3.JNS131159
http://dx.doi.org/10.1161/STROKEAHA.107.504670
http://dx.doi.org/10.1161/STROKEAHA.107.504670
http://dx.doi.org/10.1136/JNS.2010.004390
http://dx.doi.org/10.1136/JNS.2010.004390
http://dx.doi.org/10.3174/ajnr.A2858
http://dx.doi.org/10.1007/s11517-013-1062-5
http://dx.doi.org/10.1177/1538574410363916
http://dx.doi.org/10.3171/2012.8.JNS12185


28. Uchiyama N, Kida S, Nomura M, et al. (2000) Significance of
volume embolization ratio as a predictor of recanalization on
endovascular treatment of cerebral aneurysm with Guglielmi de-
tachable coils. Interv Neuroradiol 6 Supple 1: 59–63.

29. Yagi K, Satoh K, Satomi J et al (2005) Evaluation of aneurysm
stability after endovascular embolization with Guglielmi detachable
coils: correlation between long-term stability and volume emboli-
zation ratio. Neurol Med Chir (Tokyo) 45:561–565

Comments

Michael R. Levitt, Louis J. Kim, Seattle, USA
The authors investigated the degree of coil packing density as

a function of aneurysm anatomy in aneurysms treated without
stent assistance. This single-center experience included 434 pa-
tients with 452 aneurysms and determined the factors that influ-
ence whether an aneurysm was considered Bdensely packed^
(≥20 %) or Bloosely packed^ (<20 %), as calculated by three-
dimensional rotational angiographic (3D-RA) reconstructions and
coil dimensions. The authors sought to define anatomical vari-
ables that could predict whether an aneurysm was likely to be
densely or loosely packed using area under the curve analyses,
with the hypothesis that densely packed aneurysms are less likely
to recur. They found that an aneurysm aspect ratio of ≥1.35 was
associated with dense coil packing. The manuscript’s strengths
include a large number of aneurysms and the use of 3DRA to
calculate aneurysm volume (rather than conventional 2D
measurements).

Many studies have attempted to relate aneurysm morphological char-
acteristics to clinical events such as rupture risk, though the variability
and imprecision of published results reduces confidence in the clinical
applicability of such measures. However, the utility of this paper’s con-
clusions (the predictor of whether dense packing is more likely) can be
directly applied to clinical practice. Specifically, by determining whether
a particular aneurysm is likely to be densely packed based on pre-
treatment morphology, a clinician could judge whether stent assistance
(and its accompanying requirement for antiplatelet medications) might be
required or avoided. Further prospective study is necessary, however, to
validate the predictive value of this analysis, as well as the threshold of
20 % packing density (as determined by 3DRA), as they relate to aneu-
rysm recanalization.

Srinivasan Paramasivam, New York, USA
This is a well-written retrospective single-center review of the as-

sessment of the aneurysm morphology to determine the packing den-
sity achievable without the use of stent. Packing density is considered
an important aspect of coiling that determines recanalization among
other factors. The dome to neck ratio along with aspect ratios as
performed in this article can be used as guidance for analyzing an
angiogram before coil embolization to determine the need for
premedication with anti-platelets and prepare for a stent assistance to
achieve a minimum of 20 % packing density. Though similar packing
density and remodeling can be achieved with balloon assistance com-
pared to use of stent in most aneurysms, there is a risk of coil pro-
lapse following balloon deflation. Today, with advanced technology,
even in patients with lower aspect ratio (<1.35) the strategy may
involve balloon remodeling and dense packing of aneurysm followed
by placement of stent through the balloon catheter to stabilize the
densely packed coil mass if needed.
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