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Predictors of Cerebral Aneurysm Rupture after
Coil Embolization: Single-Center Experience with

Recanalized Aneurysms
Y. Funakoshi, H. Imamura, S. Tani, H. Adachi, R. Fukumitsu, T. Sunohara, Y. Omura, Y. Matsui, N. Sasaki,

T. Fukuda, R. Akiyama, K. Horiuchi, S. Kajiura, M. Shigeyasu, K. Iihara, and N. Sakai

ABSTRACT

BACKGROUND AND PURPOSE: Recanalization after coil embolization is widely studied. However, there are limited data on how
recanalized aneurysms rupture. Herein, we describe our experience with the rupture of recanalized aneurysms and discuss the type
of recanalized aneurysms at greatest rupture risk.

MATERIALS AND METHODS: A total of 426 unruptured aneurysms and 169 ruptured aneurysms underwent coil embolization in our
institution between January 2009 and December 2017. Recanalization occurred in 38 (8.9%) of 426 unruptured aneurysms (unrup-
tured group) and 37 (21.9%) of 169 ruptured aneurysms (ruptured group). The Modified Raymond-Roy classification on DSA was
used to categorize the recanalization type. Follow-up DSA was scheduled until 6months after treatment, and follow-up MRA was
scheduled yearly. If recanalization was suspected on MRA, DSA was performed.

RESULTS: In the unruptured group, the median follow-up term was 74.0months. Retreatment for recanalization was performed in 18
aneurysms. Four of 20 untreated recanalized aneurysms (0.94% of total coiled aneurysms) ruptured. In untreated recanalized aneurysms,
class IIIb aneurysms ruptured significantly more frequently than class II and IIIa (P¼ .025). In the ruptured group, the median follow-up
term was 28.0months. Retreatment for recanalization was performed in 16 aneurysms. Four of 21 untreated recanalized aneurysms (2.37%
of total coiled aneurysms) ruptured. Class IIIb aneurysms ruptured significantly more frequently than class II and IIIa (P¼ .02).

CONCLUSIONS: The types of recanalization after coil embolization may be predictors of rupture. Coiled aneurysms with class IIIb
recanalization should undergo early retreatment because of an increased rupture risk.

ABBREVIATIONS: AcomA ¼ anterior communicating artery; PcomA ¼ posterior communicating artery

Endovascular coiling of cerebral aneurysms is widely performed,
with continued improvement in related techniques and devi-

ces.1,2 However, an important problem with endovascular coiling
is recanalization after coil embolization. Coiled aneurysms that
show major recanalization require additional coiling to prevent
rupture. The incidence of recanalization after coiling ranges from
6.1% to 33.6%,3,4 and the reported risk factors for recanalization
include aneurysm morphologic features, coil compaction and/or
migration, and various endovascular embolization techniques.3-5

Although recanalization after coil embolization has been pre-
viously evaluated, there are insufficient data on the way in which
recanalized aneurysms rupture. Thus, in the present study, we
describe our experience with the rupture of aneurysms that have
recanalized after coil embolization in Kobe City Medical Center
General Hospital and discuss the type of recanalized aneurysms
at greatest risk of rupture and the appropriate timing of follow-
up angiography and retreatment.

MATERIALS AND METHODS
Patient and Aneurysm Characteristics
Between January 2009 and December 2017, coil embolization was
performed in a total of 426 unruptured aneurysms and 169 rup-
tured aneurysms in our institution, excluding fusiform aneurysms,
dissecting aneurysms, infectious aneurysms, and aneurysms com-
bined with arteriovenous malformations or Moyamoya disease.
Aneurysms that underwent parent artery occlusion and that were
treated with an off-label stent used in a clinical trial and a stent in
the acute phase of rupture, recanalized aneurysms previously
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treated with coiling, and aneurysms that reruptured in the acute
phase (,1month after the initial rupture) were excluded from the
present study. Recanalization after coil embolization occurred in
38 of 426 (8.9%) unruptured aneurysms (unruptured group) and
37 of 169 (21.9%) ruptured aneurysms (ruptured group). Table 1
summarizes the characteristics of the patients and recanalized
aneurysms, endovascular procedures, and follow-up term in these
2 groups compared with all patients and aneurysms.

The present investigation was approved by our local ethics com-
mittee (institutional review board of Kobe City Medical Center
General Hospital). The study was conducted in accordance with the
1964 Declaration of Helsinki (as revised in Fortaleza, Brazil, October
2013).

Perioperative Antiplatelet Management
Patients undergoing coil embolization for unruptured aneury-
sms were generally administered dual-antiplatelet therapy with
100mg of aspirin and 75mg of clopidogrel daily for at least
7 days before the procedure. Either aspirin or clopidogrel was
decreased gradually from 6months after the procedure and dis-
continued after at least 1 year. Single-antiplatelet therapy was
generally discontinued after 1 or 2 years. When stent-assisted coil
embolization was performed, antiplatelet activity was assessed
using aspirin and P2Y12 assays (VerifyNow; Accumetrics) on the
day before the procedure. When the aspirin reaction unit meas-
urements were .550, the aspirin dose was increased to 200mg
daily. When the P2Y12 reaction unit measurements were.220, a

loading dose of 20mg of prasugrel was given, and the dose was
then decreased to 3.75mg from the following day. Prasugrel was
decreased gradually from 6months after the procedure. Although
prasugrel and either aspirin or clopidogrel were discontinued after
1 year, single-antiplatelet therapy was continued as a life-long treat-
ment. Patients undergoing coil embolization for ruptured aneur-
ysms were generally administered single-antiplatelet therapy with
aspirin or cilostazol. Single-antiplatelet therapy was discontinued
depending on the DSA findings.

Endovascular Procedures
Preoperative DSA findings were used to determine the best
approach and technique for the endovascular procedure (ie, sim-
ple technique, double-catheter technique, balloon-assisted coil
embolization, or stent-assisted coil embolization). The procedure
was performed by a neurovascular team, including a board-certi-
fied neuroendovascular surgeon. The procedure for unruptured
aneurysms was generally performed with the patient under local
anesthesia, because neurologic evaluation can be performed dur-
ing the procedure. The procedure for ruptured aneurysms was
performed with the patient under general anesthesia. All patients
received heparin after an arterial puncture to maintain an ele-
vated activated clotting time of approximately 300 seconds during
the procedure for unruptured aneurysms and approximately 250
seconds for ruptured aneurysms. The volume embolization ratio
was measured on DSA after the procedure, and the angiographic
findings were evaluated.

Table 1: Patient and aneurysm characteristics, volume embolization ratio, use of stents, and follow-up terma

Unruptured Group Ruptured Group
All Aneurysms

(n = 426)
Recanalized Aneurysms

(n = 38)
All Aneurysms

(n = 169)
Recanalized Aneurysms

(n = 37)
Patient characteristic
Age (yr) 63.0 (52.0–70.0) 65.0 (49.8–71.3) 66.0 (52.0–77.5) 59.0 (44.5–76.5)
Male sex 105 (24.6%) 6 (15.8%) 56 (33.1%) 10 (27.0%)

Aneurysm location
ICA-cavernous 12 (2.8%) 2 (5.3%) 0 (0.0%) 0 (0.0%)
ICA-paraclinoid 188 (44.1%) 9 (23.7%) 5 (3.0%) 2 (5.4%)
ICA-PcomA 49 (11.5%) 9 (23.7%) 55 (32.5%) 16 (43.2%)
ICA-AchoA 10 (2.3%) 0 (0.0%) 13 (7.7%) 4 (10.8%)
ICA-bifurcation 11 (2.6%) 2 (5.3%) 3 (1.8%) 0 (0.0%)
MCA 6 (1.4%) 0 (0.0%) 4 (2.4%) 0 (0.0%)
AcomA 66 (15.5%) 1 (2.6%) 57 (33.7%) 11 (29.7%)
VA 15 (3.5%) 4 (10.5%) 8 (4.7%) 1 (2.7%)
BA-SCA 16 (3.8%) 2 (5.3%) 2 (1.2%) 1 (2.7%)
BA-bifurcation 41 (9.6%) 9 (23.7%) 12 (7.1%) 2 (5.4%)
Others 12 (2.8%) 0 (0.0%) 10 (5.9%) 0 (0.0%)

Aneurysm size
Dome 6.2 (4.9–8.4) 10.1 (7.0–14.1) 6.5 (5.0–9.3) 7.7 (5.4–13.0)
Neck 3.8 (2.9–5.1) 5.9 (4.7–7.7) 3.2 (2.4–4.2) 4.0 (2.7–5.9)

Endovascular procedures
VER 26.9 (21.9–32.8) 23.0 (18.0–29.2) 25.8 (19.8–33.2) 23.7 (18.9–29.5)
Without stent 240 (56.3%) 19 (50.0%) 169 (100.0%) 37 (100.0%)
With stent 186 (43.7%) 19 (50.0%) 0 (0.0%) 0 (0.0%)

Follow-up
Duration (mo) 58.5 (24.0–86.0) 74.0 (30.5–96.3) 18.0 (3.0–48.0) 28.0 (10.0–56.0)

Note:—AchoA indicates anterior choroidal artery; VA, vertebral artery; BA, basilar artery; SCA, superior cerebellar artery; VER, volume embolization ratio.
a Unruptured group indicates unruptured aneurysms that underwent coil embolization; ruptured group, ruptured aneurysms that underwent coil embolization. Data are
Unruptured Group (n ¼ 426): Recanalization after coil embolization occurred in 38 of 426 unruptured aneurysms. Ruptured Group (n ¼ 169): Recanalization after coil emboliza-
tion occurred in 37 of 169 ruptured aneurysms.
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Evaluation of Coiled Aneurysms
The Raymond-Roy occlusion classification is the standard for
evaluating aneurysm occlusion, while the Modified Raymond-
Roy classification was recently reported to be a predictor of pro-
gressive occlusion or recurrence (Fig 1).6 In the Modified
Raymond-Roy classification, complete obliteration is defined as
class I, a residual neck is defined as class II, and a residual aneu-
rysm is defined as class III.6 Class III is further separated into
class IIIa (contrast within the coil interstices) and IIIb (contrast
along the aneurysm wall).6 The present study used the Modified
Raymond-Roy classification to evaluate aneurysm occlusion and
recanalization. Any further filling of the aneurysm sac across

time on follow-up DSA was termed “recanalization.” The appear-
ance of new blebs was distinguished from an increase in the di-
ameter of the coiled aneurysm. Except for the appearance of new
blebs, an increase in the diameter of the coiled aneurysm was
termed “aneurysm growth” (Fig 1).

Two observers, who were board-certified neuroendovascular
surgeons, evaluated aneurysm occlusion and recanalization using
the Modified Raymond-Roy classification, and 1 investigator
evaluated these parameters twice to verify inter- and intrarater
reliability.

Follow-Up
In the unruptured group, follow-up DSA was scheduled at
6months after treatment, and follow-up MRA (using$1.5T
magnet strength) was scheduled yearly. In the ruptured group,
follow-up DSA was generally scheduled for 1week after treat-
ment to evaluate vasospasm and for 1month after treatment to
detect early recanalization. From 6months after treatment, fol-
low-up evaluations were performed as described for the unrup-
tured group. In principle, the diagnosis of recanalization was
based only on DSA findings. If recanalization was suspected on
follow-up MRA, DSA was performed. When recanalization was
identified on follow-up DSA, the patient was scheduled to
undergo retreatment or an earlier follow-up DSA.

Statistical Analysis
Statistical analyses were performed using statistical software
(JMP software, Version 14; SAS Institute). Sex, aneurysm loca-
tion, use of a stent, type of recanalization, aneurysm growth, and
the appearance of new blebs were evaluated using the x 2 test or
the Fisher exact test. Age, aneurysm dome diameter, aneurysm
neck size, and volume embolization ratio were analyzed using the
Mann-Whitney U test. P, .05 was considered statistically
significant.

RESULTS
Outcomes of Aneurysms and
Patients
Outcomes of aneurysms and patients
are summarized in Table 2. In the
unruptured group, the median follow-
up term of recanalized aneurysms was
74.0months. The type of recanalization
on follow-up DSA, the timing of
retreatment and rupture, and the type
of recanalization immediately before
retreatment and rupture are shown in
Table 3. From a total of 38 recanalized
aneurysms, the type of recanalization
on final DSA was classified as class II in
3 (7.9%) aneurysms, class IIIa in 12
(31.6%), and class IIIb in 23 (60.5%).
On follow-up DSA, aneurysm growth
was identified in 12 (31.6%) aneurysms,
and the appearance of new blebs, in 2
(5.3%) aneurysms. Retreatment was
performed in 18 (47.4%) aneurysms,

Table 2: Outcomes of aneurysms and patients

Unruptured Groupa Ruptured Groupa

Type of recanalization on final DSA
Class II 3 (7.9%) 7 (18.9%)
Class IIIa 12 (31.6%) 7 (18.9%)
Class IIIb 23 (60.5%) 23 (62.2%)

Aneurysm growth 12 (31.6%) 3 (8.1%)
Appearance of bleb 2 (5.3%) 1 (2.7%)
Retreatment 18 (47.4%) 16 (43.2%)
Rupture 4 (10.5%) 4 (10.8%)
Rupture risk (/aneurysm) 0.94% 2.37%
Rupture risk (/yr) 0.20% 0.97%
Final mRS score without ruptured
recanalized aneurysmb

0–2 31 (91.2%) 21/33 (63.6%)
3–4 1 (2.9%) 6/33 (18.2%)
5–6 2 (5.9%) 6/33 (18.2%)

Final mRS score with ruptured
recanalized aneurysmc

0–2 2 (50.0%) 1 (25.0%)
3–4 0 (0.0%) 2 (50.0%)
5–6 2 (50.0%) 1 (25.0%)

a Unruptured Group (n ¼ 38); Ruptured Group (n ¼ 37).
b Unruptured Group (n ¼ 34); Ruptured Group (n ¼ 33).
c Unruptured Group (n ¼ 4); Ruptured Group (n ¼ 4).

FIG 1. Illustration of the Modified Raymond-Roy classification and addi-
tional definitions of the type of recanalization used in the present
study. Class I: complete obliteration; class II: residual neck; class IIIa: re-
sidual aneurysm with contrast within the coil interstices; class IIIb: resid-
ual aneurysm with contrast along the aneurysm wall. The appearance of
new blebs was distinguished from an increase in the diameter of the
coiled aneurysm. Except for the appearance of new blebs, an increase
in the diameter of the coiled aneurysm was termed “aneurysm growth.”
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while 20 (52.6%) were untreated. The 2 aneurysms with the appear-
ance of new blebs were retreated. Four of the 20 untreated aneur-
ysms ruptured, 0.94% of the total coiled aneurysms ruptured, and
the rupture risk was 0.20% per year. Thirty-one (91.2%) of 34
patients without a ruptured recanalized aneurysm had a final mRS
of 0–2, while 2 (50.0%) of 4 patients with a ruptured recanalized an-
eurysm had a final mRS of 0–2.

In the ruptured group, the median follow-up term of recanalized
aneurysms was 28.0months. The type of recanalization on follow-
up DSA, the timing of retreatment and rupture, and the type of re-
canalization immediately before retreatment and rupture are shown
in Table 4. From a total of 37 recanalized aneurysms, the type of re-
canalization on final DSA was classified as class II in 7 (18.9%)
aneurysms, class IIIa in 7 (18.9%), and class IIIb in 23 (62.2%). On

follow-up DSA, aneurysm growth was identified in 3 (8.1%)
aneurysms, and new blebs appeared in 1 (2.7%) aneurysm.
Retreatment was performed in 16 (43.2%) aneurysms, and 21
(56.8%) were untreated. The aneurysm with the appearance of
new blebs was retreated. Four of the 21 untreated aneurysms rup-
tured, 2.37% of the total coiled aneurysms ruptured, and the rup-
ture risk was 0.97% per year. Twenty-one (63.6%) of 33 patients
without a ruptured recanalized aneurysm had a final mRS of 0–2,
while 1 (25.0%) of 4 patients with a ruptured recanalized aneurysm
had a final mRS of 0–2.

Factors Associated with Rupture after Coil Embolization
Factors associated with rupture after coil embolization are sum-
marized in Tables 5 and 6 for the unruptured and ruptured groups,

Table 4: Type of aneurysm occlusion and recanalization on follow-up DSA, the timing of retreatment and rupture, and the type of
recanalization immediately before retreatment and rupture in the ruptured groupa

Initial
(n = 37)
(n = 37)

1 Week
(n = 37)
(n = 37)

1 Month
(n = 34)
(n = 37)

6 Months
(n = 19) (n
= 29)

1 Year
(n = 12)
(n = 28)

2 Years
(n = 0)
(n = 22)

3 Years
(n = 0)
(n = 18)

4 Years
(n = 0)
(n = 13)

5 Years
(n = 0)
(n = 9)

6 Years
(n = 0)
(n = 6)

Type of aneurysm
occlusion and
recanalization
I 14 9 3 0 0 0 0 0 0 0
II 17 19 13 5 2 0 0 0 0 0
IIIa 2 2 3 5 3 0 0 0 0 0
IIIb 4 7 15 9 7 0 0 0 0 0

Type of recanalization of
retreated recanalized
aneurysms
IIIa 0 0 0 2 1 0 0 0 0 0
IIIb 0 0 11 1 1 0 0 0 0 0

Type of recanalization of
ruptured recanalized
aneurysms
IIIa – – 0 0 0 0 0 0 0 0
IIIb – – 2 1 0 1 0 0 0 0

Note:— – indicates not available.
a Aneurysms that reruptured in the acute phase (,1 month after the initial rupture) were excluded. The first-row of number in parentheses indicates the number of cases
that underwent follow-up DSA at that time. The second-row of number in parentheses indicates the number of cases that underwent follow-up MRA at that time.

Table 3: Type of aneurysm occlusion and recanalization on follow-up DSA, the timing of retreatment and rupture, and the type of
recanalization immediately before retreatment and rupture in the unruptured groupa

Initial
(n = 38)
(n = 38)

6 Months
(n = 36)
(n = 38)

1 Year
(n = 16)
(n = 37)

2 Years
(n = 3)
(n = 35)

3 Years
(n = 0)
(n = 26)

4 Years
(n = 0)
(n = 26)

5 Years
(n = 1)
(n = 23)

6 Years
(n = 1)
(n = 22)

7 Years
(n = 0)
(n = 16)

8 Years
(n = 1)
(n = 13)

Type of aneurysm occlusion
and recanalization
I 5 2 0 0 0 0 0 0 0 0
II 10 4 1 0 0 0 0 0 0 0
IIIa 12 13 9 1 0 0 0 1 0 0
IIIb 11 17 6 2 0 0 1 0 0 1

Type of recanalization of
retreated recanalized
aneurysms
IIIa 0 1 3 0 0 0 0 1 0 0
IIIb 0 8 2 1 0 0 1 0 0 1

Type of recanalization of
ruptured recanalized
aneurysms
IIIa 0 0 0 0 0 0 0 0 0 0
IIIb 1 1 1 0 0 0 0 1 0 0

a The first row of numbers in parentheses indicates the number of cases that underwent follow-up DSA at that time; the second row of numbers in parentheses, the num-
ber of cases that underwent follow-up MRA at that time.
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respectively. In the unruptured group,
4 class IIIb recanalized aneurysms rup-
tured of the 20 untreated recanalized
aneurysms, and there was a significant
difference in the frequency of rupture
between classes II and IIIa (P¼ .025).

In the ruptured group, 4 class IIIb
recanalized aneurysms ruptured of
the 21 untreated recanalized aneur-
ysms, and there was a trend toward a
larger median aneurysm neck diame-
ter in the ruptured recanalized aneur-
ysms (5.2mm) compared with the
unruptured recanalized aneurysms
(3.2mm; P¼ .066). Class IIIb recan-
alized aneurysms ruptured signifi-
cantly more frequently than classes II
and IIIa (P¼ .020).

Rupture of Recanalized
Aneurysms
The cases of ruptured recanalized aneu-
rysm are summarized in the On-line
Table. The DSA findings of ruptured
recanalized aneurysms in the unrup-
tured and ruptured groups are shown
in Figs 2 and 3, respectively. In patient 4
in the unruptured group, DSA could
not be performed when the recanalized

aneurysm ruptured. Thus, the MRA findings are shown instead. In
the unruptured group, 4 recanalized aneurysms ruptured. In patient
1 with a large basilar artery–bifurcation aneurysm, the type of recan-
alization changed from class II to IIIb, and the aneurysm ruptured
at 8months after coil embolization. In patient 2 with an ICA–post-
rior communicating artery (PcomA) aneurysm, patient 3 with an
ICA–paraclinoid aneurysm, and patient 4 with a large basilar ar-
tery–bifurcation aneurysm, the type of recanalization was class IIIb,
and the aneurysms ruptured with a new bleb formation at 76 , 2,
and 24 months after coil embolization, respectively. All 4 patients
with ruptured recanalized aneurysms were receiving continued anti-
platelet therapy at the time of rupture.

In the ruptured group, 4 recanalized aneurysms ruptured. In
patients 1 and 2, both with an anterior communicating artery
(AcomA) aneurysm, the type of recanalization changed from class
II to IIIb, and both aneurysms ruptured with formation of a new
bleb at 1month after coil embolization. In patients 3 and 4, both
with an ICA-PcomA aneurysm, the type of recanalization was class
IIIb, and the aneurysms ruptured at 29 and 7months after coil
embolization, respectively. All 4 patients with ruptured recanalized
aneurysms were receiving continued antiplatelet therapy at the
time of rupture. Recanalized aneurysms in the ruptured group
tended to rupture earlier than those in the unruptured group.

DISCUSSION
The epidemiology, natural history, management options, and fami-
lial screening of unruptured aneurysm are well-established.7-11

Several studies have also reported treatment outcomes for ruptured

Table 5: Factors associated with rupture after coil embolization in untreated recanalized
aneurysms in the unruptured groupa

Untreated Recanalized Aneurysms (n = 20)

Unruptured (n = 16) Ruptured (n = 4) P Value
Age (yr) 67.0 (60.3–72.8) 63.0 (55.8–70.3) .570
Sex
Male 1 (6.3%) 1 (25.0%) .264
Female 15 (93.7%) 3 (75.0%)

Location
ICA 5 (31.2%) 1 (25.0%) .937
ICA-PcomA 4 (25.0%) 1 (25.0%)
AcomA 1 (6.3%) 0 (0.0%)
Posterior 6 (37.5%) 2 (50.0%)

Dome 9.2 (7.6–13.4) 9.9 (6.6–11.1) .813
Neck 5.5 (4.4–7.0) 4.5 (3.2–8.8) .741
VER 22.1 (13.9–26.1) 25.1 (18.5–37.3) .321
Use of stent
No 9 (56.3%) 2 (50.0%) .822
Yes 7 (43.7%) 2 (50.0%)

Type of recanalization
on final DSA
II 1 IIIa 10 (62.5%) 0 (0.0%) .025b

IIIb 6 (37.5%) 4 (100.0%)
Aneurysm growth
No 13 (81.3%) 3 (75.0%) .780
Yes 3 (18.7%) 1 (25.0%)

Note:—ICA indicates ICA other than ICA-PcomA; VA, vertebral artery; BA, basilar artery; SCA, superior cerebellar
artery; VER, volume embolization ratio; Posterior, posterior circulation including the VA, BA-SCA, and BA-
bifurcation.
a Data are recanalized aneurysms in the unruptured group (n ¼ 38): Twenty of 38 recanalized aneurysms were
untreated. Among 20 untreated recanalized aneurysms, 16 aneurysms unruptured and 4 aneurysms ruptured.
b Statistical significance.

Table 6: Factors associated with rupture after coil embolization
in untreated recanalized aneurysms in the ruptured groupa

Untreated Recanalized Aneurysms
(n = 21)

Unruptured
(n = 17)

Ruptured
(n = 4)

P
Value

Age (yr) 62.0 (44.5–78.0) 55.5 (47.5–75.5) .929
Sex
Male 6 (35.3%) 1 (25.0%) .694
Female 11 (64.7%) 3 (75.0%)

Location
ICA 3 (17.7%) 0 (0.0%) .628
ICA-PcomA 9 (52.9%) 2 (50.0%)
AcomA 4 (23.5%) 2 (50.0%)
Posterior 1 (5.9%) 0 (0.0%)

Dome 6.2 (5.2–8.7) 9.4 (5.3–14.4) .347
Neck 3.2 (2.5–4.6) 5.2 (3.6–9.1) .066
VER 24.9 (21.3–29.5) 25.5 (16.7–28.5) .741
Use of stent
No 17 (100.0%) 4 (100.0%) –

Yes 0 (0.0%) 0 (0.0%)
Type of recanalization
on final DSA
II1IIIa 11 (64.7%) 0 (0.0%) .020b

IIIb 6 (35.3%) 4 (100.0%)
Aneurysm growth
No 16 (94.1%) 4 (100.0%) .619
Yes 1 (5.9%) 0 (0.0%)

Note:— – indicates not available.
a Data are recanalized aneurysms in the ruptured group (n ¼ 37): Twenty-one of 37
recanalized aneurysms were untreated. Among 21 untreated recanalized aneur-
ysms, 17 aneurysms unruptured and 4 aneurysms ruptured.
b Statistical significance.
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aneurysms.1,12-14 Aneurysms are widely treated by endovascular
coiling, which has become the standard treatment because of its
clinical efficacy.1,2 However, recanalization is an important problem
that can occur after coil embolization and can result in aneurysm
rupture. Although numerous studies have evaluated recanalization
in unruptured aneurysms after coil embolization, there are insuffi-
cient data on how recanalized aneurysms rupture. In addition, in
ruptured aneurysms, although long-term follow-up data from the
International Subarachnoid Aneurysm Trial (ISAT) showed that
the risk of rerupture of coiled aneurysms was 0.156%,15 there are
no detailed data on how the coiled aneurysms recanalized and rup-
tured. Thus, the present study evaluated whether the type of recana-
lization affected the risk of aneurysm rupture.

In general, large aneurysms are more likely to recanalize than
small aneurysms,5,16-18 and recanalization rates after stent-assisted
coil embolization are lower than those after simple coil emboliza-
tion.19-21 In addition, recanalization is affected by hemodynamic
force.22 Computational fluid dynamics studies have shown that
maximum wall shear stress increases at sites of blood flow
impingement near remnant necks.23 This repetitive flow

impingement and subsequent wall
shear stress increments may lead to
recanalization.19

Recanalization is a risk factor for
rupture of coiled aneurysms because
major recanalization can result in an-
eurysm rupture. However, not all
recanalized aneurysms rupture, and the
risk of rupture seems to depend on the
type of recanalization. The Modified
Raymond-Roy classification is an indi-
cator of how aneurysms are occluded,
and it can be used to predict progres-
sive occlusion or recurrence.6 Because
the type of occlusion is a predictor of
recanalization, the types of occlusion
and recanalization may be predictors of
rupture of coiled aneurysms. In the
present study, although the aneurysm
neck diameter of the ruptured recanal-
ized aneurysms tended to be larger
than that of the unruptured recanalized
aneurysms in the ruptured group (P ¼
.066), the type of recanalization was the
only significant factor in both the
unruptured (P¼ .025) and ruptured
(P¼ .020) groups. There was no rup-
ture of coiled aneurysms with class II
and IIIa recanalization (ie, no contrast
along the aneurysm wall). However, 4
recanalized aneurysms with class IIIb
recanalization (ie, contrast along the
aneurysm wall) ruptured in each
group. Although there were few rup-
tured aneurysms and statistical evalua-
tion was insufficient, the present study
has important information regarding

how the occlusion and recanalization of coiled aneurysms affected
the risk of rupture.

A previous study reported that the risk factors for early recanali-
zation of coiled aneurysms within 6months included posterior cir-
culation aneurysms, SAH presentation, a second coiling procedure
for recanalization, and an aneurysm of.7mm.18 In addition, long-
term follow-up is recommended even for aneurysms of 4–7mm
because of the risk of late recanalization.18 In the present study,
recanalized aneurysms in the ruptured group tended to rupture ear-
lier than those in the unruptured group. In our institution, on the
basis of our experience, follow-up DSA was scheduled at 6months
after treatment for unruptured aneurysms; for ruptured aneurysms,
follow-up DSA was scheduled at 1week after treatment to evaluate
vasospasm and at 1month after treatment to detect early recanaliza-
tion. The recanalized aneurysms in patients 1 and 2 in the ruptured
group ruptured at 1month after treatment (just before the sched-
uled follow-up DSA).

In the present study, most retreatments for recanalization in
the ruptured group were performed at 1�6months after the initial
treatment. Follow-up DSA within 1month can prevent the rupture

FIG 2. DSA findings for ruptured recanalized aneurysms in the unruptured group. Case 1-pre: pre-
procedural basilar artery–bifurcation aneurysm; case 1-post: class II aneurysm occlusion immedi-
ately after the procedure; case 1–6m: class IIIb recanalization at 6months after the procedure;
case 1–8m: ruptured recanalized aneurysm at 8months after the procedure; case 2-pre: preproce-
dural ICA–posterior communicating artery aneurysm; case 2-post: class IIIb aneurysm occlusion
immediately after the procedure; case 2–6m: progression of the class IIIb recanalization at
6months after the procedure; case 2–76m: ruptured recanalized aneurysm with a new bleb at
76months after the procedure; case 3-pre: preprocedural paraclinoid-ICA aneurysm; case 3-post:
class IIIb aneurysm occlusion immediately after the procedure; case 3–2m: ruptured recanalized
aneurysm with a new bleb at 2months after the procedure; case 4-pre: preprocedural basilar ar-
tery–bifurcation aneurysm; case 4-post: class IIIb aneurysm occlusion immediately after the pro-
cedure; case 4–6m: no change at 6months after the procedure; case 4–24m: MRA shows the
ruptured recanalized aneurysm with a new bleb at 24months after the procedure.
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of some recanalized aneurysms. For unruptured aneurysms, fol-
low-up DSA at 6months after coil embolization is considered rea-
sonable. Compared with the ruptured group, the timing of coiled
aneurysm rupture in the unruptured group tended to be later in
the present study. Most retreatments for recanalization in the
unruptured group were performed at 6months to 1 year after the
initial treatment. Although retreatment at this time can prevent
the rupture of recanalized aneurysms, there are rare exceptions
that rupture shortly after coil embolization: For example, the
unruptured aneurysm after coil embolization in patient 3 ruptured
at 2months after treatment. In addition, there were cases in both
the unruptured and ruptured groups in which the coiled aneur-
ysms ruptured during long-term follow-up. Coiled aneurysms
with class IIIb recanalization should undergo early retreatment
because of the high risk of rupture. Although coiled aneurysms
with class II or IIIa recanalization should also be retreated if possi-
ble, these aneurysms can be treated with conservative therapy
because of the low risk of rupture. However, class II or IIIa recana-
lization can progress into class IIIb recanalization. Thus, follow-up
examinations are essential.

Periprocedural antiplatelet therapy
was associated with a low risk of
symptomatic thromboembolic events
after coil embolization for aneur-
ysms.24 In the present study, all
patients with ruptured recanalized
aneurysms were receiving continued
antiplatelet therapy at the time of
rupture. In particular, long-term
dual-antiplatelet therapy was con-
tinued, considering the thromboem-
bolic event in patient 4 in the
uruptured group. Long-term single-
antiplatelet therapy was also contin-
ued in patient 2 in the unruptured
group and in patient 3 in the rup-
tured group. Although it is unclear
whether antiplatelet therapy in the
present cases could influence the
rupture of recanalized aneurysms,
indiscriminate continuation of anti-
platelet therapy should be avoided.

The risk of rupture for aneurysms
with growth is 12 times higher than
that for aneurysms without growth.25

In the present study, although some
coiled aneurysms showed aneurysm
growth and the appearance of new
blebs, there were no significant dif-
ferences in aneurysm growth in the
unruptured (P¼ .780) and ruptured
(P¼ .619) groups. The appearance of
new blebs was also not a significant
risk factor for rupture of recanalized
aneurysms. However, all aneurysms
with the appearance of new blebs on
follow-up DSA were retreated, and

the appearance of new blebs was detected in 3 of 4 ruptured
recanalized aneurysms in the unruptured group and in 2 of 4
ruptured recanalized aneurysms in the ruptured group at the
time of rupture. Although it is difficult to detect the appear-
ance of new blebs on follow-up DSA because aneurysms with
formation of new blebs can rupture early, the appearance of
new blebs can be a risk factor for rupture of recanalized aneur-
ysms and thus must not be overlooked. Additionally, the
appearance of new blebs both on follow-up DSA and at the
time of rupture was identified only in coiled aneurysms with
class IIIb recanalization; this finding may be because blood
flow along the aneurysm wall can form new blebs. In recanal-
ized aneurysms, the type of recanalization can be important
because class IIIb recanalization can result in the appearance of
new blebs, which may be a risk factor for early rupture of
recanalized aneurysms.

Study Limitations
The present study was a nonrandomized retrospective observation
study, though the series comprised consecutive cases. In addition,

FIG 3. DSA findings for ruptured recanalized aneurysms in the ruptured group. Case 1-pre: pre-
procedural anterior communicating artery aneurysm; case 1-post: class II aneurysm occlusion im-
mediately after the procedure; case 1–1w: class IIIb recanalization at 1 week after the procedure;
case 1–1m: ruptured recanalized aneurysm with a new bleb at 1month after the procedure; case
2-pre: preprocedural anterior communicating artery aneurysm; case 2-post: class II aneurysm
occlusion immediately after the procedure; case 2–1w: class IIIb recanalization at 1 week after the
procedure; case 2–1m: ruptured recanalized aneurysm with a new bleb at 1month after the proce-
dure; case 3-pre: preprocedural ICA–posterior communicating artery aneurysm; case 3-post: class
IIIb aneurysm occlusion immediately after the procedure; case 3–6m: progression of the class IIIb
recanalization at 6months after the procedure; case 3–29m: ruptured recanalized aneurysm at
29months after the procedure; case 4-pre: preprocedural ICA–posterior communicating artery
aneurysm; case 4-post: class IIIb aneurysm occlusion immediately after the procedure; case 4–
6m: progression of the class IIIb recanalization at 6months after the procedure; case 4–7m: rup-
tured recanalized aneurysm at 7months after the procedure.
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interpretation of the radiographic data was performed in a non-
blinded manner. Although there were 4 cases of ruptured recanalized
aneurysms in both the unruptured and ruptured groups, the number
of ruptured recanalized aneurysms was small. Thus, statistical multi-
variate analysis could not be performed, though multiple factors can
be related to rupture of recanalized aneurysms. Because the ruptured
group included many severe cases that could not be followed up at
our institution, there was also a lack of cases with sufficient data.
Furthermore, because retreatment was generally performed in cases
in which retreatment for recanalized aneurysms was possible and the
patient provided consent, the true course of recanalized aneurysms
leading to rupture without retreatment remains unclear.

CONCLUSIONS
The present study determined the type of recanalized aneurysm
at risk of rupture on the basis of our experience. The types of an-
eurysm occlusion and recanalization are predictors of the rupture
of coiled aneurysms. Coiled aneurysms with class IIIb recanaliza-
tion should undergo early retreatment because of the high risk of
rupture.
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