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Abstract

Internal carotid-posterior communicating artery (IC-PC) aneurysms account for more than 20% of all
intracranial aneurysms. As a result of the increase in coiling, there has also been an increase in recurrent
IC-PC aneurysms after coiling. We present our experience of 10 recurrent IC-PC aneurysms after coiling
that were retreated using surgical or endovascular techniques in order to discuss the choice of treatment
and the points of clipping without removal of coils. From 2007 to 2014, 10 recurrent IC-PC aneurysms after
coiling were retreated. When the previous frames covered the aneurysms all around or almost around
except a part of the neck, coiling was chosen. In other cases, clipping was chosen. Clipping was attempted
without removal of coils when it was technically feasible. Among the 10 IC-PC aneurysms retreated,
3 were retreated with coiling and 7 were retreated with clipping. In all three cases retreated with coiling,
almost complete occlusion was accomplished. In the seven cases retreated with clipping, coil extrusion
was observed during surgery in six cases. In most of them, it was necessary to dissect strong adhesions
around the coiled aneurysms and to utilize temporary occlusion of the internal carotid artery. In all
seven cases, neck clipping was accomplished without the removal of coils. There were no neurological
complications in any cases. The management of recurrent lesions of embolized IC-PC aneurysms requires
appropriate choice of treatment using both coiling and clipping. Clipping, especially without the removal

of coils, plays an important role in safe treatment.
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Introduction

Influenced by the good results of coil embolization
in several clinical trials for ruptured aneurysms,?
endovascular treatment has often been selected as
the first choice treatment for ruptured aneurysms in
Japan. Even in the treatment of unruptured aneurysms,
excellent outcomes have been reported similar to
those for surgical clipping.? However, recurrence,
which occurs at a certain probability level after coil
embolization, is an important problem.*® As a result
of the increase in endovascular surgeries, we have
more frequently experienced recurrent aneurysms
after coil embolization.

Many authors have reported that re-coil embolization
is safe and efficient for the retreatment of recurrent
aneurysms after coil embolization.®® On the other
hand, surgical clipping is an alternative option for
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retreatment, especially in cases unsuitable for coil
embolization.®'? Surgical clipping for recurrent
aneurysms after coil embolization is performed with
or without removal of previously embolized coils.
However, the removal of embolized coils contains
some uncertain elements including injury of the
parent artery and cerebral ischemia during the
procedure.'*'? Therefore, clipping with preservation
of the embolized coils is desirable when it is
technically feasible.!*1%

Internal carotid-posterior communicating artery
(IC-PC) aneurysms are common and account for
more than 20% of all intracranial saccular aneurysms
currently. Although the microsurgical techniques
for IC-PC aneurysms have been well established
with progress in intraoperative neuroendoscopy
and indocyanine green (ICG) videoangiography,''%
the rate of endovascular treatment has increased
recently. It is, therefore, natural that recurrent
IC-PC aneurysms after coil embolization have also



Retreatment of Recurrent IC-PC Aneurysm after Coiling 839

Fig. 1 Schema of the status of the recurrence. The status was classified into three types. Type 1: Previous framing
coils covered aneurysms all around. Type 2: Previous framing coils covered aneurysms almost around, except a

part of the neck. Type 3: Others.

increased.” Not only endovascular techniques, but
also well-established microsurgical techniques are
available and play an important role even in the
retreatment of recurrent IC-PC aneurysms.

We present our experience of 10 recurrent IC-PC
aneurysms after coil embolization that were retreated
using surgical or endovascular techniques, in order
to discuss the choice of treatment and the points
of clipping without the removal of embolized coils.

Materials and Methods

From May 2007 to February 2014, 22 recurrent
aneurysms after coil embolization were retreated. All
retreatments were performed by the first author (S.T.).

Inclusion criteria for retreatment were as follows.
In cases with a rapid increase in recurrent lesions,
residuals larger than 30% of the original aneurysm
or blebs in the recurrent lesions, additional treatment
was considered.

Among the 22 recurrent aneurysms, 10 were IC-PC
aneurysms. The choice of treatment for the 10 cases
was as follows. When the previous frames covered
the aneurysms all around (type 1) or almost around
except a part of the neck (type 2), coil embolization
was chosen. The stent-assisted technique was not
utilized in this series. In other cases, surgical clipping
was chosen (type 3) (Fig. 1). Surgical clipping was
attempted without removal of embolized coils when
it was technically feasible.

In all the cases retreated, the long diameters and
the neck size of the aneurysms at initial treatment
were measured. In the cases retreated with surgical
clipping, the remnant neck height (RNH), the remnant
neck width (RNW), and coil width (CW) at recurrence
were measured (Fig. 2). The status of the coil
embolization at the initial treatment was classified
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Fig. 2 Schema of the remnant neck parameters. CW:
coil width, RNH: remnant neck height, RNW: remnant
neck width.

using the Raymond scale.'” Statistical differences
between the groups retreated with endovascular
surgery and that with microsurgery, in terms of age,
interval to retreatment, and aneurysmal size were
evaluated using Student’s t-test.

Results

Among the 10 IC-PC aneurysms retreated (female
7, male 3; right side 6, left side 4; ruptured 6,
unruptured 4), 3 were retreated with endovascular
coiling and 7 were retreated with surgical clipping
(Table 1). The average age at initial treatment was
56.5 + 15.3 years. At the initial treatment, the
average long diameter of the aneurysm was 6.5 + 2.6
mm and the average neck size was 3.3 = 1.0 mm.
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The status of coil embolization at the initial treatment
was three cases of Raymond scale 1 and seven cases
of Raymond scale 2. The status of recurrence using
our schema was one case of type 1, two cases of
type 2, and seven cases of type 3. The average
interval to retreatment was 26 = 10 months. There
were no neurological complications in any of the
retreatments. No aneurysms required “re-retreatment”
during the follow-up period.

In the three cases treated with an endovascular
technique (female 3, male 0; right side 3, left side
0; ruptured 1, unruptured 2), the average age at
initial treatment was 64.7 + 4.9 years. At the initial
treatment, the average long diameter of the aneurysm
was 8.8 + 3.4 mm. The status of coil embolization
at the initial treatment was one case of Raymond
scale 1 and two cases of Raymond scale 2. The
status of recurrence using our schema was one
case of type 1 and two cases of type 2. The average
interval to retreatment was 29 = 17 months. In coil
embolization of type 1, coil filling was performed
into the framing coils previously embolized. In type
2, coil filling was performed after an additional
frame was formed at the remnant neck. In all three
cases, almost complete occlusion was accomplished.

In the seven cases treated with a microsurgical
technique (female 4, male 3; right side 3, left side
4; ruptured 5, unruptured 2), the average age at
initial treatment was 52.1 + 17.5 years (Table 2). At
the initial treatment, the average long diameter of
the aneurysm was 5.3 + 1.4 mm. The status of coil
embolization at the initial treatment was two cases
of Raymond scale 1 and five cases of Raymond scale
2. The status of recurrence using our schema was all
type 3 cases. The average interval to retreatment was
27 + 8 months. At recurrence, the average of RNH

was 2.6 + 0.4 mm, the average of RNW was 3.2 =
1.0 mm, and the average of CW was 3.8 + 0.8 mm.
The average of RNW/RNH was 1.3 = 0.4. The
average of CW/RNH was 1.5 + 0.3. Coil extrusion
was observed during surgery in six cases (5 initially
ruptured cases, 1 initially unruptured case). In
all seven cases, neck clipping was accomplished
without removal of embolized coils. The patency
of the posterior communicating (P-Com) artery was
confirmed using ICG videoangiography

There were no statistical differences between the
groups retreated with endovascular surgery and
that with microsurgery in terms of age, interval to
retreatment, and aneurysmal size (Student’s t-test).

Illustrated Cases

I. Case 2

A 61-year-old woman presented with subarachnoid
hemorrhage (Hunt and Hess Grade 4). On the
onset day, she underwent coil embolization of a
ruptured right IC-PC aneurysm. The initial size of
the aneurysm was 10.1 mm. The status of the coil
embolization was Raymond scale 1. Approximately
3 years and 4 months after the initial treatment,
coil compaction was found (Fig. 3A). The status of
the recurrence was classed as type 2 based on our
schema, and endovascular treatment was planned.
In coil embolization, coil filling was performed after
an additional frame was formed at the remnant
neck. Finally, almost complete embolization was
accomplished (Fig. 3B).

II. Case 3
A 70-year-old woman underwent coil embolization
for a right IC-PC aneurysm revealed by cerebral

Table 2 Profile of seven IC-PC right internal carotid-posterior communicating artery aneurysms retreated with

a microsurgical technique

Caseno.  Age (y.0.) Sex RNH (mm) RNW (mm) CW (mm) RNW/RNH CW/RNH Coil extrusion
4 63 female 2.8 5.5 3.3 2 1.2 (+)
5 66 female 2.3 3.5 4.5 1.5 2 (+)
6 42 male 2.4 3.5 4.5 1.5 1.9 (+)
7 32 male 2.8 2.7 4.4 0.96 1.6 (+)
8 68 male 3.4 2.9 4.4 0.85 1.3 (=)
9 28 female 2.1 2.1 2.6 1 1.2 (+)
10 66 female 2.2 2.5 2.7 1.1 1.2 (+)
Average 52.1 2.6 3.2 3.8 1.3 1.5
SD 16.2 0.4 1 0.8 0.4 0.33

CW: coil width at recurrence, RNH: remnant neck height at recurrence, RNW: remnant neck width at recurrence, SD:

standard deviation.
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magnetic resonance angiography at a medical checkup.
The initial size of the aneurysm was 12.2 mm. The
status of the coil embolization was Raymond scale 2.
Approximately 1 year and 10 months after the initial
treatment, coil compaction was found (Fig. 4A1).
The status of the recurrence was classed as type 1
based on our schema (Fig. 4A2), and endovascular
treatment was planned. In coil embolization, coil
filling was performed into the framing coils previously
embolized. Finally, almost complete embolization
was accomplished (Fig. 4B).

III. Case 6

A 42-year-old man presented with subarachnoid
hemorrhage (Hunt and Hess Grade 2). On the onset
day, he underwent coil embolization of a ruptured
left IC-PC aneurysm. The initial size of the aneurysm
was 5.5 mm. The status of the coil embolization
was Raymond scale 2. Approximately 2 years and
2 months after the initial treatment, an increase of
the remnant neck was found (Fig. 5A). The height
of the remnant was 2.4 mm and the width was
3.5 mm. The status of the recurrence was classed

Fig. 3 Case 2: A 61-year-old
woman. A: Approximately
3 years and 4 months after
initial coil embolization for a
ruptured right internal carotid-
posterior communicating artery
aneurysm, coil compaction was
found on lateral angiography.
B: Coil filling was performed
after an additional frame was
formed at the remnant neck.

Fig. 4 Case 3: A 70-year-old
woman. Al: Approximately 1 year
and 10 months after initial coil
embolization for an unruptured
right internal carotid-posterior
communicating artery aneurysm,
coil compaction was observed
on lateral angiography. A2: The
previous framing coils covered
the aneurysm all around. B:
Coil filling was performed into
the framing coils previously
embolized.

as type 3 based on our schema, and neurosurgical
clipping was planned.

In the operative findings, extrusion of previously
embolized coils was observed (Fig. 5B). Strong
adhesions between the aneurysmal dome and
the tentorial dura were dissected using a careful
microsurgical technique. Under temporal occlusion of
the internal carotid artery (ICA), neck clipping was
performed without removal of previously embolized
coils (Fig. 5C, D).

IV. Case 8

A 68-year-old man underwent coil embolization for
a left IC-PC aneurysm revealed by cerebral magnetic
resonance angiography at a medical checkup. The
initial size of the aneurysm was 7.5 mm. The status
of the coil embolization was Raymond scale 2.
Approximately 3 years after the initial treatment, an
increase in the remnant neck was observed (Fig. 6A).
The height of the remnant neck was 3.4 mm and
the width was 2.9 mm. The status of the recurrence
was classed as type 3 based on our schema, and
neurosurgical clipping was planned.

Neurol Med Chir (Tokyo) 55, November, 2015
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Fig. 5 Case 6: A 42-year-old man. A: Approximately 2 years and 2 months after initial coil embolization for a
ruptured left internal carotid-posterior communicating artery aneurysm, an increase in the remnant neck was
found on volume rendering three-dimensional (3D) digital subtraction angiography images. B: In the operative
findings, extrusion of previously embolized coils was observed. C: Neck clipping was performed. D: Neck clipping
without removal of previously embolized coils was confirmed with left posterior oblique view of volume rendering
post-operative 3D digital subtraction angiography images.

Fig. 6 Case 8: A 68-year-old man. A: Approximately 3 years after initial coil embolization for an unruptured left
internal carotid-posterior communicating artery aneurysm, an increase in the remnant neck was found on left anterior
oblique angiography. B: In the operative findings, extrusion of previously embolized coils was not observed. C: Neck
clipping was performed. D: Neck clipping without removal of previously embolized coils was confirmed with left
posterior oblique view of volume rendering post-operative three-dimensional digital subtraction angiography images.

In the operative findings, extrusion of previously
embolized coils was not observed (Fig. 6B). Under
temporal occlusion of the ICA, neck clipping was
performed without removal of previously embolized
coils (Fig. 6C, D).

V. Case 9

A 28-year-old woman presented with subarachnoid
hemorrhage (Hunt and Hess Grade 2). On the
onset day, coil embolization of a ruptured left
IC-PC aneurysm was performed. The initial size of
the aneurysm was 4.1 mm. The status of the coil
embolization was Raymond scale 1. Approximately
1 year and 5 months after the initial treatment, an
increase of the remnant neck was observed (Fig.
7A). The height of the remnant was 2.1 mm and
the width was 2.1 mm. The status of the recurrence
was classed as type 3 based on our schema, and
neurosurgical clipping was planned.

In the operative findings, extrusion of previously
embolized coils was observed (Fig. 7B). Strong
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adhesions between the connective tissue around
the exposed coils and the oculomotor nerve were
dissected using a careful microsurgical technique.
Under temporal occlusion of the ICA, neck clipping
was performed without removal of previously
embolized coils (Fig. 7C, D).

VI. Case 10

A 66-year-old woman underwent coil embolization
for a right IC-PC aneurysm revealed by cerebral
magnetic resonance angiography at a medical checkup.
The initial size of the aneurysm was 4.1 mm. The
status of the coil embolization was Raymond scale 2.
Approximately 3 years and 4 months after the
initial treatment, an increase in the remnant neck
was found (Fig. 8A). The height of the remnant was
2.2 mm and the width was 2.5 mm. The status of
the recurrence was classed as type 3 based on our
schema, and neurosurgical clipping was planned.

In the operative findings, extrusion of previously
embolized coils was observed (Fig. 8B). Adhesions
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Fig. 7 Case 9: A 28-year-old woman. A: Approximately 1 year and 5 months after initial coil embolization for
a ruptured left internal carotid-posterior communicating artery aneurysm, an increase in the remnant neck was
evident on left anterior oblique angiography. B: In the operative findings, extrusion of previously embolized coils
was observed. C: Neck clipping was performed. D: Neck clipping without removal of previously embolized coils
was confirmed with left posterior oblique view of volume rendering post-operative three-dimensional digital
subtraction angiography images.

:i.!

Fig. 8 Case 10: A 66-year-old woman. A: Approximately 3 years and 4 months after initial coil embolization
for an unruptured right internal carotid-posterior communicating artery aneurysm, an increase in the remnant
neck was evident on lateral angiography. B: In the operative findings, extrusion of previously embolized coils
was observed. C: Neck clipping was performed. D: Neck clipping without removal of previously embolized coils
was confirmed with right posterior oblique view of volume rendering post-operative three-dimensional digital

subtraction angiography images.

between the exposed coils and the oculomotor
nerve were dissected using a careful microsurgical
technique. Under temporal occlusion of the ICA,
neck clipping was performed without removal of
previously embolized coils (Fig. 8C, D).

Discussion

In the CARAT study, the annual retreatment rates
after coil embolization were 13.3%, 4.5%, and 1.1%
during the first, second, and later years, respectively,
but the annual re-rupture rate, which was reported
at 0.11%,¥ after endovascular treatment was low.
Byrne et al. reported a rebleeding rate of 0.4%
for stable nonprogressing aneurysmal remnants
after endovascular treatment, but also reported a
7.9% rebleeding rate for angiographically unstable
aneurysm residuals.'®!® Therefore, management
of residual and recurrent lesions of embolized

cerebral aneurysms requires careful follow-up using
neuroimaging modalities, and active decisions for
additional treatment. In our institute, follow-up
angiography or magnetic resonance angiography
was obtained every 6 months postembolization. In
retreatment of recurrent aneurysms, it is desirable
to adopt a safe procedure because the results of the
retreatment should be superior to the outcome of
observation only.

IC-PC aneurysms are common and currently
account for more than 20% of all intracranial saccular
aneurysms. Although the microsurgical techniques
for IC-PC aneurysms have been well established with
the progress of intraoperative neuroendoscopy and
ICG videoangiography,*-'® the rate of endovascular
treatment has increased recently. It is natural that
recurrent IC-PC aneurysms after coil embolization
have also increased and occupy a high rate among all
recurrent aneurysms. In our series, we experienced

Neurol Med Chir (Tokyo) 55, November, 2015
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10 IC-PC aneurysms (45%) among 22 aneurysms
retreated. Not only endovascular techniques, but
also well-established microsurgical techniques, are
available and play an important role even in the
retreatment of recurrent IC-PC aneurysms.

As a retreatment of recurrent aneurysms after
coil embolization, re-coil embolization is safe and
efficient. There have been many reports that coil
embolization is adopted as first choice for the
treatment of recurrent aneurysms.®® However, it
is well known that not all the configurations of
recurrent aneurysms are suitable for coil embolization.
Especially, in cases unsuitable for coil embolization,
surgical clipping can be an alternative option.®!? In
this study, the choice of the retreatment depended
on the morphology of the remnant neck, as we
presented in the schema. Due to this strategy, cases
that may have been considered to be difficult for
clipping without extraction of embolized coils were
treated using coil embolization. In this series, type 1
and type 2 included the aneurysms that were
difficult for clipping without removal of embolized
coils. As a result, straightforward cases for neck
clipping, with preserving previous coils, could
be selected. This is one of the reasons why we
did not experience extraction of embolized coils
during clipping surgery in this study. We think
that our strategy could reduce the rate of clipping
with extraction of embolized coils, which may be
associated with high morbidity.

In this study, the strategy of the treatment
depended on the morphology of the recurrent
aneurysms. However, another important concept
is that the choice of treatment should be based on
the cause of the recurrence.®!? Coiling may be an
efficient retreatment when the main cause of the
recurrence is coil compaction. However, when the
main cause of the recurrence is regrowth, surgical
clipping may be better than coiling from a curability
viewpoint. In view of these findings, Dorfer et al.
have adopted a policy of surgical management for
aneurysm recurrences from aneurysm regrowth
whenever technically feasible. On the other hand,
they reported that aneurysm recurrences from
mechanical coil compaction, without significant
changes in size and morphology, were successfully
treated using endovascular techniques in their
series.'” We think that the cause of the recurrence
is one of the important factors when deciding the
retreatment modality because we should consider
not only safety, but also curability.

We agree that stent-assisted coil embolization
is a very suitable technique for the treatment of
recurrent aneurysms after coil embolization. In
addition, utilization of a stent or flow diverter may
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expand the indication of endovascular surgery for
retreatment although we should consider the risks
of thromboembolic complications or dual antiplatelet
therapy.2” However, we did not utilize a stent-assisted
technique in this study because the benefit was
thought to be limited as the P-Com artery originated
from the neck in most of the IC-PC aneurysms.

Surgical clipping for recurrent aneurysms after
coil embolization is performed with or without
the removal of previously embolized coils. In
surgical clipping for recurrent aneurysms after coil
embolization, removal of previously embolized coils
may help to secure enough space for neck clipping,
but it contains uncertain and complex elements.'*!?
Coil extraction during microsurgery for recanalized
intracranial aneurysms can be associated with high
morbidity.*¥ Dorfer et al. reported that opening the
aneurysm and attempted coil removal resulted in
aneurysm rupture at the neck and ultimately led
to sacrifice of the ICA in one patient operated on
4 years after the first embolization.'? Because extraction
of embolized coils may require temporary occlusion
of the parent artery or bypass surgery, or may cause
intimal injury of the parent artery, clipping without
removal of embolized coils is preferable when it is
technically feasible.

Predicting whether coil extraction during microsurgery
may be necessary has significant implications
during preoperative planning.®'*2?'?? For safe neck
clipping without removal of embolized coils, the
remnant neck should be “tall” in order to allow
enough space for neck clipping.®!*?? Waldron et al.
evaluated the ratio of coil width to compaction
height (C:H ratio) at retreatment. They suggested that
aneurysms with a C:H ratio greater than 2.5 or with
minimal compaction (compaction height < 2 mm)
were not amenable to clipping without removal of
embolized coils.’® In all the cases retreated using a
microsurgical technique in our series, the C:H ratio
was less than 2.5 and compaction height more than
2 mm. With our strategy in this study, cases that
may have been thought to be difficult for clipping
without extraction of embolized coils were treated
using coil embolization. As a result, the spaces of
the remnant neck for application of a surgical clip
may have been enough in the aneurysms treated
using a surgical technique. We thought that, even
in a small aneurysms series, the height of the neck
should be more than 2 mm at least. Otherwise,
neck clipping without removal of coils should not
be performed.

We should keep in mind that whether or not neck
clipping without removal of coils is possible not only
depends on the height of the neck, but also on the
size of the aneurysm. Especially, in large or giant
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aneurysms, the coiled aneurysm prevents observation
or dissection of the neck, and the possibility of neck
clipping without removal of coils is thought to be
low. The fact that the sizes of the aneurysms were
relatively small in this study is one of the reasons
why we did not experience extraction of embolized
coils during clipping surgery.

During surgical procedures, dissection all around
aneurysms is not always straightforward because
the coil mass cannot be reduced even if we use
temporary occlusion of the parent artery. The
difficulties associated with microsurgical clip ligation
of aneurysms previously treated via endovascular
means was already reported by several authors.0-1222
Tough arachnoid scarring and adhesions surrounding
the coiled aneurysms can complicate dissection, and
extrusion of the coil into the subarachnoid space
and cerebral parenchyma is frequently observed.?®
Coiled aneurysms are relatively immobile, making
dissection and visualization in the area around
them more difficult.’*32? In IC-PC aneurysms,
the connective tissue around the exposed coils
sometimes adheres to the oculomotor nerve. Because
clipping without dissection of this adhesion may
damage the oculomotor nerve due to strong torque
from the manipulation in applying the clips, the
coiled aneurysms should be mobile from the
oculomotor nerve.

As neck clipping without removal of coils may
cause a longitudinal stretch force along the neck,
it is better to prepare temporary occlusion of the
parent artery. Also, a donor artery, such as the
superficial temporal artery, for bypass surgery
should be prepared in case of temporary occlusion
of the parent artery during extraction of coils.'*-!%
During application of the aneurysm clip, it is not
necessary to close and release clips many times in
order to prevent thromboembolic events because all
the recurrent aneurysms after coil embolization are
thought to be “thrombosed aneurysms.”

In this study, several limitations should be noted.
First, the number of aneurysms was small. Second,
the diameters of the aneurysms were relatively small.
In large or giant aneurysms, the possibility of neck
clipping without removal of coils is thought to be low.
The annual retreatment rate after coil embolization
was highest during the first year in the CARAT
study,” but in our study it was highest during the
third year and the average interval to retreatment
was 26 + 10 months. In our study, retreatment rate
during the first year was relatively low because we
rarely experienced the cases that needed retreatment
in acute or subacute stage. Because the choice of
retreatment strongly depended on the individual
skills of microsurgery and endovascular surgery

in this study, it is desirable to establish objective
criteria for the choice of retreatment.

Conclusion

Management of recurrent lesions of embolized IC-PC
aneurysms requires appropriate choice of treatment
using both endovascular and surgical techniques.
Surgical clipping, especially without removal of
embolized coils, plays an important role in safe
treatment.
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