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Microsurgical Clipping of Previously Coiled Aneurysms
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-OBJECTIVE: This study sought to show and analyze the main authors’ expe-
rience (P.R. and J.M.C.) in previously coiled aneurysm surgery as an emerging
challenge in today’s neurosurgical practice.

-METHODS: Twelve female and 8 male patients, whose ages ranged from 32 to
56 years (average 43.5), underwent surgery between April 2009 and September
2012 in 2 centers. Reasons for surgery were 13 partially occluded aneurysms and
7 recanalized aneurysms.

-RESULTS: There was no mortality in this series. Aneurysmal sites were 5
anterior communicating artery aneurysms, 5 posterior communicating artery
aneurysms, 3 middle cerebral artery aneurysms, 6 paraclinoid carotid artery
aneurysms, and 1 aneurysm in the pericallosal artery. A patient sustained
a postsurgical frontal infarction with mild neurological deficit. One of the
aneurysms presented with an arterial branch at the level of the aneurysmal
neck; therefore, partial clipping and packing was required. Microsurgical
clipping in the remaining patients was performed successfully. Eight cases
required partial coil removal before clipping.

-CONCLUSIONS: Surgical management of previously coiled aneurysms is an
emerging challenge in neurosurgery. Incomplete or ineffective embolizations
pose an increased risk for the patient, thus requiring surgical treatment.
Although not advisable, coil removal might be necessary when in the vicinity of
the aneurismal neck in order to place the clip correctly. The authors believe that
adequate patient selection and careful preoperative planning are essential to
reduce the incidence of patients with unsuccessful coils who will later need
surgical treatment.
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ACOMM: Anterior communicating artery
ICA: Internal carotid artery
MCA: Middle cerebral artery
PCOMM: Posterior communicating artery
SAH: Subarachnoid hemorrhage

From the 1Division of Neurosurgery,
Department of Cerebrovascular

Surgery, Hospital El Cruce, Florencio Varela, Buenos Aires,
Argentina; 2Cerebrovascular and Skull Base Team, Institute
of Neurosurgery Asenjo, and Department of Neurological
Surgery, University of Chile, Santiago, Chile; 3Hopital San
Jose, Pergamino, Buenos Aires, Argentina; 4Hospital Militar
Central, Buenos Aires, Argentina; 5Division of Neurosurgery,
Department of Skull Base Surgery, Hospital El Cruce,
Florencio Varela, Buenos Aires, Argentina; 6Division of
Neurosurgery, Hospital El Cruce, Florencio Varela,
Buenos Aires, Argentina

To whom correspondence should be addressed:
Pablo Augusto Rubino, M.D.
[E-mail: parubino@intramed.net]

Citation: World Neurosurg. (2014).
http://dx.doi.org/10.1016/j.wneu.2013.09.016

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2014 Elsevier Inc.

All rights reserved.
INTRODUCTION

Changes in paradigms pose new chal-
lenges and problems. Endovascular treat-
ment has progressed since the 1990s, and
an increasing number of patients is
undergoing endovascular procedures to
exclude cerebral aneurysms from circula-
tion (9). This technique is not exempt from
risks, and it is not 100% effective (10).
Aside from complications that may arise
during embolization, it is also possible
that aneurysm exclusion may be incom-
plete, or even if coiling is successful,
aneurismal sacs may recanalize, and/or
coils may suffer compaction, requiring
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further microsurgery to completely exclude
them from circulation. We will consider all
these circumstances as previously coiled
aneurysms. Hayakawa et al. (8) studied
embolized aneurysmal remnants and
found that up to 49% of them were
recanalized; Cognard et al. (5) reported
a 14% recurrence in completely embolized
aneurysms and a 33% recurrence in those
that were partially treated; Byrne et al. (2)
indicate that there exists a 15% recurrence
in 5-year follow-up and rebleeding in 8% of
the aneurysms that presented evidence of
growth. These studies show that the
controversial issue of treating previously
embolized aneurysms must be addressed.
In consequence, a new surgical population
has emerged. Thus, it is becoming neces-
sary to develop new approaches and
TH 2014
strategies to face such situations. It is
becoming clearer that endovascular treat-
ment in the long term is increasing
medical costs for each patient and over-
throwing the initial higher cost of surgical
clipping (11). When both treatments need
to be performed on the same patient due to
ineffectiveness of the initial treatment, this
item also arises as a major issue. Little has
been published to date about the strategies
used, the problems encountered, and the
general experience of the neurosurgeons
that deal with this pathology. Our objective
is to summarize the experiences of the
authors (P.R. and J.M.C.) in performing
such procedures and the lessons learned so
far, so that other surgeons will benefit
from them when determining the best
tactical approach to this issue.
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Table 1. Patients with Previously Coiled Aneurysms Who Underwent Surgery

Patient Location Reason for Surgery Strategy Complications

F, 48 ACOMM Partial occlusion Clipping þ coil removal e

M, 44 ACOMM Partial occlusion Clipping e

F, 50 ACOMM Partial occlusion Clipping þ coil removal e

F, 50 ACOMM Partial occlusion Clipping e

M, 52 ACOMM Partial occlusion Clipping þ coil removal A2 infarction

M, 52 MCA Partial occlusion Clipping þ coil removal þ wrapping e

F, 49 MCA Recanalization Clipping e

F, 56 MCA Recanalization Clipping e

F, 32 PCOMM Recanalization Clipping þ coil removal e

F, 50 PCOMM Recanalization Clipping þ coil removal e

F, 35 PCOMM Recanalization Clipping e

M, 46 PCOMM Recanalization Clipping e

M, 40 PCOMM Recanalization Clipping e

F, 43 Pericallosal Partial occlusion Clipping e

F, 39 Paraclinoid Partial occlusion Clipping þ coil removal e

M, 50 Paraclinoid Partial occlusion Clipping e

F, 36 Paraclinoid Partial occlusion Clipping e

F, 54 Paraclinoid Partial occlusion Clipping þ coil removal e

M, 44 Paraclinoid Partial occlusion Clipping e

M, 48 Paraclinoid Partial occlusion Clipping e

F, female; ACOMM, anterior communicating artery; MCA, middle cerebral artery; PCOMM, posterior communicating artery;
M, male.
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MATERIALS AND METHODS

Between April 2009 and September 2012
(a 42-month period), in 2 major neuro-
surgical centers with an influence area of
over 2 million people each, one of them
being a national reference center, the
Table 2. Recanalized Aneurysm Size Before I
Surgery

Patient Localization Aneurysm Size Befo

F, 49 MCA 6 mm

F, 56 MCA 9 mm

F, 32 PCOMM 5 mm

F, 50 PCOMM 7 mm

F, 35 PCOMM 6 mm

M, 46 PCOMM 5 mm

M, 40 PCOMM 12 mm

F, female; MCA, middle cerebral artery; PCOMM, posterior com
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aneurysm population in both was 772
surgical cases. A total of 327 cases under-
went initial embolization, with 52 patients
experiencing in this period recanalization
or partial coiling. Twenty of these cases
underwent surgical retreatment: 12 female
nitial Endovascular Treatment and Before

re Coiling Aneurysm Size Before Clipping

7 mm

12 mm

8 mm

13 mm

7 mm

8 mm

14 mm

municating artery; M, male.
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patients and 8 male patients. Their ages
ranged from 32 to 56 years of age (average
43.5). The reasons for surgery were 13
partially occluded aneurysms and 7
recanalized aneurysms. All patients
received previous endovascular treatment,
but either due to incomplete coiling or
recurrence, it was complemented with
surgery. We consider partially occluded
those aneurysms that show <70% embo-
lization, according to the results of the
Cerebral Aneurysm Re-rupture After
Treatment (CARAT) trial (13). Recanalized
aneurysms are those that showed contrast
filling in control angiograms when initially
coiled successfully. Those patients who
underwent surgery due to initial failure of
endovascular treatment (impossibility to
coil) were excluded (crossing over). Pre
and postoperative angiograms were
assessed, and clinical and radiological
controls were performed in all patients.
RESULTS

The aneurysmal sites were 5 anterior
communicating artery (ACOMM) aneu-
rysms, 5 posterior communicating
(PCOMM) artery aneurysms, 3 middle
cerebral artery (MCA) aneurysms, 6 para-
clinoid carotid artery aneurysms, and 1
aneurysm in the pericallosal artery. Of the
20 patients treated, 19 had total exclusion
of the aneurysms via clipping, and in some
cases coil removal was necessary. In 1
case, partial clipping and external wrap-
ping was needed due to the presence of
a collateral branch in the neck.

ACOMM Aneurysms
Those patients with ACOMM aneurysms
underwent surgery because embolization
was incomplete, with a 50% occlusion or
less. One patient presented a complication:
an aneurysm larger than 15mmwith coils at
the basal aspect of the neck. As a strategy,
the authors always prefer direct clipping of
the aneurysm followed by flow verification
of the afferent and efferent arteries with the
aid of intraoperative Doppler (Mizuho
Medical Inc.,Tokyo, Japan). During the
clipping, of this case, Doppler signal was
lost in both A2 segments; therefore, it was
necessary to perform temporary clipping
with proximal control and partial removal
of coils. After definitive clipping, the signal
obtainedwas positive but not as strong. The
patient suffered an infarction in the left A2
dx.doi.org/10.1016/j.wneu.2013.09.016
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Figure 1. Right paraclinoid aneurysm before (A) and after (B) clipping. Coils contained inside
aneurysmal sac. (C) Pre-embolization angiogram. Large aneurysm arises from the medial aspect of
ophthalmic segment of the internal carotid artery. (D) Postembolization angiogram shows aneurysmal
remnant. (E) Postoperative angiogram. Neck remnant clipped.

Figure 2. (A) Left pterional craniotomy for a contralateral paraclinoid aneurysm with partial occlusion.
Due to aneurysm orientation, the surgeon preferred a contralateral approach. (B) Same patient after
clipping is completed. (C) Preoperative angiogram, which shows incomplete coiling. (D) Postoperative
angiogram with successful clipping.
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territory, and it has not been possible to
determine whether it was due to a post-
clipping stenosis or to temporary clipping.
In the second case, coils were partially
outside the sac (coil extrusion), thus
damaging the olfactory nerve, and partially
inside the right A2. Temporary clipping of
the parent artery was performed, followed
by sac opening and removal of loose coils
within the aneurysm. Further to the neck,
coils became more adherent to the endo-
thelium. Considering the risks of further
removal, it was decided to leave them
untouched, and instead 2 clips were placed
at neck level to achieve the proper exclu-
sion. The patient had a full postoperative
recovery with no new neurological deficits.
The remaining patients were treated
successfully.
PCOMM Aneurysms
The 5 patients with PCOMM aneurysms
underwent surgery due to sac recanaliza-
tion (Tables 1 and 2). The first patient’s
aneurysmhad grown in size and had amass
effect on the third pair with no clinical
manifestation. It was clipped with no inci-
dents. The second patient had undergone 3
embolization procedures, and all 3 times
her aneurysm had recanalized and grown to
a gigantic size, thus compressing the
temporal lobe and the left third nerve.
Surgical clipping with coil removal and
a partial removal of fundus was performed
to decompress the third nerve. The last 3
cases with PCOMM artery aneurysm pre-
sented recanalization during control stage,
and uneventful clipping was performed.
MCA Aneurysm
Regarding the 3 patients with MCA aneu-
rysms, the first one underwent surgery due
to large aneurysm size, mass effect, and
angiographic evidence of recanalization. It
was successfully clipped. In the second
case, the aneurysm was partially coiled.
During surgical clipping, loss of flow
signal in the upper branch of the sylvian
bifurcation obliged coil removal, and then
it was decided to place 2 clips and leave
a small remnant neck and supplement it
by wrapping. The third case presented
recanalization due to compaction, and
clipping was achieved with no need of coil
manipulation because the neck was liber-
ated. The patients had uneventful post-
operative recovery.
www.WORLDNEUROSURGERY.org 3
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Figure 3. (A) Preoperative angiogram
demonstrating partial flow in right middle cerebral
artery aneurysmal sac. Note partial calcification of
aneurysmal wall. (B) Postoperative angiogram after
successful clipping. (C) Intraoperative view of
partially coiled aneurysm. (D) Temporary clipping is
needed when coils are adjacent to the neck, and do
not allow clip appliance. When proximal control
secured, the aneurysmal sac is opened and coils are
removed. (E) Definitive clips are applied after coil
removal.
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Paraclinoid and Pericallosal Artery
Aneurysms
The paraclinoid aneurysms were clipped
due to ineffective coiling, and 2 of the
patients presented with a new subarach-
noid hemorrhage (SAH) after treatment.
Two of the 6 cases needed coil removal
and clipping, and the remaining 4 could
be treated without entering the aneurysm.
The pericallosal aneurysm was operated
on because of partial occlusion (<50%)
observed in follow-up angiogram. Some
illustrative cases are shown (Figures 1, 2,
3, 4, 5).

Representative Cases
We have chosen 2 typical cases in which
we applied 2 different techniques. In the
first case, we performed a direct clipping.
In the second case, before clipping we
4 www.SCIENCEDIRECT.com
performed a temporary clipping, opening,
and removal of the coils; finally we were
able to clip.

Case 1
A 36-year-old woman with a history of
tobacco consumption presented to the
emergency department with severe head-
ache and neck rigidity of acute onset. A
computed tomography scan revealed
a Fisher III SAH. The patient was rushed to
the intervention radiologist, and a large
right paraclinoid aneurysm was found
(Figure 1C). Coiling of the fundus was
successfully achieved; however, when pro-
gressing with the cast of coils, these seem
to protrude to the internal carotid artery
(ICA). Remodeling was not possible;
therefore, a remnant uncoiled neck was left
(Figure 1D). The patient was sent to the
WORLD NEUROSURGERY, http://
neurointensive unit for further medical
treatment. The acute phase of SAH was
controlled in the intensive care unit, and 2
weeks later, microsurgical repair was
decided. A right standard pterional crani-
otomy with extradural anterior clinoidec-
tomy was performed. Further opening of
the distal dural ring improved proximal
exposure of the clinoid segment of the ICA.
The neck of the aneurysm was exposed
without major difficulties, and was easily
clipped (Figures 1A and 1B). Further
dissection of the fundus was avoided. The
patient experienced no immediate compli-
cations. The follow-up angiogram with no
contrast filling is shown (Figure 1E).

Case 2
A 52-year-old man with a history of
tobacco consumption and arterial hyper-
tension was transferred from a low-
complexity institution with a Hunt and
Hess Scale grade II SAH with 3 days since
onset. Upon admission, digital angiog-
raphy was performed and a right-sided
large MCA bifurcation aneurysm was
diagnosed (Figure 3A). Angiographic
vasospasm also was assessed in the distal
MCA branches. Incomplete embolization
was performed to reduce the risk of
rebleeding, and the patient was admitted
to the neurointensive care unit for
aggressive treatment of cerebral vaso-
spasm. One week later, microsurgical
clipping was attempted. However, the
presence of both a large calcified athero-
matous portion of the aneurysm wall as
well as a dense cast of coils made direct
clipping impossible (Figure 3C). As
a result, the distal M2 branches revealed
loss of Doppler ultrasound signals.
Therefore, transient M1 clipping with
partial coil removal was achieved
(Figure 3D). The aneurysm was clipped
(Figure 3E), and a postoperative angio-
gram confirmed aneurysmal exclusion
(Figure 3B). The patient recovered fully.
DISCUSSION

Current evidence suggests that incomplete
embolization or aneurismal recurrence
indicates an increased risk of rebleeding
(3, 15-17). The degree of the occlusion also
might be related to the risk of bleeding.
According to our series, only 15% of
patients presented with SAH, and most
patients underwent surgery due to
dx.doi.org/10.1016/j.wneu.2013.09.016
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Figure 4. (A) Left pterional craniotomy for an anterior communicating aneurysm. (B) After initial
dissection, the sac is exposed. Note coils inside of the aneurysmal sac. (C) Neck fully exposed for
clipping. Dissector shows Huebner recurrent artery emerging from proximal A2 segment and left
olfactory nerve. (D) Clipping of partially coiled anterior communicating aneurysm. (E) Preoperative and
(F) postoperative angiograms.

Figure 5. Illustration of the relationship
between aneurysmal neck width (A) and
depth (B). When depth (B) is at least twice
as large as width (A), clipping is more
feasible. When the ratio is inverted,
aneurysmal exclusion is more hazardous.
Temporary clipping and coil removal is
necessary.
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angiographic evidence of incomplete or
unsuccessful coiling on follow-up angio-
grams. According toWaldron et al. (16), coil
extrusion is an underdiagnosed entity and
part of the unresolved aneurysm spectrum.
In fact, it might pose a higher risk of
rebleeding, thus requiring an immanent
surgical repair due to changes in the
aneurismal wall induced by coils. An
embolized aneurysmwithpositiveflow is an
unresolved problem and should be treated
in order to prevent further complications.
Re-embolization is a valid alternative in
many cases, but not always (7). In both
centers, each case is analyzed by a joint
committee of cerebrovascular and endo-
vascular surgeons, and treatment is indi-
vidualized based on anatomic, radiologic,
and clinical considerations. Previously
coiled aneurysms will pose the same
WORLD NEUROSURGERY- [-]: ---, MON
difficulties in a subsequent endovascular
session as in the first attempt. Surgical
clipping, when possible, achieves complete
exclusion of the aneurysm and precludes
further complications (16, 17).
From a technical point of view, and

although our series consists of only 20
cases, we can distinguish 2 groups of
partially coiled aneurysms: those in which
coils are in the fundus, away from the neck;
and those in which coils are in connection
with the neck. In the present study, the latter
represented 35%of cases. Inmost cases, this
assessment cannot be made by preoperative
angiograms and these situations are found
intraoperatively. If aneurysms from the first
group present a remnant that is bigger than
the size of the neck or that doubles it, then
they are technically more accessible,
whereas the handling of those that are large
TH 2014
in size may be hampered and it may be
necessary toopen the sac and remove coils in
order to loosen it and place a clip. Cases in
which coils are in connection with the neck
of the sac aremuchmore complex. It is often
necessary to perform transitory clipping,
open the aneurysm in order to remove
the coils, and place a clip (1, 6). For Naka-
mura et al., who recently assessed 15 cases of
previously coiled aneurysms, the presenceof
coils within aneurismal neck obliged
the surgeon to removal (13). In their series
there was no mortality, and complete
occlusionwas achieved in 100%of the cases.
Romani et al. observed the same issue in 82
previously coiled aneurysms and related this
event to an increment in postoperative
morbidity, thus concluding that manage-
ment of previously coiled aneurysms
must be handled by experienced vascular
centers (14).
One of the tools that facilitate the

surgeon’s task is intraoperative Doppler.
There are other very useful tools, such as
intraoperative indocyanine green video-
angiography or Doppler flow meters, that
will grant surgeons certainty in their
decisions (4, 12).
Lessons Learned
In general, the aneurysmal wall is very
thin, usually translucent, making dissec-
tion dangerous. Removing the coils from
an aneurysm not only is cumbersome, but
www.WORLDNEUROSURGERY.org 5
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also may cause damage to surrounding
structures. Whenever possible, it is best to
leave them untouched (14). We find that in
those aneurysms in which height is larger
than twice the neck’s width (Figure 5) and
in those in which the coils are packed
at the fundus, clipping is safer and less
cumbersome. This general rule for aneu-
rysm surgery is particularly certain for
coiled aneurysms because it is possible to
cause stenosis to the parent vessels
when placing the clip due to the volume
occupied by coils within the aneurysmal
sac. Therefore, we maintain that intra-
operative Doppler is vital to prevent
postclipping stenosis. Indocyanine green
videoangiography is another useful tool for
the proper visualization of the perforators
and to demonstrate the caliber of the
arteries during and after treatment. When
coil removal becomes necessary, it is not
advisable to try to cut them off. Delicate
microscissors are not effective, and they
may generate notches that may lead to
further damage of the delicate micro-
scissors when removed. It is preferable to
use a stronger scissor as well as gentle
pulling to remove the coil fragments. Most
aneurysms can be clipped with no need to
remove the coils. It is important that this
strategy is the surgeon’s first choice.

CONCLUSIONS

Surgical management of previously coiled
aneurysms is an emerging challenge in
neurosurgery, probably due to the increase
in the endovascular indications. We agree
with other authors that partially embolized
aneurysms must be excluded from the
circulation because they pose an increased
risk of rebleeding, especially if there is
recurrence or sac enlargement. The surgical
treatment of an embolized aneurysm is
undoubtedly technically more complex and
potentially riskier for the patient. We think
that correct selection of patients and careful
planning of treatment are essential to
reduce the incidence of embolized patients
who will later need surgical treatment.
6 www.SCIENCEDIRECT.com
Vascular surgeons must become familiar
with this type of scenario because, in our
opinion, they will become more common
due to the increasing number of endovas-
cular procedures.
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