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Abstract

Objective: To perform a retrospective study on the patients who underwent aneurysmal surgery following endovascular treatment.

Patients and methods: We performed a retrospective study on eight patients who underwent aneurysmal surgery following endovascular
treatment (-attempts) with gugliemi detachable coils (GDCs). The indications for surgery, surgical techniques and clinical outcomes were
analyzed.

Results: The indications for surgical treatment after GDC coiling of aneurysm were classified into three groups. First group: surgery of
incompletely coiled aneurysms (n=4). Second group: surgery of mass effect on the neural structures due to coil compaction or rebleeding
(n=2). Third group: surgery of vascular complications after endovascular procedure due to parent artery occlusion or thrombus propagation
from aneurysm (n=2). Aneurysm obliterations could be performed in all cases confirmed by postoperative angiography. Six patients had an
excellent outcome and returned to their profession. Patient’s visual acuity was improved. One individual experienced right hemiparesis (grade
IV/V) and hemihypesthesia.

Conclusions: Microsurgical clipping is rarely necessary for previously coiled aneurysms. Surgical treatment is uncommonly required when
an acute complication arises during endovascular treatment, or when there is a dynamic change of a residual aneurysm configuration over
time that is considered to be insecure.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction cular technology, some patients may develop clinical or

radiological evidence of residual or regrowing of aneurysms,

Since the introduction of GDC technique in 1990,
endovascular treatment has become an alternative to surgery
for aneurysm treatment [10]. Despite advances in endovas-

Abbreviations: A2, anterior cerebral artery second portion; AcomA,
anterior communicating artery; BA, basilar artery; CT, computed tomog-
raphy; F, female; GDCs, gugliemi detachable coils (GDCs); H&H, Hunt
and Hess Grade; ICA, internal carotid artery; Lt, left; M, male; MCA,
middle cerebral artery; OphA, ophthalmic artery; PcomA, posterior commu-
nicating artery; PICA, posterior inferior cerebellar artery; Rt, right; SAH,
subarachnoid hemorrhage; VA, visual acuity
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which may require further treatment [4,10,12,15,16,23].
As the use of the endovascular technique becomes more
widespread, various complications after endovascular treat-
ment were reported in several circumstances, in which
neurovascular surgery seems to be an appropriate treatment
alternative [2,6,23].

The literature on the surgical management of previously
coiled aneurysms is limited [3,6,10,12,15,19,23,25]. The
present retrospective study aims to report our experience in
eight additional cases in which surgical intervention was nec-
essary after endovascular procedures. Surgical management
was performed either because of incomplete obliteration
or regrowth of aneurysms, or due to complications related
to the acute endovascular therapy. The surgical strategies
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Table 1

Patients underwent surgical treatment of aneurysm after previously coiled embolization

Caseno. Age/sex Presentation Aneurysm Surgical indication Interval® Surgical approach Surgical technique Results Outcome
location

1 58/F Referred case Lt OphA Residual neck of 4 years Lt pterional craniotomy  Partial coil-removal Complete occlusion Excellent
aneurysm of aneurysm

2 31/F SAH H&H 11 Rt PcomA Residual neck of 4 weeks Rt pterional craniotomy  Subtotal coil-removal Complete occlusion Excellent
aneurysm of aneurysm

3 62/F SAH H&H IV BA apex and  Regrowth of aneurysm 25 months Rt pterional craniotomy  All coils remained Complete occlusion Excellent

Lt. PICA of aneurysm

4 36/F Mild headache Rt. PcomA Incomplete coiling, newly 4 months Rt pterional craniotomy  Partial removal of coils with Complete occlusion Excellent
formed of two small thrombus of aneurysm
aneurysms at the
aneurysmal neck

5 61/F Asymptomatic Rt OphA and  Decreased VA due to 22 months  Rt. pterional craniotomy  Anterior clinoidectomy, Complete occlusion Good, diplopia

multiple Lt. PcomA optic nerve compression subtotal removal of coils, of aneurysm remains
aneurysms optic nerve decompression

6 58/M Incidental finding ~ AcomA Dense packing of 2h Rt pterional craniotomy  Removal of all coils and Complete occlusion Excellent
aneurysm, mass effect thrombus, revasclurization of of aneurysm
with occlusion of Lt. A2 left A2
branch

7 37/F SAH H&H IIT Lt VA-PICA  Failed embolization, 3h Lt far lateral craniotomy  Thrombus removal and Complete occlusion Excellent
thrombus formation in the revasclurization of left PICA of aneurysm
aneurysm and Lt.
proximal PICA

8 49/F SAHH&H 1T Lt MCA Postendovascular 3h Lt pterional craniotomy  Clot removal, inspection of Complete occlusion Hemiparesis
intracerebral hematoma coiled aneurysm of aneurysm grade IV/V

F, female; M, male; H&H, Hunt&Hess Grade; SAH, subarachnoid hemorrhage; VA, visual acuity; Lt, left; Rt, right; OphA, ophthalmic artery; PcomA, posterior communicating artery; BA, basilar artery;
AcomA, anterior communicating artery; VA-PICA, vertebral artery—posterior inferior cerebellar artery; MCA, middle cerebral artery; A2, anterior cerebral artery second portion; h, hours.
 Interval period between endovascular and surgical treatment.
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and indications as well as the clinical outcome are ana-
lyzed.

2. Patients and methods

Between 1998 and 2005, 650 aneurysms were treated
either by surgical clipping or endovascular in equal ratio.
Eight patients (seven females) with previously coiled
intracranial aneurysms underwent surgical interventions in
our department. The mean age of this group of patients was 49
years (range of 31-62 years). Table 1 summarizes the clinical
presentation, aneurysm location, intervals between coiling
and surgery, surgical indication, results, and outcomes. Some
of these cases are illustrated below.

3. Illustrative cases
3.1. Case 2 (residual neck)

A 3l-year-old female was presented with a Hunt and
Hess Grade II subarachnoid hemorrhage (SAH) secondary

to a right posterior communicating artery (PcomA) aneurysm
(Fig. 1A). GDC embolization resulted in significant residual
filling, which was observed on the follow-up arteriography
performed at 2 weeks (Fig. 1B). No additional coils could be
delivered because of the aneurysm’s size and configuration.
Therefore, surgical clipping and coil extraction was done via
a right pterional approach, Small amount of coils had to be
left due to their adhesion to the aneurysmal wall (Fig. 1C and
D). She made a good recovery and returned to work 2 months
after operation.

3.2. Case 3 (regrowth of aneurysm)

A 62-year-old female was presented with H&H IV, SAH.
Cerebral arteriogram revealed a basilar tip aneurysm and
a left posterior inferior cerebellar artery (PICA) aneurysm
(Fig. 2A). The basilar tip aneurysm was initially treated by
GDC embolization (Fig. 2B). Two months later, the patient
underwent surgical clipping of the left PICA aneurysm. Two-
year follow-up angiography demonstrated the obliteration
of left PICA aneurysm and a regrowth of the basilar tip
aneurysm (Fig. 2C). Re-coiling of the regrowing aneurysm
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Fig. 1. (A) Right internal carotid (ICA) arteriogram demonstrating a right posterior communicating artery aneurysm (arrow). (B) Two-week postembolization
arteriogram showing the residual neck of aneurysm (arrow). (C) Intraoperative photograph revealing aneurysm sac distended by coils. (D) Aneurysm is clipped

and coils are removed through the wall of aneurysm.
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Fig. 2. (A) Left vertebral arteriogram revealing a basilar tip aneurysm and a left PICA aneurysm (arrows). (B) The basilar aneurysm is subtotally occluded
by coils, while the PICA is left initially untreated. (C) Follow-up angiogram performed 2 years after coil embolization demonstrating a regrowth of basilar tip
aneurysm (arrow) but an obliterated PICA aneurysm. (D) One-year follow-up angiogram after clipping of basilar aneurysm.

was not successful. Therefore, the patient underwent aneurys-
mal neck clipping without coil extraction via right pterional
approach. Postoperative course was uneventful. The post-
operative angiogram revealed complete obliteration of both
aneurysms (Fig. 2D). The patient made a good recovery and
returned to normal daily activities after 3 months.

3.3. Case 4 (newly formed aneurysm)

A 36-year-old female was initially treated at other insti-
tution with surgical wrapping of a complex right PcomA
aneurysm in 1985. In the year 1999, GDC embolization of
the aneurysm was performed and resulted in 90% occlu-

sion (Fig. 3A). Three month follow-up angiography revealed
two newly formed aneurysms at the neck of incompletely
coiled aneurysm (Fig. 3B). Repeated embolization was not
amenable, and the patient underwent surgical clipping of
proximal aneurysm neck by means of a right pterional cran-
iotomy. After temporary occlusion of the right internal carotid
artery (ICA) and opening of aneurysmal fundus, thromobotic
materials with coils were extracted (Fig. 3D). Afterwards, two
clips were applied to the aneurysm neck (Fig. 3E). Postoper-
ative computed tomography (CT) imaging revealed no brain
infarction or intracranial hemorrhage. Follow-up angiogram
revealed a complete aneurysm clipping (Fig. 3C). The patient
returned to her work after 3 months.

Fig. 3. (A) Preembolization lateral angiogram showing a right large PcomA aneurysm. (B) Follow-up angiogram performed 3 months after embolization;
the coils have compacted the body and fundus of aneurysm, leaving a portion of the neck patent together with two newly formed aneurysms (arrows). (C)
After clipping of the aneurysm and partial removal of coils, angiogram demonstrating complete obliteration of PcoA aneurysm. (D) Intraoperative photograph
showing temporary occlusion of right ICA and removal of coils with thrombotic material. (E) Intraoperative microscopic view after clip application. Arrow

indicates the remained aneurysmal sac.
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Fig. 4. (A) Diagnostic arteriogram revealing a right ophthalmic artery aneurysm. (B) Twenty-two month after embolization, patient developed decreased right
visual acuity. Two-year post-coiling arteriogram demonstrating 90% occlusion of aneurysm. (C) Preoperative MRI showing the compressed right optic nerve
by the coils ball. (D) Postoperative arteriogram demonstrating complete obliteration of aneurysm. (E and F) Pre- and post-operative skull X-ray showing the
position of packing coils and the position of clips after coil removal, respectively (arrows).

3.4. Case 5 (optic nerve compression)

A 61-year-old female was presented with asymptomatic
multiple aneurysms (a right ophthalmic artery aneurysm
and a left PcomA aneurysm). The patient underwent GDC
embolization of a right OphA aneurysm (Fig. 4A) and a sur-
gical clipping of a left PcomA aneurysm. Two-year follow-up
angiography revealed a 90% obliteration of the right OphA
(Fig. 4B), and the patient developed the decreased visual
acuity and diplopia of the right eye due to the optic nerve com-
pression (Fig. 4C). Right pterional craniotomy and extradural
drilling of the right anterior clinoid process was performed.
The coils with an associated thrombus were removed through
an incision on the aneurysmal dome after temporary occlu-
sion of right ICA. Postoperative angiography revealed the
complete exclusion of the aneurysm (Fig. 4D). The patient

made a good recovery from surgery. The right visual acuity
was improved, but her diplopia remained.

3.5. Case 6 (endovascular occlusion of the parent
artery)

A 58-year-old head injury patient was referred from
another institution with an incidentally found anterior com-
municating artery (AcomA) aneurysm (Fig. 5A). With
informed consent, the patient underwent coiling of the
aneurysm. A left A2 occlusion caused by the dense
compaction of coils was seen on immediate post-coiling
arteriogram (Fig. 5B). To prevent the cerebral infarction,
the patient underwent an emergency surgical intervention
via a right pterional craniotomy. Temporary occlusions of
both sides of Al and right A2 arteries were required. The

Fig. 5. (A) Preembolization arteriogram demonstrating the left anterior communicating artery aneurysm. (B) Immediate postembolization arteriogram showing
a dense packing of aneurysm and an occlusion of left A2. (C) Postoperative CT scan demonstrating no hemispheric infarction.
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Fig. 6. (A) Left vertebral digital subtraction angiogram (DSA) demonstrating VA—PICA aneurysm. (B) Left PICA cannot be seen on immediate postembolization
arteriogram due to the thrombus formation in the aneurysm and its propagation to the left proximal PICA (arrow). (C) Arteriogram obtained after aneurysm
clipping and thrombectomy, complete aneurysm obliteration has been achieved. (D) Fundus of aneurysm is distended by the whole thrombus after an unsuccessful
coil embolization. (E) Intraoperative photograph after aneurysm clipping and thrombectomy.

aneurysm fundus was incised, and the coils were extracted.
Subsequently, the left A2 was revascularized by surgical
thrombectomy. Finally the aneurysm was occluded with a
clip. One month after surgery, the patient returned to his daily
works.

3.6. Case 7 (propagation of thrombosis causes vascular
occlusion)

A 37-year-old female was presented with a H&H IIT SAH
secondary to left PICA aneurysm (Fig. 6A). Endovascu-
lar therapy was attempted, but the coil had to be removed
due to no proper coil available for the aneurysm. Immedi-
ate post-intervention arteriogram revealed a thrombosis of
left PICA, and an endovascular therapy could not reestab-
lish the lumen patency (Fig. 6B). This was a result of the
thrombus formation in the aneurysm and its propagation to
the left proximal PICA. After the endovascular procedure, the
patient underwent immediate surgical revascularization and
clipping of aneurysm using a left far lateral (transcondylar)
approach. Postoperative course was uneventful. Postopera-
tive angiogram revealed the revascularized left PICA and
the complete obliteration of aneurysm (Fig. 6C). The patient
returned to professional career after 3 months.

3.7. Case 8 (intracerebral hematoma)

A 49-year-old female patient was presented with a H&H
II SAH. Cerebral arteriogram revealed a left middle cerebral

artery (MCA) aneurysm, and the aneurysm was obliterated
by coils. Pretreatment CT showed no intracranial hematoma.
Three hours after intervention, the patient awoke from seda-
tion, and a right hemiplegia and hemihypesthesia were noted.
Posttreatment CT scan revealed a large right basal gan-
glia hematoma (5cm x 6¢cm) with a 7mm midline shift.
Patient underwent an emergency craniotomy, and the clot
was removed. The previously coiled aneurysm was inspected.
Neither coil perforation nor leakage of blood from the site of
aneurysm was observed. Subsequently, the patient developed
hydrocephalus and required a shunt placement. One-year
after operation, completely occluded aneurysm could be
demonstrated on follow-up angiogram, but patient still expe-
rienced a grade IV/V hemiparesis.

4. Results
4.1. Surgical findings

The intraoperative appearance of aneurysm sac was
translucent and distended by coils in seven cases (cases 1-6,
8) (Fig. 1C). In case 7, the fundus of aneurysm was dis-
tended by the whole thrombus after an unsuccessful coil
embolization (Fig. 6D). Whereas the temporary occlusion
was inevitably performed in five cases (cases 3—7) during the
clipping procedures, two aneurysms were clipped without
temporary occlusion of parent vessel (cases land 2). In con-
sideration of the time interval between the embolization and
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surgery which may anticipate the risk of irreparable vessel
tear if performing the coil extraction, all coils were left in one
patient (case 3) after the surgical obliteration of aneurysm.
Partial or complete removal of coils was performed in five
cases using microscissors (cases 1, 2, 4-6).

4.2. Postoperative course and outcome

The average follow-up period for this series was 64.25
months (range: 18-84 months). All patients experienced an
uneventful postoperative course. In two emergent revascu-
larized cases (cases 6 and 7), cerebral infarction was not
detected on postoperative CT scans. In all patients, successful
obliteration of the aneurysm was confirmed by postoperative
angiography. Six individuals had an excellent outcomes and
returned to their professional activities (cases 1-4, 6, 7). In
case 5, the visual acuity improved but the diplopia remained.
One patient experienced a severe right hemiparesis (grade
IV/V) and hemihypesthesia (case 8).

5. Discussion

Endovascular intervention for both ruptured and
unruptered intracranial aneurysm is gaining wide acceptance
as an alternative treatment [1,8,9,11,14] or as a compli-
mentary therapy to neurosurgical procedures especially
in the management of complex intracranial aneurysms
[16]. Although numbers of successful coiling procedures
have elevated according to the increasing experience and
improved technology [13], there are also increasing numbers
of patient referred for further neurosurgical treatment due
to neck remnants, regrowth or persistent mass effect as
well as complications after endovascular procedures [6].
However, microsurgical clipping is uncommonly necessary
for previously coiled aneurysms. In our present study,
we described several circumstances requiring surgical
intervention after GDC coiling of aneurysms by dividing
them into three groups.

5.1. Surgical treatment of residual neck and regrowth of
previously coiled aneurysm

Studies of long-term results after GDC coiling revealed
that 80% of treated aneurysms were almost totally occluded
(95%) [22], or stable angiographic occlusion was evident
in more than 85% of aneurysm [2,13]. Therefore, at least
15-20% of previously coiled patients may exhibit growth
of a residual neck, if final occlusion is not accomplished by
thrombosis, fibrosis and endothelialization of the aneurysmal
neck. Especially, younger people are at higher risk of develop-
ing larger aneurysms possibly originating of small remnants
[17]. Although the long-term natural history of incompletely
coiled aneurysms remains unknown [12], growth of resid-
ual neck and refilling of the fundus after coiling had been
described [12,25]. When an occlusion after endovascular

treatment is incomplete, and the aneurysm is considered as an
insecure, a multidisciplinary decision-making process should
be carried out. Some authors recommended that an addi-
tional embolization procedure should be performed whenever
it is possible, if the endovascular technique is not feasible,
a surgical procedure may be considered [4,10,25]. In four
of our cases (cases 1-4), the neuroradiologist regarded fur-
ther endovascular intervention as too dangerous. At present,
these problems might be solved with the sophisticated stent
technology and increasing experiences of neurointervention-
ists.

Surgical clipping of previously coiled of aneurysm is not
simple and may be hazardous. When clipping of the aneurys-
mal neck is difficult because loops of the coils are localized
within the neck region or are even herniated into the par-
ent vessel, some authors have proposed the removal of the
protruding coils [3,12,25] or performing follow-up angiog-
raphy of the aneurysm until the neck is coil-free [10,23]. In
addition, other techniques such as ligation of the neck, coag-
ulation of the fundus and additional wrapping may be useful
[4]. In some instances, the coils should be left in the aneurysm
if they have been placed in the aneurysm for a long time in
order to prevent vessel tear occurring after coil extraction
[23]. According to our experience, we would recommend the
following strategy:

(1) If the coils cause a mass effect on vital structures, the
coils should be removed (cases 5 and 6).

(2) If the coils migrate into the parent vessel or into the
neck of aneurysm precluding the clip placement, the coils
should be extracted (cases 1, 2, 4).

(3) If the coils have been placed for a rather long period, we
consider that they may be strongly adherent to the wall of
the aneurysm or the parent vessel, and in such situation
coil extraction may cause irreparable vessel tear. In such
a situation, we would rather leave remnant coils in situ
(cases 1-5).

After occlusion of aneurysm, patients should undergo
follow-up angiography to visualize the obliteration and the
possible regrowth of aneurysm.

5.2. Surgical treatment of persistent mass effect on
cranial nerve or brain parenchyma

Aneurysms at specific locations may occasionally cause
neurological symptoms due to their mass effect [18]. Such
patients might require surgical decompression. For instance,
previously embolized large or giant paraclinoid aneurysms
can cause local mass effect to the optic nerve (case 5). In
previously embolized aneurysms, the goals of treatment are
to reduce the mass effect as well as to prevent hemorrhage.
The success rate of surgery is variable, as the damage may
be irreversible, and surgery itself may produce complica-
tions affecting the same structure [18,23]. In the treatment
of optic nerve compression by coil compaction, we decided
to perform surgical clipping of the aneurysm, coil extraction
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and decompression of the optic nerve in order to rescue the
impaired vision. In the literature, 37 % of the large or giant
aneurysms tended to shrink after an embolization, however,
it took a 2—12 months period [24]. Therefore, we decided to
treat these patients, in order to reach an early decompression
and not to take the risk for a subacute but irreversible damage
to the optic nerve.

Rebleeding after coiling of ruptured cerebral aneurysms
may require emergency surgical intervention and can be clas-
sified into early and late type according to the studies of
Sluzewski and Jan van Rooij [20,21]. The incidence of both
early (1.4%) and late (1.27%) rebleeding is low, but is a
major concern due to its high mortality rate [20,21]. Simi-
lar results of late rebleeding rates between 1% and 2% have
been reported elsewhere [1,11,14]. In our series, one indi-
vidual (case 8) developed hemiparesis after endovascular
intervention as a result of a large intracerebral hematoma
and underwent emergency craniotomy. The reason of this
bleeding could not be verified even under direct inspec-
tion of the coiled aneurysm. The hemorrhage might have
been taken place during the induction of the narcosis for
the endovascular treatment, because the patient presented
with no hemiparesis, and the pre-interventional CT scan was
normal. Additionally, during the intraprocedural angiogram
there was no leakage of contrast media detected, which might
have indicated a leakage. The aneurysm was well packed
with coils which could be demonstrated on postinterventional
angiogram and under direct surgical inspection. In assessing
management of this particular case, removal of intracere-
bral hematoma and surgical inspection of the embolized
aneurysm was considered appropriate enough to treat the
increased intracranial pressure and to verify the cause of
rebleeding. Close patient’s observation and imaging follow-
up after endovascular therapy (in this case: the immediate
posttreatment CT) may help alleviating unfavorable conse-
quences.

5.3. Surgical treatment of vascular complications after
an endovascular procedure

Vascular complications associated with endovascular
treatment of aneurysms include intracranial hemorrhage and
ischemic sequelae. Intracranial hemorrhage may occur due to
aneurysm rupture and vessel perforation from microcatheter
or guidewire [7,10], or erosion of the aneurysm wall from
compact coils [6]. The rupture can frequently be sealed
with the rapid deposition of further coils into the aneurysm
lumen and immediate administration of protamine, and sur-
gical evacuation may be necessary in extreme situations [10].
Embolization can be continued in most cases, and most
patients with treatment-related SAH survive without serious
sequelae [7].

Ischemic symptoms following coil embolization may be
acute or delayed. Patients can develop the ischemic symp-
toms as a result of coil migration in parent vessels [6] or
from persistent mass effect of coil impaction on parent ves-

sels (case 6). In addition, thrombosed parent vessels can also
develop immediately after a failed attempt of embolization
(case 7). There is no doubt, that thrombosed parent might be
reperfused with intravenous platelet GP IIb/IIIa. However,
emergency surgery remains the treatment of choice in these
cases, when an endovascular therapy could not reestablish
the lumen. The coils with associated thrombus (case 6) or
fresh thrombus (case 7) could be removed without difficulty
through an incision at the aneurysm dome after temporary
occlusion of parent vessel. In some instances which evolve
hemispheric ischemia following ICA occlusion, emergency
extracranial-intracranial bypass may be indicated to restore
cerebral blood flow [10]. The likelihood of a successful out-
come increases if the revascularized procedure is performed
within 6h [5], or immediately following intraprocedural
occlusion as demonstrated in our two patients. Therefore,
a neurosurgical team should be available to perform an emer-
gency surgery following endovascular complications in a
neurovascular center.

6. Conclusion

In spite of the widespread of endovascular management
of aneurysm, neurosurgical treatment remains a viable option
for treating previously coiled aneurysms. Surgical treatment
is uncommonly required when an acute complication arises
during endovascular treatment, or when there is a dynamic
change of the aneurysm configuration over time that is con-
sidered to be insecure without feasible endovascular therapy
option. Immediate revascularization and decompression of
a mass effect remain the unique advantages of the surgi-
cal therapy. We believe that a modern neurovascular center
should consist of a well-cooperating interventional and sur-
gical team that discusses every single case in details and
looks for the optimal treatment in individual single patient.
This neurovascular team should be prepared to change the
treatment regimen in emergency cases, if necessary at any
time.
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