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Aneurysmal Rupture during Embolization with Guglielmi
Detachable Coils: Causes, Management, and Outcome

Arnd Doerfler, Isabel Wanke, Thomas Egelhof, Uwe Dietrich, Siamak Asgari, Dietmar Stolke, and Michael Forsting

BACKGROUND AND PURPOSE: Aneurysmal rupture during endovascular treatment isone
of the most feared complications of endovascular aneurysm therapy. The purpose of this study
was to deter mine the frequency, causes, management, and outcome of aneurysmal rupturethat
occurred during treatment with Guglielmi detachable coils (GDCs) in an unselected series of
patients with ruptured cerebral aneurysms.

METHODS: Between July 1997 and December 2000, we treated 164 acutely ruptured cere-
bral aneurysms with GDCs. All charts were reviewed, and patients with aneurysmal rupture
occurring during embalization were identified.

RESULTS: Five patients had an intraprocedural aneurysmal rupture. In one patient, rupture
was due to guidewir e perforation of the wall. In two patients, the microcatheter itself perforated
the aneurysm. In ancther two patients, rupture occurred during placement of the first coil.
Endovascular packing was continued in all patients. One patient died as a result of the aneu-
rysmal rupture. No negative long-term effects were observed in the remaining four patients.
In summary, we observed intraprocedural aneurysmal rupture in 3% of our patients, with a
mortality rate of 20% and no long-term mor bidity.

CONCLUSION: Aneurysmal rupture during endovascular treatment with GDCs is a rare
event; clinical severity may be variable. Embolization of the aneurysm can be continued in
most cases, and most patientswith treatment-related subarachnoid hemorrhage survivewithout

serious sequelae.

Endovascular treatment of intracranial aneurysms
is rapidly undergoing major developments. Initia
techniques of selective balloon occlusion were pro-
gressively replaced by controlled packing of the an-
eurysmal sac with detachable coils (1-3). Technical
improvements in catheters and the advent of Gug-
lielmi detachable coils (GDCs) alow routine entry
into and direct obliteration of many aneurysms,
with acceptable morbidity and mortality rates and
an efficacy comparable with that of surgical treat-
ment (3-6).

Despite these advances, aneurysm rupture during
endovascular treatment has continued to be one of
the most feared complications of endovascular an-
eurysm therapy. Although any interventional neu-
roradiologist who treats acutely ruptured aneu-
rysms can face this complication, few data
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regarding frequency, causes, management, and out-
come of such rupture during endovascular treat-
ment are available (7—11). Our purpose was to de-
termine the frequency, causes, management, and
outcome of aneurysmal rupture during treatment
with GDCs in an unselected series of patients with
ruptured cerebral aneurysms.

M ethods

Between July 1997 and December 2000, 164 ruptured ce-
rebral aneurysms were treated with GDCs at our institution.
Treatment was performed as soon as possible after admission,
with al patients under general anesthesia. All patients routine-
ly underwent control CT within 3 d after treatment.

For this study, all charts of our aneurysm database were
reviewed, and five patients who had aneurysm rupture during
embolization were identified. Diagnosis of rupture was made
on the basis of angiographic visualization of contrast material
extravasation in two cases, visualization of the first coil par-
tially outside the aneurym in one case, and fluoroscopic vi-
sualization of the tip of the microcatheter outside the aneurysm
in two cases. The Table presents the clinical data, causes, and
outcome (Glasgow Outcome Scale scores) of the five patients
who had aneurysm rupture during embolization.

Results

Five patients had a procedure-related aneurysmal
rupture during endovascular treatment. In one pa-
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TABLE 1: Clinical data, causes, and outcomes in five patients with aneurysm rupture during embolization

Glasgow
Patient Hunt and Outcome
No./Age Aneurysm Hess Grade Days after Cause of Final Scale
(y)/Sex Location* before Therapy SAH Rupture Outcome Score
1/24/M PCA 1 221 First coil Death 5
2/26/M BA 1 5 Guidewire Good 1
3/55/M ACA 3 2 First coil GoodF 1
4/35/M ACA 3 1 Microcatheter Good§ 1
5/40/F ACA 1 5 Microcatheter Good 1

* ACA indicates anterior communicating artery; BA, basilar artery; PCA, posterior communicating artery.

T Delay occurred because the initial angiogram did not reveal an aneurysm.

¥ Surgica clip placement was performed 4 wk after endovascular treatment.

§ Retreatment with GDCs was performed because of coil compaction 6 mo after the initial endovascular treatment.

Fic 1. Case 1.

A, Lateral projection arteriogram of the
left internal carotid artery reveals a poste-
rior communicating artery aneurysm.

B, Lateral projection arteriogram of the
left internal carotid artery, obtained imme-
diately after aneurysm rupture that oc-
curred after placement of the first coil,
shows the rupture and massive extrava-
sation of contrast material.

C, Selective angiogram obtained via the
microcatheter.

D, Axial view CT scan obtained after clip
placement in the aneurysm shows mas-
sive brain edema and contrast agent in the
subarachnoid space.

tient, the rupture was caused by guidewire perfo-
ration of the aneurysmal wall. In two patients, the
microcatheter itself perforated the aneurysm. In an-
other two patients, the rupture occurred during
placement of the first coil. Endovascular packing
was continued in all patients. One patient died as
a result of massive bleeding after aneurysmal rup-
ture; in the remaining four patients, no negative
long-term effects were observed. Overall, we ob-
served an intraprocedural aneurysmal rupture rate
of 3%, with a mortality rate of 20% and no long-
term morbidity.

Case 1

A 24-year-old man presented with acute head-
ache and mild meningism. CT revealed no sub-
arachnoid hemorrhage (SAH). However, SAH was
confirmed with lumbar puncture and was clinically
classified as Hunt and Hess grade 1. Initial diag-
nostic angiograms (at day 1) showed no aneurysm.
Repeat angiography performed 21 d after SAH re-
vedled a wide-necked aneurysm of the posterior
communicating artery (Fig 1). The patient was re-
ferred for endovascular therapy. The aneurysm was
selectively catheterized by using a FasTracker-18
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microcatheter and a Transend EX-14 guidewire
(Boston Scientific/Target, Fremont, CA). Thetip of
the microcatheter was shaped by using steam to
enable stable positioning within the aneurysm.
During delivery of the first coil (GDC-18, 3 X 4;
Boston Scientific/Target), rupture of the aneurysm
occurred, with atear at the aneurysm base and mas-
sive extravasation of contrast material (Fig 1).
Within a few seconds, arterial blood pressure dra-
matically increased to 22/110 mm Hg. We decided
to detach the first coil, but SAH was not control-
lable. No additional coils were placed, and the pro-
cedure was stopped. The patient was immediately
transferred to the operating room for surgical clip
placement. Craniectomy revealed massive hemi-
spheric swelling and SAH. Surgical clip placement
was successful, but the patient died 1 d later as a
result of massive brain edema (Fig 1).

Case 2

A 26-year-old man presented with SAH (Hunt
and Hess grade 1) that had occurred 5 d previously.
Angiography revealed an aneurysm of the basilar
tip and no vasospasms (Fig 2). A FasTracker-18
microcatheter and a Terumo-GT microguidewire
(Terumo, Natick, MA) with a 45° angled flexible
tip were used for selective catheterization of the
aneurysm. While advancing the microcatheter over
the wire in the aneurysm, the microguidewire ad-
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Fic 2. Case 2.

A, Frontal projection arteriogram of the
left vertebral artery shows a basilar tip
aneurysm.

B, Frontal projection arteriogram of the
right vertebral artery, obtained after place-
ment of two GDCs, reveals slight ex-
travasation  of  contrast  material
(magnification).

C, Frontal projection arteriogram of the
left vertebral artery shows complete em-
bolization of the basilar artery tip
aneurysm.

D, Axial view CT scan depicts slight ex-
travasation of contrast agent and blood.

vanced further, and it perforated the aneurysm
dome (Fig 2). The microguidewire was pulled back
within the aneurysm, the microcatheter was ad-
vanced further in the aneurysm, and embolization
of the aneurysm was subsequently successfully per-
formed by using three GDCs (GDC-18; 6/20, 5/20,
2/4). Perforation was confirmed with slight extrav-
asation of contrast material and/or blood depicted
on the angiogram and subsequently on CT scans
(Fig 2D). Because we observed no extravasation of
contrast material after placement of the third cail,
anticoagulation therapy (a bolus of 5000 U of IV
heparin) was initiated and maintained for 24 h. The
clinical condition remained unchanged, with no
new neurologic symptoms. Two days after endo-
vascular treatment, ventriculostomy was performed
because of dight hydrocephalus. Subsequently,
aseptic meningitis developed, and the patient had a
good recovery. The final outcome was good (Glas-
gow Outcome Scale score of 1).

Case 3

A 55-year-old man presented with acute SAH
(Hunt and Hess grade 3), and CT revealed addi-
tional intraventricular hemorrhage and hydroceph-
alus. Subsequent angiography revealed a 2-mm an-
eurysm of the anterior communicating artery (Fig
3). Endovascular therapy was administered imme-
diately after diagnostic angiography. The aneurysm
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Fic 3. Case 3.

A, Frontal projection arteriogram of the
right internal carotid artery shows a small,
caudally oriented anterior communicating
artery aneurysm.

B and C, Arteriograms of the right inter-
nal carotid artery, obtained after placement
of one GDC, show that the coil partially
protrudes into the subarachnoid space.

D, Axial CT scan, obtained before en-
dovascular treatment, shows SAH and ex-
travasation of contrast material after an-
eurysm perforation.

E, Axial CT scan, obtained after endo-
vascular treatment, shows SAH and ex-
travasation of contrast material after an-
eurysmal perforation.

F, Control angiogram, obtained 4 wk af-
ter endovascular treatment, reveals the
aneurysm remnant.

was selectively catheterized by using an Excel-14
microcatheter (Boston Scientific/Target) and a
Transend EX-14 guidewire. A coil (GDC-10, soft
2 X 2) was selected for embolization. During coil
placement, the coil perforated the aneurysm wall
and partially protruded into the subarachnoid space
(Fig 3). The other part of the coil filled the small
aneurysm sac. The coil was left in place and not
pulled back within the aneurysm. On the basis of
a subsequent control angiogram that showed satis-
factory subtotal aneurysm occlusion and only a
small aneurysm remnant (Fig 3), we decided to de-
tach the coil. No additional coils were detached.
Because of the subtotal occlusion and the subse-
quently scheduled ventricul ostomy, anticoagulation
therapy was not initiated. CT performed immedi-
ately after the procedure revealed extravasation of
contrast material into the subarachnoid space (Fig
3). Ventricular size was unchanged compared with
that depicted on the initial CT scan, and a ventric-
ulostomy drain was placed. The clinical condition
remained unchanged, with no new neurologic
symptoms. Four weeks after endovascular treat-
ment, control angiography was performed; angio-
grams revealed an aneurysm remnant. The patient
was referred for surgical clip placement in the re-
sidual aneurysm. Intraoperatively, displacement of
the coil out of the aneurysm within the subarach-
noid space was clearly visible (Fig 3). The final
outcome of the patient was good (Glasgow Out-
come Scale score of 1).

Case 4

A 35-year-old man presented with SAH, clini-
cally classified as Hunt and Hess grade 3, and was
found to have an aneurysm of the anterior com-
municating artery. Endovascular therapy was per-
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formed immediately after diagnostic angiography
on day 1 after SAH. With use of an Excel-14 mi-
crocatheter and a Transend EX-14 guidewire (Bos-
ton Scientific/Target), the aneurysm was selectively
catheterized. During withdrawal of the microguide-
wire, the microcatheter further advanced in the an-
eurysm, and the tip of the microcatheter perforated
the aneurysm dome. Perforation was ascertained by
means of fluoroscopic visualization of thetip of the
microcatheter outside the aneurysm. We decided to
introduce the first coil (GDC-10, 5 X 15) in the
microcatheter already advanced to the tip. We then
pulled back the microcatheter within the aneurysm,
and five coils (GDC-10; 5 X 15, 4 X 10, 4 X 10,
4 X 10, and 4 X 8) were subsequently detached
without any problems. Arteriographic studies after
placement of each coil performed to document ap-
propriate coil positioning did not reveal any ex-
travasation of contrast agent. Anticoagulation ther-
apy was initiated after placement of the third coil
and maintained for 24 h. The final angiogram
showed complete occlusion of the aneurysm. CT
performed after the procedure revealed no extrav-
asation of contrast material and no new SAH. The
clinical condition remained unchanged, and the fi-
nal outcome was good (Glasgow Outcome Scale
score of 1). The patient returned 6 mo later for
follow-up. Angiography and MR angiography
showed substantial coil compaction, with partial re-
canalization of the aneurysm. Endovascular therapy
was again administered, and the recanalized aneu-
rysm was completely occluded.

Case 5

A 40-year-old woman presented with SAH, clin-
icaly classified as Hunt and Hess grade 1, 5 d be-
fore admission. Angiography revealed a 4-mm cau-
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dally oriented aneurysm of the anterior
communicating artery (Fig 4). For selective cathe-
terization, an Excel-14 microcatheter with its tip
steamed and a Transend EX-14 guidewire were
used. During relief of forward pressure of the mi-
croguidewire and simultaneous advancement of the
microcatheter into the caudally oriented aneurysm,
the microcatheter suddenly was moved forward and
perforated the aneurysm dome. We introduced the
first coil (GDC-10, 3 X 6) into the microcatheter
and advanced it to the tip. The microcatheter was
then pulled back into the aneurysm, and emboli-
zation of the aneurysm was subsequently per-
formed by using three coils (GDC-10; 3 X 6, 2 X
6, and 2 X 6). Anticoagulation therapy was initi-
ated after placement of the second coil and was
maintained for 24 h. Arteriographic studies after
placement of three coils showed complete occlu-
sion (Fig 4). The clinical condition remained un-
changed, with no new neurologic symptoms (Glas-
gow Outcome Scale score of 1).

Discussion

Implementation of GDCs has substantially
changed the management of cerebral aneurysms,
making treatment less invasive. However, aneu-
rysm rupture during endovascular treatment can oc-
cur and can represent a devastating complication.
Many possible mechanisms of aneurysm rupture
during treatment exist: Rupture can occur coinci-
dentally during diagnosic angiography or endovas-
cular treatment; generally, it is associated with a
poor prognosis (12—14). Increased blood pressure
during injection of contrast material can also con-
tribute to rerupture of an acutely ruptured aneu-
rysm (15, 16). Also, during endovascular treatment,
rupture of the aneurysm might be due to perfora-
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Fic 4. Case 5.

A-C, Frontal projection arteriograms of
the right internal carotid artery show an an-
terior communicating artery aneurysm be-
fore and after placement of three GDCs,
with complete occlusion of the aneurysm.

D and E, Time-of-flight MR angiograms,
obtained 2 d after endovascular treatment,
confirm complete occlusion and do not re-
veal any thrombosed portions of the
aneurysm.

tion with the guidewire or microcatheter, or it might
occur during coil placement.

Intraoperative aneurysm rupture is one of the
most feared complications for the neurosurgeon
performing aneurysm surgery. However, intraop-
erative rupture of aneurysms includes various sit-
uations, which range from a minor hemorrhage
during clip application to a major rupture during
craniotomy (17, 18). Among them, the premature
rupture before securing the aneurysm neck gener-
aly is the most catastrophic intraoperative compli-
cation. In aseries of 398 consecutive direct surgical
interventions for ruptured cerebral aneurysms,
Houkin et a (19) reported 24 cases (6.0%) with a
premature intraoperative rupture of the aneurysm.
The purpose of our study was to report the fre-
quency, causes, management, and outcome of an-
eurysmal rupture during GDC treatment of acutely
ruptured cerebral aneurysms.

Five of our 164 patients with acutely ruptured
aneurysm had procedure-related aneurysm rupture
during endovascular treatment. In one case, the
rupture was caused by the guidewire. In two cases,
it was caused by the microcatheter itself, resulting
in a small perforation at the aneurysm dome. As
McDougall et a (9) reported, the incidence of un-
controlled advancement of the microcatheter can be
decreased by ensuring that no forward pressure is
applied to the guidewire and by removing the
guidewire slowly under direct fluoroscopic control.
Nevertheless, aneurysml rupture due to perforation
with the microcatheter might occur, as we observed
in two of our cases. Perforations made with the
microguidewire (0.014 in) result in small puncture
wounds that could close before excessive hemor-
rhage occurs. In our earlier cases, we sometimes
used the Terumo-GT microguidewire. The relative
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stiffness and sharpness of the tip of this micro-
guidewire might be a contributing factor for an-
eurysm rupture in our case 2. Therefore, we
stopped using this microguidewire for catheteriza-
tion in endovascular aneurysm treatment.

Perforation caused by the microcatheter that is
larger than the guidewire is expected to produce a
larger perforation, with more tearing of the aneu-
rysm wall. McDougall et a (9) reported procedural
ruptures due to aneurysmal perforation with the mi-
crocatheter in two of their four cases, with subse-
quent CT revealing new SAH, leading to death in
one patient and no neurologic deterioration in the
second.

As in our cases, consequences of guidewire and
microcatheter perforation may be minimal, and in
such cases, management involves continuation of
embolization. Depending on the clinical severity,
coil detachment and subsequent placement of ad-
ditional coils might be the management of choice
if rupture occurs during coil placement. In our two
cases with microcatheter perforation, we introduced
the first GDC to the tip of the microcatheter before
pulling back the microcatheter into the aneurysm
to place the coil. Because we visualized microcath-
eter perforation in our cases 4 and 5 with only fluo-
roscopy and because we did not observe any ex-
travasation of contrast material from the aneurysm
during angiography or subsequent CT, one might
argue that the tip of the microcatheter was still 1o-
cated within a thrombosed part of the aneurysm.
At our institution, baseline MR angiography during
hospitalization is routinely performed for further
follow-up in all patients treated endovascularly for
cerebral aneurysms. In both patients, MR angiog-
raphy a few days after endovascular treatment con-
firmed complete embolization and did not reveal
any thrombosed portions of the aneurysm.

An important alternative salvage maneuver in the
management of microcatheter perforation during
endovascular therapy might be the technique re-
cently described by Willinsky and terBrugge (20)
in a case report of a ruptured paraophthalmic an-
eurysm. With the use of a second microcatheter, the
aneurysm is packed with a GDC while the first mi-
crocatheter is temporarily left in place. At the end
of the coiling procedure, both microcatheters can
then be removed. This technique may prevent the
hemorrhage that can occur when one attempts to
place a coil across the catheter perforation. The au-
thors observed no adverse effects from the proce-
dure, and the outcome was good.

Conversely, consequences of rupture may be
devastating, as they were in one of our two cases
in which rupture occurred during placement of the
first coil. In that case, we observed a tear at the
aneurysm base and immediate massive extravasa-
tion of contrast material. On the basis of our ex-
perience, we think that small aneurysms at the or-
igin of the posterior communicating artery have an
increased risk of rupture. Further data based on ret-
rospective analyses of cases may allow better as-
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sessment of risk-related anatomy and location and
of the results of applied therapeutic management.

In two of our cases, retreatment was necessary
during follow-up. In case 3, control angiography
performed 4 wk after endovascular treatment re-
vealed an aneurysm remnant, which was treated
with surgical clip placement. Endovascular therapy
was performed 6 mo after initial treatment in case
4 because of substantial coil compaction. This high
frequency of retreatment may be an indicator for
our hesitation to pack the previously perforated an-
eurysm as densely as usual. In these critical cases,
we therefore recommend short-term control angi-
ography to prevent missing any substantial aneu-
rysm remnants.

Because the majority of procedure-related com-
plications are of a thromboembolic nature, intra-
operative anticoagulation therapy is of great im-
portance (21). In the absence of contraindications,
we use intraoperative IV heparin therapy for all pa-
tients undergoing endovascular aneurysm treat-
ment. However, in cases of acutely ruptured aneu-
rysms, we usually do not administer heparin before
placement of at least the first coil. We then admin-
ister a bolus of 30005000 U of heparin and then
continue infusion to keep the activated clotting
time at a level two to three times above normal
during treatment. Heparin administration is contin-
ued for as long as 24 h; we alow approximately
twice the normal value. In cases of complications,
heparin administration sometimes is prolonged and
intensified. If rupture during endovascular treat-
ment occurs and the aneurysm is not densely
packed, heparin therapy may not be initiated or re-
versed when it already has started. The lack of coils
within the aneurysm to promote thrombosis and the
relatively long time required to place coils in the
aneurysm to try to stop the hemorrhage could result
in a poor outcome, as would full heparin admin-
istration at the time of hemorrhage. One might
question why we administered heparin in our case
2. Because we did not observe any extravasation
of contrast material after placement of the third
coil, we decided to initiate anticoagulation therapy
to prevent thromboembolic complications.

How frequently does rupture of an aneurysm oc-
cur during endovascular aneurysm treatment?
Overdl, we observed intraprocedural aneurysm
rupture in 3% of our patients, with a mortality rate
of 20% and no long-term morbidity. The reported
percentage of aneurysmal rupture that complicates
embolization of cerebral aneurysms varies among
studies. Vifiuela et al (3) reported 11 cases of rup-
ture, representing 2.7% of the treated aneurysms,
among 403 acutely ruptured aneurysms that were
treated at eight centers. This perforation rate is
close to our results, to the 2% rate reported by Mc-
Dougall et a (9), and to the data of a large me-
taanalysis of the treatment of intracranial aneu-
rysms with coils conducted by Brilstra et a (6),
who reported a perforation rate of 2.4% for rup-
tured aneurysms. In their preliminary experience,
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Guglielmi et a (22) observed five ruptures during
the treatment of 127 aneurysms. Vaavanis et a
(10) reported a perforation rate of 4.2%, which is
close to the 4.4% rate of perforation reported by
Ricolfi et a (11) and to the data reported by Cog-
nard et a (5), who observed six ruptures during
endovascular treatment of 150 ruptured aneurysms.
Raymond and Roy (4) reported six perforations of
the aneurysm during 103 endovascular procedures
for acutely ruptured aneurysms; these perforations
resulted in no clinical deterioration in three cases
but were responsible for procedure-related deaths
in the other three cases. Five of these six perfora-
tions occurred during the authors' early experience;
this finding indicates that increased experience
seems to minimize incidence. Because five of the
iatrogenic ruptures occurred in small aneurysms,
the authors suggest that this complication could be
minimized if acutely ruptured aneurysms smaller
than 3 mm are not treated with GDCs (4). One
might question why we treated our cases 1 and 3
by using an endovascular route, considering that
these aneurysms were small (case 3) or had a rel-
atively wide neck (case 1). However, on the basis
of our overall experience, with good results
achieved in more than 17 small aneurysms (2 and
3 mm) that were successfully treated with GDCs,
and together with the neurosurgeon, we decided to
treat these patients endovascularly. Ricolfi et al
(11) also reported an increased fragility of smaller
aneurysms and presented two possible explana-
tions: 1) The surface area of the initia rupture is
proportionally larger for small aneurysms than for
large aneurysms, and 2) small coils that measure
2-3 mm in diameter have a higher shape memory
and may therefore have a tendency to cause dam-
age to the weakened site of initial rupture, asin our
case 3. Additionally, the authors emphasize the role
of immediate ventriculostomy as emergent man-
agement of rupture with severe SAH and intracra-
nial hypertension during treatment. If necessary,
we still recommend performing ventricul ostomy
before endovascular treatment, because the out-
come after aneurysmal rupture during endovascular
treatment is better in patients with ventriculostomy.

As seems to be the case with Raymond and Roy
(4), one would expect that with increasing experi-
ence in endovascular aneurysm therapy, intrapro-
cedural rupture would occur less frequently. In ac-
cordance with McDougall et a (9), we aso
observed aneurysm perforations during emboliza-
tion after having treated more than 100 acutely rup-
tured aneurysms. Any interventional neuroradiol-
ogist who treats acutely ruptured aneurysms may
face this complication, regardless of technical im-
provements and his or her skill level. Importantly,
the interventional neuroradiologist should keep this
worst-case scenario in mind and simulate crisis
management before and during aneurysm
embolization.
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Conclusion

Aneurysmal rupture during endovascular GDC
treatment of ruptured cerebral aneurysms is a rare
event, but it remains a potential risk. It may be due
to perforation with the microguidewire or micro-
catheter, or it may occur during coil placement.The
clinical seriousness of the rupture may be variable,
ranging from dlight leakage of contrast materia
into the subarachnoid space to massive SAH with
severe intracranial hypertension. Embolization of
the aneurysm can be continued in most cases, and
most patients who have treatment-related SAH sur-
vive without serious sequelae and with a better-
than-expected outcome.
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