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Periprocedural Morbidity and Mortality
Associated with Endovascular Treatment of

Intracranial Aneurysms

Hae-Kwan Park, Michael Horowitz, Charles Jungreis, Julie Genevro, Christopher Koebbe,
Elad Levy, and Amin Kassam

BACKGROUND AND PURPOSE: Despite experience and technological improvements, endo-
vascular treatment of intracranial aneurysms still has inherent risks. We evaluated cerebral
complications associated with this treatment.

METHODS: From October 1998 to October 2002, 180 consecutive patients underwent 131
procedures for 118 ruptured aneurysms and 79 procedures for 72 unruptured aneurysms. We
retrospectively reviewed their records and images to evaluate their morbidity and mortality.

RESULTS: Thirty-seven (17.6%) procedure-related complications occurred: 27 and six with
initial embolization of ruptured and unruptured aneurysms, respectively, and four with re-
treatment. Complications included 22 cerebral thromboembolisms, nine intraprocedural an-
eurysm perforations, two coil migrations, two parent vessel injuries, one postprocedural aneu-
rysm rupture, and one cranial nerve palsy. Fourteen complications had no neurologic
consequence. Three caused transient neurologic morbidity; 10, persistent neurologic morbidity;
and 10, death. Procedure-related neurologic morbidity and mortality rates, respectively, were as
follows: overall, 4.8% and 4.8%; ruptured aneurysms, 5.9% and 7.6%; unruptured aneurysms,
1.4% and 1.4%; and re-treated aneurysms, 10% and 0%. Combined procedure-related morbidity
and mortality rates for ruptured, unruptured, and re-treated aneurysms were 13.5%, 2.8%, and
10%, respectively. Nonprocedural complications attributable to subarachnoid hemorrhage in
118 patients with ruptured aneurysm were early rebleeding before coil placement (0.9%),
symptomatic vasospasm (5.9%), and shunt-dependent hydrocephalus (5.9%); mortality from
complications of subarachnoid hemorrhage itself was 11.9%.

CONCLUSION: Procedural morbidity and mortality rates were highest in ruptured aneu-
rysms and lowest in unruptured aneurysms. Morbidity rates were highest in re-treated aneu-
rysms and lowest in unruptured aneurysms. No procedural mortality occurred with re-treated
aneurysms. The main cause of morbidity and mortality was thromboembolism.

During the previous decade, the endovascular treat-
ment of an intracranial aneurysm by using detachable
coils has rapidly evolved. Despite increasing clinical
experience and technological improvements, endo-
vascular treatment still has inherent risks of morbidity
and mortality (1–6). The purpose of this study was to
retrospectively review our experience with periproce-

dural complications associated with endovascular coil
embolization of intracranial aneurysms and to pro-
vide detailed data on the types and frequency of
complications observed. This information is useful for
advising patients about the general risks of endovas-
cular treatment.

Methods
From October 1998 to October 2002, a total of 210 detach-

able coil embolization procedures were performed to treat 190
aneurysms (118 ruptured, 72 unruptured) in 180 consecutive
patients at our institution. Two endovascular surgeons (M.H.,
C.J.) performed the procedures.

We retrospectively reviewed the medical records, radio-
graphic studies, and endovascular procedure reports of 118
patients with 123 aneurysms who presented with subarachnoid
hemorrhage (SAH) attributable to aneurysm rupture. Fifty
patients (27.8%) were male and 130 (72.2%) female. Their
ages ranged from 25 to 91 years (mean, 56.9 years).
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The clinical status of patients with SAH was assessed by
using the Hunt and Hess scale (7): 22 were grade I; 25, grade
II; 36, grade III; 30, grade IV; and five, grade V. In 62 patients,
67 aneurysms were discovered incidentally after imaging for
other unrelated medical conditions. In nine of 190 aneurysms
(eight ruptured and one unruptured), an attempt at surgical
clip placement was unsuccessful before coil embolization. Four
(3.4%) of 118 patients with SAH had multiple aneurysms (two
aneurysms in three patients each and three aneurysms in one
patient). Five of (8%) 62 patients without SAH had multiple
aneurysms (two aneurysms in each patient). In the four patients
with multiple aneurysms and SAH, the ruptured aneurysm
could be identified with a high degree of certainty on the basis
of clinical, CT, and angiographic findings (8–10). Of 118 rup-
tured aneurysms, 114 were treated within 72 hours, and four
were treated after 72 hours of SAH. In patients with multiple
aneurysms, only one aneurysm was treated during a single
procedure. Unruptured aneurysms associated with SAH from a
ruptured aneurysm were treated electively after the patient
clinically recovered from the ruptured lesion. There was no
postoperative bleeding from any untreated aneurysm that was
preoperatively thought to be asymptomatic.

A total of 210 procedures were performed to treat 190
aneurysms (131 procedures for 118 ruptured aneurysms and 79
for 72 unruptured aneurysms). A balloon remodeling tech-
nique was used in 12 procedures. Among 190 aneurysms
treated with endovascular embolization, 16 (8.4%) required
more than one session to complete the treatment, 14 aneu-
rysms required two sessions, and two required four. Technical
success was defined as the ability to superselectively catheterize
and deploy more than one coil into the aneurysm. Technical
failure occurred in three procedures: two for initial emboliza-
tion of an unruptured aneurysm and one for re-treatment of a
residual portion of a ruptured aneurysm. Of these failures, two
(one for initial embolization of a small, unruptured paraclinoid
aneurysm and one for the fourth treatment of a residual por-
tion of a large ruptured basilar tip aneurysm) were aborted
because of coil prolapse into the parent artery, and one (initial
embolization of a small, unruptured posterior communicating
artery aneurysm) was aborted after the intraprocedural devel-
opment of a distal embolism.

Table 1 summarizes the locations of aneurysms treated with
endovascular detachable coils. Eighty-eight (74.6%) ruptured
aneurysms were in the anterior circulation, and 30 (25.4%), in

the posterior circulation. The most common location was the
anterior communicating artery (38.1%), followed by the basilar
artery apex (13.6%), and the posterior communicating artery
(11.0%). Fifty-three (73.6%) unruptured aneurysms were in
the anterior circulation, and 19 (26.4%), the posterior circula-
tion. The most common location was the paraclinoid internal
carotid artery (44.4%), followed by the basilar artery apex
(15.3%), and the anterior communicating artery (8.3%).

Aneurysms were measured according to their greatest diam-
eter. Among ruptured aneurysms, 93 were small (�10 mm), 23
were large (11–24 mm), and two were giant (�25 mm); the
respective distribution among unruptured aneurysms was 52,
20, and 0. Overall, 145 (76.3%) of all aneurysms were small, 43
(22.6%) were large, and two (1.1%) were giant. For ruptured
aneurysms, fundus-to-neck ratios were favorable (�2) in 45
(38.1%) and unfavorable (�2) in 73 (61.9%). For unruptured
aneurysms the ratios were favorable in 21 (29.2%) and unfa-
vorable in 51 (70.8%).

More than 95% of all procedures were performed with the
patients under general anesthesia. Heparin (3000–5000 U) was
routinely infused before catheterization of both ruptured and
unruptured aneurysms. Catheter-flushing solutions contained
2000 U/L of heparin. Activated clotting times were maintained
at 250–400 seconds.

A 6F guiding catheter (Envoy; Cordis, Miami, FL) and a
microcatheter (Rapid Transit; Cordis) were primarily used,
although other systems were occasionally used (Fast Tracker 10
and 18, Target Therapeutics, Fremont, CA; Prowler 10 and 14,
Cordis; Jetstream 10, MicroInterventional Systems, Sunnyvale,
CA). The guidewires were sized for the microcatheter and
included several types (Seeker, Target Therapeutics; QuickSil-
ver, MicroInterventional Systems; GlideWire, Terumo Co., To-
kyo, Japan). All coils, including soft and three-dimensional
coils, were Guglielmi detachable coils (Target Therapeutics)
and Micrus 3D coils (Micrus Co., Mountain View, CA). When
the remodeling technique was performed (11), we used two
types of angioplasty balloons (Endeavor, Target Therapeutics;
Solstice, MicroInterventional Systems).

All coils were introduced into the aneurysm by using simul-
taneous biplane imaging with or without roadmapping. Coil
placement proceeded until no additional coils could be placed
in the aneurysm, until angiographically complete obliteration
was achieved, or until the risk of occluding a normal arterial
branch adjacent to the aneurysm seemed imminent. All pa-
tients received heparin for 12–24 hours after the procedure
unless clear contraindications (e.g., intraprocedural rupture)
were present. After the procedure, patients were transferred to
the neurosurgical intensive care unit. All patients with SAH
received oral nimodipine for 2 weeks. Hypervolemia was not
routinely induced to prevent vasospasm, but systolic blood
pressure was maintained above 120 mm Hg by using dopamine
if necessary.

The degree of aneurysmal occlusion was classified into three
categories: complete when the sac and the neck were densely
packed in any projection, near-complete when the sac was
occluded but a neck remnant was suspected or when an obvi-
ous, small (�2-mm) neck remnant was present, and partial
when loose packing or persistent opacification of the sac or the
neck remnant 2 mm was observed. Of 118 ruptured aneurysms,
immediate postprocedural angiography showed complete oc-
clusion in 74 (62.7%), near-complete occlusion in 25 (21.2%),
and partial occlusion in 19 (16.6%). Of 72 unruptured aneu-
rysms, complete occlusion was observed in 42 (58.3%), near-
complete occlusion in 17 (23.6%), and partial occlusion in 11
(15.3%). Occlusion failed in 2 (2.8%) unruptured aneurysms.

Cases in which procedure-related cerebral complications
occurred were selected. We analyzed their radiologic findings,
clinical presentations, treatments, and clinical outcomes. Pro-
cedure-related neurologic deficits were classified as: transient
deficits, which resolved within 7 days after examination, or
persistent deficits, which persisted longer than 7 days. Proce-

TABLE 1: Locations of aneurysms

Location
Ruptured
(n � 118)

Unruptured
(n � 72)

Anterior circulation 88 (74.6) 53 (73.6)
Anterior choroidal artery 4 2
Posterior communicating artery 3 4
Paraclinoid ICA 7 32
ICA bifurcation 5 2
A1 segment of the ACA 1 1
Anterior communicating artery 45 6
Distal ACA 6 1
M1 segment of the MCA 1 0
MCA bifurcation 6 5

Posterior circulation 30 (25.4) 19 (26.4)
Basal artery tip 16 11
Distal posterior cerebral artery 3 1
Superior cerebellar artery 2 3
Basal artery trunk 1 1
Vertebrobasilar junction 1 0
Posterior inferior cerebellar artery 7 3

Note.—Data in parentheses are percentages. ACA is anterior ce-
rebral artery; ICA, internal carotid artery; and MCA, middle cerebral
artery.
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dure-related neurologic morbidity was defined as neurologic
deficit lasting for more than 7 days that was attributable to coil
embolization.

Results

Thirty-seven (17.6%) complications occurred.
Among these, 27 were associated with initial emboli-
zation of ruptured aneurysms; six, with initial embo-
lizations of unruptured aneurysms, and four with re-
treatment procedures. Complication rates for
embolizations of ruptured, unruptured, and re-
treated aneurysms were 22.9% (27 of 118), 8.3% (six
of 72), and 20% (four of 20), respectively. Complica-
tions included 22 cerebral thromboembolisms
(10.4%), nine intraprocedural aneurysm perforations
(4.2%), two coil migrations (1%), two parent-vessel
injuries (1%), one postprocedural aneurysmal rup-
ture (0.5%), and one cranial nerve palsy (0.5%) (Ta-
ble 2). Fourteen complications had no neurologic
consequences, three were associated with transient
neurologic morbidity, 10 resulted in persistent neuro-
logic morbidity on discharge, and 10 resulted in
death. Only one complication (distal thromboembo-
lism) was associated with the balloon remodeling
technique; this event had no clinical consequence.
Procedure-related neurologic morbidity and mortal-
ity rates for all 210 procedures were 4.8% and 4.8%,
respectively.

Procedural Complications for Ruptured
Aneurysms

Procedure-related complications for initial coil em-
bolizations are summarized in Table 3. We recorded
no technical failures. Twenty-seven (22.9%) proce-
dural complications occurred with 118 procedures: 10
had no clinical consequences, one was associated with

transient neurologic changes, seven resulted in per-
sistent neurologic morbidity, and nine resulted in
death. The procedure-related neurologic morbidity
rate on discharge was 5.9%, and the mortality rate
was 7.6% (13.5% combined).

Intraprocedural Aneurysmal Rupture
Intraprocedural aneurysmal rupture occurred in

nine (7.6%) of 118 ruptured aneurysms due to pro-
trusion of a tip of the coil (n � 6) or microcatheter
(n � 3) outside the limit of the aneurysmal sac during
the procedure. (Seven perforations were accompa-
nied by angiographically visible extravasation of con-
trast agent.) Eight perforated aneurysms were small
(3–8 mm), and one was large (12 mm). All ruptures
occurred during the early stage of the procedure be-
fore detachment of the halfway coil. Coil-induced
ruptures were caused by the first coil in three small
(4–8 mm) aneurysms, the third coil in two small (6–8
mm) aneurysms, and the 11th coil in one large aneu-
rysm (12 mm). Microcatheter-induced ruptures oc-
curred in three small (4–5 mm) aneurysms during
initial catheter placement in one case and during
deployment of the second coil in two cases. All nine
intraprocedural ruptures occurred during emboliza-
tion of acutely ruptured aneurysms: four in the ante-
rior communicating artery, one in the anterior cho-
roidal artery, one in the middle cerebral artery
bifurcation, one in the basilar tip, one in the basilar
trunk, and one in the vertebrobasilar confluence. Pre-
operative clinical grades of the nine lesions were
Hunt and Hess grade I in one, grade II in two, grade
III in three, and grade IV in three.

All intraprocedural ruptures were managed with a
systemic protamine injection for heparin reversal and
further coil embolization. In three cases, one of the
interventionalists (M.H.) inserted ventricular drain-

TABLE 2: Procedure-related complications

Complication
Ruptured
(n � 118)

Unruptured
(n � 72)

Retreated
(n � 20)

Incidence
(%)

Thromboembolism (n � 22) 13 5 4 10.4
Intraprocedural rupture (n � 9) 9 0 0 4.2
Coil migration (n � 2) 2 0 0 1.0
Parent-vessel injury (n � 2) 2 0 0 1.0
Postprocedural rupture (n � 1) 1 0 0 0.5
Cranial nerve palsy (n � 1) 0 1 0 0.5
Total (n � 37) 27 6 4 17.6

TABLE 3: Procedural complications in 118 ruptured aneurysms

Complication

Neurologic Sequlae

Total
Incidence

(%)None Transient Persistent Fatal

Intraprocedural rupture 6 0 0 3 9 7.6
Postprocedural rupture 0 0 0 1 1 0.8
Thromboembolism 1 1 7 4 13 11.0
Coil migration 1 0 0 1 2 1.7
Parent-vessel injury 2 0 0 0 2 1.7
Total 10 1 7 9 27 22.9
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age catheters in the angiography suite immediately
after aneurysmal perforation, and in five cases, a
ventricular catheter had been placed before coil
placement.

All three deaths were associated with intraproce-
dural ruptures that occurred before detachment of
the first coil and with initial Hunt-Hess grades of III
(n � 1) or IV (n � 2). Six intraprocedural ruptures
had no clinical consequence, and three resulted in
death. In 118 procedures, the morbidity rate from
intraprocedural rupture of an already ruptured aneu-
rysm was 0%, and the mortality rate was 2.5%. Over-
all morbidity and mortality rates at discharge from
intraprocedural aneurysm rupture in 210 cases were
0% and 1.4%, respectively.

Periprocedural Thromboembolism
Thromboembolic complications occurred in 13

(11.0%) of 118 procedures; one resulted in no neu-
rologic consequence, one resulted in transient neuro-
logic deficit (expressive aphasia), seven resulted in
persistent neurologic abnormalities on discharge, and
four resulted in death. The morbidity rate on dis-
charge due to thromboembolic complications was
5.9%, and the mortality rate was 3.4%. Seven throm-
boembolic complications were evident during the
procedure, and six were documented on postemboli-
zation follow-up radiographic studies. Eight events
were managed with local or systemic administration
of fibrinolytic or antiplatelet agents. Fibrinolytic ther-
apy consisted of intravenous tissue-type plasminogen
activator (tPA) 10 mg along with 10 mg given intra-
arterially at the occlusion site. When a distal multifo-
cal occlusion was observed, patients were treated with
intravenous abciximab or eptifibatide at the appropri-
ate dose according to their weight.

Postembolization Rebleeding
One (0.8%) patient had fatal rebleeding the 6th

day after partial embolization of a large acutely rup-
tured basilar-tip aneurysm. At the conclusion of the
procedure, a few loops of a coil were projecting out-
side the limit of aneurysmal sac, and the lesion dem-
onstrated residual filling of its base.

Coil Migration
Coil migration during treatment occurred in two

(1.7%) of 118 aneurysms. Both cases were associated
with coil embolization of small posterior communi-
cating artery aneurysms with unfavorable fundus-to-
neck ratios. Migrated coil could be retrieved success-
fully in one case with no clinical consequence.
Another case experienced a fatal stroke after unsuc-
cessful coil retrieval.

Parent-Vessel Injury
Parent-vessel injury occurred in two (1.7%) of 118

procedures, with no clinical consequence. Each in-
volved extracranial dissection of a vertebral artery.

The dissections occurred during catheter or wire ma-
nipulations. Both cases were treated with intravenous
heparin for 24–48 hours after the procedure.

Nonprocedural Complications Attributable to
SAH

Of 118 patients with SAH, one (0.9%) had early
rebleeding just before coil embolization. Seven
(5.9%) had symptomatic vasospasm: Five were
treated with intra-arterial papaverine infusion with
balloon angioplasty; one, with intra-arterial papaver-
ine infusion only; and one, with triple-H therapy.
Seven (5.9%) had hydrocephalus requiring shunt
placement. Fourteen (11.9%) deaths occurred after
SAH and were not related to direct complications of
endovascular treatment. Twelve deaths were attribut-
able to the initial effect of SAH; one death was due to
early rebleeding in a patient not treated with coils and
one death was due to vasospasm resistant to aggres-
sive treatment.

Procedural Complications for Unruptured
Aneurysms

Six (8.3%) procedural complications occurred after
72 procedures for unruptured aneurysms. Thrombo-
embolic complications occurred in five (6.9%), and
cranial nerve palsy (thought to be the result of the
compressive effect of a coiled aneurysm) occurred in
one (1.4%). We noted two technical failures: one due
to coil prolapse into the parent artery and one due to
intraprocedural distal thromboembolism. Two com-
plications (thromboembolism) had no clinical conse-
quence, two (one thromboembolism and one cranial
nerve palsy) were associated with neurologic morbid-
ity after the procedure, one (thromboembolism) re-
sulted in persistent neurologic morbidity on dis-
charge, and one (thromboembolism) resulted in
death. Procedure-related neurologic morbidity and
mortality rates at the time of discharge were 1.4% and
1.4%, respectively.

Procedural Complications for Re-embolization
Fourteen aneurysms were re-embolized once, and

two were re-embolized three times. Additional pro-
cedures were necessary because of an inability to
deposit coils during the initial attempt (one proce-
dure), incomplete obliteration after initial emboliza-
tion (14 procedures), or recurrent (or residual) aneu-
rysms at follow-up angiography (five procedures).
One technical failure occurred when a fourth embo-
lization for a small residual of a previously ruptured,
large basilar-tip aneurysm was aborted because of coil
prolapse into the parent vessel. Of 20 re-embolization
procedures, four (20%) had complications. All four
complications were thromboembolic: two had no clin-
ical consequence and two resulted in persistent neu-
rologic morbidity on discharge. The neurologic mor-
bidity rate related to re-embolization was 10%, and
the mortality rate was 0%.
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Discussion
Several groups have reported procedural complica-

tion rates related to endovascular aneurysm coil
placement. Raymond and Roy (4) reported a 23%
procedural complication rate in 75 patients, with pro-
cedure-related morbidity and mortality rates of 4%
each. Roy et al (5) observed a 10.3% complication
rate with 4.3% morbidity and 0% mortality in 130 coil
embolization procedures for 125 unruptured aneu-
rysms. In the series by Kuether et al (2) of 74 patients
with 77 intracranial aneurysms (including 31 acutely
ruptured aneurysms), 93 embolizations led to 13 tech-
nical complications (14%). Procedure-related mor-
bidity and mortality rates were 9.1% and 7.8%, re-
spectively. Ng et al (3) reported the results of
endovascular treatment of 160 intracranial aneurysms
(including 81 ruptured aneurysms) in 144 patients.
The procedural complication rate was 21%, and pro-
cedure-related morbidity and mortality rates were
6.9% and 1.2%, respectively. In the ruptured group,
procedure-related morbidity was 8.6%, and mortality
was 2.5%; in the unruptured group, rates were 5.1%
and 0%, respectively. Brilstra et al (1) reviewed 48
studies (1383 patients) on coil embolization, noting a
12% procedure-related complication rate. Procedure-
related morbidity and mortality rates were 3.7% and
1.1%, respectively.

Our overall complication rate for all aneurysms was
17.6%, and the overall procedural morbidity and
mortality rates were 4.8% each. The main cause of
morbidity and mortality was thromboembolism, with
all morbidity and half of all deaths secondary to
thromboembolic complications. Overall procedure-
related complication rates of embolization for rup-
tured, unruptured, and re-treated aneurysms were
22.9%, 8.3%, and 20%, respectively. In ruptured an-
eurysms, the procedure-related neurologic morbidity
rate was 5.9%, and the mortality rate was 7.6%
(13.5% combined). Two main causes of procedural
morbidity and mortality in this group were thrombo-
embolism and intraprocedural rupture. In unruptured
aneurysms, procedure-related neurologic morbidity
and mortality rates were 1.4% each (2.8% combined).
Thromboembolism was the main cause of procedural
morbidity and mortality in this group. Morbidity and
mortality rates related to re-embolization were 10%
and 0%, respectively (10% combined). Procedural
morbidity related to re-embolization was entirely at-
tributable to thromboembolism. For the series, com-
plication rates were highest in ruptured aneurysms
and lowest in unruptured ones. The procedural mor-
bidity rate was highest in the re-treated group and
lowest in the unruptured group. The procedural mor-
tality rate was higher in the ruptured group than in
the unruptured group.

Intraprocedural Aneurysmal Rupture
Rates of aneurysmal rupture during coil emboliza-

tion are 1.9–16% for ruptured aneurysms and
0–1.3% for unruptured aneurysms (2–4, 6, 12–14).
Many authors have found that iatrogenic rupture al-

most invariably involves previously ruptured lesions
(2, 3, 13–15). Kuether et al (2) reported the result of
93 embolization procedures in 77 aneurysms with a
2.1% overall incidence of aneurysm perforation
(6.5% in 31 ruptured aneurysms and 0% in 46 unrup-
tured aneurysms). Valavanis et al (15) reported 128
endovascular cases, noting perforation only during
treatment of previously ruptured lesions (4.2% in 69
ruptured aneurysms). Ng et al (3) also noted intra-
procedural rupture more commonly during treat-
ment of ruptured than treatment of unruptured
ones (16% vs. 1.3%).

Small aneurysms are also associated with an in-
creased incidence of intraprocedural rupture (6, 12,
13, 15). Ricolfi et al (12) observed four procedure-
related perforations in small aneurysms only (4 mm
or smaller in diameter). Vinuela et al (6) reported
that nine of 11 perforated aneurysms measured 4–10
mm in diameter. Valavanis et al (15) reported that
two of three perforated aneurysms measured 3–4 mm
in diameter, and in the series by Sluzewski et al (13), six
of the seven perforated aneurysms measured 2–10 mm.

In our series, intraprocedural rupture occurred in
nine (4.2%) cases of ruptured aneurysms. The rate of
aneurysm perforation was 7.6% in 118 ruptured an-
eurysms and 0% in 72 unruptured aneurysms. All
ruptures occurred before or during the early phase of
coil embolization. Anterior communicating artery an-
eurysms were most commonly perforated (four of
nine perforations were interior communicating aneu-
rysms), and all but one intraprocedural rupture oc-
curred in small (3.5–8 mm) aneurysms. Of the nine
ruptures, six had good outcomes with no clinical con-
sequence, and three resulted in death. This seems to
be consistent with other publications (2, 4, 16–21).
Fatal outcomes were associated with intraprocedural
ruptures that occurred before detachment of the first
coil and poorer initial Hunt-Hess grades (grade III
for one and grade IV for two). Morbidity and mor-
tality rates attributed to intraprocedural aneurysm
rupture were 0% and 1.5% respectively among a total
of 210 procedures. Once an aneurysm ruptured, 33%
of the patients died, while 66% did well.

Thromboembolism
Endovascular coil embolization of intracranial an-

eurysms is associated with a risk of thromboembolic
and ischemic complications. Despite routine use of
heparin in conjunction with this procedure, compli-
cations that related to thromboembolic events oc-
curred in 2.5–28% of patients treated (6, 14, 18, 22).
In our study, thromboembolic complications were ob-
served in 22 (10.4%) of 210 procedures; 13 (11%) of
118 ruptured aneurysms, five (6.9%) of 72 unrup-
tured aneurysms, and four (20%) of 20 re-treated
aneurysms. Thromboembolic complications ac-
counted for 59.5% of all complications. All thrombo-
embolic complications observed occurred during (n �
12) or within 24 hours (n � 10) of the procedures.

Periprocedural thromboembolism can be treated
with selective intra-arterial administration of throm-
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bolytic agents (urokinase or tPA). Cronqvist et al (23)
reported the results of superselective intra-arterial
fibrinolytic therapy in 19 patients to treat thrombo-
embolic complications during endovascular aneurysm
treatment. Complete recanalization was achieved in
10, and partial recanalization, in nine. Fourteen pa-
tients had a good clinical recovery, and one died of a
large intracerebral hematoma. Aneurysm rupture
with SAH occurred in two patients. We previously
reported five cases in which intra-arterial thrombo-
lytic agents were used to treat acute vascular occlu-
sion associated with endovascular coil placement of
intracranial aneurysms (24). Mechanical clot disrup-
tion was performed before intra-arterial thrombolyt-
ics were delivered. Angiographic recanalization was
observed in four patients, with clinical improvement
in two. Two patients experienced hemorrhage, which
caused severe morbidity or death.

In view of the modest results and limitations of
thrombolytic therapy, several authors (25–28) have
proposed the use of abciximab—a chimeric mono-
clonal antibody fragment against the platelet glyco-
protein IIb/IIIa receptor complex—to manage
acute thromboembolism during endovascular coil
placement in intracranial aneurysms. This drug, or
others like it, may be more effective and logical for
intraprocedural thromboembolism because most
patients have already received full heparinization,
making it unlikely that a fibrin clot is present.
Platelet clumps, however, are known to quickly
form on intravascular foreign bodies, even with full
heparin anticoagulation. Lempert et al (27) re-
ported a case of successful abciximab treatment for
an acute thrombosis during coil embolization of a
basilar apex aneurysm. They observed complete
thrombus dissolution after 30 minutes of systemic
drug infusion. Ng et al (28) also reported successful
thromboembolic treatment with systemic abciximab
during endovascular coil placement of a ruptured
intracranial aneurysm after superselective infusion
of a fibrinolytic agent was unsuccessful. Alexander
et al (25) described a similar experience with intra-
venous abciximab for the treatment of intraproce-
dural arterial thrombus. Duncan and Fourie (26)
described their experience with catheter-directed
intra-arterial abciximab in five cases of acute intra-
cranial arterial occlusion during neurointerven-
tional procedures. Rapid thrombus dissolution was
observed in four cases, and partial dissolution, in
one. Two patients had no neurologic deficit, one
had a pre-existing neurologic deficit, one had mild
residual thumb paresis, and one had a severe neu-
rologic deficit. No abciximab-related complication
occurred. The authors concluded that the intra-
arterial administration of abciximab could result in
rapid clot lysis.

Of 22 thromboembolic complications in our series,
eight were treated by using superselective intra-arte-
rial or intravenous abciximab, and one was treated by
using local tPA. Of the eight cases treated with ab-
ciximab, we observed complete recanalization in six
and partial recanalization in two. One case treated

with tPA showed partial recanalization. Two cases
with complete recanalization had no neurologic con-
sequence, two had transient neurologic deficit, and
two had persistent neurologic deficit. Two of three
partially recanalized cases had persistent neurologic
deficit, and one resulted in death. Overall morbidity
and mortality rates from thromboembolic complica-
tions were 4.8% (10 of 210) and 2.4% (five of 210),
respectively.

Thromboembolic complication was the major
cause of morbidity and mortality in our series. All
morbidity from our 210 embolization procedures was
associated with thromboembolic complications, which
also accounted for one-half of all procedure-related
deaths. Once a thromboembolic event occurred, mor-
bidity was 45% and mortality was 23%. With success-
ful experiences in the use of IIb/IIIa inhibitor for
these events, acute platelet aggregation is implicated
as an important constituent (22, 25, 27, 29).

In view of these findings, our present approach
(since November 2002) to decrease the incidence of
thromboembolic complications includes the prophy-
lactic use of intravenous eptifibatide (Integrilin; CGL
Therapeutics, San Francisco, CA) at the conclusion of
the procedure. The effects of eptifibatide, a synthetic
heptapeptide with high specificity and affinity for gly-
coprotein IIb/IIIa receptors, rapidly reverse (within
2–4 hours) after its discontinuation (30–32). This
effect may be beneficial in the event of serious bleed-
ing (including aneurysmal rebleeding), in the routine
removal of a femoral arterial sheath, and in consid-
eration of early ambulation and discharge after a
successful procedure. Preventive use of eptifibatide
during coil embolization of an aneurysm poses a sub-
stantial risk if iatrogenic rupture should necessitate
emergent neurosurgical intervention to evacuate a
hematoma. To avoid this quandary, we currently use
eptifibatide only at the completion of embolization to
prevent or reduce the incidence of postoperative
thromboembolic complications.

Nonprocedural Complications Attributable to
SAH

Hydrocephalus.—The incidence of SAH-associated
hydrocephalus is reported to range from 6% to 67%
(33–39). In the International Cooperative Study on
the Timing of Aneurysm Surgery (40), 8.0% of pa-
tients underwent CSF shunt surgery. In terms of the
effect of the type of procedure performed on the
incidence of shunt surgery, a number of reports indi-
cate no difference between endovascular and exovas-
cular therapy. In a series of 242 patients with aneu-
rysmal SAH treated with early surgery or early
endovascular treatment, Gruber et al (41) reported
incidences of 23.2% in the shunt-dependent hydro-
cephalus in the surgical group and 17.7% in the en-
dovascular group. Sethi et al (42) retrospectively stud-
ied 100 matched patients with aneurysmal SAH to
determine the association between treatment method
and the development of chronic hydrocephalus. They
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also concluded that the technical procedure does not
significantly affect the incidence of shunted hydro-
cephalus (18% for surgical clip placement and 16%
for coil embolization). In our study, the incidence of
shunt-dependent hydrocephalus was 5.9% in patients
with aneurysmal SAH.

Vasospasm.—Delayed ischemic neurologic deficit
(symptomatic vasospasm) is a major cause of mor-
bidity and mortality in patients with aneurysmal
SAH. Symptomatic vasospasm is reported in 22–
40% of patients with SAH, resulting in 34% mor-
bidity and 30% mortality rates (31, 40, 43– 46).
Early aneurysmal surgery followed by proper post-
operative management, including preventive use of
intravenous nimodipine, is reported to reduce the
incidence of symptomatic vasospasm to 10% or less
(47– 49). Although some have suggested that the
cisternal removal of blood may reduce the inci-
dence of cerebral vasospasm, only partial physical
removal of subarachnoid blood is possible during
early aneurysmal surgery (50 –53). The Interna-
tional Cooperative Study on the Timing of Aneu-
rysm Surgery (40, 54) did not demonstrate a major
influence of early surgery on morbidity and mortal-
ity due to chronic cerebral vasospasm. The diffi-
culty in removing tenacious subarachnoid blood
clots, the effects of blood breakdown products, or
the surgical-mechanical manipulation of vessels
may explain this failure of early surgery to substan-
tially alter the incidence of vasospasm (40, 46, 55,
56). Murayama et al (57) reported a 23% incidence
of symptomatic vasospasm after endovascular coil
occlusion of acutely ruptured; this rate compares
favorably with that found in conventional surgical
series. Gruber et al (58), however, noted an in-
creased incidence of vasospasm-related infarctions

in patients treated endovascularly (37.7% vs. 21.6%
with surgery). However, when patients with Fisher
grade 4 and Hunt and Hess grade V lesions were
excluded, the difference between the treatment
groups was no longer significant.

Other authors (57, 59, 60) have not found an in-
creased risk of vasospasm with endovascular therapy.
Yalamanchili et al (60) retrospectively compared 19
patients treated by surgical clip placement with 18
patients treated by endovascular coil embolization
after aneurysmal SAH, excluding patients with Hunt
and Hess grade IV or V SAH. Symptomatic vaso-
spasm was more frequent and more severe in the
surgical group (74% vs. 22%). Charpentier et al (59)
performed a multivariate analysis to determine the
role of treatment technique on cerebral vasospasm
after aneurysmal SAH. Symptomatic vasospasm oc-
curred in 25 (22.2%) of 145 surgical patients com-
pared with 22 (17.2%) of 99 endovascular patients.
They concluded that the type of treatment was not
associated with an increased risk of cerebral vaso-
spasm. Rabinstein et al (61) studied 415 consecutive
patients with aneurysmal SAH. Symptomatic vaso-
spasm occurred in 39% treated with surgical clip
placement and 30% treated with endovascular coil
occlusion. In a univariate analysis, the incidence of
vasospasm did not differ between the groups.

In our study, the incidence of symptomatic vaso-
spasm among 118 patients with ruptured aneurysms
was 5.9% (n � 7). Excluding 35 patients with Hunt
and Hess grades of IV and V, in whom it is difficult to
accurately detect a vasospastic neurologic deteriora-
tion, the incidence was 4.8%. Our rate tended to be
lower than those previously reported, even when we
did not make the exclusion just described.

TABLE 4: Published complication rates for coil embolization of cerebral aneurysms

Reference Rate

Johnston et al62 10% procedure-related adverse outcome rate in coiled unruptured aneurysms (adverse outcome not defined)
Duke et al63 2.5% procedure-related neurologic deficit rate
Johnston et al64 11% procedure-related adverse outcome rate
Vanninen et al65 4% technique-related mortality rate
Bavinzski et al66 2.2% procedure-related mortality, 4.4% procedure-related morbidity
Solander et al21 13% procedure-related temporary neurologic complication rate
Klein et al67 24% inadvertent vessel occlusion secondary to coiling, 10% stroke/TIA rate secondary to coiling procedure
Eskridge et al68 23% procedure-related embolus rate
Guglielmi et al69 4.8% procedure-related morbidity, 2.4% procedure-related mortality
Murayama et al70 4.3% procedure-related neurologic morbidity for unruptured aneurysms
Kuether et al2 9.1% procedure-related morbidity, 7.8% procedure-related mortality
Raymond et al71 22% procedure-related neurologic complications, 3% procedure-related mortality
McDougall et al72 10% procedure-related neurologic complications
Byrne et al73 18% procedure-related neurologic complications, 4% procedure-related mortality
Casasco et al74 4.2% procedure-related strokes, 7% procedure-related deaths
Brilstra et al1 4% procedure-related permanent neurologic complications, 8.5% procedure-related temporary

neurologic ischemic complications, 1.1% procedure-related mortality
Soeda et al75 20% procedure-related ischemic event rate in coiling or unruptured aneurysms
Vinuela et al6 8.9% procedure-related morbidity, 1.8% procedure-related mortality
Klotzsch et al76 20% procedure-related neurologic complications
Holley et al77 7.1% procedure-related neurologic morbidity
Graves et al78 8% procedure-related stroke rate
Pelz et al22 28% procedure-related neurologic thromboembolic rate (12% TIA rate, 17% stroke rate)
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Conclusion

Our review indicates that endovascular coil embo-
lization of an intracranial aneurysm is a safe tech-
nique with low morbidity and mortality rates. Our
results are consistent with those reported in the liter-
ature (Table 4): 1) The overall procedure-related
complication rate was 17.6%, and morbidity and mor-
tality rates were 4.8% each; 2) The procedural com-
plication rate was highest (22.9%) in ruptured aneu-
rysms and lowest (8.3%) in unruptured aneurysms; 3)
The procedural morbidity rate was highest (10%) in
the re-treated aneurysms and lowest (1.4%) in unrup-
tured aneurysms; 4) The procedural mortality rate
was higher in ruptured aneurysms (7.6%) than in
unruptured aneurysms (1.4%); 5) No procedural
mortality occurred in patients with re-treated aneu-
rysms; 6) Combined procedure-related morbidity and
mortality rates for ruptured, unruptured, and re-
treated aneurysms were 13.5%, 2.8%, and 10%, re-
spectively; and 7) The main cause of morbidity and
mortality was thromboembolism (60% of all compli-
cations were thromboembolic). The thromboembo-
lism rate was 10.4% with a disproportionate number
of events occurring during re-embolization of previ-
ously treated lesions. A thromboembolic complica-
tion was associated with 45% morbidity and 23%
mortality.

While we report on clinically identifiable complica-
tions and procedure-related morbidity and mortality,
subclinical events were not reported because most go
unrecognized. Only by performing preprocedural and
postprocedural MR imaging studies is it possible to
truly quantify all untoward cerebral events and inju-
ries, even those without clinical sequelae.
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