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ABSTRACT

BACKGROUND AND PURPOSE: Procedural rupture of an intracranial aneurysm is a devastating complication in endovascular treatment.
The purpose of this study was to evaluate the clinical outcomes of patients with procedural rupture of unruptured saccular intracranial
aneurysms compared with those with spontaneously ruptured aneurysms.

MATERIALS AND METHODS: A retrospective review was performed for 1340 patients with 1595 unruptured saccular intracranial aneu-
rysms that underwent endovascular coil embolization between February 2010 and December 2014. The clinical outcomes of patients with
procedural rupture of unruptured saccular intracranial aneurysms were compared with those of 198 patients presenting with spontane-
ously ruptured aneurysms.

RESULTS: In this series, procedural rupture developed in 19 patients (1.4% per patient and 1.2% per aneurysm), and the morbidity related to
procedural rupture was 26.3% (95% confidence interval, 8.5%– 61.4%) with no mortality. Hunt and Hess scale grades and hospitalization days
of patients with procedural rupture were equivalent to those of patients presenting with spontaneous aneurysm rupture. Subsequent
treatment procedures after hemorrhage (including lumbar drainage, extraventricular drainage, decompressive craniectomy, and perma-
nent shunt) showed no difference between the 2 groups. The hemorrhage volumes were smaller in the procedural-rupture group (P � .03),
and the endovascular vasospasm therapies tended to be more frequently required in the spontaneous aneurysm–rupture group (P � .08).
At postictus 6 months, the proportion of modified Rankin Scale scores of �2 were lower in the procedural-rupture group (5.3% versus
26.8%, P � .049). In multivariate analysis, spontaneous aneurysm rupture was a significant risk factor for worse clinical outcome (OR � 14.9;
95% CI, 1.2–193.1; P � .039).

CONCLUSIONS: This study showed better clinical outcomes in the procedural-rupture group. Even though there is a potential chance of
aneurysm rupture during treatment, the clinical outcomes after procedural bleeds seem to be more favorable than those of spontaneous
rupture.

ABBREVIATIONS: PR � procedural rupture; SR � spontaneous aneurysm rupture; UIA � unruptured saccular intracranial aneurysm

Endovascular coil embolization for intracranial aneurysms is a

recent development that is gradually replacing surgical clip-

ping because of attributes that include minimal invasiveness and

lower rates of morbidity and mortality.1,2 Nevertheless, proce-

dural rupture (PR) of an aneurysm being treated remains a dev-

astating complication in endovascular treatment. Although the

incidence, risk factors, and clinical outcome of PR have been pre-

viously reported,1,3-9 the clinical prognosis of pure PR remains

unclear because the reports included ruptured aneurysms, hin-

dering the assessment of the harmful influence of PR. In addition,

there have been various treatment guidelines in unruptured in-

tracranial aneurysms (UIAs),10-14 and some argue that no treat-

ment might be cost-effective in some clinical situations.10,15,16 In

principle, the treatment decision should be made on the basis of

treatment benefit and its accompanying risks in comparison with

the disease burden. The purpose of this study was to assess the

clinical outcomes of patients with PR of UIAs compared with

those with spontaneously ruptured aneurysms.

MATERIALS AND METHODS
Patient Characteristics
From February 2010 to December 2014, 2025 aneurysms in

1711 patients were treated with endovascular procedures at a
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single tertiary care institution (Seoul National University Hos-

pital). Of these, 232 aneurysms were excluded from statistical

analysis; they were retreated, dissecting, blisterlike, or false an-

eurysms. Thus, we intended to analyze the clinical outcomes of

PR in saccular aneurysms treated with detachable coil emboli-

zation. The study cohort included 1531 patients with 1793 sac-

cular aneurysms treated in 1538 sessions. Among them, 198

patients presented with subarachnoid hemorrhage. There were

455 (29.7%) male and 1076 (70.3%) female patients with a

mean age of 55.8 years (median, 59 years; range, 13– 89 years)

at the time of the procedure. The procedural rupture occurred

in 1.2% per aneurysm (19/1595) among patients with unrup-

tured aneurysms. We compared the clinical outcomes of the 19

patients (PR group) with those of 198 patients with spontane-

ously ruptured aneurysms (SR group). This study was con-

ducted according to the principles outlined in the Declaration

of Helsinki and was approved by the institutional review

board.

Treatment
The endovascular treatment technique was properly selected

under the consensus of the cerebrovascular team in a multidis-

ciplinary decision-making process with consideration of the

patient’s preference. The coiling of aneurysms was performed

mostly with the patient under general anesthesia. For these

patients with unruptured aneurysms, preprocedural medica-

tion with antiplatelet agents was provided. Systemic adminis-

tration of heparin was performed after deployment of an arte-

rial introducer sheath in unruptured aneurysms and after

placement of the first coil in ruptured aneurysms with a bolus

dose of 3000 IU followed by a maintenance dose of 1000 IU per

hour with monitoring of the activated clotting time. Several

kinds of detachable coils, chosen by the operator, were used.

Coil placement proceeded until optimal satisfactory aneurysm

obliteration was achieved.

Procedural rupture was diagnosed by the extravasation of con-

trast and direct visualization of a device outside the aneurysm

lumen on cerebral angiography. When PR occurred, protamine

sulfate was administered immediately to reverse the effects of hep-

arin and coils were deployed quickly to occlude the aneurysm.

After the embolization, a CT scan was performed to evaluate the

amount of subarachnoid hemorrhage and the development of

hydrocephalus. Depending on the patient’s neurologic condition,

further intervention ensued, which included lumbar drainage, ex-

traventricular drainage, or decompressive surgery. Endovascular

vasospasm therapy was performed when the patients showed neu-

rologic deterioration with angiographic vasospasm during the en-

suing days.

Clinical Variables and Outcomes
All the relevant medical records were reviewed, including data

regarding patient age, sex, aneurysm location, maximal aneurysm

diameter, applied endovascular treatment technique, Hunt and

Hess scale grade,17 modified Fisher grade,18 hospitalization days,

and clinical outcome. The treatment procedural data, including

lumbar drainage, extraventricular drainage, decompressive crani-

ectomy, endovascular vasospasm therapy, and ventriculoperito-

neal shunt, were also collected.

Aneurysm size was measured on the basis of 3D reconstruc-

tion angiograms. Follow-up angiographic results were evaluated

with the last follow-up digital subtraction angiography and/or

MR angiography. The results were divided into 2 categories: stable

occlusion and recanalization.

Hunt and Hess scale grades were immediately assessed after

recovery from anesthesia in the PR group and were assessed on

admission in the SR group. Adjustments were not made for co-

morbidities. The modified Fisher grades were denoted and then

were categorized into 2 groups: small hemorrhage volume (grade

1) and large volume (grades 2– 4). Clinical outcome was evaluated

with the modified Rankin Scale scores, and poor functional out-

come was defined as an mRS score of �2 at postictus 6 months.19

When 6-month mRS scores were not recorded, the score nearest

to 6 months was used in the analysis.

Statistical Analysis
Continuous variables were expressed as the mean � SD (range).

�2, Fisher exact, and Student t tests were performed as neces-

sary. A binary logistic regression model was used to ensure that

procedural or spontaneous aneurysm rupture was indepen-

dently predictive of clinical outcomes. Log-rank tests were

used to compare time to aneurysm recanalization. A 2-tailed P

value � .05 was considered statistically significant. The data

were analyzed with the Statistical Package for the Social Sciences

(Version 21; IBM, Armonk, New York) and MedCalc for Windows,

Version 14.12.0 (MedCalc Software, Ostend, Belgium).

RESULTS
Enrolled Patients and Aneurysms
The patient characteristics are shown in Table 1. There was a

somewhat higher proportion of female patients in the PR group

(PR versus SR group, 84.2% versus 58.6%; P � .047). Mean an-

eurysmal size was larger in the SR group (6.5 versus 4.6 mm, P �

Table 1: Comparison of patient characteristics
PR Group

(n = 19)
SR Group
(n = 198)

P
Value

Female 16 (84.2%) 116 (58.6%) .047a

Mean age (yr) 53.6 � 1.5 55.8 � 1.0 .22
Mean aneurysm size (mm) 4.6 � 0.5 6.5 � 0.2 .01a

Aneurysm location .15
Anterior cerebral artery 4 (21.1%) 93 (47.0%)
Middle cerebral artery 5 (26.3%) 35 (17.7%)
Internal carotid artery 9 (47.4%) 57 (28.8%)
Posterior circulation 1 (5.2%) 13 (6.5%)

Hunt and Hess scaleb .82
1 1 (5.3%) 7 (3.5%)
2 13 (68.4%) 123 (62.1%)
3 2 (10.5%) 36 (18.2%)
4 3 (15.8%) 26 (13.1%)
5 0 (0%) 6 (3.1%)

Modified Fisher grade .03a

Small volume (grade 1) 14 (73.7%) 89 (45.0%)
Large volume (grades 2–4) 5 (26.3%) 109 (55.0%)

a Significant.
b Hunt and Hess scale grades were immediately assessed after the patient recovered
from the anesthesia in the PR group and at admission in the SR group without
adjustment of comorbidity.
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.01). The most frequent aneurysm location was the internal ca-

rotid artery (47.4%) in the PR group and the anterior cerebral

artery in the SR group (47.0%).

The distribution of Hunt and Hess scale grades was not signif-

icantly different between the 2 groups. The hemorrhage volume,

determined by modified Fisher grade, was larger in the SR group

(P � .03). Most (73.7%) in the PR group showed grade 1 bleeds,

while more than half of the patients in the SR group presented

with higher than grade 1 bleeds.

Procedural Characteristics
The endovascular procedures and subsequent interventions are

presented in Table 2. The embolization techniques were signifi-

cantly different between the 2 groups (P � .01); notably, the bal-

loon-remodeling technique was more frequently used in the PR

group (PR group versus SR group, 21.1% versus 2.5%; P � .01).

The culprit devices causing procedural aneurysmal rupture were

coils in most cases (n � 17, 89.5%), and the remaining devices

were microcatheters (n � 2, 10.5%).

The procedures subsequent to the coil embolization were not

significantly different between the 2 groups (Table 2), except that

more patients tended to require endovascular vasospasm therapy

in the SR group (PR group versus SR group, 0% versus 16.2%; P �

.08). On further analysis, the patients with larger hemorrhage vol-

ume required endovascular vasospasm therapy more frequently

(modified Fisher grade 1 versus grades 2– 4, 8.7% versus 20.2%,

P � .02).

Clinical Outcomes
All 19 patients in the PR group were asymptomatic before PR.

Headache without neurologic symptoms was the most common

symptom following PR (n � 13, 68.4%), followed by motor weak-

ness (n � 3, 15.8%), diplopia (n � 1), and altered mentality (n �

1). One patient was asymptomatic despite PR. The hospitalization

days of the PR group were 13.7 days on average (median, 12 days;

range, 3– 63 days), which did not differ significantly from those

patients in the SR group (mean, 18.4 days; median, 15 days: range,

3–209 days) (P � .25) (Table 3).

In the PR group, there were 5 patients with morbidity (26.3%;

95% confidence interval, 8.5%– 61.4%) and no mortality. Com-

promised clinical outcome (defined as an mRS score of �2) at the

6-month follow-up evaluation was found in 1 patient (5.3%) in

the PR group, whose mRS score was 4 (Fig 1). The other 18 pa-

tients did not have any associated symptoms at postictus 6

months. In the SR group, compromised clinical outcomes were

found in 53 patients (26.8%), which was a significantly higher rate

in comparison with that in the PR group (P � .049) (Fig 2).

Multivariate analysis indicated that spontaneous aneurysm rup-

ture was one of independent risk factors for poor clinical outcome

(OR � 14.9; 95% CI, 1.2–193.1; P � .039), along with patient age,

Hunt and Hess scale grade, and the amount of bleed as measured

by the modified Fisher grade (Table 4).

Follow-up angiographic images were available in 15 patients

(78.9%) in the PR group and in 162 (81.8%) in the SR group. One of

the 15 patients (6.7%) had recanalization

in the PR group, and 40 (20.2%) had re-

canalization in the SR group (P � .064).

Kaplan-Meier estimates of the rates of sta-

ble aneurysmal occlusion are presented in

Fig 3.

DISCUSSION
In our study, 1340 patients with 1595 UIAs

were treated with endovascular coil embo-

lization. The risk of PR was low (1.4% per

patient and 1.2% per aneurysm), like that

in previous studies that reported a 0%–

2.2% rate of PR in UIAs.1-3,5,7 The PR-re-

FIG 1. Cerebral angiography demonstrates a right posterior communicating artery aneurysm (A).
During coil embolization with balloon remodeling, the aneurysm was ruptured by a coil (B).
Despite rapid obliteration of the ruptured aneurysm, the volume of subarachnoid hemorrhage
was considerable (modified Fisher grade 3) (C).

Table 2: Comparison of embolization techniques and treatment
proceduresa

PR Group
(n = 19)

SR Group
(n = 198)

P
Value

Technique �.01b

Single microcatheter 12 (63.2%) 108 (54.6%)
Double microcatheter 2 (10.4%) 65 (32.8%)
Balloon remodeling 4 (21.1%) 5 (2.5%)
Stent-assisted 1 (5.3%) 20 (10.1%)

Lumbar drainage .23
Yes 6 (31.6%) 38 (19.2%)
No 13 (68.4%) 160 (81.2%)

Extraventricular drainage .32
Yes 1 (5.3%) 34 (17.2%)
No 18 (94.7%) 164 (82.8%)

Decompressive craniectomy 1.00
Yes 0 (0%) 4 (2.0%)
No 19 (100%) 194 (98.0%)

Endovascular vasospasm therapy .08
Yes 0 (0%) 32 (16.2%)
No 19 (100%) 166 (83.8%)

Permanent shunt 1.00
Yes 1 (5.3%) 19 (9.6%)
No 18 (94.7%) 179 (90.4%)

a Data are No. (%) unless otherwise indicated.
b Significant.

Table 3: Comparison of clinical outcome and imaging follow-up
PR Group

(n = 19)
SR Group
(n = 198)

P
Value

Mean hospitalization (day) 13.7 � 3.1 18.4 � 1.2 .25
Compromised outcomea (No.) 1 (5.3%) 53 (26.8%) .049b

Follow-up imaging (No.)
Recanalization 1 (5.3%) 40 (20.2%)
Stable 14 (73.6%) 122 (61.7%)
Absence of follow-up imaging 4 (21.1%) 36 (18.1%)

a Modified Rankin Scale scores of �2 at postictus 6 months.
b Significant.
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lated symptomatic complication rate was 0.1% (1 of 1340) in clinical

assessment at 6 months after ictus. The hospitalization days and

Hunt and Hess scale grades did not differ significantly between the 2

groups. However, the proportion of patients with small hemorrhage

volume (modified Fisher grade 1) was greater, and endovascular va-

sospasm therapies were less frequently required in the PR group.

Accordingly, the clinical outcomes in the patients with PR of UIAs

were more favorable compared with those of the patients presenting

with spontaneously ruptured aneurysms. Although we cannot

choose between spontaneous SAH and intraoperative rupture, phy-

sicians may inform patients with UIAs of expected clinical outcomes

of PR before decision-making for the treatment.

Many neurointerventionists are concerned about PR. Various

factors, including size, location, and morphology of aneurysms

and a previous rupture history, have been analyzed to evaluate the

risk factors of PR.1,3-9 A multicenter study reported increased

periprocedural death or disability in 63% of patients with PR

compared with 15% without PR,20 and another study reported a

33% risk of death and 5% risk of disability with PR in ruptured

aneurysms.21 However, the clinical outcome for PR of UIAs is not

well-described because of the limited number of cases.1,6,22,23

Concerning unruptured aneurysms, Im et al2 and Schuette et al5

reported 4 cases and 1 case of PR, respectively; there was no mor-

tality or morbidity, but the number of cases was too small to

conclude a reliable clinical outcome. Mitchell et al7 reported

higher rates of 30-day mortality with PR of UIAs (1 of 6, 16.7%)

than in patients without PR (2 of 249, 0.8%). In the present study,

there were 5 cases of morbidity but no mortality in the 19 PR cases

treated for unruptured aneurysms. At 6 months after ictus, only 1

of 1340 patients (0.1%) had poor mRS scores (� 2) related to PR.

The clinical outcome of PR seems to have 1 of 2 extremes: death

or recovery.22 Sluzewski et al22 reported 20 deaths and 31 good out-

comes in 51 procedure-related ruptures; most patients (97.4%) were

treated after rupture. Of the 19 patients with PR in our series, 5 had

neurologic symptoms such as weakness or altered mentality, and 14

patients had headache only on the immediate neurologic examina-

tion after PR. In the 5 symptomatic patients, only 1 patient had per-

manent hemiparesis, and 4 patients fully recovered without neuro-

logic sequelae. Unlike those with ruptured aneurysms, the patients

with PR of UIAs had favorable functional outcomes and did not have

fatal outcomes. The favorable results in PR of UIAs might be due to

the rapid obliteration of the aneurysm to prevent massive hemor-

rhage when PR occurs during coil embolization. When the PR oc-

curred, additional coils were deployed promptly, sometimes in con-

junction with a balloon or a stent to control leakage. Symptomatic

vasospasm after aneurysmal SAH occurred in 16.2% of patients with

spontaneously ruptured aneurysms, comparable with reported rates

of 17%–40%.24 Notably, the patients with PR did not present with

symptomatic vasospasm in any case in our series. We believe that the

rapid obliteration of PR leads to less hemorrhage volume, no symp-

tomatic vasospasm, and more favorable clinical outcomes.

Stapleton et al9 reported an increased risk of symptomatic hydro-

cephalus requiring temporary or permanent cerebral fluid diversion

with rerupture of ruptured intracranial aneurysms. In our study, treat-

ment procedures after rupture were not significantly different between

the PR and SR groups, including lumbar drainage, extraventricular

drainage, decompressive craniectomy, and permanent ventricular

shunt.

In the present study, the balloon remodeling technique was used

less often in the SR group than in the PR group. Several multicenter

studies reported that balloon-remodeling coil embolization was not

FIG 2. Modified Rankin Scale scores at the 6-month posttreatment period.
FIG 3. Kaplan-Meier estimates of the rates of stable aneurysmal oc-
clusion: procedural rupture group versus spontaneous rupture group.

Table 4: Logistic regression model assessing risk factors of poor clinical outcome

Variables

Univariate Analysis Multivariate Analysis

Odds Ratio 95% CI P Value Odds Ratio 95% CI P Value
Age 1.051 1.024–1.079 .000a 1.053 1.020–1.087 .001a

Sex 1.016 0.541–1.909 .961 – – –
Hunt and Hess scale grade 4.874 3.075–7.725 .000a 4.565 2.608–7.989 .000a

Modified Fisher grade 9.868 4.203–23.167 .000a 2.867 1.053–7.809 .039a

SR 6.579 0.857–50.503 .070a 14.908 1.151–193.054 .039a

Note:— – indicates variable was not included in the multivariate analysis.
a Significant.
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related to an increase in PR.25,26 In contrast, Sluzewski et al27 re-

ported a high complication rate with balloon-remodeling coil embo-

lization. The increased risk of PR during balloon-remodeling coil

embolization is still debated.25,28-30

This study has limitations inherent in a single-institution ret-

rospective study. Therefore, the results should be viewed consid-

ering the statistical constraint resulting from the limited number

of patients with PR. A multicenter study with a larger number of

cases is needed to confirm the results.

CONCLUSIONS
The patients with PR of UIAs had less hemorrhage volume with

lower modified Fisher grades and underwent endovascular vaso-

spasm therapy less frequently than those with SR. Accordingly,

clinical outcomes of these patients were more favorable. Patients with

PR of UIAs can recover well if rapid obliteration of the aneurysm and

subsequent appropriate management are undertaken.

Disclosures: Moon Hee Han—UNRELATED: Consultancy: MicroVention*. *Money
paid to the institution.
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