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Abstract
Background The aim of this study was to review our experi-
ence with surgical clipping and endovascular treatment (EVT)
of unruptured intracranial aneurysms (UIAs), with a special
focus on complications.
Methods We retrospectively analyzed clinical and radiologi-
cal data from patients who underwent surgery or EVT. Sur-
gery was performed by one neurosurgeon, and EVTwas per-
formed by two neurointerventionists according to one hybrid
neurosurgeon’s decision. Adverse events included the follow-
ing: (1) decline of the modified Rankin Scale (mRS) score
from 1 to 2 and (2) any unexpected neurological deficit or
imaging finding affecting the prognosis and/or requiring ad-
ditional procedures, medication, or prolonged hospital stay.
Results Of the 1231 UIAs in 1124 patients, 625 (50.7 %)
aneurysms were treated with surgery, and 606 (49.3 %) aneu-
rysms were treated with EVT. The overall complication rate of
UIA treatment was 3.2 %. The rate of adverse events was
2.4 %, and the rates of morbidity and mortality were 0.6 and
0.2 %, respectively. The rates of adverse events, morbidity,
and mortality were not significantly different between surgery
and EVT. The rate of hospital use for EVTwas stationary over
the years of the study. Posterior circulation in surgery, large
aneurysms (>15 mm) in EVT, and stent- or balloon-assisted
procedures in EVT were associated with the occurrence of

complications. Poor clinical outcome (mRS of 3–6) was
0.8 % at hospital discharge.
Conclusions Both UIA treatment modalities decided by one
hybrid neurosurgeon showed low complication rates and good
clinical outcomes in this study. These results may serve as a
point of reference for clinical decision-making for patients
with UIA.
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Abbreviations
UIA unruptured intracranial aneurysm
EVT endovascular treatment
SAH subarachnoid hemorrhage
mRS modified Rankin Scale
CT computed tomography
MR magnetic resonance
MRI magnetic resonance imaging
ISUIA International Study of Unruptured Intracranial

Aneurysms
MMSE Mini-Mental State Examination
SD standard deviation
OR odds ratio
CI confidence interval

Introduction

Unruptured intracranial aneurysms (UIAs) account for about
80–85 % of nontraumatic subarachnoid hemorrhages (SAHs).
The overall prevalence rate of UIAs in the general population
is 3.2 %, ranging from 0.4 to 7 % [31, 32]. The relative ad-
vantages of treatment remain controversial. UIAs are
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increasingly diagnosed using noninvasive imaging tech-
niques, including computed tomography (CT) and magnetic
resonance (MR) angiography. UIAs have a relatively benign
natural history, with an annual incidence of rupture of 8–10
per 100,000 in the overall population [21, 27, 28], but rupture
resulting in SAH is associated with mortality and morbidity
rates of 30–67 and 15–30 %, respectively [26, 28].

The decision of whether to treat UIAs depends on various
factors, including risks associated with the natural history of
UIAs and those associated with preventive treatment. The
International Study of Unruptured Intracranial Aneurysms
(ISUIA), which provides the most recent evidence of the nat-
ural history and risk of rupture, suggests low overall rupture
rates [11]. On the other hand, a precise evaluation of the risk of
preventive treatment of UIA is difficult. The latest meta-
analysis of cost-effectiveness [33] reports mortality and mor-
bidity rates of 1.2–2.5 % and 4.4–7.0 % after surgery and 0.2–
1.0 % and 4.7–9.9 % after EVT, respectively.

Several definitions for morbidity have been proposed, such
as a modified Rankin Scale (mRS) score of 3, 4, or 5 [11], a
Glasgow Outcome Scale score of less than 4 [16], an excel-
lent, good, fair, poor scale score of ‘fair’ or ‘poor’ [16], per-
manent morbidity not present before surgery [26], or impair-
ment of higher brain function as indicated by a Mini-Mental
State Examination (MMSE) score less than 24 [11]. These
definitions do not include minor adverse events such as cranial
nerve palsy, fracture, transient ischemic attack, or epilepsy,
which may strongly influence decisions regarding UIA treat-
ment. Treatment of UIA is preventive and administered to
premorbid healthy persons. Therefore, surgeons should con-
sider all sequelae after UIA treatment, although few existing
reports describe minor adverse events. In this study, we retro-
spectively investigated the surgical and endovascular risks for
UIA at our hospital, paying particular attention to the risk of
complications, including minor adverse events.

Materials and methods

Patients and management strategies

This study was approved by our institutional review board,
which waived the requirement to obtain written informed con-
sent from patients. From September 2008 to November 2014,
a total of 1495 consecutive patients with 1687 aneurysms
were treated at our institution. We included patients with
UIA who underwent surgery or EVT. Remote SAH related
to a different aneurysm (more than 30 days before) and
retreated cases with a remotely ruptured aneurysm were also
included. We excluded 371 patients with no imaging follow-
up, extracranial aneurysms, follow-up loss less than 30 days
after the procedure, or having an mRS score of greater than 2.
The remaining 1124 patients harboring 1231 aneurysms (625

treated with surgery and 606 treated with EVT) were included
in this study (Table 1). We retrospectively reviewed patient
data from medical records and our neurosurgical database.
The neurosurgical database was recorded by neurosurgical
fellows and included the following information: sex, age,
presence of hypertension, presence of diabetes, smoking sta-
tus, family history, previous SAH, multiplicity of aneurysm,
aneurysm location, size of aneurysm, procedure-related com-
plications, image findings from postoperative CT or magnetic
resonance imaging (MRI), mRS score at hospital discharge,

Table 1 Baseline patient demographic data

Surgery EVT p-value

Aneurysms (n=1231) 625 606

Patients (n=1124) 558 566

Age, mean (SD) 56.0 (9.0) 56.4 (11.1) 0.537

≤50 years 164 (26.3 %) 162 (26.7 %)

>50 and ≤60 years 251 (40.2 %) 216 (35.6 %)

>60 and ≤70 years 178 (28.5 %) 165 (27.2 %)

>70 and ≤80 years 32 (5.1 %) 61 (10.1 %)

>80 years 0 (0 %) 2 (0.3 %)

Gender <0.001

Female 379 (67.9 %) 444 (78.4 %)

Male 179 (32.1 %) 122 (21.6 %)

Previous SAH history 8 (1.4 %) 13 (2.3 %)

Family history 48 (8.5 %) 48 (8.6 %)

Medical history

Hypertension 290 (51.2 %) 215 (38.5 %)

Diabetes melitus 69 (12.2 %) 40 (7.2 %)

Smoking 57 (10.1 %) 41 (7.3 %)

Multiplicity 236 (41.7 %) 151 (27.0 %)

Location <0.001

ICA 152 (24.3 %) 403 (66.5 %) <0.001

ACA 146 (23.4 %) 87 (14.3 %) <0.001

MCA 322 (51.6 %) 39 (6.4 %) <0.001

VB 5 (0.6 %) 77 (12.9 %) <0.001

Size (n=1230) <0.001

≤5 mm 371 (59.6 %) 200 (32.9 %)

>5 and ≤10 mm 186 (29.9 %) 307 (50.6 %)

>10 and ≤15 mm 34 (5.5 %) 41 (6.8 %)

>15 and ≤25 mm 25 (4 %) 45 (7.4 %)

>25 mm 8 (1.1 %) 13 (2.3 %)

Modalities of EVT

Catheter-based 383 (63.2 %)

Balloon-assisted 41 (6.8 %)

Stent-assisted 168 (27.7 %)

Internal trapping 8 (1.3 %)

Flow diverter 6 (1 %)

SAH subarachnoid hemorrhage, ACA anterior cerebral artery, ICA internal
carotid artery, ICAB internal carotid artery bifurcation, MCA middle ce-
rebral artery, VB vertebrobasilar artery, EVT endovascular treatment
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and occurrence of morbidity and mortality. There were no
significant differences in the basic characteristics of patients
or their aneurysms between the included and excluded cases
(p<0.05).

The treatment procedure was decided by one hybrid neu-
rosurgeon (Y.S. Shin). Preventive treatment with surgery or
EVT was recommended based on the following consider-
ations: (1) aneurysm size >5 mm, (2) aneurysm ≤5 mm if
the patient had a family history of intracranial aneurysm, mul-
tiple aneurysms, a previously ruptured aneurysm, an aneu-
rysm with a dangerous morphology including a daughter
sac, or if the patient was worried about their aneurysm, and
(3) general medical condition, complications, location and
size of aneurysm(s), and the wishes of the patient if he or
she was over 60 years of age. Surgery or EVT was selected
depending on the aneurysm location, shape, vascular anatomy,
and patient’s preference. Surgery was preferred for the middle
cerebral artery or anterior choroidal aneurysms, whereas EVT
was preferred for paraclinoid or basilar apex aneurysms.

Surgery was performed by a single neurosurgeon (Y.S.
Shin), and EVT was performed by two neurointerventionists
(Y.S. Shin and B.S. Kim). Both treatments were performed
under general anesthesia. Beginning in 2013, surgery was per-
formed under electrophysiological monitoring for motor or sen-
sory function. Doppler flowmetry and/or indocyanine green
angiography was used to prevent ischemic complications. The
presence of ischemic complications, contusion, or epidural
hemorrhage after surgery was assessed with CT immediately
after surgery. Cerebral infarction and contusion were defined as
hypodense and mixed density areas on CT, respectively.
Follow-up CT occurred 5 days after surgery to evaluate any
additional changes. EVT was performed under perioperative
administration of antiplatelet agents for 5–7 days and heparin
during the procedure. Coil placement proceeded until angio-
graphically complete obliteration was achieved or no additional
coils could be placed safely in the aneurysm. On the day after
embolization, MRI (including T1, T2, fluid-attenuated inver-
sion recovery, and diffusion-weighted images) was performed
to evaluate ischemic or hemorrhagic complications, and skull
X-ray was used to evaluate further coil compaction. MRI with
MR angiography and skull X-ray were performed to check coil
compaction 3–6 months after treatment.

Definition of adverse event, morbidity, and mortality

Mortality was defined as any death within 30 days of treat-
ment. Adverse events and morbidity were evaluated at dis-
charge and at follow-up appointments 1 and 6 months after
treatment (for delayed complications, the reference point for
mRS was the event day). Morbidity was defined as an mRS
score of 3–5 . Any adverse events or abnormal
neuroangiographic findings related to the procedures were
recorded regardless of symptom development. In cases of

adverse events, procedural records and charts were extensive-
ly reviewed by the neurosurgeon.

Adverse events included the following:

(1) decline of mRS from 1 to 2;
(2) any unexpected neurological deficit or imaging finding

affecting prognosis and requiring additional procedures,
medication, or prolonged hospital stay, including cranial
nerve palsy-associated coil mass effect, transient neuro-
logic deficit resolving before discharge, postoperative
seizure, subdural hygroma or epidural hemorrhage re-
quiring an additional procedure (i.e., burr hole trephina-
tion or craniotomy for hematoma removal), thromboem-
bolic infarct requiring an additional procedure (i.e., diag-
nostic angiography or intra-arterial thrombolysis), or
wound infection.

We did not include the following adverse events:

(1) minimal epidural hemorrhage (n=8) or subdural
hygroma/hemorrhage (n=2) that did not present with
clinical symptoms or require an additional procedure;

(2) small contusion (n=1), intracranial hemorrhage (n=4),
cerebellar hemorrhage (n=6), or silent infarct (n=8) that
did not affect a patient’s symptoms or prognosis;

(3) puncture site or wound hematoma/bleeding resolving
without complication (n=4);

(4) intraprocedural rupture (n=1) or vessel dissection (n=2)
that did not affect a patient’s prognosis.

Statistical analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS version 19.0, SPSS Inc., Chicago, IL, USA).
Continuous data were expressed as mean±standard deviation
(SD). The mean ages of patients in the surgery and EVT
groups were compared using Student’s t-tests. χ2 or Fisher’s
exact tests were used to compare categorical values between
surgery and EVT groups. Logistic regression models were
used to evaluate independent associations between significant
variables and treatment type. Odds ratio (ORs) and 95 % con-
fidence intervals (CIs) were calculated. A p-value<0.05 was
considered statistically significant.

Results

Patient population, aneurysm characteristics,
and modalities of treatment

Basic demographics of the patients are presented in Table 1. A
total of 1231 UIAs from 1124 patients were treated; 625
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(50.7 %) aneurysms were treated with surgical clipping, and
606 (49.3 %) aneurysms were treated with EVT. The patient
population consisted of 823 women and 301 men (mean age:
56.19±10.1 years, range: 19–81). The two groups showed no
significant difference in age. Amajority of patients (467/1124,
41.5 %) were in their 6th decade of age. The proportion of
aneurysms ≤5 mm in size was 46.4 % (571/1231). Eight cases
of giant aneurysm were treated by surgery; two cases were
treated by direct clipping, and six cases were treated by trap-
ping (surgical or endovascular) and low-flow bypass. Middle
cerebral artery, anterior communicating artery, and anterior
choroidal artery aneurysmswere frequently treated by surgery,
whereas the posterior communicating artery, vertebrobasilar
system, and other internal carotid artery aneurysms were fre-
quently treated with EVT. Thirty-two patients required
retreatment because of aneurysm recurrence [6 patients
(1.1 %) who had originally undergone surgery and 26 patients
(4.7 %) who originally underwent EVT]; all of these patients
were treated by EVT.

Complications

As shown in Fig. 1, the proportion of UIA patients treated
with EVT was stable across the years of this study, ranging
from 46% in 2012 to 62 % in 2010 (mean: 49.3 %, p=0.135).
The overall complication rate of UIA treatment was 3.2 %
[2.6 % for surgery (16/625) and 4.0 % for EVT (23/606)].
The rate of adverse events following UIA treatment was
2.4 % (30/1231). The rates of morbidity and mortality follow-
ing UIA treatment were 0.6 % (7/1231) and 0.2 % (2/1231),
respectively. As presented in Table 2, the percentage of overall
complications of UIA treatment was also stable, ranging from
0 % in 2008 to 6 % in 2010 (p=0.536). The rates of adverse
events, morbidity, and mortality were not significantly differ-
ent between the surgery and EVT groups. Details of compli-
cations are described in Table 3. Posterior circulation in sur-
gery (p=0.001), EVT other than catheter-based techniques,
and large aneurysms in EVT cases (p=0.013) were associated
with the occurrence of complications as reported in Table 4.

Clinical outcomes

Thirty-nine (3.2 %, 39/1231) patients experienced complica-
tions associated with UIA treatment (16 surgery patients and
23 EVT patients). Among these patients, 30 (76.9 %, 11 sur-
gery patients and 19 EVT patients) showed good outcomes
(mRS scores of 0–2) at hospital discharge, and 31 patients
(79.5 %, 12 surgery patients and 19 EVT patients) showed
good outcomes at the 6-month follow-up. Table 5 summarizes
the clinical outcomes of patients at discharge, 1-month follow-
up, and 6-month follow-up. Poor clinical outcome (mRS
scores of 3–6) was observed in 0.8 % of patients at discharge
and 0.7 % of patients at the 6-month follow-up. There was no
statistically significant difference in poor outcome rate be-
tween surgery and EVT patients at each follow-up (p=
0.604 at discharge, p=0.358 at 1-month, p=0.481 at 6-
month).

Discussion

There are no prospective, randomized trials comparing the
outcomes of conservative management of UIAs with preven-
tive surgery or EVT. In the ISUIA, periprocedural morbidity
and mortality rates were 12 % for surgery and 10 % for EVT
[11]. However, these results should be interpreted with the
understanding that the ISUIA was not designed to compare
treatment modalities, and patients who received EVTwere at a
higher risk ofmorbidity andmortality than those who received
surgery because of more advanced patient age, greater aneu-
rysm size, and more aneurysms in the posterior circulation.
Recent large studies also report relatively low rupture rates for
small UIAs [12, 14, 29]. In the present study, the proportion of
patients with aneurysms ≤5 mm in size was 46.4 %. These
patients were treated because of a family history of intracranial
aneurysm, multiple aneurysms, a previously ruptured aneu-
rysm, an aneurysm with dangerous morphology, or because
the patient was worried about their aneurysm. A recent study
in Korea reports a similar proportion [17]. Since the publica-
tion of these studies, management strategies for UIAs have
tended to be conservative. The number of patients undergoing
radical treatment has been increasing in developed countries
[13], partly because of an increase in the incidence of UIAs
revealed by advanced image analysis such as 3-T MRI. How-
ever, there is no epidemiological evidence that radical treat-
ment of UIA prevents SAH. Although the Japan Neurosurgi-
cal Society’s registry reports a 7 % reduction in radical treat-
ment for SAH in the past decade [10, 30], the preventive
effects of antihypertensive drugs and smoking cessation may
have contributed to this reduction [30]. Because the preven-
tion of SAH with UIA treatment cannot be proven at the
national level, risk-benefit analyses at the individual patient
level should be performed. Therefore, a comprehensiveFig. 1 Trend treatment modalities for UIA between 2008 and 2014

1306 Acta Neurochir (2015) 157:1303–1311



investigation of overall adverse events is required to justify
these invasive treatments and to establish proper risk-benefit
analyses for individual patients, considering the natural histo-
ry of UIA and the risk of radical treatment.

Several studies report comparisons of the outcomes of EVT
and surgery in single centers and multicenters. The overall
mortality rate reported by Qureshi et al. varied from 1.36 to
6.3 %, and there was no significant difference in mortality
between clipped and coiled populations [25]. There has been
a growing interest in EVT because several studies suggest that
it is associated with a lower procedural mortality rate, higher
1-year survival, lower incidence of vasospasm, and greater
cost-effectiveness [2, 5, 8, 22, 31]. Brinjikji et al. [4] reviewed
64,043 patients with UIA using a national inpatient sample

from 2001 to 2008 in the USA. Compared with surgical clip-
ping, EVT was associated with significantly less morbidity
(14 % for clipping vs. 4.9 % for EVT, p < 0.0001) and mor-
tality (1.2 % for clipping vs. 0.6 % for coiling, p < 0.0001).
Adverse outcomes (e.g., in-hospital death, discharge to a nurs-
ing home or rehabilitation hospital) were more frequent after
surgery (25 %) than after EVT (10 %). Across this time peri-
od, the fraction of UIAs treated with coiling increased from 20
to 63 %, and adverse outcomes declined for EVT but not for
surgery. The increasing use of EVT was associated with de-
creasing periprocedural morbidity and mortality. Although
EVT is more frequently performed than surgery in the USA
[1], in Japan, surgery was performed twice as often as coiling
in 2010 [30]. In our series, the mortality rate was 0.2 %

Table 2 Trends in UIA treatment modalities and complications between 2008 and 2014

Years % of EVT cases Adverse events, %
(no. of cases)

Morbidity, % (no. of cases) Mortality, % (no. of cases) Complications

Surgery EVT Total Surgery EVT Total Surgery EVT Total % of complications (no. cases
with complications/total UIA cases)

2008 50 0 0 0 0 0 0 0 0 0 0 (0/22)

2009 51 0 3.9 (3) 2 1.4 (1) 0 0 0 0 0 2.7 (4/149)

2010 62 4.4 (2) 1.4 (1) 2.6 2.2 (1) 2.8 (2) 1.7 1 (1) 0 0.9 6 (7/117)

2011 46.1 1.9 (2) 1.1 (1) 1.6 0 1.1 (1) 0.5 0 0 0 2.1 (4/193)

2012 46 2.5 (3) 2 (2) 2.3 0.8 (1) 1 (1) 0.9 0 0 0 3.1 (7/224)

2013 47.3 1.4 (2) 4.7 (6) 3 0 0.8 (1) 0.4 1 (1) 0 0.4 3.7 (10/268)

2014 50.3 1.6 (2) 4.1(5) 3.1 0 0 0 0 0 0 3.1 (7/258)

Total 49.3 1.8
11/625

3.0
18/606

2.4
29/1231

0.5
3/625

0.8
5/606

0.6
8/1231

0.3
2/625

0
0/606

0.2
2/1231

3.2
39/1231

no. number, UIA unruptured intracranial aneurysm, EVT endovascular treatment

Table 3 Details of complications associated with UIA treatment (n=39)

Overall
(%)

Surgery
(%)

Comments
(n=16, no. of cases)

EVT
(%)

Comments
(n=23, no. of cases)

p-value

Mortality 0.2 0.3 Cardiac arrest (1), postoperative ICH (1) 0 0.499

Morbidity 0.6 0.5 0.8 0.500

Hemorrhagic Cx 0.4 0.3 EDH (1), ICH (1) 0.2 ICH (1)

Ischemic Cx 0.3 0.2 Perforator infarct (1) 0.5 Thromboembolic infarct (2),
in-stent thrombosis (1)

Adverse events 2.4 1.8 3.0 0.139

Hemorrhage 0.6 1 EDH (3), chronic SDH (2), ICH (1) 0.3 ICH (2)

Infarct 0.9 0.3 Perforator injury (1), perioperative stroke (1) 1.7 Thromboembolic infarct (10)

TIA 0.3 0 0.7 Symptoms recovered within 24 h (4)

Wound infection 0.2 0.2 Revision operation (1) 0.2 Puncture site infection (1)

Mass effect 0.1 0 0.2 CN VI palsy (1, large aneurysm,
ophthalmic segment)

Seizure 0.1 0.2 General tonic clonic seizure (1) 0

Others 0.2 0.2 Temporary hemianopia (1) 0.2 Procedure-related CCF (1)

UIA unruptured intracranial aneurysm, Cx complication, EVT endovascular treatment, TIA transient ischemic infarct, EDH epidural hemorrhage, ICH
intracranial hemorrhage, SDH subdural hemorrhage, CN cranial nerve, CCF carotid-cavernous fistula
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(2/1231), and the morbidity rate was 0.6 % (8/1231 patients),
with no significant differences between treatment modalities,
and the number of adverse events remained stable across the
study period. The proportion of EVT-treated cases also
remained stable across the investigation period. In addition
to major morbidity, physicians should pay attention to minor
adverse events, as the treatment of UIA is a preventive tech-
nique performed on premorbid patients. Therefore, even mi-
nor adverse events may influence quality of life or patient
satisfaction. The few existing reports that describe minor ad-
verse events after UIA treatment estimate that their frequency

is 18–28 % [3, 9, 23, 30]. In our series, the overall complica-
tion rate of UIA treatment was 3.2% (40/1231), and the rate of
any unexpected events (including the cases that met our ex-
clusion criteria) was 6.2 % (76/1231). The complications of
EVT were associated with stent- or balloon-assisted tech-
niques. For balloon-assisted techniques, the presence of a bal-
loon in the parent vessel promotes stasis and can lead to
thrombus formation or platelet aggregation or can be a nidus
for thrombus formation [19]. For stent-assisted techniques, the
gap between the stent and blood vessel acts as a thromboem-
bolic hub and is associated with the occurrence of

Table 4 Statistical analysis of complications and related factors (n=1231 aneurysms)

Surgery (no. of complications) EVT (no. of complications) OR (95 % CI)

Complications (n=16) Complications (n=23)

Yes No p-value OR (95 % CI) Yes No p-value

Age 0.193 0.299

>70 years 2 (12.5 %) 30 (4.9 %) 8 (33.3 %) 220 (37.8 %)

Gender 0.589 0.658

Female 12 (75.0) 418 (68.6) 21 (87.5 %) 457 (78.5 %)

Location

ICA 3 (18.8 %) 149 (24.5 %) 0.885 17 (70.8 %) 386 (66.3 %) Ref

ACA 4 (25.0 %) 142 (23.3 %) 0.709 2 (8.3 %) 85 (14.6 %) 0.897

MCA 7 (43.8 %) 315 (51.7 %) Ref 2 (8.3 %) 37 (6.4 %) 0.557

VB 2 (12.5 %) 3 (0.5 %) 0.001 30.000 (4.313–2.8.687) 3 (12.5 %) 74 (12.7 %) 0.758

Size (n=1230) 0.013 3.397 (1.292–8.934)

>15 mm 1 (6.3) 32 (5.3) 0.862 6 (25 %) 52 (8.9 %)

Modalities of EVT 0.005 3.333 (1.433–7.754)

Catheter-based 6 (25.0 %) 377 (64.8 %) Ref

Balloon-assisted 4 (16.7 %) 37 (6.4 %) 0.004 6.793 (1.834–25.161)

Stent-assisted 11 (45.8 %) 157 (27.0 %) 0.004 4.402 (1.600–12.111)

Internal trapping 2 (8.3 %) 6 (1.0 %) 0.001 20.944 (3.490–125.702)

Flow diverter 1 (4.2 %) 5 (0.9 %) 0.031 12.567 (1.268–124.531)

no. number, ACA anterior cerebral artery, ICA internal carotid artery,MCAmiddle cerebral artery, VB vertebrobasilar artery, EVT endovascular treatment

Table 5 Clinical outcomes of all cases with complications depending on treatment modality (n=1124 patients, surgery n=558, EVT n=566, one
patient in the surgical group was lost to 6-month follow-up)

mRS Discharge 1 month 6 months

Surgery, % EVT, % Surgery, % EVT, % Surgery, % EVT, %

0 98.6 (550) 98.2 (556) 98.7 (551) 98.6 (558) 98.6 (550) 98.6 (558)

1 0.2 (1) 0.8 (4) 0.4 (2) 0.8 (4) 0.4 (2) 0.8 (4)

2 0.4 (2) 0.2 (2) 0 0 0 0

3 0.2 (1) 0.2 (1) 0 0.2 (1) 0.2 (1) 0

4 0.2 (1) 0.4 (2) 0.4 (2) 0.5 (3) 0 0.5 (3)

5 0.2 (1) 0.2 (1) 0.2 (1) 0.2 (1) 0.2 (1) 0.2 (1)

6 0.4 (2) 0 0.4 (2) 0 0.4 n 0

EVT endovascular treatment, mRS modified Rankin Scale
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thromboembolic complications [7]. And it requires pre- and
post procedural antiplatelet therapy, which has an additional
risk of hemorrhage. With the use of these protective devices,
an increased risk of thromboembolic complications is expect-
ed because of additional catheter movement [20].

In a prospective multicenter observational study, Brilstra
et al. [3] measured the effect of surgery or EVT on functional
health, quality of life, anxiety, and depression among UIA
patients. At 3 months post-surgery, quality of life was worse
than before treatment, and at 12 months post-surgery, quality
of life had improved but had not completely returned to base-
line. In the EVT group, quality of life after 3months and 1 year
was similar to that before treatment. Thus, in the short term,
surgical treatment but not EVTseems to have a negative effect
on functional health and quality of life. Previous single-center
studies report shorter hospital stays and lower hospital costs
associated with EVT, lending support to the use of this treat-
ment in selected patients [24]. EVT seems more economical
with lower complication rates than those previously indicated
[3, 6]. Surgery results in lower retreatment rates but is associ-
ated with higher complication rates and higher initial costs.
However, overall costs at 2 or 5 years are similar between
treatment modalities because of frequent follow-up angio-
grams and retreatment in EVT patients [18].

Several guidelines have been proposed for facilities offer-
ing both treatment modalities. One of them suggests that sur-
gery is preferred for young patients, low-risk patients, and
patients with anterior circulation aneurysms [15]. Others sug-
gest that EVT could be an initial treatment option for all rup-
tured and unruptured intracranial aneurysms [24]. Coopera-
tion between surgery and EVT in one unit is emphasized to
determine the most appropriate treatment modality for each
patient. In the present study, one skilled hybrid neurosurgeon
decided whether or not to treat patients and precisely chose
treatment modalities considering the patient’s medical condi-
tion and preference, the shape and location of the aneurysm,
and the patient’s vascular anatomy based on his long experi-
ence and thorough understanding of disease. Our results show
that the relative proportions of chosen treatments remained
stable during the study period, overall complication rates were
similar between EVT and surgery, and the complication rate
was very low even after including adverse events.

Treatment strategies for UIA are rapidly evolving. Ad-
vances in neurosurgical techniques (e.g., the development of
operating microscopes, microsurgical instruments, improved
clips, neuroanesthesia, and perioperativemanagement of com-
plications such as hydrocephalus and symptomatic vaso-
spasm) enable neurosurgeons to treat most cerebral aneu-
rysms, and surgery has been the predominant treatment for
almost four decades. Since the development of detachable
coils by the US Food and Drug Administration in 1995, treat-
ment of intracranial aneurysms has evolved rapidly, mainly
due to an increasing role of EVT with new developments in

detachable coils , balloons, and stents. A skil led
neurointerventionist can treat almost all intracranial aneu-
rysms using EVT. However, one procedure cannot be said to
be better than another without knowledge of the baseline char-
acteristics that affect outcome. The risks of treating UIA by
any procedure might be greater than the risk of rupture without
treatment [24]. Physicians should choose among surgery,
EVT, and observation for each patient based on their thorough
knowledge of the natural history of UIA and objective data on
the complication rates of treatments.

Limitations

This study has several limitations. First, it was based on pa-
tients who were treated in a combined unit at a single institute,
and surgery or EVTselection was not randomized but precise-
ly selected by a physician. Therefore, the findings cannot be
used to determine the superiority of treatment modalities. Sec-
ond, we did not investigate MMSE scores or quality of life
because of a lack of data. Third, because the data were pro-
spectively collected and retrospectively reviewed by a neuro-
surgeon, some minor neurological deficits could have been
missed during data collection. Finally, our study is retrospec-
tive and susceptible to selection bias. Despite these limita-
tions, this study provides important information about the de-
terminants of mortality and complications associated with
UIA treatment strategies.

Conclusions

The selection of treatment modality should be based on sev-
eral factors including aneurysm characteristics as well as the
patient’s medical and socioeconomic factors and individual
preference. Physicians should freely choose between treat-
ment modalities based on the patient’s best interests in a com-
bined unit. In the present study, both types of UIA treatments
decided by one skilled hybrid neurosurgeon showed low com-
plication rates and good clinical outcomes. These results may
serve as a point of reference for clinical decision-making in
patients with UIA.
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Comment

Whether patients with incidentally discovered intracranial aneurysm
should be treated, regularly observed, or resume normal life with no
further investigation is highly debated. Most of us balance many factors,
using scores to support our decisions, but we all lack unbiased data be-
cause of the ethical impossibility of performing Ba priori randomizations.^
We therefore need to compare our results and benchmark as honestly as
possible. Although the study reported herein is to some extend biased by
its retrospective nature and by a significant fraction of patients being lost

for follow-up, the figure reported should push us all to check our own
results and report. A later literature metanalysis could then most probably
improve our management. We fully support the presented concept of
tailored treatment using the most appropriate technique to secure the
aneurysm based on a multidisciplinary team. How good is your team?
Compare your team performances to others! This is what this manuscript
is about.

Philippe Bijlenga
Geneva, Switzerland
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