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Purpose: Post-treatment visual deficit is a major concern associated with both microsurgical 
clipping and endovascular coiling for the treatment of ophthalmic artery (OphA) aneurysms of 
the internal carotid artery. We aimed to compare the safety and effectiveness of the 2 modalities.
Materials and Methods: We retrospectively reviewed and compared the baseline character-
istics and postoperative visual and angiographic outcomes of OphA aneurysms treated by clip-
ping or coiling between January 2010 and August 2018 at our hospital. In addition, the balloon 
occlusion test was performed to evaluate the safety of OphA occlusion.
Results: This study included 56 aneurysms treated by clipping and 82 aneurysms treated by 
coiling. Both the immediate and follow-up rates of incomplete aneurysm occlusion were com-
parable between the 2 groups (21.4% vs. 22.0%; 24.4% vs. 23.6%). The incidence of post-treat-
ment visual deficits was higher in the clipping group than in the coiling group (16.1% vs. 2.4%; 
P=0.010). We observed total ipsilateral OphA occlusion in 6 patients and near occlusion in 3 pa-
tients during endovascular coiling; however, only 1 patient with near OphA occlusion showed a 
post-treatment visual field defect. 
Conclusion: OphA aneurysms treated by endovascular coiling exhibited an aneurysm occlu-
sion rate similar to that of microsurgical clipping with fewer post-treatment visual deficits. The 
total occlusion of OphA with adequate collaterals did not cause post-treatment visual deficits. 
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INTRODUCTION

Internal carotid artery (ICA) aneurysms 
at the origin of the ophthalmic artery 
(OphA), known as OphA aneurysms, 
are aneurysms arising at the junction 
between the ICA and the orifice of 

the OphA.1 They are one of the most 
common ICA aneurysms related to 
the anterior clinoid process.2 Although 
both microsurgical clipping and endo-
vascular treatment are effective for the 
management of OphA aneurysms, any 
visual complication could pose a major 
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concern for both strategies. Possible post-treatment visual 
deficits include reduction in visual acuity, visual field defects, 
or even blindness.2,3

Despite advances in endovascular technology, coiling for 
OphA aneurysms is still associated with an inherent risk of 
unintended thromboembolism or occlusion of the OphA it-
self, especially when the origin of the artery is adjacent to the 
neck or waist of the aneurysm sac.4-7 Although the balloon 
occlusion test (BOT) has been used to evaluate the sufficien-
cy of the collateral supply to the OphA in case of arterial oc-
clusion,8,9 its usefulness during coiling for OphA aneurysms 
has not been well established. On the other hand, microsur-
gical clipping for OphA aneurysms is technically challenging 
due to the complex anatomy around the origin of OphA, 
owing to tight packing with critical structures including the 
ICA perforators, optic apparatus, oculomotor nerve, and cav-
ernous sinus in this small region.10 Injury to these structures 
during exposure to the aneurysm neck may lead to visual 
deficits, bleeding, or stroke. 

In addition, there is some concern associated with the 
treatment of OphA aneurysms using these 2 methods. It is 
often difficult to completely occlude OphA aneurysms while 
preserving the OphA during coiling if it has a wide neck in-
corporating the OphA itself. In contrast, the surgical clipping 
method offers relatively higher confidence in preserving 
the OphA. However, the possibility of a remnant aneurysm 
around the OphA still exists due to the poor visualization of 
the aneurysm from a narrow and complex anatomic loca-
tion.2 

To the best of our knowledge, only a few studies have 
compared the use of microsurgical clipping and endovascu-
lar coiling for the treatment of OphA aneurysms. Therefore, 
in this report, we presented the results of OphA aneurysms 
treated in our hospital using these 2 methods and compared 
their safety and efficacy. We also attempted to determine 
whether occlusion of the OphA by violation of its orifice due 
to the use of coil loops would increase the incidence of visu-
al deficits after endovascular coiling.

MATERIALS AND METHODS

Study Population
Data collection and analysis reported in this study were 
approved by the Institutional Review Board of our hospital. 
All patients diagnosed with OphA aneurysms using digital 

subtraction angiography (DSA) at our hospital between Jan-
uary 2010 and August 2018 were retrospectively reviewed. 
Aneurysms clearly associated with the OphA that could be 
clearly distinguished from other paraclinoid aneurysms were 
selected for this study. Only those patients who underwent 
treatment were included in the analysis and were divided 
either into the clipping group or the coiling group based on 
the treatment method. The treatment decision was made by 
each patient after discussion with neurointerventional physi-
cians and neurosurgeons, based on their own characteristics. 
The data of patient characteristics, aneurysm features, proce-
dural factors, aneurysm occlusion outcomes, post-treatment 
visual deficits, and clinical outcomes for the 2 groups were 
collected for comparison and analysis.

Procedures
Before the treatment, all aneurysms were evaluated by DSA 
in both groups, and a wide-neck aneurysm was defined as 
an aneurysm with a neck width >4 mm or dome-to-neck 
ratio <1.5. The direction of the aneurysm was classified as 
superior, medial, or inferior based on the angular relationship 
between the aneurysm and the ICA as evaluated from the 
anterior projection on 3D rotational angiography. The rela-
tionship between the OphA and aneurysm was classified as 
“neck” or “sac” based on whether the OphA originated from 
the aneurysmal neck or was incorporated into the aneurys-
mal sac.8 

Balloon occlusion test
The ICA BOT was selectively performed for aneurysms, of 
which the anticipated risk of OphA sacrifice was high when 
using clipping or coiling. A balloon catheter (Hyperglide; 
Medtronic, Irvine, CA, USA) was placed at the petrous or 
cavernous segment of the ipsilateral ICA through a 6-Fr guid-
ing catheter in the common carotid artery (CCA). After ICA 
antegrade flow was completely occluded by inflating the 
balloon with contrast media, angiography was performed 
through the CCA to assess the collateral circulation between 
the external carotid artery (ECA) and OphA. Based on the 
BOT results, intact collateral circulation between the ECA and 
OphA was defined as retrograde filling of the OphA main 
trunk via ECA branches and development of retinochoroidal 
blush.8,9 The other cases were collectively referred to as poor 
collateral circulation.
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Microsurgical clipping
Microsurgical clipping was performed via the ipsilateral pte-
rional approach by 2 experienced neurosurgeons. Patients 
were placed in the supine position with their heads facing 
the contralateral side. Intradural or extradural clinoidectomy 
was performed in cases whose paraclinoid aneurysm expo-
sure was not proper in the surgical view. The falciform liga-
ment and optic sheath were incised to expose the origin of 
the OphA and the aneurysm neck. The distal dural ring was 
incised around the ICA if the proximal neck of the aneurysm 
was not adequately exposed. Subsequently, the aneurysm 
was clipped with a single clip, or a combination of the ap-
propriate straight, curved, angled, or fenestrated clips at the 
discretion of the surgeons. The OphA was preserved during 
the procedure, if possible. DSA was done on postoperative 
day 1 or 2 for the evaluation of the aneurysmal occlusion sta-
tus and the OphA patency.

Endovascular coiling
Before the procedure, all patients were pre-medicated with 
dual antiplatelets (daily doses of aspirin 100 mg and clopi-
dogrel 75 mg) for at least 5 days without a loading dose. All 
procedures were performed using a biplane angiography 
system (Artis Zee; Siemens Healthcare, Forchheim, Germany) 
under general anesthesia. After introducing a 6-Fr guiding 
catheter (Envoy; Codman Neurovascular, Raynham, MA, USA) 
into the ICA on the same side of the aneurysm, a microcath-
eter was inserted and carefully advanced into the aneurysm 
under the roadmap guidance. The microcatheter tip was 
placed at the requisite position, after which coils of appro-
priate size were introduced. For wide-neck aneurysms with 
an unfavorable dome-neck ratio, the double microcatheter 
technique or the stent-assisted coiling technique was used. 
Intentional OphA occlusion was performed for selected an-
eurysms at the discretion of the operator but was performed 
only in patients who had adequate collateral supply from 
ECA during the BOT. 

Outcome Measurement 
Immediate post-procedural aneurysmal occlusion status and 
preservation of antegrade flow of the OphA were evaluated 
on the basis of the final angiogram recorded during the pro-
cedure in the coiling group and on the basis of the follow-up 
DSA, usually 1–2 days post-surgery, in the clipping group. 
Imaging follow-up by either DSA or computed tomographic 
angiography in the clipping group and by either DSA or 

magnetic resonance angiography in the coiling group was 
scheduled at 6–12 months post-surgery. The aneurysm 
occlusion status in the coiling group was evaluated by the 
Raymond–Roy classification. Raymond Class III in the coiling 
group and residual sac in the clipping group were regarded 
as incomplete occlusion of the aneurysm. Complete occlu-
sion of OphA was defined as disappearance of previously 
antegrade blood flow, as seen on ipsilateral ICA angiography, 
while near OphA occlusion was defined as significantly slow 
yet antegrade blood flow. 

Visual outcomes were carefully assessed for all patients 
before and after treatment. Visual deficit included any wors-
ening of visual acuity, visual field defects, and blindness. 
In cases with pre-treatment visual deficit, the change of 
pre-treatment visual deficit was evaluated and classified into 
(1) improved and (2) unchanged. Post-treatment visual com-
plications were defined as any newly developed visual deficit 
after the treatment.

Clinical outcomes were evaluated 1 month after the pa-
tient’s discharge using the modified Rankin Scale (mRS) and 
were then classified as good (mRS score 0–2) or poor (mRS 
score 3–6). 

Statistical Analysis
For convenient analysis, each patient with OphA aneurysms 
on both sides of the ICA was considered as 2 patients of the 
same age and sex but with OphA aneurysms on different 
sides. SPSS 24.0 (IBM Corp., Armonk, NY, USA) was used for all 

Table 1. Characteristics of the 135 patients included in the cur-
rent study

Patient characteristics Value

Age (y) 56.6±10.9 (30–85)

Sex, female 113 (83.7)

Symptoms 

Headache and/or dizziness 79 (58.5)

Preop visual deficit 16 (11.9)

Diplopia 5 (3.7)

Unilateral facial paresthesia 3 (2.2)

None 41 (30.4)

Hypertension 37 (27.4)

Other comorbidities 32 (23.7)

Multiplicity of aneurysms 49 (36.3)

Values are presented as mean±standard deviation (range) or 
number (%).
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statistical analyses, and the significance level for the analy-
ses was fixed at 0.05. Quantitative variables were expressed 
as mean±standard deviation and were compared using an 
independent-sample t-test (normally distributed) or a rank-
sum test (abnormally distributed). Chi-square test or Fisher’s 
exact test was performed to evaluate covariates for the bina-
ry categorical dependent variables. Logistic regression analy-
sis using the forward stepwise method was used to evaluate 
the association between newly appeared visual deficits and 
suspected factors, and only factors with a P-value <0.2 in the 
univariate analysis were included in the multivariate analysis. 

RESULTS

Patient Characteristics
In total, 267 OphA aneurysms in 264 patients were confirmed 

in our hospital between January 2010 and August 2018 using 
DSA. Among them, 56 aneurysms in 55 patients treated by 
microsurgical clipping and 82 aneurysms in 80 patients treat-
ed by coiling were included in the analysis. No aneurysm 
was ruptured. The baseline characteristics of the 135 patients 
are shown in Table 1.

The features of the patients and OphA aneurysms in the 2 
groups are summarized in Table 2. There were no differences 
between the 2 groups in terms of baseline and aneurysm 
characteristics. Among the patients treated by coiling, a stent 
was used in 52 patients. 

Aneurysm Occlusion Outcomes
Immediate incomplete aneurysm occlusion was confirmed 
in 12 (21.4%) patients who underwent microsurgical clipping 
and in 18 (22.0%) patients who underwent coiling. No differ-
ence was found between the 2 groups in terms of immedi-

Table 2. Features of patients and OphA aneurysms in the 2 patient groups and their treatment outcomes

Variable Clipping (n=56) Coiling (n=82) P-value

Patient age (y) 56.6±11.6 56.5±10.3 0.950

Sex, female 48 (85.7) 67 (81.7) 0.535

Hypertension 14 (25.0) 25 (30.5) 0.482

Aneurysm characteristics 

Side, right 22 (39.3) 41 (50.0) 0.215

Size (mm) 5.8±3.8 (1.6–22) 5.6±2.9 (2.5–20) 0.740

Lobulated or elongated aneurysms 19 (33.9) 34 (41.5) 0.372

Aneurysm direction 0.096

Superior 32 (57.1) 35 (42.7)

Medial 17 (30.4) 25 (30.5)

Inferior 7 (12.5) 22 (26.8)

Mean neck of aneurysms (mm) 4.0±1.6 3.9±1.5 0.476

Wide-neck aneurysms† 47 (83.9) 64 (78.0) 0.393

OphA originating from the sac 34 (60.7) 50 (61.0) 0.975

Immediate incomplete obliteration 12 (21.4) 18 (22.0) 0.942

Totally or nearly occluded OphA 0 (0) 9 (11.0) 0.027*

Pre-treatment visual deficits 9 (16.1) 7 (8.5) 0.175

Improved after treatment 5 (55.6) 3 (42.9) 1.000

Unchanged deficits 4 (44.4) 4 (57.1) 1.000

Post-treatment visual deficits  9 (16.1) 2 (2.4) 0.010*

Clinical outcomes (mRS >2) 1 (1.8)‡ 0 (0) 0.406

Values are presented as mean±standard deviation (range) or number (%).
OphA, ophthalmic artery; mRS, modified Rankin Scale.
*Statistically significant with P<0.05. †Wide-neck aneurysms were defined as aneurysms with a neck width >4 mm or dome-to-neck ratio 
<1.5. ‡Due to premature rupture of the previously non-ruptured aneurysm during clipping.
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ate incomplete occlusion (P=0.942). Imaging follow-up data 
were available for 45 (80.4%) aneurysms treated by clipping 
and 55 (67.1%) aneurysms treated by coiling. The median 

follow-up time was 13.1 months in the clipping group and 
19.0 months in the coiling group. At the latest follow-up, in-
complete occlusion was found in 24.4% (11/45) of aneurysms 
treated by clipping and in 23.6% (13/55) of aneurysms treat-
ed by coiling (P=0.925). There was no incomplete occlusion 
among patients with total or near OphA occlusion in the 
coiling group. 

Visual Outcomes
There were 16 patients (9 in the clipping group and 7 in the 
coiling group) with pre-treatment visual deficits. The 9 pa-
tients in the clipping group presented with decreased visual 
acuity in 6 (66.7%) and visual field defect in 3 (33.3%) before 
treatment. After clipping, the deficits improved in 5 (55.6%) 
patients and were unchanged in 4 (44.4%) patients. The 7 
patients in the coiling group presented with decreased visual 
acuity in 5 (71.4%) and visual field defect in 2 (28.6%) before 
treatment. After coiling, the visual deficits improved in 3 
(42.9%) and were unchanged in 4 (57.1%) patients. No patient 
showed aggravation of the pre-existing deficits in either 

Table 3. Test results of 51 patients who underwent the BOT in 
the 2 groups and their treatment outcomes

Findigns
Clipping 
(n=12)

Coiling
(n=39)

Intact collateral circulation n=9 n=34 

Total occlusion of the OphA 0 5 (14.7)

Near occlusion of the OphA 0 3 (8.9)

Post-treatment visual deficit 5 (55.6) 1 (2.9)

Incomplete aneurysm occlusion 3 (33.3) 7 (20.6)

Poor collateral circulation n=3 n=5

Total occlusion of the OphA 0 0

Near occlusion of the OphA 0 0

Post-treatment visual deficit 0 0

Incomplete aneurysm occlusion 2 (66.7) 3 (60.0)

Values are presented as number (%).
OphA, ophthalmic artery; BOT, balloon occlusion test.

Table 4. Univariate analysis of post-treatment visual deficits in all included patients

Variable With visual deficits (n=11) Without visual deficits (n=127) P-value

Age (y) 52.2±11.1 56.9±10.8 0.165

Sex, female 11 (100) 106 (83.5) 0.304

Hypertension 2 (18.2) 37 (29.1) 0.671

Aneurysm characteristics

Side, right 3 (27.3) 60 (47.2) 0.202

Size (mm) 5.1 (3.8–8.9) 4.7 (3.6–6.5) 0.307

Irregular shape 6 (54.5) 47 (37.0) 0.410

Direction 0.193

Superior 4 (36.4) 63 (49.6)

Medial 6 (54.5) 36 (28.3)

Inferior 1 (9.1) 28 (22.0)

Wide necked† 10 (90.9) 102 (80.3) 0.645

OphA origin 0.245

From the sac 9 (81.8) 75 (59.1)

From the neck 2 (18.2) 52 (40.9)

Treatment modalities 0.010*

Clipping 9 (81.8) 47 (37.0)

Coil embolization 2 (18.2) 80 (63.0)

Values are presented as mean±standard deviation, number (%), or median (quartile).
OphA, ophthalmic artery. 
*Statistically significant with P<0.05. †Wide-neck aneurysms were defined as aneurysms with a neck width >4 mm or dome-to-neck ratio 
<1.5.
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group. There was no difference in the frequency of visual 
deficit improvement between the 2 groups (P>0.05). 

OphA patency was observed in all patients treated by mi-
crosurgical clipping. However, post-treatment visual deficits 
occurred in 9 patients (16.1%) in this group, and the deficits 
included decreased visual acuity in 2, visual field defect in 4, 
both in 2, and monocular blindness in 1. All post-treatment 
visual deficits occurred in patients who had undergone ante-
rior clinoidectomy (n=50) during clipping.

In the coiling group, total occlusion of the ipsilateral OphA, 
either intentional or unintentional, was observed in 6 pa-
tients, and near occlusion was observed in 3 patients. Intact 
collateral circulation was confirmed by BOT in 8 of these 
patients before treatment, and BOT was not performed in 
the other patient. However, ECA angiography after coiling 
demonstrated intact collateral circulation in this patient, and 
no visual deficit was observed. Post-treatment visual deficits 
occurred in 2 patients (2.4%) in the coiling group. A patient 
with both visual field defect and reduction in visual acuity 
was found to show near OphA occlusion on final angiogra-
phy; however, BOT before coiling showed intact collateral 
circulation in this patient. The other patient with only a re-
duction in visual acuity was found to have a well-preserved 
OphA during the procedure; however, this patient com-
plained of foggy vision after waking up from the anesthesia, 
and small infarctions were observed on the retina by fundus 
examination. This patient did not undergo the BOT before 
the procedure. 

The test results of 51 patients who underwent BOT in the 
2 groups and their treatment outcomes are shown in Table 
3. There were no complications in all 51 patients who under-
went BOT and intact collateral circulation was demonstrated 
in 43 (84.3%) patients. Total occlusion of ipsilateral OphA was 
found in 5 patients with adequate collaterals during coiling, 
and they showed no post-treatment visual deficits. A patient 
with near occlusion of ipsilateral OphA experienced visual 
deficits after coiling, although intact collateral circulation was 
confirmed in this patient by the BOT. No delayed visual com-
plications occurred in either group during follow-up. A sig-
nificant difference in the frequency of post-treatment visual 
deficits was found between the 2 groups: 16.1% (9/56) in the 
clipping group and 2.4% (2/82) in the coiling group (P=0.010). 
Univariate analysis for the incidence of post-treatment visual 
deficits in all included patients is shown in Table 4. Only mi-
crosurgical clipping exhibited a significant difference in the 
incidence of post-treatment visual deficits (odds ratio 7.660, 

95% confidence interval 1.587–36.962, P=0.011) by logistic 
regression analysis (Table 5). Patients with newly developed 
visual deficits and their follow-up outcomes are presented 
in Table 6. During follow-up, the deficits disappeared com-
pletely in 2 patients, improved in 7 patients, and remained 
unchanged in 2 patients.

Other Complications and Clinical Outcomes
In the clipping group, premature rupture of a previously un-
ruptured aneurysm occurred in 1 patient, but without neu-
rological deficits after clipping. In the coiling group, 1 patient 
developed a retroperitoneal hematoma requiring surgery. 
A delayed ischemic complication involving monoparesis of 
the upper arm 10 days after discharge occurred in this group. 
On the clinical follow-up at 1 month post-hospital discharge, 
all patients, except 1 in the clipping group with pre-existing 
thalamic hemorrhage, showed excellent outcomes.

DISCUSSION

By comparing the occurrence of post-treatment visual defi-
cits and aneurysm occlusion outcomes in 2 groups, we were 
able to observe that patients treated by coiling showed a 
much lower frequency of post-treatment visual deficits and a 
comparable aneurysm occlusion rate. We also found that to-
tal occlusion of an OphA with an adequate collateral supply, 
confirmed by the BOT, was not associated with the incidence 
of post-treatment visual deficits.

Visual Complications 
The reported incidence of post-treatment visual complica-

Table 5. Logistic regression analysis of post-treatment visual 
deficits

Variable
Odds 
ratio

95% confidence 
interval

P-value

Age 0.962 0.908–1.019 0.191

Direction 0.232

Superior 1

Medial 3.242 0.791–13.295 0.102

Inferior 1.138 0.110–11.773 0.914

Treatment modalities

Coil embolization 1

Clipping 7.660 1.587–36.962 0.011
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tions for OphA aneurysms treated by clipping is between 
10.6% and 28.5%,2,11 while it is between 0 and 9.3% for pa-
tients treated by coiling.3,8,9,12 Our results are consistent with 
those of previous studies in which the incidence of newly 
appeared visual deficits was significantly higher in patients 
who underwent clipping than in those who underwent 
coiling (16.1% vs. 2.4%, P=0.010). Multivariate analysis also 
revealed that only microsurgical clipping resulted in a signif-
icant increase in the incidence of post-treatment visual defi-
cits. 

Kamide et al.2 analyzed 208 OphA aneurysms treated by 
microsurgical clipping and found that anterior clinoidectomy 
during surgery was associated with the incidence of new 
postoperative deficits. In our series, all 9 patients with newly 
acquired visual deficits had undergone anterior clinoidec-
tomy during microsurgical clipping, and 89.3% of patients 
in the clipping group underwent anterior clinoidectomy, 
which was much higher than that in their study (75.3%). This 
could be a possible explanation for the higher incidence of 
post-treatment visual deficits in our clipping group (16.1% vs. 
10.6%). However, during the clipping of OphA aneurysms, 
anterior clinoidectomy is sometimes unavoidable because 
complete removal of this structure is required to expose the 
proximal neck of the aneurysm. Injury to the optic nerve 
during drilling of anterior clinoid process, ischemia of the op-
tic pathway from perforator occlusion, or direct compression 
of the optic nerve by an applied clip may occur during this 
process, and all of these can cause visual deficits.2,13,14 

In our series, 9 patients in the clipping group and 7 in the 
coiling group had pre-treatment visual deficits. Previous 
studies have indicated that microsurgical clipping is superior 
to endovascular treatment in the context of improvement or 
resolution of pre-treatment visual deficits, due to its ability to 
simultaneously eliminate compression and pulsation caused 
by the aneurysm.13,15,16 However, in our series, the frequency 
of improvement of pre-treatment visual deficits did not differ 
between the 2 groups. 

Aneurysm Occlusion Outcomes
A previous study has suggested that coiling of OphA aneu-
rysms is associated with a high rate of incomplete aneurysm 
occlusion, which was 60.5% on angiography immediately 
after coiling.2,17 This could be due to attempts made by sur-
geons to save the OphA during the procedure, such as inten-
tional partial coiling and avoidance of dense coil packing in 
the aneurysm. However, the incomplete aneurysm occlusion Ta

bl
e 

6.
 C

ha
ra

ct
er

is
tic

s a
nd

 v
is

ua
l o

ut
co

m
es

 o
f p

at
ie

nt
s w

ith
 p

os
t-

tr
ea

tm
en

t v
is

ua
l d

ef
ic

its

Ca
se

Se
x

A
ne

ur
ys

m
 c

ha
ra

ct
er

is
tic

s
Tr

ea
tm

en
t

m
et

ho
d

O
ph

A
 

oc
cl

us
io

n 
Vi

su
al

 d
ef

ic
it

O
p-

FU
in

te
rv

al
 (m

o)
Vi

su
al

 o
ut

co
m

e 
on

 fo
llo

w
-u

p
Si

ze
 (m

m
)

N
ec

k
Sh

ap
e

D
ire

ct
io

n
O

ph
A

 o
rig

in

1
Fe

m
al

e
3.

4
W

id
e

Irr
eg

ul
ar

Su
pe

rio
r

N
ec

k
Co

ili
ng

N
o

D
ec

re
as

ed
 v

is
ua

l a
cu

ity
7 

Im
pr

ov
ed

2
Fe

m
al

e
8.

9
W

id
e

Irr
eg

ul
ar

In
fe

rio
r

Sa
c

Co
ili

ng
N

ea
rly

 
oc

cl
ud

ed
Vi

su
al

 fi
el

d 
de

fe
ct

;
D

ec
re

as
ed

 v
is

ua
l a

cu
ity

15
 

Im
pr

ov
ed

3
Fe

m
al

e
3.

7
W

id
e

Sa
cc

ul
ar

M
ed

ia
l

Sa
c

C
lip

pi
ng

N
o 

D
ec

re
as

ed
 v

is
ua

l a
cu

ity
1 

Im
pr

ov
ed

4
Fe

m
al

e
6.

8
W

id
e

Irr
eg

ul
ar

Su
pe

rio
r

Sa
c

C
lip

pi
ng

N
o 

Vi
su

al
 fi

el
d 

de
fe

ct
;

D
ec

re
as

ed
 v

is
ua

l a
cu

ity
1 

Im
pr

ov
ed

5
Fe

m
al

e
11

.5
W

id
e

Sa
cc

ul
ar

Su
pe

rio
r

Sa
c

C
lip

pi
ng

N
o 

Vi
su

al
 fi

el
d 

de
fe

ct
7 

Im
pr

ov
ed

6
Fe

m
al

e
6.

0
W

id
e

Sa
cc

ul
ar

M
ed

ia
l

Sa
c

C
lip

pi
ng

N
o

Vi
su

al
 fi

el
d 

de
fe

ct
11

 
Re

co
ve

r

7
Fe

m
al

e
4.

1
W

id
e

Sa
cc

ul
ar

M
ed

ia
l

Sa
c

C
lip

pi
ng

N
o

Vi
su

al
 fi

el
d 

de
fe

ct
;

D
ec

re
as

ed
 v

is
ua

l a
cu

ity
6 

Im
pr

ov
ed

8
Fe

m
al

e
3.

8
N

ar
ro

w
Irr

eg
ul

ar
Su

pe
rio

r
Sa

c
C

lip
pi

ng
N

o
Vi

su
al

 fi
el

d 
de

fe
ct

12
 

Im
pr

ov
ed

9
Fe

m
al

e
4.

9
W

id
e

Irr
eg

ul
ar

M
ed

ia
l

Sa
c

C
lip

pi
ng

N
o

D
ec

re
as

ed
 v

is
ua

l a
cu

ity
12

 
Re

co
ve

r

10
Fe

m
al

e
5.

1
W

id
e

Sa
cc

ul
ar

M
ed

ia
l

Sa
c

C
lip

pi
ng

N
o

Bl
in

d
10

 
U

nc
ha

ng
ed

11
Fe

m
al

e
15

.0
W

id
e

Irr
eg

ul
ar

M
ed

ia
l

N
ec

k
C

lip
pi

ng
N

o
Vi

su
al

 fi
el

d 
de

fe
ct

17
 

U
nc

ha
ng

ed

O
ph

A
, o

ph
th

al
m

ic
 a

rt
er

y;
 O

p-
FU

, t
im

e 
fro

m
 s

ur
ge

ry
 to

 th
e 

la
st

 fo
llo

w
-u

p 
(m

on
th

s)
.



https://doi.org/10.5469/neuroint.2020.00185

Lu G et al. Clipping and Coiling for OphA Aneurysms

25

rate observed immediately or during follow-up in our series 
was comparable between the clipping and coiling groups. 
One possible reason for this is that the incomplete aneurysm 
occlusion rate in our coiling group was low as the BOT was 
performed to help treatment. This is substantiated by evi-
dence indicating the lack of incomplete occlusion among 
patients with total or near OphA occlusion. 

Usefulness of the BOT for Coiling
Previous studies have indicated that the BOT is helpful in 
predicting vision outcomes after coiling. Kim et al.8 reported 
that intact collateral circulation was demonstrated in 26 of 28 
(92.9%) patients who underwent the BOT in their series, and 
that no specific visual symptoms were observed in 3 patients 
with total occlusion of the OphA after coiling. Ahn et al.9 re-
ported that an adequate collateral supply was identified in 12 
of 14 (85.7%) patients, and that there were no visual deficits 
in 4 patients with total OphA occlusion. Consistent with the 
results of these studies, we showed that intact collateral cir-
culation was observed in 84.3% of patients, and there were 
no visual deficits in all 6 patients with total OphA occlusion. 
Therefore, we suggest that total occlusion of the OphA with 
an adequate collateral supply from the ECA, confirmed by 
the BOT, is safe during coiling for OphA aneurysms. 

However, unpredicted thromboembolism events may oc-
cur during coiling for OphA aneurysms and can also cause 
post-treatment visual complications,4,5 which occurred in 2 
patients in our coiling group, ie, 1 with good anterograde 
flow in the OphA and the other with significantly slow an-
terograde flow in the OphA. Retinal and/or optic ischemia 
could occur not only due to decreased perfusion of the 
completely occluded OphA, but also due to the variable 
degree of thromboembolic phenomenon from the orifice 
of the OphA during surgical or endovascular manipulation 
or the presence of any foreign material in the presence of 
any residual flow. As intentional total occlusion of the OphA 
is technically not easy with only coil packing, further studies 
are needed to determine whether partial occlusion of the 
OphA with an adequate collateral supply could increase the 
incidence of visual deficits.

The methods used to perform the BOT between studies 
are different.3,8,18 Undoubtedly, it is more precise to evaluate 
the collateral flow from ECA during the BOT if the OphA an-
eurysmal neck is occluded by a balloon catheter. However, 
this procedure also carries the risk of rupturing the aneurysm, 
and passing the balloon over the cavernous segment is fre-

quently difficult. That is why we just put the balloon catheter 
at the petrous or cavernous segment of the ipsilateral ICA 
during BOT. Due to the presence of anterior and posterior 
communicating artery, the rate of real collateral circulation 
from ECA to OphA might be higher than 83.4% in the pres-
ent study. 

Limitations 
There are several limitations to this study. First, this is a ret-
rospective study, and there could be a selection bias in the 
choice of treatment modality. Second, the size of the aneu-
rysms included in this study is relatively small, and no giant 
aneurysm was included, which could mask some risk factors 
associated with post-treatment visual complications. Third, 
we did not address the usefulness of flow diverters for the 
treatment of OphA aneurysms. In recent years, flow-diverter 
stents have emerged as a promising option in the manage-
ment of intracranial aneurysms. Di Maria et al.19 conducted 
a comparative study between flow diverters and coiling for 
the treatment of carotid-ophthalmic aneurysms and found 
that aneurysms treated by flow diverters showed better 
long-term occlusion outcomes, though procedural compli-
cations and visual deficits seem higher in the patients treat-
ed by flow diverters.12,19 However, not all patients with OphA 
aneurysms could be treated with flow diverters because of 
the cost or regional policies, and therefore, our result that 
coiling is safer than clipping for the management of OphA 
aneurysms is still valuable.

CONCLUSION

In summary, our results revealed that compared with clip-
ping, OphA aneurysms treated by coiling showed a compa-
rable aneurysm occlusion rate and less post-treatment visual 
deficits. Careful consideration is necessary regarding the 
decision of surgical clipping for OphA aneurysms. Total oc-
clusion of OphA with adequate collaterals during coiling did 
not cause visual deficits. However, further studies are need-
ed to determine whether partial occlusion of the OphA with 
adequate collateral supply is associated with the incidence of 
thromboembolism events and visual deficits.
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