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Abstract
Background: Optic neuropathy due to an aneurysm is relatively rare, with only a few small case 
series on this topic, and no randomized trials having been published until now. As such, the functional 
prognosis and treatment for aneurysm‑induced optic neuropathy remain controversial. Objective: We 
quantified optic nerve injuries using an objective index (the visual impairment score) and evaluated 
prognostic factors of postoperative visual function. Materials and Methods: Of 960 patients treated 
for an unruptured intracranial aneurysm, 18 (1.9%) patients had optic neuropathy. Visual acuity and 
visual field were assessed before surgery and 6 months’ postoperatively. Cases were classified on 
the basis of treatment modality (coil embolization or flow alteration [FA]) and prognostic factors 
of the two treatment groups. Results: Of the 18 patients with an intracranial aneurysm and optic 
neuropathy, 12 (67%) were treated using coil embolization and 6 (33%) were FA. Visual function 
improved after surgery in 8 patients (44%), 5 (42%) in the coil embolization group, and 3 (50%) in 
the FA group. The visual function remained stable after surgery in 6 (33%) patients and worsened 
in 4 (22%). Patients with an aneurysms <15 mm in size had a favorable outcome (P = 0.05). 
Conclusions: Surgical treatment improved vision in 44% of cases, with no difference in the 
prognosis of coil embolization and FA and no effect of the duration of symptoms on outcomes. 
Further, the prognosis of visual function recovery was better for aneurysms <15 mm in diameter.
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Introduction
Neuropathy secondary to nerve 
compression by an aneurysm occurs in 
8%–15.4% of all aneurysms.[1,2] Among 
these cases, oculomotor nerve palsy is 
the most common, developing in 20% of 
patients with aneurysms in the cavernous 
sinus segment and 33% of patients with 
aneurysms in the posterior communicated 
artery.[3,4] Some authors have reported that 
90% of patients with an oculomotor nerve 
palsy caused by an aneurysm recover 
after treatment, with the following being 
prognostic factors of a good recovery. a 
short interval between symptom onset and 
treatment, incomplete oculomotor nerve 
palsy, younger age, no history of risk 
factors for cardiovascular disease, and 
clipping used as the treatment.[3,5]

Optic neuropathy caused by an 
aneurysm is rare, with an incidence 
rate of 1.4% among all patients with an 
aneurysm.[6] The improvement of optic 

neuropathy after treatment is lower than 
for oculomotor nerve palsy, with factors 
for a good prognosis including a short 
interval between symptom onset and 
treatment and not receiving treatment with 
endovascular coil embolization. However, 
prognostic factors remain uncertain, as the 
evidence is based solely on case reports, 
without objective evaluation.[7,8] Although 
both oculomotor nerve palsy and optic 
neuropathy are induced by compression 
from an aneurysm, different clinical 
courses are expected.

Visual function includes both acuity and 
visual field (VF), both of which have not 
been objectively evaluated in prior case 
studies of optic neuropathy. Therefore, in 
this study, we evaluated visual function, 
using the visual impairment score (VIS), 
before and after treatment of an optic 
neuropathy caused by an intrasellar tumor. 
To the best of our knowledge, no prior 
study has used the VIS to objectively 
evaluate visual function in patients with 
an intracranial aneurysm accompanied 
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manipulation. Therefore, the following decision scheme 
for treatment was established for patients presenting 
with an aneurysms with optic neuropathy on the basis of 
evaluation of the ischemic tolerance using the cross‑flow 
and balloon occlusion tests. According to this decision 
scheme, patients with sufficient ischemic tolerance were 
treated using FA, whereas patients with insufficient 
ischemic tolerance were treated using FA with bypass 
or coil embolization, and patients without ischemic 
tolerance were treated using coil embolization. Patient 
status, location of the aneurysm, and experience of the 
treating surgeon were taken into consideration. When a 
patient chose endovascular treatment as a less invasive 
treatment, we adhered to the patient’s request. Aneurysm 
obliteration was performed using surgical ligation or coil 
embolization, with or without low/high flow bypass. Coil 
embolization was performed with or without balloon 
remodeling or stent‑assisted coiling.

We extracted the following demographic and clinical 
data from medical records for analysis: age, sex, 
aneurysm site and size, thrombosis, symptom duration, 
preoperative/postoperative VIS, treatment modality, 
and complications. Patients either underwent treatment 
with FA, in which occlusion of the parent artery was 
performed directly or intravascularly, or underwent coil 
embolization (coil). No patients underwent clipping 
of the aneurysm or required a flow diverter stent. We 
assessed visual function at 6 months after the treatment 
and retrospectively assessed factors associated with 
favorable outcome.

We divided patients according to the treatment modality 
employed, namely FA or coil, to identify prognostic 
factors. Specifically, we compared age, sex, aneurysm site 
and size, symptom duration, preoperative/postoperative 
VIS, thrombosis, and complications between the FA and 
coil group.

The study was approved by the Institutional Review 
Committee: NEMMOPHILA study (NeuroEndovascular 
and surgical Management from Multicenter Observation to 
build a PHILosophical Approach study).

Statistical analysis

Statistical analyses were performed using 
SPSS (version 23, IBM SPSS Statistics, Armonk, NY, 
USA). Univariate analyses were performed using the 
Mann–Whitney U‑test for continuous data and Fisher’s 
exact test for categorical variables. The Kruskal–Wallis 
test and Wilcoxon signed‑rank sum test were used to 
compare the VIS at each aneurysm site. A receiver 
operating characteristic (ROC) analysis was used to assess 
prognostic performance and to determine the preoperative 
VIS threshold that differentiated between good and 
poor outcomes. Differences with P < 0.05 were deemed 
statistically significant.

by visual symptoms. We evaluated prognostic factors for 
postoperative visual function.

Materials and Methods
Between January 2009 and April 2014, our group 
performed 960 treatments for an unruptured intracranial 
aneurysm. Among these cases, we reviewed the data 
from 18 (1.9%) patients who presented with an associated 
optic neuropathy. All patients underwent an ophthalmic 
examination to evaluate visual acuity (VA) and VF, both 
before and after surgical treatment, as a part of our routine 
clinical practice. The VIS was developed by the German 
Ophthalmological Society.[9,10] Fahlbusch and Schott used 
this method to analyze the visual status and outcomes of 
patients treated surgically for a tuberculum sellae or planum 
sphenoidale meningioma.[11] Neurosurgeons performed a 
clinical follow‑up at 6‑month postsurgery.

To calculate the VIS (with a maximum of score 100), we 
summed the VA and VF scores [Figure 1]. For example, a 
VA score of 25 and VF score of 20 yielded a VIS of 45. 
A lower VIS is indicative of better visual function. In the 
absence of data on the visual disorder, only VA was used. 
A favorable outcome was defined as an improvement in 
visual function, and an unfavorable outcome was defined 
as a stable or worsening visual function. The site and 
maximum diameter of the aneurysm were defined by two 
independent neurosurgeons. We adopted the Bouthillier 
classification for segmentation of the internal carotid 
artery (ICA).[12]

The treatment method was decided on the basis of a 
discussion between the surgical and endovascular teams. 
Direct surgery for giant aneurysms, exerting a mass effect 
and brain/artery shift, is more complex and dangerous 
than endovascular surgery. For an aneurysm exerting 
a mass effect, neck clipping or flow alteration (FA) is 
necessary to eliminate the mass effect. However, neck 
clipping is quite difficult because the optic nerve is very 
fragile and prone to irreversible damage during surgical 

Figure 1: The visual acuity and visual field defect scores, based on the 
German Ophthalmological Society criteria, are shown, with the sum of the 
visual acuity and the visual field scores, providing a visual impairment 
score ranging between 0 and 100
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The median postoperative VIS was 22.5 among all 
patients. After treatment, a favorable outcome was 
identified in 8 patients (45%), 5 in the coil group and 
3 in the FA group. Vision function was unchanged in 
6 patients (33%), 4 in the coil group and 2 in the FA 
group, and unfavorable outcomes were identified in 
4 patients (22%), 3 in the coil group and 1 in the FA 
group. The size shrinkage of aneurysms was identified in 
3 patients, none in the coil group and 3 in the FA group. 
There were no differences between the rate of favorable 
and unfavorable outcomes with regard to aneurysm site, 
symptom duration, treatment modality, or preoperative 
VIS (including total, VA, and VF score). However, 
patients with an aneurysm <15 mm in diameter tended 
to have better outcomes [P = 0.05; Table 3], with this 
cutoff value having a sensitivity and specificity on ROC 
curve analysis of 0.80 and 0.75, respectively, with an 
area under the curve of 0.70 (95% confidence interval, 
0.44–0.96).

The median preoperative VIS was 28 for the 12 patients 
treated with coil and 7 for the 6 patients treated with 
FA, while the median postoperative VIS was 27.5 after 
coil embolization and 8 after FA. There was no statistical 
difference in the VIS between the two groups, either before 
or after surgery.

There was no difference in the prognosis of the optic 
neuropathy between the two different modalities. 
Symptomatic ischemic complications owing to the 
treatment occurred in 4 patients, 3 in the coil group (25%), 
and 1 in the FA group (17%), with these complications 
being transient [Table 4].

Discussion
A large intracranial aneurysm can result in impairment 
in cranial nerve function, with oculomotor nerve palsy 
being the most common. Oculomotor nerve palsy 
resulting from compression by an intracranial aneurysm 
can be improved by obstruction of the parent vessels or 
by a loss/partial reduction of the aneurysmal pulse after 
coil embolization.[13,14] By comparison, there is little 
information available on the treatment of optic nerve 
neuropathy, with visual function after surgical treatment 
remaining to be fully clarified. Among our study group, 
aneurysms located at the distal portion of the ICA tended 
to be associated with severe visual dysfunction. Although 
postoperative visual function was not influenced by 
treatment method or the timing of treatment, the 
outcomes did tend to be better for aneurysms <15 mm in 
diameter.

Treatment modality

We identified favorable outcomes for both coil (42%) and 
FA (50%). This rate of favorable outcome is comparable 
to the 41% previously reported after coil embolization; 
however, these studies also reported a worsening of visual 

Results
Patient characteristics

Of the 18 patients with an intracranial aneurysm, 15 (83%) 
were women. The mean age (±standard deviation) of all 
patients was 59.2 ± 11.1 years. The site of the aneurysm 
was C5 in 5 patients (28%), C6 in 7 (39%), C7 in 4 (22%), 
and the anterior communicating artery (Acom) in 2 (11%). 
There were no differences in the size of aneurysms at 
the different sites. There were ten patients a duration of 
symptoms of <3 months. The median preoperative VIS 
was 22. Preoperative VF was evaluated in 16 patients, of 
whom 5 (28%) had bilateral VF deficit. All C5 aneurysms 
were accompanied by a unilateral VF deficit. Preoperative 
VA of 8 patients (44%) was <0.1, of whom 7 (88%) had 
a C7 or C6 aneurysm [Table 1]. There was a tendency 
for the VIS to increase with more distal aneurysms. The 
relevant characteristics of our sample group are presented 
in Table 2.

Treatment outcome

Coil treatment was performed in 12 patients (67%), while 
6 patients (33%) underwent FA. Of the 12 patients who 
underwent coil treatment, complete obliteration was obtained 
in 7 (58%) patients, with a neck remnant identified in 
5 (42%) patients. Two patients who had aneurysms with signs 
of recanalization on follow‑up imaging at 12 months and 
16 months after surgery required additional coil embolization. 
Of the 6 patients who were treated with FA, 5 had 
endovascular parent artery trapping, with 1 patient requiring 
surgical ligation. There were no differences in the size or site 
of aneurysm between the coil and FA treatment groups.

Table 1: Summary of the clinical data and visual 
assessment (n=18)

Factors
Female, n (%) 15 (83)
Age (years), mean±SD 59.2±11.1
Size (mm), mean±SD 20.6±11.5
Location

C5, n (%) 5 (28)
C6, n (%) 7 (39)
C7, n (%) 4 (22)
Acom, n (%) 2 (11)

Thrombosis, n (%) 6 (33)
Symptom duration <3 months, n (%) 10 (56)
Preoperative VIS, median (IQR) 22 (6.5‑29.5)

VA score, median (IQR) 14 (3‑27)
VF score, median (IQR) 5 (4.25‑6.3)

Treatment (coil/FA), n 12/6
Postoperative VIS, median (IQR) 23 (7‑29.5)

VA score, median (IQR) 14 (1.5‑27.8)
VF score, median (IQR) 5 (0‑15)

SD – Standard deviation; IQR – Interquartile range; Acom – Anterior 
communicating artery; VIS – Visual impairment score; VA – Visual 
acuity; VF – Visual field; FA – Flow alteration
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function in 5%–29% of cases after coil embolization, 
owing to a mass effect of the aneurysm.[8,13,15‑20] Micieli 
et al. reported that clipping of large aneurysms associated 
with optic nerve neuropathy provided better outcomes than 
coil embolization, but it carries a higher risk for major 
complications compared with coil embolization.[21] Other 
studies reported better visual function outcomes with FA 
than with either coil embolization or clipping.[7,13,18] In our 
study, we did not identify a difference in outcome between 
coil and FA. Our prognosis of good visual function after 
surgery for the coil group was similar to that in previous 
reports, but visual function was lower than expected for 
the FA group. Function of the optic nerve can be improved 
by avoiding a mass effect during coil embolization and by 
direct contact with the aneurysm. However, thrombosis 
of the aneurysm and inflammation extending around 

the aneurysm could still negatively affect optic nerve 
function.[7,13,18,22]

Few studies have reported on the outcome of using 
flow‑diverting devices for the treatment of an aneurysm 
associated with optic neuropathy.[22‑24] Flow‑diverting 
devices can eliminate the compression caused by the 
aneurysm while preserving the patency of the parent 
artery. As such, flow‑diverting devices could provide 
an optimal treatment modality of optic neuropathy 
resulting from compression by an aneurysm. Miyachi 
et al.[22] reported on the safety and efficacy of using 
a flow‑diverting device for the treatment of large 
carotid cavernous aneurysms. For these aneurysms, 
flow‑diverting devices were safer and more effective 
than FA or stent‑assisted coil embolism. However, the 

Table 3: Comparison of characteristics between favorable and unfavorable outcomes
Favorable (n=8) Unfavorable (n=10) P

Age (years), mean±SD 64.4±7.8 55.1±11.7 0.68
Size <15 mm, n (%) 6 (75) 2 (20) 0.05
Location

C5, n (%) 2 (25) 3 (30)
C6, n (%) 2 (25) 5 (50)
C7, n (%) 2 (25) 2 (20)
Acom, n (%) 2 (25) 0

Preoperative VIS, median (IQR) 23.5 (13.3‑37.5) 21.5 (6.0‑27.8) 0.32
VA score, median (IQR) 14.5 (5.2‑31.3) 4 (1‑22) 0.57
VF score, median (IQR) 5 (5‑16) 5 (2‑5) 0.06

Symptom duration <3 months, n (%) 5 (63) 5 (50) 0.66
Acom – Anterior communicating artery; VIS – Visual impairment score; VA – Visual acuity; VF – Visual field; SD – Standard deviation; 
IQR – Interquartile range

Table 2: Summary of patient’s characteristics, treatment, visual assessment
n Age Sex Location Size (mm) Symptom 

duration (month)
Treatment VA score VF score VIS

Pre Post Pre Post Pre Post
1 62 Female Lt. C5 14 <1 FA 3 0 5 0 8 0
2 77 Female Lt. C5 21 1‑3 FA 14 10 5 0 19 10
3 42 Female Lt. C5 48 +T 12 < FA + B 22 22 5 5 27 27
4 69 Female Lt. C5 9 1‑3 Coil 1 3 2 2 3 5
5 47 Female Lt. C5 23 12 < FA + B 4 30 2 0 6 30
6 68 Female Rt. C6 14 6‑12 FA + B 0 0 5 4 5 4
7 60 Female Rt. C6 11 12 < Coil 27 22 5 5 32 27
8 56 Female Lt. C6 17 +T 1‑3 FA 1 1 5 5 6 6
9 42 Male Rt. C6 10 3‑6 Coil 28 28 0 0 28 28
10 40 Female Lt. C6 32 6‑12 Coil 0 0 18 18 18 18
11 59 Female Rt. C6 16 1‑3 Coil 27 27 5 31 32 58
12 62 Female Rt. C6 18 1‑3 Coil 20 60 5 25 25 85
13 69 Female Rt. C7 14 +T 1‑3 Coil 44 17 10 10 54 27
14 66 Female Rt. C7 25 12 < Coil 55 30 45 25 100 55
15 77 Female Lt. C7 50+T 1‑3 Coil 3 3 ‑ ‑ 3 3
16 57 Male Lt. C7 22 12 < Coil 30 30 0 0 30 30
17 65 Female Acom 14 +T 1‑3 Coil 15 10 ‑ ‑ 15 10
18 48 Male Acom 14 +T <1 Coil 6 1 22 14 28 15
VA – Visual acuity; VF – Visual field; VIS – Visual impairment score; Rt – Right; Lt – Left; Acom – Anterior communicating artery; 
T – Thrombosis; FA – Flow alteration; B – Bypass; Coil – Coil embolization
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use of flow‑diverting devices does not always improve 
postoperative visual function.[22‑24]

Thrombosed aneurysms may continue to grow because of a 
hypertrophic vasa vasorum and subadventitial hemorrhages. 
It has been reported that endovascular ligation could not 
eliminate the vasa vasorum.[25,26] In the present study, 
aneurysm enlargement was not observed in any case after 
treatment. In cases of thrombosed aneurysms, therefore, 
direct ligation may be better than endovascular ligation.

Size and site of aneurysm

On the basis of our results, better visual function 
after surgery can be expected with smaller aneurysms 
(<15 mm in diameter). Of note, previous studies have 
indicated that there is no relationship between the size of 
an aneurysm and the prognosis for visual function in cases 
of optic neuropathy.[7,27,28] However, these studies included 
patients treated for giant aneurysms only, and a detailed 
examination of the threshold size of an aneurysm for good 
prognosis has not previously been conducted.

Aneurysms near the optic nerve present with more severe 
symptoms, although an effect of aneurysm location on 
visual function, measured using the VIS, was not identified. 
Only C7 or C6 aneurysms presented with bilateral 
visual symptoms, while all C5 aneurysms presented 
with unilateral visual symptoms. It was common for the 
preoperative VA score for C7 or C6 aneurysms to be <20, 
while C5 aneurysms did not present with particularly severe 
symptoms. We suggest that if an aneurysm is anatomically 
distant from the optic nerve on the contralateral side, it 
would be discovered before progression to bilateral visual 
symptoms.

In this study, FA reduced the size of an aneurysm to a 
greater extent after treatment than did coil embolization. 
Although coil embolization did not reduce the size of the 

aneurysm, improvements in visual function were identified 
in some patients in the coil group. This improvement is 
likely associated with the elimination of pulsation inside 
the aneurysm sac after coil embolization.[13]

Symptom duration

It is commonly considered that treatment early after the 
onset of symptoms can improve oculomotor nerve palsy 
induced by aneurysm compression.[5,29‑31] However, for optic 
neuropathy, this relationship remains controversial.[7,13,28] 
In our study, we did not identify a correlation between 
symptom duration and the prognosis for visual function. 
Symptoms of oculomotor nerve palsy include double 
vision, ptosis, and pupil dilation. These symptoms occur 
relatively acutely, and therefore, diagnosis and treatment 
is implemented early, which is possible because medical 
examination is fast and simple. Kassis and Turner reported 
that the time from symptom onset to treatment for an 
aneurysm with oculomotor nerve palsy is usually a few days 
and certainly <1 month.[4,32] In our study, some patients had 
a duration of symptoms >1 year at the time of treatment. 
Symptoms of decreased VA and VF deficits, owing to an 
increase in the size of the aneurysm, progressed slowly, 
making them more difficult to observe. Due to this long 
delay between symptom onset and treatment, irreversible 
change to the optic nerve was inevitable.

Limitations

The limitations of our study need to be considered in the 
interpretation of our results. First, we included a small 
number of cases, with an unequal number of patients in the 
coil and FA group. Second, we included cases with optic 
neuropathy but did not include any cases with ruptured 
aneurysms. Third, treatment modality depended on the 
decision of the attending physician, rather than being 
randomly allocated. Fourth, in some countries, flow diverter 

Table 4: Comparison of characteristics between coiling group and flow alteration group
Coil (n=12) FA (n=6) P

Age (years), mean±SD 59.5±11.2 58.7±13.1 0.89
Size (mm) mean±SD 19.5±11.7 22.8±12.9 0.60
Location

C5, n (%) 1 (8) 4 (67)
C6, n (%) 5 (42) 2 (33)
C7, n (%) 4 (33) 0
Acom, n (%) 2 (17) 0

Preoperative VIS, median (IQR) 28 (17.2‑32) 7 (6‑16.3) 0.08
VA score, median (IQR) 20 (4.5‑27.5) 3.5 (1.5‑11.5) 0.08
VF score, median (IQR) 5 (2.7‑16) 5 (5) 0.63

Postoperative VIS, median (IQR) 27.5 (13.7‑36.2) 8 (4.5‑22.7) 0.12
VA score, median (IQR) 19.5 (3‑28.5) 5.5 (0.2‑19) 0.25
VF score, median (IQR) 12 (2.7‑23.2) 2 (0‑4.7) 0.07

Favorable outcome, n (%) 5 (42) 3 (50) 0.73
Ischemic complication, n (%) 3 (25) 1 (17) 0.69
Acom – Anterior communicating artery; SD – Standard deviation; IQR – Interquartile range; VIS – Visual impairment score; VA – Visual 
acuity; VF – Visual field; FA – Flow alteration; Coil – Coil embolization
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stents are used for the treatment of aneurysms although this 
technique was not used in the period of this study, which 
may limit the generalizability of our findings.

Conclusions
In this study, we investigated the treatment outcomes for 
intracranial aneurysms causing optic neuropathy using 
an objective index, the VIS, to assess visual function. 
Surgical treatment improves vision in 44% of cases, with 
no difference in the prognosis of coil embolization and 
FA and with no effect of the duration of symptoms on 
outcomes. However, aneurysms located near the optic nerve 
were associated with more severe symptoms, including 
bilateral VF deficits and severe visual loss. Further, the 
prognosis of recovery of visual function was better for 
aneurysms <15 mm in diameter.
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