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Abstract

The purpose of this study was to compare the clinical outcomes of microsurgical clipping and 
endovascular coiling in patients with oculomotor nerve palsy (ONP) caused by internal carotid artery 
(ICA) aneurysm. Among 17 patients with ICA aneurysms presented with ONP, 9 (52.9%) underwent 
microsurgical clipping and 8 (47.1%) underwent endovascular coiling. Outcomes of functional recovery 
of ONP were investigated and compared between surgical group and endovascular group. Mean intervals 
between the onset and treatment were significantly longer in microsurgical group (18.2 days) than in 
endovascular group (3.5 days). In microsurgical group, complete resolution (CR) of ONP was obtained in 
7 of 9 patients (77.8%) and partial resolution (PR) was seen in 2 patients (22.2%). In endovascular group, 
CR was obtained in 5 of 8 patients (62.5%) and PR was seen in 3 patients (37.5%). The optimal treatment 
of aneurysm-induced ONP remains controversial; however, present study suggests both procedures are 
beneficial for achieving functional recovery of ONP. The treatment strategy should be decided primarily 
considering the general risks of the two procedures, and presence of ONP is not a disadvantageous factor 
for either procedure.
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Introduction

oculomotor nerve palsy (onP) caused by internal 
carotid artery (iCa) aneurysm is a common clinical 
manifestation suggesting impending rupture or 
re-rupture of the aneurysm, and immediate treat-
ment is strongly recommended to prevent bleeding. 
however, the best treatment strategy for functional 
recovery of the onP remains controversial. some 
authors insist the superiority of the microsurgical 
clipping regarding the immediate decompression of 
the oculomotor nerve.1–3) on the other hand, reports 
of the endovascular treatment in these symptomatic 
aneurysms are recently increasing, demonstrating the 
safety and high efficacy of endovascular treatment 
for onP recovery.4,5)

We investigated the clinical outcome of aneurysm-
induced onP in 17 patients treated in our institution, 
to confirm the difference between microsurgical clip-
ping and endovascular coiling from the viewpoints 
of prognostic factors of onP recovery.

Materials and Methods

Between 2003 and 2014, 206 patients with iCa 
aneurysms underwent microsurgical clipping or 
endovascular coiling, and of these, 17 (8.2%) 
presented with preoperative onP. nine of the 17 
patients (52.9%) underwent microsurgical clipping 
and 8 patients (47.1%) underwent endovascular 
coiling (Table 1). Complete onP was defined 
when patients showed the following features: 
ptosis, mydriasis, ophthalmoplegia, and diplopia. 
Complete resolution (Cr) of onP was defined as 
the disappearance of all of the above features. if 
any of the features persisted during the follow-up 
period, the functional outcome was defined as 
partial resolution (Pr).

The functional outcomes of onP were compared 
between the microsurgical group and the endovas-
cular group. We assessed the factors that influenced 
the functional recovery of onP. statistical analyses 
were performed using Fisher’s exact test and the 
Mann-Whitney U test, considering p values of  
< 0.05 significant.received december 13, 2014; accepted June 22, 2015
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Results

I. Characteristics of patients and aneurysms 
The characteristics of the patients and the aneu-

rysms in each group are shown in Table 2. The 
choice of treatment strategy was decided as with  
any other cerebral aneurysms, with attention to 
the individual aspects of risks and benefits of both 
procedures. The presence of onP did not affect 
the choice of treatment procedure. The patients 
included 8 women in the endovascular group (n = 
8) and 8 women and 1 man in the surgical group 
(n = 9), with a mean age of 69.5 years (range 52–84 
years) and 60.7 years (range 41–75 years), respec-
tively. There were no patients with a past history 
of diabetes mellitus. of the 17 aneurysms, 16 were 
iCa posterior communicating artery aneurysms. 
one iCa anterior choroidal artery aneurysm was 
included in the microsurgical clipping group. all 
the cerebral aneurysms were confirmed by digital 
subtraction angiography. Magnetic resonance imaging 
in the sequence of constructive interference in 
steady state (Ciss) was obtained in 9 of the 17 cases 
preoperatively. Those images revealed contact of the 
aneurysm with the oculomotor nerve; however, no 

remarkable deviation of the nerve tract was observed, 
and it was not possible to estimate the extent of 
the aneurysmal compression to the nerve.

subarachnoid hemorrhage (sah) was observed 
in 2 of the 8 patients (25.0%) in the endovascular 
group and in 1 of the 9 patients (11.1%) in the 
microsurgical group. The hunt and Kosnik grades 
of the patients with ruptured aneurysms were grade 
1 in 2 patients (1 in the endovascular group and 
1 in the surgical group) and grade 2 in 1 patient 
(endovascular group). The mean diameter of the 
aneurysms was 5.3 mm (range 3.2–8.0 mm) in the 
endovascular group and 6.1 mm (range 3.6–10.0 mm)  
in the microsurgical group. significant difference 
was observed only in the intervals between the onset 
of onP and treatment of aneurysm, with longer 
intervals in the microsurgical clipping group; 3.5 
days (range 1–7 days) in the endovascular group 
and 18.2 days (range 1–50 days) in the surgical 
group. onP was complete in 13 of the 17 patients 
(76.5%), including 7 of the 8 patients (87.5%) in 
the endovascular group and in 6 of the 9 patients 
(66.7%) in the microsurgical group. other patients 
had incomplete onP. Ptosis was observed in all 
patients, but pupillary reactions were prompt in 

Table 1 Characteristics of the 17 patients with internal carotid artery aneurysm with oculomotor nerve palsy

Case age, 
sex

h&K 
grade

onset to 
treatment (day) onP Location  

of an
size of  

an (mm)
Treatment 
modality

Postoperative 
resolution

interval between 
treatment and Cr

1 72F 0 14 CP iC-Pcom 5.0 Clipping Cr 5 months

2 58M 0 20 CP iC-Pcom 7.0 Clipping Pr n/a

3 41F 1   9 CP iC-Pcom 6.0 Clipping Cr 3 months

4 51F 0 10 CP iC-Pcom 5.1 Clipping Cr 1 month

5 75F 0   1 iP iC-Pcom 7.0 Clipping Cr 2 months

6 82F 0   6 CP iC-Pcom 5.0 Coiling Cr 2 months

7 73F 0 12 iP iC-Pcom 7.0 Clipping Cr 1 month

8 67F 0   7 CP iC-Pcom 8.0 Coiling Cr 20 days

9 54F 0   3 CP iC-ach 10.0 Clipping Cr 1 month

10 69F 0   1 CP iC-Pcom 6.2 Coiling* Pr n/a

11 47F 0   1 iP iC-Pcom 3.4 Coiling Cr 2 months

12 75F 0   7 CP iC-Pcom 3.2 Coiling Cr 6 months

13 74F 0   1 CP iC-Pcom 8.0 Coiling* Pr n/a

14 58F 2   3 CP iC-Pcom 5.0 Coiling Cr 4 months

15 84F 1   2 CP iC-Pcom 3.5 Coiling Pr n/a

16 70F 0 45 iP iC-Pcom 3.6 Clipping Cr 10 days

17 52F 0 50 CP iC-Pcom 4.0 Clipping Pr n/a

*required double catheter technique. an: aneurysm, CP: complete palsy, Cr: complete resolution, h&K: hunt and Kosnik. 
iC-ach: internal carotid-anterior choroidal, iC-Pcom: internal carotid-posterior communicating, iP: incomplete palsy, n/a: not 
applicable, onP: oculomotor nerve palsy, Pr: partial resolution.
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the 4 patients with incomplete onP. Follow-up 
data were available in all 17 patients for periods 
ranging from 4 months to 104 months (mean 33 
months).

II. Treatment procedures
Microsurgical clipping or endovascular coiling 

was performed within 24 hours after admission, 
in all 17 patients.

in all 9 cases of the microsurgical clipping group, 
surgery was performed via the standard pterional 
approach under general anesthesia. The intracranial 
iCa and the neck of the aneurysm were exposed 
by microscopic dissection of the sylvian fissure, 
and complete clipping was achieved in all cases. 
When the size of the aneurysm was large, the aneu-
rysms were punctured after clipping, to confirm 
complete clipping and to reduce aneurysmal mass. 
aneurysmal adhesion to the oculomotor nerve was 
not always dissected to avoid nerve injury by the 
surgical procedures.

Endovascular coiling was performed under general 
anesthesia in all 8 cases. Microcatheter was inserted 
into the aneurysm via the femoral artery, and 
embolization was performed with detachable coils. 
adjunctive techniques using double catheter method 

were necessary in two aneurysms with a broad 
neck and complicated structure of the aneurysm. 
assistance with a balloon or stent was not neces-
sary in any cases in the present series. The mean 
volume embolization rate (VEr) was 41.4% (range 
28.4–56.7%), and complete obliteration was achieved 
in all 9 cases, and recanalization of the aneurysms 
was not observed during the follow-up period.

There were no remarkable complications caused 
by the procedures in both groups. all patients, 
including the 3 sah patients, were discharged 
without any neurological deficits but onP, and they 
returned to their daily lives.

III. Recovery of ONP 
improvement of oculomotor nerve function was 

observed in all 17 patients after both procedures. in  
the endovascular coiling group, Cr was obtained  
in 5 of the 8 patients (62.5%) and Pr was obtained 
in 3 patients (37.5%). in the surgical clipping group, 
Cr of onP was obtained in 7 of the 9 patients 
(77.8%) and Pr was obtained in 2 patients (22.2%) 
(Table 3). There was no significant difference in the 
outcome of onP between the two groups. 

all the patients with preoperative incomplete 
onP obtained Cr within 2 months regardless of 

Table 2 Characteristics of patients and aneurysms in each treatment group

Characteristics Endovascular coiling
Patients, n = 8

Microsurgical clipping
Patients, n = 9 p value

sex 1.000

 M 0 (0) 1 (11.1)

 F 8 (100) 8 (98.9)

age (yr) 69.5 ± 12.3 60.7 ± 12.1 0.158

aneurysm location 1.000

 iC-PCom 8 (100) 8 (98.9)

 iC-ach 0 (0) 1 (11.1)

rupture of aneurysm 0.576

 Unruptured 6 (75.0) 8 (98.9)

 ruptured 2 (25.0) 1 (11.1)

size of aneurysm (mm) 5.3 ± 2.0 6.1 ± 2.0 0.433

interval between onset 
and treatment (day)

3.5 ± 2.7 18.2 ± 17.6 0.034*

degree of onP 0.576

 Complete 7 (87.5) 6 (66.7)

 incomplete 1 (12.5) 3 (33.3)

*significant at p < 0.05, p values are Fisher’s exact test for categorical variables and 
Mann-Whitney U test for continuous variables, values are mean ± sd (%). iC-ach: 
internal carotid-anterior choroidal, iC-Pcom: internal carotid-posterior communicating, 
onP: oculomotor nerve palsy.
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treatment modality. in the patients with complete 
onP, Cr was obtained in 4 of the 7 patients (57.1%) 
in endovascular coiling group and in 4 of the 6 
patients (66.7%) in microsurgical clipping group 
(Table 1). significant difference was not observed 
(p = 1.000). 

Cr was obtained in the period ranging between 
10 days and 6 months after treatment (Table 1). 
recovery of the onP was observed earlier in the 
microsurgical group than in the endovascular coiling 
group, but no significant difference was observed. 
anisocoria, slight ptosis, and limitation of upward 
and/or downward gaze remained in the 5 patients 
with partial onP resolution in various degrees, 
but these symptoms did not seriously disturb the 
patients’ daily lives.

IV. Prognostic factors for functional recovery
all 4 patients who had incomplete onP (pupil-

lary sparing) obtained Cr postoperatively, but 
significant difference was not observed because 
of the small number of cases. however, this result 
might suggest that incomplete onP is a prognostic 
factor for good functional recovery. other factors, 
including patients’ age, presence of sah, and 
interval between the onset of onP and treatment, 
did not significantly affect the functional outcome 
of onP (Table 4). Prognostic factors were assessed 
separately in endovascular group and microsur-
gical clipping group, but factors with significant 
difference were not revealed including VEr in 
endovascular coiling group.

Discussion

it is well known that iCa aneurysms can cause 
onP, and it can be resolved by treatment of the 
aneurysms.6,7) in the date when surgical clipping 
was the only treatment method for preventing 
aneurysmal bleeding, onP and its resolution 
were thought to be caused by the compression 
and decompression of the aneurysm mass. The 
importance of the reduction of mass effect to the 
oculomotor nerve was emphasized.8) From the late 

1990s, several authors reported that endovascular 
treatment for these lesions could achieve satis-
factory recovery of onP, similar to microsurgical 
clipping.4,5) as the endovascular coiling does not 
reduce the aneurysmal mass itself, the possible 
mechanism of aneurysm-induced onP is explained 
by pulsation stress to the oculomotor nerve, not 
by the mere compression of the nerve.4) 

it is still controversial whether microsurgical 
clipping or endovascular coiling is better for the 
treatment of aneurysms causing onP. There are a 
few clinical studies comparing the efficacy of both 
treatments (Table 5).2,3,9–12) Chen et al.,2) güresir et al.,3)  
and Khan et al.11) reported better functional outcomes 
in the microsurgical clipping group and insisted that 
microsurgery should be the first-choice treatment for 
aneurysms with onP. on the other hand, ahn et 
al.,9) nam et al.,10) and Brigui et al.12) reported that 
there were no significant differences in the outcome 
of onP recovery between the two treatments, as 
in our present study. Brigui et al.12) reported 3 
cases of recurrent onP after coil embolization that 
needed secondary treatment (clipping in 2 patients 
and embolization in 1 patient) due to refilling of 
the aneurysms; however, these are the common 
complication of endovascular coiling itself, not a 
disadvantageous factor about onP recovery. 

Previous comparative studies demonstrate the 
mechanism of aneurysm-induced onP according 
to the combination of compressive mass effect and 
pulsation stress. however, the mass effect of the 
aneurysm to the nerve is not clearly visualized in 
any previous reports including our present study. 

Table 3 Clinical outcomes of oculomotor nerve palsy by 
each treatment

number of patients (%)

TotalComplete 
resolution

Partial 
resolution

Endovascular coiling 5 (62.5) 3 (37.5) 8

Microsurgical clipping 7 (77.8) 2 (22.2) 9

p = 0.620, statistical analysis by Fisher’s exact test.

Table 4 Prognostic factor of functional outcome of 
oculomotor nerve palsy

Complete 
resolution
Patients,  
n = 12

Partial 
resolution
Patients,  

n = 5

p 
value

age (yr) 63.8 ± 13.1 67.4 ± 12.7 0.605

size of aneurysm (mm) 5.7 ± 2.1 5.7 ± 1.9 0.990

interval between the 
onset and treatment (day)

  9.8 ± 11.8 14.8 ± 21.3

rupture of aneurysm 0.191

 Unruptured 11 (91.7) 3 (60.0)

 ruptured 1 (8.3) 2 (40.0)

degree of onP 0.208

 Complete 8 (66.7) 5 (100)

 incomplete 4 (33.3) 0 (0)

onP: oculomotor nerve palsy. Values are mean ± standard 
deviation (%), p values are Fisher’s exact test for categorical 
variables and Mann-Whitney U test for continuous variables.
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Table 5 Summary of the comparative studies between endovascular embolization and microsurgical clipping

authors Year number  
of cases results Prognostic factors

ahn et al.9) 2006 17 no significant difference age in both groups
dM, degree of preoperative onP, and delayed 
intervention in coiling

Chen et al.2) 2006 13 Clipping is better Treatment modality and degree of preoperative onP

nam et al.10) 2010 19 no significant difference
Coiling may be better

none

güresir et al.3) 2011 15 Clipping is better Treatment modality

Khan et al.11) 2013 17 Clipping is better Treatment modality and degree of preoperative onP

Brigui et al.12) 2014 21 no significant difference
required secondary procedures 
after coiling in 3 cases

none

Current study 2014 17 no significant difference none

dM: diabetes mellitus, onP: oculomotor nerve palsy.

Microsurgical clipping can achieve complete and 
immediate elimination of pulsation stress to the 
nerve by the direct collapse of the aneurysm and/
or detachment of the adhesion, possibly being the 
reason for a better or earlier functional recovery 
than in the endovascular coiling. The mechanism 
can be explained only by pulsation stress, and 
better outcomes in the microsurgery reported in the 
several studies2,3,11) do not clearly demonstrate the 
necessity of reduction of the aneurysmal mass effect.  
in endovascular coiling, reduction of the pulsation 
stress is thought to depend on the procedures in 
each institution, and factors including the VEr, 
remnant of the aneurysm, and intervals between 
the embolization and formation of the thrombus 
around the coil may affect the functional outcome. 
We suppose that these factors can explain the 
different reported results in the onP recovery after 
endovascular procedures. in our present study, the 
recovery of oculomotor nerve function tended to 
begin sooner after microsurgical clipping. if the 
follow-up period is shorter, the functional recovery 
may appear better in the microsurgical group than 
in the endovascular group. Longer follow-up may 
be necessary in patients treated with endovascular 
coiling.13)

as for prognostic factors, preoperative incomplete 
onP seemed to be the only possible prognostic factor 
for good functional recovery in the present study. 
This result is similar to the reports by ahn et al.,9) 
Chen et al.,2) and Khan et al.11) Pupillary sparing 
is a relatively uncommon symptom in aneurysm-
induced onP, but this suggests preservation of the 
microvascular supply and function of the pupillary 
fibers in the peripheral region of the oculomotor 
nerve, probably leading to a good recovery. delayed 

intervention in coiling was a prognostic factor 
of poor outcome in the comparative study by  
ahn et al.9) intervals between the onset of onP and 
treatment of aneurysms were significantly longer in 
microsurgical clipping group in our present study. 
it is not deniable that this became a factor for the 
absence of significant difference in the outcome of 
onP in each group.

The present rate of Cr of onP (77.8% after 
clipping and 62.5% after coiling) is not worse than 
in previous studies, but there were large differences 
in the clinical results among the previous clinical 
studies. The rate of Cr has been reported to be 
between 30% and 86% after surgical clipping and 
between 0% and 100% after endovascular coiling.4,7,12–14) 
This difference is supposed to be caused by biases 
in the procedures and/or evaluation methods for 
oculomotor function recovery in each institution. 
The limitation of this study includes the small 
number of the patients and retrospective analysis 
of the clinical records. Therefore, large prospective 
comparative studies seem necessary to determine 
which procedure is better in the future.

in the present study, the outcome was satisfactory 
in both groups, indicating that both procedures 
are beneficial for achieving functional recovery of 
onP. The treatment strategy for these lesions can be 
determined by considering the general risks of both 
procedures as with any other cerebral aneurysms, 
and the presence of onP is not a disadvantageous 
factor for either procedure.

Conclusion

The outcome of onP with endovascular coiling 
and with microsurgical clipping was assessed. 
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There were no significant differences between the 
treatment procedures. Both procedures are beneficial 
for achieving functional recovery of onP.
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