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Abstract 

Background and Objectives: Our study aimed to explore the therapeutic effects of surgical clipping and 
endovascular embolization on the recovery of oculomotor nerve paralysis (ONP) caused by posterior 
communicating artery aneurysm (PcomAA). Methods: The clinical data of patients with intracranial 
PcomAA and ONP were retrospectively analyzed. All patients were treated with surgical clipping or 
endovascular embolization, then followed up for no less than 12 months. Logistic regression analysis 
was performed to analyze the potential risk factors influencing ONP recovery. Results: Among 128 
patients of ONP caused by PcomAA, 96 patients were treated with surgical clipping and 32 patients 
with endovascular embolization, respectively. Time from initial ONP onset to complete or partial 
recovery was 85.3 ± 36.8 days for patients receiving surgical clipping, and 135.7 ± 41.3 days for 
patients treated with endovascular embolization. The recovery rate was 94 (97.9%) in the surgical 
clipping group and 22 (68.8%) in the endovascular embolization group, and significant difference 
was shown between the two groups (P < 0.001). Logistic regression analyses demonstrated that the 
complete or partial recovery of ONP in the surgical clipping group was significantly better than that 
in the endovascular embolization group (OR, 5.582; 95%CI, 2.023-15.405; P <0.001). Moreover, 
time from initial symptom onset to receiving treatment also affect ONP recovery (OR, 0.893; 95% 
CI, 0.820-0.972; P = 0.009). 
Conclusion: Surgical clipping was superior to endovascular embolization in the recovery of ONP 
caused by PcomAA, and patients who received early intervention could result in better ONP recovery.
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INTRODUCTION

Posterior communicating artery aneurysms 
(PcomAA) usually indicate an aneurysm at the 
bifurcation of the internal carotid artery-posterior 
communicating artery. It is the second common 
type of intracranial aneurysm, accounting for 
29.3% of ruptured aneurysms and 24.4% of 
unruptured aneurysms.1

 Unilateral oculomotor nerve palsy (ONP) is 
a common symptom caused by compression of 
PcomAA. There is one case of ONP in every 
five PcomAA patients, and almost 50% of 
ONP patients have PcomAA with subarachnoid 

hemorrhage (SAH). Unilateral ONP has been 
found to be the only neurological sign in some 
patients with PcomAA. Direct compression or 
pulsatile effect of the aneurysm could result in 
partial or complete ONP. Majority of the studies 
suggest that pulsatile stimulation of PcomAA 
could be the main pathogenic effect of ONP. 
Other causes are direct compression of aneurysms 
to the oculomotor nerves, and the effect of the 
aneurysmal SAH. Prevention of aneurysm rupture 
could help the recovery of ONP symptoms 
(complete or incomplete), such as ipsilateral 
ptosis, ophthalmoplegia, diplopia, and mydriasis.2
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 Treatment strategies for PcomAA in combination 
with ONP include microsurgical clipping and 
intravascular coil therapy. Microsurgical clipping 
of the PcomAA relieve pulsation and compression, 
which promote the healing of the ONP.3 Aneurysm 
intravascular coil embolization also promotes the 
recovery of oculomotor function, the underlying 
mechanism may be related to the elimination 
of aneurysm pulsation.4 Patients who received 
surgical clipping or endovascular embolization 
could achieve complete or partial recovery of 
the ONP.5,6 However, the effects of the two 
therapeutic methods on the ONP recovery were 
still controversial. In this study, we aimed to 
investigate the therapeutic effects of surgical 
clipping and endovascular embolization on the 
recovery of ONP caused by PcomAA.

METHODS

Patients

This single-center retrospective cohort study 
analyzed clinical data of patients with ONP caused 
by PcomAA, who were treated in the Department 
of Neurosurgery, the Affiliated Dongnan Hospital 
of Xiamen University between June 2015 and 
August 2019. Inclusion criteria were: 1) Patients 
were diagnosed as ONP caused by PcomAA and all 
aneurysms were confirmed by digital subtraction 
angiography (DSA) and/or computed tomography 
angiography (CTA). 2) Patients were treated with 
craniotomy surgical clipping or endovascular 
embolization. Exclusion criteria were: 1) Diabetic 
ophthalmoplegia; 2) Tolosa-Hunt Syndrome; 3) 
Postoperative follow-up less than 12 months. This 
study was approved by the Ethics Committee 
of the Affiliated Dongnan Hospital of Xiamen 
University, and the informed consent was waived 
by the Ethics Committee.

Treatments

For both unruptured and ruptured aneurysms, 
the treatments were recommended per the 
criteria of International Study of Unruptured 
Intracranial Aneurysms.7 The potential risk and 
difficulties of surgical clipping and embolization 
coiling were assessed by the neurosurgeons 
and neuro-interventional physicians based on 
the characteristics of each patient. All patients 
and/or their family members then selected the 
treatment strategy after explanation of the surgical 
indications and procedures. The patients were 
divided into the surgical clipping group and the 
endovascular embolization group. For patients 
with SAH at diagnosis, the treatment regimen 

included intravenous drip of 50mg nimodipine 
every 12 hours (ivgtt q12h) and tranexamic 
acid 2.0 (ivgtt q12h) throughout the time from 
admission to surgery.

Surgical clipping: The unilateral (affected side) 
standard pterional approach was conducted 
for surgical clipping. All operations were 
performed by the same surgeon who specialized 
in surgical clipping of PcomAA for more than 
5 years. The patient was in a supine position 
with the head facing the opposite side. When 
the standard pterional approach was used for 
craniotomy aneurysm clipping on the affected 
side, the sphenoid ridge was removed to obtain the 
operative space. The lateral fissure was separated, 
the optic chiasm cistern and the internal carotid 
artery cistern were opened, the cerebrospinal 
fluid was gradually released, and the proximal 
end of the internal carotid artery was exposed 
for temporary occlusion. The aneurysm neck was 
fully dissociated, the appropriate aneurysm clip 
(B. Braun Melsungen Ag., Germany) was selected 
according to the width of the aneurysm neck, and 
the surrounding posterior communicating artery 
and anterior choroidal artery were protected. For 
patients with hydrocephalus, lamina terminalis 
fenestration was performed during the operation. 
Because the apex of aneurysm capsule was 
generally tightly attached to the oculomotor nerve, 
we only clamped the aneurysm neck and did not 
deliberately separate the adhesion to prevent the 
damage of oculomotor nerve.

Endovascular embolization: A 6F guide catheter 
(Chaperon, Boston Company, USA) was usually 
placed in the affected internal carotid artery. Under 
the path diagram, the microcatheters (Echelon-10, 
EV3 Company, USA) were carefully inserted into 
the aneurysm lumen. After the aneurysm was 
confirmed by angiography, the spring coils with 
appropriate size (Axium, EV3 Company, USA) 
were selected. The multiple spring coils filled the 
aneurysm cavity in turn, until the aneurysm was 
no longer visible with angiography. For wide-
neck aneurysms, assistance of stent (solitaire, 
EV3 Company, USA or enterprise, Codman 
Company, USA) was also required. If spring coil 
with stent assistance was used for embolization, 
oral administration of 100 mg aspirin and 75 
mg clopidogrel were given daily from three 
days before operation until three months after 
operation. All these procedures were conducted 
by the same neuro-interventional physician who 
specialized in intravascular embolization and 
stenting for more than 5 years, with the assistance 
of an anesthesiologist.
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Data collection

The potential variables that might affect the recovery 
of ONP were collected, including age, gender, 
size of aneurysm, hypertension, hyperlipidemia, 
presence or absence of preoperative SAH, the 
degree of preoperative ONP, time from first onset 
of ONP symptoms to treatment, different treatment 
methods and postoperative recovery time. The 
maximum diameter of aneurysm was also noted. 
Hypertension was defined as systolic blood 
pressure (SBP) ≥ 140 mmHg and/or diastolic blood 
pressure (DBP) ≥ 90 mmHg. Hyperlipidemia was 
defined as the level of blood total cholesterol, 
triglyceride or low-density lipoprotein cholesterol 
was higher than upper limit of normal value. 
The patient received head CT/MRI and lumbar 
puncture to determine the presence or absence 
of preoperative SAH as required. The clinical 
status of aneurysmal SAH was graded based on 
the Hunt-Hess classification.

Follow-up

All patients were followed up at 1, 3, 6 and 12 
months after surgery. Postoperative neurological 
assessment was performed by the same senior 
neurologist who were blinded to the treatment 
assignment. The curative effects of both surgical 
procedures were followed up by imaging. For 
patients who underwent craniotomy, CTA was 
performed 7-10 days after surgery to evaluate 
the occlusion of the aneurysm. For patients who 
underwent endovascular embolization, DSA was 
performed immediately after surgery and 6-12 
months after surgery to evaluate the effect of 
interventional therapy.
 The definition of ONP and the recovery 
evaluation were as below: The clinical 
manifestations of ONP included blepharoptosis, 
ophthalmoplegia, diplopia, dilated pupils of 
the affected side, and absence of direct and 
indirect light reflex.8 If one or more of the listed 
symptoms was seen, the patient was deemed to 
have partial ONP recovery. When all the above-
mentioned symptoms were not seen, the ONP was 
deemed to have recovered completely. If one or 
more symptoms still existed, it was regarded as 
partial recovery. ONP recovery was divided into 
complete recovery, partial recovery, no recovery 
and symptoms aggravation according to patient’s 
postoperative condition. Postoperative recovery 
time was defined as the period since surgical 
clipping or endovascular embolization to ONP 
recovery.

Statistical analysis

All statistical analyses were performed using the 
SPSS19.0 (IBM, Armonk, NY, USA) software. 
The distribution of continuous data was performed 
using the Kolmogorov-Smirnov test. Normally 
distributed continuous data were shown as mean 
± standard deviation (SD) and compared using the 
Student t test. Non-normally distributed data were 
presented as median (range) and analyzed with 
the Mann-Whitney U test. Categorical data were 
presented as proportion and analyzed with the chi-
square test or Fisher’s exact test, if appropriate. 
Logistic regression analyses were performed to 
explore the association between clinical variables 
and ONP recovery (Entered method). P values 
<0.05 were considered statistically significant.

RESULTS

Baseline data of patients between the surgical 
clipping group and the endovascular embolization 
group. 

Figure 1 presented the study flowchart, between 
June 2015 and August 2019, 1,227 patients 
with intracranial aneurysms were treated in the 
Department of Neurosurgery, The Affiliated 
Dongnan Hospital of Xiamen University. Of them, 
405 cases were confirmed to have PcomAA. Two 
patients in the surgical clipping group were lost to 
follow up because they lived far from the hospital 
and achieved complete recovery about 6 months 
after surgery. Another patient in the endovascular 
embolization group died from traffic accident that 
occurred 4 months after treatment. Finally, 128 
patients with PcomAA complicated by ONP met 
the inclusion criteria for final analysis, in which 
32 patients underwent endovascular embolization 
and 96 patients underwent surgical clipping. 
All patients were followed-up for at least 12 
months. There were no significant differences in 
terms of age, gender, comorbid hypertension or 
hyperlipidemia between the two treatment groups 
(all P>0.05). The mean diameter of PcomAA was 
7.82 ± 1.70 and 7.71 ± 1.63 mm in the surgical 
clipping group and endovascular embolization 
group, respectively. Forty-seven (49.0%) patients 
and 15 (46.9%) patients had complete ONP before 
treatment in the surgical clipping group and the 
endovascular embolization group, respectively. 
Among the 96 patients in the surgical clipping 
group, 49 (51.0%) patients had SAH, while, 16 
(50.0%) patients of the embolization group had 
SAH at diagnosis. Time from occurrence of initial 
ONP symptoms to receiving treatment was 11.21 
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± 8.76 and 10.53 ± 9.17 days in the surgical 
clipping group and the endovascular embolization 
group, respectively. In addition, patients with 
SAH were usually admitted to hospital due to 
severe and sudden headaches, therefore, the 
time from occurrence of ONP symptoms was 
significantly shorter for those with SAH (n=65) 
than those (n=63) without SAH (8.12 ± 5.68 days 
versus 13.62 ±8.35 days; P <0.001). As shown in 
Table 1, the baseline data of the two groups of 
patients was comparable (all P >0.05).

Postoperative follow-up

Time to complete or partial recovery after 
treatment was 85.3 ± 36.8 days and 135.7 ± 41.3 
days for patients who underwent surgical clipping 
and patients receiving endovascular embolization, 
respectively. In addition, the recovery rate was 
97.9% in the surgical clipping group and 68.8% 
in the endovascular embolization group, and 
the differences between the two groups was 
statistically significant (P<0.001). During the 
12-month postoperative follow-up period, 108 

Table 1: Comparison of clinical data between the surgical clipping group and embolization group

Variables Embolization group 
(n=32)

Clipping group 
(n=96) P value

Age (year) 52.8 ± 10.2 53.6 ± 11.7 0.730
Gender, male, n (%) 17 (53.1%) 43 (44.8%) 0.413
Diameter of aneurysm (mm) 7.71 ± 1.63 7.82 ± 1.70 0.744
Hypertension, n (%) 18 (56.3%) 45 (46.9%) 0.358
Hyperlipidemia, n (%) 16 (50.0%) 44 (45.8%) 0.683
Time from occurrence of ONP symptoms 
to receiving treatment (days) 10.53 ± 9.17 11.21 ± 8.76 0.714

SAH, n (%) 16 (50.0%) 49 (51.0%) 0.919
Preoperative ONP symptoms 0.838
Complete ONP, n (%) 15 (46.9%) 47 (49.0%)
Incomplete ONP, n (%) 17 (53.1%) 49(51.0%

Data are shown as mean ± SD or n (%).
Note: ONP= oculomotor nerve palsy, SAH= subarachnoid hemorrhage, SD= standard deviation.

Figure 1. Study flowchart.
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patients were recovered from the preoperative 
ONP symptoms, of which 99 patients had complete 
recovery (89 patients in the surgical clipping group 
and 10 patients in the endovascular embolization 
group); 17 patients had partial recovery (5 patients 
in the surgical clipping group and 12 patients in 
the endovascular embolization group). The ONP 
in 12 patients (2 patients in the surgical clip group 
and 10 patients in the endovascular embolization 
group) did not recover. For the postoperative 
recovery of ONP symptoms throughout the 
12-month follow-up period, blepharoptosis has 
best recovery, recovery of ophthalmoplegia and 
diplopia were relatively less, and recovery of 
mydriasis and light reflex were even less. The 
postoperative recovery of ONP was shown in 
Table 2.

Logistic regression analyses

The potential risk factors, including age, sex, 
aneurysm diameter, preoperative complete ONP, 

time from occurrence of initial ONP symptom 
to receiving treatment and treatment strategy 
were entered to multivariate logistic regression 
analyses. ONP recovery in the surgical clipping 
group was significantly better than that in the 
endovascular embolization group (OR, 5.582; 
95% CI, 2.023-15.405; P < 0.001). Time from 
occurrence of initial ONP symptom to receiving 
treatment also showed a significant effect on the 
ONP prognosis (OR, 0.893; 95% CI, 0.820-0.972; 
P = 0.009), suggesting that patients who received 
early treatment of PcomAA could achieve better 
ONP recovery. The results of multivariate analyses 
were shown in Table 3.

Postoperative complications

There were no treatment-related deaths in 
either group. There were 5 patients experienced 
cerebral vasospasm, including 1 patient in the 
endovascular embolization group and 4 patients 
in the surgical clipping group. One patient had 

Table 2:  Comparison of postoperative data between the surgical clipping group and endovascular 
embolization group

Variables Embolization group 
(n=32) Clipping group (n=96) P value

Recovery time, days, 
(mean ± SD) 135.7±41.3 85.3±36.8 <0.001

Recovery rate n (%) 22 (68.8%) 94 (97.9%) <0.001
   Complete recovery 10 89
   Partial recovery 12 5
   No recovery 10 2
Postoperative symptoms

Blepharoptosis
7 partial recovery;

5 recovery;
0 no recovery

1 partial recovery;
4 recovery;

0 no recovery

Ophthalmoplegia
4 partial recovery;

1 no recovery;
7 recovery

1 partial recovery;
1 no recovery;

3 recovery

Diplopia
5 partial recovery;

2 no recovery;
5 recovery

1 partial recovery;
2 no recovery;

2 recovery

Mydriasis
5 partial recovery;

3 no recovery;
4 recovery

3 partial recovery;
1 no recovery;

1 recovery

Disappeared light reflex
4 partial recovery;

4 no recovery;
4 recovery

1 partial recovery;
3 no recovery;

1 recovery
Note: SD= standard deviation.
No recovery referred to the symptoms compared with those before treatment.
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the partial hemiplegia in the surgical clipping 
group, one patient had aphasia in the endovascular 
embolization group. A total of 18 patients had 
hydrocephalus after treatment (6 patients in the 
endovascular embolization group and 12 patients 
in the surgical clipping group). One patient in each 
group required ventriculo-peritoneal shunt after 
multiple lumbar punctures to release the blood 
cerebrospinal fluid. All the complications partially 
or completely recovered. The postoperative 
complications of the two groups were listed in 
Table 4. 

DISCUSSION

Our study explored which therapeutic method 
was more beneficial for patients with ONP 
induced by PcomAA. The results demonstrated 
that postoperative ONP recovery rate in patients 
with surgical clipping was significantly superior 
to those receiving endovascular embolization. 
In addition, a shorter duration from the onset of 
ONP to receiving treatment was independently 
associated with better ONP recovery.
 Endovascular embolization and surgical 
clipping had their own pros and cons for the 
treatment of patients with PcomAA with ONP.9 
Previous study proposed that compared with 
traditional craniotomy, endovascular embolization 

could also restore the oculomotor nerve function 
of patients in PcomAA with ONP.4 The oculomotor 
nerve is prone to insults resulting in ONP-related 
symptoms. Even in patients with intracranial 
aneurysms only, when the oculomotor nerve 
was pulled to fully expose the aneurysm, various 
degrees of ONP may occur after surgery. Previous 
studies had shown that the effect of endovascular 
embolization was not inferior to microsurgery, 
which was also conducive to the recovery of 
oculomotor function.2,9 
 The endovascular embolization by forming 
a thrombus in the aneurysm, could alleviate the 
insult from the aneurysm pulsation, reducing the 
pulsating effect of the aneurysm on the nerve, 
could partially or completely lead to recovery 
of the oculomotor nerve function.10,11 On the 
other hand, although the craniotomy results in 
injury to the patient, the clipping of PcomAA 
could reduce the compression of the aneurysm 
to the oculomotor nerve, decrease and block 
the aneurysm pulsations, prevent and control 
the aneurysm rebleeding, thereby improving the 
ONP symptoms and quality of life.12,13 Previous 
studies have shown that the endovascular 
embolization was not ideal for the relief of 
insult from aneurysm. The coil implanted may 
occasionally aggravate the pulsation effect.5,12 The 
reasons for better ONP recovery in the clipping 

Table 4: Postoperative complications

Complication Embolization group (n=32) Clipping group (n=96)
Significant cerebral vasospasm 1 4
Partial hemiplegia 0 1
Aphasia 1 0
Hydrocephalus 6 12
Ventriculo-peritoneal shunt 1 1

Table 3:  Logistic regression model was preformed to evaluate the potential risk factors of postoperative 
ONP recovery induced by PcomAA

Risk factors OR 95% CI P value
Age 1.217 0.873-1.696 0.246
Sex 0.760 0.439-1.317 0.328
Diameter of aneurysm 0.816 0.396-1.680 0.581
Preoperative complete ONP 0.812 0.619-1.090 0.172
Time from occurrence of initial ONP symptom to 
receiving treatment (days) 0.893 0.820-0.972 0.009

Treatment strategy (surgical clipping versus 
embolization therapy) 5.582 2.023-15.405 <0.001

Note: ONP = oculomotor nerve palsy; OR = odds ratio; CI = confidence interval.
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group than in the embolization group may be as 
follows: 1) craniotomy could remove the local 
hematoma, while endovascular embolization 
would just allow the hematoma to be absorbed 
naturally; 2) aneurysm body may still enlarge after 
endovascular embolization, while craniotomy 
would shrink the aneurysm body immediately; 
3) a small amount of blood extravasation may 
occur after endovascular embolization.6,14,15

 Previous study suggested that, compared to 
surgical clipping, patients with older age and 
other comorbidities seemed to benefit more 
from the endovascular embolization treatment.1 
Our results showed no significant differences 
in terms of age, aneurysm size, degree of ONP 
symptom at baseline, time interval between 
initial ONP symptom onset and treatment, and 
preoperative SAH between the two groups. 
Multivariate analyses results indicated that time 
interval between initial ONP symptom onset and 
treatment modality were independently associated 
with postoperative ONP recovery. Compared with 
the endovascular embolization group, the interval 
between initial ONP symptom onset and treatment 
was longer in the surgical clipping group, but 
this did not affect the beneficial effect of surgical 
clipping. 
 Previous studies have reported a complete 
recovery rate of ONP that ranged from 32% to 
85%. Under early surgical treatment, the complete 
recovery rate could achieve 88%.14 On the other 
hand, complete recovery rate with embolization 
treatment ranged between 0% and 50%.16,17 
Regardless of the treatment options, patients with 
partial ONP at the time of admission had the higher 
complete recovery rate compared with those 
with complete ONP at baseline.2,18 The complete 
recovery rate of patients receiving surgical 
clipping was much higher than that reported in 
patients with endovascular therapy, suggesting 
that recovery mechanism of embolization 
treatment may be associated with thrombosis 
within the aneurysm capsule after embolization, 
which result in reduced pulsation effect to the 
oculomotor nerve. However, the pulsatile effect of 
the aneurysm was still present. Surgical clipping 
could simultaneously eliminate the effects derived 
from two mentioned mechanisms (compression 
and pulsation), both of which could be damaging 
to the oculomotor nerve.2,15 We believed that 
the causes of ONP induced by PcomAA were 
multifactorial, including the combined effects 
from the mass effect of aneurysm compression 
and the pulsation conducted through aneurysm 
pulsation. Pulling the oculomotor nerve to expose 

the aneurysm neck and/or oculomotor nerve 
could also result in various degrees of ONP after 
surgery. The clipping operations might damage 
the oculomotor nerve, and further aggravate the 
ONP symptoms. Therefore, only the aneurysm 
neck was clamped during the operation, and the 
aneurysm sac was not be dissociated from the 
oculomotor nerve, which was consistent with the 
viewpoints of previous studies.14,19

 Early treatment effects for PcomAA in 
combination with ONP and the degree of 
postoperative ONP recovery had been assessed 
in several studies, however, the results were 
somewhat controversial. Yang et al. reported that 
ONP recovery was better when the aneurysm was 
treated earlier.20 We observed that the time interval 
between initial ONP symptom onset and treatment 
was independently associated with postoperative 
ONP recovery, which was also consistent with the 
results from Tan19 and Chang21, but differed from 
the findings from Hanse et al.22 Post-operative 
treatment options also differed in patients with 
ONP caused by PcomAA. Our patients with 
no ONP improvement had a follow-up period 
no less than 1 year. Previous studies found 
that improvements of ONP symptoms always 
occurred within the first year after intervention.2,23 
In our study, patients with no improvement of 
ONP symptoms continued to receive nutritional 
neurotherapy, traditional Chinese medicine or 
acupuncture treatment, but these symptoms 
persisted.
 Our study also had some limitations. First, 
this was a single-center retrospective cohort, 
without the benefit of randomized allocation of 
treatment. The sample size was relatively small 
and postoperative follow-up period was only 1 
year. Multicenter, randomized controlled trials 
with large sample sizes is required for direct 
comparisons between surgical clipping and 
intravascular embolization for the treatment of 
ONP induced by PcomAA. Second, direct nerve 
damage caused by hemorrhagic shock from 
aneurysm rupture was one of the possible causes 
of ONP, and patients with this kind of trauma 
were less likely to achieve complete recovery. 
Nevertheless, it was impossible to differentiate 
ONP-mass oppression, aneurysm pulsation, 
and shock effect induced by aneurysm rupture, 
respectively. Nevertheless, the hemorrhagic shock 
effect caused by aneurysm rupture could not be 
considered as the principal cause of ONP, due to 
the presence of many patients with non-ruptured 
aneurysms. 
 In conclusion, our study demonstrated that 



Neurology Asia September 2021

478

the ONP symptoms caused by PcomAA could 
be alleviated through either surgical clipping or 
endovascular treatment. However, the recovery 
rate and degree of ONP recovery in patients 
receiving clipping surgery was better compared 
to those with endovascular treatment, irrespective 
of patient’s the aneurysm size and presence of 
SAH.
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