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Objective
To determine prognostic factors of clinical outcome after surgical clipping in elderly patients 65
years old and over with unruptured intracranial aneurysms (UIAs).
Methods
A total of 50 patients with UIAs who underwent surgical clipping between January 2006 and December 2016 were included in this study. These patients were divided into two groups according
to Glasgow Outcome Scale (GOS) scores: good outcome group (GOS of 5) and poor outcome
group (GOS of 1 to 4). Aneurysmal characteristics and clinical outcomes of patients were retrospectively reviewed for both groups.
Results
Among 50 patients, 38 showed good outcome while 12 had poor outcome. A multivariate study
revealed that wide aneurysms neck (OR: 3.467, p = 0.023), small width (OR: 0.511, p = 0.048),
large aspect ratio (OR: 9.050, p = 0.007), diabetes mellitus (OR: 1.048, p = 0.023), and smoke
(OR: 1.091, p = 0.05) were significantly associated with poor outcome after surgical clipping.
Conclusion
Wide neck, small width, large aspect ratio, diabetes mellitus, and smoking were found to be independent prognostic factors associated with poor outcome in elderly patients after surgical clipping
of aneurysms. Therefore, these factors in elderly patients should be taken into consideration before make a decision on treatment of unruptured aneurysm surgery.
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INTRODUCTION
Unruptured intracranial aneurysms (UIAs) are commonly diagnosed due to improved imaging techniques. The rupture risk is increased almost linearly with increasing age of patients with intracranial aneurysms6,13). The mortality rate due to rupture of aneurysm ranges from 26% to 45%1,15). Therefore, it is important for
neurosurgeons to decide whether to treat UIAs found in elderly
patients. Surgical clipping of UIAs is considered to be more invasive than endovascular embolization.
However, some conditions such as middle cerebral artery aneurysms or wide neck aneurysms need surgical clipping rather than
endovascular coiling. Clinical outcomes of surgical clipping of UIA
would be associated with various patient’ and aneurysmal factors.
For example, the risk of postoperative complications may be higher
in elderly patients than that in younger patients because elderly patients are more likely to have various underlying diseases such as
heart disease, renal disease, and cerebrovascular disease than
younger patients14,22). However, it is still unclear which factors
more affect the clinical outcome after surgical clipping of UIAs
among older population. Thus, the objective of this study was to
determine prognostic factors of clinical outcome after surgical clipping in elderly patients 65 years old and over with UIAs.

MATERIALS AND METHODS
Patient selection and inclusion criteria

A total of fifty patients 65 years old and over with UIAs who underwent surgical neck clipping between January 2006 and December 2016 were included in this study. Patients were excluded if they
had any of the following: 1) prior subarachnoid hemorrhage
(SAH) and 2) fusiform aneurysm. Clinical outcomes, aneurysmal
characteristics (location, size, and morphological characteristics),
and patients characteristics (age, sex, and underlying diseases)
were evaluated.

Analysis of aneurysmal characteristics

Aneurysms were classified into the following categories based
on location, size, and shape: 1, middle cerebral artery (MCA); 2,
anterior communicating artery (ACoA) including distal anterior
cerebral artery; 3, internal carotid artery (ICA); and 4, posterior
communicating artery (PCoA). ICA included the location between the cavernous portion of ICA and the internal carotid artery
bifurcation. It also included the origin of the anterior choroidal artery, excluding those located at the origin of the posterior communication. There was no clipping case for cavernous ICA, basilar
top, or vertebrobasilar artery aneurysm. Aneurysmal factors inwww.e-jnic.org
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cluded height, neck, and width of aneurysm. These factors were
measured through transfemoral cerebral angiography (TFCA) images. The maximum diameter was defined as the longest diameter
of UIA. Aspect ratio was the ratio of height to neck.

Analysis of patient factors

The following factors of patients over 65 years were analyzed:
sex, underlying diseases such as hypertension (previously known
patient being treated with antihypertensive medications or blood
pressure over 140/90 mm Hg during nonacute phase) and diabetes mellitus (DM) (fasting glucose > 7 mmol/L or patient being
treated with antidiabetic medication), smoking history (current or
past), alcohol history, and other diseases such as history of ischemic stroke and cardiac diseases (heart failure, arrhythmia).

Analysis of post-operative state and follow up

Clinical outcome of each patient at 1 month after surgical clipping was assessed using Glasgow Outcome Scale (GOS) based on
the following: GOS score of 5, no disability; GOS score of 4, moderate disability (i.e., no need for assistance in everyday life, employment is possible although it may require special equipment); GOS
score of 3, severe disability (i.e., severe injury with permanent need
for help with daily living); GOS score of 2, persistent vegetative
state; and GOS score of 1, death. Patients were divided into two
groups according to their GOS scores: good outcome group (GOS
score of 5) and poor outcome group (GOS score of 1 to 4). Small
disability after surgical clipping of UIAs was considered unacceptable in this study. Therefore, GOS 4 was also considered a poor
outcome after clipping of unruptured aneurysm.

Statistical analysis

All statistical analyses were performed with SPSS ver. 23.0 (IBM
corporation, Armonk, NY, USA). Binary logistic regression analysis was performed to examine any independent association between groups. Odds ratio (ORs) and their 95% confidence intervals (CIs) were estimated. Both multivariate and univariate analysis
were performed. Data are expressed as mean ± standard deviation
(SD). Statistical significance was considered at P ≤ 0.05. Between-cohort comparisons for distributions of baseline characteristics were performed with Chi-squared test for categorical variables and Mann-Whitney test for continuous variables.

RESULTS
Comparison of risk factors between the good outcome
group and the poor outcome group

Results of comparison for patient and aneurysmal characteristics
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between the good outcome group and the poor outcome groups
are summarized in Table 1.

Postoperative mortality and morbidity

A total of 38 (76%) patients achieved good outcome (GOS
score of 5) at 1 month follow up. However, 12 (24%) patients had
poor outcome. Overall mortality rate was 1% and overall surgical
morbidity rate was 24%. One of 50 patients died after the operation within one month. The death was due to sepsis. Nine patients
had GOS score of 4 at 1 month postoperatively. These patients
showed third nerve palsy diplopia and short term memorial impairment. Two patients had GOS score of 2 or 3. They showed
hemiparesis and severe cognitive dysfunction.

males. Their mean age was 68.9 ± 3.4 years. (65 to 75 year) Age
was not significantly (p = 0.846) associated with surgical outcome. Sex did not show significant (p = 0.076) difference between the two groups either. A total of 40 patients had hypertension. However, the distribution of hypertension was not significantly (p = 0.174) different between the good outcome group
and the poor outcome group. Nine patients had DM. The distribution of DM was significantly (p = 0.023) different between the
two groups. The number of patients with history of drinking alcohol showed no significant (p = 0.070) difference between the
two groups. Smoking history also showed statistically
significant (p = 0.050) difference between the two groups.

Aneurysms characteristics

Patient characteristics

A total of 50 patients with newly diagnosed aneurysms who underwent treatment for aneurysms were reviewed over a period of
10 years. Of the 38 patients in the good outcome group, 8 (21%)
were males while 30 (79%) were females. Their average age was
69.5 ± 3.8 years. (65 to 78 year) Of the 12 patients in the poor
outcome group, two (16%) were males and 10 (84%) were fe-

Mean neck size was 3.90 ± 1.49 mm in the good outcome
group, which was not significant (p = 0.512) different from that
(4.47 ± 2.00 mm) of the poor outcome group. Mean height was
not significantly different either between the two groups (5.15 ±
3.01 mm in the good outcome group vs. 6.70 ± 4.12 mm in the
poor outcome group, p = 0.113). Mean width in the good outcome group group (5.93 ± 4.01 mm) was higher than that in the

Table 1. Comparison of patient characteristics and aneurysmal characteristics between the good outcome group and the poor outcome group
Good outcome group (GOS 5) (38 patients)
Age
Mean - yr
No. of females (%)
Hypertension (%)
Diabetes mellitus (%)
Ischemic stroke (%)
Cardiac disease (%)
Smoke history (%)
Alcohol (%)
Others
Size of aneurysms
Mean ± SD – mm
  Neck
  Height
  Width
  Maximum diameter
  Aspect ratio
Location of aneurysms (%)
Anterior communicating artery (%)
Posterior communicating artery (%)
Middle cerebral artery (%)
Internal carotid artery(%)
Daughter sac (%)

Poor outcome Group (GOS 1-4) (12 patients)

p-value

69.5 ± 3.8
30(79)
30(79)
6(15)
4(10)
3(7)
4(10)
4(10)
6(15)

68.9 ± 3.4
10(84)
10(84)
3(25)
1(8)
3(25)
3(25)
1(8)
4(33)

0.846
0.076
0.174
0.023
0.548
0.914
0.050
0.070
0.412

3.90±1.49
5.15±.3.01
5.93±4.01
6.32±3.93
1.37±0.64

4.47±2.00
6.70±4.12
5.73±2.54
7.34±3.95
1.59±0.90

0.512
0.113
0.880
0.254
0.474

13(33)
3(7)
20(51)
2(5)
7(17)

5(41)
3(25)
4(33)
0(0)
5(41)

1.000
0.323
0.213
1.000
0.263

Bold Indicates statistically significant difference of p<0.05.
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poor outcome group (5.73 ± 2.54 mm). However, the difference
was not statistically significant (p = 0.880). The maximum diameter (6.32 ± 3.93 mm in the good outcome group vs. 7.34 ± 3.95
mm in the poor outcome group, p = 0.254) or aspect ratio (1.37
± 0.64 in the good outcome group vs. 1.59 ± 0.90 in the poor
outcome group, p = 0.474) was not also significantly different between the two groups either. The most common location of aneurysms in the good outcome group was MCA (51%, 20 patients). It
was ACoA (35%, 5 patients) in the poor outcome group. The distribution of UIA was not significantly different in any location. A total of 12 patients had daughter sac, including 7 patients in the good

outcome group and 5 patients in the poor outcome group. The ratio
of patients with daughter sac was not significantly (p = 0.263) different between the two groups.

Association between risk factors and poor outcome
after aneurysmal clipping

Results of logistic regression analysis of associations between
risk factors and surgical outcome are shown in Table 2, 3. No statistically significant factors were found in univariate analysis. Known
risk factors for surgical outcome for the elderly such as smoking
(OR:1.419, p = 0.300), hypertension (OR: 1.333, p = 0.682),

Table 2. Univariate analysis between the good outcome group and the poor outcome group
Clinical characteristics
Age
No. of females
Hypertension(Positive)
Diabetes mellitus(Positive)
Smoke history(Positive)
Alcohol user(Positive)
Size of aneurysms
Mean ± SD (mm)
  Neck
  Height
  Width
  Maximum diameter
   Aspect ratio (%)
Location of aneurysms(Positive)
Anterior communicating artery
Posterior communicating artery
Middle cerebral artery bifurcation
Internal carotid artery
Daughter sac(Positive)

OR
0.954
1.548
1.333
1.667
1.419
1.486

Univariate analysis
95% CI for OR (Lower-upper)
0.802–1.135
0.287–8.364
0.336–5.290
0.142–3.125
0.081–2.167
0.152–14.553

p-value
0.594
0.611
0.682
0.607
0.3
0.734

1.228
1.136
0.984
1.062
1.527

0.854–1.766
0.953–1.354
0.824–1.175
0.919–1.228
0.670–3.478

0.267
0.156
0.858
0.414
0.313

0.9
0.306
2.632
6.112
2.54

0.250–3.237
0.054–1.736
0.704–9.838
0.000–99.99
0.684–9.947

0.872
0.181
0.15
0.999
0.181

OR: Odds ratio, CI: Confidence interval.

Table 3. Multivariate analysis between the good outcome group and the poor outcome group
Clinical characteristics
Neck
Width
Diabetes mellitus
Smoke
Alcohol
Aspect ratio
Shape(Daughter sac; (Positive)
Posterior communicating artery

OR
3.467
0.511
1.048
1.091
92.97
9.050
6.788
0.107

Multivariate analysis
95% CI for OR (Lower-upper)
1.183–10.161
0.262–0.994
1.004–1.655
1.008–1.997
0.695–12443.9
1.831–44.736
0.805–57.232
0.009–1.272

p-value
0.023
0.048
0.023
0.050
0.070
0.007
0.078
0.077

OR: Odds ratio, CI: Confidence interval, Bold Indicates statistically significant difference of p<0.05.
www.e-jnic.org
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posterior circulation (OR: 0.306, p = 0.181), daughter sac (OR:
2.540, p = 0.181), and large size aneurysms (height, OR: 1.136, p =
0.156; width, OR: 0.984, p = 0.858) showed no significant association with surgical outcome. However, multivariate analysis revealed
that large neck size of aneurysm (OR: 3.467, p = 0.023), small width
(OR: 0.511, p = 0.024), large aspect ratio (OR: 9.050, p = 0.007),
DM (OR: 1.048, p = 0.023), and smoking history (OR: 1.091, p =
0.050) were significantly associated with poor outcome.

DISCUSSION
Results of this study revealed that smoke history and DM were
significantly different between the good outcome group and the
poor outcome group. This is because patients with a smoking and
DM history account for more ratio in poor outcome group than
good outcome group (smoking history: 4 (10%) patients in the
good outcome group vs. 3 (21%) patients in the poor outcome
group, p = 0.050; DM: 6 (15%) patients in the good outcome
group vs. 3 (21%) patients in the poor outcome group, p = 0.023).
Both smoking and DM had significant association with poor prognosis after surgery.
In multivariate analysis, large neck size, small width, large aspect
ratio, DM, and smoking were independently associated with poor
outcome group. Smoking is generally known as a a risk factor of
poor outcome17,21). Smoking can cause inflammatory reaction and
increase the risk of aneurysms rupture11,16). Pneumonia is very
common in postoperative elderly patients. It occurs more frequently in smokers than that in non-smokers. It is difficult to treat pneumonia in smokers. In addition, nicotine can impair vascular elasticity and increase its fragility. It reduces adaptation to circulation
changes, thus complicating certain procedures such as catheter insertion24). In our study, smokers had worse prognosis than
non-smokers. DM is a controversial risk factor for poor outcome.
Some studies have found that DM is a risk factor of poor outcome2,8). On the contrary, it is a statistically insignificant factor in
other studies20). In our study, people with DM were found to have
worse prognosis after aneurysmal clipping than those without DM.
When treating aneurysms in elderly patients, multiple factors including the presence of hypertension, stroke, congestive heart disease, size and ruptured aneurysms have been found to contribute
to poor outcome18,23). Hypertension is a controversial risk factor
for poor outcome of elderly patients. It is a significant risk factor in
one study, but an insignificant risk factor in other studies7,10,12). In
our study, the effect of hypertension on prognosis was not statistically significant.
Previous studies have revealed that the rupture risk is increased
almost linearly with increasing age of patients with intracranial an24
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eurysms6,13). However, there was no increasing poor outcome ratio
according to age in the present study.
Alcohol has been reported to be a risk factor for poor outcome
in the elderly5). However, it was not a risk factor for poor outcome
in the present study. It has been reported that aneurysm size plays
an important role in determining the outcome of SAH patients.
Large aneurysms are usually accompanied by broad neck, perforating vessels, and intraluminal thrombosis, thereby increasing operative risk2,24). It has been reported that an aneurysm of about 7 mm
or more than 4 mm will increases the risk of rupture9,4). Our results
also showed that large neck size and small width had significant association with poor outcome. However, height was not a significant risk factor for poor outcome in our study. In addition, our results revealed that higher aspect ratio had significant association
with poor outcome. It is also known that the risk of rupture is high
when there is a daughter sac4). However, our study revealed that
the existence of daughter sac did not have significant difference between the two groups.
Our study has some limitations. First, the data were retrospectively collected at a single center whereas surgical clipping was performed by multiple surgeons. Surgical skill might be different
among the surgeons. Second, the number of patients enrolled in
this study was relatively small. Thus, there might be statistical error
in some analysis. Third, although surgical approach for the posterior circulation is known to be more difficult than the anterior circulation, there was no surgical case of posterior circulation in this
study. Thus, future prospective studies should be performed with
larger sample sizes and more concise evaluation to make better decisions on treatment for elderly patients with UIAs.

CONCLUSION
The decision to treat an UIA in an elderly patient is difficult because there are many considerations before surgery. Treatment
strategy should consider not only the risk of rupture but also expected patient status after the surgery. In this study, patient factors
as well as aneurysmal characteristics were associated with poor
outcome after aneurysm clipping in elderly patients.
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