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ABSTRACT

BACKGROUND AND PURPOSE: The incidence of unruptured intracranial aneurysms is increasing in the elderly population as life expec-
tancy increases, and patients often present with headache. The goal of this study was to determine the effect of endovascular treatment
on headache and identify factors associated with headache outcome in elderly patients with unruptured intracranial aneurysms.

MATERIALS AND METHODS: A retrospective study was conducted for elderly patients (� 65 years old) being treated for unruptured
intracranial aneurysms. Headache assessment was performed by a quantitative 11-point headache scale in all patients before and after
endovascular treatment. Factors associated with headache outcome were investigated by univariate analyses.

RESULTS: A total of 72 patients (mean age, 70.0 years; age range, 65–80 years; 41 women) fulfilled the inclusion criteria. There were 52
patients (72.2%) who presented with preoperative headache (headache score� 1). Among them, 40 (76.9%) reported that headache score
had an improvement according to their self-reported quantitative headache score after endovascular treatment. The average headache
score was 5.63 preoperatively vs 2.50 postoperatively (P� .000). Twenty patients (27.8%) had no headache before treatment (headache
score� 0), of whom 2 (10.0%) reported new onset of headache postoperatively. Only a preoperative headache score was associated with
treatment outcome of headache, and a higher headache score predicted a lack of headache relief after endovascular treatment (P� .003).

CONCLUSIONS: Endovascular coiling of unruptured intracranial aneurysms resulted in relief of headache in most of the elderly patients.
Preoperative headache score was the only statistically significant predictor of headache outcome.

Intracranial aneurysms are fairly common in the general popu-

lation. It is estimated that between 0.4% and 6% of people may

harbor a cerebral aneurysm.1-4 Because of noninvasive imaging

techniques, including CT, MR imaging, CT angiography, and MR

angiography, unruptured intracranial aneurysms are increasingly

diagnosed. Headache is a frequent symptom in patients with un-

ruptured aneurysms, often leading to the diagnosis of aneurysm.

The literature has revealed that headache was the presenting

symptom of unruptured intracranial aneurysms in approximately

one-third of patients.5 The severity and frequency of headache

may change in different ways, including improvement, aggrava-

tion, and new onset after endovascular treatment of intracranial

aneurysms.6

With a globally aging population, the number of elderly pa-

tients with intracranial aneurysms increases rapidly. Because of

possible devastating consequences of aneurysm rupture and low

morbidity and mortality rates of endovascular treatment, more

and more elderly patients with unruptured intracranial aneu-

rysms have been treated endovascularly. To date, the effect of

endovascular treatment on headache in elderly patients with un-

ruptured intracranial aneurysms is not very clear. The objective of

this study was to determine the effect of endovascular treatment

on headache and identify factors associated with different head-

ache outcomes in elderly patients with unruptured intracranial

aneurysms.

MATERIALS AND METHODS
Patients
Endovascular treatment is the first therapeutic option for both

ruptured and unruptured intracranial aneurysms at our institu-

tion. Approval was obtained from the institutional review board

to conduct this study. Included in the study were patients 65 years

and older with unruptured intracranial aneurysms treated by

endovascular coiling between May 2007 and April 2011. Patients

with the following conditions were excluded from this study:

1) other brain lesions, potentially contributing to the headache,
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such as cerebral infarction, cavernous angioma, arteriovenous

malformation, intracerebral hemorrhage, trigeminal neuralgia,

Parkinson disease, or brain tumors; 2) other comorbid diseases

such as psychosis and hepatic encephalopathy; 3) multiple intra-

cranial aneurysms; 4) a suspicious positive finding in CSF study;

and 5) absent or insufficient follow-up. The cases that were in-

cluded in our study were identified from a retrospective chart

review. The Figure demonstrates a flow diagram of patients being

selected.

Endovascular Procedures
All patients underwent endovascular treatment under general

anesthesia. A heparin bolus of 5000 IU was routinely adminis-

tered as soon as the 6F introducer sheath was placed in the com-

mon femoral artery. Throughout the procedure, the activated

clotting time was kept at 2 to 3 times above the normal value with

a continuous heparin infusion of 2500 to 3000 IU/h. No medica-

tion that specifically treats headache was used after coiling of the

aneurysm.

A 6F guiding catheter was selectively placed in the artery sup-

plying the aneurysm. Once the optimal angiographic projection

was defined, aneurysm catheterization was performed by advanc-

ing a microcatheter over a microguidewire. Coils were placed

through the microcatheter into the aneurysm and were detached

under fluoroscopy. This process was repeated until the aneurysm

was occluded as densely as possible. Several types of coils were

used (GDC Serials and Matrix coils, Boston Scientific, Natick,

Massachusetts; or EDC Serials, ev3 Neurovascular, Irvine, Cali-

fornia) and variable degrees of stiffness are available, including

standard, soft, and ultrasoft coils as well as 3D coils. In the case of

wide-neck intracranial aneurysms in which coiling only was dif-

ficult, stents were positioned across the neck of the aneurysms

before coiling. Three types of stents were used, including the Neu-

roform stent (Neuroform2 or Neuroform3, Boston Scientific),

the LEO stent (Balt Extrusion, Montmorency, France), and the

Enterprise stent (Codman & Shurtleff, Raynham, Massachusetts).

Some patients were treated with the balloon remodeling

technique.

Data Collection
We obtained patient data by consulting the computer data base of

our institution. Some patients were also interviewed over the tele-

phone to evaluate the clinical outcome.

Using a validated, quantitative 11-point headache scale,7 we

performed a standardized headache assessment on every patient

initially presenting for consultation. The same headache assess-

ment was performed at 6 months after endovascular treatment. It

is a standard protocol to conduct such a headache assessment

before and after treatment in all patients with unruptured intra-

cranial aneurysms at our institution. The quantitative, interval

headache score was a scale ranging from 0 to 10, with 0 being

defined as “no headache at all” and 10 being defined as “‘the worst

headache you have ever experienced.” The patients self-reported

the headache score on the basis of this 11-point scale. A change of

headache status after treatment was classified as improvement

(reduction in headache score), aggravation (increase in headache

score), and no change.

The following patient information was also recorded and used

for the present analysis: 1) patient demographics; 2) characteris-

tics of the aneurysm, including its location and size; 3) modalities

of treatment, classified as standard treatment with coils, stent-

assisted coiling, and the remodeling technique; 4) complications

related to endovascular treatment, including thromboembolic

events and intraoperative rupture; 5) side of the headache, includ-

ing ipsilateral headache to the aneurysm, contralateral headache

to the aneurysm, and bilateral headache.

Statistical Analysis
Frequencies and percentages were calculated for categoric vari-

ables, and means and range were calculated for continuous vari-

ables. Categoric data were analyzed by use of the Fisher exact test

or the Pearson �2 test, as appropriate. Analyses of continuous data

with nonnormal distribution were performed with the Wilcoxon

2-sample test. The level of statistical significance used was P � .05

for the entire study. Statistical analysis was performed with the

SPSS statistical package (SPSS 13.0; SPSS, Chicago, Illinois).

RESULTS
Patients and Aneurysms
A total of 72 patients (mean age, 70.0 years; age range, 65– 80

years; 41 women) with 72 unruptured intracranial aneurysms ful-

filled the inclusion criteria. There were 52 patients (72.2%) who

presented with preoperative headache (headache score � 1).

Headache-related symptoms included nausea (n � 32), vomiting

(n � 12), photophobia (n � 22), and phonophobia (n � 20).

Twenty patients (27.8%) had no headache before treatment

(headache score � 0).

Fifty-five aneurysms (76.4%) were located in the anterior cir-

Flow diagram of patients being selected.
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culation and 17 (23.6%) in the posterior circulation. There were

42 (58.3%) small (�10 mm), and 30 (41.7%) large (�10 mm)

aneurysms. Univariate analysis found no statistically significant

correlation of preoperative headache with the location (anterior

circulation vs posterior circulation, P � .764) and size (�10 mm

vs � 10 mm; P � .859) of the aneurysms. Clinical and angio-

graphic characteristics are summarized in Table 1.

Modalities of Endovascular Treatment
Of the 72 patients, 51 (70.8%) were treated with coils alone, 9

(12.5%) were treated with the balloon-remodeling technique, and

12 (16.7%) were treated with stent-assisted coiling (Table 1).

Complications Related to Endovascular Treatment
Two patients (2.8%) had coiling-related complications. Intraop-

erative rupture occurred in 1 patient (1.4%). Bleeding stopped

with further coiling, and this patient did not present with neuro-

logic deficits after treatment. Another patient (1.4%) had throm-

boembolic events during the procedure. After administration of

anticoagulant, the clot shrunk without any clinical complications

after coiling.

Change of Headache after Treatment
Of the 52 patients with preoperative headache, 2 (3.8%) reported

aggravation of the headache after coiling according to preopera-

tive and postoperative headache scores. Ten patients (19.2%)

stated no change in their headache. Forty

patients (76.9%) reported that their head-

ache was relieved. Overall, headache scores

had an improvement in self-reported

quantitative headache score after endovas-

cular treatment for the 52 patients. The av-

erage headache score was 5.63 preopera-

tively vs 2.50 postoperatively (P � .000;

Table 2).

Of the 20 patients without preoperative

headache, 2 (10.0%) reported new onset of headache postopera-

tively. After endovascular treatment, headache scores of the pa-

tients were 4 and 3, respectively.

Effect of Clinical Factors on Relief of Headache
Many prognostic variables were analyzed including age, sex,

size and location of the aneurysm, morphologic features of the

aneurysm (complex vs single-domed), treatment modalities,

side of the headache, and preoperative severity of the head-

ache. Only the preoperative headache score was associated

with treatment outcome of headache, and a higher headache

score predicted a lack of headache relief after endovascular

treatment (P � .003; Table 3).

DISCUSSION
This study describes our experience in the treatment of elderly

patients (�65 years old) with unruptured intracranial aneurysms

at our institution for the past few years. We found that endovas-

cular coiling of unruptured intracranial aneurysms resulted in

relief of headache in most elderly patients with preoperative head-

ache, and that patients with more severe headache were less likely

to improve after endovascular treatment.

Increased detection of unruptured intracranial aneurysms

is a consequence of development and more common use of

advanced diagnostic cerebrovascular imaging techniques such

as MR imaging or MR angiography, 3D CT angiography, and

digital subtraction angiography.8,9 With a globally aging pop-

ulation, the number of elderly patients with unruptured intra-

cranial aneurysms increases rapidly. Headache is one of the most

common symptoms leading to the diagnosis of an unruptured

intracranial aneurysm.5

Since their introduction, endovascular technologies have evolved

into one of the most important management options for intracranial

aneurysms, and the techniques have been shown to be generally safe

and effective.10-12 Technologic advances have “pushed the envelope”

to make the techniques more durable and more applicable to com-

plex types of aneurysms.13-15 Regarding unruptured intracranial an-

eurysms, many previous investigations16-20 have focused on the risks

for rupture and hemorrhage while the aneurysms were left untreated,

as well as the burden of risk that is associated with treatment modal-

ities (surgical vs endovascular treatment) when the aneurysms are

to be treated.21,22 Several studies6,23-25 have also mentioned the effect

of treatment of unruptured intracranial aneurysms on headache.

However, literature specifically evaluating headache outcome after

endovascular treatment of elderly patients with unruptured aneu-

rysms is rare.

It has been recognized previously that a high proportion of

Table 2: Evolution of headache after endovascular treatment
Patients with

Preoperative Headache
(n = 52)

Patients without
Preoperative Headache

(n = 20)
Preoperative headache score (mean) 5.63 N/A
Postoperative headache score (mean) 2.50 N/A
Headache relief (%) 40 (76.9) N/A
Headache worsening or new onset (%) 2 (3.8) 2 (10.0)
No change in headache (%) 10 (19.2) 18 (90.0)

Note:—Postoperative headache score is statistically different than preoperative headache score (P� .000). N/A
indicates not applicable.

Table 1: Clinical and angiographic characteristics
No. of patients 72
No. of aneurysms 72
Sex (%)
Female 41 (56.9)
Male 31 (43.1)
Age (y)
Mean 70.0
Range 65–80
Aneurysm location (%)
ICA 27 (37.5)
ACA, AcomA 16 (22.2)
MCA 12 (16.7)
VB 17 (23.6)
Aneurysm size (%)

� 10 mm 42 (58.3)
� 10 mm 30 (41.7)

Modalities of treatment
(%)
Coiling alone 51 (70.8)
Stent-assisted coiling 12 (16.7)
Remodeling 9 (12.5)

ACA indicates anterior cerebral artery; AcomA, anterior communicating artery;
MCA, middle cerebral artery; ICA, internal carotid artery; VB, vertebrobasilar system.
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patients with unruptured intracranial aneurysms have head-

ache.5,26,27 The mechanisms that cause headache associated with

an unruptured aneurysm include local thrombosis, localized

meningeal inflammation, expansion of the aneurysm, and bleed-

ing within the vascular wall.27 The explanation for the change in

headache status after aneurysm treatment is not clear. Coil embo-

lization may reduce the pulsatile expansion of the aneurysm sac,

which leads to relief of the headache.6 In addition, the develop-

ment of a fibrotic response within the embolized aneurysm may

result in retraction of the aneurysms.6 Worsening or development

of new headache may be attributed to increase in the size of the

aneurysm after placement of coils.28 Another explanation for

worsening of headache immediately after embolization may be

the inflammatory and thrombotic response invoked by coils

within the aneurysm sac.29 Our study suggested that elderly pa-

tients with unruptured intracranial aneurysms experience head-

ache frequently. Among the 72 patients in our series, 52 (72.2%)

had headache before endovascular treatment. Our study also re-

vealed a relatively high rate (76.9%) of headache relief among

elderly patients with preoperative headache.

Experiences regarding new headache after aneurysm emboli-

zation have been described in previous studies.6,30 In a study by

Qureshi et al,6 5 of 15 patients without headache before emboli-

zation reported onset of mild (n � 4) or severe (n � 1) headache

after treatment. Hwang et al30 reported that 50 of 90 patients

without a history of headache within 1 month before treatment

experienced a headache at 7.9 hours, on average, after coiling, and

all headaches resolved within an average of 73.0 hours. Compared

with published series, our study revealed a relatively low rate

(10.0%) of new headache among patients without preoperative

headache after treatment. The exact reason for the difference is

not yet well known. Different clinical characteristics, coil materi-

als, and follow-up time may partly contribute to the difference.

Univariate exploratory analyses identified several possible

predictors for headache resolution after endovascular treatment.

The preoperative headache score was the only statistically signif-

icant predictor of treatment outcome of headache, and a higher

headache score predicted a lack of headache relief after endovas-

cular treatment (P � .003). The mechanism is not clear. Other

factors including age, sex, size and location of the aneurysm, mor-

phologic features of the aneurysm (complex vs single-domed),

treatment modalities, and side of the headache did not show as-

sociations with headache outcome after treatment. These associ-

ations should be further assessed in future larger studies that are

powered for multivariate analyses.

To date, the optimal management of unruptured intracranial

aneurysms remains controversial in the elderly population, espe-

cially small, unruptured aneurysms. Literature specifically evalu-

ating endovascular treatment of elderly patients with unruptured

aneurysms is rare. The decision to treat or to observe an identified

unruptured aneurysm in an elderly patient requires an honest

assessment of treatment-related risks, a careful estimation of the

involved patient’s life expectancy, and a precise knowledge of the

natural history of the disease process. Many physicians have not

recommended active treatment of unruptured intracranial aneu-

rysms for older patients because of their relatively short life expec-

tancy, potential hazards related to treatment, and relatively low

rate of aneurysm rupture. However, many elderly patients with

unruptured intracranial aneurysms complain of headache and

seek treatment for pain relief. Our study revealed a relatively high

rate of headache relief among elderly patients with preoperative

headache. Moreover, our series demonstrated that endovascular

coiling of unruptured intracranial aneurysms in elderly patients is

safe, with a low rate (2.8%) of complications. The results pre-

sented in our study may help to better understand endovascular

treatment of unruptured intracranial aneurysms in elderly pa-

tients. Larger, prospective series are required to adequately assess

the effect of treatment and draw definitive conclusions.

To our knowledge, this study is the first analysis of headache

outcome after endovascular treatment of unruptured intracranial

aneurysms in elderly patients. However, our study had several

limitations. First, the number of cases of patients may not have

been large enough to draw any definitive conclusions. Second,

patients excluded from this study because of absent or insufficient

follow-up may have led to a source of unintentional selection bias

that could not be overcome with this study design. Third, the

relief from headache that we found in this study may have been

exaggerated because of a possible placebo effect of endovascular

treatment.

Table 3: Univariate statistical analysis of factors associated with headache outcome among patients with preoperative headache
Headache Relief
(n = 40)

No Headache Relief
(n = 12) P value

Mean age (y) 69.2 71.1 .212
Female sex (%) 24 (60.0) 5 (41.7) .262
Aneurysm locationa in anterior circulation (%) 31 (77.5) 8 (66.7) .466
Aneurysm size� 10 mm (%) 24 (60.0) 6 (50.0) .539
Single-domed morphologic featureb of aneurysm (%) 35 (87.5) 9 (75.0) .366
Modalities of treatment (%)
Coiling alone 28 (70.0) 6 (50.0) .300
Stent-assisted coiling 7 (17.5) 4 (33.3) .253
Remodeling 5 (12.5) 2 (16.7) .656
Side of headache to aneurysm (%)
Ipsilateral 12 (30.0) 4 (33.3) 1.000
Contralateral 10 (25.0) 5 (41.7) .293
Bilateral 18 (45.0) 3 (25.0) .318

Preoperative headache score (mean) 5.28 6.83 .003
a Location of aneurysm is classified as anterior and posterior circulation.
b Morphologic features of aneurysm are classified as complex and single-domed.
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CONCLUSIONS
Endovascular coiling of unruptured intracranial aneurysms re-

sulted in relief of headache in most of these elderly patients. The

preoperative headache score was the only statistically significant

predictor of headache outcome. Further larger studies are re-

quired to adequately assess the effect of endovascular treatment

on headache in the elderly population.
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