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ABSTRACT

AIM: To describe the relationship between aneurysm size and location with the prevalence of headache at diagnosis and three- and 
six-month follow-up in a sample of patients with UIA.   
MATERIAL and METHODS: In this cohort study, patients were diagnosed with UIAs by digital subtraction angiography (DSA). 
Follow-up visits occurred three and six months after the diagnosis. Headache presence was registered, and headache was further 
classified by phenotypes. After DSA, the recorded variables were aneurysm number, morphology, location, and size (diameter [W], 
neck [N], and dome-neck distance [H]). The aspect ratio (H/N) and the dome/neck ratio (W/N) were calculated. The outcome of this 
study was the self-reported headache status at follow-up.
RESULTS: Data from 42 patients and 46 aneurysms were available; 81.0% of patients were women, with a mean age of 57.4±14.3 
years. Headache was reported by 61.9% of the patients. The pain phenotype was tension-type in 38.1%, migraine in 11.9%, 
neuralgia in 2.4%, and unclassifiable in 9.5%. The median (min–max) measurements were W=5.05 (0.89–22.9); N=3.02 (0.52–17.9); 
H=5.08 (0.92–23.0); aspect ratio 1.59 (0.68–17.69) and W/N ratio 1.65 (0.62–16.92). Thirty-three patients (37 aneurysms) received 
treatment, 47.8% by surgical clipping and 32.6% by endovascular occlusion. In the treated patients, headaches had persisted in 
14.3% until the first visit and in 9.5% until the second visit. There were no differences in any registered variables between patients 
with and without headaches at follow-up.
CONCLUSION: In this study, data was found that support that headaches in patients with UIAs improve after treatment and that 
such improvement is probably unrelated to the size and shape of the UIAs.
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criteria for secondary headaches attributed to UIAs, (6) 
headaches have generally been considered unrelated to the 
presence of UIAs (2).

While the true nature of the relationship between UIAs and 
headaches is still being studied, a meta-analysis suggests 
that headache intensity significantly decreases after treatment 
(3). To further increase the knowledge regarding the course of 

█   INTRODUCTION

The overall prevalence of incidental unruptured 
intracranial aneurysms (UIAs) ranges from 3.8% (95% 
CI 3.0% to 4.8%) to 8.3% (95% CI 7.1% to 9.7%), 

depending on which definitions are used, and is according to 
size and location (8). Up to one third of patients with UIAs 
will present with headaches (2,9). Although there are defined 
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headaches in patients with UIAs, this study aimed to describe 
the relationship between aneurysm size and location and 
the prevalence of headaches at three-month follow-ups in a 
sample of patients with UIAs.

█   MATERIAL and METHODS
Participants

This cohort study included all consecutive patients diagnosed 
with UIAs at a third-level care facility. The inclusion criteria 
were as follows: 1) age 18 or older; 2) presence of one or more 
UIAs confirmed by digital subtraction angiography (DSA); and 
3) signed an informed consent form. The exclusion criteria 
were as follows: 1) acute onset of headache; 2) progressive 
worsening; and 3) presence of systemic symptoms.

During a one-year recruitment period at the institution, 204 
patients received a diagnosis of an intracranial aneurysm; out 
of them, 42 patients had UIAs and were enrolled. Regardless 
of the initial cause of consultation and neuroimaging modality 
utilized to diagnose or suspect the presence of UIAs, all patients 
underwent a six-vessel DSA (internal and external carotids and 
vertebral arteries). After DSA, a case-by-case analysis by an 
internal committee comprised of vascular neurosurgeons and 
endovascular neurologists recommended the best treatment 
modality for each patient. After the committee´s review, it was 
recommended which patients required treatment, and consent 
was obtained for the therapeutic procedure. Reasons for not 
being treated included a recommendation by the committee 
or rejection of the treatment offer.

Irrespective of the treatment status or modality after the 
committee recommendation, all the patients were scheduled 
for follow-up visits at the outpatient clinic three and six months 
after the diagnosis.

Variables

At diagnosis, data registered included the dates for all eval-
uations, the patient demographics, and the characteristics 
of headache [including if the patient fulfilled the International 
Classification of Headache Disorders 3rd Edition (ICHD 3) cri-
teria for 6.3.1, Headache attributed to an unruptured saccu-
lar aneurysm] (6) and the presence of vascular risk factors. 
Headache phenotypes were defined as follows: 1) migraine, a 
throbbing or pulsating hemicranial pain accompanied by hy-
persensitivity symptoms to light, sound, or smell and nausea 
or vomiting; 2) tension-type, a diffuse aching bilateral head 
pain without the characteristics of migraine or neuropathic 
pain; 3) neuralgia, an electric shock-like, shooting, stabbing or 
sharp paint that might be accompanied by autonomic symp-
toms (ptosis, lacrimation, rhinorrhea, facial swelling, conjunc-
tival injection or pupil changes); and 4) unclassified, all other 
types of headaches distinct from those previously described, 
including those combining characteristics of two or more of 
the phenotypes. Headache was considered chronic if it oc-
curred for 15 or more days/month for three or more months.

After DSA, we registered the number of aneurysms, their mor-
phology, location (for carotid aneurysms; we used the Bout-
hillier classification) (1), and size (diameter [W], neck [N], and 

dome-neck distance [H]) in millimeters. We then calculated 
and registered the aspect ratio (H/N) and the dome/neck ra-
tio (W/N). Whenever multiple aneurysms were identified, the 
measurements for each aneurysm were recorded. We regis-
tered the treatment modality and treatment-related morbidity 
for the patients who received treatment.

The outcome of this study was the self-reported headache 
status (no headache despite a previous headache, a previous 
persistent headache, and development of headache in a 
patient without a previous headache) at three and six months 
after the confirmation of UIAs by DSA.

Statistical Analysis

Categorical variables are expressed as frequencies and per-
centages, and comparisons were made with the chi-square 
test. Normality was tested using the Kolmogorov‒Smirnov 
test. Continuous data are presented as the mean ± standard 
deviation/median (maximum and minimum values) according 
to the data distribution. Accordingly, the differences between 
groups were determined by employing the independent sam-
ples T Test/Mann‒Whitney U. The predictive performance of 
the aneurysm measurements to discriminate patients with 
headaches was assessed with receiver-operating characteris-
tic area under the curve analysis (ROC-AUC). We considered 
a value of p ≤0.05 as significant. All analyses were performed 
utilizing SPSS version 22.0 (IBM, Armonk, NY, USA).

Protocol approval and informed consent

The Institutional Review Board of the National Institute of 
Neurology and Neurosurgery “MVS” reviewed and approved 
the study protocol and informed consent form (Reference 
DIC/043-44/12). All participants signed the approved informed 
consent form.

█   RESULTS
For basal characteristics, data from 42 patients were available; 
34 were women (81.0%), with a mean age of 57.4 ± 14.3 
years. The median time from diagnosis of UIA as confirmed 
by DSA was 43.5 days (0-287). Three patients missed both 
follow-up visits. Therefore, the analysis regarding outcomes 
was performed with data from 39 patients. Twenty-five 
patients (59.5%) exhibited at least one comorbidity; the most 
common was hypertension in 21 patients (50.0%), followed 
by diabetes mellitus in three patients (7.2%) and rheumatoid 
arthritis, extrapyramidal syndrome, and parotid cancer, each 
in one patient.

Characteristics of the headaches

At the time of the confirmation of the diagnosis, headache 
was declared by 26 patients (61.9%); only twelve patients 
(28.6%) fulfilled the criteria for headache attributed to an 
unruptured saccular aneurysm. The pain phenotype was 
tension-type in 38.1%, migraine in 11.9%, neuralgia in 2.4%, 
and unclassifiable in 9.5% of patients. Twenty-two patients 
(84.6%) fulfilled the criteria for chronic headache.

Characteristics of the UIAs

We identified 46 aneurysms in 42 patients; three carried multiple 
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aneurysms, one had three, and two had two aneurysms. Forty 
aneurysms were saccular, and six (14.3%) were fusiform. The 
aneurysms’ locations were, in order of frequency, the internal 
carotid artery (20 aneurysms, 43.5%), the middle cerebral 
artery (12 aneurysms, 26.1%), the posterior communicating 
artery (nine aneurysms, 19.6%), the anterior communicating 
artery (four aneurysms, 8.7%) and the posterior inferior 
cerebellar artery (one aneurysm, 2.2%); 56.5% were on the 
left side. The carotid aneurysm locations were as follows: C4, 
three (15%); C5, five (25%); C6, eight (40%); and C7, four 

(20%). The median (min–max) measurements were W= 5.05 
(0.89–22.9); N= 3.02 (0.52–17.9); H= 5.08 (0.92–23.0); aspect 
ratio 1.59 (0.68–17.69) and W/N ratio 1.65 (0.62–16.92). Table 
I shows the differences in the basal characteristics separated 
by the headache status at the time of the confirmation of the 
diagnosis.

Treatment and outcomes

Thirty-three patients (37 aneurysms) received treatment, 22 
(47.8%) by surgical clipping and 15 (32.6%) by endovascular 

Table I: Basal Characteristics of the Participants

No Headache Headache p-value

Age, mean ± SD 59.3 ± 15.1 56.2 ± 13.9 0.49*

Female, n (%) 11 (32.4) 23 (67.6) 0.22**

Comorbidities, n (%) 16 (38.1) 26 (61.9)

0.83**

Hypertension, n (%) 9 (42.9) 12 (57.1)

Diabetes Mellitus, n (%) 1 (33.3) 2 (66.7)

Other, n (%) 1 (33.3) 2 (66.7)

None, n (%) 5 (31.3) 11 (68.8)

Number of aneurysms 1 (1 – 2) 1 (1 – 3) 0.84***

Aneurysms measurements

Diameter, mm 8.10 (0.94 – 22.90) 4.49 (0.89 – 22.00) 0.42***

Neck, mm 3.57 (1.27 – 7.00) 3.00 (0.52 – 17.9) 0.41***

Dome-neck distance, mm 7.59 (1.02 – 20.06) 4.88 (0.92 – 23.00) 0.71***

Aspect ratio, mm 1.64 (0.68 – 3.97) 1.58 (0.72 – 17.69) 0.72***

Dome/neck ratio, mm 1.57 (0.62 – 5.59) 1.65 (0.75 – 16.92) 0.94***

Location

Internal Carotid, n (%)
C4
C5
C6
C7

9 (47.4)
2 (66.7)
2 (40.0)
2 (28.6)
3 (75.0)

10 (52.6)
1 (33.1)
3 (60.0)
5 (71.4)
1 (25.0)

0.66*AcoA, n (%) 1 (50.0) 1 (50.0)

Pcom, n (%) 2 (22.2) 7 (77.8)

MCA, n (%) 4 (36.4) 7 (63.6)

PICA, n (%) 0 1 (100.0)

Treatment, n (%) 14 (42.4) 19 (57.6)

0.51*
Surgical, n (%) 8 (40.0) 12 (60.0)

Endovascular, n (%) 6 (46.2) 7 (53.8)

None, n (%) 2 (22.2) 7 (77.8)

All values median (min-max) unless otherwise specified. SD: Standard Deviation. AcoA: Anterior Communicating Artery. Pcom: Posterior 
Communicating Artery. MCA: Middle Cerebral Artery. PICA: Posterior Inferior Cerebellar Artery. * Independent samples T-Test. ** Chi-square test. 
***Independent samples Mann-Whitney U Test.
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as chronic symptoms corresponded to headache, which was 
attributed to mass effect (the mean aneurysm diameter was 22 
mm compared to 5 mm in the present study) (12). Additionally, 
in the series by Deruty et al., 54.5% of the UIAs labeled as 
questionably symptomatic were associated with headaches, 
although the authors did not report the diameter of the 
aneurysms (4). Both prevalences are similar to the prevalence 
obtained in the participants of this study.

Regarding headache phenotype, tension-type was the most 
frequent, followed by migraine, which is similar to results 
described in Asian (9), and North American populations 
(13) but different from the results of the meta-analysis (3). 
Interestingly, in this study, the prevalence of migraine was 
11.9%, more than half of that reported in a study from the 
Netherlands (24.4%) (14). This discrepancy could be explained 
because, in the Dutch study, migraine history was assessed 
via a telephone interview, which causes a susceptibility to 
recall bias. In contrast, in our study, the headache phenotype 
was registered at the diagnosis of the UIA.

Previous studies have also failed to demonstrate differences 
in the persistence or improvement of headaches concerning 
the aneurysm’s location or size after aneurysm treatment, re-
gardless of the treatment modality (2). In this regard, the pres-
ent study adds to the current knowledge by analyzing aneu-
rysm size and composite indices of shapes as a continuous 
variable and obtaining the same result as studies where the 
aneurysm size has been analyzed by categories (for exam-
ple, small, medium, large, very large and giant) (2). Notably, 
the role of size and composite indices of UIAs was not stud-
ied in the meta-analysis by Dandurand et al. (3). This is im-
portant because the only headache-inducing mechanism in 
patients with UIAs that has been previously described is the 
mass effect in aneurysms with a diameter larger than 10 mm 
(7), and 20 mm (12). In a prospective study that showed im-
provement in the frequency of headaches after treatment of 
UIAs, the mean aneurysm size was similar to our findings and 
was unrelated to the persistence of headaches after treatment 
(13). Unfortunately, aneurysm size was reported as a single 
value possibly corresponding to diameter, and the location 
was dichotomized into anterior and posterior circulation. On 
the other hand, the authors examined the role of anxiety with 

occlusion. Nine aneurysms from seven patients were left 
untreated; in all but one patient, the decision not to treat was 
medically advised. For the 33 patients who received treatment, 
the median time from DSA to treatment was 28 days (0-274). 
Complications occurred in three patients (6.5%): one in the 
surgical group and two in the endovascular group. One patient 
recovered completely in the immediate postoperative period, 
and one patient from each treatment modality had a permanent 
deficit that remained (both patients had mild aphasia).

At three months, 37 patients (85.7%) attended their follow-
up visit. The median time to follow-up was 91 days (60–92). 
Six patients (14.3%) had persistent headaches. The pain 
phenotype at this visit was tension-type in three patients 
(50.0%) and migraine in three patients (50.0%). At six 
months, 34 patients (81.0%) attended their follow-up visit, 
and the median time to follow-up was 182 days (129–184). 
Four patients (9.5%) had persistent headaches. The pain 
phenotype at six months was tension-type in three patients 
(75.0%) and migraine in one patient (25.0%). There were no 
differences in the registered variables between patients with 
and without headaches at three or six months of follow-up. 
Additionally, at follow-up, no patients were diagnosed with 
new headaches. Table II shows the results of the ROC-AUC 
analysis. The overall discriminatory capacity of the aneurysm 
measurements and its composite measures (aspect and W/N 
ratios) for identifying the persistence of headache was near 
50% at three months but was lower (≈30%) at six months.

█   DISCUSSION
In this cohort of patients with UIA-related headaches, the 
basal characteristics of the population correspond with 
those of other series, namely, the female preponderance 
among participants and a mean age between 50 and 60 
years (2,4,9,11,12). The prevalence of headache (61.9%) is 
also similar to previous studies that report a prevalence up to 
72% (10). When the ICHD 3 criteria for secondary headache 
attributed to UIAs were utilized, the prevalence decreased to 
28.6%. In most previous reports, the headache diagnosis was 
not based on the ICHD 3 (2,11), but in the study by Schwedt 
et al., 10.3% of the participants fulfilled such criteria (13). In 
the series by Raps et al., 51.4% of the UIAs that presented 

Table II: Receiver-Operating Characteristic Area Under the Curve Analysis for the Measurements and Composite Indexes of the 
Aneurysms

Three months Six months

AUC 95% CI p AUC 95% CI p-value

Neck 0.523 0.306 – 0.741 0.86 0.533 0.359 – 0.707 0.83

Dome-Neck distance 0.549 0.290 – 0.808 0.71 0.332 0.158 – 0.506 0.28

Diameter 0.551 0.322 – 0.780 0.69 0.368 0.196 – 0.541 0.39

Aspect ratio 0.491 0.206 – 0.776 0.94 0.283 0.040 – 0.526 0.16

Dome/neck ratio 0.546 0.277 – 0.815 0.72 0.355 0.107 – 0.603 0.35

AUC: Area under the curve, CI: Confidence interval.
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UIAs improve after treatment, and two, such improvement is 
probably unrelated to the size and shape of the UIAs.
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