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Headache as a risk factor for neurovascular
events in pediatric brain tumor patients

ABSTRACT

Objective: To determine whether severe recurrent headache is a risk factor for neurovascular
events in children who received radiation for brain tumors.

Methods: This is a retrospective cohort study of children with brain tumors who received cranial
irradiation at a large tertiary care center, aged 0–21 years at diagnosis, with initial treatment
between January 1, 1993 and December 31, 2002, and 2 or more follow-up visits. Patients were
considered to have severe recurrent headache if this appeared as a complaint on 2 or more visits.
Headaches attributed to tumor progression, shunt malfunction, or infection, or appearing at the
end of life, were excluded. Medical records were reviewed for events of stroke or TIA.

Results: Of 265 subjects followed for a median of 6.0 years (interquartile range 1.7–9.2 years),
stroke or TIA occurred in 7/37 (19%) with severe headaches compared to 6/228 (3%) without
these symptoms (hazard ratio 5.3, 95% confidence interval 1.8–15.9, p 5 0.003). Adjusting for
multiple variables did not remove the significance of this risk. Median time to first neurovascular
event for the entire cohort was 4.9 years (interquartile range 1.7–5.5 years).

Conclusions: Severe recurrent headache appears to be a risk factor or predictor for subsequent
cerebral ischemia in pediatric brain tumor survivors treated with radiation. This finding has clinical
implications for both monitoring survivors and targeting a specific population for primary stroke
prevention. Neurology� 2013;80:1452–1456

GLOSSARY
AIS 5 arterial ischemic stroke; CI 5 confidence interval; COW 5 circle of Willis; DWI 5 diffusion-weighted imaging; HR 5
hazard ratio; RT 5 radiation therapy; SMART 5 stroke-like migraine after radiation therapy.

Late effects of cranial irradiation for brain tumors in the pediatric population include TIA and
stroke.1–5 The mechanisms of these delayed neurovascular events include radiation-induced
chronic inflammation and oxidative stress, leading to accelerated atherosclerosis via intimal
fibrosis, foam cell accumulation, and thrombosis formation.6 Little data exist regarding factors
that might predict later occurrence of neurovascular events.

Based on the increased risk for delayed neurovascular events, the Children’s Oncology Group
Long-Term Follow-Up Guidelines recommend neurologic surveillance in cancer survivors who
received $18 Gy of cranial radiation.7 The determination of when and how frequently to use
neuroimaging (including vascular imaging), however, depends on the patient’s report of symptoms
and the clinician’s judgment that imaging is “clinically indicated.” Since the patient may only
report a neurologic deficit after ischemic damage has occurred, ideal surveillance would identify
those patients at greatest risk for neurovascular events to target primary stroke prevention.

A recent study by our group confirmed excess risk for neurovascular events in a cohort of
brain tumor survivors seen over 10 years at a major pediatric neuro-oncology tertiary care center,
with an incidence of 548/100,000 person-years, compared to 2–8/100,000 in the general
pediatric population.8 These data also demonstrated an eightfold increased risk for cranial
radiation. As headache is a known symptom of vasculopathies such as moyamoya disease,9 we
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hypothesized that patients with more severe
vascular damage from radiation, and therefore
greater risk for late neurovascular events, were
more likely to complain of severe headaches
during their follow-up visits.

METHODS Study population. The Division of Oncology

Tumor Registry reflects all children with a diagnosis of a CNS

tumor presenting to the Neuro-Oncology division of The Child-

ren’s Hospital of Philadelphia, a large tertiary care center. Patients

aged 0–21 years at brain tumor diagnosis with initial treatment

between January 1, 1993 and December 31, 2002, and who had

2 or more follow-up visits in the Division of Neuro-Oncology, were

identified from the database. Patients were excluded if they did not

receive treatment for the brain tumor, if they experienced intraoper-

ative or perioperative stroke, or if they had a disease known to increase

the risk for neurovascular events, such as neurofibromatosis-1. For

the current analysis, we included only those patients who received

cranial radiation therapy (RT) as part of their treatment.

Each medical record was reviewed for demographics, date of

brain tumor diagnosis, tumor pathology, tumor location, dates

and location of tumor-directed surgery, dates of radiation along with

radiation dose and fields (focal, whole brain, or craniospinal), and

whether chemotherapy was given. Additionally, dates of imaging

studies, occurrence of stroke or TIA symptoms, date of stroke or

TIA occurrence, presence or absence of brain tumor relapse and sub-

sequent therapy, presence or absence of severe recurrent headache,

and date of death were identified from the records. Brain MRI re-

ports for each patient were reviewed for the presence of infarction,

and magnetic resonance angiography reports, when available, for

each patient were reviewed for the presence of vasculopathy.

Standard protocol approvals, registrations, and patient
consents. Institutional review board approval of the protocol was

obtained prior to study initiation.

Radiation dose. Radiation field was categorized in one of 3

ways, in order to estimate the dose to the circle of Willis

(COW): whole-brain radiation (COW dose equals whole-brain

dose), focal radiation to areas not including the COW (dose to

COW equals zero), and focal radiation to areas including the

COW (dose to COW equals focal dose).

Assessment of severe recurrent headache. Patients were con-
sidered to have severe recurrent headache if this appeared as a

complaint on 2 or more follow-up visits to neuro-oncology.

Headaches attributed by the clinician at the time of the visit or

clearly linked to tumor progression, shunt malfunction, or infec-

tion, or appearing at the end of life were excluded. If the clinician

labeled the complaint as “migraine,” these were considered to be

severe headaches for the purposes of this study.

Assessment of neurovascular events. Brain MRI of all pa-

tients with stroke symptoms were reviewed to confirm the pres-

ence of an ischemic lesion. The event of acute arterial ischemic

stroke (AIS) was defined as a new acute clinical deficit corre-

sponding to a vascular territory confirmed by evidence of ische-

mia on diffusion-weighted imaging (DWI) or clear evidence of

hyperintensity on T2-weighted imaging corresponding to the

appropriate vascular distribution if DWI was not performed. If

imaging was uninterpretable due to postsurgical or postradiation

changes, stroke was defined as a new acute clinical deficit corre-

sponding to a vascular territory, lasting .24 hours. TIA was

defined as a new acute clinical deficit corresponding to a vascular

territory lasting ,24 hours without evidence of ischemia on

MRI. Possible neurovascular events of TIA and AIS were assessed

individually by 3 investigators to reach consensus.

Statistical analysis. Wilcoxon rank-sum tests were conducted to

compare nonparametrically distributed variables. Cox proportional

hazardmodels were used to estimate the hazard ratios (HRs) of neu-

rovascular event (TIA or AIS) between those patients who com-

plained of severe recurrent headache after receiving cranial RT to

those who did not complain of severe recurrent headache. HRs

were adjusted for age at diagnosis, treatment with chemotherapy,

and inclusion of the COW in the field of radiation. Standard

asymptotic inference methods for Cox regression based on the par-

tial likelihood were used to construct 95% confidence intervals

(CIs) and to calculate 2-sided significance tests. Statistical tests were

performed using SPSS 17.0 (SPSS Inc., Chicago, IL) and STATA

SE 10.0 (Stata Corp., College Station, TX).

RESULTS Of 431 subjects in the epidemiologic
study,10 265 received cranial RT and were included
in the headache analysis. Table 1 demonstrates that
patients with severe recurrent headaches were compa-
rable to those without these symptoms with several
exceptions. Age at diagnosis was significantly older in
those patients with severe recurrent headaches. Radia-
tion dose in patients with headaches was lower than in
the patients without headaches, although there was no
significant difference in radiation dose to the COW.

Table 2 shows neurovascular event data for the 2
groups. In 37 patients with severe recurrent headache,
there were 7 patients with 11 events of TIA or AIS. In
228 patients without headache, there were 6 patients
with 8 events of TIA or AIS. The median follow-up for
the entire cohort was 6.0 years (interquartile range
1.7–9.2 years), while median time to first neurovascu-
lar event for the entire cohort was 4.9 years (interquar-
tile range 1.7–5.5 years). Length of follow-up was
significantly longer in those patients with headache.

The figure demonstrates event-free survival over
time for the 2 groups. AIS or TIA occurred in 19%
(7/37) of subjects with severe headaches compared to
3% (6/228) without these symptoms (unadjusted HR
5.3; 95% CI 1.8–15.9; p 5 0.003). Severe headache
remained significantly associated with subsequent AIS
or TIA (HR 4.7; 95% CI 1.52–14.5, p5 0.007) after
adjustments for other potential confounders, none of
which independently impacted risk in this popula-
tion, including age at diagnosis (HR5 1.08 per year;
95% CI 0.9–1.23; p 5 0.27), inclusion of COW in
radiation field (HR 5 2.7; 95% CI 0.3–19.8; p 5

0.37), or treatment with chemotherapy (HR 5 2.6;
95% CI 0.7–9.7; p 5 0.15).

DISCUSSION Stroke as a delayed complication of
radiation-induced vascular changes in the brain was
first proposed in the literature more than 30 years
ago, but there have been few large-scale studies to
address this issue.11 Our recent epidemiologic study
confirmed that there is an increased risk of stroke for
brain tumor survivors who received cranial RT.10 In
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this same large cohort, we found that severe recurrent
headache is associated with an increased risk of neuro-
vascular events and therefore may be a warning sign of
ongoing neurovascular changes. Headache is a com-
mon symptom in other vasculopathies, including
moyamoya disease, arterial dissection, reversible cere-
bral vasoconstriction syndrome, and vasculitis, and
may be due to chronic mild ischemia9 or referred pain
due to arterial injury.12 These mechanisms may also
contribute to headache associated with radiation-
induced vasculopathy. We cannot conclusively

demonstrate that patients with severe recurrent head-
ache are more likely to have strokes or TIAs on the
basis of vasculopathy. Due to the retrospective nature
of the study, in which vascular imaging was not uni-
formly obtained and is not done as standard of care in
tumor surveillance imaging in this cohort, this question
could not be analyzed for this study. Future studies
should address the role of large- and small-vessel vas-
culopathies in the pathogenesis of stroke and TIA after
cranial RT, and how these changes clinically manifest.

Collecting the data by chart review allowed stroke
and TIA events to be cross-referenced with imaging.
Because the complaint of severe recurrent headache
was gathered during retrospective chart review, one lim-
itation of this study is the inability to characterize fur-
ther the headache symptoms. Most of the visit notes
did not include enough details to apply International
Headache Society criteria,13 and the complaint of
“migraine” or “headache” was therefore ascertained
directly from the chart. While differentiating headache
type was not possible in our study, attempting to clas-
sify accurately the patient’s headache would be of great
utility in clinical practice, given the existing data regard-
ing ischemic stroke in migraineurs with aura.14 While
patients who received cranial RT may experience
migraine with aura secondary to a different mechanism
than those without any history of radiation exposure,
the possibility of hypoperfusion during aura would
make identifying migraineurs with aura particularly rel-
evant. Separating brain tumor survivors into subgroups
based on headache type may thus have predictive im-
plications with regard to neurovascular events.

The significantly longer duration of follow-up in
the headache group may represent an ascertainment
bias in this population. It is possible that patients
were more likely to continue to follow up in the clinic
if they had symptoms to report, while those without
headaches or other neurologic symptoms were less
likely to follow up. Such a bias may have led to over-
estimation of the HR for headache as a risk factor for
neurovascular events. However, the HR associated
with severe recurrent headache is high enough in this
study that the potential limitation of a 2- to 3-year
difference in follow-up is unlikely to overshadow
this risk. A randomly sampled prospective study
would be necessary to fully address this issue. Age
at diagnosis was significantly older in those with
severe headaches than those without headache. While
this does not represent the age at which the complaint
of headache was registered, it does suggest that the pa-
tients complaining of headache may have been older
than those without complaints of headache. Older
children may be more likely to communicate specific
complaints than younger children, thereby overesti-
mating the risk associated with headache. Despite this
difference between the 2 groups, the HR of severe

Table 1 Group characteristics of patients with severe recurrent headache and
those without headache

Headache
(n 5 37)

No headache
(n 5 228) p Value

Age at diagnosis, y, median (IQR) 10.8 (7.5–14.4) 8.4 (4.6–12.7) 0.02

Sex, n (%)

Male 21 (57) 131 (57) 0.94

Female 16 (43) 97 (43)

Ethnicity, n (%)

Caucasian 28 (76) 163 (71) 0.79

African American 9 (24) 36 (16)

Hispanic 13 (6)

Asian 4 (2)

Other 7 (3)

Unknown 5 (2)

Tumor type, n (%)

Glioma 15 (41) 109 (48) 0.48

Embryonal 9 (24) 71 (31)

Germ cell 4 (11) 13 (6)

Ependymoma 3 (8) 11 (5)

Craniopharyngioma 3 (8) 10 (4)

Other 3 (8) 14 (6)

Surgery, n (%) 28 (76) 153 (67) 0.30

Chemotherapy, n (%) 21 (57) 159 (70) 0.10

Radiation field included circle
of Willis, n (%)

30 (81) 191 (84) 0.68

Radiation dose, cGy, median (IQR) 5,400 (5,040–5,580) 5,540 (5,400–5,600) 0.05

Radiation dose to circle of Willis,
cGy, median (IQR)

5,040 (3,600–5,400) 5,400 (3,600–5,580) 0.30

Abbreviation: IQR 5 interquartile range.

Table 2 Event data for both groups

Headache
(n 5 37)

No headache
(n 5 228) p Value

No. (%) patients with stroke or TIA 7 (19) 6 (3)

Stroke/TIA incidence rate, per 1,000 person-years 24.9 4.7 0.003

Length of follow-up, y, median (IQR) 7.4 (5.0–10.9) 5.7 (1.5–9.0) 0.016

Time to first event, y, median (IQR) 5.4 (3.4–5.9) 2.0 (0.7–5.2) 0.25

Abbreviation: IQR 5 interquartile range.
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headache remained significant when adjusted for age
at diagnosis.

It is important to draw a distinction between the
neurovascular events experienced by these patients
and the syndrome of stroke-like migraine after radiation
therapy (SMART). SMART has been described in the
literature as a clinical syndrome of neurologic deficits
with complete recovery, sometimes lasting weeks to
months, with no EEG evidence of seizures, and striking
transient MRI changes of posterior cortical gyral
enhancement on MRI.15,16 While SMART is character-
ized by its resolution, both clinically and radiographi-
cally, some authors propose that these patients be
treated with migraine prophylaxis and that antiplate-
let agents be considered.15 As SMART is a rare disor-
der, it is not known if these patients are at increased
risk for vascular events, although it seems plausible
given the similarity of these attacks to migraine with
aura.

While some authors note that recognition of the
SMART syndrome may save patients from invasive
procedures such as angiography, our data would argue
that severe headaches in patients who received cranial
RT should raise suspicion for impending brain ische-
mia. We, therefore, recommend that patients with
severe recurrent headaches after cranial RT for brain
tumors receive vigilant monitoring, and that consid-
eration of prompt brain and neurovascular imaging
may be warranted.

Although antiplatelet therapy is frequently offered
to patients considered at risk for delayed ischemic
events, prophylaxis is not considered standard of care
in pediatric brain tumor survivors due to the lack of
supporting evidence. However, within the subgroup
of patients with severe recurrent headaches after

cranial RT, both antiplatelet therapy as well as
migraine prevention could be targeted in future pro-
spective studies to evaluate their impact on the risk of
subsequent neurovascular events.
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