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Abstract: Migraine is considered to be a
functional neurological disorder. For several
years cerebral blood flow studies have been
fueling the controversy surrounding the
pathophysiology of migraine headache. Tc
99m-HM PAO SPECT brain imaging was
performed during the headache-free period
of 29 migraine sufferers (24 without aura, 5
with aura). The findings were compared with
those of an age-and sex-matched control

group of 17 people. The SPECT images
revealed clear interhemispheric asymmetry in
the right frontal, temporal and occipital lobes
of the brain in the study group. Slight
hypoperfusion was observed in patients who
had interictal EEG abnormalities.
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Introduction

Migraine is a familial disorder characterized by
periodic, commonly unilateral throbbing headaches which
frequently begin in childhood or after the start puberty.
However, its onset may occur at any time from early
childhood. Migraine is associated with disturbances of
neuronal function and reduced perfusion (1–4). It has
been reported that migraine attacks occur in connection
with exacerbations of preexisting changes in cerebral
autoregulation due to endogenous or exogenous factors
(5). Olesen et al. (6) described cerebral blood flow (CBF)
asymmetries during acute attacks of migraine with aura.

The aim of this study was to assess the presence of
cerebral perfusion abnormalities using Tc 99m–HM PAO
as a tracer during the interictal phase.

Material and Methods

Twenty–nine patients (26F, 3M) with a mean age of
34.0±9.1 (range 18–54) were studied during
headache–free period. The patients were diagnosed
according to the criteria of the International Headache
Society (IHS). Twenty–four suffered from migraine
without aura and 5 from migraine with aura. The mean
duration of their diseases was 9.8±12.4 years. A group
of 17 age–matched healthy individuals (15F, 2M) was
also studied. The subjects were patients at the

Department of Neurology, Faculty of Medicine, Erciyes
University, between February and September 1996.

The patients underwent Electroencephalography
(EEG), Computed Tomography (CT) and Single Photon
Emission Tomography (SPECT) with Tc 99m–HM PAO. In
the control group, only SPECT analysis was performed.

The SPECT study was performed, 10 to 60 minutes
after the injection of 550 m Bq of Tc 99m–HM PAO, with
a 360° rotating single–head gamma camera system
(Toshiba GCA602A/5A, Japan) equipped with a LEAP
collimator interfaced to a Toshiba computer system. Data
were obtained in a 64x64 pixel matrix through 360°
rotation at 6° intervals, for 30s per arc interval. The
images were reoriented to obtain transaxial slices parallel
to the orbitometal (OM) line. The transaxial slices were
approximately O mm (orbitomeatal line), 33 mm, 49.5
mm and 66 mm above the orbitomeatal plane. The
rectangular regions of interest (ROI), 5x5 pixels, were set
on the SPECT images in the upper and lower frontal,
temporal, parietal and occipital regions and cerebellar
hemispheres. The mean values of two or three ROIs in
five regions were calculated. The raw data were
reconstructed by filtered back projection using a
Butterworth (8/0.25) and Ramp filter. No attenuation or
scatter correction was applied. Studies were interpreted
to obtain activity ratios in axial slices taking cerebellum as
reference as previously described by Hoshi et al (7). Mean
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cortico/cerebellar ratios were computed for each ROI in
both the patient and control groups. The values were
estimated in the form: mean±SD. The SPECT findings for
the migraine sufferers were compared with those for the
controls. For statistical analysis the paired and unpaired
Student’s t test and Kruskal–Wallis analysis of variance
were used when appropriate.

A schematic illustration of transaxial SPECT slices is
shown in (Fig.1).

Results

The characteristics of the groups are listed in Table 1.

Table 1. Characteristics of Groups.

Patients (n: 29) Controls (n: 17)

Sex F/M 26/3 15/2

Age (years) 34.0±9.1 30.2±12.2

Duration of history (years) 9.8±12.4

Migraine with aura 5

Migraine without aura 24

Headache localization

• Unilateral 20

• Bilateral 9

In the EEG tracing, increased β activity was observed
in 9 (31.0%) of the 29 patients, slow wave activity in the
temporal and posterior cerebral regions in 5 (17.2%)
patients and normal EEG in the remaining 15 (51.7%)
patients (Table II).

Table 2. EEG Findings For the Patients.

EEG State n %

Normal 15 51.7

β activity 9 31.0

Slow wave activity in the temporal 5 17.2

and posterior cerebral regions

The CT scans of the patients were found to be normal.

The data obtained from the groups compared are
shown in Table III. No differences were detected in left
and right cortex Tc 99m–HM PAO uptake values between
the patient and control groups.

The interhemispheric SPECT findings for the groups
are shown in Table IV.

As shown in Table IV, migraine patients exhibited
significantly reduced Tc 99m–HM PAO uptake in the right
lower frontal, temporal, upper frontal and occipital
regions. There was no correlation between the side of the
pain and hemispheric impairment. There were no
significant interhemispheric differences in Tc 99m–HM
PAO uptake in control the group.

Discussion

Although the existence of migraine has been known
for nearly 2000 years, its cause is not completely
understood. According to vascular theory,
vasoconstriction of cerebral arteries leads to neurological
symptoms and rebound vasodilatation of either
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Figure 1. Schematic illustration of
transaxial SPECT slices
parallel to orbitomeatal line.
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OM: Orbitomeatal line



M. MİRZA, A. TUTUŞ, F. ERDOĞAN, M. KULA, A. TOMAR, G. SİLOV, E. KÖSEOĞLU

extracranial or intracranial vessels causes the headache
(8). There appear to be many neurogenic and humoral
factors that contribute to the disorder of cerebrovascular
control (9).

The EEG is usually normal, but sometimes nonspecific
EEG abnormalities can be found in migraine sufferers.
Computed tomography has shown cerebral edema in
patients with migraine, particularly during an attack.
Cerebral infarction and cortical atrophy may be observed
during migraine attacks and between attacks, although
the majority of patients have normal CT scans (10, 11).
In the present study, normal EEG tracing was observed in
15 patients, increased β activity in 9, and slow wave

activity in the temporal and posterior cerebral regions in
the other. 5. CT scans were normal in all patients.

Most studies using SPECT with Tc 99m–HM PAO as
the tracer have demonstrated CBF abnormalities during
migraine attacks and pain–free periods (8, 12–17).

In this study, the semiquantitative analysis of SPECT
images revealed clear interhemispheric asymmetry,
especially in the right frontal, temporal and occipital parts
of the brain in the patient group. Many studies have
reported interhemispheric asymmetry during interictal
periods in migraine sufferers (15, 16, 18, 19). The
cortical hypoperfusion is probably caused by local
disturbance of vasomotor regulation.
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Table 3. Comparison of the Tc 99m-HM Pao Uptake Ratios for the Groups.

PATIENTS (n :  29)                                   CONTROLS (n :  17)

(M+A)                                        (M–A)

REGİONS mean min–max mean min–max mean min–max h

Lower frontal L 0.89 0.75–1.08 0.95 0.83–1.14 0.95 0.92–1.00 0.63*

R 0.88 0.74–1.03 0.93 0.82–1.14 0.96 0.91–1.00 1.48*

Temporal L 0.97 0.85–1.09 0.99 0.89–1.23 1.03 0.96–1.10 1.67*

R 0.94 0.82–1.11 0.98 0.87–1.22 1.02 0.95–1.08 2.91*

Parietal L 0.87 0.78–1.07 0.93 0.78–1.12 0.96 0.91–1.06 1.84*

R 0.85 0.77–1.05 0.93 0.78–1.11 0.96 0.91–1.05 1.55*

Upper Frontal L 0.97 0.77–1.03 0.94 0.76–1.13 0.93 0.89–1.88 0.12*

R 0.92 0.76–1.03 0.91 0.76–1.12 0.94 0.89–1.01 0.93*

Occipital L 0.88 0.80–1.05 0.97 0.80–1.16 0.99 0.92–1.10 1.94*

R 0.88 0.77–1.03 0.94 0.82–1.15 0.99 0.94–1.12 4.02*

L : Left

R : Right

M+A : Migraine with aura

M–A : Migrine without aura

* P>0.05, Kruskal–Wallis analysis of variance

Table 4. Interhemispheric Spect
Findings for the Groups.PATIENTS (n: 29)                             CONTROLS (n: 17)

Regions Left Right Left Right

Mean±SD Mean±SD Mean±SD Mean±SD

Lower frontal 0.96±0.096 0.936±0.097* 0.96±0.03 0.96±0.03

Temporal 1.008±0.91 0.994±0.97* 1.03±0.04 1.02±0.04

Parietal 0.943±0.102 0.939±0.102 0.98±0.04 0.97±0.04

Upper frontal 0.93±0.102 0.921±0.1* 0.94±0.03 0.94±0.03

Occipital 0.972±0.101 0.959±0.98** 1.00±0.04 1.00±0.05

* P<0.05, **P<0.01; paired t test.
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According to the studies of Battistella et al. (20) and
Friberg et al. (21), impaired regional cerebral vascular
autoregulation may exist during migraine and
headache–free periods in patients suffering from classical
and hemiplegic migraine. However, Olesen et al. (22)
concluded that common migraine attacks were not
initiated by reduced cerebral blood flow and, therefore,
they differed pathophysiologically from classical migraine
attacks.

In the present study there were no regional
correlations found between hypoperfusion areas and
clinical presentation. Bes et al. (8) also observed this lack
of correlation. However, a positive correlation between
clinical presentation and hemispheric impairment has
been determined (5, 13, 14, 16).

SPECT revealed slight unilateral hypoperfision in the
posterior cerebral regions in migraine sufferers with
interictal EEG abnormalities. Neuronal dysfunction may
play a role in this.

Previous studies of patients suffering from migraine
have revealed oligaemic changes, especially in the
posterior cerebral regions. The present study has
provided additional information, in that the SPECT with
Tc 99m–HM PAO revealed right frontal temporal and
occipital decrease in CBF in the interictal phase. We think
that many factors may contribute to the development of
migraine and it may be that migraine is not a single
pathogenic entity. Neural and vascular mechanisms play a
role in migraine.

Our data indicate that Tc 99m–HM PAO brain SPECT
is a useful technique for detecting alterations in cerebral
perfusion in migraine sufferers. CT and EEG
abnormalities are not frequently encountered in migraine
patients.

Finally, is should be noted that no single laboratory
procedure –including SPECT– is a reliable marker for
migraine, but SPECT is helpful when used in conjunction
with a patient’s in history and with clinical examinations.
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