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Cortical Hyperperfusion on MRI Arterial Spin-Labeling during
the Interictal Period of Patients with Migraine Headache

Masami Shimoda, Kaori Hoshikawa, Shinri Oda, Masaaki Imai, Takahiro Osada, Rie Aoki, Azusa Sunaga, and
Chiaki Shinohara

ABSTRACT

BACKGROUND AND PURPOSE: Concentrations of calcitonin gene-related peptide, a neuropeptide and potent endogenous vasodi-
lator, are reportedly higher in patients with migraine than in healthy subjects, both during and between migraine attacks, reflecting
ongoing activation of the trigeminal nervous system. In this prospective study, we measured CBF during the interictal period of
patients with migraine after considering insomnia and depression and examined the effects of ongoing activation of the trigeminal
nervous system, including during the interictal period, on CBF.

MATERIALS ANDMETHODS: In a total of 242 patient with migraine (age range, 18–75 years), CBF was measured by MR imaging arte-
rial spin-labeling during the interictal period and was compared with results from 26 healthy volunteers younger than 45 years of
age as control subjects (age range, 22–45 years). Cortical hyperperfusion was defined as identification of $2 cerebral cortical
regions with regional CBF values at least 2 SDs above the mean regional CBF in control subjects.

RESULTS: The overall frequency of cortical hyperperfusion was significantly higher in patients with migraine (115 of 242, 48%) than
in control subjects (1 of 26, 4%). Multivariable analysis revealed the 18- to 40-year age group and patients with migraine without
insomnia as significant positive clinical factors associated with cortical hyperperfusion. Among patients with migraine without
insomnia, the frequency of cortical hyperperfusion was .92% (89 of 97). One-way ANOVA showed that in all ROIs of the cortex,
regional CBF was significantly higher in patients with migraine without insomnia than in patients with migraine with insomnia or
control subjects. In patients with migraine without insomnia, cortical hyperperfusion findings showed a sensitivity of 0.918 and a
specificity of 0.962 for migraine in the interictal period, representing excellent accuracy. In contrast, among patients with migraine
with insomnia, sensitivity was only 0.179 but specificity was 0.962.

CONCLUSIONS: Patients with migraine without insomnia may have cortical hyperperfusion during the interictal period; however,
the findings of the present study need to be prospectively validated on a larger scale before clinical applicability can be considered.

ABBREVIATIONS: ACA ¼ anterior cerebral artery; AIS ¼ Athens Insomnia Scale; AI ¼ asymmetry index; ASL ¼ arterial spin-labeling; BDI-II ¼ Beck
Depression Inventory, second edition; CGRP ¼ calcitonin gene-related peptide; CHP ¼ cortical hyperperfusion; HIT-6 ¼ Headache Impact Test-6; MHDs ¼ monthly
headache days; PCA ¼ posterior cerebral artery; PM ¼ posterior part of the territory of the MCA; PPV ¼ positive predictive value; rCBF ¼ regional CBF

Previous studies have provided suggestive-but-fragmentary
knowledge about regional CBF (rCBF) during migraine

attacks and auras.1,2 This issue is because CBF fluctuates dynami-
cally during a migraine attack and significant results are difficult
to obtain from sporadic rather than continuous measurements.
Furthermore, migraine has been widely shown to be associated
with depression and insomnia.3 Depression and insomnia are

interrelated, and both may be independently associated with
decreased CBF and impaired CBF autoregulation.4,5 Moreover,
CBF autoregulation in patients with migraine is also impaired.6

Different results would, therefore, seem likely when studying
CBF during attacks in patients with migraine without consider-
ing the presence or absence of depression or insomnia.

Calcitonin gene-related peptide (CGRP) is an important neu-
rotransmitter in the migraine headache-generating trigeminovas-
cular system and is believed to play a crucial role in migraine
pathophysiology.7 CGRP, a highly potent microvascular vasodila-
tor, is the most abundant neuropeptide in the trigeminal system,
and is found in capsaicin-sensitive C fibers that follow the cere-
bral and meningeal arteries to innervate tissues.8 CGRP induces
endothelium-independent vasodilation via direct actions on vas-
cular smooth-muscle cells in the cerebral and coronary vascular
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beds. CBF autoregulation is, in part, mediated by CGRP.9 CGRP
concentrations in plasma, tears, and saliva are reportedly higher
during migraine attacks as well as in patients with migraine dur-
ing nonattacks than in healthy subjects.10,11 In addition to CGRP,
molecules such as vasoactive intestinal peptide and nitric oxide,
which are intricately related to the pathologic mechanism of mi-
graine, are all involved in vasodilation of the intracranial vascula-
ture.12 We have previously encountered findings on interictal
MR imaging and arterial spin-labeling (ASL) in migraineurs that
resemble cortical hyperperfusion (CHP) seen immediately after
epileptic seizures.13,14 These findings may have been due to the
effects of vasodilator molecules related to the pathophysiology of
migraine described above.

Many image-analysis studies using fMRI have been conducted
on patients with migraine but have only aimed to elucidate the
pathophysiology of migraine. The advantages of ASL compared
with SPECT and PET include absolute quantification, repeatability,
avoidance of IV contrast administration and, overall, superior spa-
tial resolution and sensitivity.2 Additionally, because functional
near-infrared spectroscopy is a noninvasive method for measuring
cerebrovascular reactivity, it is more suitable for evaluating the vas-
cular effects of migraine drugs rather than for diagnostic imaging.15

Studies of ASL performed during the interictal period also
reported that patients with migraine showed hyperperfusion of the
some gyri, compared with healthy subjects.2,16 These ASL studies
attempted to identify migraine-specific imaging markers that reflect
brain tissue perfusion through voxel-based CBF analysis. However,
clinically useful image findings have not yet been obtained.
Although the main purpose of MR imaging is to exclude second-
ary headaches, structural changes in the brains of patients with
migraine are known to include an increase in cortical thickness,
which reflects abnormal neuron hyperexcitability.17 However,
because there are individual differences in baseline cortical thick-
ness depending on factors such as age, structural MR imaging
findings are not suitable for diagnosing migraine itself.

In this prospective study, we measured CBF during the inter-
ictal period of patients with migraine using minimally invasive
MR imaging ASL and compared the findings with those of

healthy volunteers as control subjects. Given the results, we con-
sidered the factors of depression and insomnia in patients with
interictal migraine and examined whether there are cerebral cir-
culation characteristics such as CHP findings due to ongoing acti-
vation of the trigeminal nervous system, including during the
interictal period.

MATERIALS AND METHODS
Institutional Review Board Approval
All study protocols were approved by the Institutional Review
Board for Clinical Research (approval no. 22R-078) and the
Conflict of Interest Management Committee (approval No. 22–
168) at our university. The study protocol was implemented in
accordance with the Declaration of Helsinki, and all patients pro-
vided written informed consent before participating in the study. In
all patients with migraine, written informed consent for participa-
tion was obtained for the prospective study of data acquired during
routine medical treatments based on national legislation and insti-
tutional requirements. Our report complies with the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
statement for cohort studies.

Patients
All patients with migraine fulfilled the diagnostic criteria for mi-
graine established in the third edition of the International
Classification of Headache Disorders by the International
Headache Society.18 Each patient with migraine showed normal
results from neurologic examinations, MR imaging, and MRA.
Excluded were patients younger than 18 years of age; smokers;
patients with diabetes mellitus, epilepsy, cardiovascular disorders,
ongoing treatment with calcium blockers or beta blockers, alcohol
abuse, cerebrovascular disease; or those with known systemic diseases
such as anemia and hypertension. None of the patients had received
Botulinum Toxin injections or CGRP inhibitors.

Of the 266 patients with migraine attending our facility during
the study period, 242 patients (age range, 18–75 years; male/
female ratio: 27/215) with a clinical diagnosis of migraine who

SUMMARY

PREVIOUS LITERATURE: Concentrations of calcitonin gene-related peptide (CGRP), a neuropeptide and potent endogenous vaso-
dilator, are reportedly higher in patients with migraine, during both attacks and interictal periods, reflecting ongoing activation
of the trigeminal nervous system. This state of high endogenous CGRP levels, including during interictal periods, likely causes
cortical hyperperfusion (CHP) on MR imaging arterial spin-labeling (ASL). Migraine is associated with depression and insomnia,
both of which are independently associated with decreased CBF. Therefore, studies during migraine attacks, when CBF fluctua-
tions are dramatic or studies that do not take into account the presence or absence of depression and insomnia have not
yielded useful results.

KEY FINDINGS: Patients with migraine may have CHP on ASL during the interictal period. Especially in patients with migraine
without insomnia, the frequency of CHP (89 of 97, 92%) was significantly higher than in control subjects (1 of 26, 4%). This find-
ing demonstrated excellent diagnostic accuracy for interictal migraine.

KNOWLEDGE ADVANCEMENT: The present study suggests that findings of CHP on ASL during the interictal period as the only
characteristic imaging findings of migraine at present may be clinically very useful as an auxiliary diagnostic tool in addition to
medical history.
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were outpatients at our institution between October 2022 and
May 2023 were included in this prospective cross-sectional study.

Patients with migraine were compared with a control group
of 26 healthy volunteers (age range, 22–45 years; male/female ra-
tio: 9/17) selected from our hospital staff with no history of head-
aches, insomnia, and depression using exclusion criteria identical
to those for the groups of patients with migraine.

MR Imaging Perfusion Protocols
CBF studies using MR imaging ASL were performed for all
patients with migraine during the interictal period (at least
48 hours after the last attack and migraine treatment such as trip-
tanes). The upper limit from the last migraine attack to the scan
was 7 days (168 hours). Consumption of caffeine was forbidden
on the day of MR imaging ASL. We performed all MR imaging
studies at our hospital on a 1.5T MR imaging scanner (Signa
Explorer; GE Healthcare) with an Express head-neck array coil. All
MR imaging examinations were completed within 16–18minutes
and included conventional axial T1WI, FLAIR, DWI, MRA, and
ASL. The total scanning time of the ASL sequence was approxi-
mately 2minutes 30 seconds. In addition to routine imaging
sequences, we acquired 3D pulsed continuous ASL (also known
as pseudocontinuous ASL) images with background suppression
using the following parameters: TR, 4548ms; TE, 10.5ms; FOV,
24 cm; 512 sampling points on 6 spirals (matrix size, 512� 6);
spatial resolution, 5.0mm; section thickness, 4mm; number of
sections, 30; excitations, 2; bandwidth, 62.50Hz; and labeling
time, 1.5 seconds. On the basis of a recently published white pa-
per,19 pseudocontinuous labeling, background suppression, a seg-
mented 3D readout without vascular crushing gradients, and
calculation and presentation of both label/control difference
images and CBF in absolute units using a simplified model are
recommended for optimal default implementation of ASL. The
ASL performed in this study used the latest ASL sequence by GE
Healthcare, which meets all these recommended conditions. We
routinely used 2 postlabeling delays (short ASL, 1525ms; delayed
ASL, 2525ms). In this study, a postlabeling delay of 1525ms was
used for the CBF analysis because no patients with severe cere-
brovascular stenosis were included. Another reason is that longer
postlabeling delays reduce the SNR due to relaxation of T1.

For the quantitative ROI analysis of the ASL map, we used the
fully-automated ROI-based analysis software 3D stereotaxic ROI
template (3DSRT Neuro; FUJIFILM) for the positioning or selec-
tion of an ROI offering objectivity and excellent reproducibility.20

The obtained quantitative CBF images were registered anatomi-
cally to the standard brain atlas. The 3D stereotaxic ROI template
software has ROIs predefined on the standard brain atlas and
provides rCBF values for each of the right and left sides of the fol-
lowing 9 regions: callosomarginal, precentral, central, parietal,
angular, temporal, posterior cerebral, pericallosal, and thalamus.
We determined rCBF in the territories of major cerebral arteries
as previously described (Online Supplemental Data).21

We confirmed that there was no significant laterality in rCBF
by calculating the asymmetry index (AI) for control subjects and
patients with migraine. If there was no significant lateral differ-
ence in rCBF, we averaged the left and right regional CBFs and
calculated the mean (SD).

AI was calculated for the rCBF as follows:

Asymmetry index ¼ ðROIright � ROIleftÞ
ðROIright þ ROIleftÞ � 100:

An absolute AI value of.10 indicated asymmetric perfusion.14

In this study, as with the diagnostic criteria for hyperperfusion
immediately after an epileptic seizure or postoperative Moyamoya
disease, an ROI was defined as exhibiting hyperperfusion if CBF in
the ROI was at least 2 SDs higher than the mean reference value
for CBF in control subjects.13 CHP was considered present if $2
hyperperfusion cortical ROIs were identified in each cerebral lobe
in the unilateral hemisphere.13

Variables, Data Extraction, and End Points
The primary end point of this study was to identify the appear-
ance of CHP findings on MR imaging ASL as a feature of the cer-
ebral circulation in patients with migraine during headache-free
periods.

One or 2 months before performing MR imaging, we
extracted the number of monthly headache days (MHDs) from
headache diaries. A headache day was defined as any day on
which a patient recorded any type of headache. Moreover, we
extracted the following characteristics from the patient medical
records: sex; age; age range (in groups of 18–40, 41–60, and 61–
75 years of age); episodic migraine; chronic migraine; aura;
Headache Impact Test-6 (HIT-6)22; morning migraine; Athens
Insomnia Scale (AIS);23 Beck Depression Inventory, second edi-
tion (BDI-II);24 menstrual migraine; weather-related migraine;
medication overdose headache; tension-type headache; selective
serotonin reuptake inhibitor use; and concomitant prophylactic
treatment. We defined “morning migraine” as waking up in the
morning with a migraine caused by dehydration, sleep depriva-
tion, or stress. Insomnia was defined as AIS$ 4, and depression,
as BDI-II$ 11.

Statistical Analysis
All statistical analyses were performed using commercially
available software (SPSS Statistics for Windows, Version
27.0; IBM).

Distributions of each variable were checked for normality
using the Shapiro-Wilk test. The significance of clinical factors
potentially associated with a finding of CHP on MR imaging ASL
was determined using the Fisher exact test. Continuous variables
(age, MHDs, HIT-6, AIS, and BDI-II) were tested using an inde-
pendent samples Student t test. The homogeneity of variance was
analyzed using the Levene test. Values of P, .05 were considered
statistically significant. All data are presented as mean (SD) unless
otherwise specified. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value were calculated using
standard formulas.

RESULTS
Frequencies and Clinical Features of CHP in Patients with
Migraine
No lateral differences in rCBF were identified according to AI in
any patient with migraine. We, therefore, averaged left and right
local CBF on the basis ROIs in control subjects and patients with
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migraine and then calculated the mean (SD). The baseline CBF
values for hyperperfusion obtained from the mean (SD) of rCBF
for each cortical region (anterior cerebral artery [ACA], anterior
part of the territory of the MCA, posterior part of the territory of
the MCA, posterior cerebral artery [PCA]) in control subjects
were$60 in all regions (Table).

The overall frequency of CHP was significantly higher in
patients with migraine (115 of 242, 48%) than in control subjects
(1 of 26, 4%) (Online Supplemental Data).

Clinical features associated with CHP in patients with mi-
graine are shown in the Online Supplemental Data. Because data
for MHDs and HIT-6 were not normally distributed, nonpara-
metric tests were used for analyses. As a result, the clinical factor
significantly associated with CHP in patients with migraine was
the age group of 18–40 years as a positive factor. Negative factors
for CHP findings were the age group of 41–60 years, morning mi-
graine, AIS, AIS$ 4, BDI-II scale, BDI-II$ 11, and the use of an
oral selective serotonin reuptake inhibitor (Online Supplemental
Data). Episodic migraine, chronic migraine, and aura were not sig-
nificantly associated with CHP findings.

Clinical factors with a significance level of P, .10 were
subjected to multivariable logistic regression analysis with the
presence of CHP as the dependent variable. Multivariable anal-
ysis revealed that significant positive clinical factors associated
with CHP in patients with migraine were the age group of 18–
40 years (OR ¼ 2.985; 95% CI, 1.381–6.452; P¼ .005) and
AIS,4 (absence of insomnia) (OR ¼ 53.598; 95% CI, 22.519–
127.57; P, .001). In multivariable analysis, the association
between patients with migraine with depression and CHP was
not significant.

Comparison of CBF in Patients with Migraine with/without
Insomnia
Among 145 patients with migraine with insomnia, 70 (48%) had
depression. Of the 76 patients with migraine with depression, 70
(92%) also had insomnia.

Patients with migraine were subgrouped according to the
presence or absence of insomnia and/or depression, and rCBF
during headache-free periods in each ROI was compared with
that in control subjects (Table and Online Supplemental Data).
Because our data for CBF were normally distributed, we used
1-way ANOVA for analysis of multiple comparisons to test for
significant differences in CBF data between the clinical groups.
Homogeneity of variance was analyzed by using the Levene test.
Equal variance of CBF data from each clinical group was con-
firmed, so the significance of ANOVA was determined by the
Tukey honestly significant difference test (Table and Online
Supplemental Data). Consequently, in all ROIs, rCBF was signif-
icantly higher in patients with migraine without insomnia than
in patients with migraine with insomnia or control subjects.
However, no significant differences in rCBF were seen between
patients with migraine with insomnia and control subjects in
any ROIs (Fig 1). Typical CHP findings on ASL in patients with
migraine without insomnia, patients with migraine with insom-
nia, and healthy controls are shown in Fig 2.

Similarly, in all ROIs, rCBF was significantly higher in patients
with migraine without depression than in patients with migraine
with depression or control subjects. Moreover, in all ROIs, rCBF
was significantly higher in patients with migraine without both
insomnia and depression than in patients with migraine with ei-
ther insomnia or depression or control subjects.

FIG 1. Values of rCBF during the interictal period in patients with mi-
graine with/without insomnia. These plots are graphical representa-
tions of the data presented in the Table. In bar graphs of mean
rCBF, black bars indicate migraine without insomnia, dotted bars
indicate migraine with insomnia, and white bars indicate healthy
controls. THA indicates rCBF in the territory of the thalamus; AM,
anterior part of the territory of the MCA; PM, posterior part of the
territory of the MCA.

Comparison of CBF using MR imaging of ASL in control subjects and patients with migraine with and without insomnia and/or depressiona

Cases ACA AM PM PCA Tha
Healthy control 26 48 (SD, 6)b 49 (SD, 7)b 48 (SD, 6)b 47 (SD, 6)b 45 (SD, 6)b

Baseline for hyperperfusion 60 63 60 59 57
Migraine without insomnia 97 62 (SD, 6) 64 (SD, 5) 63 (SD, 5) 61 (SD, 5) 56 (SD, 6)
Migraine with insomnia 145 51 (SD, 7)b 52 (SD, 7)b 51 (SD, 7)b 50 (SD, 8)b 48 (SD, 6)b

Migraine without depression 166 57 (SD, 8) 59 (SD, 8) 58 (SD, 8) 56 (SD, 8) 53 (SD, 7)
Migraine with depression 76 51 (SD, 8)b 53 (SD, 8)b 52 (SD, 8)b 51 (SD, 8)b 49 (SD, 7)c

Migraine without both insomnia and depression 91 62 (SD, 6) 64 (SD, 5) 63 (SD, 5) 60 (SD, 5) 56 (SD, 6)
Migraine with either insomnia or depression 151 51 (SD, 8)b 53 (SD, 8)b 52 (SD, 8)b 50 (SD, 8)b 49 (SD, 7)b

Note:—Tha indiates thalamus; AM, anterior part of the territory of the MCA; PM, posterior part of the territory of the MCA.
aData are means. Insomnia was defined as a score of$4 on the AIS. Depression was defined as a score of$11 on the BDI-II. The unit for CBF is mL/100 g/min. rCBF data
in migraineurs without insomnia (or depression) were compared with those in healthy controls and migraineurs with insomnia (or depression) and evaluated by ANOVA
followed by the Tukey honestly significant difference test.
bP, .001.
cP¼ .01.
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The statistical significance of pair-wise comparisons against rCBF
data in patients with migraine was evaluated with ANOVA followed
by the Tukey honestly significant difference test. Comparison of
patients with migraine with insomnia, depression, and those
with migraine with either insomnia or depression, and healthy
controls showed no significant difference in rCBF in any ROI.

Accuracy of Migraine Diagnosis Based on Hyperperfusion
on MR Imaging ASL
In patients with migraine without insomnia, regarding the diag-
nostic accuracy of CHP findings for migraine in the interictal pe-
riod, sensitivity was 0.918, specificity was 0.962, and PPV was
0.989, showing excellent accuracy. In all cases and patients with
migraine with insomnia, the sensitivity was low at 0.475 and
0.179, respectively, but the specificity was 0.962 and 0.962, respec-
tively, and the PPV was good at 0.991 and 0.963, respectively.

DISCUSSION
Mechanisms of CHP in Patients with Migraine
This study showed that patients with migraine, especially those
without insomnia, may have interictal CHP. Functional MR
imaging is useful for identifying changes in functional connec-
tivity in migraine that are thought to be related to cortical
spreading depolarization. However, because blood oxygenation
level–dependent signals obtained from fMRI do not directly
reflect cerebral perfusion,16 there are no studies that can be
used as a reference for considering the mechanism of CHP in
migraine. We speculate that cortical hyperexcitability, which
plays an important role in the development of migraine in the
trigeminal nerve-thalamocortical pathway, is the cause of CHP.
In fact, a previous study of voxel-based CBF analysis of ASL
during the interictal period reported high CBF levels in visual,
somatosensory, multisensory integration cortices, superior
frontal gyri, and postcentral gyri in interictal ASL in patients
with migraine with aura.16

The mechanism of CHP may also involve vasodilatory neuro-
transmitters that are associated with migraine development.
CGRP mediates CBF autoregulation, in part, by inducing endo-
thelial-independent vasodilation through direct effects on cere-
bral vascular smooth-muscle cells.9 Moreover, CGRP released
from the trigeminal perivascular nerve is also a potent direct

vascular smooth-muscle dilator that counteracts vasoconstriction
and hypoperfusion of the cerebral vascular bed as a rescue mech-
anism in cerebral ischemia.9,25,26

Concentrations of CGRP in plasma, tears, and saliva are
reportedly higher in patients with migraine both during
attacks and during the interictal period compared with
healthy subjects.10,11 Thus, the presence of elevated CGRP lev-
els not only during headache attacks but also during the inter-
ictal period indicates that the trigeminal nervous system is
continuously activated during headache attacks and during
the interictal period.10 Normally, endogenous CGRP does not
change CBF at the steady state. However, migraine,6 insom-
nia, and depression are never steady states due to impaired
CBF autoregulation. Therefore, a state of high endogenous
CGRP levels resulting from ongoing activation of the trigemi-
nal nervous system, including during interictal periods, likely
causes CHP on ASL.

ASL Findings in Patients with Migraine Headache with
Insomnia and Depression
A common neurophysiologic mechanism underlying both
insomnia and depression is hyperactivation of the hypothala-
mic-pituitary-adrenal axis, which indirectly results in impaired
CBF autoregulation.4,27 There have also been reports of decreased
local CBF in the frontal medial, occipital, and parietal cortices and
basal ganglia in patients with insomnia.5,28 Studies of CBF in mi-
graine that do not consider the presence or absence of depression
or insomnia would thus seem unlikely to yield results in consensus.

CGRP may be involved in the pathophysiology of depression,
and a significant increase in CGRP levels has been reported in
patients with migraine with depression.11 Thus, although CGRP
concentration is known to be high in depression, CBF in this
study was low among patients with migraine with depression,
and the vasodilatory effects of CGRP were not reflected. Previous
studies have shown that homocysteine levels in patients with
depression were significantly higher.29 Elevated plasma levels of
homocysteine resulted in reduced nitric oxide bioavailability
and hypertrophy of vascular smooth-muscle cells, which could
decrease the ability of vascular dilation.4,30 On the basis of these
findings, we think that because the vasodilatory ability is
reduced in depression and/or insomnia, which is strongly

FIG 2. Findings from MR imaging ASL. A, Typical CHP findings in a 41-year-old woman with episodic migraine without insomnia. B and C, Normal
findings without CHP in a 48-year-old woman with chronic migraine complicated by insomnia (B) and a 30-year-old woman from the healthy
control group (C).
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associated with depression, the vasodilatory effect of CGRP is
less likely to occur. As a result, the frequency of CHP may be
low in migraine complicated with depression and/or insomnia.
In the future, we believe it is important to study how insomnia
and depression affect the trigeminovascular system, CGRP lev-
els, and CBF autoregulation in patients with migraine.

Neuroradiologic Diagnosis of Migraine by CHP Findings on
ASL
Previous migraine studies using ASL did not emphasize the pres-
ence of CHP.2,16 In contrast, because the strengths of our study
compared with previous studies include the large sample size,
grouping analysis by presence or absence of insomnia and
depression, and strict interictal ASL implementation, we were
able to clarify the presence of CHP as a characteristic finding of
ASL in patients with migraine.

The CHP findings in this study were more frequent and clini-
cally useful in patients with migraine without insomnia and
depression. Moreover, because the CBF value in CHP was
$10mL/100 g/min higher than that in healthy controls, the
hyperperfusion pattern for the cortex on ASL images is visu-
ally impressive. CHP, therefore, seems to allow an easy one-
shot diagnosis without checking the CBF value. In addition, if
migraine is clearly diagnosed according to the diagnostic cri-
teria, but no CHP findings are evident, insomnia or depres-
sion should be suspected, and clinical/psychological medical
examinations should be required. These will allow headache
specialists to treat migraines more precisely. On the basis of
the above, we emphasize that CHP findings on ASL are clini-
cally very useful as one of the supplementary diagnostic tools
in addition to interviews, as the only impressive imaging find-
ing for migraine at present.

The differential diagnosis for CHP includes nonconvulsive
status epilepticus.13,14 Additionally, those with typical aura with-
out headache18 and patients with a family history of migraine
may also present with CHP findings, and this possibility is cur-
rently under investigation.

Limitations
This study has some limitations. First, it relied on indirect evi-
dence from previous studies, because we were unable to test our
hypothesis by simultaneously measuring CGRP levels in both
patients with migraine and control subjects and correlating them
with ASL findings.

Second, relatively low SNR and low temporal resolution, as
the key limitations of ASL, have been overcome due to technical
advances in MR imaging.1 However, ASL remains vulnerable to
head-movement artifacts, so the existence of cases that compro-
mised the reliability of CBF values cannot be ruled out. In addi-
tion, ASL perfusion findings may be influenced by various
factors, such as the MR magnetic field (1.5T versus 3T) and limi-
tation of using single delay, sex, age, and the effect of medications
on CBF measures.

Third, the reproducibility of CBF measured with ASL was not
assessed. In the future, repeat interval scans will need to be per-
formed to confirm that the results of this study are a consistent
phenomenon rather than obtained by chance.

Fourth, because the main purpose of this study was to
demonstrate that migraine can be diagnosed on the basis of
the finding of CHP on ASL, we did not perform a group-level
voxelwise CBF analysis to look for the spatial extent of the
abnormalities.

CONCLUSIONS
Patients with migraine without insomnia may have CHP during
the interictal period; however, the findings of the present study
need to be prospectively validated on a larger scale before clinical
applicability can be considered.

ACKNOWLEDGMENTS
The authors are grateful to the radiologic technologists and nurs-
ing staff at our institute for their assistance in this work.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.

REFERENCES
1. Park S, Lee DA, Lee HJ, et al. Brain networks in migraine with and

without aura: an exploratory arterial spin labeling MRI study. Acta
Neurol Scand 2022;145:208–14 CrossRef Medline

2. Russo A, Silvestro M, Tessitore A, et al. Arterial spin labeling MRI
applied to migraine: current insights and future perspectives. J
Headache Pain 2023;24:71 CrossRef Medline

3. Saçmacı H, Tanik N, _Inan LE. Current perspectives on the impact
of chronic migraine on sleep quality: a literature review. Nat Sci
Sleep 2022;14:1783–800 CrossRef Medline

4. Liu M, He E, Fu X, et al. Cerebral blood flow self-regulation in
depression. J Affect Disord 2022;302:324–31 CrossRef Medline

5. Park S, Hong H, Kim RY, et al. Firefighters have cerebral blood
flow reductions in the orbitofrontal and insular cortices that are
associated with poor sleep quality. Nat Sci Sleep 2021;13:1507–17
CrossRef Medline

6. Müller M, Marziniak M. The linear behavior of the system middle
cerebral artery flow velocity and blood pressure in patients with
migraine: lack of autonomic control? Stroke 2005;36:1886–90
CrossRef Medline

7. Iyengar S, Johnson KW, Ossipov MH, et al. CGRP and the trigemi-
nal system in migraine.Headache 2019;59:659–81 CrossRef Medline

8. Nisar A, Ahmed Z, Yuan H. Novel therapeutic targets for migraine.
Biomedicines 2023;11:569 CrossRef Medline

9. Hong KW, Pyo KM, Lee WS, et al. Pharmacological evidence that
calcitonin gene-related peptide is implicated in cerebral autoregu-
lation. Am J Physiol 1994;266:H11–16 CrossRef Medline

10. Kamm K. CGRP and migraine: what have we learned from meas-
uring CGRP in patient with migraine so far? Front Neurol 2022;
13:930383 CrossRef Medline

11. Alpuente A, Gallardo VJ, Asskour L, et al. Salivary CGRP and erenu-
mab treatment response: towards precision medicine in migraine.
Ann Neurol 2022;92:846–59 CrossRef Medline

12. Biscetti L, Cresta E, Cupini LM, et al. The putative role of neuroin-
flammation in the complex pathophysiology of migraine: from
bench to bedside. Neurobiol Dis 2023;180:106072 CrossRef Medline

13. Ohtomo S, Otsubo H, Arai H, et al.Hyperperfusion in the thalamus
on arterial spin labelling indicates non-convulsive status epilepti-
cus. Brain Commun 2021;3:fcaa223 CrossRef Medline

14. Hauf M, Slotboom J, Nirkko A, et al. Cortical regional hyperperfu-
sion in nonconvulsive status epilepticus measured by dynamic
brain perfusion CT. AJNR Am J Neuroradiol 2009;30:693–98 CrossRef
Medline

6 Shimoda � 2024 www.ajnr.org

https://www.ajnr.org/sites/default/files/additional-assets/Disclosures/June%202024/0806.pdf
http://www.ajnr.org
http://dx.doi.org/10.1111/ane.13536
https://www.ncbi.nlm.nih.gov/pubmed/34633068
http://dx.doi.org/10.1186/s10194-023-01597-y
https://www.ncbi.nlm.nih.gov/pubmed/37322466
http://dx.doi.org/10.2147/NSS.S335949
https://www.ncbi.nlm.nih.gov/pubmed/36225323
http://dx.doi.org/10.1016/j.jad.2022.01.057
https://www.ncbi.nlm.nih.gov/pubmed/35032508
http://dx.doi.org/10.2147/NSS.S312671
https://www.ncbi.nlm.nih.gov/pubmed/34531693
http://dx.doi.org/10.1161/01.STR.0000177886.94134.92
https://www.ncbi.nlm.nih.gov/pubmed/16100026
http://dx.doi.org/10.1111/head.13529
https://www.ncbi.nlm.nih.gov/pubmed/30982963
http://dx.doi.org/10.3390/biomedicines11020569
https://www.ncbi.nlm.nih.gov/pubmed/36831105
http://dx.doi.org/10.1152/ajpheart.1994.266.1.H11
https://www.ncbi.nlm.nih.gov/pubmed/7508205
http://dx.doi.org/10.3389/fneur.2022.930383
https://www.ncbi.nlm.nih.gov/pubmed/35968305
http://dx.doi.org/10.1002/ana.26472
https://www.ncbi.nlm.nih.gov/pubmed/36054144
http://dx.doi.org/10.1016/j.nbd.2023.106072
https://www.ncbi.nlm.nih.gov/pubmed/36907522
http://dx.doi.org/10.1093/braincomms/fcaa223
https://www.ncbi.nlm.nih.gov/pubmed/33501426
http://dx.doi.org/10.3174/ajnr.A1456
https://www.ncbi.nlm.nih.gov/pubmed/19213823


15. Pourshoghi A, Danesh A, Tabby DS, et al. Cerebral reactivity in
patient with migraine measured with functional near-infrared
spectroscopy. Eur J Med Res 2015;20:96 CrossRef Medline

16. Fu T, Liu L, Huang X, et al. Cerebral blood flow alterations in
patient with migraine with and without aura: an arterial spin label-
ing study. J Headache Pain 2022;23:131 CrossRef Medline

17. Szabo E, Ashina S, Melo-Carrillo A, et al. Peripherally acting anti-
CGRP monoclonal antibodies alter cortical gray matter thickness
in patient with migraine: a prospective cohort study. Neuroimage
Clin 2023;40:103531 CrossRef Medline

18. Headache Classification Committee of the International Headache
Society (IHS) The International Classification of Headache
Disorders, 3rd edition. Cephalalgia 2018;38:1–211 CrossRef Medline

19. Alsop DC, Detre JA, Golay X, et al. Recommended implementation
of arterial spin-labeled perfusion MRI for clinical applications: a
consensus of the ISMRM perfusion study group and the European
Consortium for ASL in Dementia. Magn Reson Med 2015;73:102–
16 CrossRef Medline

20. Iwanaga T, Harada M, Kubo H, et al. Operator-bias-free compari-
son of quantitative perfusion maps acquired with pulsed-continu-
ous arterial spin labeling and single-photon-emission computed
tomography.Magn Reson Med Sci 2014;13:239–49 CrossRef Medline

21. Inoue Y, Tanaka Y, Hata H, et al. Arterial spin-labeling evaluation
of cerebrovascular reactivity to acetazolamide in healthy subjects.
AJNR Am J Neuroradiol 2014;35:1111–16 CrossRef Medline

22. ShinHE, Park JW, KimYI, et al.Headache Impact Test-6 (HIT-6) scores
for patient with migraine: their relation to disability as measured from
a headache diary. J Clin Neurol 2008;4:158–63 CrossRef Medline

23. Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens Insomnia
Scale: validation of an instrument based on ICD-10 criteria. J
Psychosom Res 2000;48:555–60 CrossRef Medline

24. Arnarson TO, Olason DT, Smári J, et al. The Beck Depression
Inventory Second Edition (BDI-II): psychometric properties in
Icelandic student and patient populations. Nord J Psychiatry 2008;
62:360–65 CrossRef Medline

25. McCulloch J, Uddman R, Kingman TA, et al. Calcitonin gene-
related peptide: functional role in cerebrovascular regulation. Proc
Natl Acad Sci U S A 1986;83:5731–35 CrossRef Medline

26. Mulder IA, Li M, de Vries T, et al. Anti-migraine calcitonin gene-
related peptide receptor antagonists worsen cerebral ischemic out-
come in mice. Ann Neurol 2020;88:771–84 CrossRef Medline

27. Roth T, Roehrs T, Pies R. Insomnia: pathophysiology and implica-
tions for treatment. Sleep Med Rev 2007;11:71–79 CrossRef Medline

28. Smith MT, Perlis ML, Chengazi VU, et al. Neuroimaging of NREM
sleep in primary insomnia: a Tc-99-HMPAO single photon emis-
sion computed tomography study. Sleep 2002;25:325–35

29. Karakuła H, Opolska A, Kowal A, et al. Does diet affect our mood?
The significance of folic acid and homocysteine [in Polish]. Pol
Merkur Lekarski 2009;26:136–41 Medline

30. Lai WK, Kan MY. Homocysteine-induced endothelial dysfunction.
Ann Nutr Metab 2015;67:1–12 CrossRef Medline

AJNR Am J Neuroradiol �:� � 2024 www.ajnr.org 7

http://dx.doi.org/10.1186/s40001-015-0190-9
https://www.ncbi.nlm.nih.gov/pubmed/26644117
http://dx.doi.org/10.1186/s10194-022-01501-0
https://www.ncbi.nlm.nih.gov/pubmed/36195842
http://dx.doi.org/10.1016/j.nicl.2023.103531
https://www.ncbi.nlm.nih.gov/pubmed/37866119
http://dx.doi.org/10.1177/0333102417738202
https://www.ncbi.nlm.nih.gov/pubmed/29368949
http://dx.doi.org/10.1002/mrm.25197
https://www.ncbi.nlm.nih.gov/pubmed/24715426
http://dx.doi.org/10.2463/mrms.2013-0117
https://www.ncbi.nlm.nih.gov/pubmed/25167874
http://dx.doi.org/10.3174/ajnr.A3815
https://www.ncbi.nlm.nih.gov/pubmed/24371025
http://dx.doi.org/10.3988/jcn.2008.4.4.158
https://www.ncbi.nlm.nih.gov/pubmed/19513291
http://dx.doi.org/10.1016/s0022-3999(00)00095-7
https://www.ncbi.nlm.nih.gov/pubmed/11033374
http://dx.doi.org/10.1080/08039480801962681
https://www.ncbi.nlm.nih.gov/pubmed/18752106
http://dx.doi.org/10.1073/pnas.83.15.5731
https://www.ncbi.nlm.nih.gov/pubmed/3488550
http://dx.doi.org/10.1002/ana.25831
https://www.ncbi.nlm.nih.gov/pubmed/32583883
http://dx.doi.org/10.1016/j.smrv.2006.06.002
https://www.ncbi.nlm.nih.gov/pubmed/17175184
https://www.ncbi.nlm.nih.gov/pubmed/19388520
http://dx.doi.org/10.1159/000437098
https://www.ncbi.nlm.nih.gov/pubmed/26201664

	Cortical Hyperperfusion on MRI Arterial Spin-Labeling during the Interictal Period of Patients with Migraine Headache
	MATERIALS AND METHODS
	INSTITUTIONAL REVIEW BOARD APPROVAL
	PATIENTS
	MR IMAGING PERFUSION PROTOCOLS
	VARIABLES, DATA EXTRACTION, AND END POINTS
	STATISTICAL ANALYSIS
	RESULTS
	FREQUENCIES AND CLINICAL FEATURES OF CHP IN PATIENTS WITH MIGRAINE
	COMPARISON OF CBF IN PATIENTS WITH MIGRAINE WITH/WITHOUT INSOMNIA
	ACCURACY OF MIGRAINE DIAGNOSIS BASED ON HYPERPERFUSION ON MR IMAGING ASL
	DISCUSSION
	MECHANISMS OF CHP IN PATIENTS WITH MIGRAINE
	ASL FINDINGS IN PATIENTS WITH MIGRAINE HEADACHE WITH INSOMNIA AND DEPRESSION
	NEURORADIOLOGIC DIAGNOSIS OF MIGRAINE BY CHP FINDINGS ON ASL
	LIMITATIONS
	CONCLUSIONS
	REFERENCES


