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Abstract

Background Previous studies in headache patients measured the cerebrovascular reactivity (CVR) in response to
photic stimulation but they have yielded contradictory results. The purpose of study was to measure CVR of both
migraine and chronic tension headache (TTH) patients in response to photic stimulation.

Methods The study included 37 migraineurs and 24 chronic TTH patients compared with 50 age- and sex-matched
healthy volunteers. Peak systolic, end diastolic, mean flow velocities and CVR (PSV, EDV, MFV, and CVR) were measured
using TCD ultrasonography of the middle, anterior, posterior cerebral and vertebral arteries (MCA, ACA, PCA, and VA)
before and after 100 s of 14 Hz photic stimulation.

Results A three-way repeated measures ANOVA interaction with main factors of Vessels (MCA, ACA, PCA, VA), Time
(pre-post photic) and Groups (migraine, TTH, and control group) revealed significant 3-way interactions for measures
of PSV (P=0.012) and MFV (P=0.043). In the migraine patients there was significantly higher PSV, EDV, and MFV in

the MCA, ACA, and PCA after photic stimulation compared with baseline. The CVR of the MCA was also significantly
higher in migraineurs than controls. In the TTH group, there was significantly higher PSV, EDV, and MFV (P =0.003,
0.012, 0.002 respectively) in the VA after photic stimulation than at baseline. The CVR was significantly higher in the VA
of TTH patients than controls.

Conclusion Compared with controls after photic stimulation, the higher CVR of the MCA in migraineurs and of the
VA in TTH patients could be used as diagnostic tool to differentiate between the two types of headaches.

Keywords Migraine, Tension type headache, Cerebrovascular reactivity, Transcranial Doppler Sonography; cerebral
blood flow velocities
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Background

One of the pathophysiological alterations in migraine is
neuronal hypersensitivity to various intrinsic and extrin-
sic stimuli. This can be detected by changes in cerebral
vasoreactivity [1] that can be measured using transcra-
nial doppler (TCD) ultrasonography. One commonly
used stimulus is hypercapnia, with a recent meta-anal-
ysis showing that the cerebrovascular reactivity (CVR)
to hypercapnia is lower in the posterior circulation of
migraineurs, particularly those without aura [2]. Oth-
ers have used visual stimulation. Zaletel et al. [3] used a
checkerboard stimulus and found that visually evoked
cerebral blood flow velocity responses (VEFR) were
higher interictally in 30 migraineurs than in a control
group. Backer et al. [4] found a steady increase in the
cerebral blood flow velocity (CBFV) of migraineurs while
it habituated in controls. Sedighi et al. [5] examined the
effect on blood flow of a flickering light stimulus lasting
100 s on patients with migraine and a control group. They
found that at baseline, there was a higher peak systolic
velocity in the posterior cerebral artery of migraineurs
than the control group, while peak systolic velocity dur-
ing stimulation was not statistically significant. Nedel-
tchev et al. [6] assessed CBFV changes in MCA and PCA
in relation to repetitive checkerboard visual stimulation
in19 migraineurs and 19 normal volunteers. During
visual stimulation the CBFV was significantly larger and
steeper in migraineurs than in controls.

In population-based studies, 78% of headache patients
are diagnosed with tension type headache (TTH). The
clinical diagnosis is based chiefly on negative features
(absence of symptoms that characterize other primary
or secondary headaches). However, a minority of TTH
patients can have some of these features. For example,
18% have pulsatile headache, 10% unilateral pain, 28%
aggravation on routine physical activity, 18% anorexia, 4%
nausea, and 11% photophobia [7]. Simultaneous record-
ing of the CVR of the middle cerebral artery (MCA) to
visual stimulation revealed an increase of cerebral blood
flow velocity of over 10 cml/s in 6/15 children with
migraine and TTH [8]. Yet CVR is rarely measured in
TTH despite the presence of photophobia in some cases.
So, the question we ask in the present study is whether
their CBF response differs from that of patients with
migraine. There have been few studies of this in the past
[3-6, 8-10] and none of these references say anything
definite about TTH. The aim of this study was to com-
pare interictal CVR in patients with migraine and TTH
in response to photic stimulation.

Methods

Sixty-one patients with headache were recruited con-
secutively from the outpatient’s clinic of Qena Univer-
sity Hospital during the period from 1st January 2019 to
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31th December 2019). 37 had migraine and 24 had TTH
according to criteria of the International Society of Head-
ache [10].

Inclusion criteria: both sexes were included with an age
range from 20 to 50 years and at least a 6-month history
of headache. Exclusion criteria: patients with hyperten-
sion, diabetes mellitus or severe medical disease, vascu-
lar disease, stroke, addiction disorder, or patients under
treatment with calcium or beta blockers as well as alco-
hol abuse. None had previously received Botox injections
or calcitonin gene-related peptide (CGRP) inhibitors.
Patients receiving triptans or ergot drugs as urgent treat-
ment to abort an attack during the study were excluded
as were patients taking any antidepressants for at least 3
days before the examination. (See inclusion and exclusion
criteria in Khedr et al. 2022).

We classified each type of headache into two subgroups
according to the International Society of Headache: epi-
sodic; <15 attacks per month and chronic; > 15 attacks
of headache/month (16 chronic and 8 episodic TTH and
23 episodic and 14 chronic migraine)[11]. However as
there was no significant difference between episodic and
chronic in each type of headache or between migraine
with aura (16 cases) or without aura (21 cases) in TCD
data at rest as reported in the our previous paper (Khedr
et al. (2022)[12], we combined all patients with migraine
together (37 cases) versus all patients with TTH (24
cases).

The data were compared with 50 control age- and
sex-matched healthy volunteers with the same exclu-
sion criteria. A full neurological history and neuro-
logical examination was obtained in all the patients. A
Computerized brain tomography of brain was done for
each patient to exclude secondary headache. All patients
were headache-free for at least 3 days at the time of the
examination.

Transcranial doppler ultrasonography examination

The TCD examination was performed in a quiet room
according to previously recommended practice stan-
dards using a SAMSUNG HS60 DEVICE manufactured
in South Korea with a faced array probe 2—-4 Hz. Peak
systolic velocity (PSV), end diastolic velocity (EDV),
mean flow velocity (MFV) and pulsatile index (PI) were
obtained for the right side of the head for middle cere-
bral artery (MCA) at depth 40-65 mm, anterior cere-
bral artery (ACA) at 60-75 mm, posterior cerebral
artery (PCA) at 55-75 mm, and vertebral artery (VA) at
40-75 mm. The MCA, and ACA were defined as ante-
rior circulation, while the VA, and PCA were classified
as posterior circulation. The mean flow velocity was cal-
culated as EDV plus one-third of the difference between
PSV and EDV (i.e. [2XEDV+PSV] / 3). Because asym-
metric CBFVs were not related with the headache side or
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migraine with/without aura [13]. we select the right side
of the head For TCD study in all patients and controls.
The pulsatility index (PI) was used as a measure of stiff-
ness of a blood vessel; a higher PI correlates with a stiffer
blood vessel. PI is calculated by subtracting EDV from
PSV and dividing the value by MFV [14].

During insonation, participants were given 14 Hz pho-
tic flash stimulation for 100 s from a distance of approxi-
mately 1 m. The flow velocity was recorded before and
50 s after the end of stimulation at the same depth and
site [4].

The cerebrovascular reactivity (CVR) was calculated
as Vstim—Vrest / Vrest*100 where Vstim is the mean
blood flow velocity during the stimulation, and Vrest is
the baseline mean flow velocity during the initial 5 min
prior to stimulation [10].

Consent and ethical approval

Written confirmed consent was obtained from each par-
ticipant after explaining all point of the study, and local
ethical committee of Faculty of Medicine South Valley
University approved the study.

Statistical analysis

All data were analyzed with the aid of the SPSS ver.16.
Descriptive statistics, cross- tabs and frequency tables
were used to describe some of the basic variables. Most
of the data were normally distributed as checked by
Shapiro-Wilk test except some minor deviations from
normality in some parameters, but given the robustness
of ANOVA, the authors decided to use this throughout
the analysis. T-test was performed to compare continu-
ous variables between groups which are expressed as
meantSD data. Categorical variables were compared
by Fisher’s exact 2-tailed test or by the Chi Square test.
Three Ways-ANOVA was performed to detect interac-
tion between groups (4 vessels (MCA, ACA, PCA, VA) X
Time (pre and post photic) X 3 groups (Migraine, tension
headache and controls).

Two Way-ANOVA repeated measurements analysis for
each vessel separately with the main effect of time “Pre
and post stimulation “X groups (three groups) was used
to compare the differential effects of the photic stimu-
lation on each TCD parameters scores for each vessel.

Table 1 Demographic and Clinical Data of studied groups
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When necessary, a Greenhouse—Geisser correction was
applied to correct for non-sphericity.

Post hoc T-test was used to compare pre versus post
photic stimulations for all Doppler parameters for each
vessel. Kruskal-Wallis H was performed to measure the
significant between the three groups in CVR. Pearson’s
coefficient correlation was performed between CVR data
of each artery with different clinical parameters. The
accepted significance threshold was p <0.05.

Results

Table 1 showed Demographic and Clinical Data of stud-
ied groups. There were no significant differences between
groups in mean age, and sex distribution between stud-
ied groups. There was no significant difference between
patient groups in duration of illness. The frequency of
attacks was significantly higher in tension headache
group and family history was significantly higher among
migraine than other groups. Because there were no sig-
nificant differences between migraine with aura and
migraine without aura in different parameters of TCD
we combined them into one group. Out of 37 patients
with migraine 16 patients had aura, 10 of whom experi-
enced visual symptoms of zigzags and flashes of lights.
The remaining 6 patients had a sensory aura in the form
of mouth numbness and dizziness. Visual stimuli as a
trigger for headache were reported 5 patients who had
migraine and aura, 5 patients who had migraine without
aura and in 1 patient with TTH.

Three Way-ANOVA repeated measure analysis
revealed a significant Vessels (MCA, ACA, PCA, VA) X
Time (pre and post photic) X Group (Migraine, tension
headache and controls) interaction for PSV (P=0.012,
f=3.8, df=6(2.7)), and the MFV revealed a significant
interaction (Vessels X time X groups) with P=0.043,
f=2.8, df=6 (2.86)), with no significant interaction nei-
ther for EDV (Vessels X time X groups with P=0.231,
f=1.44, df=3.15, nor for PI Vessels X time X groups
(P=0.35, f=1.1, df=6(2.5)).

Table 2 shows the changes in MCA blood flow pre and
post photic stimulations. A two-way repeated measures
ANOVA showed a significant interaction of Time X
Groups for PSV and MFV (P=0.001, and 0.043 respec-
tively). Post hoc T-tests (pre versus post photic stimula-
tion) for each group separately showed a significantly

Variables/Group Migraine (37 Tension head-  Control P value between different groups

cases) ache (24 cases) (50 normal)
Age (mean+SD) 30.54+83 355+74 31.4+83 0.119 (between 3 groups)
Sex Male/female 18/19 8/16 27/23 0.097 (between 3 groups)
Duration of disease in months (mean+SD) 33.22+225 33.7+338 - 0.981 (between Tension and migraine group)
Frequency of attacks/month (mean +SD) 12.11+447 20.33+45 - 0.001(between Tension and migraine group)
Family history 24(81.25%) 5(20.8%) - 0.001(between Tension and migraine group)
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Table 2 Duplex parameters of middle cerebral artery (MCA) before and after photic stimulation among studied groups
Duplex parameters Migraine Tension headache Control Two way ANOVA Time
Headache (37 (24 cases) (50 normal) (before versus after
cases) stimulation)X groups
(three groups)
PSV Before 83.54+233 689+17.3 88.1+21.7 P=0.001
After 93.4+24.02 716+148 89.8+20.9 F=79
Before vs. after T-value 6.89 0.855 17 Df=2
P value 0.001 0.402 0.082
EDV Before 376+11.83 31.8+105 358+114 P=0.145
After 41541113 32.76+856 36.7+106 F=19
Before vs. after T value 283 0439 1.06 bf 2
P value 0.008 0.665 0.293
Mean flow Before 5294+153 442+124 53.1+138 P=0.04
velocity After 58841445 4574102 5514136 F=32
Before vs. after T value 5.03 0.638 1.9 Df=2
P value 0.001 0.530 0.06
Pl Before 0.86+0.15 0.94+0.87 0.89+0.10 P=042
After 0.83+0.15 0.79+0.13 0.88+0.13 F=085
Before vs. after T-value 0.75 0.794 0.349 bf=2
P value 045 0436 0.728

PSV; Peak Systolic velocity, EDV; End Diastolic Velocity, PI; pulsatility Index, Mean; mean flow velocity, P value is significant<0.05

Table 3 Duplex parameters of anterior cerebral artery (ACA) before and after photic stimulation among studied groups

Duplex parameters Migraine Tension headache Control Two way ANOVA Time
Headache (37 cases) (24 cases) 50 normal (before versus after
stimulation)X groups
(three groups)
PSV Before mean+SD 61.5+£14.18 604+138 59.3+135 P=044
After mean+SD 63.9+14.84 63.3+14.03 60.1+13.7 F=082
Before vs. after T value 1.77 1419 1.125 Df=2
P value 0.08 0.169 0.266
EDV Before mean+SD 258+6.2 27.2+85 234+64 P=0.076
After mean+SD 29.18+75 274484 245465 F=26
Before vs. after Tvalue 3.68 0.270 16 Df=2
P value 0.001 0911 0.111
Mean Before mean+SD 37.74+79 383+95 354+8.05 P=0.21
After mean+SD 407+9.1 393498 366+8.1 F=16
Before vs. after Tvalue 348 0.520 19 Df=2
P value 0.001 0.487 0.06
PI Before mean+SD 0.87+0.19 09+0.21 091+0.14 P=032
After mean+SD 0.76+0.15 086+0.16 0.86+0.17 F=113
Before vs. after T value 24 1.053 1.8 Df=2
P value 0.019 0.303 0.072

PSV; Peak Systolic velocity, EDV; End Diastolic Velocity, PI; pulsatility Index, Mean; mean flow velocity, P value is significant<0.05

higher PSV, EDV, and MFV after photic stimulation
(P=<0.001, 0.008, and 0.001 respectively) in the migraine
group while no such changes were seen in the tension
headache and control groups.

Table 3 shows the changes in ACA blood flow pre and
post photic stimulations. There was no Time X Groups
interaction for any TCD parameter. Exploratory analy-
sis of the effect of photic stimulation in each group
separately showed that there was a significantly higher,
EDV, MFV and PI in the ACA after photic stimulation

only in the migraine group (P=0.001, 0.001, and 0.019,
respectively) but there were no such changes in the other
groups.

Table 4 shows the changes in PCA blood flow. There
was a significant Time X Group interaction for PSV
(P=0.043) only. Exploratory post hoc analysis of each
group separately showed that there was a significantly
higher PSV, EDV, and MFV of the PCA after compared
with before photic stimulation in the migraine group
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Table 4 The Duplex parameters of posterior cerebral artery (PCA) before and after photic stimulation among studied groups

Duplex parameters Migraine Tension headache  Control Two way ANOVA Time
Headache (37 cases) (24 cases) 50 normal (before versus after
stimulation)X groups
(three groups)
PSV Before mean+SD 573£10.2 504+129 558+ 14.1 P=0.043
After mean+SD 61.7+10.65 526+15.1 564+145 F=3.2
Before vs. after T value 422 1.011 0.796 Df=2
P value 0.001 0.322 0430
EDV Before mean+SD 266+6.9 233+7.18 244+79 P=0.084
After mean+SD 29.69+7.5 239+72 25149 F=25
Before vs. after T value 4.2 0431 093 Of 2
P value 0.001 0.671 0.357
Mean Before mean+SD 370178 323+£89 345495 P=0218
After mean+SD 40.38+8.1 335497 3584104 F=1.5
Before vs. after  T-value 4.8 0.703 1.8 Df=2
P value 0.001 0.489 0.07
PI Before mean+SD 0.8+0.14 0.81+0.22 0.84+0.13 P=0.69
After mean+SD 0.77+0.18 079+0.14 084+0.17 F=0.364
Before vs. after  T-value 14 0402 0.124 Df=2
P value 0.168 0.691 0.902
PSV; Peak Systolic velocity, EDV; End Diastolic Velocity, PI; pulsatility Index, Mean; mean flow velocity, P value is significant<0.05
Table 5 Duplex parameters of vertebral artery (VA) before and after photic stimulation among studied group
Duplex parameters Migraine headache  Tension headache Control Two way ANOVA
(37 cases) (24 cases) 50 normal Time (before versus
after stimulation)X
groups (three groups)
PSV Before mean+SD 503£13.1 46.1+128 49.7£109 P=0.062
After mean+SD 5344123 5164166 508+116 F=28
Before vs. after Tvalue 2.06 3.262 1.6 Df=2
P value 0.04 0.003 (AN
EDV Before mean+SD 222+58 194+49 202+6.2 P=0.102
After mean+SD 2294704 222478 205469 F=23
Before vs. after Tvalue 0.81 2725 0444 Df=2
P value 041 0.012 0.659
Mean Before mean*SD 319475 283+6.7 304+7.2 P=0.07
After mean+SD 331478 320493 307479 k.27
Before vs. after T value 1.15 3405 13 Df=2
P value 0.25 0.002 0.197
PI Before mean+SD 0.8+0.18 0.86+0.24 13+£19 P=026
After mean+SD 09+025 0.93+035 0.93+0.22 F:1.36
Before vs. after Tvalue 0.24 1.169 139 Df=2
P value 08 0.255 0.171

PSV; Peak Systolic velocity, EDV; End Diastolic Velocity, PI; pulsatility Index, Mean; mean flow velocity, P value is significant<0.05

(P=<0.0001for each) while there were no such changes
in the TTH and control groups.

Table 5 shows the changes in VA blood flow. There was
no Time X Group interaction for any TCD parameter.
Exploratory analysis in each group separately showed
a significantly higher PSV, EDV, and MFV (P=0.003,
0.012, 0.002 respectively) in the VA after photic stimu-
lation than before stimulation in the tension head-
ache group only, with no changes observed in the other
groups except a weak significant PSV in migraine group

after photic stimulation compared to before stimulation
(P=0.04).

Table 6 shows the cerebrovascular reactivity after pho-
tic stimulation in the three groups (CVR was around 15%
in migraine patients while in the controls the change
was only 5% particularly for MCA). Kruskal-Wallace
tests between the three groups showed a significant dif-
ference only for CVR in the MCA (0.006). Comparing
each patient group with the control group using a Mann-
Whitney test showed a significantly higher CVR in the
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Table 6 Cerebrovascular reactivity (% changes) in response to photic stimulation in the three groups

CVR of different vessles Migraine Tension Control P- value between P- value be- P-value
(37cases) (% headache (50 normal)  control vs. tension tween control between the
change) (24 cases) (% change) headache Vs. migraine three groups

(% change) Kruskal-Wallis

CVR of MCA 15.0% 8.7% 5.0% 047 0012 0.013

CVR of ACA 12.0% 4.5% 7.3% 045 0.16 0.263

CVR of PCA 10.8% 6.4% 6.1% 0.95 033 0.267

CVR of VA 8.4% 13.2% 3.3% 0014 033 0.130

CVR; cerebrovascular reactivity, MCA; middle cerebral artery, ACA; anterior cerebral artery

PCR; posterior cerebral artery, VA; vertebral artery

Table 7 Correlation between CVR of the four vessels and demographic and clinical data of studied group

Migraineurs groups

Tension Headache group

CVRof MCA CVRof ACA CVRof CVRofVA CVRof CVRof CVR CVR
PCA MCA ACA of of
PCA VA
Age Correlation Coefficient -0.169 -0.091 0.053 0.074 0.06 -0.21 -0.05 0.1
Pvalue 0318 0.594 0.754 0.664 0.76 03 0.79 0.61
Body Mass Index (BMI) Correlation Coefficient -0.160 0.128 0.101 0.059 0.05 0.14 -0.21 0.17
P value 0.345 0452 0.552 0.727 038 0.5 03 04
Duration of the disease Correlation Coefficient -0.337 -0.347* 0304  0.153 -0.04 0.06 -004 027
Pvalue 0.042 0.035 0.067 0.366 0.8 0.75 0.82 0.18
Number Correlation Coefficient 0.107 -0.102 0.113  -0.105 0.2 -003 023 0.48
of attacks P value 0.527 0.549 0.505 0.538 0.33 0.86 0.27 0.016
CVR; cerebrovascular reactivity, MCA; middle cerebral artery, ACA; anterior cerebral artery
PCR; posterior cerebral artery, VA; vertebral artery
g 80 . r=-0.337 ;\? 409 . . r=-0.347 % 60=
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Fig. 1 Correlation between CVR of MCA and ACA of migraine patients and duration of disease in months (1st and 2nd trace), and correlation between
CVR of VA and number of attacks per month in chronic tension headache (3rd trace). There are significant negative correlation between CVR of MCA and
ACA in migraineurs patients and duration of illness (P=0.042, and 0.035 respectively). A significant positive correlation between CVR of VA in TTH group

and frequency of attacks (P=0.016)

MCA of the migraine group and a higher CVR in the VA
of the TTH group compared with controls (P=<0.0001,
0.022 respectively) as well as between the TTH and
migraine groups (0.015) in the MCA.

Table 7 and Fig. 1 show the correlation between the
CVR of the different arteries and demographic and clini-
cal data: There were significant negative correlations
between duration of illness and both CVR of MCA and
ACA in migraineurs (P=0.042, and 0.035 respectively).
There was a significant positive correlation between fre-
quency of attacks and CVR in the VA of the TTH group
(P=0.018), while other clinical parameters had no signifi-
cant correlations with CVR.

Discussion

There are still some doubts about how different stimuli
in the interictal phase change blood flow velocity and
cerebral vasomotor reactivity in the intracranial arteries
of migraineurs and patients with TTH. The current study
was performed to determine the changes after photic
stimulation. One of the main findings was a significant
increase of the MFV of the MCA, ACA and PCA after
photic stimulation in migraineurs which differed from
that in the control group in the MCA. There were no sig-
nificant changes in the TTH or control group after pho-
tic stimulation. The implication is that there is a stronger
CVR in the MCA of migraineurs than in controls (CVR
was around 15% in migraine patients while in the controls
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the change was only 5% for MCA). The altered cerebro-
vascular response in migraineurs could be due to altered
perceptual processing or an imbalanced reaction of the
blood vessel diameter to the vasoactive stimulus which
is thought to play a role in triggering migraine attacks.
Another possible explanation is the loss of habituation to
photic stimulation in migraine. Thie et al. [10] also found
that the increase of MFV in the MCA during a cognitive
task and photic stimulation was greater in migraineurs
than in controls (9.1% in migraineurs vs. 5.0% in control;
P=0.06 for the cognitive task, and 17.4% vs. 9.9% for pho-
tic stimulation).

Min et al. [2011] applied photic stimuli to migraineurs
taking propranolol for prophylaxis and found that the
CVR in the PCA was decreased but the baseline MFV
was unchanged prior to visual stimulation. They assumed
that the protective effect of propranolol was not due to a
direct effect on the cerebral vessels but could be due to
modulation of the CVR to sensory stimulation[15]. Evi-
dence from controlled studies recorded that neither pro-
pranolol nor flunarizine treatment influences the cerebral
blood flow velocities (CBFVs) of basal cerebral arteries in
migraine patients[15-17]. In the present study patients
under treatment with calcium or beta blockers or CGRP,
triptans or ergot drugs were excluded to eliminate these
drug effects.

Consistent with our results Nedeltchev et al. [6] men-
tioned that the cerebrovascular responses to visual stim-
uli in both PCA and MCA were significantly higher in
migraine patients than in controls. They considered two
possible explanations. First, that autonomous hyperac-
tivity may be more pronounced in migraineurs, i.e. sys-
temic factors such as blood pressure, heart rate, PCO2,
intracranial pressure, etc. could have caused a velocity
increase in both arteries, or second, that there may be
a higher level of cortical arousal in migraine [6]. One of
the earliest studies in this field was Backer et al. [4] who
reported a significant increase in the MCA blood flow
that was maintained until 10 s after the light was off. This
was not the case in the control group, who habituated
rapidly to the light stimulus.

Other studies with similar results to ours include that
of Sedighi et al. [5] who found a significantly increased
peak systolic velocity post photic stimulation. In another
study Nowak et al. [8] recorded that cerebral blood flow
velocities increased over 10 cm/s in response to visual
stimulation in 6 patients (2 with migraine with aura, 2
with hemicrania epileptica, 1 with migraine without aura,
1 with chronicTTH). Sedighi et al. [5] mentioned that the
change of PSV in the PCA was significantly greater in the
migraine group compared with the control group after
visual stimulation.

The second main finding in the present study was
the higher PSV, EDV, and MFV in the VA after photic
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stimulation in TTH than other groups, with a flow veloc-
ity over 15 cm/s, a finding that supports the possible
involvement of vascular mechanisms in TTH. There was
a significantly higher CVR in the VA of TTH group ver-
sus the control group (P=0.0I122). These vascular changes
of TTH may support the theory of disturbed central
motor activity control of pericranial musculature in TTH
sufferers. This theory has been emphasized by Olesen et
al. [11] and Wallasch et al. [18], as they described vascu-
lar-supraspinal-moyogenic model of primary headaches.

The negative correlation between the CVR of both
MCA and ACA and the duration migraine in our study
may be due to the fact that chronic sympathetic hyper-
responsiveness might decrease over time [19]. This is in
agreement with Savrun et al. who suggested that analge-
sic overuse a long period results in a functional disorder
of neuronal receptor and neurovascular reflexes and may
cause a reduction of intracerebral vessel tone, leading to
vasodilatation [20].

The positive correlation between the CVR of VA with
the number of attacks in TTH patient that recorded in
the current study, may be explained as the more frequent
the attack the more disturbed central motor activity con-
trolling the pericranial musculature [11].

Conclusion

High PSV, EDV, MFV and CVR in response to pho-
tic stimulation predominantly in the anterior circula-
tion were particularly evident in migraineurs. High PSV,
EDV, MFV and CVR in response to photic stimulation
in the VA were evident in TTH. Additionally, a complex
relationship may exist between altered CVR, with the
frequency and duration of illness underlies the patho-
physiology of migraine and TTH respectively.

The strengths of the study

The strengths of the present study are as follows: (1) TCD
was performed for all patients and controls by a single
investigator thus avoiding inter-assessor differences;
(2) TCD was performed for all vessels of the anterior
and posterior circulation. (3) A possible bias introduced
by medication effects was excluded. The correlation
between CVR (% changes) of the four vessels after photic
stimulation with the demographic and clinical data pro-
vides an insight into the pathophysiology of both types of
primary headache.

Limitations and recommendation of the study

The small sample size is one of the limitations of this
study. Another limitation is the unequal number of
males and females in the control group in contrast to
the headache groups. Another important limitation is
the significant difference between the groups in head-
ache frequency. Correlations of % change in headache
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days (frequency of headache) and % change in CBFVs
were evaluated by Mi et al. 2017 who found positive cor-
relations with CBFVs of MCAs in migraine patients[13].
The decision to combine data from episodic and chronic
headache is another limitation as changes in the fre-
quency of the attacks are most typically recognized as
a marker of clinical types of primary headache [21-23]
and the neurophysiological changes associated with fre-
quency have rarely been investigated. We also did not
compare data between the two sides of the brain to test
for differences between the side with migraine pain and
the side without. More extensive studies with a large
sample size are needed to establish the possible vascular
pathophysiology of migraine and TTH.
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