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Introduction: The present study seeks to use transcranial Doppler ultrasound to evaluate 

cerebral blood flow velocities in anterior and posterior circulation arteries, during an attack-free 

episode in migraine patients, with and without aura, as well as in chronic tension-type headache 

patients who were not receiving prophylactic medication.

Methods: A total of 50 patients (35 female, 15 male) were evaluated during a headache-free 

episode: 30 migraine patients without aura (mean age: 32±8 years), 10 migraine patients with aura 

(mean age: 34±4 years), and 10 patients with chronic tension-type headache (mean age: 34±5 years).

Results: No significant difference was present between anterior, middle, and posterior cerebral 

and vertebral arteries’ blood flow velocities between migraine patients, with and without aura, 

or in patients with a tension-type headache, and normal controls (p>0.05). However, a signifi-

cant increase in basilar artery cerebral blood flow velocities relative to controls was present in 

patients with a tension-type headache (p>0.001).

Conclusion: It is difficult to predict the main reason for the significant increase in basilar 

artery blood flow velocities in patients with chronic tension-type headache. It may be due to 

constriction of conductance or the dilatation of the resistance vessels.

Keywords: cerebral blood flow, migraine without aura, migraine with aura, tension-type head-

ache, transcranial Doppler ultrasonography

Introduction
Although the development of migraine is believed to be mainly neurogenic, vascular 

changes also have a basic role in migraine pathophysiology. Studies performed on 

migraine patients during attack or attack-free episodes have reported abnormalities 

in hemodynamics.1–12 In four studies, Drummond, Gannon and Haynes emphasized 

the power of vascular factors in tension-type headaches.13–16 Transcranial Doppler 

ultrasound (TCD), although not as sensitive as positron emission tomography or 

single-photon emission computed tomography, permits the noninvasive measurement 

of blood flow velocities in basal brain arteries.17

The aim of the present study is to evaluate cerebral blood flow (CBF) velocities 

using TCD during an attack-free episode in anterior cerebral, middle cerebral, and 

posterior cerebral arteries in migraine patients with and without aura as well as in 

chronic tension-type headache patients who were not receiving prophylactic medica-

tion for their headaches.

Materials and methods
This study was reviewed and approved by the Local Ethics Committee of Gazi Univer-

sity Faculty of Medicine. The study protocol was in accordance with the Declaration 
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of Helsinki, and all volunteers gave written informed consent 

before participating in the study. A total of 50 patients (35 

F, 15 M) were evaluated during a headache-free episode: 30 

migraine patients without aura (mean age: 32±8 years), 10 

migraine patients with aura (mean age: 34±4), and 10 patients 

with chronic tension-type headache (mean age: 34±5).

All patients fulfilled the diagnostic criteria for migraine 

and chronic tension-type headaches established in the Inter-

national Headache Society’s International Classification 

of Headache Disorders, second edition.18 Each patient had 

a normal neurological examination. Patients with psychi-

atric diseases, diabetes mellitus, epilepsy, cardiovascular 

disorders, cerebrovascular disease, or with known systemic 

diseases such as anemia and hypertension were excluded. All 

patients were examined during a headache-free episode and 

at least 72 hours after the last headache attack. None of the 

patients were receiving prophylactic medication for headache 

or any treatment known to affect CBF. Intake of analgesics, 

smoking, and consumption of caffeine were forbidden on 

the day of testing.

The age and sex were matched (17 F, 8 M) in healthy 

volunteers (mean age: 31±8) who served as controls.

The study was performed in a quiet room with the subjects 

lying in a comfortable supine position. All Doppler record-

ings were performed by two operators who were blinded to 

the clinical status of the subjects. Intracranial arteries were 

insonated through the temporal and transforaminal windows 

using standardized protocol. Sample volume was 8–10 mm 

in the axial and 5 mm in the lateral direction at a depth of 50 

mm.19 Mean (Vm) and peak systolic (Vpeak-VP) velocities of 

middle cerebral artery (MCA) flow were recorded at depths 

of 50–60 mm, anterior cerebral artery (ACA) at 50–65 mm, 

posterior cerebral artery (PCA) at 55–65 mm, vertebral artery 

(VA) at 50–70 mm, and basilar artery (BA) at 80–100 mm with 

a 2-MHz probe by the technique described by Aaslid.19,20 Mean 

(Vm) and peak systolic (Vpeak-VP) CBF velocities (cm/s) 

and pulsatility index (PI) were determined. Gosling’s PI was 

calculated as the difference between V
max 

and V
min

, divided by 

the mean velocity.20 Only measurements with the best signal-to-

noise ratio were used, and the highest values for CBF velocities 

were selected for analysis. All TCD studies were performed 

with the use of commercially available TCD apparatus, Viasys/

Sonara (Cardinal Health, Madison, WI, USA).

Statistical evaluation
The SPSS 15.0 package (SPSS Inc., Chicago, IL, USA) 

was used to perform the statistical evaluation. Chi-square, 

Wilcoxon, and Kruskal–Wallis tests were used for analysis. 

Mann–Whitney U-test with Bonferroni correction was 

utilized for two-to-two comparisons when a difference was 

found to be present with Kruskal–Wallis test. For correlation 

analysis, Kendall’s tau test was utilized. Data were expressed 

as the mean ± SD, median (min–max). A level of p<0.05 was 

accepted as statistically significant.

Results
Duration of disease was between 2 and 20 years in patients 

with migraine and 2–15 years in patients with tension-type 

headache. Headache characteristics of patients are presented 

in Table 1.

There were no significant differences between the mea-

surements of the right and left arms of the arteries, so the 

data were pooled for further analysis (p>0.05).

There were no significant differences between CBF veloci-

ties from the headache-affected side and the unaffected side 

(p>0.05). CBF velocities of patients in anterior and posterior 

Table 1 Age, disease duration, number of attacks, and duration of attacks in patients with migraine with and without aura and tension-
type headache

Characteristics Migraine with aura Migraine without aura Tension-type headache Controls p-value

Age, years 28–43 (34±4) 19–48 (32±8) 28–46 (34±5) 25–58 (31±8)
Duration of disease, years
<5 1 7 2 0.291
5–10 2 9 4
10–15 5 7 4
15–20 2 7 –
Number of attacks per month
<4 10 18 –

0.0005–10 – 12 –
>10 – – 10
Duration of attacks
4–24 hours 6 24 10 0.082
24–72 hours 4 6 –

Note: Bold represents statistically significant value (p<0.05).
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circulation arteries are presented in Tables 2 and 3. No significant 

differences were present between ACA, MCA, PCA, and VA’s 

mean and peak systolic CBF velocities and PI, between migraine 

patients with and without aura, as well as between patients with 

tension-type headache and normal controls (p>0.05).

However, a statistically significant difference in basilar 

arteries’ mean and peak systolic velocities was present 

between groups (p<0.05). To determine the source of differ-

ence, two-to-two comparisons were performed. A difference 

was present between tension-type headache participants and 

the control group (p>0.001), showing higher CBF velocities 

in patients with tension-type headache. No statistically sig-

nificant difference in BA blood flow velocities was present 

between migraine patients with and without aura as well as 

those of normal controls (Table 3).

No correlation was present between CBF velocities 

and duration of disease, frequency, and duration of attacks 

(p>0.05).

Discussion
Migraine is delineated by an extreme response of intracranial 

resistance vessels to metabolic stimulus.21 TCD is a noninva-

sive technique that evaluates the velocity, direction, and other 

properties of blood flow in the cerebral arteries, as well as the 

cerebrovascular reserve, using a pulsed ultrasonic beam. The 

flow velocities measured with TCD are directly proportional 

to invasive flow measurements.20,22

However, TCD studies in migraine have contradictory 

results. Studies conducted during attack-free episodes have 

shown either increased3,4,23–26 or normal blood flow veloci-

ties in migraine patients.27–29 Frieberg reported reduced CBF 

velocities in MCA on the headache side during a migraine 

attack when compared to the non-headache side and which 

was acquired during an attack-free episode,30 while Zwet-

sloot reported no velocity changes at the headache and 

non-headache side MCAs during an acute attack.28 It is 

argued that the increased flow velocity displayed by TCD 

is a hallmark of migraine. If so, it may be assumed or inter-

preted as due to an increase in CBF because of a decrease 

in the cross-sectional area of a vessel at or near the point of 

insonation or due to regional CBF changes at the level of 

arterioles.24 However, researchers have stated that TCD alone 

cannot specify which of these processes is responsible.24,28 

In our study, we found no significant velocity differences in 

migraine patients with and without aura during a headache-

free episode when compared to controls and to each other.

Wallasch reported increased CBF velocities in the MCA, 

ACA, and PCA as well as decreased PI in patients with 

Table 2 CBFVs in anterior circulation arteries

Group N Median Mean ± SD p-value

MCA (mean) CBFV (cm/s) Migraine with aura 10 67.50 66.77±8.64 0.21**
Migraine without aura 30 66.75 66.52±9.71
Tension-type headache 10 72.00 67.07±15.58
Control 57.50 61.40±11.97

MCA (peak) CBFV (cm/s) Migraine with aura 10 110.00 113±25.6 0.50**
Migraine without aura 30 101.00 106.08±18.02
Tension-type headache 10 109.25 104.95±22.30
Control 25 93.50 102.03±24.90

MCA PI Migraine with aura 10 1.05 1.08±0.24 0.90**
Migraine without aura 30 0.97 1.03±0.19
Tension-type headache 10 1.02 1.03±0.16
Control 25 1.05 1.03±0.18

ACA (mean) CBFV (cm/s) Migraine with aura 10 52.62 56.1±7.72 0.38**
Migraine without aura 30 46.50 47.88±7.38
Tension-type headache 10 48.75 49.80±11.,33
Control 25 47.50 48.71±8.50

ACA (peak) CBFV (cm/s) Migraine with aura 10 81.50 77.02±11.91 0.48**
Migraine without aura 30 73.75 74.01±9.12
Tension-type headache 10 78.00 77.72±16.07
Control 25 76.25 78.11±10.82

ACA PI Migraine with aura 10 0.85 0.89±0.14 0.26**
Migraine without aura 30 0.97 1.02±0.21
Tension-type headache 10 0.97 0.97±0.12
Control 25 1.00 1.02±0.18

Notes: **Mann–Whitney U-test with Bonferroni correction was utilized for two-to-two comparisons when a difference was found to be present with Kruskal–Wallis.
Abbreviations: ACA, anterior cerebral artery; CBFV, cerebral blood flow velocity; MCA, middle cerebral artery; PI, pulsatility index.
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episodic tension-type headache, while no difference was 

present in patients with chronic tension-type headache.31 In 

the present study, we found increased BA CBF velocities in 

patients with chronic tension-type headache, and no differ-

ence was present in other examined arteries.

Variable outcomes present in the schedule and properties 

of flow fluctuations in different kinds of headaches make it 

challenging to understand the precise role of vascular changes 

in these settings.27 TCD monitored changes in cerebral blood 

volume (CBV) have also been shown to correlate with 

changes in global CBF, and measurements were made using 

the Xenon washout technique. Changes in CBF have been 

shown to correlate with flow only if MCA diameter at the 

point of insonation does not change. As a matter of course, 

changes in large or small vessel diameter or in arterial blood 

pressure exceeding the range of autoregulation can qualify 

CBV values.32

In the present study, we only evaluated patients who had 

been attack free for the preceding 72 hours and were not 

receiving prophylactic medication. No statistically significant 

difference was found in CBF velocities between the migraine 

and normal control groups. Furthermore, mean (Vm) and 

peak systolic (Vpeak-VP) velocities, and PIs of ACA and 

MCA showed no significant differences. Mean (Vm) and 

peak systolic (Vpeak-VP) velocities of BA were increased 

in patients with tension-type headache. These changes can 

be explained by the vasodilator activity of neurotransmitters 

such as nitric oxide (NO) and calcitonin gene-related peptide, 

Table 3 CBFVs in posterior circulation arteries

Group N Median Mean ± SD p-value

PCA (mean) CBFV (cm/s) Migraine with aura 10 25.00 25.27±2.89 0.78**
Migraine without aura 30 24.50 25.45±3.04
Tension-type headache 10 24.75 24.62±2.49
Control 25 24.50 24.06±2.77

PSA (peak) CBFV (cm/s) Migraine with aura 10 47.37 53.82±22.05 0.38**
Migraine without aura 30 52.75 54.09±17.05
Tension-type headache 10 43.50 45.00±6.91
Control 25 41.62 46.37±11.82

PCA PI Migraine with aura 10 1.25 1.56±0.84 0.63**
Migraine without aura 30 1.42 1.61±0.74
Tension-type headache 10 1.27 1.35±0.30
Control 25 1.35 1.37±0.48

VA (mean) CBFV (cm/s) Migraine with aura 10 34.62 38.47±8.76 0.11**
Migraine without aura 30 38.75 37.95±6.20
Tension-type headache 10 39.87 40.45±6.75
Control 25 32.50 34.33±6.93

VA (peak) CBFV (cm/s) Migraine with aura 10 56.62 60.07±13.13 0.20**
Migraine without aura 30 58.50 58.13±9.05
Tension-type headache 10 61.12 60.57±7.31
Control 25 52.37 53.58±10.49

VA PI Migraine with aura 10 1.07 1.11±0.18 0.24**
Migraine without aura 30 0.97 1.01±0.20
Tension-type headache 10 1.00 0.96±0.14
Control 25 0.95 0.96±0.16

BA (mean) CBFV (cm/s) Migraine with aura 10 48.00 46.80±14.06 0.001**
Migraine without aura 30 44.50 43.96±9.48
Tension-type headache 10 55.00 57.88±7.75
Control 25 42.00 40.48±8.36

BA (peak) CBFV (cm/s) Migraine with aura 10 83.00 82.90±16.56 0.001**
Migraine without aura 30 70.25 71.41±14.92
Tension-type headache 10 88.00 88.33±8.87
Control 25 65.00 66.42±16.25

BA PI Migraine with aura 10 1.20 1.26±0.38 0.17**
Migraine without aura 30 1.00 1.12±0.40
Tension-type headache 10 0.90 0.98±0.23
Control 25 0.90 1.03±0.28

Notes: **Mann–Whitney U with Bonferroni correction was utilized for two-to-two comparisons when a difference was found to be present with Kruskal–Wallis test. Bold 
represents statistically significant values (p<0.05).
Abbreviations: BA, basilar artery; CBFV, cerebral blood flow velocity; PCA, posterior cerebral artery; PI, pulsatility index; VA, vertebral artery.
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contributing to central sensitization. It may also be due to 

constriction of conductance or the dilatation of the resistance 

vessels.33 On the other hand, the lack of changes in CBF 

velocities in migraine indicates that the neuronal activation 

is more prominent than vascular effects.

Limitations of the study
The local ethics committee only allowed us a limited time 

period to complete the study; we could not include more 

patients after this allocated time. During that period, we 

could only evaluate 10 patients with chronic tension-type 

headache because it is difficult to find patients with tension-

type headaches who do not receive prophylactic medication. 

Even though the subgroups were small, the operators were 

blinded to the patients’ clinical status.

Although we had a control group composed of healthy 

volunteers, we could not form a control group including 

patients with secondary headaches.
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