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Biofeedback-Assisted Relaxation in Migraine Headache: 
Relationship to Cerebral Blood Flow Velocity

in the Middle Cerebral Artery

 

Sachinder Vasudeva, MD; Alice L. Claggett, PsyD; Gretchen E. Tietjen, MD; Angele V. McGrady, PhD

 

Objective.—To determine if migraineurs with aura respond differently to biofeedback/relaxation than those
without aura and, if so, whether the variability in outcome can be explained by blood flow velocity.

Background.—The relationship between cerebral blood flow velocity and treatment response to biofeedback/
relaxation in migraine with and without aura is uncertain.

Method.—Twenty migraineurs underwent 12 sessions of biofeedback/relaxation therapy, while 20 controls
simply were told to relax on their own. Cerebral blood flow velocity was measured bilaterally in the middle cere-
bral artery with transcranial Doppler.

Results.—The biofeedback group showed significant (

 

P

 

�

 

.05) reductions in pain, depression, and anxiety
compared to the control group. Patients with and without aura did equally well. There were significant (

 

P

 

�

 

.05)
left to right blood flow velocity differences only in the migraine with aura group. Maximum blood flow velocities
were significantly higher (

 

P

 

�

 

.05) in the migraine with aura group than in the cohort without aura. There was an
inverse correlation between indicators of anxiety and blood flow velocity, perhaps related to hyperventilation-
induced constriction in the small vessels distal to the middle cerebral artery.

Conclusion.—The positive treatment response to biofeedback/relaxation in migraine headache is not re-
lated to presence of aura, nor to changes in blood flow velocity, but may be associated with reduction in anxiety
and depression.
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Abbreviations: BFRT biofeedback-assisted relaxation, TCD transcranial Doppler, BFV blood flow velocity,
MWA migraine with aura, MCA middle cerebral artery, MWOA migraine without aura
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Medical and behavioral therapies are used in the
treatment of headache with varying degrees of suc-
cess. Past studies of behavioral interventions such as
biofeedback-assisted relaxation (BFRT) have sup-
ported its efficacy in migraine and tension-type head-

ache.

 

1-4

 

 In migraine headache, thermal biofeedback
and passive relaxation is more effective than relaxing
without instructions or feedback.

 

5

 

 Psychosocial fac-
tors, such as major life events and frequent hassles,
presumably intensifying anxiety and depression have
been associated with chronic headache.

 

6

 

 Biofeed-
back-assisted relaxation is thought to exert its positive
effects by facilitating the ability of patients to decrease
sympathetic neural activity, and reduce depression
and anxiety.

Transcranial Doppler (TCD) recordings have
been used to explore ictal and interictal blood flow
velocity (BFV) patterns in migraineurs. During at-
tacks, those experiencing migraine with aura (MWA)
showed increases in flow velocities and decreased
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pulsatility in the middle cerebral artery (MCA),
while subjects without aura (MWOA) evidenced the
reverse.

 

7

 

 During the pain-free periods, BFV and pul-
satility index remained higher than in normal con-
trols. Flow velocity elevation may be due to increased
vascular tone or narrowing of the insonated artery.

 

8-9

 

Blood flow velocity has previously been assessed
in studies of the effects of BFRT in migraine head-
ache. Patients with higher BFV in the MCA seemed
to be more successful at reducing pain levels than
those patients with lower values. There were no simi-
lar findings in the basilar or ophthalmic arteries.

 

10

 

Nonetheless, patients were not stratified by type of
migraine, and the relationship between flow velocity
and standard indicators of psychological stress were
not evaluated.

The goals of this study, therefore, were to con-
firm that migraine head pain is reduced more with
BFRT than with simple relaxation, and to establish if
the presence of aura affects outcome. Finally, assess-
ment of the correlation between BFV and psycho-
physiological stress measures, such as heart rate, pe-
ripheral skin temperature, and self-reported anxiety,
was planned.

 

SUBJECTS AND METHODS

 

Fifty-five subjects with migraine headache, diag-
nosed by a physician according to International
Headache Society criteria, volunteered to participate
in the study. Exclusion criteria for the study were the
presence in the patient history of anemia, or severe
medical or psychiatric illnesses. At the first visit, sub-
jects signed informed consent (previously approved
by the Institutional Review Board). Fifteen subjects
did not finish the study. Seven could not make the
time commitment; 4 subjects did not keep appoint-
ments; 1 subject changed medication. Three were too
ill to continue participation.

Forty subjects completed either the experimental
(n

 

�

 

20: 3 men, 17 women; mean age, 38 years [range,
20 to 53 years]) or control (n

 

�

 

20: 2 men, 18 women;
mean age, 39 years [range, 25 to 57 years]) arms of
the study. Twenty-seven subjects had MWOA, while
12 had MWA; 1 was undetermined. Sex distribution,
mean age, and number of years of headache were
similar in subjects in the two groups.

Subjects used log sheets to record intensity, fre-
quency, and duration of headaches and medication
use (prescription and over the counter) throughout
the study. During the 28 days prior to randomization
(pretest) and 28 days after treatment or control (post-
test), subjects underwent physiological, psychologi-
cal, and cerebral BFV assessments.

Subjects completed a brief medical history ques-
tionnaire on their headache history, past treatment,
other physical problems, and general health habits.
Forehead muscle tension measurements were taken
with a J & J electromyograph (EMG) set at a band-
pass of 100 to 200 Hz. Finger temperature was re-
corded from the left index finger with a Biologic De-
vice Thermograph. Data was averaged from two 5-
minute intervals on separate occasions. Blood flow
velocity was measured during the headache-free in-
terval in the left and right MCA with a 2-MHz sensor
at a depth of 50 to 55 mm by a TCD (Multi Dop, Elek-
tronishe Systeme, Germany). The MCA was ap-
proached through the transtemporal window, the
thinnest portion of the temporal bone. The following
values were obtained: peak systolic velocity (Vs),
peak diastolic velocity (Vd), and mean BFV (Vm).
The left/right difference in Vs velocity was calcu-
lated.

 

11

 

 Subjects’ heart rates and peripheral skin tem-
perature were recorded during TCD measurements.
Anxiety (state and trait) and depression was assessed,
once during pretest and once during posttest. State
anxiety refers to anxiety experienced at the present
time; trait anxiety is chronic, enduring anxiety.

 

12-13

 

Treatment.—

 

After the completion of the pretest
phase, subjects were randomly assigned to one of two
groups. The experimental group received 12 fifty-
minute sessions of BFRT. Electromyograph feedback
was provided during the first 4 sessions and thermal
feedback was given during the last 8 sessions. Elec-
tromyograph feedback from the forehead muscles
was incorporated because excessive contraction of fa-
cial and head muscles may intensify pain in migraine
headache. Autogenic (passive) relaxation was taught
to subjects at the first treatment session and practiced
in subsequent sessions.

 

14

 

 With the aid of EMG and
thermal biofeedback, subjects were trained to de-
crease forehead muscle tension and to increase finger
temperature.

 

15

 

 Home practice consisting of 10 to 15
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minutes twice daily was strongly encouraged. Tapes
and scripts were provided for home practice.

Subjects in the control group were asked to relax
on their own for 10 to 15 minutes twice daily and to
concentrate on peaceful thoughts or on their breath-
ing. No tapes or scripts were given. This group, called
“self-relax.” was seen twice during the 8- to 12-week
period.

 

Data Analysis.—

 

Pretest/posttest values of mus-
cle tension, hand temperature, BFV, pain, and medi-
cation were analyzed using multivariate analysis of
variance (MANOVA), two-way repeated measures
(ANOVA), analysis of covariance (ANCOVA), 

 

t

 

 test
for dependent samples, and Pearson correlation. In
the analysis of group differences in outcome, inter-
actions between period (pretest, posttest) and group
(BFRT, self-relax) were explored. When the statisti-
cal interaction was significant, 

 

t

 

 tests were used to
pinpoint whether the differences occurred between
groups, over time, or both. Pain data was compiled as
a headache index (average frequency, duration, and
intensity of pain for the 28-day pretest and posttest
period). Success was defined as a 50% reduction in
pain score.

 

16

 

 Medication use for migraine was aver-
aged for the same time period. The number of pain-
free days that occurred during pretest and posttest
were counted and averaged.

 

RESULTS

 

Table 1 shows the results of the repeated-measures
ANOVA for headache index, medication index, and
number of pain-free days. A significant interaction
(

 

P

 

�

 

.046) between group (BFRT and self-relax) and

period (pretest/posttest) was observed, with the
BFRT group as a whole showing a 39% reduction in
head pain (

 

P

 

�

 

.0006) in comparison to a nonsignifi-
cant 7.9% reduction in head pain in the self-relax
group. Analysis of medication use and number of pain-
free days showed no group differences. Both groups
significantly reduced medication use (

 

P

 

�

 

.0007) and
increased the number of pain-free days (

 

P

 

�

 

.001) be-
tween pretest and posttest (ie, over time).

Table 2 shows the results of ANCOVA of fore-
head muscle tension and temperature. A significant
interaction (

 

P

 

�

 

.035) between group and period was
found for muscle tension. When pretest values were
equalized statistically, the groups were different at
posttest. There were no significant group differences
in peripheral temperature.

Table 3 shows the results of repeated-measures
ANOVA of depression, trait anxiety, and state anxi-
ety. A significant interaction (

 

P

 

�

 

.039) between
group and period was observed in depression scores.
The BFRT group showed a 56% reduction in self-
reported depression (

 

P

 

�

 

.0002) between pretest and
posttest, whereas the decrease in the self-relax group
was not significant. A significant group difference
(

 

P

 

�

 

.02) was observed in trait anxiety scores; only
the BFRT group showed a significant reduction
(

 

P

 

�

 

.0007). A significant interaction (

 

P

 

�

 

.05) was
also observed in state anxiety scores; specifically, the
BFRT group showed a 14% decrease in state anxiety
(

 

P

 

�

 

.004).
Table 4 shows the means and standard deviations

at pretest and posttest for cerebral BFV. Values were

 

Table 1.—Headache Index (Daily Pain Rating of Intensity, 
Frequency, and Duration for 1 Month Before 

Randomization and 1 Month After BFRT or Self-Relax)*

 

Group Pretest Posttest

 

P

 

BFRT group 0.53 (.31) 0.32 (.30) .046
Control group 0.51 (.42) 0.47 (.43)

*Data are given as mean (SD). BFRT indicates biofeedback-
assisted relaxation.

 

Table 2.—Forehead Muscle Tension and
Peripheral Skin Temperature*

 

Pretest Posttest

 

P

 

Forehead EMG, 

 

�

 

V
BFRT group 2.2 (0.8) 1.5 (0.4) .035
Control group 2.2 (1.1) 1.8 (0.6)

Temperature, 

 

�

 

F
BFRT group 90.7 (5.3) 91.9 (3.5)
Control group 89.2 (5.9) 89.7 (6.18)

*Data are given as mean (SD). EMG indicates electromyo-
graph; BFRT, biofeedback-assisted relaxation.
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consistent with prior studies in patients with mi-
graine, but there were no significant differences be-
tween the groups or between pretest and posttest.

Patients with MWA and MWOA were compared
on the basis of pretest physiological and psychologi-
cal characteristics and outcome (Table 5). There was
no difference between MWA and MWOA in head-
ache index, anxiety, or depression scores at pretest.

Patients with MWA and MWOA had similar de-
creases in head pain index. There was, however, a sig-
nificant group difference in maximum BFV and in
left/right side difference in BFV. The patients with
MWA had higher values of maximum BFV and
larger left/right side BFV difference.

Pearson correlation was calculated between BFV
and indicators of stress, namely trait anxiety score,
heart rate, and peripheral temperature. As expected,
trait anxiety and heart rate were positively corre-
lated. Significant negative correlations (

 

P

 

�

 

.05) were
obtained between BFV, heart rate, and anxiety.
Higher BFV was associated with lower values of both
heart rate and anxiety.

 

COMMENTS

 

The BFRT group evidenced larger decreases in
the headache index and used less migraine medica-
tion than the self-relax group. This finding supports
the superiority of BFRT over less intense, self-guided
relaxation in reducing severity of pain, though not
necessarily frequency of pain. Lower muscle tension
levels after BFRT suggest that these subjects learned
the relaxation techniques, while reductions in depres-
sion and anxiety in the same group suggests that
BFRT lessened subjects’ negative affect. We can
speculate that the patients in the self-relax group who
met criterion for success were highly motivated or had
had some prior therapy. Minimal-therapist-contact

 

Table 3.—Psychological Factors*

 

Pretest Posttest

 

P

 

Beck Depression†
BFRT group 9.8 (5.6) 4.3 (4.5) .039
Control group 10.5 (9.9) 8.9 (11.8)

Trait anxiety†
BFRT group 40.4 (8.9) 34.4 (8.9) .02
Control group 36.8 (10.2) 36.3 (12.5)

State anxiety†
BFRT group 36.3 (9.4) 30.6 (9.4) .05
Control group 34.7 (8.5) 33.8 (7.8)

*Data are given as mean (SD). BFRT indicates biofeedback-
assisted relaxation.
†Raw scores.

 

Table 4.—Cerebral Blood Flow Velocity in
Middle Cerebral Artery*

 

Left Side Right Side

Pretest Posttest

Maximum velocity
BFRT group 97.1 (16) 98.1 (15)
Control group 95.8 (18) 99.4 (17)

Minimum velocity
BFRT group 45.4 (8) 45.7 (8)
Control group 47.6 (8) 44.0 (9)

Mean velocity
BFRT group 62.7 (11) 63.2 (10)
Control group 64.5 (11) 63.5 (12)

Pulsatility index
BFRT group 0.80 (.1) 0.84 (.1)
Control group 0.83 (.2) 0.87 (.1)

*Data are given as mean (SD). BFRT indicates biofeedback-
assisted relaxation.

 

Table 5.—Comparison of Patients With Migraine
With Aura and Without Aura*

 

Variable
With Aura

(n

 

�

 

12)

Without
Aura

(n

 

�

 

27)

 

P

 

Headache Index .51 (.32) .50 (.40) NS
Trait anxiety 38.3 (9.6) 38.8 (10.0) NS
Depression 9.9 (8.3) 9.6 (7.5) NS
Maximum BFV, cm/sec .049

Left 102.2 (14.2) 90.9 (19.0)
Right 97.1 (11.6) 94.2 (17.5)

Left/right difference 8.4 (4.3) 5.5 (3.9) .05

*Data are given as mean (SD). NS indicates not significant;
BFV, blood flow velocity.
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protocols have, in other clinics, shown positive results
in patients with headache who were willing to prac-
tice the techniques independently.

 

17

 

 The success rate
in the BFRT and self-relax groups is similar to our
previous studies of migraine.

 

5,10

 

Transcranial Doppler provides information about
the velocity of blood flow and allows inferences about
cerebrovascular resistance. Thie et al discussed the
presence of smaller-caliber vessels and a more reactive
arterial tree in migraineurs regardless of aura.

 

7-8

 

 In
the current study, MWA exhibited higher BFV than
MWOA regardless of head pain. However, the differ-
ences in BFV between MWA and MWOA cannot ex-
plain the improvement in the headache index in the
BFRT group.

The relationships between BFV and psycho-
physiological indicators of stress permit speculation
on the role of psychological factors in migraine. As
expected, self-reported high anxiety was correlated
with higher heart rates and lower hand tempera-
tures. In addition, BFV was negatively correlated
with heart rate and anxiety. It is well known that
anxious patients often breathe at higher rates than
controls or overtly hyperventilate. Hyperventila-
tion is associated with significant decreases in BFV,
while inhalation of 5% CO

 

2

 

 produces increases in
BFV.

 

18

 

 Exacerbations of anxiety during migraine at-
tack reflected in blood pressure and heart rate could
not be demonstrated, since these variables were as-
sessed during migraine-free periods. Zanette et al,

 

19

 

however, reported that blood pressure and heart
rate were consistent during migraine attacks and
pain-free periods. Biofeedback-assisted relaxation
was associated with decreases in BFV in an earlier
study, but this was not presently replicated, perhaps
due to different TCD measurement conditions or to
inter-rater variability.

Further studies are needed to clarify the relation-
ship between BFV and anxiety and to determine, un-
der precisely controlled conditions, whether changes in
BFV parallel improvements in pain after pharmaco-
logical and behavioral intervention. Personality char-
acteristics and coping styles of patients that respond
positively to BFRT and to simple relaxation should
be explored further, using a tool such as the Millon
Behavioral Health Inventory.

 

20

 

Acknowledgments: Appreciation is expressed to the

ultrasound technicians from the Department of Radiol-

ogy for their assistance with the transcranial Doppler

measurements.

 

REFERENCES

 

1. Andrasik F. Behavioral management of migraine.

 

Biomed Pharmacother.

 

 1996;59:52-57.
2. Blanchard EB, Diamond S. Psychological treatment

of benign headache disorders. 

 

Prof Psychol Res
Pract.

 

 1996;6:541-547.
3. Grazzi LM, D’Amico MF, Bussone G. A review of

the treatment of primary headaches, 1: migraine. 

 

Ital
J Neurol Sci.

 

 1995;16:577-586.
4. Holroyd KA, Penzien DB. Psychosocial interven-

tions in the management of recurrent headache dis-
orders, I: overview and effectiveness. 

 

Behav Med.

 

1994;20:53-63.
5. McGrady AV, Wauquier A, McNeil BS, Gerard G.

Effect of biofeedback-assisted relaxation on mi-
graine headache and changes in cerebral blood flow
velocity in the middle cerebral artery. 

 

Headache.

 

1994;34:424-428.
6. McGrady AV, Andrasik F, Davies T, et al. Psycho-

physiologic therapy for chronic headache in primary
care. 

 

Primary Care Compan J Clin Psychiatry.

 

 1999;
l:96-102.

7. Thie A, Fuhlendorf A, Spitzer K, Kunze K. Trans-
cranial Doppler evaluation of common and classic
migraine. Part II. Ultrasonic features during attacks.

 

Headache.

 

 1990;30:209-215.
8. Thie A, Fuhlendorf A, Spitzer K, Kunze K. Trans-

cranial Doppler evaluation of common and classic
migraine. Part I. Ultrasonic features during the
headache free period. 

 

Headache.

 

 1990;30:201-208.
9. Totaro R, DeMatteis G, Marini C, Massimiliano P.

Cerebral blood flow in migraine with aura: a trans-
cranial Doppler sonography study. 

 

Headache

 

. 1992;
32:446-451.

10. Wauquier A, McGrady AV, Aloe L, Klausner T,
Collins B. Changes in cerebral blood flow velocity
associated with biofeedback-assisted relaxation treat-
ment of migraine headache are specific for the mid-
dle cerebral artery. 

 

Headache.

 

 1995;35:358-362.
11. Aaslid R. Transcranial Doppler examination tech-

niques. In: Aaslid R, ed. Transcranial Doppler
Sonography. New York: Springer-Verlag; 1986:39-60.

12. Spielberger CC, Gorsuch RL, Lushene RE. STAI



 

250

 

March 2003

 

Manual for the State-Trait Anxiety Inventory. Palo
Alto, Calif: Consulting Psychologist Press; 1970.

13. Beck AT. Beck Depression Inventory. San Antonio,
Tex: Harcourt Brace & Company; 1978.

14. Davis M, Robbins EE, McKay M. The Relaxation
and Stress Reduction Workbook. 4th ed. Oakland,
Calif: New Harbinger Publications; 1996.

15. Schwartz M. Headache, assessment and treatment.
In: Schwartz M, ed. Biofeedback. 2nd edition. New
York, NY: The Guilford Press; 1995.

16. Blanchard EB, Andrasik F. Management of Chronic
Headache: A Psychological Approach. New York,
NY: Pergamon Press; 1985.

17. Haddock C, Rowan AB, Andrasik, F, et al. Home-
based behavioral treatments for chronic benign
headache: a meta-analysis of controlled trials. 

 

Ceph-
alalgia.

 

 1997;17:113-118.
18. Thomas TD, Harpold GJ, Troost BT. Cerebrovascu-

lar reactivity in migraineurs as measured by transc-
ranial Doppler. 

 

Cephalalgia.

 

 1990;10:95-99.
19. Zanette EM, Agnoli A, Roberti C, Chiarotti F,

Cerbo R, Fieschi C. Transcranial doppler in sponta-
neous attacks of migraine. 

 

Stroke.

 

 1992;23:680-685.
20. Millon T, Green CJ, Meagher RB. The MBHI: a

new inventory for the psychodiagnostician in medi-

 

cal settings. 

 

Prof Psychol.

 

 1979;

 

10:

 

529-539.




