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This article evaluated the ability of propranolol to enhance results achieved with relaxation-biofeed­
back training. Thirty-three patients were randomized to relaxation-biofeedback training alone
(administered in a Iimited-contact treatment format), or to relaxation-biofeedback training accom­
panied by long-acting propranolol (with dosage individualized at 60, 120, or 180 mg/day). Con­
comitant propranolol therapy significantly enhanced the effectiveness of relaxation-biofeedback
training when either daily headache recordings (79% vs. 54% reduction in migraine activity) or
neurologist clinical evaluations (90% vs. 66% reduction) were used to assess treatment outcome.
Concomitant propranolol therapy also yielded larger reductions in analgesic medication use and
greater improvements of quality ofIife measures than relaxation-biofeedback training alone but was
more frequently associated with side effects.

The most widely used nonpharmacological therapy for recur­
rent migraines may be the combination of relaxation training
and thermal biofeedback training. Clinical trials have demon­
strated that this therapy yields at least a 50% reduction in mi­
graine activity for about half of treated patients (Blanchard,
1992; Blanchard & Andrasik, 1982; Holroyd & French, in
press; Penzien, Holroyd, Holm, & Hursey, 1985). A recent
meta-analysis further suggests relaxation-thermal biofeedback
training and propranolol hydrochloride (HC1)-the most
widely used preventative drug therapy for migraines-are
equally effective in reducing migraine activity (Holroyd & Pen­
zien, 1990). Pooled data from more than 2,400 patients in­
cluded in 60 clinical trials showed virtually identical outcomes
for propranolol and relaxation-thermal biofeedback training: a
43% reduction in migraine activity for the average patient when
outcome was assessed with patient daily headache recordings. I
In contrast, patients treated with placebo showed only a 14%
reduction in migraine activity.

Although relaxation-thermal biofeedback therapy frequently
produces positive results, only about 50% of treated patients
show clinically significant reductions in migraine activity, and
migraines are seldom eliminated completely. Methods of en­
hancing the effectiveness of relaxation-biofeedback therapy
thus deserve research attention. Surprisingly, only one study has
examined the benefits of combining propranolol and relax­
ation-biofeedback training (Mathew, 1981), although the ad-
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dition of propranolol would appear to be an obvious strategy
for enhancing the effectiveness of this behavioral therapy. There
are at least two reasons for the apparent lack of interest in this
treatment strategy. First, investigators may fear propranolol will
interfere with the therapeutic benefits of thermal biofeedback
training: Propranolol, at least when peripherally infused, pre­
vents the self-regulation of finger temperature during thermal
biofeedback training (Freedman, SabharwaI & Ianni, 1988).
Second, most investigators are equipped by professional train­
ing and experience to evaluate either drug or nondrug therapies;
as a result they are not inclined to evaluate the relative efficacy
or combined effects of drug and nondrug therapies (Holroyd,
1993).

Nonetheless, the addition of propranolol appeared to signifi­
cantly enhance the effectiveness of relaxation-biofeedback ther­
apy in the one study that addressed this issue. Relaxation-bio­
feedback therapy combined with propranolol reduced migraine
activity by 65%, whereas relaxation-biofeedback therapy alone
reduced migraine activity by just 42% (Mathew, 1981).2 Unfor­
tunately, 38% of patients treated with relaxation-biofeedback
therapy alone dropped out, raising the possibility that poor pa­
tient compliance compromised study results. Information
about the drug side effects experienced by patients who com­
pleted treatment, and the impact of therapy on quality of life,
also was not reported.

Evaluating the comparative effectiveness of relaxation-bio­
feedback therapy, with and without concomitant propranolol
therapy, we report preliminary information about the benefits
of adding propranolol to relaxation-biofeedback therapy. We
also report the impact of these two treatments on analgesic con-

1 When less conservative outcome measures (e.g., clinician ratings)
were used, reductions in migraine activity with both treatments were
about 20% larger.

2 Results for migraine and mixed headache diagnoses were combined
as mixed headache has been eliminated from the current diagnostic
system (Headache Classification Committee of the IHS, 1988).
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Method

Patients

sumption and quality of life, and report side effects associated
with each treatment.

We studied 33 migraine sufferers presenting at a university research

clinic and meeting the inclusion criteria described later. Patients aver­

aged 31.7 years of age (range, 16-52), 14.8 years of education (range,

10-18), and 15.2 years of problem headaches (range, 1-47). Of the
patients, 79% were female and 24% experienced aura symptoms.

migraine episodes. The analgesic index (pill count of analgesic medica­

tion ingested each week) provides a measure of headache medication
consumed.

Quality of life. Two measures were used to more broadly assess the

impact of treatment on patients' quality of life. Weekly illness impact

recordings (Holroyd, France, & Rokicki, 1993) were completed each

week during the pretreatment month and throughout the three-month

treatment protocol. Patients recorded the number of days each week

their functioning in each of 12 areas (e.g., work or school performance,

leisure activities) was impaired by their headaches. The internal consis­

tency (Cronbach's alpha = .94) and split half reliability (Spearman­

Brown = .84) of the 12 items on this instrument are high. Stability

across a I-month period also is relatively high, given that scores are

likely to vary with the occurrence of headache episodes (r = .83).

Patients also completed the Beck Depression Inventory (BDI; Beck,

Steer, & Garbin, 1988) at the pretreatment and reevaluation assess­

ments. This measure has been widely used in studies evaluating treat­
ments for recurrent headache disorders (Penzien, Rains, & Holroyd,

1993).

Group assignment. Patients were matched on pretreatment head­

ache activity and gender, then randomly assigned to relaxation-biofeed­
back training alone, or to relaxation-biofeedback training plus pro­

pranolol. Treatment dropouts were replaced. Sixteen patients were as­

signed to the behavioral treatment group and 17 patients to combined

treatment. There were 2 dropouts from relaxation-biofeedback train­

ing alone (both citing lack of time ) and 4 dropouts from the relaxation­

biofeedback plus propranolol (3 citing medication side effects and I

citing lack of time ). A chi-square test revealed that the number of drop­

outs from the two groups did not differ significantly. Multivariate anal­

yses of variance (MANOVAs) and chi-square tests also revealed that the

six dropouts did not differ significantly from the treatment completers

on demographic variables, chronicity of headache problems, or on the
variables in Table I and Table 2 at the pretreatment assessment.

MANOVAs and chi-square tests also confirmed that patients in the

relaxation-biofeedback alone and relaxation-biofeedback plus pro­

pranolol groups did not differ on demographic variables, chronicity of

headache problems, or on the variables in Tables I and 2 at the pretreat­
ment assessment.
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Table 2

Quality of Life Measures
Diagnostic and inclusion criteria. To be included in this study, pa­

tients had to receive a migraine diagnosis from each of three sources:

(a) the project neurologist after a neurological evaluation, (b) an inde­
pendent evaluator using International Headache Society (IHS) diagnos­

tic criteria (Headache Oassification Committee of the ms, 1988), and

(c) a computer program (Penzien et al., 1991) that applied IHS diag­

nostic criteria to information the independent evaluator obtained in a

structured interview. Patients also were required to regularly experience

a minimum of one migraine per month and to have had problem mi­

graines for at least I year. Finally, patients were required to be free from

prophylactic migraine medication for 6 months before entering the

study, to be free from any medical conditions that would contraindicate

propranolol therapy, and to consent to randomized treatment.

Headache and medication recording. During the pretreatment

month and continuing throughout the 3-month treatment protocol, pa­

tients recorded headache activity four times daily using a 100point scale

ranging from 0 (no pain) to 10 extreme, completely incapacitating pain.
Patients also recorded medication use on a daily basis (Holroyd et al.,

1988).

Headache index (the sum of the four daily headache recordings aver­

aged over each week; range, 0-40) provided our measure of migraine

activity. The headache index yields a measure of average daily headache

activity, taking into account the intensity, duration and frequency of

Pretreatment Evaluation
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Treatment

Relaxation-biofeedback alone. Advanced graduate students in clin­
ical psychology administered this treatment. 3 A modified version of the
programmed instruction materials and protocol developed by Blan­
chard and his colleagues was used (cf. Blanchard & Andrasik, 1985).
Relaxation and thermal biofeedback training were introduced sequen­
tially in two clinic visits 1 month apart, with an additional clinic visit 1
month later devoted to enhancing and generalizing the use of these
skills. Manuals and audiotapes guided the acquisition and practice of
self-regulation skills at home; patients used a portable digital thermal
biofeedback unit (Human Measurement Systems, HH-402) for home
biofeedback training. Telephone consultations at the end of the second
and sixth weeks of treatment allowed the therapist to answer questions
and address problems that arose in acquiring, practicing, and applying
self-regulation skills at home.

Relaxation-biofeedback plus propranolol. Patients in this
treatment group received the relaxation-thermal biofeedback train­
ing protocol described earlier. In addition, long-acting propranolol
(Inderal-LA) was administered by a board-certified neurologist. The
initial daily dose of 60 mg was increased to 120 mg and then 180 mg
as tolerated. At 1 month, patients were reevaluated to determine
their maximum tolerated dose (to 180 mg/day), which was contin­
ued for the remaining 2 months of the protocol. The final mean dose
was 106 mg/day with seven patients at 60 mg, two patients at 120
mg, and four patients at 180 mg.

Reevaluation Assessment

Patients returned to the clinic for reevaluation I month after com­

pleting relaxation-biofeedback training (3 months after beginning
therapy). All patients were interviewed by their therapist and reevalu­
ated by the project neurologist who rated improvement in migraine
activity (percent change) and treatment side effects (on a scale ranging
from 0 [no side effects] to 3 [severe side effects]).4 Patients' ability to
raise their finger temperature without the aid of feedback also was as­
sessed after a lO-min baseline during a 100min testing period.

Results

Daily Recordings of Headache Activity and Medication
Use

Both treatments produced clear improvements in migraine
activity and reductions in analgesic use (see Table I). However,
relaxation-biofeedback training plus propranolol yielded a
more favorable outcome than did relaxation-biofeedback
training alone. An analysis of covariance (ANCOVA) that was
conducted on reevaluation headache index scores (with pre­
treatment values as covariates) revealed significantly lower lev­
els of migraine activity in patients who received the combined
treatment than in patients who received relaxation-biofeed­
back training alone, F( 1,24) = 5.9, p < .05.s At reevaluation,
92% of patients (12 of 13) who received the combined treat­
ment and 57% of patients (8 of 14) who received relaxation­
biofeedback alone showed at least a 50% reduction in headache
index, x2( I) = 4.3, p < .05. However, within-group t tests pre­
sented in Table I confirmed that there were significant improve­
ments in headache activity for both treatment groups.

Patients treated with relaxation-biofeedback plus proprano­
lol also showed larger reductions in analgesic use than patients
treated with relaxation-biofeedback alone (see Table I). An
ANCOVA conducted on posttreatment analgesic index scores
(with pretreatment values as covariates) confirmed this obser-

vation, F( I, 24) = 6.6, p < .05. Within-group t tests revealed
that analgesic consumption decreased in both treatment
groups.

Neurologist's Ratings

The average patient receiving relaxation-biofeedback plus
propranolol was judged by the project neurologist to have
shown a 90% reduction in migraine activity, whereas the average
patient who received relaxation-biofeedback training alone was
judged to have shown a 66% reduction, F( 1, 24) = 9.3,p < .01.
Side effects were more frequently identified in patients receiving
relaxation-biofeedback plus propranolol (54% of patients),
however, than in patients receiving relaxation-biofeedback
training alone (7% of patients), x2(1) = 7.05,p < .01.

Quality of Life

The combined treatment tended to produce larger improve­
ments than relaxation-biofeedback training alone in Weekly ill­
ness impact recordings and in depression scores (see Table 2).
Univariate ANCOVAs confirmed this observation, F( 1, 25) =
4.3,p < .05, and F( I, 23) = 10.I,p < .05, respectively.

Handwarming

At the reevaluation assessment, patients in both treatment
groups successfully raised their hand temperature in the ab­
sence of feedback (mean increase of 3.96°F in the relaxation­
biofeedback alone group and 2.52 OFin the relaxation-biofeed­
back plus propranolol group, both p < .0 I ). Hand temperature
increases did not differ significantly in the two groups.

Discussi9n

Concomitant propranolol therapy significantly enhanced the
effectiveness of relaxation-thermal biofeedback therapy when
either daily headache recordings (79% vs. 54% reduction in mi­
graine activity) or neurologist clinical evaluations (90% vs. 66%
reduction) were used to assess treatment outcome. Concomi­
tant propranolol therapy also yielded larger reductions in anal­
gesic medication use and greater improvements on quality of
life measures than did relaxation-biofeedback therapy alone.
Finally, propranolol did not prevent handwarming after ther­
mal biofeedback training. Thus, propranolol appeared to
broadly enhance the effectiveness of relaxation-biofeedback
training.

Differences in effectiveness of these two therapies resulted not

3 We administered relaxation-biofeedback alone (rather than relax­
ation-biofeedback plus placebo) because we wanted to compare treat­
ment choices that actually confront clinicians. Because concurrent ad­
ministration of placebo may reduce the effectiveness of psychological
treatment, relaxation-biofeedback plus placebo and relaxation-bio­
feedback alone cannot be considered equivalent psychological treat­
ments (Hollon & DeRubeis, 1981).

4 The project neurologist did not have access to patient daily head­
ache recordings, which were mailed each week to the project office.

S Analyses revealed no therapist effect (in either group) and no pro­
pranolol-LA dose level effect (in the relaxation-biofeedback-plus-pro­
pranolol group).
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because relaxation-biofeedback therapy yielded poor results
when administered alone but because large improvements in
migraine activity were consistently obtained when propranolol
was added to relaxation-biofeedback training. Just over half of
patients who received relaxation-biofeedback therapy alone
showed a 50% or greater reduction in migraine activity after
treatment, results that are quite similar to those reported in
other studies (Blanchard & Andrasik, 1982; Penzien et al.,
1985). When propranolol was added, however, 92% of patients
showed this level of improvement, results that appear to exceed
those that have been reported with either propranolol or relax­
ation-biofeedback therapy alone (Blanchard &Andrasik, 1982;
Holroyd & Penzien, 1990; Holroyd, Penzien, & Cording­
ley, 1991). These findings complement Mathew's ( 1981) find­
ings and highlight the need for a larger placebo-controlled eval­
uation of the costs and benefits of combining propranolol and
relaxation-biofeedback therapy. Further, they suggest that if mi­
graines fail to respond to relaxation-biofeedback therapy
within about 3 months, concomitant propranolol therapy de­
serves consideration.

More informal observations suggest two additional issues
that deserve attention in future studies. First, improvements
were frequently observed at low propranolol dose levels in the
present study: About half of patients who received both pro­
pranolol and relaxation-biofeedback therapy recorded large re­
ductions in migraine activity at the lowest propranolol dose (60
mg/ day). This dose is significantly lower than the dose ( 160
mg/ day) typically employed in clinical trials of propranolol
(Holroyd et al., 1991). The possibility that the concurrent ad­
ministration of propranolol and relaxation/biofeedback ther­
apy would allow migraines to be controlled with lower doses of
prophylactic medication than would otherwise be needed thus
deserves attention. Second, most patients (62% ) who received
concomitant propranolol therapy in the present study chose to
discontinue this medication at the end of the 3-month study
period, although they clearly had a positive response to the com­
bined therapy. Phone contacts with these patients during the
subsequent 6 months suggested that, for most individuals, mi­
graines remained controlled.6 The possibility that a significant
number of patients could discontinue propranolol therapy rela­
tively quickly when propranolol and relaxation-biofeedback
therapy are administered together thus deserves attention, also.

Findings from this study are preliminary in nature. Firm
conclusions about the benefits of adding propranolol to relax­
ation-biofeedback therapy must await the completion of a
larger study that evaluates the separate and combined effects
of propranolol and relaxation-biofeedback training, preferably
using more than one propranolol target dose level. Ideally, such
a study would evaluate the long-term maintenance of treatment
gains maintained with each therapy and assess the effects of
withdrawing propranolol therapy in successfully treated pa­
tients. Hopefully, our preliminary findings will encourage inves­
tigators who, to date, have tended to focus exclusively on the
evaluation of either drug or nondrug therapies to conduct such
studies.

6 At least I month of daily headache recordings would be required
from all patients to confirm this observation. This data was not
available.
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