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An open-label study and 2 double-blind, placebo-
controlled studies have provided supporting evi-
dence of botulinum toxin type A (BTX-A) as an
effective, well-tolerated treatment for migraine.
Observed durations of benefit were consistent
with known properties of BTX-A. Findings suggest
that response may vary by features of preinjection
headaches, such as migraine frequency. The pre-
cise mechanism by which BTX-A provides pain
relief is hypothesized to be related not only to
acetylcholine inhibition but also to a blocking ac-
tion on the parasympathetic nervous system. Ad-
ditional studies that control factors likely to be
related to response may lead fo better under-
standing of the BTX-A effect on migraine and an
optimal treatment protocol. g
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IGRAINE, an episodic neurological disor-
der, affects about 17% of women and 6% of
men in the US! and is a major stressor of the
health-care providing system.2? Disability from
migraine is profound and disrupts functioning in
the workplace and at home. Comorbidity of mi-
graine with other major neurologic conditions has
been established, including overlap with other
major affective disorders (eg, panic disorder).
‘There are numerous therapies currently available
but most have limited benefit and can produce
significant adverse side effects; thus, there is great
demand for a long-acting acute and prophylactic
therapy that is effective, well-tolerated, and lacks
systemic side effects.*

Local injections of botulinum toxin type A
(BTX-A; commercial preparation BOTOX, manu-
factured by Allergan Corporation, Irvine, CA)
into excessive muscle contraction have been suc-
cessful in treating dystonia, spasticity, and other
conditions characterized by inappropriate muscle
spasm.3-1° When injected directly into contracting
muscles, BTX-A exerts its effect by binding to
the presynaptic nerve terminal, becoming inter-
nalized, and interfering with exocytosis of the
neurotransmitter acetylcholine (Ach) at the neu-
romuscular juncture, thus inhibiting muscle con-
traction. Improvement in symptoms usually oc-

curs within 1 to 14 days, peaks within 2 to 6
weeks, and begins to wear off by 10 to 12 weeks
postinjection.!! Functional recovery of the neuro-
muscular juncture takes about 3 to 6 months.!2
BTX-A is considered a safe therapy for inappropri-
ate muscle spasms and is generally well tolerated,
with adverse effects being typically self-limited.
The greatest concern is probably the formation of
blocking antibody leading to nonresponse of sub-
sequent BTX-A injections. Prevalence of BTX-A
resistence is less than 5%?3 and is likely associated
with dose and frequency of treatment sessions but
not by duration of overall treatment regimen.11.14
However, most of these data are based on older
batches of botulinum toxin that had greater
amounts of protein load than the newer toxin,
which has reportedly less antigenicity. Some of
these patients have benefited from different prep-
arations of BTX-A!S or from other types of botuli-
num toxin.16-19

It has been observed by us and others that the
therapeutic benefit of BTX-A can be isolated to
pain relief alone.202! One of the first pain syn-
dromes for which BTX-A was successfully used

-was myofascial pain.2223 It has also been tested as

a treatment for tension headache?*28 and may be
effective for cervicogenic headache?? and chronic
low back pain associated with muscle spasm.3°
During initial clinical trials of BTX-A treatment
for hyperfunctional facial lines, we observed that
patients given pericranial BTX-A injections expe-
rienced relief of migraine headache symptoms.3!
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This finding led to a multicenter, nonrandomized,
open-label study to determine whether this rela-
tionship between BTX-A treatment and migraine
symptoms was meaningful and could be repli-
cated.32 Double blind, placebo-controlled studies
of BTX-A treatment for migraine followed.33-3*
This report details the findings of these studies
(summarized in Table 1) and discusses the possi-
ble mechanisms by which BTX-A acts to relieve
migraine symptoms.

OPEN-LABEL STUDY (BINDER)

A sample of study patients was recruited from
private-practice cosmetic surgery, otolaryngol-
ogy, and neurology clinics. Patienis either a)

sought BTX-A treatment for hyperfunctional fa-

cial lines or other dystonias with concomitant
headache disorders or b) were candidates for
BTX-A treatment specifically for headaches. Pa-
tients were classified as true migraine, possible
migraine, or nonmigraine, based on baseline
headache characteristics and International Head-
ache Society (IHS) criteria.

The patients received prospective treatments ei-
ther prophylactically or for acute migraine epi-
sodes; a small subgroup received both types of
treatments. BTX-A injections were administered
by experienced injectors®® to the glabellar, tem-
poral, frontal and, in 2 patients, the suboccipital
regions of the head and neck. The injection pro-
tocol followed predetermined standards for the
treatment of hyperfunctional facial lines and facial

dystonias,® although those patients treated specif- -

ically for headache tended to receive larger doses
as the study progressed. Patients had differing
lengths of follow-up, ranging from 3 weeks to 6
months. Subsequent experience in treating mi-
graine has now evolved into treatment patterns
that incorporate the concept of injecting the areas
of pain with larger doses varying betweén 75 to
125 U in multiple injection sites that “saturate”
the area. The suboccipital region is routinely in-
jected if pain is either referred or eminates from
that area.

Treatment benefit was evaluated by self-re-
ported degree and duration of response. Degree of
response was defined as: a) complete response
(elimination of headache symptoms), b) partial
response (at least 50% reduction in frequency or
severity of headaches) and ¢) nonresponse (less
than 50% reduction in frequency or severity of

headaches). Patients lost to follow-up were con-
sidered nonresponders.

Ninety-three patients received prophylactic
treatment only, 4 received treatment for an acute
migraine episode only, and 9 were treated for an
acute episode and were subsequently treated pro-
phylactically; the latter subgroup was included
in both “prophylactic” and “acute” analyses. Sev-
enty-nine (75%) patients were determined to have
true migraine, 18 (17%) to have “possible” mi-
graine, and 9 (9%) to have nonmigraine head-
aches. Most patients were women (90%), and the
majority were 36 to 60 years old (68%). Fifty one
percent of patients reported severe migraine
symptoms, and 34% reported migraine frequency
as 2 to 3 times per month. Nonmigraineurs were
significantly more likely than possible or true
migraineurs to report less severe headaches
(P = .03). Gender, age, and baseline migraine
frequency were similar among migraine classifica-
tion groups, and neither baseline frequency nor
severity varied by age or gender.

Seventy-seven true migraineurs were treated
prophylactically; those with self-reported higher
baseline migraine frequencies (at least 3 times/
month) received higher doses than true mi-
graineurs with lower baseline frequencies. Fifty
one percent (95% CI = 39% to 62%) were com-
plete responders with mean (standard deviation
[SD]) duration of benefit of 4.1 (2.6) months.
Complete response was related to lower baseline

‘migraine frequency (P = .06) and severity (P =

.07). However, “improvement” (complete or par-
tial response) was unrelated to baseline frequency
and severity. Overall, mean (SD) duration of ben-
efit was 3.2 (2.3) months, independent of baseline
frequency. Complete responders with severe base-
line headaches had somewhat longer duration of
benefit [mean (SD) = 4.6 (3.1) months] com-
pared to those with less severe headaches at base-
line {[mean (SD) = 3.7 (2.3) months]. Although
there was no evidence of dose-response (after
adjustment for baseline frequency), injection site
was a significant predictor of complete response
(P = .01), with 87% of complete responders hav-
ing received glabellar injections (compared to
66% of non- or partial responders). Complete re-
sponders were significantly older [mean (SD)
age = 48 (12) years] than partial responders
[mean (SD) = 43 (9) years] and nonresponders
[mean (SD) = 41 (13) years] (P = .02).
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In the acute treatment experience, 10 of 13 true
migraineurs were complete responders (70%;
95% CI = 35% to 93%). All responders improved
within 1 to 2 hours postinjection.

There were no reported cases of true eyelid pto-
sis, diplopia, facial nerve or expression problems,
keratopathy, or idiosyncratic or allergic reactions
attributable to BTX-A treatment. Two patients re-
ported transient brow ptosis; other adverse effects
were limited to transient local pain and ecchymo-
sis at the injection site. :

DOUBLE-BLIND STUDY (SILBERSTEIN)

Eligible patients had histories of 2 to 8 moder-
ate to severe 1HS-defined migraines per month
over the 3 months before enrollment and had 2 to
8 such migraines during a 1-month baseline pe-
riod. Patients were recruited from 12 headache
centers and were randomized to 1 of 3 groups: 1)
Vehicle, 2) BTX-A, 25 U, or 3) BTX-A, 75 U. Sym-
metrical injections were administered to the fron-
tal, temporal, and glabellar regions of the head.
Follow-up data were collected at 3 monthly
postinjection visits from diaries maintained by pa-
tients with the following parameters: the occur-
rence of migraines, start and stop times of mi-
graines, severity of migraines, the presence of
migraine aura, migraine-associated symptoms,
and acute migraine medications used. The pri-
mary outcome in intent-to-treat analysis was
change from baseline in number of moderate-to-
severe migraines per month.

Forty-one patients were randomized to vehicle,
42 to 25-U BTX-A, and 40 to 75-U BTX-A. Most
patients were women (85%). Age ranged from 22
to 63 years. Patients in the vehicle group were
significantly older than those in the BTX-A groups
(P = .02); all other demographic features were
similar among groups. In migraine histories,
mean frequencies/month were 4.8, 4.3: and 4.0 in
the vehicle, 25-UBTX-A, and 75-U BT X-A groups,
respectively; mean durations were 35.9, 32.9, and
32.2 hours, respegtively. Treatment groups were
comparable on migraine severity, distribution
(unilateral versus bilateral), type of pain, or effect
of physical activity. There were no significant dif-
ferences by treatment group in baseline frequency
of moderate-to-severe migtaines, in maximum
migraine severity, in migraine-associated vomit-
ing, or in use of migraine medication. The vehicle
and 25-U BTX-A groups had greater mean years

since migraine onset (P<<.001) and lower baseline
frequencies of migraines of any severity (p <
0.046) than the 75-U BTX-A group; these vari-
ables were included as covariates in relevant
analyses.

The 25-U BTX-A group experienced a signifi-
cantly greater reduction in moderate to severe mi-
graine frequency than the vehicle group at month
2 (-1.57 versus -0.37, P = .008) and at month 3
(-1.88 versus -0.98,P = .04) postinjection. Simi-
larly, the 25-U BTX-A group experienced a signif-
icantly greater reduction in frequency of mi-
graines of any severity than the vehicle group at
month 3 (-2.12 versus -0.90, P = .01) and a ten-
dency toward fewer migraines at month 2 (-1.55
versus -0.37, P = .07). At month 3, significantly
more patients in the 25-U BTX-A group compared
to the vehicle group reported at least 2 fewer mi-
graines of any severity (P = .01) and a decrease in
migraine frequency of-at least 50% (P = .046).

Compared to vehicle, the 25-U BTX-A group
experienced a significantly greater reduction in
migraine severity at months 1 and 2 (P < .03) and
in use of migraine medications at month 2 (P =
.03). At month 3, significantly fewer patients in
the 25-U BTX-A group experienced migraine-
associated vomiting compared to vehicle (P=
.01). Both drug groups had significantly better
Subject Global Assessment scores than the vehicle
group at month 2 (75-U BTX-A = 1.25, 25-U
BTX-A = 1.19, vehicle = 0.46; << 0.041).

The 75 U BTX-A group had higher incidence of
treatment-related adverse events than the vehicle
group (50% versus 24%, P = .02), whereas the
25-U BTX-A and vehicle groups were similar in
adverse event incidence. All adverse events were
transient and included blepharoptosis, diplopia,
and injection site weakness.

DOUBLE-BLIND STUDY (BRIN)

Eligible patients had histories of 2 to 6 IHS-
defined migraines per month over the 12 months
prior to enrollment, including a 1-month baseline
period. patients were recruited from 3 headache
centers and were randomized to 1 of 4 injection
groups:

1) BTX-A to the frontal and temporal regions;
2) BTX-A to the frontal region, placebo to the
temporal region; 3) BTX-A to the temporal region,
placebo to the frontal region; and 4) Placebo to the
frontal and temporal regions. Forty five units (of
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drug or placebo) were administered to frontal re-
gions; 30 U were administered to temporal re-
gions; thus, each patient received 75 U of drug
and/or placebo. Sodium Chloride Injection, USP
(normal saline with preservative [NS]) was used
as the placebo. Follow-up data were collected at
2-, 4-, 8-, 12- and 16-week postinjection visits
from diaries maintained by patients with the fol-
lowing parameters: the occurrence of migraines,
start and stop times of migraines, severity of mi-
graines, migraine-associated symptoms, and acute
migraine medications used. Primary outcome
measures in intent-to-treat analyses were fre-
quency, duration, and pain intensity (0-10 scale)
compared to baseline. Group 1 versus group 4 at
week 12 was defined as the key comparison.

Fourteen patients were randomized to group 1,
12 to group 2, 14 to group 3, and 13 to group 4.
Most patients were women (94%). Age ranged
from 21 to 75 years. Patients in the placebo group
were significantly older than those in the BTX-A
groups (P = .02); all other demographic features
were similar among groups. For migraines during
the baseline period, the median maximum pain
instensity was 10 (range, 0 to 10), the median
frequency was 3.5/month (range, 0 to 9.7), and
the median maximum duration was 25 hours
(range, 0 to 130). The only significant difference
in demographic and baseline characteristics by in-
jection group was for migraine duration (P = .04);
thus, baseline duration was used as a covariate in
analyses of change in duration. Medication use

-was also controlled for as doing so appreciably
affected results.

Maximum pain decrease for group 1 occurred
by week 12 and was significantly greater than
for group 4 [LS mean (se) = -4.3 (0.6) for group
1,-2.0 (0.6) for group 4; P = .01]. Groups 1 and
2 experienced greater decreases in migraine du-
ration than groups 3 and 4 but these differences
were not significant. Among patients with low
(< 3.5/month) baseline migraine frequency,
medication use over time significantly differed
by treatment [P = .0003 for groups 1-3 (BTX-A)
versus Group 4 (placebo)]; the largest differ-
ence was at week 12 (P = .01), and for BTX-A
the decline in medication use over time was
significant (P = .007). There were no discern-
able differences by treatment group in decrease
of migraine frequency, vomiting, or number of
nonmigraine days. Patients with frontal BTX-A

injection sites had a marginally significantly
greater reduction in pain at week 12 than other
patients (P = .054).

DISCUSSION

The exact origin of miigraine headache has
yet to be determined but is hypothesized to in-
volve vascular, neuronal, and myofascial compo-
nents.?%37 The trigeminoneurovascular theory
suggests a viscious cycle in which pain sensation
is transmitted to the central nervous system by
afferent trigeminal neurons, activating the auto-
nomic pathway through the facial nerve, and pro-
ducing vasodilation because of involvement of the
pterygopalatine and otic ganglia38.39; pain is then
triggered via trigeminal neurons and the efferent
parasympathetic pathway, producing feedback
vasodilation. Vasodilation is thought to be medi-
ated by the release of potent vasodilatory com-
pounds, such as vasoactive intestinal peptide
(VIP) and substance P from parasympathetic neu-
rons innervating the pericranial vasculature. VIP
has been identified at nerves associated with large
cerebral arteries and extracranial vessels supply-
ing the tongue, salivary gland, nose and eyes. In
cats, it has been shown that VIP antibodies block
the neurogenic vasodilatory response produced
by electrical stimulation of the locus coeruleus or
the pterygopalatine ganglion.?° Release of vasoac-
tive peptides, such as calcitonin gene-related pep-
tide (CGRP), into the extracerebral circulation
has been observed after activation of the trigemi-
novascular system and in patients experiencing
migraine.!

The mechanism by which BTX-A provides
pain relief in muscle contraction disorders is
not known but has historically been thought to
be related to the reliel of muscle spasm through
the inhibition of the release of Ach at the neu-
romuscular junction. If cranial muscle contrac-
tion is involved in migraine etiology, BTX-A
would be expected to have a prophylactic effect.
However, because BTX-A appears to provide
both acute and chronic relief of migraine pain as
well as other migraine-associated symptoms
(eg, nausea and vomiting, visual disturbances,
photophobia, and phonophobia), it seems likely
that alternative mechanisms of action are at
work. This is supported by the observation that
BTX-A treatment of torticollis provides pain re-
lief in excess of the reduction of inappropriate
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muscle contraction, suggesting a different
pathophysiological pathway than that related to
muscle dysfunction,20. 42

BTX-A has been shown to block autonomic
pathways, and other neuronal components
and systems have different susceptibilities to
botulinum toxin.** For example, parasympa-
thetic postganglionic neurons that innervate ca-
nine submandibular glands are susceptible to
the anticholinergic effect of botulinum toxin
types A and D when applied topically to nasal
mucosa.** These findings suggests that botuli-
num toxin, via injection or diffusion, affects
important sites of action (possibly at the cellu-
lar level) other than the currently known neu-
roeffector sites. In addition, there is evidence
that botulinum toxin has a direct effect on affer-
ent fibers, suggesting that it also may block the
sensory system.¥.16

Botulinum toxins may inhibit the release of
neurotransmitters and neuropeptides other than
Ach.#7-53 Interestingly, both VIP and the vasocon-
strictor neuropeptide Y were found to be colocal-
ized with Ach in parasympathetic nerves origin-
ating in the sphenopalatine, otic, and internal
carotid ganglia, all of which innervate cerebral
arteries.>* Also, evidence from immunohistologi-
cal techniques suggests that botulinum toxin in-
hibits the release of CGRP from motor nerves in
rats.’>

These observations provide a potential link
between the actions of botulinum toxin at cholin-
ergic nerve terminals and its possible antivasodi-
latory and anti-inflammatory effects. After injec-
tion of BTX-A into muscles of the temple or
forehead, it seems plausible that cholinergic
(parasympathetic) neurons innervating the ex-
tracranial vasculature are recognized, causing a
disruptive effect on the vesicular release of Ach
and Ach-like neuropeptides. Because” of the
known cholinergic effect of BTX-A and the possi-
ble colocalization of vasodilatory neuropeptides,
there is evidence to.suggest that neurogenic in-
flammation, thought to play a role in migraine,
resulting from the release of neuropeptides may
be inhibited .

In the open-label and double-blind studies
performed to date, summarized in this report,
there is support for BTX-A as an efficacious, safe
treatment for migraine, and the durations of

benefit observed were consistent with known
properties of BTX-A. However, these data also
raise additional questions for further investiga-
tion. For example, all 3 studies suggest that
response to treatment may vary depending on
features of preinjection headaches. 1t would be
of interest to determine which, if any, demo-
graphic, clinical, or other patient characteristics
predispose to successful treatment response and
are related to maximum effect. Also, the poten-
tial for placebo response to headache treatment
has been documented,’® and placebo effects
were observed early in the course of follow-up
in both double-blind studies. Therefore, a cross-
over study design to investigate the placebo ef-
fect might be worthwhile.

A study limited to BTX-A responders would
be useful in optimizing doses, injection sites,
and other treatment-related variables, as well as
determining the specific effect of BTX-A on mi-
graine symptoms. The two double-blind studies
appear to have conflicting findings in terms of
optimal dose: Silberstein et al found that 25 U
BTX-A was superior to 75 U, and Brin et al.
observed a treatment effect only for 75 U BTX-A
(compared to 30 or 45 U).333% In Brin et al,
frontal BTX-A injection sites were associated
with a somewhat greater reduction in pain than
temporal BTX-A or placebo injections, whereas
the open label study observed superiority for
glabellar injections compared to other sites. Ex-

~ perience in treating migraine subsequent to

these studies has resulted in a treatment con-’
cept of injecting the areas of pain with larger
doses varying between 75 to 125 U in multiple
injection sites that “saturate” the area. The sub-
occipital region is routinely injected if pain is
either referred or eminates from that area. In
terms of specific BTX-A effects, Silberstein et al
found an association between BTX-A and reduc-
tion of migraine frequency, severity, use of
medications, and vomiting; Brin et al. observed
areduction in severity and, in patients with less
frequent migraines at baseline, in medication
use. Better control of factors likely to be related
to treatment response through study design
may be helpful in gaining better understanding
of the effect of BTX-A on migraine and its opti-
mal method of delivery.



BOTOX FOR TREATMENT OF MIGRAINE

99

REFERENCES

1. Silberstein SD, Lipton RB: Overview of diagnosis and
treatment of migraine. Neurology 44:6-16, 1994

2. Stang PE, Osterhaus JT, Celentano DD: Migraine. Pat-
terns of healthcare use. Neurology 44:547-555, 1994 (suppl)

3. de Lissovoy G, Lazarus 5S5: The economic cost of mi-
graine. Present state of knowledge. Neurology 44:556-S62,
1994 (supph)

4. Stewart WF, Shechter A, Rasmussen BK: Migraine prev-
alence. A review of population-based studies. Neurology 44:
§17-523, 1994 (suppl)

5. Jankovic], Brin MF: Botulinum toxin: Historical perspec-
tive and potential new indications. Muscle Nerve 20:5129-
$145, 1997 {supph

6. Brin MF: Botulinum toxin: Chemistry, pharmacology,
toxicity, and immunology. Muscle Nerve 20:5146-S168, 1997
(suppl)

7. Brin MF: Botulinum toxin: New and expanded indica-
tions. Eur ] Neurol 4:59-66, 1997

8. Blitzer A., Binder WJ, Aviv JE, et al: The management of
hyperfunctional facial lines with botulinum toxin: A collabo-
rative study of 210 injection sites in 162 patients. Arch Otolar-
yngol Head Neck Surg 123:389-392, 1997

9. Binder W, Blseline period, the median maximum pain
instensity was 10 (range, 0 to 10), the median frequency was
3.5/month (range, 0 to 9.7), and the median maximum dura-
tion was 25 hours (range, 0 to 130). The only significant
difference in demographic and baseline characteristics by in-
jection group was for migraine duration (P = .04); thus, base-

*line duration was used as a covariate in analyses of change in
duration. Medication use was also contplainl2. Holds JB, Al-
derson K, Fogg SG, et al: Terminal nerve and motor end plate
changes in human orbicularis muscle following botulinum A
exotoxin injection. Invest Ophthalmol Vis Sci 31:178-181,
1990

13. Jankovic J, Schwartz K: Response and immunoresis-
tance to botulinum toxin injections. Neurology 45:1743-1746,
1995

'14. Gonnering RS: Negative antibody response to long-
term treatrment of facial spasm with botulinum toxin. Am }
Ophthalmol 105:313-315, 1988

15. Mezaki T, Kaji R, Kohara N, et al: Comparison of ther-
apeutic efficacies of type A and F botulinum toxins for bleph-
arospasm: A double-blind, controlled study. Neurology 45:
506-508, 1995

16. Ludlow CL, Hallett M, Rhew K, et al: Therapeutic use df
type F botulinum toxin. New Engl ] Med 326:349-350, 1992
(letter)

17. Greene PE, Fahn S: Use of botulinum toxin type F
injections to treat torticollis in patjents with immunity to bot-
ulinum toxin type A. Mov Disord 8:479-483, 1993

18. Sheean GL, Lees AJ: Botulinum toxin Fin the treatment
of torticollis clinically resistant to botulinum toxin A. ] Neurol
Neurosurg Psychiatr 59:601-607, 1995

19. Sankhla C, Jankovic J, Duane D: Variability of the im-
munologic and clinical response in dystonic patients immu-
noresistant to botulinum toxin injections. Mov Disord 13:150-
154, 1998

20. Brin MF: Treatment of Dystonia, in Jankovic ], Tolosa E

(eds): Parkinson's Disease and Movement Disorders. New
York, NY. Williams & Wilkins, 1998, pp 553-578

21. Johnstone SJ, Adler CH: Headache and facial pain re-
sponsive 1o botulinum toxin: An unusual presentation of
blepharospasm. Headache 38:366-368, 1998

22. Acquadro MA, Borodic GE: Treatment of myofascial
pain with botulinum A toxin. Anesthesiology 80:705-706,
1994

23. Chesire WP, Abashian SW, Mann JD: Botulinum toxin
in the treatment of myofascial pain syndrome. Pain 59:65-69,
1994

24, Zwart JA, Bovim G, Sand T, et al: Tension headache:
Botulinum toxin paralysis of temporal muscles. Headache 34:
458-462, 1994

25. Relja M: Treatment of tension-type headache by local
injection of botulinum toxin. Eur J Neurol 4:571-573, 1997
(suppl 2)

26. Wheeler AH: Botulinum toxin A, adjunctive therapy for
refractory headaches associated with pericranial muscle ten-
sion. Headache 38:468-471, 1998

27. Smuts JA, Baker MK, Smuth HM, et al: Botulinum toxin
type A as prophylactic treatment in chronic tension-type head-
ache. Cephalalgia 19:454-463, 1999

28. Rollnik JD, Tanneberger O, Schubert M, et al: Treat-
ment of tension-type headache with botulinum toxin type
A: A double-blind, placebo-controlled study. Headache 40:
300-305, 2000

29. Hobson DE, Gladish DF: Botulinum toxin injection for
cervicogenic headache. Headache 37:253-255, 1997

30. Knusel B, Grant M, Loesser JD, et al: Intramuscular
injection of botulinum toxin type A (BOTOX®) in chronic low
back pain associated with muscle spasm. Poster presented at:
American Pain Society Meeting, November 1998, San Diego,
CA, Poster 672

31. Binder WJ: A method for reduction of migraTne head-
ache pain. United States Patent No. 5,714,468. Feb 3, 1998

.32. Binder W], Brin MF, Blitzer A, et al: Botulinum toxin
type A (BOTOX®) for treatment of migraine headaches: An
open-label study. Otolaryng Head Neck Surg ] 123:669-676,
2000

33. Silberstein S, Mathew N, Saper ], et al: Botulinum toxin
iype A as a migraine preventive treaiment. Headache 40:445-
450, 2000 _

34. Brin MF, Swope DM, Abassi S, et al: Botulinum toxin
type A (BOTOX®) for migraine: Double blind, placebo con-
trolled, region specific evaluation. Poster presented at: Head-
ache World 2000, September 2000, London, UK, Poster 1196

35. Olesen, J: The clinical and pathophysiological observa-
tions in migraine and tension-type headache explained by in-
tegration of vascular, supraspinal and myofascial inputs. Pain
46:125-132, 1991

36. Cady RK, Shealy CN: Recent advances in migraine man-
agement [see comments]. J Fam Pract 36:85-91, 1993

37. Zagami AS: Pathophysiology of migraine and tension-
type headache. Curr Opin Neurol 7:272-277, 1994

38. Moskowitz MA: The neurobiology of vascular head
pain. Ann Neurol 16:157-168, 1984

39. Moskowitz MA: The trigeminovascular system, in



100

BINDER ET AL

Olesen J (ed): The Headaches. New York, NY. Raven Press,
1993, pp 97-10+4

40. Goadsby PJ, Macdonald GJ: Extracranial vasodilation
mediated by vasoactive intestinal polypeptide (VIP). Brain Re-
search 329:285-288, 1985

41. Goadsby PJ, Edvinsson L, Ekman R: Vasoactive peptide
release in the extracerebral circulation of humans during mi-
graine headache. Ann Neurol 28:183-187, 1990

42. Brin MF, Fahn S, Moskowitz C, et al: Localized injec-
tions of botulinum toxin for the treatment of focal dystonia
and hemifacial spasm. Adv Neurol 50:599-608, 1988

43. Black JD, Dolly JO: Selective location of acceptors for
botulinum neurotoxin A in the central and peripheral nervous
systems. Neuroscience 23:767-779, 1987

44. Shaari CM, Sanders 1, Bei-Lian W, et al: Rhinorrhea is
decreased in dogs after nasal application of botulinum toxin.
Otolaryngol Head Neck Surg 112:566-571, 1995

45. Filippi GM, Errico P, Santarelli R, et al: Botulinum-A
toxin effects on rat jaw muscle spindles. Acta Gto-Laryngol
113:400-404, 1993

46. Kaji R, Kohara N, Katayama M, et al: Muscle afferent
block by intramuscular injection of lidocaine for the treatment
of writer’s cramp. Muscle Nerve 18:234-235, 1995

47. Dolly]O, Ashton AC, Evans D, et al: Molecular action of
botulinum neurotoxins: Role of acceptors in targetting to cho-
linergic nerves and in the inhibition of the release of several
transmitters, in Dowdall MJ, Hawthorne ] (eds): Cellular and
Molecular Basis of Cholinergic Function. Chichester, UK. Ellis
Horwood, 1987, pp 517-535

48. Sanchez-Prieto ], Sihra TS, Evans D, et al: Botulinum
toxin A blocks glutamate exocytosis from guinea pig cerebral
cortical synaptosomes. Eur J Biochem 165:675-681, 1987

49. Ashton AC, Dolly JO: Characterization of the inhibitory
action of botulinum neurotoxin type A on the release of several
transmitters from rat cerebrocortical synaptosomes. J Neuro-
chemistry 50:1808-1816, 1988

50. Nakov R, Habermann E, Hertting G, et al: Effects of
botulinum A toxin on presynaptic modulation of evoked trans-
mitter release. Eur J Pharm 164:45-63, 1989

51. Mclnnes C, Dolly JO: Ca2+-dependent noradrenaline
release from permeabilized PCI2 cells is blocked by botulinum
neurotoxin A or its light chain. FEBS 261:323-326, 1990

52. McMahon HT, Foran P, Dolly JO, et al: Tetanus and
botulinum toxins type A and B inhibit glutamate, gamaami-
nobuturic acid, aspartate, and met-enkephalin release from
synaptosomes. J Biol Chem 267:21338-21343, 1992

53. Blasi ], Binz T, Yamasaki S, et al: Inhibition of neuro-
transmitter release by clostridial neurotoxins correlates with
specific proteolysis of synaptosomal proteins. J Physiol 88:
235-241, 1994

54. Suzuki N, Hardebo JE, Kahrstrom J, et al: Neuropeptide
Y coexists with vasoactive intestinal polypeptide and acetyl-
choline in parasympathetic cerebrovascular nerves originating
in the sphenopalatine, otic and internal carotid ganglia of the
rat. Neuroscience 36:507-519, 1990

55. Sala C, Andreose ]S, Fumagalli G, et al: Calcitonin gene-
related peptide: Possible role in formation and maintenance of
neuromuscular junctions. J Neurosci 15:520-528, 1995

56. Harden RN, Gracely RH, Carter T, et al: The placebo
effect in acute headache management: Ketorolac, meperidine,
and saline in the emergency department. Headache 36:352-
356, 1996



