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Botulinum Toxin Type A BOTOX® for Pain
and Headache

Mitchell F. Brin, William Binder, Andrew Blitzer, Lawrence Schenrock, and
Janice M. Pogoda

INITIAL OBSERVATIONS OF THE
ANALGESIC EFFECTS OF BOTULINUM
TOXIN A

Botulinum toxin type A (BTX-A; commercial
preparations BOTOX®, manufactured by Aller-
gan Inc., Irvine, California, USA; and DYS-
PORT, manufactured by Ipsen Pharmaceuticals,
France) is one of seven distinct serotypes (A to
G) of neurotoxin produced by the bacterium
Clostridium botulinum. When injected directly
into contracting muscles, BTX-A binds to the
presynaptic nerve terminal, becomes internal-
ized, and interferes with the docking of the neu-
rotransmitter acetylcholine (ACh) with the pre-
synaptic membrane at the neuromuscular
juncture by cleaving the synaptosomal-associ-
ated protein of 25 kDa (SNAP-25) protein. This
action creates chemical denervation so that mus-
cle contraction is inhibited, thereby producing
muscle weakness or relaxation. The effects of
BTX-A are dose dependent. In addition, the ef-
fects are temporary because the presynaptic ter-
minal sprouts new accessory terminals and the
main terminal recovers its ability to release ACh.
The recovery process takes about 3 months (1).

Therapeutic use of BTX-A in humans was
first reported in 1980 for pediatric strabismus
(2), and later for other ophthalmologic disorders
(3,4), blepharospasm (5), and other dystonias,
such as hemifacial spasm (6). Its analgesic ef-
fects were first reported in 1985 in a pilot study
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of BTX-A treatment for cervical dystonia, char-
acterized by abnormal, involuntary neck and
shoulder muscle contractions and often resulting
in significant, disabling musculoskeletal pain.
Tsui et al. described that the most marked benefit
of BTX-A injections was pain relief in all six
patients who reported severe neck pain caused
by muscle spasm (7). In a small, double-blind,
placebo-controlled extension of this pilot study,
16 patients treated with BTX-A experienced sig-
nificantly reduced pain compared to placebo (8).
In subsequent open-label, prospective studies in-
volving larger numbers of patients, we reported
pain relief in 74% to 84% of cervical dystonia
patients following BTX-A injections (9-12).
Additional double-blind, placebo-controlled
studies confirmed the observed effects on pain
of BTX-A in cervical dystonia patients (13—16).

In 1992, Memin et al. reported results from a
pilot study conducted in Paris, France, of BTX-
A as treatment for spasticity following upper
motor neuron lesion; five of six patients with
pain experienced significant pain relief (17).
Also in 1992, Dengler et al. reported analgesic
effects of BTX-A among 10 patients treated for
spastic drop foot (18). Later, a larger prospective
study of patients with chronic limb spasticity as
aresult of various causes observed that 28 (90%)
of 31 patients with painful flexor spasm or pas-
sive stretching experienced at least moderate
pain relief and & (26%) patients experienced
complete pain resolution after BTX-A injections
(19). Another prospective study in Thailand ob-
served joint pain relief in 22 poststroke spasticity
patients (20). Double-blind, placebo-controlled
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studies provided further support for the effect
of BTX-A on pain relief in spasticity patients
(21:22).

Early in its use as a therapeutic agent, BTX-A
was observed to provide pain relief in disorders
other than dystonia and spasticity. Published
case reports detail analgesic effects of BTX-A
injections for muscle hypertrophy associated
with complex repetitive discharges (23) and for
stiff-person syndrome (24). In a prospective
study of 60 achalasia patients, BTX-A improved
chest pain associated with this disease of the
esophagus (25). Among 100 patients treated for
anal fissure, 78 (78%) reported pain resolution
within 3 days after initial injection (26).

USES OF BTX-A SPECIFICALLY FOR
PAIN RELIEF

The earliest published reports of therapeutic uses
of BTX-A focused primarily on relief of muscle
spasm and secondarily on pain relief. By the
mid-1990s, BTX-A was recognized as a viable
therapeutic approach specifically for pain-asso-
ciated disorders that were otherwise difficult to
treat. Acquadro and Borodic reported the suc-
cesstul treatment of chronic myofascial pain in
two patients who had been nonresponsive to
conventional therapies (27). Girdler presented a
case report of a patient with a 6-year history of
temporomandibular joint dysfunction in whom
BTX-A injections produced functional denerva-
tion of specific masticatory muscles that led to
temporary weakness but ongoing pain relief
(28). Polo and Jabbari successfully used BTX-
A injections in a case of painful limb myoclonus
that had been nonresponsive to a wide range of
therapies (29). Diaz and Gould reported the suc-
cessful treatment of a case with a 10-year history
of postthoracotomy myofascial pain in the left
upper-thorax and arm (30). In a double-blind,
placebo-controlled study, cerebral palsy patients
given BTX-A for postoperative pain following
adductor-release surgery had significantly re-
duced pain scores, analgesic requirements, and
hospital stays as compared to placebo (31). In
a prospective study of 11 patients with severe,
chronic prostatic pain, 9 (82%) patients experi-
enced pain relief after BTX-A injections (32).
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A double-blind, placebo-controlled study of pa-
tients suffering from chronic low-back pain
showed statistically and clinically significant
pain reduction in BTX-A treated subjects, as
compared to placebo (33).

Johnstone and Adler reported on an unusual
case of blepharospasm that presented with se-
vere headaches and periorbital pain (34). After
treatment with BTX-A injections, blepharo-
spasm improved and complete pain resolution
was achieved. They noted that blepharospasm
usually does not present with pain as the primary
complaint, and thus speculated whether this pa-
tient’s pain was blepharospasm-induced or
whether her blepharospasm was pain-induced.
Therefore, this case offered possible evidence
that not only muscle relaxation but also sympa-
thetic mechanisms may be involved in pain relief
as a result of BTX-A treatment.

STUDIES OF BTX-A FOR BRUXISM
AND TEMPOROMANDIBULAR
DISORDER

Historically, bruxism has had various definitions
but it is generally characterized as grinding,
clenching, or gnashing of the teeth. If left un-
treated, it results in masseter hypertrophy, head-
ache, temporomandibular joint destruction, and
complete edentulousness. There are two distinct
manifestations of bruxism: that which occurs,
usually diurnally, in patients with idiopathic, tar-
dive, and/or posttraumatic cranial dystonia; and
that which occurs nocturnally and is commonly
seen in dental practice. Population prevalence of
the latter, more common form has been esti-
mated at 21% (35). The etiology is unclear and
is somewhat controversial. At one time, it was
thought that occlusal disorders and/or orofacial
anatomy might be contributory, but more re-
cently, the focus has been on pathophysiologic
and psychological factors, such as sleep arousal
response, disturbances in the central dopami-
nergic system, and stress (36). There is no con-
sensus as to the best treatment; treatments typi-
cally prescribed include occlusal appliance,
medication, counseling (37) and, for symptom
relief, massage and stretching exercises (38).
In 1990, Van Zandijcke and Marchau pre-
sented a case report of successful treatment of
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bruxism with BTX-A injections in a patient who
was comatose as a consequence of a car accident
(39). In 1997, Ivanhoe et al. similarly reported
cessation of bruxism after BTX-A injections in
a patient who sustained an anoxic brain injury
secondary to cardiac arrest (35). In 1998, a re-
port from the Netherlands reported successful
treatment of masseteric hypertrophy in two
bruxism patients using BTX-A; pain relief was
also achieved in one of the patients (40).

While pain relief was addressed and/or
achieved in only one of the above cases, these
reports provided evidence that bruxism, which
often results in orofacial muscle pain, was re-
sponsive to BTX-A. It has been hypothesized
that pain results when bruxism intensity exceeds
the adaptation capacity of the musculoskeletal
structures (38).

A relationship between bruxism and temporo-
mandibular disorder (TMD) exists, but the na-
ture of the relationship is not entirely clear. One
line of thought is that bruxism predisposes to,
and in fact plays a role in, the initiation of TMD
(41). However, another belief is that bruxism
itself should be classified as TMD (42).

TMD is defined as a group of conditions af-
fecting the temporomandibular joint, mastica-
tory muscles, and related structures that typically
presents as jaw pain; other symptoms can in-
clude earache, headache, neck pain, and facial
swelling (43). TMD-related pain is usually artic-
ular, from inflammation of associated tissues, as
well as myofacial (43). The source of myofacial
pain is unclear, although it has been suggested
that both peripheral and central mechanisms are
involved (44).

The prevalence of TMD in adults has been
estimated at 10% (45). Typical treatments in-
clude analgesics, antiinflammatory medications,
muscle relaxants, massage, acupuncture, and or-
thotic devices, none of which are known to be
unusually effective (43).

Open-Label, Prospective Study of BTX-A
for Severe Bruxism

An open-label, prospective study of BTX-A in-
jections for the treatment of severe bruxism was
conducted with patients from the Baylor College
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of Medicine Parkinson’s Disease Center and
Movement Disorders Clinic in Houston, Texas
(46). Over an 8-year period, patients who satis-
fied the following diagnostic criteria were re-
cruited and followed: tooth-grinding sounds that
could be corroborated by family members or
caregivers; impaired chewing, swallowing, or
speech; tooth wear; nonresponsiveness to con-
ventional therapies; and tender or hypertrophied
masseter muscles. Eighteen patients (17 female)
participated; mean duration of bruxism was 15
years. Most had predominantly diurnal symp-
toms and nine (50%) had associated dystonia.
At each treatment visit, masseter muscles were
injected with 25 to 100 U of BTX-A (BOTOX)
per side. The primary outcome was ‘‘peak ef-
fect,”” defined as the maximum benefit observed
after treatment and scored as follows: 0, no ef-
fect; 1, mild improvement; 2, moderate improve-
ment but no change in function; 3, moderate im-
provement in severity and function; and 4,
marked improvement in severity and function.
Peak effect was determined by personal diaries
and perception as well as interviews with family
and friends. Two measures of duration of re-
sponse were obtained: (a) maximum, defined as
the duration of peak effect, and (b) total, defined
as the duration of observance of any improve-
ment.

The study included 123 treatment visits, or an
average of 6.8 treatment visits per patient. Time
between treatment visits ranged from 3.2 to 9.7
months (mean, 5.0 + 1.8 months). Mean peak
effect was 3.4 = 0.9 (range, 0 to 4), which
equates to moderate improvement in severity
and function. Sixteen patients (89%) reported
marked improvement after at least one treatment
visit. Time to response ranged from 12 hours
to 5 days (mean, 2.7 + 1.7 days). Maximum
duration ranged from 2.5 to 17 weeks (mean,
11.7 = 4.1 weeks), and total duration ranged
from 6 to 78 weeks (mean, 19.1 £ 17 weeks).
One subject reported dysphagia at six treatment
visits with duration ranging from 21 to 40 days
(mean, 34.7 *= 7 days).

Based on the theory of a “‘central bruxism
generator,”’ defined as phasic jaw activity that
is dependent on interaction among motor, lim-
bic, and autonomic systems (47), the authors
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speculated that jaw muscle relaxation induced
by BTX-A disrupts the feedback loop from the
trigeminal motor nucleus and inhibits the central
bruxism generator. They also proposed that
BTX-A may deactivate periodontal mechanore-
ceptors that are thought to facilitate jaw closure
motoneurons (48).

Open-Label, Prospective Study of BTX-A
for TMD

An open-label, prospective Canadian study of
BTX-A injections for the treatment of TMD was
conducted with patients with one of three diag-
noses: myofascial symptoms alone, myofascial
symptoms with internal joint derangement or ar-
thralgia, or myofascial symptoms with internal
joint derangement and arthralgia (43). Patients
who had never failed to respond to conventional
treatment were excluded. Forty-six patients, pre-
dominantly female, participated; median dura-
tion of TMD was 8 years. Both masseter and
temporalis muscles of each patient were injected
with BTX-A (BOTOX): masseter with 50 U and
temporalis with 25 U, each divided evenly over
five sites. Five outcome measures were used:
subjective facial pain measured by a visual ana-
log scale (VAS); VAS-measured orofacial func-
tion (a series of ten different functions); interin-
cisal opening; bite force; and objective
masticatory muscle tenderness (scored by a cli-
nician). Assessments were made before treat-
ment and every other week after treatment for
§ weeks. Table 23.1 shows the results,
Reduction of both subjective and objective
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pain occurred in most patients (87% and 96%,
respectively). In all cases, pain reduction coin-
cided with muscle weakening. For all outcomes
except bite force, baseline measurements were
significantly different from all posttreatment
measurements. For bite force, posttreatment
measurements returned to baseline values by
week 8. Age was inversely correlated with im-
provement. Median time to subjective bite weak-
ness was 9 days. No adverse events were re-
ported.

The authors postulated that pain relief oc-
curred because of reduction of mechanical stim-
ulation of sensitized peripheral nociceptive af-
ferent pathways via one or both of the following
events, based on experimental evidence (49):
BTX-A inhibition of « motor neurons resulting
in reduced maximum contractile force of the in-
jected muscles, or BTX-A inhibition of vy effer-
ents resulting in reduced resting muscle tone.
They further speculated that the reduction in
muscle activity indirectly altered the release of
neuropeptides and modulators of local inflam-
mation peripherally such that stimulation of cen-
tral wide dynamic range neurons and nocicep-
tive specific neurons was reduced.

STUDIES OF BTX-A FOR MYOFASCIAL
PAIN SYNDROME

Myofascial pain syndrome (MPS) is a very com-
mon pain disorder. It is estimated that 14% of
the US population suffers from chronic muscu-
loskeletal pain and that 21% to 93% of patients
with regional pain complaints have MPS (50).

TABLE 23.1. Median (range) outcome measurements by time postireatment
in a prospective, open-label study of BTX-A for temporomandibuiar disorder,
Ontario, Canada, 2000 (43)

OCutcome Baseline 2 weeks 4 weeks 6 weeks 8 weeks
Pain® 8.0 (3-10) 6.0 (1-9) 5.0 (0-9) 5.0 (0-10) 5.0 (0-9)
Function® 5.3 (1-9) 4.4 (0.6-9) 4.1 (1-9) 4.1 (0.5-9) 3.9 (0.6-9.5)
Jaw opening (mm) 29.5 (12-54) 33.5 (12-55) 33.0 (14-50)  33.0 (16-50)  34.5 (18-53)
Bite force (Ib) 12.0 (1-37) 9.0 (1-27) 11.0 (1-28) 11.0 (0-30) 14.0 (1-37)
Tendemess® 15.0 (5-30) 8.0 (1-30) 6.0 (0-24) 4.5 (0-26) 6.0 (0-30)

# Measured by VAS on a 0 to 10 scale (0, no pain).
Y p

® Median score of ten functions, each measured by VAS on a 0 to 10 scale (0, no limitation).
¢ Sum of scores from five muscles measured bilaterally by a clinician on a 0 to 3 scale (0, no discomfort upon

palpation).
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Unfortunately, MPS does not have a uniformly
accepted definition or a well-understood pathol-
ogy: itis underdiagnosed and lacks a satisfactory
treatment regimen (51). The clinical hallmark of
MPS is the “‘trigger point,”” a region of focal
tenderness in a taut band of muscle fibers (52)
that, upon compression, produces referred pain
in characteristic areas for specific muscles. Cur-
rent research supports a relationship between
trigger points and integrative mechanisms in the
spinal cord in response to sensitized nerve fibers
associated with abnormal endplates (53). Most
conventional treatments emphasize muscle re-
laxation; e.g., massage, heat application, thera-
peutic stretching, relaxant medications, and bio-
feedback.

Double-Blind, Placebo-Controlled
Crossover Study of BTX-A for MPS

A double-blind, placebo-controlled crossover
study of BTX-A injections for the treatment of
MPS was conducted in 1994 with patients from
the University of North Carolina Pain Clinic
(54). Six subjects (four female, two male) with
chronic myofascial pain (mean duration, 3 years)
were injected with BTX-A (BOTOX) and pla-
cebo, in random order, 8 weeks apart. Trigger
points were injected with a total of 50 U of BTX-
A. At weekly intervals during the first 4 weeks
after each injection and at 8 weeks after the final
injection, four pain outcome measurements were
obtained: (a) VAS for pain; (b) muscle tender-
ness; (c) patient verbal descriptions of current
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pain intensity (from a predetermined list of
terms); and (d) patient verbal descriptions of cur-
rent pain unpleasantness. For the latter two, nu-
merical values were assigned to correspond to
the verbal descriptions. Positive response was
defined as a reduction from baseline of more
than 30% on at least two occasions. Table 23.2
summarizes the results.

Numbers of subjects who responded posi-
tively after BTX-A but not placebo per VAS,
tenderness, pain intensity, and pain unpleasant-
ness were 4, 5, 3, and 2, respectively. Onset of
benefit occurred within the first week of injec-
tion but not within 30 minutes. Mean duration
of benefit was 3 to 6 weeks, with a significant
difference between BTX-A and placebo from 2
to 4 weeks per VAS, tenderness, and pain inten-
sity. BTX-A had no effect on trigger point loca-
tions or their ability to produce radiating pain.
No adverse events were reported. The authors
concluded that BTX-A exerts its effect on MPS
by interrupting sustained muscle contraction of
intrafusal muscle fibers surrounding the trigger
point.

Randomized, Comparative Study of BTX-A
Versus Methylprednisolone for MPS

A randomized study to compare BTX-A to
methylprednisolone for the treatment of MPS
was conducted in Italy (51). Forty MPS patients
(predominantly female) with chronic muscle
spasm in the piriformis, iliopsoas, or scalenus
anterior muscles of duration greater than 6

TABLE 23.2. Positive response® by outcome measurement in a double-blind,
placebo-conirolled study of BTX-A for myofascial pain syndrome, University of
North Carolina Pain Clinic, 1994 (54)

Visual analog Pain Pain Pain
Patient scale tenderness intensity unpleasantness Spasm
B B B B/P B
2 N N N N N
3 B/P B B/P B/P B/P
4 B B N B B
5 B B B B/P N
6 B B B B B

# Positive response means greater than 30% reduction from baseline on at least two occasions.
B, responded after botulinum injection; N, responded after neither botulinum nor placeba injection; P, re-

sponded after placebo injection.
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months but less than 2 years were injected with
either BTX-A (BOTOX) or methylprednisolone
(20 patients each) into the affected muscle(s).
BTX-A dose was muscle-dependent: 100 U for
piriformis, 150 U for iliopsoas, and 80 U for
scalenus anterior. The pain outcome measure-
ment, VAS, was obtained at baseline and at 30
and 60 days postinjection. Patients were given
a stringent program of physiotherapy to follow
over the course of the study.

Table 23.3 shows the changes from baseline
VAS. BTX-A patients had significantly higher
VAS at baseline than did methylprednisolone
patients; however, no adjustments were made
for this in the analyses. Nonetheless, BTX-A pa-
tients experienced significantly greater reduc-
tions in pain at 60 days postinjection as com-
pared to methylprednisolone patients and, unlike
methylprednisolone patients, experienced fur-
ther pain reduction between 30 and 60 days post-
injection. Also, at 60 days postinjection, VAS
was significantly lower in BTX-A patients as
compared to VAS in methylprednisolone pa-
tients (p < 0.0001). Seven patients were non-
compliant with the physiotherapy program, all
of whom were in the methylprednisolone group.
The author surmised that noncompliance was
because of more painful stretching in methyl-
prednisolone patients as compared to BTX-A
patients. Data on time to benefit, duration of ben-
efit, and adverse events were not provided, The
author suggested that, in addition to inducing
muscle relaxation, BTX-A might also provide
pain relief by affecting afferent pathways that
relate to pain perception and posture,
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STUDIES OF BTX-A FOR HEADACHE

Three types of headache—tension, cluster, and
migraine—account for 80% of all headaches
(55). Another type, cervicogenic headache, simi-
lar to migraine, was defined in 1983 by Sjaastad
et al. (56) as unilateral headache triggered by
forceful neck movement and/or sustained awk-
ward position. Because of the inconsistency of
headache definitions and the resulting difficulty
in epidemiologic and pathophysiologic study of
headache, the International Headache Society
(IHS) published guidelines, in 1988, for discrim-
inating among 13 major types (57). Although
the pathophysiology of headache is not entirely
clear, there is evidence that BTX-A has potential
as an effective treatment for this debilitating and
often underdiagnosed disease.

Cervicogenic Headache

Cervicogenic headache is characterized by uni-
lateral pain originating in the neck and shoulders
and radiating to the occiput and frontal regions.
It is associated with decreased range of motion
(ROM), tenderness, and abnormal neck muscle
tone. Some theories of pathophysiology suggest
involvement of myofascial pain (58.59) or mus-
cular activity (60,61). Very few epidemiologic
studies of cervicogenic headache exist. There are
reports suggesting that it comprises 15% of
headache patients visiting a headache clinic and
has a population prevalence of less than 1% to
18%, depending on the criteria used to define
it (62). In 1997, Hobson and Gladish reported
successful treatment with BTX-A of cervico-
genic headache resulting from a whiplash injury

TABLE 23.3. Mean (standard deviation) change from baseline in pain score® in a randomized,
placebo-controlled comparative study of BTX-A and methylprednisolone for myofascial pain
syndrome, Policinico San Marco Pain Center, Zingonia/Bergamo, ltaly, 2000 (51)

Time BTX-A Methylprednisolone
postinjection {n=20) (n=20) p value®
30 days -3.9 (0.2) —3.5 (0.9) 0.06
60 days ~5.5(0.3) -2.5(0.7) <0.0001

#Visual analog scale from 0 (no pain) to 9 (unbearable pain).

b Two-tailed t-test.
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from a car accident (63). A double-blind, pla-
cebo-controlled pilot study of BTX-A for cervi-
cogenic headache is detailed below.

Double-Blind, Placebo-Controlled Pilot Study
of BTX-A for Chronic Cervical-Associated
Headache

A double-blind, placebo-controlled pilot study
of BTX-A treatment for chronic cervical-associ-
ated headache was conducted in Canada (64).
Twenty-six subjects with chronic headache sec-
ondary to cervical whiplash injury at least 2
years prior to study entry participated. Confir-
mation by anesthetic block, one of the IHS crite-
ria for cervicogenic headache, was not done be-
cause it was felt that this would unacceptably
confound the study results, Therefore, the term
“‘cervical-associated headache™ was chosen to
describe the condition of the study subjects. Pa-
tients were injected with either 100 U of BTX-
A (BOTOX) (14 patients) or placebo (saline; 12
patients) into the patient-specific five most
tender cervical muscle trigger points. Muscles
treated included the splenius capitis, rectus capi-
tis, semispinalis capitis, and trapezius. Outcome
measurements were pain, self-measured by
VAS, and clinician-rated ROM based on rota-
tion, flexion, extension, and lateral bending.
Measurements were made at baseline and at 2
and 4 weeks postinjection. Table 23.4 shows the
results.

BTX-A patients had significantly higher pain
at baseline than placebo; however, no adjust-
ments were made for this in the analyses. None-
theless, BTX-A patients experienced improving
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pain and ROM scores over the course of the
study and, at 4 weeks postinjection, had signifi-
cantly improved scores compared to baseline.
No such trends were observed for placebo. No
adverse events were reported. The authors sug-
gested that the effect of BTX-A on cervicogenic
headache may result from mechanisms similar
to those that produce BTX-A effects in disorders
such as temporomandibular dysfunction and
dystonias.

Tension Headache

Tension headache is the most common headache
type and can be either episodic or chronic. It
is the least distinctive type of headache, but is
generally characterized by aching, tenderness,
or sensations of pressure or constriction. The
role of pericranial muscles or whether they are
even a factor in the pathophysiology of tension
headache has been debated. Other theories pos-
tulate that pain originates from myofascial tissue
or from central mechanisms in the brain (65).
One hypothesis of pathophysiology proposes
vascular, myofascial, and supraspinal involve-
ment (66). It suggests that minor myofascial
stimuli trigger tension headache as a result of
increased sensitization of the trigeminal nuclear
complex and possibly the dorsolateral C2 seg-
ment of the spinal cord and thalamus. Stress is
considered the most common precipitating fac-
tor in episodic tension headache (67), while
depression, anxiety, and possibly heredity are
associated with the chronic form (68-71).
One-year population prevalence of tension
headache is estimated at 38%, with higher preva-

TABLE 23.4. Median (range) outcome measurements by time posttreatment
in a double-blind, placebo-controlled study of BTX-A for chronic cervical-associated
headache, Ontario, Canada, 2000 (64)

Baseline 2 Weeks 4 Weeks
Outcome BTX-A Placebo BTX-A Placebo BTX-A Placebo
Pain= 6.5 (2-9) 3.0 (0-8) 5.0 (1-10) 3.0 (0-6) 3.5 (1-8) 4.5 (1-9)
Range of 312 337 317 347 343 325
motion® {80—-400) (225-380) (145-435) (250-395) {285-420) (225-370)

a Measured by VAS on a 0 to 10 scale (0, no pain).

b Measured by rotation, flexion, extension, and lateral bending; increasing scores indicate improvement.
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lence among women, and racially among whites
(72). By age, prevalence peaks in 30- to 39-year
olds and declines thereafter. It is estimated that
an average of 9 work days per year per patient
are lost because of tension headache and that
half of all sufferers experience reduced effec-
tiveness an average of 5 work days per year (72).
Treatments for acute episodes include simple an-
algesics, nonsteroidal anti-inflammatories, and
muscle relaxants. About 2% of tension headache
patients suffer from chronic tension headache,
which is defined as at least 15 attacks per month
(72); 12% of these patients miss an average of
27 work days per year and 47% suffer reduced
effectiveness an average of 20 days per year.
Females are twice as likely as males to have
chronic tension headache. Successful treatment
usually depends on treating underlying depres-
sion or chronic states of anxiety (73).

The earliest reported study of BTX-A treat-
ment for tension headache, specifically for
chronic tension headache, was in 1994, by Zwart
etal. (73a). In an open-label study of six patients,
they observed no effect of BTX-A on either pain
or pressure pain threshold, and concluded that
temporal muscle tension is not a major direct
factor in the pathophysiology of the chronic
stage of chronic tension headache. Subsequent
studies followed with mixed results. In Relja’s
open-label study of ten patients with individual-
ized treatment regimens, BTX-A was associated
with reduced headache duration, pain intensity,
and pain sensitivity (74). Using the same meth-
ods, the same investigator observed similar ef-
fects in a second, larger open-label study (75).
In a pilot study of eight patients injected with
BTX-A into frontal, temporal, occipital, and
sternocleidomastoid muscles, 25 U per injection,
mean area-under-the-curve was significantly re-
duced at 4 weeks postinjection as compared to
baseline (76). A study comparing BTX-A to
methylprednisolone injections into the tender
points of cranial muscles of tension headache
patients observed significantly decreased VAS
pain scores at 60 days postinjection (77). In an
open-label, individualized-treatment study of 50
patients, 30 (60%) responded positively to BTX-
A (78). None of three double-blind, placebo-
controlled studies, two from Germany and one
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from Switzerland, found a BTX-A effect on ten-
sion headache, although quality of life improve-
ment was demonstrated in some (79-81). How-
ever, Carruthers et al. found efficacy in cosmetic
patients who also suffered from tension head-
ache, as detailed below (82).

Retrospective, Open-Label Study of BTX-A
for Tension Headache

Patients who experienced tension headache re-
lief as an unexpected consequence of BTX-A
treatment for hyperfunctional facial lines were
studied retrospectively at the Vancouver Hospi-
tal and Health Sciences Center in Canada (82).
The study included eight patients (seven female,
one male) treated over 39 sessions with 10 to 40
U of BTX-A (BOTOX) injected into the glabella
and adjacent forehead areas. Table 23.5 summa-
rizes the findings. Responses ranged from
“mildly better”” to *‘cleared.”” No adverse
events were reported. The authors suggested as
possible mechanisms of BTX-A effect on ten-
sion headache a direct effect on paralyzed mus-
cles reducing nociceptive stimulation, loss of
biofeedback as a result of paralyzed muscles,
and perhaps a secondary central effect.

In view of the efficacy observed in some of
the above studies, additional investigation is
warranted to assess the key patient population
characteristics and treatment paradigm for these
chronic tension-type headache patients.

Cluster Headache

Arguably, the most painful type of headache is
the cluster headache, which is characterized by
recurrent unilateral attacks occurring over a
““cluster period”’ (usually weeks) of severe pain
lasting 15 minutes to 3 hours untreated. Cluster
headache can be chronic, but usually is episodic,
with attacks occurring once per day with an aver-
age cluster period of 6 to 12 weeks and a remis-
sion period of 1 year (83,84). It is not uncommon
for individual attacks to occur at the same time
each day and for the cluster of attacks to occur
at the same time each year (85).

Some conclusions about the pathophysiology
of cluster headache can be drawn from its clini-
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TABLE 23.5. Characteristics of patients who experienced tension headache relief
after BTX-A treatment for hyperfunctional facial lines, Vancouver Hospital and
Health Sciences Center, Vancouver, Canada, 1999 (82)
BOTOX Subjective
Headache No. units per postinjection Time to Response

Patient severity treatments  treatment response response duration
1 mild 21 10-37 mildly better 3 days 2 months
2 moderate “+ 25-28 much better 4 days 2 months
3 moderate 4 20-21 cleared 2 weeks 4 months
4 severe 2 35-40 much better few minutes 2 months
5 mild 2 23-26 much better 2 weeks several months
6 moderate 2 14-35 much better 3 weeks 4 months
7 moderate 2 12-15 cleared 1 week 3 months
8 moderate 2 23-26 mildly better 2 days 2 weeks

cal presentation: (a) ipsilateral trigeminal noci-
ceptive pathways are likely involved because of
pain centered around the eye and forehead; (b)
activation of the cranial parasympathetic system
and dysfunction of the ipsilateral sympathetic
nerves probably occur because of the ipsilateral
autonomic features; and (c¢) consistency in tim-
ing of attacks and clusters suggests the involve-
ment of a central pacemaker or biologic clock,
i.e., the suprachiasmatic nucleus (85).

Cluster headache is strongly associated with
heavy smoking and drinking (85); there may also
be a heredity factor (86—91). Very few epide-
miologic studies have been performed to esti-
mate cluster headache prevalence, but it is ex-
tremely rare; in large male cohort studies, rates
ranged from 0.13% to 0.45% (84,92—-94). Clus-
ter headache is about three times more prevalent
in males than in females; however, the gender
ratio appears to be decreasing over time, possi-
bly because of the association with certain life-
style factors that are not as gender-discrepant as
they once were. In men, peak age of onset is in
the third decade. In women, there are two peak
ages of onset: the second and sixth decades (85).

Treatment of cluster headache often begins
with patient education as to their personal etio-
logic factors so that future attacks can be re-
duced or altogether prevented. Treatments
aimed at quick relief of symptoms include oxy-
gen inhalation, triptans such as sumatriptan and
zolmitriptan, dihydroergotamine, and lidocaine.
Short-term or *‘transitional’”” prophylactic
agents to be used during cluster periods to rap-
idly suppress attacks include ergot derivatives

and corticosteroids. Maintenance prophylactics
that can be used throughout the cluster period
include verapamil, lithium carbonate, methyser-
gide, valproic acid, topiramate, and melatonin.
Surgery, typically directed toward the sensory
trigeminal nerve, is an option for patients unre-
sponsive to other treatments (85).

Probably because of the rarity of the disease,
no formal studies of effects of BTX-A on cluster
headache have been published. Ginies et al. were
the first to provide case reports detailing the use
of BTX-A in cluster headache patients; they
found that BTX-A ended current cluster periods
in three of five patients (95). Subsequently,
Freund and Schwartz reported that BTX-A
ended current cluster periods in two of two pa-
tients treated (96), and Smuts and Barnard re-
ported positive response in two of four cluster
headache patients treated (78).

Migraine

Migraine is characterized by unilateral, pulsat-
ing pain associated with nausea, vomiting, pho-
tophobia, and phonophobia (97). An IHS diag-
nosis of migraine without aura requires at least
five attacks over a lifetime of duration 4 to 72
hours. About 15% of migraine cases include a
visual or sensory phenomenon called *‘aura™
(98). IHS diagnosis of migraine with aura re-
quires two lifetime attacks of migraine head-
ache, either with or following aura of duration
4 to 60 minutes. Time between aura and head-
ache is less than 1 hour.

Many models of migraine pathophysiology
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have been proposed (99). The earliest modern
theory on the pathophysiology of migraine was
the *‘vascular’’ theory, conceived by H. Wolff
in the 1940s and 1950s, which proposes that mi-
graine aura is caused by cerebral vasoconstric-
tion and that migraine pain is caused by subse-
quent vasodilation. However, current opinion on
the pathophysiology of migraine is that it in-
volves more than what the vascular theory alone
proposes. The *‘spreading depression’ theory
hypothesizes that migraine results from vasodi-
lation but that vasodilation is caused by a pro-
longed period of neuronal depression that fol-
lows a brief wave of excitation. The
“‘neurovascular’’ theory proposes that either
spreading depression or other migraine triggers
(e.g., stress, glare, noise, carotid artery dilation)
activate trigeminal nerve axons which results in
a series of pain-inducing events: (a) vasodilation
and inflammation of areas surrounding inner-
vated vessels through the release of neuropep-
tides (e.g., substance P); (b) sensitization of
nerve endings, also through the release of neuro-
peptides; and (c) transmission of pain impulses
to the trigeminal nucleus caudalis and, in turn,
to higher brain centers. According to the *“‘sero-
tonin abnormalities™” theory, a surge in plasma
serotonin levels causes vasoconstriction and re-
duced blood flow, leading to migraine aura and
to a subsequent drop in serotonin levels, which,
in turn, leads to vasodilation and migraine pain.
The “‘integrated”’ theory attempts to combine
all of these theories into a complex mechanism
by which migraine occurs and is sustained.
Several migraine etiologic factors have been
proposed and studied. Heredity appears to play
arole in 70% to 80% of all migraine cases (100).
In females, migraine has been correlated with
events that produce cyclical changes in hormone
levels, such as use of oral contraception, preg-
nancy, menopause, and estrogen replacement
therapy (101). Various lifestyle and dietary fac-
tors have also been implicated: physical activity;
smoking; caffeine; alcohol; chocolate; food ad-
ditives; and sleep pattern, quality, and duration
(67,102—104). Psychosocial factors are also be-
lieved to play an important role in migraine eti-
ology. It has been reported that up to 54% of all
migraine attacks are stress-related (104). Major
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depression is also a correlate of migraine (105).
Certain medications are hypothesized to initiate
or increase the frequency of migraine attacks:
nitroglycerin, certain calcium channel-blockers,
tetracycline, and sildenafil citrate (104).

Worldwide prevalence of migraine is esti-
mated to be 13% to 17% in women and 8% to
14% in men, based on meta-analyses of interna-
tional data collected from 1962 to 1992
(106—108). In the United States, prevalence is
estimated at 18% in women, 7% in men, and
13% overall, with higher prevalence among 35-
to 45-year olds, lower-income populations, and
whites (109). The gender ratio is equal before
puberty, then increases in favor of women until
40 to 45 years of age (103,110,111). Overall,
migraine is twice as prevalent in women as in
men. Among female migraineurs, 60% experi-
ence at least one severe attack per month; 42%
of this subgroup experience at least four severe
attacks per month (112).

The effect of migraine on quality of life is
profound. Nearly all migraine patients experi-
ence functional impairment as a result of their
condition, and more than half report severe im-
pairment or required bedrest (109). It is esti-
mated that migraine results in 112 million bed-
ridden days in the United States per year, and
results in an annual cost to employers of $13
billion (113). Given the prevalence pattern by
age, most of these days occur during the most
productive employment and most important
childrearing years (114). The effect of migraine
extends beyond the attacks themselves in terms
of quality of life, productivity, and comorbidities
such as depression, anxiety disorders, epilepsy,
and stroke (115). Direct costs of migraine—i.e.,
medical costs—are estimated at $1 billion per
year, far less than the indirect costs; about 60%
of direct costs are from physician visits and 30%
from prescription medications (113). Most mi-
graineurs do not seek medical treatment; instead,
they rely on over-the-counter medications (109)
because they believe that effective prescribed
treatments do not exist (114).

As with cluster headache, treatment of mi-
graine often begins with patient education so that
future attacks can be reduced or prevented. Phar-
macologic therapy falls into two categories:
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acute and prophylactic (116). Acute medication
typically consists of simple analgesics for mild
to moderate attacks. For moderate to severe at-
tacks, medication used to be prescribed in the
form of ergot derivatives. However, the advent
of triptans, with greater receptor specificity than
ergot derivatives, revolutionized acute migraine
therapy for more severe attacks. Opioids are re-
served for rescue therapy when other medica-
tions cannot be used. Prophylactic medications
commonly prescribed include propranolol, timo-
lol, sodium divalproex, and amitriptyline.

William Binder, an otolaryngologist and fa-
cial plastic surgeon, observed that BTX-A pro-
vided relief to migraine sufferers whom he was
treating for hyperfunctional facial lines (117).
Subsequently, Binder et al. conducted an open-
label study to further investigate the possibility
of a BTX-A effect on migraine (detailed below),
Various open-label (78,118) as well as double-
blind studies followed and reported promising
results. Representative studies are detailed
below.

Open-Label, Prospective Study of BTX-A for
Migraine

We conducted an open-label study of BTX-A
for migraine that included a sample of 106 pa-
tients (95 female, 11 male) recruited from pri-
vate practice cosmetic surgery clinics in Los
Angeles and San Francisco, and from otolaryn-
gology and neurology clinics in New York City
(119). Patients either sought BTX-A (BOTOX)
treatment for hyperfunctional facial lines or
other dystonias with concomitant headache dis-
orders, or were candidates for BTX-A treatment
specifically for headaches. Based on IHS crite-
ria, patients were classified as true migraineurs
(75%), possible migraineurs (17%), or nonmi-
graineurs (9%), and received prospective BTX-
A treatments either prophylactically (93 pa-
tients) or for acute migraine episodes (4 pa-
tients); a small subgroup (9 patients) received
both types of treatments. Injections were admin-
istered to the glabellar, temporal, frontal, and,
in two subjects, the suboccipital regions of the
head and neck. Average dose per injection was
31 U. True migraineurs received higher doses,
and patients treated specifically for headache
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tended to receive larger doses as the study pro-
gressed. Length of follow-up ranged from 3
weeks to 6 months. Treatment benefit was evalu-
ated by self-reported degree and duration of re-
sponse. 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 considered nonre-
sponders.

Among-true migraineurs treated prophylac-
tically, 51% (95% CI = 39% to 62%) were com-
plete responders with mean (SD) duration of
benefit of 4.1 (2.6) months. Complete response
was related to lower baseline migraine fre-
quency (p = 0.06) and severity (p = 0.07).
Figure 23.1 shows the response by baseline se-
verity. “‘Improvement,”” defined as complete or
partial response, was unrelated to baseline fre-
quency and severity. Mean (SD) duration of ben-
efit among improvers was 3.2 (2.3) months.
Complete responders with severe baseline head-
aches had somewhat longer duration of benefit
[mean (SD), 4.6 (3.1) months] compared to
those with less severe headaches at baseline
[mean (SD) 3.7 (2.3) months]. Although there
was no evidence of dose-response, injection site
appeared to be related to response; 87% of com-
plete responders received glabellar injections
versus 66% of non- or partial responders (p =
0.01). Of 13 subjects treated for acute migraine,
10 were complete responders, and all responded
within 1 to 2 hours postinjection. Two patients
reported transient brow ptosis; other adverse ef-
fects were limited to transient local pain and ec-
chymosis at the injection site.

Based on observations from this study, we
proposed that the effect of BTX-A on migraine
may not be limited to muscle relaxation. Among
these patients, dose-duration curve did not nec-
essarily directly correlate with the duration of
action associated with muscle relaxation. Also,
in some patienfs, relief of migraine symptoms
persisted beyond the time that muscle function
returned (after 3 months). We suggested that
BTX-A for migraine acts by inhibiting the sen-
sory trigeminal nerve endings, the vesicular re-
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FIG. 23.1. Proportion (95% confidence intervals) of self-reported complete, partial, and nonrespond-
ers among 77 true migraineurs treated prophylactically by baseline headache frequency (high fre-
quency, at least three times per month) and severity (high severity, “severe”); open-label, prospective

study of BTX-A for migraine (119).

lease of pain-associated neurotransmitters, or the
vasculature and extracranial inflammatory pro-
cess believed to be involved in the vicious tri-
geminal-neurovascular cycle of migraine patho-
physiology. Specifically, we hypothesized that
(a) BTX-A injected into the temple or forehead
muscles recognizes the parasympathetic neurons
innervating the extracranial vasculature and
causes a disruptive effect on the vesicular release
of ACh as well as other ACh-like neuropeptides;
(b) blockade of these neuropeptides may also
inhibit neurogenic inflammation, thought to play
a role in migraine, that may result from the re-
lease of neuropeptides from trigeminal nerves
innervating both the intracranial and extracranial
vasculature; and (c) parasympathetic neurons
may be a likely site of action for BTX-A because
of their known cholinergic component and pos-
sible colocalization of the other vasodilatory
neuropeptides within these nerves.

Double-Blind, Placebo-Controlled Study of
BTX-A for Migraine

A double-blind, placebo-controlled study of
BTX-A (BOTOX) for migraine was conducted

with 123 (105 female, 18 male) patients from 12
headache centers across the United States (120).
Patients were randomized to one of three groups:
(a) placebo (41 patients); (b) 25 U BTX-A (42
patients); or (c) 75 U BTX-A (40 patients). Sym-
metrical injections were administered to the
frontal, temporal, and glabellar regions of the
head. The primary outcome in intent-to-treat
analysis was change from baseline in number of
moderate-to-severe migraines per month. Other
outcome measurements were the occurrence of
migraines, severity of migraines, migraine-asso-
ciated symptoms, use of acute migraine medica-
tions, and Subject Global Assessment. Qutcome
data were collected at three monthly postinjec-
tion visits.

Twenty-five units BTX-A resulted in signifi-
cantly greater reduction in moderate-to-severe
migraine frequency than did placebo at month
2 (-1.57 vs —=0.37, p = 0.008) and at month 3
(—1.88 vs -098, p = 0.04) postinjection.
Twenty-five units BTX-A also resulted in a sig-
nificantly greater reduction in frequency of mi-
graines of any severity than did placebo at month
3 (=2.12 vs =0.90, p = 0.01) and a tendency
toward fewer migraines at month 2 (—1.55 vs
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—-0.37, p = 0.07). At month 3, when compared
to placebo, significantly more subjects who re-
ceived 25 U BTX-A reported at least two fewer
migraines of any severity (p = 0.01) and a de-
crease in migraine frequency of at least 50% (p
= 0.046). When compared to placebo, 25 U
BTX-A resulted in a significantly greater reduc-
tion in migraine severity at months 1 and 2 (p
<<(.03) and in use of migraine medications at
month 2 (p = 0.03). At month 3, significantly
fewer subjects who received 25 U BTX-A expe-
rienced migraine-associated vomiting compared
to placebo (p = 0.01). Regardless of dose, BTX-
A-treated patients had significantly better Sub-
ject Global Assessment scores than did placebo-
treated patients at month 2 (75 U BTX-A =
1.25,25 U BTX-A = 1.19, vehicle = 0.46; p
= 0.041).

Seventy-five units BTX-A resulted in higher
incidence of treatment-related adverse events as
compared to placebo (50% vs 24%, p = 0.02),
whereas 25 U BTX-A and placebo were similar
in adverse event incidence. All adverse events
were transient and included blepharoptosis, di-
plopia, and injection-site weakness.

The authors surmised that 75 U BTX-A did
not perform as well as 25 U because patients
randomized to the higher-dose group had lower
baseline migraine frequency than did the lower-
dose group. However, they reported adjusting
for this in the analyses. Their explanation of
BTX-A effect on migraine was that pericranial
muscle contractions are part of the trigger pro-
cess for migraine and that BTX-A reduces such
contractions. They also acknowledged the possi-
bility of a central secondary effect through inhi-
bition of pain pathways.

Double-Blind, Placebo-Controlled Study of
BTX-A for Migraine

We conducted a double-blind, placebo-con-
trolled study of BTX-A (BOTOX) for migraine
with 53 patients (50 female, 3 male) recruited
from three headache centers in New York City,
Loma Linda, California, and Englewood, Colo-
rado (121). Patients were randomized to one of
four treatment groups: group 1, BTX-A to the
frontal and temporal regions (45 and 30 U, re-
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spectively; 14 patients); group 2, BTX-A to the
frontal region (45 U), placebo to the temporal
region (12 patients); group 3, BTX-A to the tem-
poral region (30 U), placebo to the frontal region
(14 patients); and group 4, placebo to the frontal
and temporal regions (13 patients). Primary out-
come measurements in intent-to-treat analyses
were change from baseline in frequency, dura-
tion, and pain intensity (0 to 10 scale) of mi-
graine headaches. Outcome data were collected
at baseline and at 2, 4, 8, 12, and 16 weeks post-
injection. Group 1 versus group 4 at week 12
was defined as the key comparison.

Maximum pain decrease for group 1 occurred
by week 12 and was significantly greater than
for group 4 [median (range) = —4.0(-7.5,-0.1)
for group 1 and -0.2 (=5.1, 3.5) for Group 4; p
= (0.01]. At week 12, when compared to placebo
(group 4), BTX-A (groups 1 to 3) produced a
greater decrease in the number of migraines per
month [median (range) = —1.7 (-7.2, 20.6) for
BTX-A; —0.5 (-8.5, 10.7) for placebo] and had
the largest difference in maximum duration
(hours) decrease [least-squares mean (SE) ad-
justed for baseline = —19.2 (3.7) for BTX-A
and —8.0 (6.5) for placebo; p = 0.15]. Only
group | experienced a significant increase in
proportion of participants with a two-migraine
decrease in frequency since baseline (p =
0.006) and a significant decline in medication
use (p < 0.0001) over the course of follow-up.

CONCLUSIONS

BTX-A has emerged as a promising option for
patients suffering from chronic pain disorders.
A primary benefit of BTX-A is its duration of
effect, which typically begins within 1 to 14
days, peaks within 2 to 6 weeks, and may require
retreatment 12 to 16 weeks subsequently. These
time frames coincide with known properties of
BTX-A. Another benefit is its established safety
and tolerability. In headache, therapeutic doses
of BTX-A range from 25 to 250 U (116). Ad-
verse effects associated with BTX-A for pain
are generally mild and reversible; the most com-
mon are excessive weakness in the treated mus-
cle and unwanted weakness in adjacent muscles.
Examples include ptosis after injection to the
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levator muscle for treatment of blepharospasm,
hyperfunctional facial lines, or headache, and
dysphagia after treatment for cervical dystonia
(122).

An uncommon complication of BTX-A ther-
apy is the formation of neutralizing antibodies
that render it ineffective (for review, see refer-
ence 123). Estimated prevalence of BTX-A re-
sistance is less than 5% (124) and appears to be
correlated with dose and frequency rather than
with duration of exposure (125,126). In 1997,
Allergan released the current BOTOX with a
lower protein exposure per unit than the original
BOTOX. Current BOTOX is thought to have a
lower potential for antibody formation because
of the lower protein exposure. Cervical dystonia
patients who develop BTX-A immunoresistance
can benefit from different preparations of BTX-
A or from other botulinum toxin serotypes
(127-131). However, there is laboratory evi-
dence that cross-reactivity and cross-neutraliza-
tion among different botulinum toxin serotypes
may occur (132).

The association between BTX-A and pain re-
lief was originally thought to relate only to its
effect on muscle contraction. However, some
studies of BTX-A for various conditions suggest
that muscle relaxation may not directly coincide
with pain relief, suggesting alternative mecha-
nisms for analgesic effects of BTX-A. There is
experimental evidence that BTX-A affects affer-
ent transmission (49,133), which may be a factor
in pain relief, and that BTX-A inhibits the re-
lease of substance P (134) and potentially other
neuromodulators. Substance P is a neuropeptide
that plays a role in pain perception, vasodilation,
and neurogenic inflammation. Also, it has been
shown experimentally that BTX-A relieves for-
malin-induced pain in laboratory animals (135).
This is an important observation in understand-
ing the action of BTX-A on pain because forma-
lin causes pain not through muscle tension, but
by first directly stimulating nociceptors and then
through inflammation. It seems likely that the
analgesic effects of BTX-A relate not only to
its well-established effect at the neuromuscular
juncture, but also to an effect on the nociceptor
system (122).

Unanswered questions include optimum treat-
ment regimen (i.e., dose and injection sites), as

well as specific headache and patient character-
istics that are associated with the maximum clin-
ical response. However, it should be emphasized
that an *‘optimum treatment regimen’” for a gen-
eralized patient population may not exist; i.e.,
“‘optimum treatment’’ might be highly individu-
alized for reasons such as the dose-dependency
on targeted muscles and injection regions. Fur-
thermore, pain clinical trials are challenged to
manage the **placebo effect,”” particularly when
an injectable therapy is evaluated. These factors
undoubtedly contribute to the findings from
some studies that failed to show a consistent
BTX-A effect on pain. In medical practice, the
appropriate dose for a given patient is deter-
mined through controlled and systematic obser-
vations after each treatment, beginning at low
doses and adjusting dose and injection sites until
maximum effect is achieved.

BTX-A as BOTOX is currently FDA-ap-
proved for use in strabismus, blepharospasm,
and cervical dystonia. It is approved in other
countries for hyperhidrosis, poststroke spas-
ticity, juvenile cerebral palsy, and cosmetic con-
ditions. It is used clinically for numerous other
disorders in patients for whom conventional
therapies are ineffective or poorly tolerated, and
it is likely that additional applications will con-
tinue to be discovered. Further research is war-
ranted to fully understand the potential and limi-
tations of such a widely applicable therapeutic
agent as botulinum toxin type A.
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