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OnabotulinumtoxinA for trigeminal neuralgia:
areview of the available data

Toxina Onabotulinica-A para neuralgia do trigémeo: uma revisao dos dados disponiveis

Pedro A. Kowacs "2, Marco A. T. Utiumi?, Fabio A. Nascimento?®, Elcio J. Piovesan?, Helio A. G. Teive?

ABSTRACT

Trigeminal neuralgia (TN) patients may develop side effects from centrally acting drugs, have contraindications for neurosurgical procedures,
or experience relapse during conventional therapies. OnabotulinumtoxinA (BoNT/A) has been reported to be effective for TN, although this
finding has been challenged. An overview of the available evidence based on a narrative/qualitative analysis of the literature is presented.
About 90% of patients who receive BoNT/A show an improvement, a higher figure than that reported for the placebo effect of BoNT/A for
other headaches. Tolerability of BoNT/A is good, and its few side-effects are transient. The articles reviewed were mainly case reports, case
series and open-label trials; however,randomized controlled trials have endorsed the efficacy of BoNT/A for TN. This evidence, together with
a better understanding of the analgesic mechanisms of BONT/A and its proven efficacy in treating other pain syndromes, supports the use

of this toxin as a therapeutic option for TN.
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RESUMO

Pacientes com neuralgia do trigémeo (NT) podem apresentar efeitos colaterais decorrentes do uso de drogas psicoativas, contra-indicagdes
aprocedimentos neurocirtrgicos ou perda da eficacia destas terapias. A neurotoxina botulinicado tipo A (NTB/A) tem demonstrado ser eficaz
no alivio da NT, ainda que este achado tenha sido contestado. Uma analise narrativa/qualitativa da literatura disponivel é apresentada.
Cerca de 90% dos pacientes que receberam NTB/A melhoram, um nUmero superior aos atribuiveis ao efeito placebo da NTB/A em outras
cefaléias. Além disso, a NTB/A mostrou uma baixa incidéncia de efeitos colaterais, transitérios. Embora a maioria dos artigos consistam de
relatos de caso, séries de casos e ensaios abertos, ensaios clinicos randomizados controlados recentes reafirmam a eficacia da NTB/A na
NT. Estas evidéncias, associadas ao melhor entendimento dos mecanismos analgésicos da NTB/A e a sua eficacia em outras sindromes

dolorosas, ratificam a NTB/A como uma opcéo terapéutica para a NT.

Palavras-chave: neuralgia do trigémeo, neurotoxina botulinica do tipo A, toxina botulinica do tipo A, toxina onabotulinica A, dor neuropética.

Trigeminal neuralgia (TN) is a unilateral disorder character-
ized by brief electric-shock-like attacks of pain, abrupt in onset
and termination and limited to the distribution of one or more
divisions of the trigeminal nerve'. It is reported to have a prev-
alence of 0.1-0.2 per thousand and an incidence ranging from
about 2 to 7.1/100 000/year and extending up to 20/100 000/year
in individuals over 60 years of age. The condition is more com-
mon in women than in men (ratio 3:2)% Treatment includes phar-
macological therapy, usually with membrane stabilizers; invasive
or minimally-invasive (mainly percutaneous procedures) surgi-
cal therapies; and radiosurgery®. In 2005, OnabotulinumtoxinA
(BoNT/A) was reported to be effective for cases of TN that failed
to respond to other therapies®. The therapeutic effect of BONT/A

in TN was first mentioned after a serendipitous finding by Wang
and Jankovic®. Reporting a case similar to the one that motivat-
ed a previous study by our group’, Jankovic described a patient
who presented with hemifacial spasm and TN whose TN im-
proved after treatment of the hemifacial spasm with BoNT/A.
Since then, case reports and case series have been published in
neurology, headache, pharmacology and pain medicine jour-
nalgt78101L121319 Thig literature, although suggesting the thera-
peutic effects of BONT/A in TN, has been challenged' or even
ignored by panels of experts'®".

The present review was undertaken to give readers an
overview of the available evidence that BoNT/A has a thera-
peutic effect on TN.
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BOTULINUM NEUROTOXIN AS ATHERAPEUTIC
OPTION FORTN

TN usually starts after the age of 60*°. In this older age group
the disease poses therapeutic problems from a pharmacologi-
cal and surgical standpoint because patients may develop side
effects from centrally acting drugs and have contraindications
for neurosurgical procedures. Furthermore, relapse may occur
after surgery, and some patients may refuse additional invasive
procedures. In this scenario, BONT/A injections can be consid-
ered a therapeutic option for TN. The body of data presented
below (Table) shows that most patients benefit from BoNT/A
injections, as 213 (89.9%) of the 237 patients described in the
studies in our review reported improvements.

Side effects reported consisted mainly of mild and tran-
sient facial paresis, which occurred after at least one injec-
tion session and was reported by Zuniga et al. (1/12 and 2/20
patients)"*'®, Allam et al. (1/1)%, Borodic and Acquadro (pro-
portion not reported)’, Ngeow and Nair (1/1)", Bohluli et al.
(3/15), Wu et al. (5/22)*, Li et al. (10/88)*, Shehata et al.
(4/10)* and Zhang et al. (3/53)*. Temporary dysesthesia (1/8)
and difficulties chewing on the side of the injection (1/8) were
reported by Turk et al’. Transient local edema was reported by
Wu et al. (2/22) ?, Li et al. (3/88)* and Zhang et al. (2/53)*.
Local hematoma was reported by Zuniga et al. (2/20)". Of
the patients reported by our group, three presented with fa-
cial asymmetry (3/13) and one with ptosis (1/13)*. It should
be noted that two of our patients who did not belong to our
original cohort developed infectious complications (a hard
palate abscess and a retropharyngeal abscess) from intra-oral
BoNT/A injections. Both patients had had injections in their
dental arches. The abscesses resolved with no further compli-
cations after antimicrobial therapy, but the fact that this com-
plication occurred prompted us to stop injecting BoNT/A in
the dental arches and gums. This complication was not report-
ed by Li et al.*? or Zhang et al.**, whose studies included some
patients who received BoNT/A submucosally. None of the pa-
tients in the studies by Boscé-Blasco et al. (n = 4)", Felicio et al.
(n=1)" Micheli et al. (n = 1)°, Uluduz et al. (n = 1)'%, Volcy et al.
(n=1)"reported any side effects. Overall, tolerability was good
and operator-dependent effects and side effects were probably
related more to the “learning curve” associated with the use
of BoNT/A. With practice, these problems would, therefore,
probably be eliminated.

However, the use of BoNT/A as a therapeutic option for
treating TN has several drawbacks: a) there is a shortage of
double-blind trials; b) the method is operator-dependent; c) there
are no consensus guidelines; and d) “refractory trigeminal neu-
ralgia” is a concept that has yet to be defined.

Nonetheless, none of these drawbacks seem to justify the
rejection of BONT/A as a therapeutic option for TN. Indeed,
many of the medications used to treat TN started being used
without a double-blind trial. The efficacy of BoNT/A in TN
(about 90% of patients reported an improvement) was not
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achieved in double-blind trials involving BONT/A for other
head pains, as discussed below.

A fewrecent randomized, double-blind, placebo-controlled
trials provide the best evidence for the efficacy of BONT/Ain TN.
A study by Wu et al.*' and Wu and Lian® included 39 patients
with classical TN according to the ICHD-2 criteria' who failed
to respond to conventional treatment (mean Visual Analog
Scale or VAS score > 4, mean attack frequency > 4 per day)
after neuroimaging findings ruled out any structural pathol-
ogy. All the patients’ medication was maintained during the
study period. Patients were excluded if they had skin problems
at injection sites, were pregnant, were nursing mothers, were
planning a pregnancy, were unable to use a reliable contra-
ceptive method, had a medical condition or were using drugs
that could interact negatively with BoNT/A. They were fol-
lowed up for 12 weeks post-treatment. A period of 12 weeks
was chosen as this is the typical duration of the motor effects
of BoNT/A. Intradermal and/or subcutaneous injections of
75U of BONT/A (5 U/0.1 mL) were applied at 15 points (0.1 mL
per point). The primary endpoints were pain attack frequency
and pain severity, which were significantly affected as early as
the first and second weeks, respectively (p < 0.05). Shehata et
al.® studied 20 subjects with intractable idiopathic TN, which
they defined as a failure to achieve a 50% relief in pain intensity
quantified by VAS and/or the frequency of paroxysms during
the previous three months. Subjects who were pregnant, had
symptomatic TN (abnormal neurological examination or MRI)
and were potentially unreliable during follow-up were exclud-
ed. The active treatment arm consisted of 10 patients who re-
ceived 0.1 mL of BONT/A (5 U/0.1 mL) applied subcutaneously
per point (total dose ranged from 40 to 60 U) using a “follow
the pain” method. After 12 weeks significant reductions in VAS
scores (a decrease of 6.5 compared with 0.3 for saline) and the
frequency of paroxysms were observed (both were recorded in
the second week and were sustained over the follow-up peri-
od). Zuriiga et al."® reported 36 cases of subjects suffering from
classical TN, some of whom had not responded satisfactori-
ly to conventional treatments. The BoNT/A group consisted
of 20 subjects who received 50 U of the toxin subcutaneously
in various sites 1 cm apart. Subjects with involvement of the
third branch of the trigeminal nerve received 10 U intramus-
cularly in the masseter muscle. At 1 month, the active treat-
ment group reported fewer paroxysms of pain (p = 0.036). At
2 months, subjects in this group who were taking carbamaze-
pine also showed reduced VAS scores (p = 0.02). At 3 months,
the improvement in mean VAS score and number of paroxysms
was sustained in the BoNT/A group (p = 0.01 and p = 0.006).
There was no difference in functional impact scores between
the BoNT/A and placebo groups. Finally, Zhang et al.** studied
the effects of different dosages of BONT/A in 84 patients with
classical TN who had failed to respond to recent treatment
for TN (mean pain intensity score = 4, mean attack frequency
> 4/day; course > 4 months) and were randomized to receive
saline, 25 U/mL or 75 U/mL of BoNT/A intradermally and/or



Table. Reports on the efficacy of BoNT/A for trigeminal neuralgia.

Type of Number of cases,
Author, year Publication BoNT/A therapy response Type of measurement, p
Wang and Mention Il Patient report
Jankovic, 1998*®
Micheli et al., Case report 2.5MUin5sites (12.5U) at 12 11 Patient report
2002.5 wk intervals
Borodic and Case series 30-50U 8/11 Patient report
Acquadro, 20027
Piovesan et al., Open-label trial 6.45-9.11 U per branch 13/13 Pain area, p < 0.0001 (at 60 days); VAS, p = NR
2005.4 (8.3U/cm?)
Turk et al., 2005.° Open-label trial 50 U in 2 sites (BoNT/A) 8/8 VAS, p = 0.011 and Frequency, p = 0.012

(at 15wk, 2"mo, 6""mo)

Allam et al., 2005.2 Case report 2 Uin 8 points (16 U) (BoNT/A) 11 VAS, p = NR
Boscéa-Blasco et Case series 17.5 U at 6 mointervals 4/4 PAS,p = NR
al., 2006*"
Voley et al., 2006.° Case report 6-7.5U at 4 mo intervals 11 Patient report
Uluduz et al., Case report 75U at 3 mo intervals 1M Patient report
20072
Felicioetal., Case report 100 U at 2 mo intervals 11 Patient report
2007+*3
Zunigaetal., Open-label trial 20-50 U (BoNT/A) 10/12 VAS, p = NR and Frequency, p = NR (during 8 wk)
200814
Ngeow and Nair, Case report 100 U divided into two sites (Al Patient report
2010.° (BoNT/A)
Yoon et al., 2010.% Case report 10 U (BoNT/A) 11 Patient report and current perception threshold

Bohluli et al., Open-label trial 50-100 U injected at each
2011.%0 trigger zone

Wu et al., 2012.” RCT 75U injected at 15 points

(BoNT/A)

Shehata et al., RCT 40-60 U (5 U per point) in a “follow
2013.%8 the pain method” (BoNT/A)
Zuniga et al., RCT 50 U subcutaneously with
20138 additional 10 U in the masseter if

there is V3 involvement (BoNT/A)

Lietal.,2014.22 25-170 U (2.5-5 U per point)

(BoNT/A)

Open-label trial

Zhangetal., RCT 25Uand 75U at 20 points
2014.% intradermally and/or

submucosally (BoNT/A)
Total 1 mention; 6Uto170U

7 case reports;
2 case series;
5 open-label
trials; 4 RCT

measurements at 2 mo
VAS, p<0.001 and Frequency, p < 0.001
(at 1t wk and 1t mo); Global assessment, p < 0.001
(at 6 mo)

VAS, p < 0.05 (from 2wk to 12 wk); Responders
(>50% reduction), p< 0.01; Frequency, p < 0.05
(from 1stwk to12"wk); PGIC, p < 0.01
VAS, p <0.0001 and Frequency, p < 0.0001 (from
2wk to 12 wk); QoL, p < 0.0001
VAS, p = 0.01 (at 3 mo); Frequency, p = 0.036,0.01,
0.006 (at 1,2 and 3 mo respectively); Functional
impact (no difference)

15/15

15/22 responders

Proportion NR

Proportion NR

88/88 (at 2 mo) to Responders (= 50% reduction), p = NR
34/88 (at 14 mo)
19/27 (25 U) and VAS, p < 0.017; Responders (= 50% reduction),
25/29 (75 U) from p<0.017;PGIC,p<0.017
1stwk to 8wk
213/237 Patient report: 8
VAS: 9
PAS:1
Pain area: 1

Frequency: 6

mo:month;MU: mouse units;NR: not reported; PAS: pain analogue scale; PGIC: patient global impression of change; RCT: randomized controlled trial; VAS: visual

analogue scale; wk: week.
* patient(s) also had hemifacial spasm

submucosally (total doses were divided by 20 and applied at
20 points). Subjects were excluded if they had coagulopathy or
severe heart, liver, kidney or other organ dysfunctions; were at
risk if exposed to BoNT/A (e.g., myasthenia gravis); had skin
problems at injection sites; had used drugs that damage neu-
romuscular junctions in the previous seven days; had a signifi-
cant unstable medical condition or mental disease; had a his-
tory of substance abuse; or were pregnant, nursing, planning
a pregnancy or using unreliable contraception methods. The

VAS scores of both BONT/A groups were lower than in the pla-
cebo group from the first to the eighth week (p < 0.017), and
there was no difference between the 25 U and 75 U groups.
Also, the number of responders (individuals with a reduction
in mean pain score from baseline to endpoint > 50%) was high-
er for the active treatment groups (p < 0.017) and there was no
difference between the groups that received different doses of
BoNT/A. The authors concluded that both doses of BONT/A
were effective in the short term.
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The potential of BoNT/A for use in the treatment of TN
is attested to not only by the superior design of the ran-
domized placebo-controlled studies, but also by the body of
evidence-animal models, case reports, open trials and ran-
domized controlled trials-available to date.

SOME INSIGHTS BEYOND TN: THE THERAPEUTIC
EFFECT OF BONT/A IN MIGRAINE, TENSION-TYPE
HEADACHE AND “CHRONIC DAILY HEADACHE”

In a large double-blind, placebo-controlled trial of BONT/A
for migraine, both placebo and BoNT/A proved effective in
achieving a 50% or greater reduction in the number of mi-
graine episodes per 30-day period in relation to baseline in at
least 50% of all patients. However, further analysis of the data
revealed that BoNT/A provided a greater benefit for those
patients who had > 12 and < 15 migraine attacks/month®.
Conversely, a European placebo-controlled double-blind trial
for the treatment of migraine failed to find statistical differenc-
esbetween placebo and BoONT/A groups?. A large double-blind,
placebo-controlled, parallel-group study of BONT/A for chron-
ic tension-type headache revealed a small but significant ben-
efit from BoNT/A at a dose of 150 U, and more patients in three
BoNT/A groups than in the placebo groups had a 50% or great-
er decrease in tension-headache days®. In placebo-controlled
trials of BONT/A for chronic daily headache, BONT/A was su-
perior to placebo in decreasing the number of headache days

from baseline at some of the time points®~.

SOME INSIGHTS BEYOND TN: THE PLACEBO EFFECT
OF BONT/A IN PRIMARY HEADACHES

The placebo effect of BONT/A has been well described for
more benign conditions such as primary headaches. In a large
placebo-controlled dose-finding European trial of BONT/A for
migraine, about 25 to 55% of the placebo patients experienced a
decrease of at least 50% in migraine frequency®. A slightly high-
er placebo response was found in a similar study conducted
in the USA. In a large placebo-controlled dose-finding trial of
BoNT/A for chronic tension-type headache, placebo respons-
es at multiple time points over 120 days never reached the
25% bracket®. In the same trial, the placebo also failed to de-
crease pain severity. In trials of BONT/A for chronic daily head-
ache, placebo responders rated the improvement from 21 to
23.4%*. The average reduction in headache days at day 30 in

these trials was less than one headache day for the placebo®-.

FURTHER COMMENTS ON PLACEBO AND
THERAPEUTIC RESPONSE INTN

Probably the greatest criticism leveled at studies into the
use of BONT/A to treat TN is the lack of a placebo-controlled
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methodology. This was highlighted by Zakrzewska et al.'® and
discussed by Sycha et al.*, who claimed that the supposed
therapeutic effect could be secondary to an expectancy effect,
to the natural course of disease or to spontaneous remission.
As reported previously, the placebo effect of BONT/A for pri-
mary headache disorders®*® has never reached efficacy rates
as high as those described for BONT/A for TN, even in reports
of open-label trials®, when this effect is expected to be even
higher. In a double-blind, placebo-controlled crossover trial
of lamotrigine in a group of patients with refractory TN, pa-
tients had poor responses to placebo, and only a single patient
out of 13 rated the placebo as “much better™. An analysis of
several placebo-controlled studies of carbamazepine for TN
showed that only 6 out of 24 placebo patients had a good or
excellent response®. Similarly, the mean reduction in maxi-
mal pain intensity at day 14 reached only 26% for the placebo,
suggesting that the placebo effect for this condition is limit-
ed*. Furthermore, BONT/A has been reported to be effective
in relieving pain in TN patients treated for hemifacial spasm
in whom an analgesic effect was not expected to occur®.

Thus, it seems reasonable to conclude that placebo re-
sponses are unlikely to have influenced the high response
rate to BoNT/A for TN observed in this review. An excep-
tion might have occurred in case number four described by
Zuniga et al.", in whom a dramatic decrease in pain occurred
minutes after the injections, an effect that can explained by
DNIC (diffuse noxious inhibitory control)*?".

CONSIDERATIONS ON THE THERAPEUTIC EFFECT
OF BONT/AFORTN

It may be noteworthy that in the study by Bosca-Blasco et
al."! patients treated with BoNT/A for TN were not even re-
ceiving co-therapy with membrane-stabilizing drugs and that
BoNT/A injections were used as the only therapy. The thera-
peutic effect of BONT/A was reported to start from 3.2 + 2 days
after the injections, to be significant on day 10*° and to last
from 30 days to 6 months**!'. Follow-up varied from 30 days to
6 months or longer; however, follow-ups longer than 6 months
were not described in detail****. Wu et al.?, in their randomized
controlled trial, showed a reduced mean VAS score in the sec-
ond week and a reduced frequency of attacks at the end of the
first week. In an open-label study to evaluate the long term ef-
ficacy of BONT/A, Li et al.? showed that the prevalence of pa-
tients with pain relief > 50% based on VAS score was 63.6 and
38.6% at 6 and 14 months, respectively. The varied duration of
the therapeutic effect may have been due to differences between
patients, the natural history of the disease, the methodology or
different placebo effects, although the response to BoNT/A
has been reported to be consistent after regularly adminis-
tered injections, a result that would not be expected for a pla-
cebo. Moreover, the reduction in pain documented in patients
in a study by our group* had a centripetal or shrinking pattern,



which would not be expected for a placebo effect (Figure 1). In
the same study, TN trigger points disappeared after BONT/A
injections for TN, although this was not described in the re-
port®. Lastly, in two studies, five previously refractory patients
were able to stop concomitant treatment with membrane sta-
bilizers*®. The argument that the remissions could have been
drug-induced or due to the natural history of the disease can
be refuted by the fact that these patients continued needing
BoNT/A injections to remain symptom-free. Recently, Zuniga
et al.'® showed that only those subjects receiving BONT/A and
carbamazepine reported lower average VAS scores at 2 months
after injection. This suggests a synergism between both drugs. It
is reasonable to suggest that BONT/A acts by making neuronal
sensitization revert to its baseline state and that carbamaze-
pine sustains this effect. In some patients in whom the thera-
peutic effect lasted up to six months, BoONT/A-triggered remis-
sion rather than a placebo effect might have occurred.

BONT/A EFFECT IN SYMPTOMATIC TN

A pertinent question is whether BoNT/A is effective
for both classical and symptomatic TN. Most TN patients
in whom BoNT/A was tried had classical TN. Six patients
had ipsilateral neurological symptoms, such as hemifacial
spasm**'", and two had contralateral hemifacial spasm but
no associated neurological deficit, which in the presence of a
vascular loop would differentiate one condition from anoth-
er. Two of the patients described by Bosca-Blasco et al.'! had
associated Chiari type I malformation, a finding that would
render the cases symptomatic. Yoon et al.*® described a pa-
tient with neuropathic pain after dental procedures®. One of
our more recent patients, who was not included in our study,
had a severe complication caused by a balloon compression
procedure carried out at another center. Her TN persist-
ed, together with hyperesthesia, but she was responsive to
BoNT/A procedures. The patient described by Allam et al.?
had post-procedure neuropathic pain, which also improved
with BoNT/A injections. Stubblefield et al.* reported on the

efficacy of BONT/A for treating TN and other painful condi-
tions in patients with radiation fibrosis after radiotherapy for
cancer. Their report did not give details of the criteria upon
which their conclusion was based, and the response of both
TN patients and a cervical plexus neuralgia patient were con-
sidered together, making it difficult to interpret the results.
However, there is new evidence that BoNT/A is effective for
other types of neuropathic pain®. A neuropathic trigeminal
pain model in Rattus norvegicus that used saline for compari-
son also showed the efficacy of BONT/A™.

EXPERIMENTAL BASIS FOR THE IMPROVEMENT OF
TN AFTER BONT/A

BoNT/A may cause rapid improvement in neuropath-
ic pain, as in the experimental study by Cui et al.”%, in which
BoNT/A prevented formalin-induced pain five hours after
it was injected in rat hind paws. Thus, the improvement ob-
served by Tiirk et al.’ several hours after BONT/A injections
were administered cannot be considered necessarily to be
secondary to a placebo effect, since an early BONT/A effect
can be supported by this recent evidence. However, in hu-
mans the therapeutic effect of BONT/A for TN seems to peak
between days 20 and 30 after the injections’. Another finding
suggesting BONT/A is effective for TN is that in some patients
the pain paroxysms recurred within 90 days, the time required
for neuronal sprouting®*. These recurrences were reported to
occur even in the presence of associated drug therapy*®'. In
patients who also presented with hemifacial spasm, recur-
rence of the hemifacial spasm in most cases paralleled that
of TN, and both were described as responsive to further in-
jections of BONT/A%", suggesting that the drug’s mechanism
of action was similar or shared for both conditions. The sup-
posed mechanism of action of BoNT/A for TN is not within
the scope of this paper; however, it has been reported that
BoNT/A has an analgesic/anti-neuralgic effect by inhibiting
the release of selected neuropeptides and glutamate from pri-
mary sensory neurons, directly preventing the sensitization of

In our previous study “, the reduction in pain documented in our patients had a centripetal or shrinking pattern, which would not be expected for a placebo
effect. A: before BoNT/A treatment the average pain areas were 2.06 cm?, 2.03 cm?and 2.85 cm?for V,,V, and V,, respectively; B: 10 days after treatment there
was a significant reduction in the pain area (1.40 cm?; 1.03 cm? and 1.54 cm?, respectively); C: patients were almost symptom free 20 to 60 days after treatment
(0-0.38 ¢cm?,0.05-0.38 cm?, 0-0.56 cm?, respectively).

Figure 1. Reduction in pain: the centripetal or shrinking pattern.
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peripheral pain fibers, indirectly preventing central sensitiza-
tion and, in dorsal root ganglion cells, inhibiting surface ex-
pression of TRPV1 (a vanilloid receptor), which is critical for
the release of pain mediators®. More recently, evidence that
BoNT/A acts centrally has been reported®.

Constriction of Rat Infraorbital Nerve as a Model of
Trigeminal Neuropathic Pain and the BoNT/A Effect

Constriction of the infraorbital nerve (a branch of the
trigeminal nerve in Rattus norvegicus) appears to be a rep-
licable model of trigeminal neuropathy (Figure 2). Unilateral
constriction of the infraorbital nerve or injection of forma-
lin in this region produces peripheral and central sensitiza-
tion. Unilateral application of BONT/A produces a reduction
in plasma extravasation, a major component of inflamma-
tion, and eliminates mechanical allodynia from this region®.
In animal models in which constriction of the infraorbital
nerve produces tactile allodynia with increased expression of
FM4-64" and thermal hyperalgesia®, both dysfunctions are
easily inhibited with prior use of BONT/A.

Neurobiological mechanisms responsible for the
antinociceptive activity of BONT/A

After being injected in the subcutaneous tissue, BONT/A
is taken up by endocytosis at nerve terminals of C fibers and
rises by retrograde axonal transport through the trigeminal
ganglion to the spinal trigeminal nucleus®. One of the main

POST-GANGLIONIC ACTIONS

antinociceptive effects of BONT/A is probably related to its
ability to block the transport of nociceptive input to centers
modulating nociception®.

BoNT/A negatively modulates nociceptive neurotrans-
mitters. Its action can be preganglionic, on CGRP***, sub-
stance P* and glutamate®, or postganglionic, on synaptic
terminations, blocking the release of norepinephrine (NE)
and adenosine triphosphate (ATP)*>%. A third mechanism
may involve internal and external sensory adaptation. In ex-
ternal neural adaptation, BONT/A reduces secretion of neu-
roeffector substances from mast cells, blood vessel endothe-
lium and sensory nerve tissue®.

One of the main mechanisms responsible for the antinoci-
ceptive action of BONT/A in the treatment of trigeminal neu-
ralgia may be its ability to modulate intrinsic sensory adapta-
tion (by controlling vesicular traffic), which it does by acting
directly on transient receptor potential (TRP) ion channels.
The TRPs act as integrators of several stimuli and signaling
pathways. Dysfunction of these channels contributes to ther-
mal hyperalgesia and allodynia under painful pathological
conditions such as trigeminal neuropathy. Among these re-
ceptors, those that can potentially be used to treat trigeminal
neuralgia include TRPV1, TRPV2, TRPV4, TRPM3, TRPMS and
TRPA1®. The vanilloid receptor TRPV1 is potentially inhibit-
ed after injection of BONT/A in the region of the first trigem-
inal branch®. The effect of BONT/A on TRPV1 expression in
trigeminal neuralgia leads to reduced expression of CGRP and
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BoNT/A Action

A: Nociception under physiological conditions - focused on the trigeminal nerve and its three branches (V1, V2, and V3); B: Constriction of the exposed
infraorbital nerve (ION) — an experimental model of neuropathic pain. Peripheral lesion causing nociceptive activation of transient receptor potential (TRP)
channels, a calcium influx to the cell and secondary activation with release of substance P,CGRP and glutamate. Activation of sympathetic fibers with release of
norepinephrine (NE) and adenosine triphosphate (ATP); C: Application of BoNT/A with intracellular influx and blocking of TRP expression, inhibiting the release
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Figure 2. Mechanisms involved in the genesis of neuropathic pain.
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satisfactory control of facial pain®. When blocked, TRPA1 pro-
vides a satisfactory reduction in facial mechanical allodynia
and cold hyperalgesia®*. To date, no studies showing the ef-
fect of BONT/A on TRPA1 have been published.

FINAL REMARKS

There is alack of sufficiently strong evidence to recommend
BoNT/A as a therapeutic option with a guaranteed treatment
effect. However, as a promising therapy it deserves to be stud-
ied further and investigated in additional randomized clinical
trials. Further trials have, in fact, been carried out by other cen-
ters since the literature review described here was undertaken.
We believe BoNT/A can be considered a treatment option and
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