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Introduction

Injected in a muscle, the botulinum toxin causes localized and temporary paralysis by
acting on the neuromuscular synapse. Currently, it is widely prescribed for the
treatment of limb spasticity in children from the age of 2years. Combined with
rehabilitation and other treatments, it helps to progress in motor learning, promotes
functional progression, and delays orthopaedic degradations.

Numerous randomized, placebo-controlled studies have shown efficacy in reducing
spasticity, improving passive and active mobility, reducing pain, and improving upper
limb comfort care. The side effects are rare and commonplace.

The injection technique is accessible after specific training and practice. The indication
is better evaluated by a multidisciplinary team. A precise clinical evaluation, assisted by
an instrumental analysis (videography, spatiotemporal parameters, kinematics, kinet-
ics, and electromyography), makes it possible to determine the aims of the treatment
and to evaluate the outcome.

The objective of this review is to present current evidence base and practices regarding
the use of botulinum toxin in children with cerebral palsy.

lism. Their blocking role in neuromuscular transmission was

Botulinum toxin is the treatment of spasticity with the
highest level of scientific proof, used for ~30years in cerebral
palsy (CP) patients.

Numerous randomized, placebo-controlled trials have
shown efficacy in reducing spasticity, improving passive and
active mobility, reducing pain, and improving comfort care.

Our objective is to present a review of the literature about
botulinum toxin injection in patients with CP from infancy to
late adolescence.

Historical and Mode of Action

Botulinum neurotoxins are produced by anaerobic Gram-
positive bacteria of the genus Clostridium, identified in the
last century by Emile van Ermengem when describing botu-
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demonstrated in 1949 by Burgen et al.! This ground-breaking
discovery was the starting point of its indication in the
treatment of focal dystonia first, and later of limb spasticity.
Normally, the nerve message is transmitted from the
motor neurons to the muscles by the release of acetylcholine
(ACH) in the neuromuscular synapse. Injected in a muscle,
the toxin causes localized and temporary paralysis by acting
on the neuromuscular synapse.? The absence of ACH in the
synapse suppresses the affinity of the nicotinic receptors on
the membrane of the muscle fibers, thus promoting the
destruction of the receptors and the block of the neurotrans-
mission. Prior to the resumption of synaptic functioning by
synthesis of new receptors, a synaptic remodeling occurs.
From the first days following the injection of botulinum
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toxin, there is indeed a budding of new nerve endings from
the terminal axon, which thus restores contact with the
muscle, as it happens in reinnervated muscles after axon
lesion.> This process explains the reversible effect of an
injection of botulinum toxin. Generally, muscle function
returns to the baseline after 3 to 5 months.

Clinical Use

After providing the information on the expected effect and
the possible side effects, the patient's and/or parents' ap-
proval is explicitly manifested.

Injection date, pain assessment through visual analogue
scale, doses, and treated muscles are recorded.

The specialties Botox, Dysport, Neurobloc, Xeomin are
available and indicated in neurological conditions.

Various premedication drugs are available, one at a time
or in combination: intravenous ketamine, oral or intravenous
benzodiazepine (e.g., midazolam), oral hydroxyzine, inhala-
tion of an equimolar mixture of nitrous oxide and oxygen.3
Distraction techniques during the session help to relieve
pain. An anesthetic ointment type EMLA should be placed
at the injection site 60" before injection.’ In some difficult
cases, a general anesthesia can be proposed.

The location of the muscles can be performed by palpa-
tion, by electromyogram (EMG) needle with injection route
or ultrasound, especially in children, allowing a noninvasive
identification of muscles and surrounding structures.>®

The Doses

» The doses used depend on the weight of the patient, the
number of muscles treated, the severity of the spasticity,
the size of the muscle, and the type of toxin. The dose may
be maximal in case of paralysis or severe deficit; con-
versely, it is minimal in case of active motor skills’

* The units are different and are not international units—
there is no recognized equivalence: 1 mL for Botox, 100
Allergan units/mL, 2.5 mL for Dysport, 100 Speywood units
per 1 to 2.5 mL. The maximum recommended total dose for
children is 20 Allergan units/kg for Botox and 300 units per
session; for Dysport, 30 Speywood units/kg and 1000 units
per session (professional agreement), in adults: 500 Aller-
gan units for Botox and 1500 Speywood units for Dysport.

In the case of first injection and especially in patients with
comorbidities, lower initial doses are recommended: for
Botox, 3 to 8 units/kg without exceeding 300 units per
session; for Dysport, 10 units/kg in case of unilateral injec-
tion and 20 units/kg in case of bilateral injections without
exceeding 1,000 units per session.’

An interval of 3 months minimum is required between
two sessions.

Data from the Literature

A comprehensive review of the literature was conducted on
PubMed with the following keywords: botulinum toxin, child
and CP or spasticity. Six-hundred ninety articles were found.
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One-hundred thirty-four abstracts were assessed. Sixty-six
articles were selected for complete reading.

Lower Limb
Twenty-five studies were selected from levels 1 to 4 (8-31).

The age of children ranges from 6 months to 19 years; the
toxins used are Botox, Dysport, or Xeomin.

Botulinum toxin injections in the triceps showed superior
treatment effects in the reduction in spasticity and improve-
ment in range of motion (ROM) and functional outcome
measures in spastic diplegic children as compared with
phenol blocks.®

A significant decrease in spasticity is reported in all
studies that specifically analyzed it. There was also a signifi-
cant improvement in the ROM.3?

One study found a decrease in pain.'

The functional level measured by the gross motor func
tion measure has improved in 8 out of the 9 studies that were
concerned, 5 of level 2,'""1> and 3 of level 3.76-18

An improvement in the walking parameters or the ability
to move has been found.®'3:16:19-21

The identification of the injection site is performed by
simple anatomical palpation in six studies, and electrosti-
mulation in two.

The dilution is most often 100 units/mL for Botox toxin,
and 500 units/2.5 mL or 500 units/mL for Dysport toxin.

The duration of the effect is often evaluated at 3 to
4 months (4 weeks—24 months).2°

One study shows that the younger the children, the
greater the efficiency.'?

One study shows a decrease in the use of tendon surgery.??

0

Upper Limb
Six studies were selected:®>3727 3 Jevel 2 and 3 level 4,
involving CP patients aged 2 to 19years. The toxin used
was always Botox.

Measurement of spasticity is reported in three studies:
decreased in two,%?> unchanged in one.?*

A functional improvement has been measured with the
following scales:

* Quality of upper extremity skills test?”
« Pediatric Evaluation of Disability Inventory 2°
+ Goal attainment scaling.>>=%’

Two studies showed improvement in pain and nursing.

An improvement in self-esteem has been reported once.

The active function has not been studied.

Botox doses range from 1 to 12 units/kg. The dilution
varies from 25 to 200 units/mL.

The majority of the authors used electrostimulation to
locate the target.

The duration of the effect is of at least 3 months, and up to
12 months.

Tolerance

The different preparations share similar profile of safety.?®
Side effects are rare and most often transient: pseudoin-

fluenza syndromes, rashes, cramps, pains, or hematomas at
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the site of injection. There is a risk of falling after triceps are
injected, rare urinary leakage or retention after injection into
adductors, disorders of swallowing after injection into neck
muscles.’

After repeated injections, the transient atrophy of the
muscle is possible. However, there is no evidence of long-
term myopathy or voluntary force decrease at follow-up.%’

A functional aggravation can be linked to excessive con-
tractions of the antagonist muscles and weakness of the
agonist muscles or a technical error in locating the treated
muscle.

Rarely, excessive muscle weakness and asthenia have
been reported. Difficulty swallowing related to the spread
of toxin away from the site of administration may lead to
inhalation. The rare cases of reported fatalities involved
children with multiple disabilities with unclear role of the
toxin in the decease.

A correlation between dose and tolerance is shown in two
studies; a preponderance of adverse effects for children
under 45 kg was identified in only one study.>®

One study focused on antibodies. High doses appear to be
more likely to result in antibody formation. In another study,
117 patients with CP were followed for up to 2 years: the
appearance of antibodies occurred in 28% of them; a quarter
became resistant, 6% overall.

Precautions
The contraindications are as follows: myasthenia gravis,
Lambert-Eaton syndrome, amyotrophic lateral sclerosis,
use of anticoagulants, pregnancy and lactation, and major
respiratory obstruction.’

In case of anesthesia and especially when using curarizing
drugs, unusual effects are possible:

» Aggravation of the manifestations of botulism (amino-
glycoside antibiotic treatment);

 Hypersensitivity to botulinum neurotoxin type A or any of
the excipients.

The following interactions have been described:

» Aminoquinolines reduce the effect of botulinum toxin;
 Cyclosporine may potentiate the effect of botulinum toxin.

The best prevention remains the adherence to the recom-
mendations of good practices: low doses in the first injection
must be respected as well as the delays between the injections.”’

Indication in Children with Cerebral Palsy

Spasticity reflects a velocity-dependent dynamic stiffness by
an exaggeration of the stretching reflex, which can prevent
movement, by its intensity and/or duration.

The multidisciplinary evaluation must answer two
questions:

« Is spasticity embarrassing or helpful?

« Isannoying spasticity localized or diffuse? If it is localized,
the indication of botulinum toxin injection is then easy; in
case of diffuse spasticity, the injections are multisite
before or in combination with other therapies.

Botulinum Toxin in Cerebral Palsy HAREB et al.

Indication in Preschool Children: Lower Limbs
Treatment with toxin is often first-line.

The low weight of the child requires a limitation of the
doses and the choice of the muscles to be treated. The
dynamic equinus caused by the spasticity of the triceps sural
is often the first indication in children, from the age of
2 years. The clinical examination confirms a tonic reflex at
stretching on the gastrocnemius and/or the soleus; when
walking, early activity of these muscles is confirmed. A
videography can objectify the conditions of weight-bearing
and the effect of the treatments. After the age of 3 years, EMG
can be performed.

Spasticity of the long fibular can also be found in case of
foot valgus;>' similarly, posterior tibial spasticity in frequent
in case of foot varus. The toxin injection into these muscles
may be associated with that of the triceps.

A supplement of treatment with antiequinus orthosis or
casts is performed 2 to 3 weeks after the injections, time of
the peak action of the botulinum toxins, if the dorsal ankle
flexion has not normalized. A day and/or night orthoses is
often proposed to maintain the gain. During the duration of
action of the toxin, the physiotherapy sessions are continued
or even increased in frequency

If there is spasticity of the hamstrings, rectus femoris, or
adductors, the injections into these muscles are delayed until
the second series of injections to reach sufficient doses. In
case of hypertonicity on the adductors, a hip X-ray should be
performed to search for a subluxation. The injections of
toxins, associated with the physiotherapy, most often allow
recovering a symmetrical abduction of the hips and a better
tolerance of the orthoses. In case of spasticity of the hip
flexors (more rare), the injection of iliopsoas is possible but
requires a greater experience. The treatment targets the
rectus femoris if there is stiff knee in extension with de-
creased oscillation and abnormal activity of this muscle at
the EMG oscillation. Conversely, an inflected knee attitude is
often associated with hamstring spasticity. The kinematic
objective is the increase in the degree of flexion at the attack
of the step and the EMG shows an early activity before the
initial contact. The toxin injections are usually performed on
semitendinosus and semimembranosus.

Indication in Preschool Children: Upper Limbs

From the age of 2years, the grip can be hampered by a
pronounced pronation, a thumb in the palm limiting the
opening of the clamp, and a palmar flexion of the wrist. An
ecological test, the Assisting Hand Assessment test, is avail-
able from the age of 18 months, and the Melbourne Unilat-
eral Upper Limb Assessment from 5 years. The treatment
targets the pronators, the intrinsic muscles of the thumb, and
the flexors of the carp. The low doses of toxin needed to treat
the troublesome hypertonia of these small muscles should
prompt early investment in the upper limb.32:33

Indication in School Age Children and Adolescents

The multidisciplinary evaluation makes it possible to indi-
cate toxin injection whenever the progress in reeducation
and motor acquisitions is slowed down. On the other hand,
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the weight of the child allows the injection of several muscles
at the same time, allowing a functional improvement.343
The injections are repeated once or twice a year for several
years, depending on the benefits and tolerance, with further
discussion of the doses and the choice of muscles at each
session. It is often necessary to reduce an articular stiffness
by successive immobilizations.3®

If the result is insufficient, another therapy may be
considered, for example, surgery. However, injections are
often used as a test before functional orthopaedic surgery. In
case of diffuse or severe hypertonia, especially in quadriple-
gia, oral treatment or neurosurgery can be proposed.

Contribution of the Quantified Analysis of the Movement
After the age of 6years, the quantified analysis shows the
ambulation abnormalities, the repercussions of the spastici-
ty on the movement, and the effectiveness of the treatments:

 Videography: reduction in sagittal disorders;

* Spatial and temporal parameters: increase in the walking
speed, whether there is increase in the length and sym-
metry of the step or not;

 Improved kinematics and kinetics;

* EMG is often slightly modified.

Upper Limb
Treatment with toxin targets the following muscles:

* Superficial and/or deep flexor of fingers; a lower dose
should be preferred in one of the muscles depending on
the examination, to avoid weakening of the grip;

* Interosseous in case of intrinsic hand attitude with
gooseneck;

* Round or square pronator in case of awkward pronation;

* Flexors of carp in case of stiffness in flexion;

 Elbow flexors: three muscles if the indication is comfort,
one or two muscles if the indication is functional (often,
brachial only);

» Shoulder muscles: lateral rotator muscles (infraspinatus,
small round) or medial rotators (pectoralis major,
subscapular).

Trunk

There is no evidence in favor of the protective role of the
injection in the paravertebral muscles on the appearance of
scoliosis, which is common in the CP patient.?”-38

Conclusion

Botulinum toxin allows elective and reversible denervation
by direct action on the motor plate. It is the treatment of
choice for localized and troublesome spasticity. It is an
integral part of the therapeutic arsenal for the CP motor
disorders, always associated with rehabilitation and often
with plasters, orthotics, and surgery. The side effects are
mostly commonplace.

Currently, it is often prescribed in the treatment of
spasticity from the age of 2 years. Associated with rehabili-
tation, it helps to make a course in motor learning; later, it
promotes functional progression and delays orthopaedic
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degradations. Its use requires specific training and the
support of a multidisciplinary team. A precise clinical
evaluation, including the assessment of spasticity through
validated and standardized scales, and an instrumental
analysis (videography, spatiotemporal parameters, kine-
matics, kinetics and electromyography) make it possible
to determine the objectives of the treatment and to evaluate
the outcome.
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