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Abstract.
PURPOSE: Infants can have muscle hypertonia due to cerebral palsy, muscle strength imbalances due to brachial plexus
palsy, refractory clubfoot, and torticollis. These muscle problems can cause significant development impairments. A child
with severe sialorrhea and dysphagia from leukodystrophy can aspirate, causing respiratory problems. Botulinum toxin
(BoNT) injections can improve these conditions but may lead to adverse effects from the toxin spreading to non-targeted
muscles, potentially impacting breathing, swallowing, and overall strength. This is particularly concerning in infants. This
study assessed the safety of BoNT injections in children less than one year of age.
METHODS: This was a retrospective cohort study.
RESULTS: Forty-seven patients (22 male, 25 female) received BoNT injections before one year of age (three to 12 months).
Thirty-seven received one round of injections and 10 were injected on multiple occasions. Forty-five received onabo-
tulinumtoxinA (15–100 units [U], 1.9–15.2 U/kg), one received abobotulinumtoxinA (70 U, 9.0 U/kg), and one received
incobotulinumtoxinA (25 U, 3.5 U/kg). Lower extremities were treated in 15 patients, upper extremities in 38, the stern-
ocleidomastoid in two, and the salivary glands in one. Forty-five patients had no reported complications. One experienced
transient fever, vomiting, and diarrhea. The parent of another reported subjective weakness in one muscle.
CONCLUSION: BoNT injections in children less than one year of age appear to be safe.
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What is known: There have been many studies showing the
safety of botulinum toxin in children older than two years, but there
are very few looking at the safety of botulinum toxin injections in
children less than one year of age.

What is new: Charts of 47 patients who received botulinum
toxins were evaluated and assessed for safety in this study. Children
less than one year and 13 days of age tolerated botulinum toxin
injections with very few adverse events.
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1. Introduction

Cerebral palsy (CP) affects between two and 2.5
in 1000 children, making it the most common cause
for childhood disability [1]. About 80% of chil-
dren with CP have spasticity [2], which can interfere
with function and development, cause discomfort,
and make care difficult [3]. Spasticity is defined
as increased, involuntary, velocity-dependent mus-
cle tone that causes resistance to movement and
increased stretch reflex [4, 5]. Hypertonia can be
reduced with focal injections of BoNT [6].
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In addition to cerebral palsy, neonatal brachial
plexus injuries occur 1.5 to 2.6 times per 1000 births
[7, 8]. These injuries can cause muscle strength
imbalances, shoulder subluxations, and contractures
[9]. Typically, these injuries result in a very weak
bicep, because of C5 and C6 cervical nerve root
involvement [9, 10]. Injections to the triceps can
weaken the triceps enough to allow the weak biceps
to contract against less opposition, thus improv-
ing the potential to develop more strength [9].
Similarly, congenital torticollis can cause muscle
imbalances, which can also be seen in clubfeet.
BoNT has been used in managing congenital tor-
ticollis [11], sialorrhea [12], and clubfeet [13].
BoNT partially paralyzes muscles by stopping the
release of the neurotransmitter acetylcholine from
the distal axon at the neuromuscular junction [4,
14, 15]. The effect of onabotulinumtoxinA typically
reaches its peak two weeks after the injections and
begins to decline about 10 weeks after the injections
[15–17]. AbobotulinumtoxinA and incobotulinum-
toxinA have similar effects. BoNT can spread outside
the target muscle, potentially causing localized and
systemic adverse effects [14, 18].

There have been concerns about the side effect
profile of BoNT. In April of 2009, the FDA added
a black box warning regarding the potential devel-
opment of unwanted symptoms similar to botulism,
including swallowing, breathing difficulties, and
even death. They specified that these symptoms
were mostly reported in children being treated for
CP [19]. These concerns are heightened in infants
because BoNT may spread more easily due to their
smaller size. AbobotulinumtoxinA (maximum dose
30 U/kilogram [kg] bodyweight [BW] up to 1,000 U),
incobotulinumtoxinA (maximum dose 16 U/kg BW
up to 400 U), and onabotulinumtoxinA (maximum
dose 10 U/kg BW up to 340 U) have been approved
to treat pediatric spasticity in children two years and
older.

Currently available studies regarding the safety
profile of BoNT are inconclusive. Several studies
indicated that BoNT A causes few adverse events
in the treatment of spasticity in children. However,
changes in dose per weight or dilution may alter the
adverse event profile. A systematic review by Her-
nandez [20], which included 20 studies, stated that
adverse events were mild in the first few months after
injections, but that data was too sparse to draw any
conclusions regarding long term safety. O’Flaherty
et al. [21] and Langdon et al. [22] concluded that the
risks associated with treating spasticity with BoNT

A were low, and most likely linked to comorbidities
present along with the condition being treated. Paget
et al. [23] reported systemic adverse events in up to
3.6% of patients who were classified as Gross Motor
Function Classification System (GMFCS) level IV
and V, especially those who received higher doses
and/or had a history of dysphagia, gastrostomy tube
placement, or aspiration pneumonia. They found that
a history of dysphagia and/or aspiration pneumonia
were the two most likely factors to lead to adverse
systemic events after BoNT injections. A study by
Naidu et al. [14] also concluded that systemic side
effects from BoNT were low, and documented a
1% possibility of urinary incontinence that resolved
spontaneously within 1–6 weeks and 1.3% chance
of hospital admission due to respiratory symptoms.
They found this incidence to correlate with a higher
GMFCS level and dose of BoNT. On the other hand,
Goldstein [24] concluded it was safe to use high doses
of onabotulinumtoxinA up to 22 U/kg or a total dose
of 1200 U/treatment. Lee [25] reported that a dilu-
tion of 100 U of onabotulinumtoxinA per 8 ml had a
higher side effect profile than a dilution of 100 U per
2 ml. Finally, a randomized control trial by Edwards
et al. [26], showed no difference in side effect pro-
file between children receiving BoNT injections as
opposed to a placebo.

There are no previous studies investigating the
adverse effects of BoNT A therapy in children
one year of age and younger. Concerns about the
unwanted side effects of this treatment are increased
because of the small size of infants and the concept
that the toxin could spread through the body more
easily, potentially harming breathing and swallow-
ing functions. Early intervention to lessen spasticity
in children with CP, muscle strength imbalances,
and other conditions can be important in help-
ing them use their muscles more effectively, which
can foster the development of motor skills [2].
Avoiding treatment with BoNT A in children one
year old and younger may further delay motor
development.

Clinicians are particularly reluctant to use BoNT
in children less than one year of age due to safety
concerns. Only one study addressing BoNT in chil-
dren 11–24 months old [27] was found. In this study,
BoNT was injected only into the gastrocnemius mus-
cle, with no major side effects reported. As there have
been no studies conducted about the safety of BoNT
therapy in infants, this study sought to determine if
treatment of children less than one year of age with
BoNT is safe.
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2. Methods

This study was approved by the Institutional
Review Board, and the patients’ parents or guardians
gave consent to participate. The medical records of
all children (infants) less than one year old who were
treated with BoNT from 2005 to 2018 were retrospec-
tively reviewed. One patient who was one year 13
days old was included since their age was very close
to one year. Information collected included diagnosis,
age in months at injection, weights at injection, mus-
cles injected, dose and concentration of botulinum
toxin, and any adverse effects reported by the par-
ents. The total dose per kg BW and dose per kg per
muscle of BoNT was calculated.

Details about the method of sedation and localiza-
tion technique were also gathered.

This is a descriptive study and counts of adverse
events were reported.

The follow-up data was collected from the patient’s
first follow-up visit after the injections, and the time-
frame varied from two to 16 weeks (mean nine
weeks). All parents were asked about any problems
following the injections including but not limited
to weakness, swallowing, respiratory or gastroin-
testinal problems, fever, or any other neurological
changes.

3. Results

Forty-seven patients, 22 male and 25 female, who
received 59 BoNT injections at or before one year 13
days of age were included. Twenty-seven were diag-
nosed with a brachial plexus injury, 15 with CP, three
with clubfoot, one with sialorrhea, and one with con-
genital torticollis. Patients with CP fell mostly into
two groups: quadriplegic CP (7/15) and hemiplegic
CP (8/15), in whom hypertonia interfered with devel-
opment. The patients with brachial plexus injuries
represented the cohort of patients seen in a brachial
plexus clinic. In this subset, muscle imbalances were
leading to contractures and shoulder subluxation
from unopposed muscle activity. The patient with
sialorrhea had leukodystrophy and chronic respira-
tory problems from aspirating their oral secretions.

All but two of the patients received onabotulinum-
toxinA. One received incobotulinumtoxinA, and
another received abobotulinumtoxinA.

Thirty-seven patients received only one round of
injections, and 10 patients were injected on multi-
ple occasions before they were one year of age. In

those who received multiple injections, the interval
between injections varied from 39 to 169 days, with
the average interval being 94.7 days.

The youngest patient was 83 days old at the time
of injections, and the oldest was 379 days old. At the
time of injections, all patients’ BW ranged from 5.55
to 12.95 kg, with those receiving incobotulinumtox-
inA weighing 7.1 kg and abobotulinumtoxinA 7.8 kg
(Fig. 1).

None of the brachial plexus or congenital torticol-
lis patients had any other significant developmental
problems at the time of the injections. Two of the
patients with clubfoot had no other developmental
problems, and one with clubfoot had mild cognitive
developmental problems from a chromosomal abnor-
mality. Those with CP were eventually classified by
the following GMFCS levels: I – 4, II – 3, III – 2, IV
– 1, V – 5. At the time of the injections, the patients
with CP were functioning at the following levels: not
rolling - 1, not sitting - 9, sitting but not crawling - 1,
crawling - 1, walking with hands held - 1. The patient
with sialorrhea had leukodystrophy.

Twenty-seven patients had brachial plexus injuries.
The distribution of nerve root involvement is as fol-
lows: C5-6 - 15, C5-7 - 10, C5-T1 - 2.

Five patients had a single muscle injection, while
the remaining patients received injections in multiple
muscles. Fifteen were treated in the lower extrem-
ities (gastrocnemius-soleus - 8, hamstrings - 1, hip
adductors - 2, quadriceps - 2, posterior tibialis - 3), 38
patients were treated in the upper extremities (biceps
- 6, triceps - 6, pectoralis - 27, subscapularis - 24,
pronator - 7, flexor digitorum profundus - 3, flexor
digitorum superficialis - 4, adductor pollicis brevis -
8), two in the sternocleidomastoid, one in the trapez-
ius, one in the suboccipital, and one in the salivary
glands.

Twenty-seven patients with brachial plexus palsy
(37 rounds of injections) had the following muscles
injected by number of times injected: pectoralis - 27,
subscapularis - 22, triceps - 3, pronator teres - 1.

Fifteen patients with cerebral palsy (17 rounds of
injections) had the following muscles injected by
number of times injected: gastrocnemius - 7, ham-
strings - 1, hip adductors - 3, biceps - 6, pronator
- 5, flexor digitorum profundus - 3, flexor digitorum
superficialis - 3, adductor pollicis brevis - 7, pectoralis
- 1, quadriceps - 3, and posterior tibialis - 1.

One patient with sialorrhea and leukodystrophy
had their bilateral parotids and right submandibular
gland injected using ultrasound guidance for a total
of 20 units or 2.5 U/kg.
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Fig. 1. Dose of Botulinum Toxin in units vs. Age in Days.

Three patients with clubfeet had the following
muscles injected: one received 50 U (7.41 U/kg) into
the posterior tibialis, one to the gastrocnemius for a
total of 50 U (6.25 U/kg), and one to the gastrocne-
mius and posterior tibialis totaling 30 U (3.45 U/kg).

The patient with torticollis (two rounds) had
the following muscles injected: sternocleidomastoid,
trapezius, and suboccipital for a total dose of 60 U
(6.6 U/kg).

Dosing by muscle can be found in Tables 1 and 2.
Some doses of BoNT used in this study were out-

side the FDA approved dosing guidelines for children
older than two years. These doses should only be used
as a reference regarding adverse events in this study
and not as recommended or approved doses of BoNT.
These patients received BoNT from various physi-
cians, and dosing varied widely by area injected and
the injectors’ clinical judgment.

The total dose of onabotulinumtoxinA used in one
round of injections ranged from 15 to 100 U (mean
47.37 U). The units of onabotulinumtoxinA injected
per kg BW ranged from 1.93 U/kg to 15.2 U/kg,
with a mean of 5.68 U/kg and a standard deviation
of 2.71 U/kg. One patient in the data set was treated
with a 50 U/milliliter (mL) concentration rather than
a 100 U/mL concentration of onabotulinumtoxinA.
This patient was given injections into their bilateral
hamstrings (40 U, 6.08 U/kg per hamstring) and left
sternocleidomastoid muscle (20 U, 3.04 U/kg), for a
total of 100 U or 15.2 U/kg, which was the highest in
this study. One patient received abobotulinumtoxinA

at a concentration of 200 U/mL with injections into
their left pectoralis and subscapularis, for a total of 70
U or 8.97 U/kg. Another received incobotulinumtox-
inA at a concentration of 100 U/mL with injections
into the right pectoralis and subscapularis, for a total
of 25 U or 3.52 U/kg. (See Table 1 and Table 2.)

Only two patients reported any adverse events.
One received onabotulinumtoxinA into their bilat-
eral gastrocnemii (each gastrocnemius 3.13U/kg and
total body dose 6.25U/kg), and the parents reported
a week of fever, vomiting, and diarrhea starting
one day after the injections. However, there were
no adverse events following repeat injections one
year later, suggesting that the initial adverse events
may have been secondary to an illness unrelated to
the BoNT injections. Also, their increased size with
growth may have reduced the risk of spread, or they
may have increased tolerance to injections with sub-
sequent rounds of BoNT. Another patient’s parent
reported subjective weakness in their biceps after one
round of onabotulinumtoxinA (right bicep 30 U, 3.1
U/kg, total body dose 70 U, 7.25 U/kg). The patient
could still flex their elbow, but the severity and dura-
tion of elbow flexion weakness was not documented,
and the mild weakness had resolved by their four-
month follow-up appointment. This response may
have been an expected, dose-related response as the
recommended dose for the biceps is 2 U/kg and
the dose used was 3.1 U/kg. This patient had no
reported adverse events with subsequent injections.
The patients who received incobotulinumtoxinA,
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Table 1
Frequency of muscle injected onabotulinum toxin, dose range and average

Muscle injected
with onabo-
tulinumtoxinA

Number of
patients (total
number of
muscles
injected)

Dose range in
units

Average dose
in units

Dose range in
U/kg

Average dose
in U/kg

Gastrocnemius 8 (12) 5–50 26.25 .59–7.28 3.22
Hamstrings 1 (2) 40 40 6.08 6.08
Hip Adductors 2 (5) 5–15 5 .59–1.27 0.87
Posterior Tibialis 3 (3) 10–50 21.67 .59–7.41 3.05
Quadriceps
Femoris

2 (5) 17–30 24 1.85–4.00 2.69

Biceps 7 (9) 5–40 18.33 .59–4.82 2.02
Triceps 6 (9) 7.5–30 19.44 0.83–4.54 2.46
FDP 3 (5) 10–20 12 1.11–2.41 1.44
FDS 4 (4) 10 15 0.85–2.07 1.47
Pronator Teres 7 (8) 10–20 13.75 1.04–2.16 1.44
Adductor Pollicis
Brevis

8 (10) 2.5–15 6.51 0.3–1.61 .72

Subscapularis 20 (25) 7.5–50 15.96 0.83–4.31 1.82
Trapezius 1 (2) 20–35 27.5 2.22–3.89 3.06
Pectoralis 25 (36) 5–50 23.44 0.94–6.4 3.03
Suboccipital 1 (1) 20 20 2.22 2.22
Sternocleidomastroid 2 (3) 15–20 18.33 1.67–3.04 2.31
Parotid glands 1 (2) 7–9 8 0.9–1.1 1
Submandibular
gland

1 (1) 4 2 0.5 0.5

Total 45 (158) 15–100 (total
body dose)

16.57 2.3–15.2 (total
body dose)

5.82

U/kg: units per kilogram body weight, FDP: flexor digitorum profundus, FDS: flexor digitorum superficialis.

Table 2
Frequency of muscle injected abobotulinum toxin, and incobotulinum toxin, dose range and average

Muscle injected
with abobotulinum-
toxinA

Number of
patients (total
number of that
muscle
injected)

Dose range in
units

Average dose
in units

Dose range in
U/kg

Average dose
in U/kg

Pectoralis 1 (1) 15 15 2.11 2.11
Subscapularis 1 (1) 10 10 1.4 1.4
Muscle Injected
with incobotulinum-
toxinA
Pectoralis 1 (1) 50 50 6.41 6.41
Subscapularis 1 (1) 20 20 2.56 2.56

U/kg: units per kilogram body weight.

abobotulinumtoxinA, or 50 U/mL concentration of
onabotulinumtoxinA injections did not report any
adverse events.

Nine patients received no sedation, 11 received
midazolam, 18 nitrous oxide, 20 general anesthesia,
and one propofol. Forty-four patients had no skin
analgesia, 12 had lidocaine cream, and two had ethyl
chloride spray. Of the patients who had no sedation,
two had lidocaine skin analgesia and seven had no
skin analgesia.

Two patients had palpation guidance, 24 elec-
tromyography (EMG), 30 electrical stimulation, one
ultrasound, and two had a combination of EMG and
electrical stimulation.

4. Discussion

Possible adverse effects from BoNT injections can
be classified as obligate, local, and systemic. The
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obligate adverse effect is excessive weakness beyond
that to be expected from the treatment in the tar-
get muscle. The local adverse effect is weakness in
adjacent muscle resulting from diffusion of the toxin
locally, and the systemic adverse effect results in
weakness in distant muscles caused by diffusion of
the toxin systemically [16]. Due to the size of the
BoNT A molecule, the toxin is unable to cross the
blood brain barrier [15], so systemic adverse effects
to the brain are very unlikely. Reported adverse
events in the literature include flu-like symptoms,
generalized weakness, dysphagia (leading to aspi-
ration pneumonia), lower respiratory involvement,
and bladder incontinence, all of which are transient
[21, 28].

The results obtained in this retrospective chart
review detail the diagnoses, age, and weight at injec-
tion, dose per weight, dose per muscle, and adverse
effects of the treatment. These results indicated that
no significant adverse effects were caused by doses
less than 16 U/kg with onabotulinumtoxinA, 9 U/kg
with abobotulinumtoxinA, or 4 U/kg with incobo-
tulinumtoxinA injections. The patients had a variety
of doses, muscles injected, and conditions treated.
The child who received injections in the sternocleido-
mastoid at age 38 weeks, diluted to 50 U/mL, reported
no adverse effects on swallowing or breathing. It
seems unlikely that the adverse events seen in the one
patient who reported a week of fever, vomiting, and
diarrhea starting one day following the first round of
injections can be attributed to the BoNT A treatment
since the peak effects of the injections are seen about
two weeks after injections [15, 17]. Also, this patient
received an additional round of injections one year
later and reported no adverse events. In the patient
who reported transient weakness in their biceps after
injections at 39 weeks of age, no report was made
about the length of time of weakness or additional
weakness in any other muscle groups injected. The
weakness had resolved when the patient was seen in
follow-up at four months. No further injections in the
biceps were needed, but the patient did tolerate mul-
tiple rounds of injections in other upper extremity
muscles.

The patients treated were a heterogeneous group
with varying diagnoses, muscles injected, and doses,
which limit strong conclusions. All these patients
tolerated the injections well, and although cau-
tion should still be used when injecting infants
with BoNT, these injections in infants seem to
have a similar safety profile relative to older
children.

Another weakness of this study is that it was a
retrospective chart review; thus, adverse events may
have been underreported.

5. Conclusion

This study concludes that BoNT A injections in
children less than one year of age can be a safe
treatment of spasticity and muscle imbalances. No
significant adverse effects at doses less than 16 U/kg
for onabotulinumtoxinA and injections at least six
weeks apart were noted. The numbers of patients in
this study were low, and great care should be taken
when treating children less than one year of age with
BoNT. Further studies on the treatment of young chil-
dren with BoNT are encouraged.
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