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ABSTRACT
Cerebral palsy (CP) is a non-progressive 
motor dysfunction leading to multiple 
morbidities, including spasticity, which can 
be managed with botulinum toxin injection 
(BTI). This literature review aims to examine 
published studies on the efficacy and safety 
of different interventions used to reduce pain 
and anxiety associated with BTI in children 
with CP. A literature review of all published 
evidence in English language, or with an 
English translation between 1999 and 2019, 
using PubMed, EBSCO host, and Medline 
databases was carried out. All identified 
papers were screened for inclusion criteria. 
Data from included papers were entered and 
analyzed on an Excel database. Twenty-one 
studies conducted in multiple clinical settings 
identified 10 different analgesia and sedation 
modalities including intravenous ketamine, 
midazolam, inhaled nitrous oxide, general 
anesthesia, and Eutectic Mixture of Local 
Anesthetics (EMLA®) cream. Most of the 
studies were descriptive with the exception of 
two clinical trials and one qualitative study. 
All interventions had some adverse effects, 

but they were generally mild and no long-term 
sequelae were reported. The combination of 
inhaled nitrous oxide with EMLA® cream 
showed promising primary results. However, 
ketamine and midazolam combination could 
be a safe alternative. Currently, there is no 
sufficient data to draw on the superiority of 
any modality. Further high-quality studies 
are warranted. 
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INTRODUCTION 

Cerebral palsy (CP) refers to a spectrum of 
conditions that affect the developing brain leading 
to central nervous system (CNS) permanent, non-
progressive motor dysfunction that affects muscle 
tone, posture, and movement [1]. The main 
associated morbidity is motor impairment leading 
to limitations in function and activity with a wide 
spectrum of clinical presentations that change as 
the CNS matures [1]. Approximately 80% of the 
children with CP will have spasticity as the main 
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motor abnormality [1], but they could also have 
intellectual disability, communication, behavioral 
difficulties, and seizure disorders [2].

Botulinum toxin injection (BTI) has been used 
as the primary method of treatment for focal 
spasticity in children [2]. Other anti-spasticity 
interventions include medications such as 
baclofen, benzodiazepines, dantrolene, and 
tizanidine, as well as denervation via chemical 
agents, such as phenol and alcohol, for segmental 
and localized spasticity [3,4]. The primary 
indications for spasticity treatment whether focal 
or generalized are to reduce pain and muscle 
spasms, minimize contractures and deformity, 
enabling brace use, improve posture, aid mobility, 
and improve patient’s ease of self-care [3].

The efficacy and safety of treatment with BTI 
in the management of spasticity has been 
established in children with CP [5,6], with 
several studies demonstrating the effectiveness 
and improvements in spasticity, deformity, and 
gait [7-9]. However, pain and anxiety related to 
intramuscular injections are significant concerns 
to a relatively safe procedure [4]. Hence, in the 
effort to reduce pain and anxiety in children, the 
selection of an appropriate procedural sedation 
and analgesia (PSA) agents is essential [10]. 
Currently, there are no established standards 
of care for PSA for children undergoing BTI 
and there is a great variability among clinicians 
for pain prevention protocols ranging from no 
intervention to topical anesthesia, oral sedation, 
inhaled nitrous oxide to general anesthesia (GA) 
[11]. Alternative approaches including the use of 
medical clowns or play therapists have also been 
reported [9-11].

In this study, we conducted a literature review to 
identify the different PSAs used for BTI sessions 
in children with CP to assess their feasibility and 
adverse effects.

Materials and Methods

Search strategy

A comprehensive literature search through 
PubMed, EBSCO, and Medline was carried out 
using the following terms: [“botulinum toxins” 

(MeSH Terms) AND “injection” (MeSH Terms) 
AND sedation (All Fields)] AND (“CP”[MeSH 
Terms]) AND (“child” [MeSH Terms). The 
inclusion criteria for the studies were all studies 
conducted between 1999 and 2019, studies 
using modalities of PSA in children with CP 
undergoing BTI for spasticity, aged 2-21 years, 
and all publications in English or with an English 
translation available.

Study selection

All articles identified during initial stages were 
reviewed by two reviewers. Articles that clearly 
did not meet the eligibility criteria were rejected 
at initial review. Articles marked for potential 
inclusion were then obtained electronically or in 
a paper copy and reassessed for inclusion. Studies 
that met the inclusion criteria were appraised 
by two independent authors. In case of any 
disagreements regarding inclusion of studies, a 
third author was consulted. Whenever applicable, 
when assessments of patients had been reported 
at different times, only the latest and most 
comprehensive assessments were included. 

Data analysis

Data were extracted from selected studies and 
entered into an excel database. Variables included 
in the database were number of patients per study, 
age of the patients recruited from each study, type 
of PSA used (if any), reported adverse effects (if 
any), study limitation, and study outcome. The 
PRISMA checklist guidelines [9] were used for 
reporting our review findings (Figure 1). The 
study was approved by Mohammed Bin Rashid 
University of Medicine and Health Sciences 
Research Ethics Committee.

RESULTS AND DISCUSSION
A total of 109 studies were screened for 
eligibility, of which 32 were selected for full-text 
reviewing. Eleven studies were excluded after 
initial assessment based on the following reasons: 
two studies were excluded due to language 
of publication (Spanish and Portuguese) and 
nine were excluded because they had no clear 
indication as to the sedation method used. The 
remaining studies were included in this review 



SUDANESE JOURNAL OF  PAEDIATRICS 2021; Vol 21, Issue No. 1

8 http://www.sudanjp.org
https://www/sudanjp.com

(Figure 1). Of the 21 studies, nine (42.85%) 
were retrospective studies, six (28.57%) were 
prospective analysis studies, three (14.28%) 
were randomized control studies (one cohort, 
one case control, and one qualitative study) (each 
representing 4.76%). The main outcomes were 
adverse effects, safety, feasibility, and parents’ 
satisfaction.

The most frequent PSA methods used for BTI 
were inhaled nitric oxide (iN2O), EMLA® topical 
cream, and midazolam given via different routes. 
Using iN2O as the sole mode of PSA was reported 
in only one study, which concluded that iN2O 
was efficacious and effective in terms of cost and 
was a suitable alternative to conscious sedation 
or GA [12]. In six studies, iN2O was used with 
either EMLA® cream or midazolam [12-17]. 
Inhaled nitric oxide (iN2O) was associated with 

lower pain scores and was considered more cost-
effective and efficacious when compared with 
GA, but nausea, vomiting, and headache were 
the most reported adverse effects [18]. Brochard 
et al. [19], compared iN2O with midazolam 
and concluded that iN2O was more effective in 
terms of post-procedural sedation. The authors 
also reported no difference in ease of procedure 
between the groups [19].

Midazolam use was reported in six studies and in 
different preparations (oral, rectal, intramuscular, 
and intravenous) [12,15-17,20,21]. The drug had 
an overall good feasibility, but it was associated 
with adverse effects including pain, nausea, and 
sleep disturbance. Although midazolam might 
provide adequate sedation and amnesia for the 
procedure, its usefulness was tempered by its lack 
of an analgesic effect [17].

Figure 1. Study selection flowchart. *Due to language of publication (one in Spanish 
and one in Portuguese), nine were excluded because they had no clear indication as to 
the sedation method used.
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Topical EMLA® cream was used in five studies: 
three in combination with iN2O [14,16,17], one 
with paracetamol [13], and one with midazolam 
[22]. Combining iN2O with local EMLA® 
cream application showed that around 50% of 
the patients did not receive sufficient analgesia. 
Henceforth, the need for extra sedation during the 
BTI procedure was required [19]. 

Ketamine is one of the commonly used sedation 
methods that have been shown to have a good 
safety profile in addition to its efficacy. Commonly 
reported adverse effects include rash, nausea, 
vomiting, sleep disturbance, and mild headaches 
[14]. The combination of intravenous ketamine 
with either intravenous or rectal midazolam was 
reported to be easy and resulted in better pain 
tolerance [14,21]. Nonetheless, the main adverse 
effects included nausea and vomiting, limb 
tremors, and headaches.

GA, using remifentanil and propofol, was linked 
to a safer adverse effects profile and parental 
perception of less pain. Moreover, BTI under GA 
was thought to lead to a more accurate injection 
site choice [23,24]. 

The use of distraction techniques, such as clowns, 
combined with iN2O was preferred by parents but 
had no effect on pain or anxiety; nonetheless, a 
recent controlled crossover study reported lower 
pain that continued after the crossover [25,26].

The literature review showed that over the last 
20 years, different sedation modalities have 
been used as PSA in children with CP but with 
no clear-cut evidence preferring one intervention 
over the other. Ketamine and midazolam have 
been shown to be effective in managing BTI-
associated pain and anxiety when either one is 
used alone. However, there is individual response 
variation to these medications. Moreover, high 
doses are associated with serious adverse effects, 
such as dysphoric reactions, with ketamine and 
respiratory depression with midazolam [27]. A 
combination of both medications at smaller doses 
might offer the desired pharmacological effect 
[28]. On the contrary, iN2O provides analgesia in 
addition to procedural sedation and amnesia. iN2O 
produced higher levels of procedural sedation 
compared to enteral midazolam; however, those 

who received iN2O were less sedated at the end 
of the clinic encounter. iN2O was observed to be 
more effective in reducing pain than midazolam. 
Furthermore, iN2O was viewed as a better choice 
during BTI sessions by parents, in comparison to 
prior experience with midazolam. It also achieved 
a higher level of sedation than midazolam [17]. 
iN2O has proven to be advantageous as it seems to 
offer an almost pain- and anxiety-free procedure. 
Besides, it requires neither an intravenous line 
nor post-procedure monitoring given its short 
half-life. Another benefit is that it blunts any 
unpleasant memories [22]. On the downside, 
the need for high concentrations of iN2O as a 
general anesthetic is linked to the suppression of 
reflexes and is associated with the risk of airway 
compromise. When used in outpatient or day 
care facilities, iN2O can be self-administered. 
Although this can be beneficial for the children 
able to cooperate, it can, unfortunately, limit its 
use in the group of children who may have a 
degree of cognitive impairment or in those who 
are too young. 

The use of propofol alone can be effective 
but higher doses may be required to provide 
optimal muscle relaxation during such painful 
procedures. Sedative and systemic analgesic 
agents are generally required to provide amnesia 
and analgesia. Patient selection undergoing this 
procedure should be well thought out, as post-
procedure monitoring is required, as well as the 
presence of a trained anesthetist, which might 
pose a burden on the healthcare system, as it 
requires hospital admission and use of resources 
[23,24]. In comparison to GA, conscious sedation 
requires less staff and resources with a consequent 
lowering of cost and time. On the other hand, the 
use of GA was reported to result in a more accurate 
choice of injection sites [23]. Both approaches 
had similar carer’s satisfaction rates and minimal 
adverse events [24]. Louer et al. [19], used a 
combination of propofol and ketamine for PSA 
during BTI sessions. The authors reported adverse 
events in 10% during their study timeline. Major 
adverse effects included hypoxemia, transient 
apnea, and both hypoxemia and apnea which was 
reported in less than 1% of the cases with adverse 
events [29].
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The combination of iN2O and EMLA® cream was 
reported to provide sufficient pain control, with 
or without the use of benzodiazepines, such as 
midazolam, and alleviate the procedure-related 
anxiety. This is consistent with the collective 
experience of the participating clinicians and 
carers [14,17]. On the contrary, a study by 
Brochard et al. [19], found that 38% of children 
infiltrated with iN2O and EMLA®, required more 
analgesia to carry out the procedure [30]. The 
authors concluded that the clinical characteristics 
seem to not strongly correlate with the success or 
failure of the 50% N2O/oxygen-EMLA® protocol 
[30].

Inhaled N2O analgesia is a cost-effective and 
efficacious alternative to conscious sedation or 
GA for minor pediatric surgical procedures when 
administered by an experienced practitioner [17]. 
iN2O can be safely applied on a patient with a 
full stomach and it has the advantage of rapid 
onset of action. Furthermore, there is minimal 
preparation, and utilization of resources with 
no requirement for an intravenous line or post-
procedure monitoring [22]. Nausea and vomiting 
seem to be more when iN2O is administered on 
an empty stomach. These adverse effects could 
be prevented by feeding the child immediately 
before beginning the procedure [22].

CONCLUSION
To our knowledge, no previous extensive reviews 
were conducted to assess the use of PSA in BTI 
in children with CP, henceforth the need for such 
a paper. BTI-associated pain and anxiety is a 
significant concern to a relatively safe procedure 
but could be alleviated with the right choice of 
medications.

Inhaled nitrous oxide is one of the promising 
options to consider either alone or in combination 
with EMLA® topical analgesic. Ketamine 
and midazolam in intravenous formulation 
combination could also be a safe alternative 
to iN2O/EMLA® mixture for patients who do 
not tolerate inhalational analgesia [20,31,32]. 
Both of these methods have no serious adverse 
effects when regular precautions are taken into 
account.

One of the limitations of this review is language 
bias, as only manuscripts in English or with 
English translation were included. 

RECOMMENDATIONS
The lack of an overall consensus and a unified 
guideline calls for more studies to be conducted. 
Future research should also keep in mind the fact 
that children with CP, especially those with the 
severe spastic quadriplegic form, are at a higher 
risk of airway-related problems during PSA, as 
they have increased respiratory secretions, which 
may present as a disadvantage to the use of 
iN2O or GA. Future studies should also include 
standardized and validated scales for pain and 
anxiety in verbal and non-verbal children with 
CP.
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