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Abstract

:

Self-injurious behaviors are repetitive, persistent actions directed toward one’s body that threaten or cause physical harm. These behaviors are seen within a broad spectrum of neurodevelopmental and neuropsychiatric conditions, often associated with intellectual disability. Injuries can be severe and distressing to patients and caregivers. Furthermore, injuries can be life-threatening. Often, these behaviors are challenging to treat and require a tiered, multimodal approach which may include mechanical/physical restraints, behavioral therapy, pharmacotherapy, or in some cases, surgical management, such as tooth extraction or deep brain stimulation. Here, we describe a series of 17 children who presented to our institution with self-injurious behaviors in whom botulinum neurotoxin injections were found helpful in preventing or lessening self-injury.
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Key Contribution: This is the first series in children describing the role of botulinum toxin injections in the management of self-injurious behaviors and specifically, the clear response in the self-injurious biting cohort.










1. Introduction


Self-injurious behaviors (SIB) are repetitive and persistent actions directed toward one’s body, which threaten or produce significant physical injury without the intention of self-harm [1,2]. These are common in neurodevelopmental and neuropsychiatric conditions, often in the setting of co-occurring intellectual disability or other neurobehavioral disorders, such as Tourette syndrome [1,3]. Prevalence estimates range from 4% in the general population up to 30–50% in certain genetic conditions and intellectual disability [1,4]. The behaviors can be quite variable and have included hitting, biting, picking, head-banging, hair-pulling, scratching, kicking, and cutting, among others (Video S1). In addition to causing patients and caregivers distress, SIB can become disabling and, in some cases, life-threatening [2,4,5,6]. Severe complications have included scarring, retinal detachment, and death [4].



Treatment of SIB is complex and requires multiple modalities based on the etiology as well as the type of SIB [7]. Whenever possible, disease-specific treatment is considered first. For example, in the case of Lesch-Nyhan syndrome (LNS), S-adenosylmethionine or probenecid may be used [1]. In most cases, no treatment exists, and symptomatic or supportive treatment is sought. Physical/mechanical restraints are often utilized first and have included protective gloves, arm splints, helmets, and mouth guards (Figure 1). It is important to note, however, that these mechanical restraints can themselves potentially cause harm, such as bruising, lacerations, and aspiration in the case of mouth guards, and must be used with caution in young children. Behavioral therapy is often applied and can be helpful in some patients [1,2,8]. Pharmacotherapy is also frequently used, but its efficacy varies [1,7,8]. Finally, surgical therapy, such as deep brain stimulation, can be considered in severe and refractory cases [1,9]. However, data on the efficacy of these interventions are limited.



Botulinum neurotoxin (BoNT) is used in numerous neurologic and non-neurologic conditions with dozens of indications within the field of movement disorders [10]. Common indications in movement disorders include spasticity, hemifacial spasm, tremor, tics, and dystonia in both children and adults [10,11,12,13,14]. BoNT has also been suggested as helpful in treating migraine as a cause of head-banging, and self-injurious behaviors in children with autism spectrum disorder [15] and has been discussed in the treatment of self-mutilating behaviors in LNS [16].



Here, we describe a series of children, adolescents, and young adults with SIB treated with BoNT injections.




2. Results


Seventeen patients (11 male) were evaluated in our pediatric movement disorders clinic, with ages ranging from 11 months to 20 years for management of SIB and treated with BoNT (onabotulinumtoxinA) (Table 1). The most common comorbid diagnoses included intellectual disability/global developmental delay. Etiologies of the intellectual disability/global developmental delay included congenital insensitivity to pain with anhidrosis, cardiofaciocutaneous syndrome, LNS, perinatal tuberculous meningitis with ischemic stroke, carnitine transporter deficiency, suspected mitochondrial disorder, Aicardi syndrome, and three had an unknown cause of intellectual disability (Table 2). Length of follow-up ranged from 10 months to 3 years (average 1.4 years), except for one patient that was lost to follow-up.



Fifteen patients had utilized other treatments for SIB, with the most common being physical restraints (often using multiple types) (Table 2). All treatments were ineffective or poorly tolerated due to adverse effects. Two patients had not tried other treatments and had severe and forceful whiplash neck extension tics. Only one patient underwent behavioral modification therapy, which resulted in no improvement of SIB. Sites and dosing of BoNT were chosen based on the involved muscles in the SIB as well as estimated muscle mass and force of muscle contraction (Table 3 and Table 4) [17,18,19]. All patients who received BoNT to facial muscles suffered from self-injurious biting leading to injuries of the tongue, lip, and fingers (Figure 2 and Figure 3). All patients with self-injurious biting required BoNT to bilateral masseter (range of 80–110 units) and bilateral temporalis (range of 35–80 units) (Table 4). All patients receiving BoNT for self-injurious biting demonstrated meaningful benefit with no further injuries from biting during the duration of BoNT action (Table 3). Although dosing regimen was not planned using weight-based calculations, total units administered per kilogram for patients with self-injurious biting ranged from 10.9 to 31.7 U/kg (average 17.6 U/kg). There were no adverse effects and all patients received repeat injections approximately 3 months following initial injections. One patient required tooth extraction due to early wearing off (duration of effect approximately 8 weeks) despite escalating doses.



Six patients with Tourette syndrome underwent injections of neck muscles to include splenius capitis, scalene, and sternocleidomastoid (Table 3 and Table 4). These patients exhibited neck tics that were painful and quite forceful that, if left untreated, risked development of cervical myelopathy [20]. The SIB in these patients was caused chiefly by repeat neck extension (“whiplash”) tics. Three patients improved markedly with botulinum toxin injections into the neck muscles without any adverse effects. One patient with tics manifested by forceful arm supination received injections to the supinator muscle, which resulted in finger extensor weakness and no clear benefit. One patient was lost to follow-up.



Three patients were treated with botulinum toxin injections for injuries sustained by complex motor stereotypy manifested by forceful hitting and punching (Table 3; Figure 4). Despite doses of up to 600 units (300 U in each bicep), there was no improvement in the SIB. There were no adverse effects in these patients, however, none had noted meaningful benefit. One patient with face-kicking stereotypy (Video S1) received BoNT injections to the iliopsoas, gluteus maximus, and adductor group, after which caregivers reported meaningful and sufficient benefit with no further injuries and no adverse effects.




3. Discussion


Symptoms of SIB range from mild (minor tissue damage with scratches or bruising) to severe (permanent tissue loss, blindness, deafness, or life-threatening consequences). Within movement disorders, SIB is seen most commonly in the setting of Tourette syndrome [1,21,22,23], but other genetic conditions, such as LNS and neuroacanthocytosis, have been also associated with SIB [5,24]. In patients with genetic causes of SIB, the behaviors themselves can be very frequent, occurring at least once every 30 min in 18% of the patients [5]. Rarely, SIB can also be seen in autoimmune conditions, such as anti-N-methyl-D-aspartate receptor encephalitis, or after exposure to certain drugs [1].



SIB can lead not only to permanent disability, but also can be potentially life-threatening [2,4,5,6]. Furthermore, the estimated cost of care associated with SIB in the United States in 1989 exceeded $3 billion (over $7 billion in today’s dollars), which, given the rise of healthcare costs, has no doubt escalated since then [25].



The pathophysiology underlying SIB is not well described and may differ depending on etiology. Theories implicate an interplay between three main factors: (1) Behavioral inflexibility or patterned/repetitive or compulsive behaviors, (2) intellectual disability, and (3) pathological reinforcement learning or abnormal neurotransmission, which may involve dopaminergic, opioid, or serotonergic pathways [1,3,4,6,24,25,26,27]. Of note, the behavioral inflexibility and patterned behaviors may not be restricted to the movements involved in the SIBs, such as tics and stereotypies, but may be manifested through obsessive compulsive behaviors or impulsivity [6,21,22]. Another theory involves the endogenous opioid system and control of noxious stimuli, in which acute pain results in activation of inhibitory pathways within the endogenous opioid system and plays a role in alleviating chronic pain [25,28]. The latter has particular implications for the course of SIB [4] as delay in treatment may lead to physiological changes contributing to a chronic pain state through nociceptive changes [25]. These changes then create a feed forward process which would make treatment even more difficult. Therefore, early and effective treatment is critical not only to prevent acute injury, but also to mitigate against chronic disability.



Numerous treatments of SIB are available, although none have been systematically reviewed. Treatments range from less invasive, such as physical restraints and behavioral therapy, to pharmacotherapy, including alpha-2 agonists, benzodiazepines, antipsychotics, VMAT-2 inhibitors, muscle relaxants, SSRI/antagonists, mood stabilizers, anxiolytics, and naltrexone, to more invasive interventions, including tooth extraction and deep brain stimulation. We describe the first series of patients with SIB treated with BoNT injections.



Our series of patients provides evidence that there is a role for BoNT injections as part of a multimodal, tiered approach in the management of SIB. Although patients with SIB involving the upper extremity had no clear benefit from BoNT injections, this may have been due to underdosing or inappropriate selection of muscles, as there were no noted adverse effects apart from one patient who noted finger extensor weakness when supinator was injected. In contrast, all patients with self-injurious biting that underwent BoNT targeting the bilateral masseter and temporalis muscles had meaningful benefit in the SIB; none of these patients experienced adverse effects. Half of the patients with forceful neck extension tics had meaningful benefit with BoNT targeting the neck muscles, and none experienced adverse effects. “Whiplash” tics must be viewed as a medical emergency, as there are several reports in the literature of quadriparesis or quadriplegia resulting from tic-related compressive cervical myelopathy that, fortunately, resolved after timely BoNT injections into the neck muscles [20,29,30].



BoNT acts by inhibiting the release of acetylcholine from the presynaptic nerve terminal, and thus interfering with fusion of the synaptic vesicle with the presynaptic plasma membrane [31,32]. This mechanism is known to relax the muscle; however, recent studies have provided evidence that BoNT may also be effective in the treatment of neuropathic pain [32,33,34]. The clinical rationale for the use of BoNT in our patients was to lessen the intensity of the movements, and thus reduce the risk of further injury from repetitive behaviors.



Limitations of this study include its retrospective, open-label design and relatively small sample size. Injections were performed using anatomic landmarks, without ultrasound or electromyographic guidance. Although this study was not designed to compare different techniques of administration of BoNT, we believe that the site of needle insertion is based on the clinical observation of dynamic positioning during the abnormal movement, surface anatomy, palpation, local muscles mass, range of motion, and other clinical factors. These clinical assessments are critical to the appropriate selection of the target muscles. There are no well-designed, controlled, studies that have demonstrated superiority of electromyography guidance or electrical stimulation or ultrasound-guided injection over the use of anatomical landmarks [35,36]. Indeed, a recent study showed no difference between ultrasound and electrical stimulation in the outcomes of BoNT treatment of focal hand dystonia and upper limb spasticity [37]. Finally, there are more than 100 instruments available for use in measuring self-harming behaviors, although most are not validated, and none are validated for use in pediatric patients with intellectual disability [38]. Therefore, we relied on reports from the caregivers and clinical documentation.




4. Conclusions


This study, based on a retrospective review of patients with SIB refractory to multiple therapeutic interventions, provides evidence that BoNT is a useful therapeutic modality in some patients. Despite the limitations of our study, the observations support the conclusion that BoNT can provide meaningful benefit in self-injurious biting and “whiplash” tics, therefore preventing serious and permanent disability.




5. Materials and Methods


Here, we describe 17 patients presenting to our pediatric movement disorders clinic for management of SIB refractory to pharmacologic and mechanical interventions and treated with BoNT injections (onabotulinumtoxinA) as part of clinical care by child neurologists trained in movement disorders. Patients were followed clinically, and we discussed features, dosing regimen, and outcomes through a review of clinical documentation and caregiver report and completed retrospectively. During typical follow-up visits, full examinations were performed to include the evaluation of any repeated injuries as well as observation of the SIB (if still present). Careful history was also obtained to include the caregiver’s report of frequency and severity of SIB and recurrence of injury from SIB. Caregivers were also questioned regarding latency of BoNT effects, degree, and duration of effect, and any adverse reactions related to the treatment. Finally, caregivers were asked to compare the severity of SIB while BoNT is in effect to the patient’s level of SIB prior to treatment. Patients received repeat injections every 12 weeks. Response to BoNT was determined based on chart review and patient and caregiver response to the survey based on a 1- to 4-point Likert scale (1 = normal or mildly ill, 2 = moderately ill, 3 = markedly ill, and 4 = severely ill), comparing illness severity before and after BoNT injections (Table 2).
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Figure 1. Example of physical restraints some caregivers use to minimize self-injurious behaviors. 
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Figure 2. Injuries sustained by patients with self-injurious biting prior to botulinum neurotoxin injections include partial amputation of the tongue, infections, and scarring of the lip and tongue. 
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Figure 3. Finger injuries due to self-injurious biting include partial amputation of digits, infection, and skin breakdown. 
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Figure 4. Injuries sustained by patients with hitting stereotypy prior to initiating botulinum toxin injections to include injuries to the face, scalp, and hands. 
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Table 1. Summary of patient demographics.
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	Characteristics
	Number of Patients (%)





	Sex
	



	Male
	11 (65)



	Female
	6 (35)



	Age
	



	11–35 mo
	4 (23.5)



	3–7 yr
	1 (5.9)



	8–12 yr
	3 (17.6)



	13–20 yr
	9 (52.9)



	Comorbid Diagnoses 1
	



	Intellectual disability/Global developmental delay
	10 (58.8)



	Tourette syndrome/Chronic motor tic disorder
	4 (23.5)



	Autism spectrum disorder
	3 (17.6)



	None of the above
	1 (5.9)







1 One patient carried a diagnosis of intellectual disability and autism spectrum disorder.
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Table 2. Characteristics of patients with SIB and prior treatments.
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	Patient
	Sex
	Age
	Phenomenology
	Comorbid Diagnosis/Etiology
	Prior Treatments
	BoNT Outcome





	1
	M
	16 mo
	Self-injurious biting
	Global developmental delay/congenital insensitivity to pain with anhidrosis
	Tooth extraction

Physical restraints
	1



	2
	F
	16 yr
	Whiplash neck tics
	Tourette syndrome
	None
	Unknown a



	3
	F
	18 yr
	Hitting/punching stereotypy
	Intellectual disability/Aicardi syndrome
	Physical restraints

Alpha-2 agonists

Benzodiazepines
	4



	4
	M
	15 yr
	Forceful arm supination tics
	Tourette syndrome
	Antipsychotics

VMAT-2 inhibitors
	4 b



	5
	F
	11 yr
	Self-injurious biting
	Intellectual disability/cardiofaciocutaneous syndrome
	Antipsychotics
	1



	6
	M
	13 yr
	Whiplash neck tics
	Chronic motor tic disorder
	Antipsychotics

Muscle relaxants
	1



	7
	M
	16 yr
	Hitting/punching stereotypy
	Intellectual disability
	Physical restraints

Antipsychotics

SSRI/antagonists
	4



	8
	F
	17 yr
	Whiplash neck tics
	Intellectual disability
	None
	1



	9
	M
	11 mo
	Self-injurious biting
	Recurrent nocturnal tongue biting
	Benzodiazepines
	1



	10
	M
	5 yr
	Self-injurious biting
	Intellectual disability
	Physical restraints

VMAT-2 inhibitors

Alpha-2 agonists
	1



	11
	M
	23 mo
	Self-injurious biting
	Global developmental delay/Lesch-Nyhan syndrome
	Physical restraints

Benzodiazepines
	1 c



	12
	F
	22 mo
	Self-injurious biting
	Global developmental delay/perinatal tuberculosis meningitis with ischemic stroke
	Teeth extraction

Physical restraints

Benzodiazepines
	1



	13
	M
	17 yr
	Hitting/punching stereotypy
	Intellectual disability and autism spectrum disorder
	Physical restraints

SSRI/antagonists

Mood stabilizers

Antipsychotics

Benzodiazepines

VMAT-2 inhibitors

Alpha-2 agonists
	4



	14
	F
	15 yr
	Whiplash neck tics
	Autism spectrum disorder
	Mood stabilizers

Alpha-2 agonists

SSRI/antagonists
	1



	15
	M
	10 yr
	Whiplash neck tics
	Autism spectrum disorder/creatine transporter deficiency
	Antipsychotics

Alpha-2 agonists

Naltrexone

SSRI/antagonists
	4



	16
	M
	11 yr
	Kicking stereotypy
	Intellectual disability/mitochondrial disorder
	Physical restraints

VMAT-2 inhibitors

Benzodiazepines
	1 c



	17
	M
	18 yr
	Whiplash neck tics
	Tourette syndrome
	Behavioral therapy

Antipsychotics

VMAT-2 inhibitors

Mood stabilizers
	4







M = Male, F = Female. VMAT-2 = Vesicular Monoamine Transporter 2. SSRI = Selective serotonin reuptake inhibitor. a Patient was lost to follow-up. b Experienced finger extensor weakness. c Short duration of benefit.
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Table 3. Phenomenology of self-injurious behaviors and response to botulinum neurotoxin injections.
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	Phenomenology
	Body Region Injected
	Number of Patients (%)
	Meaningful Benefit (%)
	Duration of Benefit (Weeks) 1





	Self-injurious Biting
	Face
	6 (35.3)
	6 (100)
	6–12



	Tics

Whiplash neck extension tics

Forceful arm supination
	

Neck

Upper Extremity
	7 (41.2)

6

1
	3 1 (42.9)

3 2

0
	

8–16





	Stereotypy

Hitting/Punching

Kicking
	

Upper Extremity

Lower Extremity
	4 (23.5)

3

1
	1 (25)

0

1
	



8







1 Duration of benefit for those with meaningful benefit. 2 One patient was lost to follow-up.
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Table 4. Final dosing regimen used in treatment of self-injurious behaviors.
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Body Region

	
Muscles Injected

	
Typical Dose per Muscle (Mean) (U)

	
Dose Variability (Standard Deviation) (U)

	
Dose Limits per Muscle (Min–Max) (U)






	
Face

	
Masseter

	
88.3

	
13.3

	
80–110




	
Temporalis

	
57.5

	
15.1

	
35–80




	
Neck

	
Splenius capitis

	
65

	
4.1

	
60–70




	
Scalene

	
63.8

	
37.7

	
40–120




	
Sternocleidomastoid

	
40

	
10

	
30–50




	
Upper Extremity

	
Biceps

	
300

	
100

	
200–400




	
Pectoralis major *

	
100

	
N/A

	
N/A




	
Latissimus dorsi *

	
200

	
N/A

	
N/A




	
Supinator *

	
40

	
N/A

	
N/A




	
Lower Extremity

	
Iliopsoas *

	
200

	
N/A

	
N/A




	
Gluteus maximus *

	
300

	
N/A

	
N/A




	
Adductor *

	
200

	
N/A

	
N/A








* Doses provided are those of single patients; therefore, no standard deviations or ranges are provided. U = units.
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