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Abstract

Aggression remains a major cause of morbidity in patients with autism spectrum disorder (ASD).
Current pharmacotherapy for aggression is not always effective and is often associated with
morbidity. Nicotinic acetylcholinergic neurotransmission may play a prominent role in ASD
pathophysiology based on human and animal studies, and preclinical studies show nicotine
administration can reduce aggression-related behaviors. Transdermal nicotine has been used to
treat agitation in neuropsychiatric conditions with cholinergic dysfunction. Here we report the use
of transdermal nicotine as an adjunctive medication to treat aggression in a hospitalized adolescent
with ASD. Nicotine patch was recurrently well tolerated, and reduced the need for emergency
medication and restraint. These findings suggest further study of transdermal nicotine for
aggression comorbid with ASD is warranted.
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Introduction

Aggression and irritability are major symptom dimensions in autism spectrum disorder
(ASD), with some estimates of prevalence as high as 68 % (Kanne and Mazurek 2011) and
greater prevalence in individuals with low-cognitive ability (Hartley et al. 2008). It is argued
that the optimal management of these symptoms includes both behavioral and
pharmacological interventions (McDougle et al. 2003), with the latter often constituting the
only treatment option in settings where there is limited knowledge and capacity for
implementing behavioral strategies. Atypical antipsychotics, especially risperidone and
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aripiprazole, are broadly considered to be the first-line pharmacological treatment for
aggression in patients with ASD (Stigler and McDougle 2008); however, more recent work
suggests that drug-refractory cases are more common than previously supposed, with almost
40 % of a sample of ASD individuals (n = 135) resistant to pharmacotherapy over a 3-5 year
period (Adler et al. 2014). Furthermore, concerns about metabolic and other side effects
remain significant, which leaves patients, physicians, and families in a difficult balancing act
between limiting aggression and potential for iatrogenic harm. Further complicating the
matter is evidence suggesting metabolic effects are even more significant in an ASD
population (Hellings et al. 2001). The intersection of incomplete efficacy with significant
morbidity of current pharmacotherapy underscores the need for a greater repertoire of
pharmacological options, including development of treatments with greater specificity for
neurobiological mechanisms underlying ASD.

The acetylcholinergic system comprises both muscarinic receptors and nicotinic
acetylcholine receptors (NAChRs). Acetylcholine plays an important role in
neuromodulation, influencing neurotransmitter systems important in many cognitive
processes (Levin 2013; Picciotto et al. 2012). Human post-mortem (Kemper and Bauman
1998; Lee et al. 2002; Martin-Ruiz et al. 2004; Perry et al. 2001), epigenetic (Leblond et al.
2012; Mikhail et al. 2011), genetic (Leblond et al. 2012; Yasui et al. 2011), and animal
model (Hoppman-Chaney et al. 2013; Karvat and Kimchi 2014; McTighe et al. 2013)
studies of ASD have identified alterations in NAChR expression and acetylcholine levels,
suggesting that impairment in nAChR function and signaling may play a role in the
pathophysiology of ASD (reviewed in Deutsch et al. 2010). Pharmacotherapy targeting
nAChRs, including the canonical nAChR agonist nicotine, may potentially be of value in
ASD, as it is in other neuropsychiatric disorders with altered cholinergic signaling, including
Alzheimer’s disease (Carmel and Sheitman 2007; Rosin et al. 2001; White and Levin 1999),
mild cognitive impairment (Newhouse et al. 2012; White and Levin 1999), and
schizophrenia (Allen et al. 2011). Acute administration of nicotine reduces aggression in
animal models, including rodents (Driscoll and Baettig 1981; Johnson et al. 2003; Rodgers
1979; Waldbillig 1980) and cats (Berntson et al. 1976). Given a mechanism of action
independent of the current dopamine receptor agents typically used for aggression in ASD,
we hypothesized that nicotine, delivered transdermally, may safely reduce aggression and
irritability in people with ASD and comorbid aggression with incomplete symptom response
despite both behavioral treatments and polypharmacy. The availability and relative safety of
transdermal nicotine (TN) makes translating these laboratory and preclinical data into
treatment a possibility. Here we report the repeated use of TN in an adolescent patient
requiring hospitalization for persistent aggression despite high doses of antipsychotic and
mood stabilizer medications. We found that TN was well tolerated and reduced the need for
emergency medication and restraints during the hospitalization.

Case Report

JC was admitted to our hospital’s adolescent inpatient unit for severe and worsening
behavioral problems, including self-directed aggression (head banging and biting ultimately
requiring antibiotic treatment for self-inflicted wounds and continuously re-opened old
wounds in various stages of healing) and aggression toward others. These behaviors were in
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the context of a diagnosis of non-verbal ASD, and the patient required support with each of
his activities of daily living. The patient’s behaviors had escalated in spite of an extensive
medication regimen, multiple school and home behavioral interventions, and constant
intervention by therapeutic staff. It was reported that the patient’s behavior had also become
less predictable, and his mother reported the patient had suddenly attacked her while he was
eating breakfast, attempted to punch and strangle her suddenly while he was taking a bath,
and violently attacked staff at school. She further explained that the aggression at school was
sudden, accompanied by pacing and crying, and was so severe that more than five staff
members were required to restrain him and keep him and others safe. He was also biting
himself, and had deep forehead excoriations from violent scratching. Previous medication
regimens included the use of haloperidol (which was discontinued due to extrapyramidal
side-effects), lorazepam (which caused lip swelling) and risperidone (which led to the
development of a rash).

These behaviors continued on admission to the inpatient unit where he was physically
aggressive towards himself, peers, and staff members. On admission, the patient’s oral
medication regimen comprised chlorpromazine 50 mg three times daily, clonidine 0.2 mg
nightly, guanfacine 1 mg twice daily, and hydroxyzine 50 mg twice daily. Guanfacine was
discontinued, and clonidine was increased to 0.15 mg twice daily and 0.2 mg nightly.
Behavioral interventions on the unit included 1:1 or 2:1 monitoring using consistent staff,
and institution of a regular schedule. The patient continued to require as-needed
chlorpromazine for agitation, at a dose of 50 mg, two or three times a day. As such, the
standing chlorpromazine was increased to 50 mg and later 75 mg four times daily. Also
during the first month of the patient’s admission, divalproex sodium was initiated, and
titrated up to a dose of 1500 mg nightly. Thus after 6 weeks of admission the patient’s oral
medication regimen consisted of clonidine 0.15 mg twice daily and 0.2 mg nightly,
divalproex sodium 1500 mg nightly, and chlorpromazine 75 mg four times daily (see Table
1). Despite these behavioral and pharmacological treatments, the patient continued to have
frequent behavioral outbursts, requiring physical holds on average two or three times a day,
additional as-needed doses of chlorpromazine on average two times a day, and was placed in
four-point restraints on three occasions over the following 4 weeks.

Informed consent was obtained from the patient’s parents to use a 21 mg nicotine patch on
an as-needed basis for agitation, irritability, or aggression. We confirmed that there was no
smoking in the patient’s household and no consistent second-hand smoke exposure. This
dose of nicotine was chosen given the patient’s body mass of 320 Ibs, and the 21 mg dose
was reported as effective for agitation in a case report of refractory aggression in severe
dementia (Carmel and Sheitman 2007). Had we not had the benefit of 24-h observation as
was afforded us on the in-patient unit, we would have used a lower dose patch (either 7 or
14 mg) to ensure tolerability. The patch was placed on the upper part of the patient’s back,
and secured with Tegaderm. It was generally not difficult for the patch to be placed and did
not appear to be a source of distress for the patient. The first patch placement occurred
during an episode when the patient started to become agitated. Given the numerous
occurrences of agitation and consistent staffing, we were able to identify characteristic signs
and symptoms of imminent agitation and aggression. Following this first placement, the
patient did not escalate further, and physical restraint was avoided. The next day, when the
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patient again became agitated, the patch was not utilized, and a physical restraint was
required. Subsequently a protocol was instituted that the patch was applied when the patient
showed early signs of agitation, and would subsequently be left on the skin for 5-7 h. The
patient had a prolonged hospitalization, and the patch was used on several occasions over a
period of 6 weeks. After initiation of the TN protocol, the patient required no further
emergency medication administration and no further restraint application. By our
observation, it appeared the patient’s agitation frequently did not escalate to physical
aggression, and in instances when he did become physically aggressive, the level of severity
was reduced following TN treatment. On rare occasions the patch was applied after the
patient had become markedly agitated, in which case the episode duration appeared to be
shortened and the patient was able to regain behavioral control quickly. The patient did not
attempt to remove the patch and showed no signs of local skin irritation. The use of the
patch was steadily titrated down after 4 weeks of frequent use, and was discontinued prior to
the patient’s discharge, by which time his behavioral control was significantly improved and
he required no further physical holds or restraints. The patient appeared to tolerate the
discontinuation of the patch with no obvious physical symptoms of nicotine withdrawal, and
no rebound of agitation following discontinuation. The patient’s symptom course and
treatments are summarized in Table 1.

Discussion

Here we report a case of a hospitalized adolescent patient with ASD treated with TN for the
specific indication of aggression toward self and others. The patient was admitted due to
aggression unmanageable outside of an inpatient unit, and showed improvement over the
course of his hospitalization. The patient appeared to display reduced aggression after TN
administration. This was evidenced by a significant reduction in the frequency of emergency
chlorpromazine use, physical holds, and no further need for four-point restraints after
treatment with TN was initiated (Table 1). While this case cannot establish the efficacy of
nicotine in treating aggression associated with ASD, these findings, with no observed
adverse effects as well as reduced need for restraints and antipsychotic medication,
substantiate a need for further, more rigorous study.

The mechanism as to how nicotine might improve specific core or related symptoms of ASD
in humans on a molecular or neural circuitry basis is not yet understood, especially when
one considers the heterogeneity of non-syndromic cases of ASD. However, precedent exists
for the use of TN to treat neuropsychiatric disorders whose pathophysiology incorporates
cholinergic dysfunction, including to target aggression and irritability. Two case series
report efficacy of TN for the treatment of aggression associated with severe dementia,
without significant tolerability concerns using dosing between 7 and 21 mg nicotine patches
(Carmel and Sheitman 2007; Rosin et al. 2001). Transdermal nicotine (21 mg) used as an
adjunct to standard treatment was found by a double-blind, randomized trial to be
efficacious in reducing agitation and aggression in patients with schizophrenia and nicotine
dependence presenting to an emergency psychiatry setting (Allen et al. 2011). To our
knowledge, there are no published reports of systematic use of nicotine, TN or otherwise, for
the treatment of symptoms of ASD. However, other agents active at NAChRs or that alter
cholinergic tone in the central nervous system have been reported. Mecamylamine, a non-
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specific NAChR antagonist, was tested in a placebo-controlled pilot trial with children (4-12
years of age) with ASD (Arnold et al. 2012). Mecamylamine was well tolerated but no
differences with placebo were found, although the authors note the parents of four
individuals treated with mecamylamine spontaneously reported reduced irritability, and
continued treatment with mecamylamine post-trial. A case report describing the treatment of
a 9-year old boy with ASD using varenicline, a smoking cessation drug that is an a432
nAChR partial agonist, reported improvements in numerous domains (Arnold et al. 2013).
These improvements were lost upon discontinuation of varenicline and returned upon its
reinstitution. Animal models of ASD have supported the use of acetylcholine-based
treatments with the goal of normalizing cholinergic misregulation. For instance, social
deficits and cognitive rigidity in the BTBR mouse, a commonly used mouse model of ASD,
were improved by administration of the acetylcholinesterase-inhibitor donepezil (Karvat and
Kimchi 2014; McTighe et al. 2013), and donepezil has demonstrated encouraging, albeit
inconclusive, results on core symptoms in humans with ASD (Buckley et al. 2011; Handen
et al. 2011; Hardan and Handen 2002).

The safety and tolerability of TN in people with ASD has not been systematically studied.
However, TN has been tested extensively in both smoking and non-smoking neurotypical
adults, including use for extended periods of time and using dose-response paradigms
(Srivastava et al. 1991). Use of TN is well tolerated by adult populations that may be
increasingly vulnerable to adverse effects, including geriatric populations (Carmel and
Sheitman 2007; Newhouse et al. 2012; Rosin et al. 2001; White and Levin 1999, 2004) and
smokers with cardiovascular or pulmonary comorbidities (Murray et al. 1996; Joseph et al.
1996). Furthermore, previous studies of TN in non-smokers (Newhouse et al. 2012; Snaedal
et al. (1996); White and Levin 1999, 2004) and smokers quitting tobacco (Hughes et al.
2004; West et al. 2000) show limited dependence potential, with dependence potential
thought to vary proportionally with the speed of nicotine delivery (Hajek et al. 2007). Taken
together, data from these previous reports suggest it is unlikely that TN used therapeutically
in an ASD population would result in individuals becoming dependent on TN, undergoing
significant nicotine withdrawal, or initiating an incontrovertibly harmful health behavior
such as cigarette smoking. Future studies directed specifically at assessing the safety of TN
and other nAChR in ASD individuals are necessary.

In the varenicline case report described above, the authors note that varenicline treatment
was specifically requested by the boy’s parents, having at some previous period learning of
research demonstrating altered nAChRs in ASD samples (Arnold et al. 2013). This detail
should not be overlooked. A simple web search reveals substantial interest in the use of
nicotine to treat symptoms of ASD, with many parents resorting to this treatment despite the
lack of systematic data on its safety or efficacy in ASD. This concerning finding heightens
the need to further evaluate this treatment approach so that clinicians can provide more
informed care to patients and families. The use of nicotine and other agents acting at
nAChRs follows from preclinical data, and our case report demonstrates tolerability and
efficacy in one adolescent severely affected by ASD and aggression. A logical progression
will take the form of evaluating the tolerability and safety of TN in ASD subjects, and from
there determining whether TN or other nAChR-active agents are effective for aggression or
other symptomatology in ASD using expanded case series or open label studies.
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Furthermore, it is important that research into new pharmacological interventions does not
distract from the importance of further promoting existing, non-pharmacological, evidenced
based strategies for management of these symptoms.
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Summary of behavioral changes and emergency medication and restraint requirement during hospitalization

Hospital week number ~ Medication change

Emergency medication

Four-point restraints

Physical holds

1

12
14

16

Discontinuation of
guanfacine; clonidine
optimized

CPZ increased to 50 mg
QID

CPZ increased to 75 mg
QID; initiated divalproex
sodium

Divalproex sodium dose
increased

Divalproex sodium at 1500
mg

Initiation of 21 mg TN
during periods of agitation

TN used several times per
week

TN taper initiated

TN used once or twice per
week

TN discontinued

CPZ 50 mg PRN two to three
times per day

CPZ 50 mg PRN twice to three
times per day

CPZ 50 mg PRN twice to three
times per day

CPZ 50 mg PRN once or twice
per day

CPZ 50 mg PRN once or twice
per day

CPZ 50 mg PRN not used or once

per day

None used

None used

None used

None used

1

Three to four times
per day

Three to four times
per day

Three to four times
per day

Three to four times
per day

Two to three times
per day

Once or twice a day,
never required after
patch placement

None

None

None

None

PRN, as needed; QID, four times daily; CPZ, chlorpromazine; TN, transdermal nicotine
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