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[bookmark: _GoBack]Somnambulism or sleepwalking (SW) is a sleep-related behavioural disorder characterized by complex movements or behaviours occurring whilst asleep. It typically occurs during non-rapid eye movement (NREM) sleep and is thought to be an issue with the regulation of arousal states during slow-wave sleep. Up to twenty-nive drugs have been associated with triggering or exacerbating SW in predisposed individuals1.  SW is also a rare and often overlooked antipsychotic side effect considered to occur in ~1% of those treated with quetiapine2, olanzapine3 and asenapine4. However, there are no cases reported with other atypical antipsychotics such as clozapine, despite being a drug with no alternative for those treated with it, and with SW posing a significant risk of injury and impact on treatment adherence. Here, we examined the electronic records embedded in an ethically approved database (NRES 13/EE/0121) of a well-characterized cohort of clozapine-treated patients with a psychotic disorder in order to describe the prevalence and clinical characteristics. 
Among the 224 subjects in the database, we found two cases of SW onset or exacerbation, accounting for ~1% described below. Patients gave permission for describing their cases. 

CASE REPORTS
Case 1
A 33-year-old woman diagnosed with schizophrenia at 23 years following a classical hallucinatory-delusional presentation, with persecutory content and delusions of control. She was started on clozapine within the first year of diagnosis and the dose was increased, in the course of 2 years, up to 550mg daily in monotherapy, (clozapine plasma levels = .46 mg/L, 460ng/ml; active smoker). She had no prior history of SW and described newly-onset SW since clozapine was above 400 mg. At its peak, the SW episodes occurred about twice a month with a couple of risk episodes in which she exited the house inadvertently. When SW was first disclosed, after 4 years, she was still presenting active psychotic symptoms. Augmentation with aripiprazole (up to 10 mg) was prescribed, with an effective response to ameliorated delusions and hallucinations. Clozapine dose was progressively decreased, and SW episodes subsided after clozapine reached 350 mg (plasma levels =.33 mg/L, 330ng/ml).  She has not had further episodes in 3 years. 

Case 2
A 52year old woman diagnosed with Schizoaffective disorder at age 27 years. She has many compulsory admissions under the UK Mental Health Act between 1994 and 2009 with repeated suicide attempts. She was started on clozapine since 1998 and maintenance dose was 300 mg (active smoker), but is still suffering from abnormal perceptions and thought insertion, thought control and broadcasting. There was no family history of SW but she suffered SW as a child, from age 6 to age 11 years. SW re-initiated in Sept 2016 at age 49. Four months earlier, she quit smoking without informing the clinical team causing an increase in plasma levels (from ~0.30mg/L, 300ng/ml as maintenance to 0.52mg/L, 520ng/ml after quit smoking).  Her sister has witnessed SW episodes, where she is seen to walk around the house and has even been seen to jump out of the window once (lives in a ground floor). The subsequent reduction in clozapine dose, whilst reducing the SW symptoms, also significantly increased the psychotic symptoms and suicidal ideation. She did not respond to augmentation with different antipsychotics. At present, other environmental strategies have been effective (alarm in the main door).   
 
Discussion  
In our study, we found two cases of somnambulism in a sample of 224 cases, which is in line with previous studies of other antipsychotics like quetiapine2, olanzapine3 or asenapine4. One case was a SW de novo onset, whereas the other was a relapse. SW intensity and frequency was modulated by the dose of clozapine, however, there is currently insufficient evidence to demonstrate a direct causal relationship between SW and clozapine exposure with only two case reports.It is interesting that previous cases were also described with structurally similar drugs, as quetiapine, olanzapine and clozapine are all di-benzo-diazepines with strong GABAergic antagonism.  In addition to this GABergic effect, the impact of atypical antipsychotics such as clozapine on serotonergic receptors and the association of serotonergic agents (such as SSRI’s) with SW, could suggest that there may be serotonergic dysregulation, in part, underpinning the neurophysiology of SW1. Nevertheless, the relatively low incidence of cases with just 1% of cases in clozapine-treated patients suggests that some subjects are more vulnerable than others. 

There is  biological plausibility in the association of clozapine and SW.  GABA has been associated with the regulation of sleep, and evidence suggests that clozapine may result in GABA hypoactivity, particularly in the medial prefrontal cortex5. Interestingly GABA hypoactivity induced via GABA transporter-1 (GAT1) KO mice demonstrated an increased number of state transitions from sleep to wakefulness6 demonstrating an element of sleep dysregulation with GABA hypoactivity. Another study demonstrated that clozapine has an activity-dependent impact on the firing rate of prefrontal cortex cells, with low baseline firing rates (such as those seen in slow-wave sleep) being increased7. Thus, with this combined data it can be suggested that the clozapine mediated SW may be underpinned, in part, by GABA hypoactivity differentially impacting neurones with low baseline firing rates.

Patients with schizophrenia are more susceptible to sleep-related disorders due to impaired modulation of sensorimotor control8, thus atypical antipsychotics potentially stress an already vulnerable system. Evidence suggests that the motor cortex of patients with schizophrenia may be more excitable than non-affected controls, both during sleep and wakefulness. However, some studies show normal motor inhibition in patients with schizophrenia9, reflecting a heterogeneity amongst this population in terms of vulnerability to inappropriate motor excitability. 

However, this would explain why not all patients on clozapine and other atypical antipsychotics respond with somnambulism and other disorders of excessive excitability, as either such deficits are not present or the compensatory mechanisms are sufficient. The short-latency intracortical inhibition (SICI) which is reduced in some schizophrenic patients10 is thought to correlate with GABA-A receptor function. Interestingly, a study demonstrated that medicated schizophrenic patients with conventional neuroleptics had a reduction in intracortical inhibition relative to unmedicated schizophrenic controls11. Thus we have an overall picture emerging of a hyperexcitable motor cortex due to GABA hypoactivity potentially serving as a baseline on which additional GABAergic dysfunction from clozapine could serve as a tipping point to somnambulism. 

Clinically, these two cases also highlight the need to systematically explore side effects in clozapine-patients. Whilst the sample size of our cohort is small and the doses and duration of clozapine use vary in the population sampled, it is concordant with other studies demonstrating somnambulism associated with atypical antipsychotic usage12. 
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