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Abstract

Impaired insight into illness (IMP-INS) is common among individuals with schizophrenia
spectrum disorders (SSD), contributing to medication nonadherence and poor clinical
outcomes. Caloric vestibular simulation (CVS) is typically used to assess peripheral
vestibular system function. Left cold CVS is also a transiently effective treatment for
IMP-INS and hemineglect secondary to right brain hemisphere stroke, and possibly for
IMP-INS and mood stabilization in patients with SSD. Participants with SSD and
moderate-to-severe IMP-INS participated in an exploratory double blind, crossover,
randomized controlled study of the effects of CVS on IMP-INS. Participants sequentially
received all experimental conditions—Ileft cold (4°C), right cold, and body
temperature/sham CVS—in a random order. Repeated measures ANOVA were
performed to compare changes in IMP-INS, mood and positive symptom severity pre and

30 min post CVS. A significant interaction was found between CVS condition, time, and



body temperature nystagmus peak slow phase velocity (PSPV) for IMP-INS, indicating
that single session left cold CVS transiently improved IMP-INS while right cold CVS
may have worsened IMP-INS, particularly in participants with greater vestibular
reactivity (i.e. higher PSPV) to body temperature CVS. The procedure’s effectiveness is
attributed to stimulation of underactive right hemisphere circuits via vestibular nuclei

projections to the contralateral hemisphere.
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1. Introduction

Impaired insight into illness (IMP-INS) in schizophrenia, arguably the most treatment
resistant manifestation of the disorder, is common (Buckley, 2007; Jablensky, 1992;
Olfson, 2006) and contributes to medication non-adherence (Amador, 1994), worsening
symptoms (Robinson, 1999), hospitalization (Svarstad, 2001), housing instability (Opler,
1994), and violence (Swanson, 2000). Moreover, IMP-INS in schizophrenia is
unresponsive to commonly used psychological interventions, including psychoeducation
and cognitive behavioural therapy (O'Donnell, 2003; Olfson, 2006; Pekkala, 2002;
Zygmunt, 2002). Novel methods of intervention are required to address this clinical
phenomenon.

IMP-INS is commonly associated with right hemisphere brain damage secondary to
stroke, but can also occur with right hemisphere lesions due to neurodegeneration or
brain injury (Orfei et al., 2008). Lesions typically involve the parietotemporal regions,

but are frequently reported in the prefrontal cortex, insula and thalamus. IMP-INS in



these contexts is thought to arise from interhemispheric imbalance leading to left
hemisphere dominance, and serves as a model for understanding IMP-INS in other
neuropsychiatric disorders, such as schizophrenia (Ramachandran, 1995; Ramachandran
et al., 2007; Shad et al., 2007).

Structural imaging studies of IMP-INS in schizophrenia support the interhemispheric
imbalance neuroanatomical model of IMP-INS by reporting an association with reduced
right hemisphere grey matter volume (Flashman et al., 2001; Gerretsen et al., 2012; Shad,
2007; Shad et al., 2007; Shad et al., 2004; Shad et al., 2006). However, voxel-based
morphometry studies using a whole brain approach have produced mixed results (Bassitt
et al., 2007; Berge et al., 2011; Cooke et al., 2008; Ha et al., 2004; Morgan et al., 2010).
The results of functional MRI studies produced by our group suggest IMP-INS is related
to left hemisphere dominance in schizophrenia. Specifically, IMP-INS was associated
with left hemisphere activations in the prefrontal and parietal regions during an illness
awareness task (Gerretsen et al., 2015), and increased functional connectivity in the
default mode network with the left parietal lobe (Gerretsen et al., 2014a).

Caloric vestibular stimulation (CVS), which involves the infusion of cold or warm
water into the external ear canal, induces a temperature gradient across the semicircular
canals of the vestibular apparatus stimulating the vestibular nerve. It is commonly used in
otolaryngology to assess vestibular function and neurology to elicit the vestibuloocular
reflex (VOR) to test brain stem function. CVS is shown to be an effective, albeit
transient, treatment for IMP-INS, somatoparaphrenia, and hemineglect secondary to right
hemisphere strokes (Bisiach, 1991; Cappa, 1987; Vallar, 1990). Functional imaging

studies demonstrate that cold CVS of the left ear activates a number of areas in the right



hemisphere, including the temporoparietal junction, posterior insula, putamen, anterior
cingulate, and primary somatosensory cortex (Bottini, 1994; Naito, 2003; Suzuki, 2001).
The procedure’s effectiveness is attributed to the stimulation of underactive right
hemisphere circuits via vestibulo-cortical projections from the thalamus and brain stem
vestibular nuclei (Ramachandran, 1996).

A number of studies have used CVS to investigate the relationship between vestibular
pathology and schizophrenia (Fish and Dixon, 1978; Levy et al., 1978, 1983). Another
study explored the effects of CVS on language in schizophrenia (Bailey, 1978). There are
a few case reports of improved IMP-INS and mood stabilization with left cold CVS in
patients with schizophrenia spectrum or bipolar disorders (Dodson, 2004; Levine et al.,
2012). One case study of refractory bipolar disorder, unresponsive to mood stabilizers,
antipsychotics and electroconvulsive therapy, demonstrated significant sustained
improvement in symptoms of mania with left cold CVS (Dodson, 2004). In another case
series, left versus right cold CVS reportedly had a transient beneficial effect on IMP-INS
in one patient with schizoaffective disorder and two others with schizophrenia (Levine et
al., 2012). We are not aware of any studies that have explored the effects of CVS on
IMP-INS in schizophrenia spectrum disorders using a randomized controlled design in
combination with physiological markers of vestibular system reactivity.

As such, the aim of the present study was to determine whether left cold CVS
transiently improves IMP-INS in participants with a schizophrenia spectrum disorder as
measured by changes on validated measures of IMP-INS using a within subject design.
Comparator and control conditions consisted of right cold and sham (i.e. body

temperature) CVS, respectively. The physiological response of vestibular stimulation was



assessed with electronystagmography. The intensity of CVS can be indirectly measured
by the velocity of nystagmus (i.e. peak slow phase velocity (PSPV)), which is an
essential component of the VOR. Based on the neurological and psychiatric literature, we
hypothesized left cold CVS would transiently improve IMP-INS by stimulating
‘underactive’ right hemisphere brain regions, in turn, temporarily restoring
interhemispheric balance in regions associated with illness awareness. Positive results
would demonstrate that IMP-INS in schizophrenia spectrum disorders involves a similar
brain network to IMP-INS in patients with brain lesions, and can be similarly modulated
with CVS.

Impaired illness awareness is a complex and controversial phenomenon for which a
variety of models and theorizations exist. We adopt the most widely accepted
conceptualization of insight into illness as a multidimensional construct that consists of
core domains, namely general illness awareness (e.g. “I have schizophrenia”), accurate
symptom attribution (e.g. “the voices are imaginary due to my mind playing tricks on
me”), awareness of need for treatment (“I need an antipsychotic in order to stay mentally
healthy”), and awareness of negative consequences attributable to the illness (“I have
difficulty working because of schizophrenia” or “I was in jail because I was psychotic™).
For in depth reviews on the topic, the reader is directed to Gerretsen et al. (2014)
(Gerretsen et al., 2014b) and Chakraborty and Basu (2010) (Chakraborty and Basu,

2010).

2. Methods

2.1. Participants



A total of 16 participants with diagnoses of schizophrenia or schizoaffective disorder
with moderate to severe IMP-INS completed the study. An additional participant
discontinued the study after a single Right cold CVS condition for undisclosed reasons.
Participants were recruited from the Schizophrenia Research Registry and from
outpatient and inpatient units of the Schizophrenia Division at the Centre for Addiction &
Mental Health (CAMH). Written informed consent was obtained after full explanation of
the study procedures and risks. Capacity to consent was confirmed for all participants
with the MacArthur Test of Competence (MacCAT) (Stroup et al., 2005). Participants
were not informed of the rationale for the different CVS conditions or the hypothesized
direction of effects. An assessment of psychiatric disorders was performed using the
MINI-Plus 5.0 structured interview (Sheehan et al., 1998). Inclusion criteria for patients
were as follows: (i) age 18-65; (ii) fluency in English; (iii) DSM-IV diagnosis of
schizophrenia or schizoaffective disorder; (iv) outpatients or inpatients with voluntary
status; (v) capable of consenting to participation in the research study; and (vi) moderate
to severe IMP-INS (>3 on Positive and Negative Syndrome Scale, PANSS, G12 Insight
and Judgment item) (Kay et al., 1987). Exclusion criteria included: (i) serious, unstable
medical illness or any concomitant major medical or neurological illness; (ii) acute
suicidal and/or homicidal ideation; (iii) formal thought disorder rating >2 on the Scale for
Assessment of Positive Symptoms (SAPS) (Andreasen, 1984); (iv) DSM-IV substance
dependence (except caffeine and nicotine) within one month prior to entering the study;
(v) pregnant women; (vi) history of external or middle ear pathology; (vii) history or
signs of middle ear surgery (e.g. tympanoplasty, mastoidectomy); and (viii) signs of

active ear disease. Urine toxicology screens were done as part of the initial assessment.



The study was approved by the Research Ethics Boards of CAMH and the University

Health Network.

2.2. Study measures

The Scale for Assessment of Positive Symptoms (SAPS) (Andreasen, 1984), the Scale of
the Assessment of Negative Symptoms (SANS) (Andreasen, 1989) and PANSS item G12
(Kay et al., 1987) were used to assess symptoms of schizophrenia and to confirm
eligibility. IMP-INS was measured at baseline using the clinician-rated Schedule for the
Assessment of Insight — Expanded (SAI-E) (David, 1990) and the VAGUS Self-report
version (VAGUS-SR) (Gerretsen et al., 2014c). VAGUS-SR was used to measure
changes in IMP-INS following CVS due to its temporal sensitivity in comparison with
the SAI-E. VAGUS-SR (www.vagusonline.com) is a 10 item self-report measure
designed to be easy to administer, sensitive to small changes, and, like the SAI-E,
inclusive of the core dimensions of clinical insight into psychosis, i.e. (i) Illness
awareness or acceptance, (ii) symptom awareness and accurate symptom attribution, (iii)
awareness of need for treatment, and (iv) awareness of negative consequences of the
iliness (Gerretsen et al., 2014c). Lower scores on both SAI-E and VAGUS-SR represent
greater impairment of insight into illness. The Wide Range Achievement Test (WRAT-3)
reading subtest was used to measure Premorbid 1Q (Wechsler, 2001). Cognitive insight
was evaluated with the Beck Insight Scale (BIS), which provides subscale scores for the
concepts self-reflectiveness and self-certainty (Beck et al., 2004). Mood was assessed
using a 10-point Likert scale, with ‘10’ representing the best mood the participant

recalled experiencing, and ‘0’ representing the worst mood the participant recalled



experiencing. Mood scores were missing for the first four participants as the importance
of assessing mood emerged following the initial participants’ subjective reports of CVS

on their mood states.

2.3. Caloric vestibular stimulation experiment

All subjects were randomized and sequentially participated in the experimental,
comparator and control conditions, which consisted of: (1) cold CVS of the left ear
(experimental); (2) cold CVS of the right ear (comparator), and (3) body temperature
(37°C)/sham vestibular stimulation of either the right or left ear (control).

Pre-CVS, participants were administered the SAPS and VAGUS-SR to determine their
baseline level of positive symptom severity and IMP-INS, respectively. An otoscopic
examination was performed by an otolaryngologist to determine if the eardrum was
obscured by cerumen or had any active pathology that may be exacerbated by caloric
irrigation. Following thorough cleaning of peri-orbital skin with NUPREP (Weaver and
Company, USA) and/or alcohol preparation, patients had surface, disposable, silver
chloride electrodes placed lateral to the outer canthus of both eyes and a ground electrode
on the forehead to enable electrooculography recording of lateral eye movement.
Electrodes were also placed above and below the right eye to record vertical eye
movements and blinking. Participants lied supine with their head at a 30-degree angle.
Calibration of horizontal eye movements was performed using LED lights. Participants
were asked to close their eyes and to answer a series of mentally alerting questions during

which their eye movement was recorded to check for spontaneous nystagmus.



Participants also received standard bilateral caloric testing to establish vestibular
function.

To produce a maximum caloric stimulation for the Left and Right cold CVS
conditions, iced water (4°C) was irrigated into each ear for 30 seconds or until the
stimulus could not be tolerated owing to vertigo, nausea, or discomfort. For the sham
CVS condition, body temperature water (37°C) was irrigated into either the left or right
ear for 30 seconds in a randomized fashion. Participants were asked to indicate the onset
and conclusion of the rotational feeling (vertigo). Following the resolution of vertigo
(roughly 3-5 minutes) or 5 min post CVS a post-irrigation otoscopic examination was
performed.

Each participant received repeat administration of the VAGUS-SR and SAPS at 30

min post CVS.

2.4. Peak slow phase velocity (PSPV)
Nystagmus induced by the caloric stimulus is made up of a slow phase and a fast phase.
By conventional electrooculography, nystagmus is measured according to the velocity of
the slow phase component (slow-phase velocity). The slow-phase velocity of each beat of
nystagmus is obtained by calculating the slope (rise over run) of the slow-phase
component from a plot displaying position across time. This is a semi-automated
procedure completed under the supervision of an examiner (i.e. audiologist) (Banchi and
Beattie, 1991; Kavanagh and Babin, 1986).

After a caloric stimulus is presented, the slow phase velocity of the nystagmus will

gradually increase until it reaches a peak intensity (at approximately 60 seconds), after



which the slow phase velocity of the nystagmus will decrease, eventually returning to
baseline. Individual beats of nystagmus will typically cluster around the same velocity for
a given point in time on the plot. In the present study, this pattern was captured with a
Gould Universal Amplifer (Model: 13-4615-56). A custom software-generated plot was
used to display the velocity of each measured beat of nystagmus across time. The
audiologist visually identified and excluded outliers distinct form the cluster, and then
selected the beat of nystagmus from the cluster with PSPV (Kavanagh and Babin, 1986).

This process was repeated for each caloric stimulus.

2.5. Statistical analyses

Statistical analyses of clinical, demographic and behavioral variables were carried out
with PASW software, formerly SPSS Statistics (Released 2009. PASW Statistics for
Windows, Version 18.0. Chicago: SPSS Inc). Means and standard deviations were
calculated for the demographic and clinical data. Bivariate Pearson correlations and
Mann-Whitney U tests were performed between VAGUS-SR scores and relevant
demographic and clinical variables where appropriate. The significance level for tests
was established at p<0.05. Bonferroni correction for multiple comparisons was applied
(p<0.0004, 0.05/125).

Repeated measures analysis of variance were carried out comparing changes in IMP-
INS, mood and positive symptom severity for assessments performed pre-CVS and 30
min post-CVS. Order of condition, laterality of Body temperature CVS (i.e. left versus
right), and nystagmus PSPV were entered into the analysis as between subject factors or

covariates, as appropriate, if determined to have an effect.

10



Post-hoc regression analyses were performed to determine the following: (1) baseline
predictors of change in insight into illness with Left Cold CVS; and (2) Baseline

predictors of Body temperature PSPV.

3. Results

3.1. Relationships at baseline between VAGUS-SR, subscales and participants’
characteristics

Table 1 presents participants’ demographic and clinical characteristics, and the
relationship between these characteristics and IMP-INS. VAGUS-SR Average Total
score was positively associated with SAI-E, BCIS composite, and BCIS self-
reflectiveness subscale scores. Premorbid 1Q was positively associated with VAGUS-SR
Symptom Attribution subscale and negatively associated with BCIS self-certainty
subscale scores. Female gender was associated with lower VAGUS-SR Awareness of
Need for Treatment scores. Of these, only the positive association between VAGUS-SR

and SAI-E survived Bonferroni correction for multiple comparisons.

3.2. Caloric vestibular stimulation

Significant interactions were found between CVS condition (i.e. Left cold CVS, Right
cold, and Body temperature CVS), time (i.e. pre- and 30 min post-CVS), and Body
temperature PSPV for the VAGUS-SR Average Total score, which was largely driven by
the effects of CVS condition on the Iliness Awareness subscale. As such, below we
present the results for the effects of CVS condition on the VAGUS-SR Average Total

score and the Illness Awareness subscale score. The results for the effects of CVS
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condition on Symptom Attribution, Awareness of Need for Treatment, and Awareness of
Negative Consequences subscales are available as supplementary materials. For all three-
way ANOVAs, the Greenhouse-Geisser correction was used when the assumption of
sphericity was violated (i.e. Mauchly’s test of sphericity<0.05). The adjusted degrees of

freedom were reported only when the assumption of sphericity was violated.

3.2.1. VAGUS-SR Average Total score

There was no statistically significant interaction between CVS condition and time
(F(2,30)=0.53, p=0.595). There was a significant interaction between CVS condition,
time, and Body temperature PSPV (F(2,28)=7.70, p=0.002).

There was no effect of order (F(2,28)=2.42, p=0.074), Body temperature CVS
laterality (F(2,28)=0.97, p=0.392), Left cold PSPV (F(2,28)=0.25, p=0.780), or Right
cold PSPV (F(2,28)=0.65, p=0.530).

The pairwise analyses between conditions revealed a significant interaction between
Left cold vs. Right cold CVS, Time, and Body temperature PSPV (F(1,14)=18.11,
p=0.001), and Right cold vs. Body temperature CVS, Time, and Body temperature PSPV
(F(1,14)=5.02, p=0.042), indicating Left cold and Body temperature CVS improved IMP-
INS in relation to Right cold CVS in those with higher Body temperature PSPV. There
was no interaction between Left cold vs. Body temperature CVS, Time, and Body
temperature PSPV (F(1,10)=1.57, p=0.231).

Table 2 and Figure 1 present the mean changes and effect sizes for the VAGUS-SR
Average Total scores at 30 min post CVS, and the relationships with nystagmus PSPV.

The change in VAGUS-SR Average Total score 30 min post Left cold CVS was

12



significant and positively associated with Body temperature PSPV. Conversely, the
change in VAGUS-SR Average Total score 30 min post Right cold CVS was significant
and negatively associated with Body temperature PSPV, but not after correction for
multiple comparisons. No association was found between VAGUS-SR change 30 min

post CVS and Left or Right cold PSPV.

3.2.2. VAGUS-SR llIness Awareness subscale

There was no interaction between CVS condition and time (F(1.31,19.57)=1.57, p=0.230).
There was a significant interaction between CVS condition, time, and Body temperature
PSPV (F(1.34,18.68)=4.14, p=0.046).

There was no effect of order (F(2.77,18.02)=1.59, p=0.229), Body temperature
laterality (F(1.28,18.02)=0.72, p=0.443), Left cold PSPV (F(1.24,17.39)=0.451, p=0.553)
or Right cold PSPV (F(1.33,18.56)=1.01, p=0.353).

The pairwise analyses between conditions revealed a significant interaction between
Left cold vs. Body temperature CVS, Time, and Body temperature PSPV (F(1,14)=7.72,
p=0.015), and Left cold vs. Right cold CVS, Time, and Body temperature PSPV
(F(1,14)=4.90, p=0.044), suggesting improved illness awareness with Left cold CVS and
Body temperature CVS vs. Right cold CVS in those with higher Body temperature PSPV
(Figure 2). There was no interaction between Right cold vs. Body temperature CVS,
Time, and Body temperature PSPV (F(1,14)=1.12, p=0.308).

Table 2 and Figure 1 present the mean changes and effect sizes for the VAGUS-SR
Iliness Awareness subscale scores at 30 min post CVS, and the relationships with

nystagmus PSPV. The change in VAGUS-SR Iliness Awareness subscale score 30 min
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post Left cold CVS was significant and positively associated with Body temperature
PSPV. No association was found between VAGUS-SR change 30 min post CVS and Left

or Right cold PSPV.

3.2.3. Mood and positive symptom severity

There was no interaction between CVS condition and time for changes in mood or
positive symptom severity. Although, the direction of response for mood and positive
symptom severity was similar to changes in IMP-INS, i.e. at 30 min post CVS, Left cold
CVS was accompanied by mood and positive symptom improvement while Right cold

CVS was accompanied by worsening mood and positive symptom severity.

3.3. Baseline predictors of change in insight into illness with Left Cold CVS
Only illness duration (r=0.52, p=0.023) was associated with VAGUS-SR Average Total
score change at 30 min post Left cold CVS, but not after Bonferroni correction for

multiple comparisons (p<0.0004).

3.4 Baseline predictors of Body temperature PSPV
Only WRAT-3 (r=0.49, p=0.032) was associated with Body temperature PSPV, but not

after Bonferroni correction for multiple comparisons (p<0.001).

3.5 Adverse effects

CVS was well tolerated by all of the participants with expected transient symptoms of

dizziness/vertigo and minor nausea (<5 minutes) in relation to the vestibular stimuli. No
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participants vomited. One participant discontinued the study after a single Right cold

CVS condition for undisclosed reasons.

4. Discussion

Only a few prior case studies exist exploring the effects of CVS on IMP-INS in
schizophrenia spectrum and bipolar disorder (Dodson, 2004; Levine et al., 2012). These
reports consistently suggest left cold CVS may be a means to improve IMP-INS and
stabilize mood in schizophrenia and bipolar disorder, respectively. This is the first study
we are aware of to systematically address this through an exploratory randomized
controlled approach in participants with a schizophrenia spectrum disorder. Our main
results indicate that single session left cold CVS (iced water at 4°C) transiently improves
IMP-INS while right cold CVS may worsen IMP-INS. These converse effects of left and
right cold CVS were most evident in participants with greater vestibular reactivity to
body temperature PSPV (Table 2 and Figures 1 and 2). Intriguingly, 37°C CVS should
not theoretically produce a significant vestibuloocular response due to the stimulus’
approximation to body temperature (Schmal et al., 2005). In schizophrenia, there is no
conclusive link between psychopathology and vestibular dysfunction (Levy et al., 1983),
and we are not aware of any data that exists on the range of responses to body
temperature CVS in persons with schizophrenia. Increased vestibular reactivity to 37°C
CVS in schizophrenia spectrum disorders may represent heightened sensitivity to subtle
temperature differences between body temperature and the 37°C stimulus. Alternatively,
increased vestibular reactivity may be related to a failure of normal frontal VOR

suppression akin to frontal dysfunction manifesting clinically as frontal release
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signs/primitive reflexes (e.g. Glabellar reflex, snout reflex, etc.). Studies are required to
compare vestibular reactivity between schizophrenia spectrum disorder patients and a
healthy comparison group. The preliminary results from the present study suggest
increased reactivity may predict response to CVS (Figure 1).

We did not observe differences between treatment conditions for mood or positive
symptom severity; however, the direction of response was similar to changes in IMP-
INS, i.e. at 30 min post CVS, Left cold CVS was accompanied by mood and positive
symptom improvement while Right cold CVS was accompanied by worsening mood and
positive symptom severity.

The vestibular system is the principal balance system of the body. It integrates sensory
inputs in a complex bilaterally organized neuronal network involving the peripheral and
central nervous system (Dieterich and Brandt, 2008; Pfeiffer et al., 2014). This system
receives information from the vestibular organs (the utricle and saccule) located
bilaterally in the inner ear. Together, these organs perceive head position, movement in
three-dimensional space, and drive the VOR. The VOR integrates multiple brain
structures, including brainstem nuclei, the thalamus, cerebellum, spinal cord and a
number of cortical areas, including the temporoparietal vestibular cortex, insula, superior
temporal gyrus, inferior parietal lobule, precuneus, inferior frontal gyrus, hippocampus,
and anterior cingulate cortex (Dieterich and Brandt, 2008). The VOR s elicited in
opposite directions by warm and cold CVS, with greater temperature differences from
body temperature producing stronger stimuli. For example, warm water (44°C) causes an
increased rate of firing in the vestibular afferent nerve, mimicking a head turn to the

ipsilateral side. The eyes will turn toward the contralateral ear, with horizontal nystagmus
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(quick horizontal eye movements) toward the ipsilateral ear. Conversely, cold water
(<30°C) decreases the rate of vestibular afferent firing, causing the eyes to turn toward
the ipsilateral ear, with horizontal nystagmus to the contralateral ear (Bottini, 1994,
Naito, 2003; Suzuki, 2001). Stronger stimuli can be produced with cold calorics (i.e. 4°C
produces a temperature gradient of 33°C) than with warm calorics (i.e. 44°C produces a
maximum temperature gradient of 7°C) due to the greater temperature gradients that can
be safely obtained with colder temperatures (33°C vs. 7°C) (Batuecas-Caletrio et al.,
2009; Schmal et al., 2005). Warm and cold CVS activate the cerebral cortex via
ascending cortical vestibular projections, but with opposite effects. Functional imaging
studies demonstrate that warm CVS primarily stimulates the ipsilateral brain hemisphere
(Dieterich et al., 2003), while cold CVS predominantly stimulates the contralateral
hemisphere. Specifically, cold CVS of the left ear activates right hemisphere brain
regions, including the temporoparietal junction, posterior insula, putamen, anterior
cingulate, and primary somatosensory cortex (Bottini, 1994; Naito, 2003; Suzuki, 2001).
Our results suggest that the effectiveness of left cold CVS to improve IMP-INS in
schizophrenia may be due to the stimulation of the ‘underactive’ right hemisphere circuits
in regions implicated in IMP-INS in schizophrenia spectrum disorders (e.g. posterior
parietal and medial prefrontal cortex) (Gerretsen et al., 2015; Gerretsen et al., 2014a;
Levine et al., 2012) via cortical vestibular projections from the thalamus and brain stem
vestibular nuclei re-establishing hemispheric balance (Ramachandran, 1996). According
with this mechanism, right cold CVS’s worsening of IMP-INS is possibly due to
overactivation of the left hemisphere, contributing to left hemisphere dominance (Arshad

et al., 2014). In the present study, the physiological effects of CVS were demonstrated by
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measuring the VOR (i.e. nystagmus PSPV), suggesting that the changes in IMP-INS were
secondary to the brain’s response to CVS.

Although there is no direct evidence linking vestibular pathology with psychosis or
other psychiatric conditions, there appears to be a bidirectional relationship between
vestibular dysfunction and affective symptoms (Gurvich et al., 2013). That is, many
patients with vestibular dysfunction have co-morbid anxiety, depression, agoraphobia,
and dissociative or spatial disturbances (e.g. altered perceptions of self, derealization, out
of body experiences); whereas, symptoms associated with the vestibular system (e.g.
dizziness), are frequent symptoms of anxiety and affective disorders (Jauregui Renaud,
2015; Staab, 2012). This interaction may be attributable to the well-described
connections between the vestibular system and varied brain regions, both cortically and
subcortically, associated with emotional and cognitive processing, in particular spatial
abilities (Gurvich et al., 2013). CVS, appears to take advantage of these diffuse
connections with prior studies indicating CVS modulates mood, affective control (Preuss
et al., 2014a), and pain perception (Ferre et al., 2015) in healthy participants. CVS may
also influencing decision making by attenuating the rewarding effects of acquiring items
(Preuss et al., 2014b). Further, CVS appears to effect body schema and perception (Lopez
et al., 2012; Schonherr and May, 2016). Taken together, vestibular stimulation modulates
space, body and self-awareness, and somatosensory and emotional processing,
highlighting the fundamental contribution of the vestibular system to self-body
integration and promoting an egocentric frame of reference (Lopez, 2016).

Our study is limited by the inclusion of only those participants with moderately IMP-

INS. Although this study was designed to include participants with moderate to severe
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IMP-INS, for the most part, participants were clinically stable with minimal positive
symptoms and good awareness of the need for treatment (Table 1). That being said,
minimal symptom severity helps ensure the specificity of CVS for IMP-INS as symptom
severity and IMP-INS are strongly correlated (Gerretsen et al., 2014b). Relatedly, it is
difficult to determine the clinical significance of impaired illness awareness in a sample
that accepts the need for treatment. Arguably, Awareness of Need for Treatment is the
domain of insight into illness that has the greatest influence on clinical outcomes. Future
studies should attempt to include acutely ill patients with schizophrenia and those with
greater impairment of awareness of the need for treatment. However, the limited
treatment decision-making capacity that frequently accompanies acute psychosis
represents a challenge for study participation. Our study is also limited by the short
period of observation (i.e. 30 min) post CVS condition. It is possible that the effects of
single session CVS may have persisted for longer than 30 min duration, as was observed
in a case of difficult to treat mania where sustained beneficial effects were observed for
approximately 24 hours (Dodson, 2004). However, a case series of 3 patients with a
schizophrenia spectrum disorder (one with schizoaffective disorder, current episode
manic, and two with schizophrenia) found the effect to last 20 minutes, but not more than
60 minutes (Levine et al., 2012), which is generally consistent with the duration of effect
observed in patients with anosognosia attributable to stroke (Cappa, 1987). Other
limitations of our study include the modest sample size and short study duration (i.e.
single session). Nonetheless, the within subject design and the positive results can be

used to justify larger randomized clinical trials using a multisession approach.
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In conclusion, single session left cold CVS transiently improved IMP-INS in
participants with schizophrenia spectrum disorders, particularly in those with greater
vestibular system reactivity to body temperature CVS. Future studies should consider
other methods of vestibular stimulation, such as galvanic vestibular stimulation (GVS)
(Lopez, 2016), including subliminal (subsensory) GVS, which reportedly does not
produce nystagmus or vertigo (Oppenlander et al., 2015), or air caloric vestibular
stimulation (Zapala et al., 2008), to determine if results are replicable across treatment
approaches. Future studies should also employ multisession designs (e.g. 10 consecutive
days) to determine if repeated CVS can lead to sustained improvement in IMP-INS in
schizophrenia. The addition of noninvasive neurostimulation, such as transcranial direct
current stimulation or transcranial magnetic stimulation, should also be considered to
determine if it can facilitate the effects of CVS (Arshad et al., 2014; Been, 2007;
Daskalakis et al., 2006; George et al., 1999). If proven effective, this easy to administer,
safe, non-invasive intervention would have the potential to alter individuals’ attitude
towards their illness and medication, leading ultimately to an improvement in
individuals’ capacity for illness recognition and engagement in treatment, which would in

turn, significantly impact the management of this devastating mental disorder.

5. Patient perspective

Participant #9 was a 29-year-old single man in a common-law relationship with a
diagnosis of schizophrenia. He was on long-term disability from his job as a customer
service representative for a government agency. He was no longer able to work at his

previous position due to unrelenting critical auditory hallucinations he experienced over
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the telephone, which he confused for customer complaints. He had accompanying
persistent vague persecutory delusions that his employer and colleagues were conspiring
against him and self-recrimination for not being able to decipher God’s intended mission
for him. He maintained he did not have a major mental illness and the veracity of his
psychotic experiences. He was prescribed aripirazole 20 mg/day. Although ambivalent
about whether or not he should be taking an antipsychotic medication, he subjectively felt
the aripiprazole alleviated the intensity of his auditory hallucinations and persecutory
delusions, and improved his sleep.

In response to left cold CVS, the patient reported a change in the certainty he had
about his illness beliefs, stating, “I’m more unsure [whether I have schizophrenia or not].
My thoughts are racing. I’'m going back and forth”. Prior to the stimulus he was certain
that he was mentally well and did not have schizophrenia. He appeared elated, laughed,
and said, “That was an upper...I feel giddy. I feel more self-confident”. Shortly
thereafter, he unsatisfyingly disclosed, “I can’t believe I feel better from a stupid jet of
water than from my treatment”. In relation to his symptoms, he continued to misattribute
his delusional beliefs to objective reality, whereas with regard to his treatment he felt he
was more “certain [he] should take his antipsychotic medication”. Conversely, in
response to right cold CVS, the patient described the procedure as “disappointing”
because of the lack of improvement in his mood, and added, “I know this is silly, but I
feel kind of sad”. His affect was congruently dysphoric. The improvement in the
participant’s illness awareness and acceptance of treatment had returned to baseline.
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Figure 1. The relationship between the change in VAGUS-SR Average Total scores
at 30 min post CVS with Body temperature peak slow phase velocity (PSPV), a
physiological marker of vestibular stimulation reactivity.
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(A) Left cold CVS. Improvement in insight into illness with Left cold CVS occurs in
relation to increased vestibular reactivity.
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(B) Right cold CVS. Greater impairment of insight into iliness with Right cold CVS
occurs in relation to increased vestibular reactivity.
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Awareness scores at 30 min post CVS for each condition. Left Cold CVS > R Cold
(F(1,14)=4.896, p=0.044) and Left Cold CVS > Body temperature CVS
(F(1,14)=7.722, p=0.015) when accounting for vestibular reactivity as measured by
Body temperature nystagmus peak slow phase velocity (PSPV). * = Significant
difference (p<0.05) between conditions.
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0.39 0.138 0.31 0.242 0.24 0.373

0.075
0.019
*

-0.03 0.916 -0.58 0.020* -0.32 0.232

0.27 0.312 0.50 0.049 0.32 0.227

0.730 -0.14 0.615 0.14 0.611 -0.20 0.449

0.057 -0.17 0.524 -0.26 0.325 -0.65 0.006*

0.082 -0.26 0.331 -0.01 0.980 -0.45 0.079

0.861 0.09 0.748 -0.33 0.214 -0.16 0.564

-0.20 0.460

-0.48 0.057

-0.17 0.530

-0.49 0.057

-0.25 0.357

0.32 0.225

0.09 0.746

-0.12  0.653

0.12 0.656

0.22 0.407

0.20 0.460
0.01 0.972

0.18 0.496

SCZ, schizophrenia; SCZ-AFF, schizoaffective disorder; 1Q, intelligence quotient; WRAT-II1, Wide Range Achievement Test, 3
Edition; SAI-E, Schedule for the Assessment of Insight - Extended Version; SAPS, Scale for the Assessment of Positive Symptoms;
SANS, Scale for the Assessment of Negative Symptoms; PSPV, nystagmus peak slow phase velocity

! Mann-Whitney U test
2Edinburgh Handedness Inventory

®For the VAGUS Total score and each domain score the maximum is 10.

*p<0.05

**p<0.0004, after Bonferroni correction for multiple comparisons (0.05/125)

Table 2. Relationship between changes in VAGUS-SR Average Total scores and vestibular reactivity

to CVS.
Body .
s Temperatur gl MRSy
VAGUS-SR M(ZaS)A Cohen’sd B 7° r vzfl-ue r p-value r vzfllje
Average Total
é\s;g min post Sham (ggg) 0.05 0.06 0.13 036 0.3.6 0.09 0.754 019 0.518
éofggw\i/nspost Left (8:;21) 0.14 0.12 0.58 076 (igg 0.06 0.833 -0.28 0.3?0
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A 30 min post Right -0.04 0.02 -0.10 0.37 -0.61 0.01 020  0.459 007 0.79

cold CVS (0.81) 2* ' 7
General IlIness
Awareness
é\?;g min post Sham (82% 0.01 0.05 0.09 030 0.226 034 0201 -0.02 0.23
?o?él) Cr;w\i/rjspost Left ?165?3 0.18 0.19 0.47 069 %SE 0.05 0.859 -0.14 0.261
§0I3(§) (r:n\i/nspost Right ((iZZLS 0.01 -0.04 0.02 013 0.562 0.10 0.702 013 0.563

VAGUS-SR, VAGUS-Self-report; CVS, caloric vestibular stimulation; PSPV, nystagmus peak slow phase velocity

#Cohen’s d values do not account for Body temperature PSPV, while Beta coefficient and partial eta squared values include Body
temperature PSPV as a covariate.

*p<0.05

**p<0.004, after Bonferroni correction for multiple comparisons (0.05/12)

Highlights

e Single session left cold (4°C) caloric vestibular stimulation (CVS) transiently
improved impaired insight into illness (IMP-INS) while right cold CVS appeared
to worsen IMP-INS, particularly in participants with greater vestibular reactivity
to body temperature CVS.

e The procedure’s effectiveness for IMP-INS in schizophrenia and other conditions
that feature IMP-INS (e.g. stroke) is attributed to stimulation of underactive right
hemisphere circuits wvia vestibular nuclei projections to the contralateral
hemisphere.

e Future studies in schizophrenia spectrum disorders should consider: (1) multi-
session designs (e.g. 10 consecutive days) to determine if repeated CVS can lead
to sustained improvement in IMP-INS; and (2) other methods of vestibular
stimulation, such as galvanic vestibular stimulation or air caloric vestibular

stimulation, to determine if results are replicable across treatment approaches.
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