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Abstract

Tourette syndrome is a neuropsychiatric developmental disorder, characterized by tics that are
often preceded by an increasingly uncomfortable urge to move. Tic frequency can increase
when patients pay attention to their tics, if tics are not suppressed. This study investigates how
attentions modulates urge intensity, tic frequency and arousal during free ticcing and tic
suppression.

Tic frequency (video recording), urge intensity (rating scale) and pupil width (pupillometry as
a measure of arousal) were assessed in 23 patients with Tourette syndrome (mean age 33.48 +
12.37; 14 male) during five attention conditions: 1) baseline, 2) watching own tics in a live
video-feedback, 3) watching own tics in a previously recorded video, 4) thinking about
situations that can trigger tics and 5) thinking about specific, non-tic related stimuli (distraction
condition) during: a) free ticcing and b) tic suppression tic states.

Urge intensity and tic frequency increased in the free ticcing condition when patients viewed
their own tics live and when they thought about tic-triggering situations. In the tic suppression
condition, tic frequency increased when patients watched a video of their tics, thought about
their tics or were distracted. Pupil width increased significantly during the live feedback and
the video condition compared to baseline in both tic states.

Paying attention to own tics can be detrimental when tics are not suppressed. In contrast, paying
attention to other stimuli appears detrimental when tics are suppressed, as would be the case
during most current behavioural therapy techniques. However, results point to high emotional
arousal and patients feeling uncomfortable when seeing themselves tic. The results also suggest
that urge intensity is modulated by changes in attention in the same manner as tics and may
drive change in tic frequency during free ticcing.

Key words: Tourette syndrome, tics, attention, urge, arousal
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Introduction

Gilles de la Tourette syndrome (GTS) is a neurodevelopmental disorder, characterized by
multiple motor and vocal tics that have been present for more than a year and first occurred
before the age of 18 (DSM-5, 2013). Tics are often associated with an uncomfortable
premonitory urge (Kwak, Dat Vuong, & Jankovic, 2003; Leckman, Walker, & Cohen, 1993;
Reese et al., 2014) that increases before a tic is executed and then decreases (Brandt et al.,
2016). It can be hypothesized that urges drive tics by creating a vicious circle in which tics are
maintained because ticcing provides relief from the urge (Capriotti, Brandt, Turkel, Lee, &
Woods, 2014).

Several successful behavioral interventions have been established to reduce tic severity
(Verdellen, Keijsers, Cath, & Hoogduin, 2004). The habit reversal therapy (HRT) targets
premonitory urges and uses them to teach patients to predict their tics (Deckersbach, Rauch,
Buhlmann, & Wilhelm, 2006; Dutta & Cavanna, 2013; Wilhelm et al., 2003). Tics can then be
replaced with alternative counter-movements that are incompatible with the tic and therefore
make the execution of the tic impossible. Exposure with response prevention (ERP) aims to
train patients to suppress their tics for as long as possible in order to experience that urges are
tolerable and may even habituate over time (Capriotti et al., 2014; Verdellen et al., 2008).

Past studies have found that paying attention to tics can influence tic rates when tics are not
suppressed by the patient (Brandt, Lynn, Obst, Brass, & Munchau, 2015; Misirlisoy et al., 2015;
O'Connor, St-Pierre-Delorme, Leclerc, Lavoie, & Blais, 2014). In a questionnaire study,
patients with GTS have reported that thoughts about tics and related phenomena can trigger tics
(O'Connor et al., 2014). Moreover, it has been experimentally shown that tic rates increased
when patients payed attention to their own tics during a motor task (Misirlisoy et al., 2015) or
when they viewed themselves tic freely in a mirror (Brandt et al., 2015). In contrast, tic
frequency decreased when patients watched a video that showed them not ticcing (Brandt et al.,
2015). The findings posit a number of new questions. This study will address some of them:
Firstly, according to the ideomotor theory, motor components of actions cannot be clearly
distinguished from their effects (e.g. sensory feedback) and activating these effects, for instance
by imagining them, will lead to the tendency to execute the action (Carpenter, 1852; James,
1950). We therefore propose that tic frequency will increase when patients view their tics in a
previously recorded video, similar to an increase in tic frequency when watching own tics in a
mirror. Furthermore, tic frequency will increase as a direct result of thinking about own tics.
Moreover, little is known about the processes underlying the change of tic severity following

shifts of attention. Given the close relationship between urges and tics (Brandt et al., 2016), we
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hypothesize that urges are affected by attention in the same manner as tic frequency and might
drive the change in tic frequency.

Second, if tics decrease when patients watch a video that does not show tics, it might be possible
to create attention conditions, in which attention is diverted from tics and thereby decrease tic
frequency. The current study tests the hypothesis that tic frequency will decrease when patients
direct their attention to non-tic-related thoughts. Attempts to control unwanted or aversive
experiences can lead to paradoxical escalation of the same. This mechanism is especially salient
in patients with obsessive-compulsive disorders (OCD) and might be applicable to patients with
GTS, given that they are considered part of the same spectrum (McElroy, Phillips, & Keck,
1994). A number of interventions that have been successfully established in patients with OCD
are now evaluated for tics. They encompass accepting urges and other symptoms (Franklin,
Best, Wilson, Loew, & Compton, 2011) and mindfulness interventions (Reese et al., 2015),
training patients to pay attention to the moment. Acceptance of urges and mindfulness
intervention pilot studies both showed successful symptom reduction in patients with tics (Gev
etal., 2016; Reese et al., 2015). Another successful attention-based intervention in patients with
OCD is the attention training by Wells (Wells, 1990). Patients are trained to pay attention to
stimuli unrelated to their symptoms. While the way to achieve this differs from mindfulness-
based approaches, the idea is similar: patients aim to detach from an exaggerated inner
involvement with their symptoms. The current study takes instructions from the attention
training as a basis to experimentally tests whether tic frequency decreases when patients are
instructed to specifically focus on thoughts that are not tic related.

Third, with regard to tic suppression, it has been shown that tic frequency is not modulated by
attention when patients are asked to control their tics and perform a motor task at the same time
(Misirlisoy et al., 2015). However, it is conceivable that attention may even have beneficial
effects on tic control when patients are not performing an additional task. HRT and ERP both
rely on training patients to pay attention to and counter-act tics. Hence, we hypothesize that tic
frequency will be lower when patients pay attention to their tics during suppression than when
they pay attention to other stimuli.

Finally, pupil dilation was assessed to test the role of emotional arousal (Bradley, Miccoli,
Escrig, & Lang, 2008; Partala, Jokiniemi, & Surakka, 2000) associated with paying attention

to own tics and to test whether arousal could be used as a proxy to measure premonitory urges.

Materials and methods

Participants
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The study included 23 adult patients (mean age 33.48 + 12.37; range = 18-66, 14 male) with a
GTS diagnosis according to DSM-5 (American Psychiatric Association, 2013). All patients
were diagnosed by a GTS specialist (AM) at the University Hospital in Libeck, Germany. All
patients gave their written informed consent to participate in the study. The study complied
with the declaration of Helsinki (World Medical Association, 2013) and was reviewed and
approved by the local ethics committee. The required sample size was calculated in G*Power
assuming a medium — large effect size based in a previous study (Brandt et al., 2015). Included
were patients with a diagnosis of Tourette syndrome > 18 years. Excluded were patients with a
diagnosis of a current psychotic episode or current substance use. No patients were excluded

after data collection. We report all manipulations and all measures in the study.

Procedure and set-up

Patients were asked to sit in a chair in front of a computer screen with a distance of 60 cm and
to focus on the screen during the experiment. A web-camera (Logitech C310) was mounted on
top of the screen. An eye-tracking device (EyeLink 1000 Plus, SR Research, Ottawa, ON,
Canada) was installed below the screen for the purpose of pupillometry measurements of one
eye (sampling rate: 500 Hz, remote desktop mount participant setup, monocular). The study
was conducted in an EEG-laboratory to keep light conditions constant for the pupillometry
measurements.

A target sticker was placed on the participants’ forehead so that the eye-tracker could keep track
of the head position, for instance, during head tics or eye blinking tics. This ensures
uninterrupted pupil measurements.

The experimental task was presented in two tic state blocks: a) a free ticcing block and b) a tic
suppression block. The blocks were presented in the same order for each patient to ensure that
there were no carry-over effects from tic suppression unto free ticcing conditions, although
these are unlikely (Muller-Vahl, Riemann, & Bokemeyer, 2014). Each block consisted of 5
attention conditions (Table 1, Figure 1). Patients were informed that they would be instructed
by written cues on the screen in front of them to tic freely during the first block of the
experiment and to suppress their tics as much as possible for as long as possible during each
experimental condition in the second block of the experiment. The written instructions signalled
the start of each experimental block. Moreover, patients were informed that they would be
asked to focus their attention on different stimuli during the experiment, for which they would

receive auditory instructions during each attention condition of the experiment.
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Patients were given a 10 min break after the free block and were then additionally instructed
verbally by the experimenter to suppress tics as much as possible during each attention
condition in the suppression block. Patients were told that they could tic freely between the
attention conditions.

Overall, the experiment encompassed 2 tic state blocks x 5 attention conditions, each lasting 3
mins, resulting in 30 mins of paying attention to specific stimuli. Patients decided how much
time they needed in between the attention conditions in each block. They could press a button
to continue when ready and the task took 50-60 mins depending on the length of these breaks.
Tics were recorded throughout the experiment, using the web-camera for head and upper body
tics and using a Panasonic HDC-TM700 video camera (25 frames per second) for leg and feet
tics. After each attention condition, patients were asked to rate the intensity of their current urge
to tic on the urge thermometer, a 10-point scale (0-9; Figure 1). A number of clinical

questionnaires were filled out following the experiment.

Task

Each block of the experiment (free ticcing, tic suppression) encompassed five attention
conditions (Table 1, Figure 1). During each condition, patients received auditory instructions
regarding their focus of attention. The five attention conditions were as follows: in (1) the
baseline condition, patients received auditory instructions to focus their attention on the screen
in front of them, while watching a picture of the empty room with the chair they were sitting
on. The same auditory instructions were given in (2) the live feedback condition, while patients
watched themselves on the screen via a real-time video feedback from the web-camera and in
(3) the video condition, while patients watched a video of themselves ticcing, recorded in
condition (2). The picture of the empty room was also shown in (4), the distraction condition,
while patients received instructions to focus on various other things (Table 1) and the (5) tic-
related cognition condition, while patients were instructed to focus on uncomfortable aspects
of their tics (Table 1). Auditory instructions were played every 25 s, resulting in 6 instructions
(each instruction was played twice per 3 min condition).

Prior to the study, the order of the attention conditions was pseudo-randomized with two
constraints: the baseline condition was always presented first and the video condition always
followed the live feedback condition.

The live feedback condition was adapted from a previous study (Brandt et al., 2015) but the
baseline condition was slightly altered. Instead of receiving no instructions, patients received

auditory instructions to focus on the screen and saw a picture of the empty experimental room.
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Instead of using an actual mirror, patients saw themselves tic in real time on the screen in front
of them, using a live-feed from a web camera in order to make all conditions as comparable as
possible. The live video feedback was recorded and played back to the patients in the video
condition. Auditory stimuli for the tic-related cognitions condition were based on items of the
“Thinking About Tics Inventory” (THAT) (O'Connor et al., 2014). Items that were rated highly
tic-inducing were selected for the auditory instructions of this study. Auditory instructions for
the distraction condition were based on the Attention Training by Wells (Wells, 1990) but
instead of playing sounds to the participants, they were asked to imagine and focus on particular

sounds. The task stimuli and analysis syntax can be found here: https://osf.io/ufx6j/.

The task was programmed in Matlab® (R2016b, using Psychtoolbox (version 3.12, (Brainard,
1997; Kleiner et al., 2007). No part of the study procedures was pre-registered prior to the

research being conducted.

Eye-tracking

Pupil area was recorded monocularly. Valid eye-tracking data could be recorded in 20 patients.
Eye-blinks were excluded and the pupil data was z-transformed.

If > 80% of pupil data collected from a patient in a condition was missing (e.g. of closed eyes),
the value collected for this condition was excluded. Overall, data quality was good; the tic-
related cognition condition had the lowest average percentage of valid data (73.7%). Missing
data analysis shows that 1.5% of data points were missing, 5% of values were additionally
excluded because they were > 80% invalid. Overall, 6.5% of data was replaced by the group

mean.

Clinical assessment

GTS symptom severity was assessed using the clinician-rated “Yale Global Tic Severity Scale”
(YGTSS; Leckman et al., 1989). The YGTSS is a structured clinical interview assessing tic
severity on a scale from 0-50 (YGTSS50) and subjective impairment on a scale from 0-50. Both
scores can be combined and can range from 0-100 (YGTSS100). Current ADHD symptoms
were assessed with the German “ADHD self-rating scale” (ADHD-SB; Rosler et al., 2004).
Premonitory urges were assessed using the validated German version of the “Premonitory Urge
for Tics Scale” (PUTS), a 1-4 Likert rating scale (Rossner, Miller-Vahl, & Neuner, 2010). The
PUTS is a 10 item self-rating scale and was developed to assess urge intensity in children with
tics (Woods, Piacentini, Himle, & Chang, 2005). The last item of the scale assesses the ability

to suppress tics and has been removed from the PUTS score because it shows only small
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correlations with the rest of the scale (Reese et al., 2014; Woods et al., 2005). Symptoms of
OCD were measured with the ,,Obsessive Compulsive Inventory - Revised” (OCI-R; Foa et al.,
2002), a self-report scale with good reliability, convergent and divergent validity (Gonner,
Leonhart, & Ecker, 2008; Hajcak, Huppert, Simons, & Foa, 2004). Tic-related cognitions were
assessed with a translated (German, not validated) version of the THAT (O'Connor et al., 2014).
Values of the THAT items were recoded into O = never, 1 = sometimes, 3 = always so that
higher values reflect higher incidence of tics. Furthermore, a meta-cognitions questionnaire
(thinking about thoughts) (Cartwright-Hatton & Wells, 1997) and the Tourette syndrome —
quality of life scale (GTS-QOL) (Cavanna et al., 2008) were included.

Data analysis
No part of the study analyses was pre-registered prior to the research being conducted.

Tic frequency, urge intensity and pupil dilation

Tic frequency was rated and recorded by two independent raters for each condition (Intraclass
Correlation Coefficient free =.95, suppression = .89). Both raters were blinded to the conditions
during rating as far as possible (tic-related cognitions and distraction conditions could not be
blinded due to the audio instructions). Rater B was blind to the hypotheses of the experiment,
rater A was not. Analyses were conducted with the mean ratings of rater A and B. A third
independent rater C who was naive to all aspects of the experiment rated a subset (two thirds)
of the videos. These ratings were used to compare interrater reliability with the ratings used for
analysis (Intraclass Correlation Coefficients AC = .91 and BC =.91).

Complex tics were counted as one tic, each tic in a burst of multiple tics was counted as a single
tic. Number of tics were then averaged across both raters and averaged per minute for the
following analyses.

Repeated measures 5 [attention (distraction, baseline, video, live feedback, cognition)] x 2 [tic
state (free, suppression)] ANOVAs were conducted with tic frequency (controlled for
medication intake), urge intensity and pupil dilation as dependent variables. Contrasts were
conducted where interactions were not significant and post-hoc t-tests were corrected for
multiple comparisons using Bonferroni-Holm.

A curvilinear regression was used in the baseline condition to describe the pattern of pupil width

in relation to tics. Clinical questionnaires were used to describe the sample characteristics.

Pupil dilation around tics
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Pupil dilatation in relation to tics was evaluated per second for the baseline conditions in the
free ticcing and the tic suppression block. Every movement that was rated as a tic by either rater
was entered as a tic in the following analyses. Pupil dilation was z-standardized per person and
extracted from -5s to -1s before the first tic and from +1s to + 5s after the last tic of tic bouts,
if two or more tics occurred consecutively, as well as for single tics. The extracted pupil dilation
tracks were then averaged per person across all tics and then across all patients, resulting in one
average tic-related pupil-width track (-5s to + 5s) for the baseline conditions in the free ticcing
block and the tic suppression block respectively. Curvilinear regressions were then performed
with pupil width as the dependent variable and time to tic (-5s to + 5s) as the independent
variable. Statistical tests were considered significant if p <.05. n? and d are reported as effect

sizes.

Data availability

The conditions of our ethical approval and consent procedures do not permit us to archive
anonymised study data in a public repository. Individuals seeking access to this data should
contact the corresponding author (Valerie Brandt) or Alexander Muenchau
[alexander.muenchau@neuro.uni-luebeck.de]. Access will be granted to named individuals in
accordance with ethical procedures for handling sensitive clinical data, including completion

of a data sharing agreement.

Results

Clinical assessment

Out of the 23 participants, 7 were taking medication for their tics, 6 had a diagnosis of comorbid
ADHD and 3 comorbid OCD. For clinical scores see Table 2, for correlations between
questionnaires see Table 3.

Tic frequency, urge intensity and pupil width, modulated by attention

Tic frequency

A 5 [attention (distraction, baseline, video, live feedback, tic-related cognition)] x 2 [tic state
(free, suppression)] repeated measures ANOVA revealed that tic frequency was higher in the
free ticcing than the tic suppression condition F(1,22) = 6.90, p = .015, 7* = .24. There was a
significant effect for attention F(4,88) = 8.12, p = .001, % = .27, and a significant interaction
between tic suppression and attention F(4,88) = 5.84, p < .001, % = .21. Including medication

as a covariate did not change the results.
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Post-hoc tests of the free condition showed that GTS patients had significantly more tics when
they saw themselves tic during live feedback compared to the baseline t(22) = -2.89, p =.009,
d = -.60. Patients did not have significantly more tics when they saw a video of themselves
ticcing compared to baseline t(22) = -1.09, p = .287, d = -.22. Patients had significantly more
tics when they thought about their tics compared to the baseline t(22) = -3.06, p = .006, d = -
.64 and did not have significantly fewer tics in the distraction condition compared to the
baseline, after Bonferroni-Holm correction t(22) = 2.13, p =.045, d = .44 (Figure 2A).

In the suppression condition, patients did not tic more frequently when they watched a live
feedback of their tics compared to the baseline t(22) = -.68, p = .50, d = -.14 but did tic
significantly more often when they saw a video of their tics t(21) = -3.14, p = .005, d = -.65,
thought about their tics t(22) = -4.11, p < .001, d = - .86 or thought about distraction stimuli
t(22) =-2.24, p =.036, d = -.47 (Figure 2A). Significances for the distraction conditions did not

survive Bonferroni-Holm correction.

Urge rating

A 5 [attention (distraction, baseline, video, live feedback, cognition)] x 2 [tic state (free,
suppression)] repeated measures ANOVA revealed no significant effect for tic state F(1,22) =
1.71, p = .21, 77 = .07, a significant effect for attention F(4,88) = 6.57, p = .001, 7 = .23, and
no significant interaction between attention and tic state F(4,88) = .44, p = .72, 17 = .02.
Linear contrasts showed that the urge was higher when patients saw a live feedback of their tics
than at baseline F(1,22) = 7.35, p = .013, 77 = .25 and when they thought about their own tics
compared to the baseline F(1,22) = 12.29, p = .002, 7? = .36. The other contrasts did not reach
significance (all F < 2.6, p >.1) (Figure 2B).

Pupil dilation

A 5 [attention (distraction, baseline, video, live feedback, cognition)] x 2 [tic state (free,
suppression)] repeated measures ANOVA revealed a significant effect for tic state F(1,19) =
13.58, p = .002, 7% = .42, a significant effect for attention F(4,76) = 21.25, p < .001, ? = .53,
and no significant interaction between attention and tic state F(4,76) = .46, p = .76, 7? = .02.
Linear contrasts showed that the pupil was more dilated when patients saw a live feedback of
their tics than at baseline F(1,19) = 26.11, p <.001, % = .58 and when they saw their own tics
in a video compared to the baseline F(1,19) = 51.63, p <.001, 72 = .73. The other contrasts did
not reach significance (all F < 1, p > .1) (Figure 2C).

10
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Association between the measures
Pearson correlations showed that tic frequency and urge intensity correlated significantly across
conditions and participants (n = 115, r =.36, p >.001), the same was not the case for correlations

between urge intensity or tic frequency with pupil width (all R < .12, p > .24).

Pupil dilation around tics

A curvilinear regression in the baseline free ticcing condition showed a significant quadratic
association (increase, then decrease) of pupil dilation around tics [F(2,7) = 12.81, p = .005, R?
=.79, bl =-.005, b2 =-.009]. In the suppression condition, the association was cubic [F(3,6) =
10.21, p =.009, R? = .84, b1 = .04, b2 = -.003, b3 = -.001], indicating that pupil dilation did not
decrease back to the baseline level within 5s after a tic (Figure 2D).

Discussion

This study investigated effects of guided attention on tic frequency and urge intensity in patients
with GTS. Pupil dilation was assessed as an indicator of emotional arousal and a possible
correlate of urge intensity.

When GTS patients were asked to tic freely, urge intensity and tic frequency increased
significantly when patients watched themselves tic via live video feedback and when they
thought about tics and tic-related processes but not when they watched a previously filmed
video of their own tics or when they payed attention to specific non-tic-related stimuli. The
results extend and clarify findings from previous studies, showing that tic frequency increases
when patients watch themselves tic in a mirror (Brandt et al., 2015), pay attention to their tics
while performing a task (Misirlisoy et al., 2015) and that tic-related cognitions are generally
associated with increase in tic severity (O'Connor et al., 2014).

The data demonstrate in a controlled experimental setting, that thinking about own tics and
urges and how uncomfortable they are, increases urge intensity and tic frequency when tics are
not suppressed. Moreover, the study shows that not every type of attention to tics increases tic
frequency. Watching own tics in a previously recorded video did not increase urge intensity or
tic frequency. This could be due to the specific timing of tics when watching own tics live, or
it could be influenced by a sense of control. The urge to execute an action might only occur if
a patient tries to control their actions (Brown et al., 2017). When watching a video that has
already been recorded, patients may not feel the need to control their actions because the tics

they see are not feedback of what they are currently doing.

11
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Attention and premonitory urge

This is the first study to show that attention can modulate urge intensity. We hypothesized that
the urge might drive tic frequency across different attention conditions when tics are not
suppressed, an association that might be expected due to the close relationship between urges
and tics (Brandt et al., 2016; Leckman et al., 1993; Reese et al., 2014). The data show that urges
were indeed modulated in the same manner as tics in the free ticcing condition, underlining
their close relationship. This suggests that both phenomena either rely on related neural
mechanisms or that urge intensity mediates the relationship between attention and tic frequency,
although the data collected in this study does not allow to test this assumption because the
temporal aspect of the urge to tic relationship was not assessed. However, we can provide first
evidence that tics and urges behave similarly in response to shifts of attention when tics are not
suppressed.

While tics are most likely associated with alterations in the basal ganglia (Bronfeld & Bar-Gad,
2013; Bronfeld, Belelovsky, & Bar-Gad, 2011; Bronfeld, Yael, Belelovsky, & Bar-Gad, 2013;
Worbe et al., 2010), urges have been related to activation in the SMA (Fried et al., 1991; Ganos,
Roessner, & Munchau, 2013), insula and cingulate cortex (Jackson, Parkinson, Kim,
Schuermann, & Eickhoff, 2011). While the insula might integrate somatosensory and emotional
aspects of urges, the urge to move might be driven by abnormally activated motor plans in the
SMA (Maia & Frank, 2011). These activated motor plans then lead to an increased likelihood
of action execution, which would be negatively reinforced by ameliorating the urge to move,
possibly signalled by the insula. In this case, urges would modulate tic frequency via highly
interconnected neural networks.

Urges may particularly arise when tics are anticipated or remembered because the motor plan
of a tic is activated as soon as the movement is imagined or anticipated. The ideomotor theory
proposed that the tendency to act is afforded by imagining the act (Carpenter, 1852; James,
1950). Actions are not isolated motor events but are a complex interplay of movement, sensory
anticipation and feedback (James, 1950). Therefore, activating action effects, such as
imagining, anticipating (Elsner & Hommel, 2001), or remembering motor or sensory
information associated with a tic, can trigger the tendency to execute the tic and may evoke the
urge to do so. Hence, anticipating to see oneself tic in a mirror or screen and imagining
particular tics and feelings associated with tics (tic-related cognitions) may induce the urge to
tic. However, the data shows that it is not quite that simple. Seeing own tics in a video should
have the same effect because seeing tics should also activate the respective motor plans but

patients rated their urge intensity to be no different from the baseline and tic frequency was not
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significantly higher than at baseline. Another hypothesis regarding the urge to execute an action
states that an urge arises from the need or want to control said action (Brown et al., 2017). The
urge to execute an action will occur when the action is “held in check” (Brown et al., 2017).
Patients in this study had control over seeing themselves tic during live feedback. They also
had control when recalling uncomfortable tics and urges by acting them out or not. In contrast,
seeing their own tics in a previously recorded video may have been uncomfortable for patients
but controlling their tics in this condition would not have changed the tics patients watched.
Therefore, they may not have experienced an increased urge to tic and, as a consequence, no
rise in tic frequency. However, this assumption remains speculative at this point.

Several interesting conclusions can be drawn. Not every form of attention to own tics increases
the urge to tic and tic frequency. It seems likely that urges are associated with the attempt to
control tics when stored tic-related motor or sensory information are activated, although it is
also possible that different mechanisms play a role in different conditions. It would be
interesting to compare neural activity preceding tics when tics are viewed in a live video

feedback compared to a previously recorded video.

Tic suppression

Interestingly, urge intensity was influenced by attention in the same manner in the tic
suppression condition as in the free ticcing condition, whereas the pattern of results changed
with respect to tic frequency. Tic frequency did not differ between the baseline condition and
when patients watched their own tics in a live feedback and when they focused on specific non-
tic related thoughts, while it increased when patients focused on a video of their tics and when
they thought about the discomfort associated with tics.

The results suggest that tic suppression is more successful when patients focus on their tics
(baseline, live-feedback, tic-related cognitions) than when they have to divide their attention
(video, distraction). Interestingly, very little is known about differing techniques or strategies
that patients might apply to suppress their tics (e.g. distraction, effortful top-down control). The
results of this study are in contrast with a previous study that showed that tic frequency was not
modulated by attention when tics were suppressed (Misirlisoy et al., 2015). However, that study
used a motor task across all attention conditions and it is therefore difficult to compare with the
current study design. Urge intensity was modulated by attention in the same fashion as in the
free condition, underlining previous findings that urge intensity and tic frequency become de-

coupled when tics are suppressed (Brandt et al., 2016).
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The results are interesting with respect to behavioural therapy of tics. While paying attention to
own tics when tics are not controlled increases tic frequency in some settings, it might help to
keep tic frequency low when patients suppress their tics. A recent study showed that therapy
success was not predicted by behavioural performance in some cognitive and motor control
tasks (Abramovitch et al., 2017), suggesting that inhibitory control might not be a large factor
for successful behavioural therapy. Learning to specifically direct attention towards tic-related
processes could be a factor related to the effectiveness of behavioural therapy. An interesting
question would be whether this is always beneficial because patients learn how to direct their
attention towards controlling tics or whether it can also have detrimental effects when tics are
not controlled. However, the experimental data collected in this study cannot be directly
generalized to therapeutic mechanisms and should therefore be treated with caution in this
respect.

Strikingly, overall urge intensity was not reported to be significantly higher in the suppression
condition than in the free ticcing condition. Several explanations are possible. There is mixed
literature on whether or not urge intensity increases when GTS patients suppress tics (Capriotti
et al., 2014; Himle, Woods, Conelea, Bauer, & Rice, 2007; Muller-Vahl et al., 2014; Specht et
al., 2013). It is possible that patients did not experience an increase in urge intensity during tic
suppression in addition to the effects attention had on urge intensity. Another explanation
concerns the urge thermometer itself. Due to the colour-scheme, patients may have been
hesitant to rate their urges as very high, or in the “red zone”. Our data would support this notion

as none of the patients used the full range of the urge thermometer.

Pupil dilation

In the baseline condition, pupils dilated before a tic was executed and contracted afterwards.
This pattern is very similar to the behaviour of urges around tics (Brandt et al., 2016). However,
mean pupil dilation across conditions did not correspond to mean urge intensity as rated by the
patients. Therefore, pupil dilation cannot be assumed to be purely a correlate of urge intensity.
In general, pupil dilation is associated with emotional arousal, regardless of negative or positive
content (Bradley et al., 2008; Partala et al., 2000). Our results indicate that pupil dilation might
be a correlate of anxiety or discomfort associated with tics and ticcing, rather than urge
intensity.

In line with tic frequency changes, pupils were significantly less dilated in the suppression
condition (not more, as would be expected if it correlated with urges), a finding that makes it

more likely that pupil dilation also or exclusively corresponds to emotional processes associated
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with tics. This may include but not be restricted to the urge to tic. Furthermore, pupils were
significantly more dilated when patients viewed themselves tic compared to the baseline but
not in the tic-related cognition condition or the distraction condition. Regarding this result, pupil
dilation did not correspond with either urge intensity or tic frequency. Hence, pupil dilation
might be influenced by emotional processes not only directly related to executing tics. It could
be hypothesized that watching own tics is particularly uncomfortable and cannot be “edited” as
memory or imagination. Therefore, the live feedback and video conditions may have been
particularly associated with emotional arousal in patients.

In conclusion, pupil dilation cannot be viewed as a correlate of urge intensity across different
conditions. Nevertheless, it could be used as a proxy for urge intensity within the same
condition, where emotional arousal is kept relatively constant.

Distraction

Contrary to our hypothesis, tic frequency, urge intensity and pupil dilation did not decrease
significantly in the distraction condition compared to the baseline. However, it should be noted
that the effect for a decrease in tic frequency was in the medium range and should not be entirely
disregarded. The difficulty with using a baseline condition in patients with GTS is that it cannot
be exactly defined what patients do or pay attention to during baseline measurements. By
always running the baseline condition first, we made sure that patients were not thinking about
previously presented attention instructions (at least in the free condition) and were behaving as
closely to a “real life” situation as possible during an experiment that was recorded on video.
Furthermore, they did receive instruction to pay attention to the screen in front of them.
However, it is always difficult to set a “tic baseline” because tics can be influenced by a number

of factors.

Limitations

There are several limitations to the study. Pupil dilation and tic frequency were recorded in an
ongoing fashion while the urge to tic was judged in a general manner at the end of each
condition. Although this rating should reflect the general impact of the attention condition on
the urge to tic, it cannot reflect urge fluctuations during the condition. On the other hand, a tic
intensity rating after each tic would have interrupted the experiment frequently. Therefore, the
association between urge intensity and pupil dilation should be investigated in an independent

task where urges are assessed continuously.
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Furthermore, the urge thermometer, especially in combination with using colours, may not be
the most sensitive instrument to measure changes in urge intensity, especially in participants
that refrain from using extreme ends of scales. Some patients may also have started low on the
scale in the baseline condition and were then unable to give comparatively lower ratings after
the distraction condition. Future experiments might ask patients to start their urge rating in the
baseline condition at 5 per default and then only look at differences between the baseline and
the other condition.

According to prior power calculations, the sample size should be sufficient to show a positive
effect of cognitive distraction if it was there. However, we noted a number of limitations
regarding the distraction condition used in this experiment by asking patients for feedback after
the experiment. The main limitation was that the auditory instructions given were not specific
enough. For instance, one patient reported having imagined to go into cold water, which the
patient felt made them tic more. Therefore, the instructions should be more specific to imagine
pleasant situations and could even be individually tailored to situations where patients with
GTS feel they tic less frequently or experience an attenuated urge to tic. Another possibility
would be to include a motor component in the distraction condition, for instance a fidget toy or
a finger exercise. However, it would then be impossible to distinguish processes related to
attention and processes related to controlled motor activation and their effect on tics. Motor
activation has been shown to be associated with lower tic frequency (Doja et al., 2018;
Misirlisoy et al., 2015; Nixon, Glazebrook, Hollis, & Jackson, 2014). Therefore, a motor
intervention would require an active baseline. Regarding this study, it could be argued that some
conditions were more active than others, requiring patients to imagine scenes. It is unclear how
cognitive activation interacts with tics. However, the conditions were held constant with regard
to motor activation and required patients to only switch their focus of attention.

Secondly, we did not control whether patients followed instructions in the distraction condition.
While patients reported afterwards that they did, it is possible that their thoughts drifted towards
other things during the condition. The attention training used by Wells requires intense
concentration and effort and has to be exercised daily for several weeks (Wells, 1990). We
would therefore view the results regarding the distraction condition as data to build upon.
Although we cannot conclude that distraction decreased tic frequency or urge intensity as
compared to the baseline, the effect size is promising enough to try and refine the distraction
condition for the purpose of testing whether attention distraction can be used as a therapeutic

method to decrease symptom severity in patients with GTS.
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Lastly, while we were able to clarify a number of questions with regard to the conditions under
which attention modulates tic frequency and urge intensity, we do not know whether the
processes underlying these changes are the same in every condition and what they are. The

exact underlying (neural) processes need to be further investigated in the future.
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Table 1. Attention instructions

Attention

condition

English

German

(1) Baseline

(2) live
feedback
&

(3) video

condition

(4) Distraction

(5) Tic-related

cognitions

-

|

-

Please focus your attention
on the screen in front of you
Please focus your attention
on the video you are

watching

Please look at the screen in
front of you and think about

nothing in particular

Imagine you are taking a
walk on the beach and focus

on the sound of the waves

Imagine you are taking a
walk in the woods and pay

attention to the birds singing

During the next minute,
focus your attention on the

sounds surrounding you

For the duration of the next
minute, please think about
your tics and focus on those
that find

you most

bothersome

Now please think about

situations in which you find

Konzentrieren Sie sich bitte auf
den Bildschirm vor lhnen
Richten Sie lhre Konzentration

bitte auf das Video das Sie sehen

Sie

Bildschirm vor Ihnen und denken

Schauen bitte auf den

Sie Uber nichts Besonderes nach

Stellen Sie sich vor Sie gehen am

Strand spazieren und
konzentrieren Sie sich auf das
Gerdusch der Wellen

Stellen Sie sich vor Sie gehen im
Wald spazieren und achten auf

den Gesang der Vogel

Sie
Minute

der
die

Gerausche die sie um sich herum

Achten innerhalb

nachsten auf

wahrnehmen

Denken Sie in der né&chsten
Minute bitte Uber lhre Tics nach
und konzentrieren Sie sich dabei
auf die Tics, die sie am meisten

stbren

Denken Sie nun bitte Uber

Situationen nach, in denen Sie
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your tics especially Ihre Tics besonders schlimm oder

distressing or exhausting anstrengend finden

3 Please focus on the feeling Konzentrieren Sie sich nun bitte
that you have to tic in order darauf, dass Sie ticcen missen
to feel a sensation of relief ~ um ein Gefiihl der Erleichterung

zu empfinden

The table shows the different attention instructions (3 different instructions per attention
condition, played twice in the order above per attention condition) given to the patients during
the five different attention conditions of the experiment (left-most column). Attention
instructions were the same in the baseline, live-feedback and video condition (patients were
asked to focus on the screen). Instruction changed in the distraction condition (patients were
asked to think about specific non-tic related stimuli, based on Wells’ attention training) and
the tic-related condition (patients were asked to focus on specific tic-related thoughts, based
on THAT items).
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Table 2. Questionnaire scores

Score YGTSS YGTSS PUTS ADHD- OCI-R MCQ65 GTS- THAT

50 100 9 SB QOL
M+ 1983+ 3839+ 2113+ 1580+ 1335+ 11254+ 2248+ 20.59
SD 8.10 17.38 4.99 9.94 10.71 25 18.54 +9.87
Range 8-45 8-8 14-31 0-40 0-36 65-260 1-37

Possible
range 0-50 0-100 9-36 0-60 0-72 67-155 1-65 0-66

Above
cut-off 6 3

The table shows mean clinical scores, standard deviations, the range of clinical scores in this
study, as well as the possible range of the questionnaire. YGTSS = Yale Global Tic Severity
Scale; The PUTS = Premonitory Urge for Tics Scale; ADHD-SB = German ADHD self-
rating scale; OCI-R = Obsessive Compulsive Inventory- Revised; THAT = Thinking About
Tics questionnaire (recoded), MCQ = Meta-cognitions questionnaire, Tourette syndrome —
quality of life scale (GTS-QOL). OCI-R cut-off = 21, ADHD-SB cut-off according to DSM-5
criteria (Rosler et al., 2004).
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Table 3. Questionnaire correlations

Score YGTSS50 YGTSS PUTS9  ADHD- OCI-R GTS- THAT

impairment SB QOL
MCQ 65 AT* .39 37 58** TJ3FFE GTF* 31
THAT .07 48* A45* .65** ST .60**

O 00 N o uu A W N

e S
N P O

The table shows correlations (Spearman’s rho) between the metacognitions and the thinking
about tics questionnaires and the clinical scales. YGTSS = Yale Global Tic Severity Scale;
The PUTS = Premonitory Urge for Tics Scale; ADHD-SB = German ADHD self-rating scale;
OCI-R = Obsessive Compulsive Inventory- Revised; THAT = Thinking About Tics
questionnaire (recoded), MCQ = Meta-cognitions questionnaire, Tourette syndrome — quality
of life scale (GTS-QOL). Significant correlations marked in grey did not survive correction
for multiple tests.

*p<.05

**p<.01

*** <001
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Figure legends

l Baseline I | Live feedback ] [ Video I [ Cognitions | | Distraction
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Figure 1. Study design

Patients sat in front of a computer screen, which displayed a picture of the empty room and
the chair the participant was sitting in (baseline, cognitions, distraction), a real-time video
feedback showing the patient (live feedback) or a pre-recorded video of the patient, recorded
in the live feedback condition (video). During each 3min attention condition, patients were
instructed six times to pay attention to specific stimuli. Tics were recorded with a video
camera, urges were assessed using the urge-thermometer after each attention condition. Pupil

width was recorded during each attention condition.
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Figure 2.

A: Tics per minute across the five different attention conditions. In the free ticcing condition
(grey), patients ticced significantly more often when they watched a live video feedback of
themselves and when they thought about their own tics compared to the baseline. In the
suppression condition (red), patients ticced significantly more often when they saw a video of
their tics or thought about their specific tic-triggering situations.

B: Urge ratings across the five different attention conditions. Patients rated their urges to be
higher when they saw a live video feedback of themselves and when they thought about tics.
Urge intensity in both the baseline and suppression conditions behaved in the same manner as
tic frequency during the baseline condition.

C: Average pupil width across the five attention conditions. Pupils were significantly wider
when patients saw a live video feedback of their tics and when they watched a previously
recorded video of their tics. Pupils were overall wider during the free block than the suppression
block. Pupil data was z-standardized (mean =0, SD = 1).

D: Average pupil width around single tics during the free and the suppression block from 5
seconds prior to the tic to 5 seconds post ticcing. Logistic regressions showed a significant
quadratic distribution (increase, then decrease) in the free block and a significant cubic

distribution (increase prior to tic, then levelling off) in the suppression condition.
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Supplementary material

The “Thinking About Tics Inventory” (THAT), German version.
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Tic-bezogene Gedanken Skala

Bitte geben Sie an, inwieweit die folgenden Gedanken Ihrer Erfahrung nach bei Ihnen

Tics auslésen

Immer Manchmal | Nie
Die Erwartung dass Sie ticcen kdnnten 1 2 3
Im Allgemeinen Uber Tics nachdenken 1 2 3
Daruber nachdenken, dass Andere Sie beim ticcen
beobachten 1 2 3
Der Gedanke, dass Sie ticcen mussen um Erleichterung zu
empfinden 1 2 3
Uber Ihre Tics reden 1 2 3
Wissen, dass Sie mit Menschen zusammen sein werden,
die erwarten dass Sie ticcen 1 2 3
Sich fragen ob die Tics sie bei Aktivitaten storen werden 1 2 3
Sich fragen, ob Sie immer Tics haben werden 1 2 3
Sich fragen, ob die Tics in Zukunft schlimmer werden 1 2 3
Wissen, dass Sie die Erlaubnis haben zu ticcen 1 2 3
Wissen, dass andere Menschen keine Tics haben 1 2 3
Denken, dass Sie Tics unterdriicken missen 1 2 3
Wissen, dass Sie nicht ticcen sollten 1 2 3
Sich wiinschen, keine Tics zu haben 1 2 3
Denken, dass Tics Ihr Image kaputt machen 1 2 3
Denken, dass Sie merkwirdig und anders wirken aufgrund
Ihrer Tics 1 2 3
Dariiber nachdenken, wie anstrengend es fiir Sie ist zu
ticcen 1 2 3
Die Tics als nervig oder qualvoll zu empfinden 1 2 3
Wenn Sie sich selber ticcen sehen 1 2 3
Jemand anders ticcen sehen 1 2 3
Denken, dass Ihre Tics Sie schlecht dastehen lassen 1 2 3
Bemerken, dass Sie eine Weile nicht geticct haben 1 2 3
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Supplementary table 1. Descriptive data German and English THAT items

THAT items M + SD M £ SD

current O’Connor et al.,

(n=23) (2014)
Anticipating that you might tic 1.87 (0.63) 1.85 (0.68)
Thinking in general about your tics 1.85 (0.55) 1.85 (0.63)
Thinking others will observe you ticcing 1.89 (0.80) 1.95 (0.74)
The idea that you must tic to feel relief 1.61 (0.72) 1.82 (0.65)
Talking about your tics 2.09 (0.67) 2.03 (0.71)
Knowing you will be with people who expect you to tic 2.26 (0.62) 2.30 (0.67)
Wondering if your tics will interfere with your activities  2.17 (0.65) 2.15 (0.70)
Asking yourself if you will always have tics 2.09 (0.79) 2.15 (0.70)
Asking yourself whether your tics will get worse 2.00 (0.74) 2.25 (0.65)
Knowing you have permission to tic 2.22 (0.67) 2.17 (0.76)
Knowing that other people do not have tics like you 2.48 (0.59) 2.43 (0.72)
Thinking you will need to suppress a tic 1.87 (0.69) 1.80 (0.73)
Knowing you should not be ticcing 1.87 (0.69) 1.85(0.73)
Wishing you did not have tics 2.04 (0.88) 2.05 (0.74)
Thinking tics spoil your image 2.61 (0.58) 2.07 (0.75)
Thinking you appear odd and different due to your tics 2.13 (0.69) 2.07 (0.75)
Dwelling on how your tics tire you out 2.00 (0.90) 2.10 (0.70)
Finding your tics annoying or distressing 2.04 (0.82) 1.83 (0.69)
Seeing yourself tic 1.96 (0.71) 1.82 (0.70)
Observing someone else tic 2.17 (0.72) 2.30 (0.78)
Thinking your tics make you look bad 2.32 (0.72) 2.13 (0.74)
Noticing you have not ticced for some time 1.87 (0.63) 1.95 (0.64)

Ooo~NOOUL AW

The table shows means and standard deviations (M = SD) for each of the Thinking About
Tics Inventory (THAT) items (left column) for the German version (middle column) and the
English version (right column), published by O’Connor and colleagues, in 2014. Participants
are instructed to indicate how often these thoughts triggered tics. Note that all items presented
here used the original coding, that is, lower values reflect more agreement (always =1,
sometimes = 2, never = 3). ltems that the tic-related thoughts in this experiment were based
on are indicated in italics.
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