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REVISION HISTORY 

Revision # Version Date Summary of Changes Consent Change?

1 12/15/2020 Added emergent unblinding 
procedures

no

2 4/08/2021 Updating screening process, 
randomization stratification 
procedures, monitoring entity, and 
online consent procedures.

Yes

3 7/20/2021 Adding recruitment strategies and 
adverse events monitoring in 
follow-up visits

No

4 10/26/2021 Added recruitment strategies and 
optional accommodations. Updated 
locations for study procedures

Yes

5 2/24/2022 Added recruitment strategies and 
transportation information

No
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ABBREVIATIONS/DEFINITIONS 

CBIT/Comprehensive Behavioral Intervention for Tics 
SMA/ Supplementary Motor Area 
rTMS/TMS/ repetitive Transcranial Magnetic Stimulation 
ADHD/ Attention Deficit Hyperactivity Disorder 
OC/OCD/ Obsessive Compulsive/Disorder 
TST/ Tic Suppression Task 
M1/ Primary Motor Cortex  
CSTC/ Cortico-striatal-thalamo-cortical circuit 
fMRI/MRI/ Functional/Magnetic Resonance Imaging 
MEG/ Magnetoencephalography  
DBS/ Deep Brain Stimulation 
DLS/ Dorsolateral Striatal 
cTBS/ continuous Theta Burst Stimulation  
FT/ Free-to-tic 
CMRR/ Center for Magnetic Resonance Research  
MT/ Motor Threshold 
FEM/ Finite Element Method 
YGTSS/ Yale Global Tic Severity Scale 
CNBD/ Center for Neurobehavioral Development 
NDCT/ National Database for Clinical Trials  
NIMH/ National Institute of Mental Health  
GUID/ Global Unique Identifier 
DUC/ Data Use Certification 
FWA/ Federalwide Assurance 
MINI/ Mini International Neuropsychiatric Interview  
FIND/ Focus in NeuroDevelopment (Network) 
NIBS/ Noninvasive Brain Stimulation Techniques  
tDCS/ transcranial Direct Current Stimulation 
ASD/ Autism Spectrum Disorders  
ASAP/ Adjunctive Services and Attrition Prevention 
RCTs/ Randomized Controlled Trial(s) 
ITT/ Intent-to-treat 
PMT/ Premature Terminators 
MICE/ Multiple Imputation by Chained Equations 
MSI/ Minnesota Supercomputing Institute  
CAN Lab/ Converging Approaches to Neurodevelopment Lab  
CTSI/ Clinical and Translational Science Institute   
MAR/ Missing at Random  
MNAR/ Missing Not At Random  
RSFC/ Resting State fMRI Connectivity  
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1. Objectives 

1.1. Purpose: The study will examine whether combining Comprehensive 
Behavioral Intervention for Tics (CBIT) with inhibition of the 
supplementary motor area (SMA) using transcranial magnetic stimulation 
(TMS) normalizes activity in the SMA-connected circuits, improves tic 
suppression ability, and enhances CBIT outcomes in young people with tic 
disorder. The study will also examine different TMS dosing strategies. 

2. Background 

2.1. Significance of Research Question/Purpose:  

Chronic tics are a disabling neuropsychiatric symptom associated with multiple 
child-onset mental disorders. Chronic tics affect 1-3% of youth1 and are 
associated with impaired functioning, emotional and behavioral problems, 
physical pain, diminished quality of life, peer victimization, and a fourfold 
increased risk of suicide compared to the general population.2–4 Chronic tics are 
the primary symptom of Tourette Syndrome and Persistent Motor/Vocal Tic 
Disorders.5 About 80% of those with tics have additional psychiatric disorders, 
most commonly Attention Deficit Hyperactivity Disorder (ADHD) and obsessive 
compulsive (OC) spectrum disorders.1 High co-occurrence is attributed to shared 
dysfunction within cortico-striatal circuits. 

CBIT is a manualized treatment program focused on tic management skills. 
Current American Academy of Neurology practice guidelines recommend CBIT 
as a first-line treatment relative to medications and other therapies.6 Meta-
analyses show comparable effect sizes for CBIT and medication.7 Large 
randomized trials have demonstrated the superiority of CBIT over supportive 
therapy in child8 and adult9 patients. However, in these trials, only 52% of 
children and 38% of adults showed clinically meaningful tic improvement, 
meaning that 50-60% of patients do not benefit from CBIT. 

CBIT success relies on an ability to suppress tics that many youth lack. The 
central aim of CBIT is to enhance voluntary tic suppression. Better tic 
suppression ability drives CBIT improvement10 and predicts lower tic burden over 
the course of illness.11 During the core CBIT procedure, competing response 
training, patients learn to inhibit tics by engaging in a competing motor action. 
However, research shows that many youth lack this fundamental tic suppression 
ability that CBIT aspires to enhance. Tic suppression ability has been assessed in 
our laboratory and others using the Tic Suppression Task (TST), which quantifies 
tics using direct observation methods.12 Data show minimal changes in tic 
frequency when youth are instructed to suppress tics (e.g., reduction from a mean 
tic frequency of 4 tics per minute during “free to tic” baseline to 3 tics per minute 
during attempted suppression13). Under the most ideal suppression context--in 
which immediate reward is given for successful suppression--only 20% of youth 
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can suppress tics to near-zero levels, and another 20% show no detectable tic 
decrease or even tic worsening when attempting suppression.12 Enhancing tic 
suppression ability is likely to enhance the efficacy of CBIT. 

2.2. Preliminary Data: Our preliminary data show that tic suppression ability can 
be enhanced with inhibitory, noninvasive stimulation of supplementary 
motor area (SMA), an approach built upon established knowledge of tic 
neurocircuitry. Tics result from dysfunctional activity in cortico-striatal-
thalamo-cortical circuits (CSTC).14,15  

Tic generation involves the combined effects of excessive activity in 
sensorimotor pathways and reduced activity in cognitive control portions of 
CSTC circuits. SMA is a key CSTC cortical node, and SMA hyperactivity 
and hyperconnectivity is strongly implicated in tics. SMA links contextual 
cues to motor actions and plays a strong role in motor inhibition.16 In 
healthy controls, excitatory stimulation of SMA with TMS produces tic-like 
movements and urges to move.17 Similarly, direct stimulation of SMA with 
subdural electrodes produced urges to move in patients with epilepsy.18 In 
those with tics, there is enhanced functional connectivity between SMA and 
successive nodes of the CSTC sensorimotor circuit.14 SMA activation and 
functional connectivity abnormalities are significantly correlated with tic 
severity and complexity19 and tic premonitory urge severity.20 SMA activity 
is abnormally elevated prior to tic expression14,21,22 and during periods of 
higher tic frequency.22,23 Increased functional connectivity between SMA 
and primary motor cortex (M1; SMA-M1) has been shown in tic patients 
using fMRI22 and MEG.24 SMA shows strong resting state functional 
connectivity with striatal deep brain stimulation (DBS) sites most effective 
for treating tics25 and with dorsolateral striatal (DLS) regions thought to 
normalize with CBIT treatment (i.e., putamen; SMA-DLS).26 One small 
study (n = 8) examined neural correlates of CBIT using a visuospatial 
priming task and found normalization (reduced activation) in putamen 
following CBIT,26 suggesting that CBIT engages striatal regions connected 
to SMA. 

SMA’s extensive connectivity with regions implicated in motor control and 
its role in tic pathology have made it a leading brain target candidate for 
noninvasive brain stimulation (NIBS) trials.27 Repetitive TMS (rTMS) has 
been explored as a tic treatment in small trials,28–31 some of which included 
children.32–34 Early rTMS trials targeting premotor and motor cortex showed 
no effect.30,31 In contrast, inhibitory stimulation of SMA using 1Hz rTMS 
has been associated with reduced tic severity in case reports28 and open label 
trials.32,34,35 Small randomized trials targeting SMA inhibition with 1Hz 
rTMS,36 deep TMS with the HBDL coil,29 and continuous theta burst 
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stimulation (cTBS) did not find group-level clinically meaningful change, 
although an extended dose (total of 6 weeks daily) did improve outcomes 
with 1Hz.36 Importantly, in the only study measuring neural correlates of 
treatment, Wu et al.33 detected significant decreases in activation of SMA 
and functionally connected CSTC nodes (i.e., bilateral M1) after only a 2 
day course of cTBS, leading to continued interest in using TMS to alter tic-
related neural pathology. 

Our recent research suggests rTMS improves tic suppression ability more 
robustly than it reduces baseline tic frequencies. PI Conelea measured acute 
effects of 1 Hz vs. sham rTMS over SMA using the TST (K23MH103617; 
for detail see “Preliminary Data” below) and found that active 1Hz rTMS 
enhances tic suppression ability. Notably, reduction in tic frequency was 
more robust in conditions measuring tic suppression ability compared to a 
“free to tic” baseline. These data suggest that inhibitory stimulation of SMA 
with rTMS may benefit those with tics by enhancing their capacity to 
voluntarily inhibit tics. 

2.3. Existing Literature: Taken together, the existing literature and our 
preliminary data suggest that augmenting CBIT with inhibitory stimulation 
of SMA using TMS may boost tic suppression ability, which in turn may 
increase the efficacy of CBIT. This synergistic approach aligns with 
converging evidence suggesting that combining brain stimulation with 
targeted therapy is a potentially powerful approach for treating 
neuropsychiatric disorders.37 

3. Study Endpoints/Events/Outcomes 

3.1. Primary Endpoint/Event/Outcome:  

1) Neural target engagement: Within-subject change in resting state fMRI 
connectivity of SMA-mediated brain circuits. 

2) Behavioral target engagement: Within subject change in tic suppression 
ability as measured by the Tic Suppression Task (TST). 

3.2. Secondary Endpoint(s)/Event(s)/Outcome(s):  

1) Two TMS procedures, both intended to inhibit activity in SMA, will be 
compared using data from our safety and feasibility measures. 

2) Between group differences on secondary measures of clinical and neural 
function. 

4. Study Intervention(s)/Investigational Agent(s) 

4.1. Description: All participants will receive 10 daily sessions of CBIT, a well-
established behavioral treatment that is considered by the American 
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Academy of Neurology to be the first-line intervention for tics.6 
Immediately prior to each CBIT session, participants will undergo TMS 
targeting the SMA. The specific type of TMS procedure will be randomly 
assigned between subjects and be either: 1 Hz repetitive TMS (rTMS), 
continuous theta burst stimulation (cTBS), or sham stimulation. 

4.2. Drug/Device Handling:  

TMS device. Stimulation will be delivered using a Magstim Super Rapid2 
stimulator (Magstim Company Ltd, UK). The device will be used to deliver 
electromagnetic stimulation through a small coil positioned over a targeted 
area on the scalp. The manufacturer's indication for use is to stimulate 
peripheral nerves and the human cortex for diagnostic and research 
purposes.    

We will use a Magstim air-cooled 70mm figure-eight coil for motor 
threshold determination and active TMS conditions. Sham stimulation will 
use the Magstim sham air-cooled coil, which produces auditory signals 
identical to an active coil but contains a mu-metal shield that diverts the 
majority of the magnetic flux such that a minimal (<3%) magnetic field is 
delivered to the cortex. 

The device is installed and set-up at the University of Minnesota  Non-
Invasive Neuromodulation Laboratory (NINL). The device will only be able 
to be administered by trained personnel. The device is located in a locked, 
access controlled room. 

Operation of the TMS device (MAGSTIM Super Rapid 2) will follow the 
procedures outlined in the attached “Operating Manual.” 

4.3. Biosafety: N/A 

 

4.4. Stem Cells: N/A 

4.5. Fetal Tissue: N/A 

5. Procedures Involved 

5.1. Study Design: The study is a double-blinded 
randomized control trial that will examine whether 
combining Comprehensive Behavioral 
Intervention for Tics (CBIT) with inhibition of the 
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supplementary motor area (SMA) using transcranial magnetic stimulation 
(TMS) normalizes activity in the SMA-connected circuits, improves tic 
suppression ability, and enhances CBIT outcomes in young people with tic 
disorder. We will compare two rTMS procedures, 1 Hz rTMS and 
continuous theta burst stimulation (cTBS), against sham stimulation. Youth 
with chronic tics (n = 60) will complete 10 daily sessions of CBIT plus 
randomly assigned TMS procedure, with fMRI, behavioral, and clinical 
assessments before and after treatment and at 1 and 3 month follow-ups 
(figure 1).  

5.2. Study Procedures: Overall, study procedures include (a) pre-screening for 
eligibility determination, (b) four assessment sessions (pre-treatment, post-
treatment, 1-month and 3-month follow ups), and (c) ten daily sessions of 
CBIT+TMS. Consent and assent will be obtained prior to the start of the 
pre-treatment assessment visit (figure 1).  

●Eligibility Assessment will occur prior to study enrollment. 
Parents/participants who contact study staff expressing interest in 
the study will be given a brief description of study procedures and 
asked to complete a phone or video chat (via Zoom) screen to 
determine preliminary eligibility. This screen is expected to take 25 
minutes. Those potentially eligible will be asked to provide 
documentation of current medications. A signed release of 
information for medical record documents will be requested if 
necessary for eligibility determination.   

o Optional detailed eligibility assessment: In some cases, it 
is possible that phone screening outcome is unclear but 
could be clarified with an abbreviated version of the pre-
treatment assessment visit focused on the specific 
eligibility question (e.g., whether tics meet minimum 
severity threshold). In these cases, we will conduct a 
focused eligibility assessment via Zoom. Consent/assent 
will occur at this visit. Measures will be selected from the 
list of approved measures for the pre-treatment assessment 
(Table 2, column 1). This assessment is expected to take no 
more than 1 hour. For participants deemed eligible, we will 
carry-forward data when possible and accordingly shorten 
the next assessment visit to reduce participant burden. 

o Optional accommodations: In order to ease participant 
burden, parent-report and self-report measures can be 
completed outside of the assessment or follow-up visit. All 
surveys must be completed within the 5 days following the 
visit date. 
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●Study Assessment Measures: Assessment procedures include a 
structured diagnostic interview, a clinician-administered rating 
scale for tic severity, parent-report and self-report measures for tic 
symptoms and other related emotional symptoms, and safety 
screening for MRI and TMS. Specific measures and the timing of 
administration are below in Table 1. 

o Timing: Consent/assent will be obtained at the first point 
of formal assessment (optional detailed eligibility 
assessment or pre-treatment assessment visit) (Step 2). 
Daily sessions of CBIT+TMS (Step 4) will begin within 10 
calendar days of the pre-treatment assessment. Participants 
will complete 10 CBIT+TMS visits within 13 business 
days. The post-treatment visit will be completed within the 
10 calendar days following the last CBIT+TMS visit. The 
1-month assessment will be completed 4-6 weeks after the 
last CBIT+TMS visit, and the 3-month assessment will be 
completed 12-14 weeks after the last CBIT+TMS visit. 

Table 1. Study measures  Steps in Fig 1 Time 
(min)

Steps in flow chart (Figure 1) 1 2 4 5 6,7 

MEASURE DETAILS

Phone Screening Eligibility, TMS safety screen38,39 x x    20

Medical records Last doctor visit, current medicaSons, 
relevant/available documents; used for 
eligibility determinaSon

x      

MRI safety screen Eligibility x x   x 5

Demographics Sample characterisScs  x    10

IQ Eligibility x 15

MINI 7 KID40 or adult41 Structured diagnosSc interview  x    30
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●MINI 7: The Mini International Neuropsychiatric Interview 
(MINI) is a short, structured diagnostic interview, and is the most 
widely used neuropsychiatric diagnostic assessment tool in the 
world. The MINI is a tool used to conduct neuropsychiatric 
screening, diagnostic interviews, and outcome tracking for the 
most common adult and childhood DSM-5 and ICD-10 psychiatric 

Yale Global Tic Severity Scale, 
YGTSS42

Gold-standard, clinician-administered Sc 
severity scale. Includes symptom checklist of 
specific Sc types.

 x  x x 30

Tic Suppression Task12,43 Direct observaSon measure of Sc 
suppression ability

 x x x x 10

Parent/Adult Tic 
QuesSonnaire44,45

Adult-self or parent-report measure of Sc 
symptoms and severity

 x  x x 5

Premonitory Urge for Tics 
Scale46,47

Self-report measure of intensity of urges to 
Sc

 x  x x 5

Child/Adult Behavior 
Checklist48,49

Parent- or adult-self report measuring broad 
emoSonal and behavioral funcSoning

 x  x x 15

Sheehan Disability Scale50 Self- and parent measure of funcSonal 
impairment

 x  x x 10

Tic Impact quesSons Self- and parent-rated measures of how Scs 
impact daily funcSon

x x x 5

Behavior RaSng Inventory of 
ExecuSve FuncSon51

Self- and parent-rated measure of 
impairment of execuSve funcSon

 x  x x 15

Ask Suicide-Screening QuesSons 
(ASQ)

Clinician-administered screen of suicidality x x x 5

TMS Adverse Effects 
QuesSonnaire39

Tracks side effects of TMS   x  x  x 5

Clinical Global Impressions (CGI) Clinician, paSent, parent-rated global 
measure of illness severity and improvement

x x x 2

SSmulaSon context tracking form TMS operator completed form to track 
behavior and parScipant self-reported 
emoSonal state during rTMS sSmulaSon

  x   2

Blinding form (parent, staff, and 
child)

Assess belief about whether parScipant got 
acSve or placebo TMS

   x  x 2

Concurrent Treatment Tracking 
Form

Record of all medicaSons and dosages, 
psychotherapy

 x x x x 5

Client SaSsfacSon 
Quesitonnaire52

Assess paSent saSsfacSon with the 
intervenSon

   x 2

MRI T1 and T2 structural, rs-fMRI, finger tapping 
task for TMS coil placement

 x  x  60
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disorders. The MINI has been validated against the longer 
Structured Clinical Interview for DSM diagnoses (SCID-P) and 
against the longer Composite International Diagnostic Interview 
for ICD-10 (CIDI), and has been used in clinical care and research 
for more than 25 years. A digital version of the MINI 7 by Nview 
is available to researchers in the Department of Psychiatry & 
Behavioral Sciences and will be used. This program allows access 
to the MINI via web browser and stores data in HIPPA-safe Nview 
servers. Participant IDs will be indicated on MINI digital forms. 

● IQ assessment: If subjects have not completed an IQ test within 
the previous 24 months from Step 2, they will complete a brief IQ 
test to determine eligibility for the study using either the Wechsler 
Abbreviated Scale of Intelligence, version 2 (WASI-2) or the 
Stanford-Binet Intelligence Scales, Fifth Edition (SB-5) (15 min). 

●Pregnancy testing: Females who could potentially be pregnant 
will be tested for pregnancy and, if positive, will not be allowed to 
participate. If testing is refused, participation will not be allowed. 

●Tic Suppression Task (TST) procedures: The TST will be our 
primary measure of behavioral target engagement. In this 
paradigm, a participant is seated alone in a room in front of a 
computer capturing a video recording of tic occurrences for later 
coding by independent raters. TST will consist of  two 3-min 
conditions: 1) free-to-tic (FT): youth is instructed to stay seated 
and tic freely, a measure of naturally occurring tic frequency (tics 
per minute) ; 2) suppression: youth is instructed to suppress tics. 
Videos will be coded to establish tic frequencies using a 
computerized behavioral coding program.  

●Neuroimaging procedures. MRI and fMRI data acquisition:A 
Siemens Prisma 3T scanner located at the Center for Magnetic 
Resonance Research (CMRR) will be used for image acquisition. 
To minimize motion artifact, we will immobilize the participant’s 
head with foam wedges that fit snugly between the head and 32-
channel receive only head coil. As needed, we will re-run scans or 
bring back participants for a repeat scan session. We will acquire 
the following data: 3D T1 ME-MPRAGE, 3D T2 SPACE, resting 
fMRI, spin Echo fMRI reverse phase encode scan pair, finger 
tapping task. The Finger Tapping Task will be used for functional 
localization of SMA. This task is used to isolate neural activity in 
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motor planning and execution areas, including SMA, and is a 
highly reliable, well-established fMRI task used for motor 
mapping53 and for TMS targeting of motor cortex and SMA by our 
group and others.33 A whole-brain activation map showing the 
contrast of rest vs. active tapping will be created for each person to 
determine the precise placement of the TMS coil.  

●Randomization: Randomization will occur after pre-treatment 
assessments. Randomization will be stratified on baseline TST 
performance (tic suppressibility below or above 50%) and 
medication status (on vs. off).

● Intervention Protocol: 
CBIT+TMS. TMS will be 
delivered immediately prior to 
the start of CBIT sessions (see 
figure 2).

●CBIT Protocol will follow the 
published CBIT manual54 tested 
in the large trials that 
established CBIT efficacy in 
children and adults.8,9 
Participants will receive 10 
sessions of CBIT, 1 session per 
day across 10-13 business days. CBIT consists of the following 
components: 1) psychoeducation about tics; 2) functional 
interventions (behavioral strategies to decrease the impact of tic-
exacerbating factors); 3) competing response training; and 4) social 
support to bolster skills use. Session 1 will include 
psychoeducation and creation of the tic hierarchy and sessions 
2-10 will focus on competing response training. Competing 
response practice will be assigned for between-session homework. 
Monitoring CBIT integrity. CBIT sessions will be video recorded 
and a randomly selected 20% of sessions will be reviewed by the 
PI and rated using established CBIT compliance forms to ensure 
protocol adherence.

●TMS protocol: During TMS, a pulsed magnetic field is produced 
by a small coil positioned over a targeted area on the scalp, 
inducing an electric current in the brain that temporarily modulates 
cortical activity. Repetitive TMS (rTMS) paradigms use trains of 
pulses to induce cortical effects that outlast the duration of 
stimulation.55 The direction of the rTMS effect, either facilitation 
or suppression of cortical activity, depends on pulse frequency and 
sequence (i.e., intertrain interval). Research using neuroimaging 
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and electrophysiological recordings has demonstrated that single 
low frequency (1Hz) and continuous bursting frequency 
(continuous theta burst stimulation; cTBS) induce inhibitory 
effects.55–59 TBS and conventional rTMS have comparable effects 
on cortical excitability60,61 and similar safety profiles in pediatric 
samples.62,63 TBS has particular advantages for a pediatric 
population, specifically much shorter stimulation duration (i.e., 2-3 
min for TBS vs. 20-30 min for rTMS) and lower stimulation 
intensity.63 Parameters for the current study are presented below.

o Motor threshold (MT) determination. Resting MT will be 
defined as the minimum magnetic flux needed to elicit a 
threshold EMG response (≥50 mV in peak-to-peak 
amplitude) in a resting target muscle (abductor pollicis 
brevis) in 5/10 trials using single-pulse TMS administered 
to the contralateral hand area of primary motor cortex. The 
MT procedure will occur during the first CBIT+TMS visit 
and this MT will be used to calculate stimulation intensity 
for all TMS sessions. Stimulation intensity may be adjusted 
to improve tolerability; all such adjustments will be 
reviewed by a study physician and documented.

o rTMS coil positioning: Individualized using fMRI and 
electric field modeling. TMS effects strongly depend on the 
spatial distribution of the induced electric field in the 
brain.64 TMS targeting will be based on individual-level 
identification of the optimized coil location and orientation 
that induces the strongest electric field within SMA that 
show the highest parametric fMRI activation during the 
bilateral finger tapping task. This approach accounts for 
individual differences in physiology, which are prominent 
in developmental samples. We will create individual finite 
element method (FEM) models for each participant using 
the computer program SimNIBS (Danish Research Center 
for Magnetic Resonance, Copenhagen, Denmark and the 
Technical University of Denmark (Kgs Lyngby, Denmark) 
and participant anatomical MRIs, following procedures 
established by Co-I Dr. Opitz.65–67 Coil placement. The coil 
placement and orientation will be based on the individual 
models and continually monitored using a stereotaxic 
neuronavigation system (BrainSight 2.3.5, Rogue Research, 
Montreal, Quebec, Canada) running on an Intel-based 
Macintosh computer (Apple, Inc, Cupertino, CA). This 
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system permits targeting of individual cortical locations 
using individual structural and functional MRI.

●TMS administration. TMS parameters are as follows:

● Pulse frequency: 1 Hz, cTBS, or sham (randomized 
between subjects) 

● Pulse sequence: 
o 1 Hz: single train of 2000 pulses at 110% resting 

motor threshold (33 min duration) 
o cTBS: bursts of 3 pulses at 30 Hz repeated every 

200ms (5 Hz burst frequency), single uninterrupted 
40 sec train, 600 total pulses at 90% resting motor 
threshold (40 sec duration)  

o Sham: to enhance blinding, half of sham 
participants will be exposed to the 1 Hz sequence 
and half will be exposed to the cTBS sequence 

o Number of sessions: 10 day sessions, delivered 
daily on weekdays   

o Immediately after the stimulation ends, the 
participant will be transitioned to a private room for 
the CBIT session. The TMS Adverse Effects 
Questionnaire39 will be completed by the 
participant and TMS operator at the end of each 
study visit. 

● rTMS sessions will be video recorded to later be coded for 
tic occurrences. 

●Blinding procedures will be implemented to control for 
expectancy effects related to TMS stimulation. Persons who will 
be blind to TMS status are: participants; parents (if applicable); 
study staff administering clinical assessments, coding TST videos, 
delivering CBIT therapy, and collecting the MRI data; and all 
study investigators except Drs. Fiecas and Chen. Unblinded 
personnel will be Dr. Fiecas, the study statistician and person 
responsible for randomization scheme oversight; Dr. Chen, TMS 
operator supervisor; and the TMS operator. Staff who administer 
clinical rating scales and code TST videos will not be present for a 
given participant’s CBIT+TMS visits to also ensure blinding to 
overall therapy progress. Staff will be trained and supervised on 
assessment scales by Dr. Jacob, who will audit YGTSS 
administrations for inter-rater reliability. Staff will be trained in 
TST coding by Dr. Conelea, who will code a set of video clips to 
monitor inter-rater reliability. For each of these measures (YGTSS 
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and TST), the supervisor will audit 100% of the first ⅓ of the 
initial visits, 50% of the second ⅓ of participants, and 20% of the 
third ⅓ of the participants for inter-rater reliability. Forms 
assessing blinding adequacy will be given to participants, parents, 
and blinded staff who conduct CBIT sessions and assessments 
visits at post-treatment.

●Emergent Unblinding Procedure: Unblinding of TMS status will 
occur in situations where staff deem this necessary for participant 
safety, to address a technical issue related to the TMS device, or 
another unforeseen situation in which TMS status is critical for 
study conduct. Unblinding will be limited to those individuals 
deemed most critical for addressing the inciting situation. 
Independent Evaluators (i.e., staff responsible for conducting pre-, 
post-, and follow-up assessments with participants) will not be 
intentionally unblinded to ensure that clinical functioning can be 
tracked by a staff member who is otherwise unfamiliar with the 
course of treatment.

●Remote options and COVID-19 related protocol 
considerations: The nature of the MRI and the TMS procedures 
requires that they be completed in-person. We will adhere to all 
COVID-19 related safety protocols and procedures for the facilities 
in which this equipment is located (NNL, CMRR), as well as our 
medical school approved laboratory Sunrise Plan. The consent/
assent and assessment procedures will be completed remotely via 
Zoom and REDCap if necessary due to COVID-19 social 
distancing precautions or optionally if preferred by participants 
(once social distancing is relaxed). Participants will complete 
CBIT sessions in a private research visit room in the Center for 
Neurobehavioral Development (CNBD) or the NNL. If needed for 
COVID-19 social distancing, the participant will interact with the 
CBIT therapist over Zoom to enable physical separation from the 
therapist. We will follow all University and facility protocols and 
recommendations for reducing COVID-19 risk in accordance with 
our CAN Lab approved Sunrise plans. 

5.3. Study Duration: The total duration of the study for an individual 
participant will be up to 20 weeks (~4.5 months). The pre-and post treatment 
visits will take approximately 2.5-3.5 hours. Participants will have the option of 
splitting these into two separate visits within a week of each other, such that the 
MRI can be completed in a different visit than the rest of the assessment. The 1-
month and 3-month follow-up assessments will take approximately 1.5 hours. 
CBIT+TMS visits will be approximately 1.5 hours. Enrollment of participants is 
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anticipated to take 3 years. Completion of all study procedures and data analyses 
are anticipated to take an additional 2 years after the final participant completes 
the study procedures. 

5.4. Use of radiation: N/A 

5.5. Use of Center for Magnetic Resonance Research: All MRI data will be 
acquired at the CMRR. 

6. Data and Specimen Banking 
6.1. Storage and Access: 

●UMN: Questionnaire and video information will be stored on Box 
and will only be accessible to researchers. Research staff will 
access and analyze video records from AHC secured computers. 
MRI data will be stored and processed at CMRR. We will also 
store and process MRI and other data in the HIPPA compliant 
environment at MSI once that space is available.

●National Database for Clinical Trials (NDCT) related to Mental 
Illness: Per requirements of NIMH, the study funder, we will 
submit de-identified data to the NDCT.

6.2.  Data: 
●UMN: All psychometric and diagnostic data collected via 

questionnaire will be de-identified and stored in Box and the AHC 
server. Digital video data will not be altered and will be held in 
Box and secure AHC servers. MRI data will be stripped of file 
information containing PHI.

●NDCT: We will upload raw de-identified data twice yearly and all 
other de-identified data at the time of publication or the end of the 
grant. We will ensure proper information is gathered to generate a 
global unique identifier (GUID) for each participant. Data will be 
de-identified and include de-identified questionnaire information 
and quantitative output of video-based measures (i.e., tic frequency 
numbers from the TST, not the actual video). 

6.3. Release/Sharing: 
● Identifiable videographic data or MRI data: Releasing identifiable 

videographic and/or MRI data would be done through a rigorous 
approval system: Data resulting from videos and MRIs acquired 
during the proposed project may be shared. Qualified researchers 
can request access to shared data through the PI. Researchers can 
view summary-level data, or can request access to query and 
download subject-level data. Researchers who would like to access 
shared data must complete a Data Use Certification (DUC) form 
and submit it for review by the study team. There are three criteria 
researchers must meet to be eligible to request access: (1) the 
researcher must have a research-related need to access the data, (2) 
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the researcher must be associated with an NIH-recognized research 
institution, defined as an institution registered in the NIH 
electronic research administration system (eRA Commons), and (3) 
the researcher’s institution must have an active Federalwide 
Assurance (FWA) and institutional IRB approval. Potential 
researchers must contract to destroy videographic and MRI data 
within 90 days of analysis, and provide a signed and witnessed 
Certificate of destruction. Researchers would be asked to cite the 
data source (University of Minnesota Psychiatry and applicable 
funding sources) in any published data resulting from the study.

7. Sharing of Results with Participants 
7.1. Sharing Results: Participants will have the option to receive a written 

psychiatric diagnostic assessment report based only on clinically-validated 
questionnaires collected at the pre-assessment that can be used to inform 
care elsewhere. The report will be given directly to the parent or adult 
participant and will list any clinically significant diagnostic findings, such as 
positive diagnoses identified on the MINI. Minors will be informed of this. 
Participants will not be given individual feedback about other measures (i.e., 
TST, MRI) or clinical outcomes at post-treatment or follow-up; however, if 
participants/parents express interest in obtaining referrals for clinical care 
we will provide this assistance. Participants will be informed that overall 
study results will be posted on clinicaltrials.gov at the conclusion of the 
study. 

7.2. Sharing Genetic Results: N/A

7.2.3 Future analysis of genotypes: N/A 

8. Study Population 

8.1. Inclusion Criteria:  

●Age 12-21 years at time of enrollment. 

●Current chronic motor and/or vocal tics, defined as tics for at least 
1 year without a tic-free period of more than 3 consecutive months. 
Tics must not be due to a medical condition or the direct 
physiological effects of a substance.  

●At least moderate tic severity, defined as a Yale Global Tic 
Severity Scale total score ≥14 (≥9 for those with motor or vocal 
tics only). 
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●Full scale IQ greater than 70. 

●English fluency to ensure comprehension of study measures and 
instructions.  

●Right-handed 

To increase external validity of findings, we will include participants 
taking psychotropic medications that have been stable for 6 weeks 
and expect to remain stable for the approximately 3-week 
intervention protocol (with the exception of those taking neuroleptic/
antipsychotic medications). Those who previously received tic-
specific therapy will be included if they meet the tic severity 
criterion. Youth receiving other forms of psychotherapy will be 
included provided these treatments are not focused on tics. All 
concurrent treatments will be monitored during the study period. 

8.2. Exclusion Criteria:  
●Medical conditions contraindicated or associated with altered TMS 

risk profile, including history of intracranial pathology, epilepsy or 
seizure disorders, traumatic brain injury, brain tumor, stroke, 
implanted medical devices or metallic objects in the head, current 
pregnancy or girls of childbearing age not using effective 
contraception, or any other medical condition deemed serious or 
contraindicated by a study physician (Dr. Jacob or Dr. Lim).  

● Inability to undergo MRI. 
●Left handedness. 
●Active suicidality.  
●Previous diagnosis of psychosis or cognitive disability.  
●Substance abuse or dependence within the past year.  
●Concurrent psychotherapy focused on tics. 
●Neuroleptic/antipsychotic medications.  
●Taking a medication that has not reached stability criterion (same 

medication and dose for 6 weeks with no planned changes over the 
intervention period) 

8.3. Screening: A phonecall or secure video chat screening prior to study 
participation will be used to screen for inclusion/exclusion criteria. 
Exclusion criteria will be more thoroughly assessed during the pre-treatment 
assessment and by examining medical record documents. Medical history 
will be reviewed prior to rTMS administration using information gathered 
from participant/parent screening, which includes the Screening 
Questionnaire for rTMS Candidates questionnaire, and medical records 
obtained. If any potential exclusion criteria are identified where the 
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investigators judge more information is required for assessment, we will 
request relevant and available notes, lab studies, or talk to the participant’s 
physician directly. Participants identified to meet exclusion criteria 
following the pre-treatment assessment will be discontinued from 
participation and will not complete subsequent study procedures or visits 
(i.e., MRI, CBIT+TMS visits). 

9. Vulnerable Populations 

9.1. Vulnerable Populations:  

Population / Group Identify whether any of the 
following populations will be 
targeted, included (not necessarily 
targeted) or excluded from 
participation in the study. 

Children Targeted Population

Pregnant women/fetuses/neonates Excluded from Participation

Prisoners Excluded from Participation

Adults lacking capacity to consent 
and/or adults with diminished 
capacity to consent, including, but 
not limited to, those with acute 
medical conditions, psychiatric 
disorders, neurologic disorders, 
developmental disorders, and 
behavioral disorders

Excluded from Participation 

Non-English speakers Excluded from Participation

Those unable to read (illiterate) Excluded from Participation

Employees of the researcher Excluded from Participation

Students of the researcher Excluded from Participation

Undervalued or disenfranchised 
social group

Included/Allowed to participate

Active members of the military 
(service members), DoD personnel 
(including civilian employees)

Included/Allowed to participate
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9.2. Additional Safeguards:  

●Children: The proposed study necessitates the inclusion of children 
because it focuses on a childhood-onset neurodevelopmental 
disorder. Tics begin in childhood and are most often studied and 
treated in children. The age period included in this study captures 
the period in which tics are typically at greatest severity, and it 
represents the typical age range used in existing studies on tic 
suppression and in TMS research focused on pediatric tic 
disorders. During adulthood, tics diminish for some impacted 
individuals, thereby making it less relevant to study tic treatments 
using adult-only samples. Currently, the first-line treatment for tics 
is CBIT, which all participants will receive. The risks associated 
with TMS are comparable to those posed by available medications 
for tics (https://n.neurology.org/content/92/19/896). Consent/assent 
procedures (described in 21 below) will ensure the parent and child 

Individual or group that is 
approached for participation in 
research during a stressful situation 
such as emergency room setting, 
childbirth (labor), etc.

Excluded from Participation

Individual or group that is 
disadvantaged in the distribution of 
social goods and services such as 
income, housing, or healthcare.

Included/Allowed to participate

Individual or group with a serious 
health condition for which there are 
no satisfactory standard treatments.

Included/Allowed to participate

Individual or group with a fear of 
negative consequences for not 
participating in the research (e.g. 
institutionalization, deportation, 
disclosure of stigmatizing behavior).

Excluded from Participation

Any other circumstance/dynamic 
that could increase vulnerability to 
coercion or exploitation that might 
influence consent to research or 
decision to continue in research.

Excluded from Participation
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are fully informed of study procedures, risks, and benefits, and that 
the child is in agreement with participation and understands he/she 
is able to decline participation or withdraw without penalty. 
Procedures for minimizing risk are described below.  

●Adult capacity to consent: Adult participants may be individuals 
with psychiatric or neurological conditions. We will assess 
capacity to consent by administering the MacCat-CR (MacArthur 
Competence Assessment Tool for Clinical Research); only those 
who pass the quiz (score at least 70%) will be deemed eligible to 
consent.  

● Individual or group with a serious health condition for which there 
are no satisfactory standard treatments: It is possible that some 
participants will have tics that have not responded to currently 
available standard treatments. As this is a clinical trial aimed at 
testing a possible new option for individuals with tics, we will not 
exclude those who have serious tics and otherwise meet study 
eligibility criteria. Participants will be informed of the 
experimental nature of the TMS and the possibility that they may 
be randomly assigned to sham TMS. 

●Other vulnerable categories: Our recruitment efforts will not 
specifically target individuals who are disenfranchised or 
disadvantaged or those in the military, but we will not exclude 
these individuals from participation. 

10. Local Number of Participants 

10.1. Local Number of Participants to be Consented: We plan to enroll 60 youth 
(ages 12-21 years) with chronic tics. Chronic tics have a known male 
preponderance, so we anticipate recruiting three times as many male than 
female participants. 

11. Local Recruitment Methods 

11.1. Recruitment Process:  

● Flyers will be dispersed at the Department of Psychiatry and Behavioral 
Sciences, Center for NeuroBehavioral Development (CNBD), local 
mental health organizations, public physical and digital spaces (e.g. 
libraries, coffee shops, Minneapolis Reddit), community events, 
pediatric care facilities, for parents/adults to access and learn more about 
participation.  
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● Local physicians and allied professions likely to encounter youth with 
tics (e.g., psychologists, counselors, pediatricians, neurologists) will be 
sent an informational letter describing the study. 

● Departmental websites will host information regarding the study and 
inclusion and exclusion criteria for participation. Potential participants 
will have the option of sharing contact information with us via a link to 
the attached “REDCap Recruitment Contact Survey.” We will also post 
this information on the Research page of the Tourette Association of 
America. NAMI MN and other community groups we partner with will 
receive IRB approved language for online posting. 

● The CAN Lab will utilize a social media Facebook page, Twitter 
account, TikTok account, Nextdoor account, and website to create an 
informative space about this research opportunity.  

● The PI and study staff will conduct informational presentations about tic 
disorders for interested parties in the community (e.g., local mental 
health organizations, healthcare practice groups) in person or via 
webinars. For webinars, we will share information about the webinar 
and how to register publicly via CAN Lab social media and web pages. 
Registration will include the attached “Recruitment CAN Lab 
Permission to Contact” form. These presentations will be largely 
educational (e.g., what are tics, what the existing treatment guidelines 
are).  Brief information about study activities, inclusion/exclusion 
criteria, and study team contact information will be shared at the end of 
these presentations.   

● Potential participants may also find information about this study through 
the Focus In NeuroDevelopment (FIND) network.  

● This study will be listed at ResearchMatch.org. ResearchMatch is an 
electronic volunteer recruitment registry that allows people from 
anywhere in the country to self-register and express an interest in being 
prospectively considered for participation in research studies. This 
registry provides information about those volunteers to researchers who 
are looking for people to participate in studies, while protecting the 
privacy of the volunteers. 

● We plan on utilizing MyChart to reach out to potential participants 
within the Fairview system. Those who may be eligible to participate in 
the study will be sent a MyChart message that provides a brief 
description of the study and its procedures as well as the contact 
information for our team so the individual can reach out to us if 
interested. A copy of the MyChart message that we plan to send to 
potentially eligible participants are attached in ETHOS. 

● We will distribute IRB approved digital flyers and a link to the attached 
“REDCap Recruitment Contact Survey” via targeted/paid advertising on 
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digital platforms including Facebook, Instagram, Peach Jar (a 
communication website between schools and parents). 

● We will work with clinicians at M Health Fairview clinics who will 
invite us to speak with their patients potentially interested in the study 
who have not opted out of research participation. Clinicians will 
introduce the research and give a warm hand-off to a member of the 
study team either in-person or virtually. Virtual platforms will include 
AmWell, Doxy, and Zoom. 

11.2. Identification of Potential Participants: Potential participants who self-
identify in response to recruitment materials/activities and contact the 
research team will be screened for eligibility. Potential participants 
identified through the FIND Network and ResearchMatch will be contacted 
by a member of the study team. 

11.3. Recruitment Materials: Recruitment materials include flyers, online posting, 
contact information surveys, and letters sent to health care providers who 
are likely to work with youth who have tics. Copies of these materials are 
attached in ETHOS. Finally, social media accounts under the “CAN Lab” 
will be maintained for this study. A coordinating website “CAN Lab” will 
also be used to delineate participation information. The website and 
Facebook page will also provide study team contact information and a link 
to the “REDCap Recruitment Contact Survey.” The website and Facebook 
page will be compliant with HIPAA. No identifying information will be 
collected from these sources. Potential participants will be asked to directly 
contact the study team via phone or email or to complete the “REDCap 
Recruitment Contact Survey” for additional information and to learn more 
about study criteria. Registration for informational webinars will include the  
“Recruitment CAN Lab Permission to Contact” questions. The CAN Lab 
will use the University of Minnesota email: canlab@umn.edu for all email 
correspondence. 

11.4. Payment:  

● Participants will receive up to $350 for completing study tasks. 
Participants will receive $30 for pre-treatment assessments, $50 per MRI 
scan (for a total of 2 scans), $10 per day for 10 days for treatment (per 
session), $30 for post-treatment assessment, $40 for 1 month follow-up, 
and $50 for 3 month follow-up. 

● Compensation will be provided at the end of each visit or in a bulk sum 
at the participant’s request in the form of a GreenPhire ClinCard credit 
card. 
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12. Withdrawal of Participants 

12.1. Withdrawal Circumstances: Anticipated circumstances under which 
participants will be withdrawn from the research without their consent 
include: 1) the participant does not/no longer meets inclusion/exclusion 
criteria; 2) study investigators decide that the participant has an emotional, 
physical, or behavioral reaction that poses a safety concern or interferes with 
data collection (e.g., poor compliance with instructions, too much anxiety to 
comfortably proceed with a task); 3) significantly deteriorating clinical 
course (e.g., emergence of acute suicidality); 4) significant adverse reaction 
to TMS, assessed using a TMS Symptom Rating Questionnaire daily; or 5) 
serious physical illness. Participants will be free to decide to withdraw at 
any time for any reason.  

12.2. Withdrawal Procedures: Study withdrawals will be documented. When safe 
and feasible, participants who are withdrawn or who decide to terminate 
participation prematurely (“drop out”) will be encouraged to return for a last 
assessment. This last assessment will consist of measures in the follow-up 
assessments (i.e., clinical measures only and not the MRI). We will make an 
attempt to provide participants with appropriate care referrals in the event of 
any withdrawals or drop-outs. 

12.3. Termination Procedures: Individual participants will be considered to have 
completed study procedures after the 3-month follow-up assessment (or 
earlier as a result of drop-out or investigator-initiated withdrawal). The 
entire study will be complete after analysis of all identifiable data is 
complete. After termination of the project, only de-identified data will be 
used for analysis. 

13. Risks to Participants 

13.1. Foreseeable Risks:  

●General Potential Risk: The participant and their parent(s), in the 
case of a child participant, may feel coerced to participate. Every 
effort will be made to emphasize that participation in the study is 
voluntary. To address the potential risk of feeling coerced, standard 
procedures for obtaining informed consent will be followed. 
Specifically, all participants will be reminded that their 
participation is voluntary and that refusing to participate or 
withdrawing from the project at any time will not result in any 
negative consequences for the participant or his/her family. In 
addition, adult participants and child participants and their parents 
will be fully informed of study procedures and potential risks and 
benefits at the start of the study. It is possible that some children 
may feel coerced into participation. In an effort to guard against 
this potential for coercion, children will be reminded that there will 
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be no negative consequences for declining to participate or to 
allow use of data (i.e., no one will be angry with the child). If any 
participants are also receiving clinical care at UMN, any 
discussions about participation will be conducted with a study staff 
member who is not part of their clinical team. This includes initial 
assessment of interest in the study, consent process, managing 
concerns, or discussing a potential study drop. We will also 
provide families with contact information for the UMN Human 
Research Protection Program (HRPP) and Dr. Conelea and 
welcome them to contact either or both to discuss any concerns 
they may have.We will also engage the participant by creating a 
pleasant, positive atmosphere, including breaks as necessary to 
minimize boredom, frustration, and fatigue.  

●CBIT: CBIT has been tested in two large scale randomized trials, 
and there are no known risks associated with CBIT.10,68 

●Clinical assessment: Assessment instruments and clinician-
administered interviews are consistent with those typically used in 
research and clinical practices with this population. The youth and/
or their parent(s) may experience emotional distress in being asked 
to provide information of a more sensitive nature. To address 
potential emotional distress experienced by participants from 
completing the assessments, questions will be presented in a 
supportive manner and participants will be assured that they may 
refuse to answer/participate in part or all of the questions/
procedures. Participants will also be provided with multiple 
opportunities to take breaks. In addition, a clinical team consisting 
of licensed providers, Drs. Conelea, Jacob, and Lim, will be 
readily available. If participant suicidality or homicidality is 
reported during the course of the study, Dr. Conelea (or Drs. Jacob 
or Lim as back-up coverage) will follow standard clinical 
procedures to assess the severity and the suicidality and/or 
homicidality. As needed, participants/parents will be provided with 
appropriate referrals.  

●MRI: There is some inherent risk with MRI, especially in regard 
to metal implants. There is risk of discomfort associated with loud 
noises and the small space available in the scanner. Participants 
will undergo a thorough screen to determine individual eligibility 
for the MRI. Prior to receiving an MRI, participants will undergo a 
screening process to determine MRI eligibility. Additionally, all 
participants will be asked to change into scrubs per CMRR policy 
in order to ensure they have no metal on their person at the time of 
the scan. All participants and their parents, in the case of children, 

Page  of  Template  Revised On: 09/01/201929 56

https://paperpile.com/c/EgJ0cU/CzqzW+8jfgw


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

will be fully informed of the potential risk. Ear protection will be 
provided to the participants for protection from the loud knocking 
sounds produced by the MRI machine. Only trained and qualified 
MRI technicians will be performing the MRI tests. In addition, 
although unlikely, if the investigators notice an incidental finding 
on an MRI the parent or adult participant will be notified and given 
a recommendation to consult with their primary care physician. 
Scans will not be reviewed for any abnormalities. Subjects with 
self-reported anxiety associated with MRI procedures will not be 
included in the study. 

●TMS, general: Noninvasive brain stimulation techniques (NIBS) 
have been used with thousands of children and adults. Three major 
review papers have specifically addressed the safety of TMS, 
rTMS, and transcranial direct current stimulation (tDCS) in 
pediatric populations.76,139,140 Collectively, these papers indicate that 
NIBS has been used in healthy children and the following pediatric 
clinical conditions: tic disorders/Tourette Syndrome, stroke, 
attention deficit hyperactivity disorder (ADHD), major depressive 
disorder, autism spectrum disorders (ASD), multiple sclerosis, 
epilepsy and seizure disorders, malnourishment, Rett Syndrome, 
Cockayne’s Syndrome, spasticity, schizophrenia/auditory 
hallucinations, language disorders, and dystonia. TMS is used as 
both a testing tool and a treatment. As a testing tool, the majority 
of children tolerate TMS well: in one study, 85% of the sample (n 
= 34 children) said they would do TMS again, and they ranked 
TMS as being more enjoyable than going on a long car ride, going 
to the dentist, or getting a shot at the doctor’s.141 No person 
experienced any change in their neurological examination, hearing, 
or any other tests that were performed, and all symptoms 
disappeared by the next day. Risks associated with rTMS are rare 
but should be recognized and prevented with appropriate 
precautions. Serious adverse risks include the induction of a 
seizure. Mild adverse effects include fainting, headache, dental 
pain, nausea, and other changes in memory, mood, and hearing. 
The overall occurrence of a mild adverse event is 5% in sham and 
real rTMS sessions combined.142 rTMS delivery may also interfere 
with implanted devices. rTMS is not appropriate for persons with 
medical devices such as deep brain stimulators, pacemakers and 
medication pumps. 

Participants will undergo thorough screening to determine 
individual eligibility for TMS. Very extensive exclusion criteria are 
applied for participation in this study to ensure that enrolled 
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participants are not at any excess risk for medical adverse events. 
The only absolute contraindication to TMS is the presence of 
metal hardware in close contact with the discharging coil. Certain 
medications may increase the risk of seizure with TMS. Potential 
participants will be assessed for use of such medications. 
Individuals will be excluded from participation in the event they 
are currently taking any agents in this group. In addition, medical 
records reviewed by a study physician (Drs. Jacob or Lim) and 
completion of the Screening Questionnaire for TMS Candidates, 
developed by the Safety of TMS Consensus Group69 will be 
administered and reviewed for TMS eligibility. An appropriately 
trained staff member will administer TMS and be present 
throughout TMS sessions to observe the participants. A standard 
questionnaire assessing side effects specific to TMS (TMS Adverse 
Effects Questionnaire39) will be completed at every TMS visit to 
identify and address any treatment-emergent adverse effects. The 
staff member delivering TMS will have updated first responder 
training, CPR training, and training in seizure management. The 
TMS administrator will immediately call 911 if serious adverse 
events occur. 

● TMS, seizure risk and management: rTMS is FDA-approved 
as a noninvasive therapy for medication-refractory depression 
and obsessive compulsive disorder, where it is typically 
delivered at high frequency (10Hz). Its most significant potential 
risk is inadvertent seizure induction. Seizures have been 
associated with rTMS treatment in clinical research, particularly 
in the early trials (late 1980s - 1990s). Eight people (less than 
0.8% of the total) had seizures associated with rTMS treatment 
in clinical trials conducted before safety guidelines were 
established. These guidelines, which specified safe ranges for 
rTMS parameters, have more recently been affirmed and further 
detailed in light of much more clinical and research experience 
with the method.141 Seizures in animals and in adult humans have 
occurred only when the TMS magnet was used for impulses at 
sustained high-frequency (10Hz or greater), when the person had 
a pre-existing brain condition, or when the person was 
concurrently using a substance or medication. Based on the 
frequency of rTMS-related seizures reported in the literature, 
Rossi et al.38 determined that rTMS is associated with a less than 
1% risk of seizure induction for the general population and a 
1.4% risk in patients with epilepsy. There are three documented 
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cases of TMS-induced seizure in youth, all using high-frequency 
rTMS. In a 2011 case report,70 a 15 year old female with 
depression underwent high-frequency rTMS of 10Hz. The 
patient was taking a medication known to lower seizure 
threshold, sertraline 100mg. Follow-up of this patient over 4 
months indicated no subsequent seizures or other complications. 
In a 2013 case report,71 a 16 year old female with major 
depressive disorder underwent 10Hz rTMS. The patient was 
taking sertraline 150mg, olanzapine 75mg, and hydroxyzine 
25mg. The seizure occurred on the 12th day of rTMS. The patient 
recovered completely without sequelae. Additionally, the 
examination revealed a high level of blood alcohol concentration 
(0.20%) at the time of the seizure, leading to a clinical diagnosis 
of TMS-related seizure complicated by alcohol use. A case study 
from a laboratory at UMN reported a seizure in an adolescent on 
the 8th day of rTMS treatment for depression using 18Hz 
stimulation with an H-1 coil.72 No further seizures were reported 
through 6-month follow-up. Note that high-frequency, low-
frequency, and theta burst rTMS have been used in youth and 
adults with tics, ASD, and OCD and no seizures have been 
reported in these populations. Theta burst stimulation has 
demonstrated similar risk/safety profiles as other rTMS protocols 
in pediatric populations.63,73,74 

Management of potential seizures. As noted above, while seizure 
is very unlikely with the rTMS parameters and participant 
selection methods to be used, routine management of seizure will 
be carried out if needed. rTMS will be administered in a research 
area by trained personnel. TMS will be terminated immediately. 
The participant will be assisted in controlled reclining that 
prevents impact. Airway, breathing and circulation will be 
assessed. Unless tonic-clonic seizure activity occurs, the 
participant will be turned on one side to help clear the airway and 
avoid aspiration. Participants who convulse will be turned to one 
side as soon as movement ceases, and maintained in that position 
until recovery of awareness. Delayed recovery of normal 
consciousness beyond 30 seconds following a seizure will 
mandate a further medical and neurological evaluation. Note that 
initial measures for suspected seizures and syncope (see below) 
are identical. 
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● TMS, uncomfortable sensations and pain: The most commonly 
reported side effects of TMS are headache (lasting up to a few 
hours) and pain or discomfort at the treatment site on the scalp. A 
large-scale study on the safety of rTMS in depression found that 
headaches or scalp discomfort were typically mild or moderate. 
Headaches and neck pain are believed to be due to muscle tension. 
rTMS will be terminated if it produces discomfort which is not 
tolerated by participants. If a bothersome headache persists for 
several hours (which we think is unlikely), participants may choose 
to use an OTC pain reliever such as acetaminophen or ibuprofen 
for pain. 

● TMS, hearing: While temporary hearing loss is a theoretical risk 
of TMS, available data indicate TMS has no demonstrable effect 
on hearing. All participants will wear ear protection (34 NRR 
earplugs) during TMS. In order to inform and protect participants, 
we will take the following precautions: 1) Inform participants of 
the risk of permanent hearing loss, if an earplug should loosen, 
become detached, or fall out; 2) Inform participants that they 
should immediately report to the research staff any loosening or 
detachment of an earplug during TMS; 3) Immediately stop TMS 
to replace earplugs if the participants reports or if a staff member 
observes that an earplug has loosened or has fallen out; 4) Ask the 
participant if they are experiencing any hearing problems 
following every session of TMS or if the parent has noticed any 
hearing problems since the last TMS session; 5) Prompt referral for 
auditory assessment of all individuals who complain of hearing 
loss, tinnitus, or aural fullness following completion of TMS. 

● TMS, syncope: Vasodepressor syncope (fainting) is a common 
reaction to anxiety and psycho-physical discomfort. It is thought to 
occur more often than epileptic seizures during TMS, as with many 
other medical procedures. Participants will be monitored for 
feeling any signs or symptoms of a pending syncopal event (i.e., 
feeling dizzy or lightheaded). TMS will immediately be stopped, 
and the subject will be assisted. See Management of potential 
seizures, above). 

● Potential delay of non-experimental treatment. All participants 
will receive CBIT, a well-established treatment that is considered 
by the American Academy of Neurology to be the first-line 
intervention for tics.6 Because we exclude those with planned 
medication changes, participation in this study could cause a delay 
in effective pharmacological treatment with demonstrated efficacy. 
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● Confidentiality. Personal information collected during study 
procedures could result in social and/or psychological risk if 
released inappropriately. However, this is an extremely unlikely 
event considering all of the protective measures and precautions 
taken to keep data secure (see below). Researchers will be 
carefully trained about the importance of confidentiality and 
required to undergo HIPAA training.  

● Side Effects/Adverse Events. Adverse effects will be monitored 
very closely throughout the study, through structured 
assessments and clinical interactions. At all visits involving 
TMS, the TMS operator will conduct a general inquiry regarding 
any health complaints, recent illness or injury, and need for 
medical consultation since the previous visit. Reported 
complaints will be coded on a standardized Adverse Events 
tracking form. Although unlikely, based on the nature of this 
study, the rater and  study physician (Drs. Jacob and Lim) will 
rate whether the adverse event is related to the study or not. Dr. 
Conelea will then take relevant actions, which may include 
monitoring, adjunctive intervention within study protocol, or 
removal from the study. 

13.2. Reproduction Risks:  Currently, the effects of rTMS on hormonal cycles and 
the unborn fetus are unknown, therefore negative pregnancy test results and 
effective contraception will be required of childbearing age female 
participants.  

13.3. Risks to Others: N/A 

14. Potential Benefits to Participants 

14.1. Potential Benefits: Several potential benefits exist. All participants will 
receive a psychiatric diagnostic evaluation without charge that can 
potentially be used by future or current health providers. All participants 
will receive CBIT, the first-line intervention recommended for tics by the 
American Academy of Neurology. Although not everyone who undergoes 
CBIT responds to the intervention, prior research shows that 50-60% of 
individuals experience an improvement in tic symptoms. Therefore it is 
likely that many participants will experience an improvement in tics from 
the CBIT alone (regardless of whether the experimental TMS augmentation 
has added benefits). Participants and their families may also appreciate the 
opportunity to talk about their thoughts and feelings with trained personnel. 
If our participants do not experience improvement in tic symptoms at the 
end of the study, we will ensure that they will be provided useful treatment 
and referral information. Participants and their families may also find benefit 
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in participating in research that may help others in the future. The 
information obtained through this study will also be of general benefit 
through adding to the body of knowledge concerning the treatment of 
chronic tics. 

15. Statistical Considerations 

15.1. Data Analysis Plan:  

●Treatment of missing data.  
o Strategies to minimize attrition: Every effort will be 

made to reduce barriers participants and their families 
encounter in attending study visits. All study visits will be 
scheduled in advance, and staff will work with adult 
participants and parents to identify potential barriers to 
attending study visits in an effort to produce solutions.We 
will also implement an Adjunctive Services and Attrition 
Prevention (ASAP) plan to minimize participant attrition 
and effectively manage clinical crises, which may occur in 
RCTs involving a clinical sample. Thus, by using ASAP 
guidelines, more participants should be able to continue in 
their assigned intervention, which will enhance subsequent 
intent-to-treat (ITT) analyses. Each participant will be 
allowed 1 ASAP session during CBIT+rTMS phase and, in 
the R33 phase only, 1 ASAP session during the follow-up 
phase. Participants who exceed the maximum number of 
sessions within any treatment phase will be prematurely 
terminated as defined below.  

o Premature Termination. At any time, participants may 
deteriorate or develop clinical exigencies that lead study 
staff to recommend additional out-of-protocol treatments 
above and beyond that provided by ASAP guidelines (e.g., 
change in medications during the study). Such participants 
will be considered “premature terminators” (PMT) and 
classified as a protocol violation. In order to enhance the 
ITT analyses, "prematurely terminated" participants will 
continue to be treated within their assigned treatment arms 
insofar as possible, and assessments will continue 
according to protocol.  

o Analysis population will be an intent-to-treat population 
including all enrolled participants who completed at least 1 
CBIT session.   

o Treatment of Missing Data: All participants will remain 
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in the study unless consent is withdrawn or there are 
concerns about patient safety. While there is little that can 
be done to address missing data when participants drop out 
during the training process itself, we can compare baseline 
characteristics of those who drop out at this time versus 
those who do not and adjust models based on significant 
predictors of dropout. For those who drop out during the 
follow-up period or miss some assessments during follow-
up, we will use multiple imputation by chained equations 
(MICE) to allow for missing data without loss of those 
cases from the model under the assumption of Missing at 
Random (MAR). Sensitivity Analysis: If dropout status 
appears to be Missing Not At Random (MNAR), i.e., 
dropout is associated with an unobserved outcome, we will 
run sensitivity analyses using MICE to compare imputed 
and non-imputed models results to assess robustness of 
statistical inference. 

●Aim 1. Target engagement: Brain. 1) Primary measure of neural 
target engagement will be decreased activation in SMA. 
Hypothesis 1: Either or both active TMS groups will demonstrate 
within-subject decrease (effect size η2=0.18 in an ANOVA) in 
SMA activation post-treatment, as measured with an fMRI finger 
tapping task. While this is a large effect size in practice, we point 
out that Wu et al (2014) observed a much larger effect size of 
η2=0.41 in the decrease in SMA activity comparing active vs sham 
cTBS. 2) Secondary measure of neural target engagement will be 
change in fMRI resting state functional connectivity of at least one 
SMA-mediated circuit (SMA-DLS, SMA-M1). Hypothesis 2: 
Either or both active TMS groups will demonstrate within-subject 
change (effect size η2=0.18 in an ANOVA) in resting state fMRI 
connectivity (RSFC) of at least one SMA-mediated circuit (SMA-
DLS, SMA-M1) post-treatment. A region of interest (ROI) analysis 
will be performed to determine the time*treatment group 
differences in SMA activation elicited by an fMRI motor task 
(finger tapping). The SMA ROI will be identified by placing a seed 
(sphere with 5mm radius) that matches the coordinate used for 
individual TMS coil placement. Activation parameters in the SMA 
will be identified in a first-level analysis, using a general linear 
model (GLM) to model each subject’s SMA time course during the 
motor task. These activation parameters will be used in a 
subsequent linear mixed effects (LME) model. The predictors of 
the LME will include the baseline activation, group indicators for 
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the stimulation groups, and baseline x group interactions. Random 
effects will be used to model within-subject variation from the 
first-level analyses. Altogether, the LME will allow us to model 
how the within-subject change in activation from pre-treatment to 
post-treatment differs across active and sham conditions. In 
addition, we will also investigate the effects of each TMS regimen 
on the connectivity in the entire CSTC. To this end, we will extract 
the ROI-level time courses from each region in the CSTC, and we 
will use partial correlations to obtain an estimate of connectivity 
between each ROI pair within the CSTC while accounting for the 
data observed in the other ROIs. Given the collection of partial 
correlations for each study participant, we will use the SPU test, 
which uses the collection of partial correlations simultaneously, to 
assess for group differences across the sham and TMS regimens.75 

●Aim 2. Target engagement: Behavior. Hypothesis: Either or both 
active TMS groups will show within-subject improvement (small 
effect size of at least Cohen’s d = 0.3) in tic suppression ability as 
measured by the Tic Suppression Task (TST). TST “tic suppression 
ability” scores will serve as the primary outcome in an ANOVA 
model. An ANOVA will be used to establish if there exist 
differences in how the 1Hz, cTBS, and sham conditions affect 
change in tic suppression ability from pre- to post-treatment. 
Group indicators for these conditions will be the primary 
predictors for the model.  

●Aim 3. Assess dose-response relationship. Changes in brain (Aim 
1) and behavior (Aim 2) targets will be compared between active 
TMS groups (1Hz rTMS vs. cTBS) using ANOVA. In the case that 
both active TMS regimens are found superior to sham, we will 
compare the regimens on safety and feasibility. We will use 2-
sample t-tests to compare the two regimens using data from our 
safety and feasibility measures and prioritize the regimen with 
significantly better (p<.05) outcomes.  

15.2. Power Analysis: In Aim 1, hypothesis 1 our proposed sample size after 
accounting for expected attrition will give us 80% power to detect an effect 
size of at least η2=0.18 for differences in SMA activation between active 
TMS and sham. For Aim 2, our proposed sample size will give us 80% 
power to detect an effect size of at least d = 0.90 for a within-subject 
improvement in tic suppression ability. Our preliminary data showed effect 
sizes of this magnitude.  
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15.3. Data Integrity: 

● Dr. Conelea and Dr. Fiecas, the study biostatistician, will directly train 
the study staff in issues of maintaining data integrity. Dr. Fiecas will 
oversee data quality control measures and design a customized 
randomization procedure and data management system for this project. 
This study will utilize the secure, web-based Research Electronic Data 
Capture (REDCap) system for data input. Data checking procedures will 
be implemented to ensure data integrity. Data file archival and back-up 
will be performed on a regular basis 

16. Health Information and Privacy Compliance 
16.1. Select which of the following is applicable to your research: 

☐ My research does not require access to individual health information.   

☒ I am requesting that all research participants sign a HIPCO approved 
HIPAA Disclosure Authorization to participate in the research (either 
the standalone form or the combined consent and HIPAA 
Authorization). 

☐ I am requesting the IRB to approve a Waiver or an alteration of research 
participant authorization to participate in the research. 

Appropriate Use for Research:  
  

16.2. Identify the source of Private Health Information you will be using for 
your research (Check all that apply)   

☐ I will use the Informatics Consulting Services (ICS) available through 
CTSI (also referred to as the University's Information Exchange (IE) 
or data shelter) to pull records for me 

☒ I will collect information directly from research participants. 

☐ I will use University services to access and retrieve records from the 
Bone Marrow Transplant (BMPT) database, also known as the HSCT 
(Hematopoietic Stem Cell Transplant) database. 

☐ I will pull records directly from EPIC. 

☐ I will retrieve record directly from axiUm / MiPACS 

☐ I will receive data from the Center for Medicare/Medicaid Services  

☐ I will receive a limited data set from another institution  

☒ Other.  Describe: Medical record documents deemed necessary to 
determine inclusion criteria are met will be collected. Adult 
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participants or parents will provide these documents themselves or 
complete a release of information for us to request the documents 
directly from their provider. 

16.3. Explain how you will ensure that only records of patients who have agreed 
to have their information used for research will be reviewed: Participants 
will self-identify for the study. We will not look at any medical records to 
identify potential participants. 

16.4. Approximate number of records required for review: N/A 

16.5. Please describe how you will communicate with research participants 
during the course of this research.  Check all applicable boxes 

☐ This research involves record review only. There will be no 
communication with research participants. 

☐ Communication with research participants will take place in the course 
of treatment, through MyChart, or other similar forms of 
communication used with patients receiving treatment.  

☒ Communication with research participants will take place outside of 
treatment settings. If this box is selected, please describe the type of 
communication and how it will be received by participants.  

Participants will self-identify and provide us with contact 
information and preferred method of communication (phone, 
text, email) during the initial phone screen. All outgoing emails 
will be encrypted using the University’s encryption tool. Zoom 
video chat may be used for screening, assessment, and/or CBIT 
visits. We will use staff UMN Zoom accounts to host these calls. 
Video chats will be recorded on the AHC/HST devices listed 
below and uploaded immediately to Box. 

16.6. Explain how the research team has legitimate access to patients/potential 
participants: 

16.7. Location(s) of storage, sharing and analysis of research data, including any 
links to research data (check all that apply).   

☐ In the data shelter of the Information Exchange (IE)  

 ☐ Store ☐ Analyze ☐ Share 

☐ In the Bone Marrow Transplant (BMT) database, also known as the 
HSCT (Hematopoietic Stem Cell Transplant) Database  

 ☐ Store ☐ Analyze ☐ Share 

☒ In REDCap (recap.ahc.umn.edu)  
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 ☒ Store ☐ Analyze ☒ Share 

☐ In Qualtrics (qualtrics.umn.edu) 

 ☐ Store ☐ Analyze ☐ Share 

☒ In OnCore (oncore.umn.edu)  

 ☒ Store ☐ Analyze ☒ Share 

☒ In the University’s Box Secure Storage (box.umn.edu) 

 ☒ Store ☒ Analyze ☒ Share 

☐ In an AHC-IS supported server. Provide folder path, location of server 
and IT Support Contact: 

 ☐ Store ☐ Analyze ☐ Share 

☒ In an AHC-IS supported desktop or laptop.  

Provide UMN device numbers of all devices: 20170192, 20171538, 
20171356, 20150922, 20160281 

 ☐ Store ☒ Analyze ☐ Share 

☐ Other: 

Indicate if  data will be collected, downloaded, accessed, shared or stored 
using a server, desktop, laptop, external drive or mobile device (including a 
tablet computer such as an iPad or a smartform (iPhone or Android devices) 
that you have not already identified in the preceding questions 

☒I will use a server not previously listed to collect/download research data: 
MRI data will be stored and processed at CMRR on the following IP 
addresses: naxos2: 160.94.164.170, lnpi14: 128.101.115.231, lnpi15: 
128.101.115.161. We will also store and process MRI and other data in the 
HIPPA compliant environment at MSI once that space is available. 

☐I will use a desktop or laptop not previously listed 

☐I will use an external hard drive or USB drive (“flash” or “thumb” drives) 
not previously listed  

☒I will use a mobile device such as an tablet or smartphone not previously 
listed: REDCap forms may be completed on a participant’s personal device 
or device #20171356. REDCap surveys are completed via the internet, so no 
data will be stored on devices. Digital video cameras will be used to record 
study assessment, CBIT sessions, and the TST (20180803, 20120967, 
20150922, 20171356, 20200509). Videos will be immediately uploaded to 
Box using an AHC-supported computer and deleted from the cameras. 
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Cameras will be stored in a locked cabinet in a locked room accessible only 
by study staff. If Zoom is used for these study tasks, we will instead record 
within Zoom and save videos directly to Box. 

16.8. Consultants. Vendors. Third Parties: We will store and analyze data on Box. 
MINI-7 administration will use the Nview digital platform and the Dept. of 
Psychiatry account, which is HIPPA-safe and HIPCO-approved data entry 
program. We will utilize analysis software (such as SPSS, DataVyu) running 
on the AHC-IS supported devices listed above. 

16.9. Links to identifiable data: Participant IDs will be used to label questionnaire, 
MRI, and video data. Consent and assent forms and any medical records 
obtained as part of eligibility determination will be stored in separate files 
from any data collected during the course of the study. We will have one file 
linking participant names and IDs that will be destroyed at the end of the 
study. The nature of the video analysis precludes de-identification of the 
videos. 

16.10.Sharing of Data with Research Team Members: Data will be shared among 
research team members via AHC-IS server, REDCap, or Box. 

16.11. Storage and Disposal of Paper Documents: Paper documents containing PHI 
collected in the course of this study will be retained by the study coordinator 
and kept in a locked cabinet in a locked research laboratory room in Diehl 
Hall suite 628. Paper documents will be digitized and stored on Box 
whenever possible. We will follow NIH and FDA guidelines for retention of 
records after the study concludes. 

17. Confidentiality 

17.1. Data Security: All data collected during the course of this research will be 
kept confidential and be used solely for research purposes described in our 
proposal. Data will be stored in accordance with HIPAA guidelines and 
accessed only by researchers and staff affiliated with this study. Data will 
only be accessible to research staff directly involved with the study who 
have completed HIPAA, CITI, CTSI, and Department required training. 
Access to the data will be completed through AHC secured devices and/or 
cloud-based HIPAA compliant programs (Box, REDCap). All video coding 
procedures will be conducted within data servers identified above. All data 
will be marked using confidential identification codes to minimize the risk 
of the breach in confidentiality. A key linking participants’ identities and 
numerical subject codes will be stored in on Box. Questionnaire data will be 

Page  of  Template  Revised On: 09/01/201941 56



MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

entered into REDCap and/or databases located on Box or the AHC 
supported server and be inaccessible to persons other than those on the study 
team. Consent forms will be stored in REDCap and backed up in a separate 
file location on Box from other study data. If any consent forms or study 
assessment measures are completed on paper (in the event of technical 
difficulties), forms will be scanned and stored in locked storage and 
digitized to Box. Only persons named on the IRB and involved in study 
coordination will have authorized access to consent forms and participant 
contact information. Videos of diagnostic interviews will only be reviewed 
by research staff for reliability purposes and erased at the conclusion of the 
study. During the CBIT+TMS visits, participants will be videotaped for the 
purposes of detecting tics during the TST and TMS and CBIT 
administration quality monitoring. These data will only be stored for 
research purposes. To the extent permitted by law, no participant 
information will be given to anyone without a signed release by the adult 
participant or child’s parents. No identifying information will be used in 
written or oral presentations of results. No data or other information 
collected as part of this study will be placed in participants’ medical, 
employment, or educational records. 

18. Provisions to Monitor the Data to Ensure the Safety of Participants 

18.1. Data Integrity Monitoring:  

● The PI will be responsible for data accuracy and quality assurance (e.g., 
data collection, entry, transmission, and analysis), trial management 
(e.g., enrollment, integrity of study procedures), and any interim 
analyses.

● The PI will permit direct access to the study monitors and appropriate 
regulatory authorities to the study data and to the corresponding source 
data and documents to verify the accuracy of these data.

● The NIMH CTOB Clinical Research Education, Support, and Training 
Program (CREST) will provide ongoing monitoring of regulatory issues 
(e.g., SAE reporting, IRB actions, disclosures of conflict of interest). 
Frequency of monitoring visits will occur after IRB approval, as soon as 
possible after the first subject is enrolled, during the study data 
collection phase, and after the last participant has completed his/her 
participation in the study. This monitoring schedule may be revised 
based on considerations such as accrual rate, protocol deviations, 
magnitude of data corrections required, study stage (e.g. start-up or 
follow-up), or DSMB recommendation. Monitoring visits will be 
performed annually, at a minimum. The sponsor-investigator will permit 
direct access to the study monitors and appropriate regulatory authorities 
to the study data and to the corresponding source data and documents to 
verify the accuracy of these data.
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18.2. Data Safety Monitoring:   

●Data and Safety Monitoring Board: A Data and Safety 
Monitoring Board (DSMB) will be included in this project. The 
draft DSMB charter is attached and will be reviewed and signed by 
DSMB members at the first meeting. The members of the DSMB 
include one board-certified psychiatrist with pediatric TMS 
expertise, one psychologist with CBIT expertise, and one 
biostatistician. Members will not be otherwise involved in this 
project and will not be collaborators on any other of the 
investigators’ projects nor in their employ. Safety information will 
be collected with case report forms completed during study visits. 
They will meet prior to enrollment of the participant, after the first 
10 participants are enrolled, and annually thereafter to 1) monitor 
the safety, quality and conduct of this study and 2) decide whether 
adequate participant safeguards are in place. The DSMB will 
review: 1) study progress, including assessments of data quality 
and participant recruitment, accrual and retention; 2) outcome and 
adverse event data to determine whether there is any change to the 
anticipated benefit-to-risk ratio of study participation and whether 
the study should continue, be changed, or terminated; 3) external 
factors or relevant information (e.g., pertinent scientific literature 
reports or therapeutic developments, results of related studies) that 
may have an impact on the safety of study participants or the ethics 
of the research study; and 4) study procedures designed to protect 
the privacy of the research participants and the confidentiality of 
their research data. The study statistician will be responsible for 
generating a de-identified annual report of key events that will be 
reviewed as part of the safety monitoring of the protocol. The list 
of key events will specifically indicate: 1) seizures, 2) side effects 
to the study treatment, 2) hospitalization, and 3) premature drop-
out from treatment. Any serious adverse events will be updated on 
an expedited basis. Members of the DSMB may request a 
conference call of the group at any time. 

● Reporting: All investigators will report unexpected serious adverse 
events (SAEs) or unanticipated problems involving risks to subjects to 
the UMN IRB and to the assigned NIMH Project Officer (PO). Reports 
will be made to the DSMB (detailed above). If DSMB notes serious and 
unexpected adverse events, or unanticipated problems involving risks to 
subjects or others which are related to the study, the PI and UMN IRB 
will be notified. This will be done via a letter from the DSMB Chair/
Administrator to Dr. Conelea for distribution to the institutional official, 
sponsor, and UMN IRB. Dr. Conelea will also submit a yearly progress 
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report to the UMN IRB summarizing the data and safety monitoring 
activities and outlining 1) whether participants’ safety, privacy and 
confidentiality has been consistently assured, 2) whether research 
instruments have been administered in a uniform manner and in a way 
that protects participants’ privacy, 3) progress towards recruitment goals, 
quality of data collection (e.g., appropriate completion of forms), and 
participant retention/attrition rates, and 4) a review of new scientific 
literature pertinent to the safety of participants or the ethics of research 
participation. Dr. Conelea will report to the UMN IRB and the assigned 
NIMH PO within the following time frame: 1) IRB/ISM/DSMB 
suspensions or terminations (within 3 business days), 2) deaths related to 
study participation (within 5 business days), 3) unexpected SAEs (within 
5 business days), 4) unanticipated problems involving risks to subjects 
or others (within 5 business days), 5) serious or continuing 
noncompliance (within 5 business days), 6) AEs deemed expected or 
unrelated to the study (with annual progress report), and 7) protocol 
deviations that do not affect the scientific soundness of the research 
plans or the rights, safety or welfare of the human subjects (with annual 
progress report).  

19. Provisions to Protect the Privacy Interests of Participants 

19.1. Protecting Privacy: All consent procedures, assessments, and study activities 
will be conducted in private rooms by trained personnel. Participants will be 
repeatedly reminded that sharing of information and completion of study 
tasks are voluntary. Assessment of participant comfort will occur on an 
ongoing basis; research staff will ask the youth how they are feeling and if 
they are comfortable with starting/continuing a study activity. Parents and 
children will be given the opportunity to separately discuss concerns or 
responses to questions with research staff. Since we are working with 
minors, we will inform participants and their parent(s) that we are required 
to report if the subject is a danger to themselves or others or if they report 
child abuse/neglect. 

19.2. Access to Participants: It is necessary to access direct identifiers in order to 
maintain contact with the participant throughout the course of the study. 
Private information about the participant’s health status is necessary to 
achieve study aims (e.g., psychiatric diagnoses, tic severity). 

20. Compensation for Research-Related Injury 

20.1. Compensation for Research-Related Injury: The following statement is 
included in the consent form: “In the event that this research activity results 
in an injury, treatment will be available, including first aid, emergency 
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treatment and follow-up care as needed. Care for such injuries will be billed 
in the ordinary manner to you or your insurance company. If you think that 
you have suffered a research related injury, let the study doctor know right 
away.” 

20.2. Contract Language: N/A 

21. Consent Process 
Consent Process (when consent will be obtained): Child assent and informed consent 
from the parent (to allow their child to participate in this study) or adult consent only (for 
participants aged 18 years or older) will be administered at the start of the pre-treatment 
assessment visit and will be required for participation in study procedures. Specifically, 
the consent and youth assent documents will be read through with all potential 
participants, and focus will be placed on potential risks and benefits associated with study 
participation, any alternatives to participating in the research, that opportunities to receive 
treatment will not depend upon research participation, clinical care will not be affected by 
study participation, and that participation is voluntary. In addition, the investigators will 
try to foster an open exchange of information, encouraging potential participants and 
their families to discuss study particulars and ask questions prior to research involvement; 
to receive a copy of the consent form to discuss with family and friends, if desired; and to 
continue asking any questions that might arise during participation. Parents/adult 
participants will be informed that all assessment information will be kept confidential 
with the following three exceptions explicitly stated: participant or parent (1) suicidality, 
(2) homicidality, and (3) abuse. Finally, details on written consent and child assent forms 
will be presented in simple language approved by UMN IRB. Among individuals who 
provide informed consent, only those who fully meet the study entry criteria after the pre-
treatment assessment will be allowed to continue with the rest of the study. Participants 
who are active in the study when they turn 18 will be re-consented at the next visit/
session before additional study activities begin. 
  
Potential participants will meet with the designated team member for assent/consent and 
potential enrollment. Consenting to research activities will take place in a private room at 
the Study Site or electronic consent may be conducted remotely, by phone or videocall. 
Participants over 18 years of age will need to meet via videocall or in-person for the 
administration of the MacCat-CR. These participants will not complete this procedure via 
phone call per institutional policies. During this visit, the qualified Site Study personnel 
authorized by the Site Principal Investigator and the potential participant and their parent/
legal guardian will discuss the nature of the trial, the purpose of the research, the trial 
procedures, the possible risks and benefits of participation, confidentiality and the 
voluntary nature of participation in the trial (emphasizing the participant’s right to 
withdraw from the study at any time).   
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Following this discussion, potential participants and their parents/legal guardians will be 
offered the opportunity and encouraged to ask any study-related questions and enroll by 
providing written assent/consent on the IRB-approved form. For remote consent 
discussions, participants and/or their parent/legal guardian will navigate to the electronic 
consent/assent form shared through REDCap. The electronic consent/assent form has 
been designed so that the participant and their parent/legal guardian are unable to 
complete the consenting process without completing the consenting process with a 
member of the research team. Participants and/or their parent/legal guardian will first 
receive a “Read Only” version of the consent prior to the consent visit. Only after the 
research coordinator has completed the informed consent discussion and determined the 
parent/legal guardian and/or participant fully understand all procedures and are capable 
of informed consent will he/she sign the electronic consent form and deliver an “editable” 
version of the electronic consent form which the participants and/or their parent/legal 
guardian will be able to sign. For the electronic consent process to be considered 
complete, the consenting team member will access REDCap in real-time to confirm the 
parent/legal guardian and/or participant have signed the consent/assent form correctly.  

Participants will be allowed as much time as needed, with Site Study personnel or in 
private, to review consenting documents before making the decision to participate. 
Potential participants may invite a friend or family member to be present during the visit, 
to further discuss their decision to enroll and/or contact (e.g., phone call) a friend or 
family member that is not physically present for discussion before deciding to enroll.  At 
the potential participant’s request, Site Study personnel may be asked to ‘step-out’ of the 
room or end/mute the call during remote discussions, to provide privacy for such 
discussions. In addition, potential participants will be provided the option to defer their 
decision to allow them to review the consent form and other study information forms at 
their convenience, and later reconnect with the Site Study team remotely or return to the 
Study Site to enroll (i.e., complete the informed consent procedures).  No study activities 
will take place prior to completion of the consenting process.  

21.1. Waiver or Alteration of Consent Process (when consent will not be 
obtained): N/A 

21.2. Waiver of Written/Signed Documentation of Consent (when written/signed 
consent will not be obtained): N/A 

21.3. Non-English Speaking Participants: N/A 
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21.4. Participants Who Are Not Yet Adults (infants, children, teenagers under 18 
years of age):

● Individuals under the age of 18 years will be considered to not have 
attained the legal age for consent to participate in research. 
Participants who are active in the study when they turn 18 will be re-
consented at the soonest possible time before additional study 
activities are completed.

● Parental permission will be obtained from one parent, even if the other 
parent is alive, known, competent, reasonably available, and shares 
legal responsibility for the care and custody of the child.

● Legal guardians will be allowed to provide permission if they provide 
documentation of their status as a legal guardian. 

● Assent will be obtained from all of the children. 
● The attached “Assent Form” will be used to document child assent 

prior to starting any study activities. 

21.5. Cognitively Impaired Adults, or adults with fluctuating or diminished 
capacity to consent: N/A 

21.6. Adults Unable to Consent: N/A 

22. Setting 

22.1. Research Sites:  

● Participants will self-identify by calling a research assistant located in the 
CAN Lab, part of the Department of Psychiatry and Behavioral Sciences 
(University of Minnesota Twin Cities campus). 

● Assessment visits will occur within the UMN Center for Neurobehavioral 
Development (CNBD) or remotely via Zoom. CBIT+TMS visits will 
occur at the CNBD and Noninvasive Neuromodulation Laboratory (NNL). 
MRIs will be conducted at the Center for Magnetic Resonance Research 
(CMRR). 

● If transportation acts as a barrier to participation, we will provide 
assistance with Uber, Lyft, or taxi. Participants or a legal guardian will be 
required to provide additional consent for staff to arrange transportation 
for research participants. 

22.2. International Research: N/A 

23. Multi-Site Research 
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N/A 

24. Coordinating Center Research 
        N/A 

25. Resources Available 

25.1. Resources Available: 

● Recruitment resources: Dr. Conelea is a psychologist on the faculty of 
the Child and Adolescent Division of the Department of Psychiatry and 
Behavioral Sciences and will have access to referral sources and 
healthcare providers in the community who treat young people with tic 
disorders. The research team has access to the FIND Network to recruit 
from over 500 potential families with and without children with 
neurodevelopmental diagnoses. Additional recruitment efforts will be 
posted through the departmental and laboratory websites and social 
media. It is expedited that the research team will be able to recruit 60 
participants through the delineated recruitment plan.

● Facilities: Private space for conducting participant visits is available at 
the CNBD. MRI acquisition will be available through the CMRR. We 
will have access to the TMS equipment at the Noninvasive 
Neuromodulation Laboratory. 

● Training: Research staff will be directly trained in study procedures by 
Dr. Conelea, and she will continually assess their protocol knowledge 
and skill performance on an on-going basis. Additional supervision to 
research staff as needed will be provided by co-investigators with the 
relevant expertise. Dr. Conelea is supported by a Project Director, Dr. 
Sunday Francis, who will also support supervision and training of 
clinical research coordinators. All staff with access to research 
participants will have completed HIPAA and CITI training, and the 
University of Minnesota IRB's Assessing Capacity to Consent training 
(e.g., children). These standards will be upheld throughout the study 
period. 

● Medical or psychological resources for participants in event of an 
anticipated or unanticipated consequence of research:  The study 
investigator team includes a licensed psychologist (Dr. Conelea),  
psychiatrists (Dr. Lim and Dr. Jacob), and a pediatrician (Dr. Jacob). All 
are on the faculty in the Department of Psychiatry and Behavioral 
Sciences. As such, they will have access to referral sources within and 
outside of the department. 

● Time devoted to the research: The PI, Co-Investigators, Project Director, 
and study staff will dedicate time to this project in accordance with 
funding provided via an NIMH grant. The research team will hold 
regular meetings to discuss study procedures and progress. 

Page  of  Template  Revised On: 09/01/201948 56



MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

26. References 

1.  Centers for Disease Control and Prevention (CDC). Prevalence of diagnosed 
Tourette syndrome in persons aged 6-17 years - United States, 2007. MMWR Morb 
Mortal Wkly Rep. 2009;58(21):581-585. https://www.ncbi.nlm.nih.gov/pubmed/
19498335. 

2.  Conelea CA, Woods DW, Zinner SH, et al. Exploring the impact of chronic tic 
disorders on youth: results from the Tourette Syndrome Impact Survey. Child 
Psychiatry Hum Dev. 2011;42(2):219-242. doi:10.1007/s10578-010-0211-4 

3.  Zinner SH, Conelea CA, Glew GM, Woods DW, Budman CL. Peer victimization in 
youth with Tourette syndrome and other chronic tic disorders. Child Psychiatry Hum 
Dev. 2012;43(1):124-136. doi:10.1007/s10578-011-0249-y 

4.  Fernández de la Cruz L, Rydell M, Runeson B, et al. Suicide in Tourette’s and 
Chronic Tic Disorders. Biol Psychiatry. 2017;82(2):111-118. doi:10.1016/
j.biopsych.2016.08.023 

5.  American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5®). American Psychiatric Pub; 2013. https://market.android.com/
details?id=book--JivBAAAQBAJ. 

6.  Pringsheim T, Okun MS, Müller-Vahl K, et al. Practice guideline recommendations 
summary: Treatment of tics in people with Tourette syndrome and chronic tic 
disorders. Neurology. 2019;92(19):896-906. doi:10.1212/WNL.0000000000007466 

7.  McGuire JF, Piacentini J, Brennan EA, et al. A meta-analysis of behavior therapy for 
Tourette Syndrome. J Psychiatr Res. 2014;50:106-112. doi:10.1016/
j.jpsychires.2013.12.009 

8.  Piacentini J, Woods DW, Scahill L, et al. Behavior therapy for children with Tourette 
disorder: a randomized controlled trial. JAMA. 2010;303(19):1929-1937. 
doi:10.1001/jama.2010.607 

9.  Wilhelm S, Peterson AL, Piacentini J, et al. Randomized trial of behavior therapy for 
adults with Tourette syndrome. Arch Gen Psychiatry. 2012;69(8):795-803. 
doi:10.1001/archgenpsychiatry.2011.1528 

10.  McGuire JF, Ricketts EJ, Piacentini J, Murphy TK, Storch EA, Lewin AB. Behavior 
Therapy for Tic Disorders: An Evidenced-based Review and New Directions for 
Treatment Research. Curr Dev Disord Rep. 2015;2(4):309-317. doi:10.1007/

Page  of  Template  Revised On: 09/01/201949 56

http://paperpile.com/b/EgJ0cU/WKN0X
http://paperpile.com/b/EgJ0cU/WKN0X
http://paperpile.com/b/EgJ0cU/WKN0X
http://paperpile.com/b/EgJ0cU/WKN0X
http://paperpile.com/b/EgJ0cU/WKN0X
https://www.ncbi.nlm.nih.gov/pubmed/19498335
https://www.ncbi.nlm.nih.gov/pubmed/19498335
http://paperpile.com/b/EgJ0cU/WKN0X
http://paperpile.com/b/EgJ0cU/Z4owi
http://paperpile.com/b/EgJ0cU/Z4owi
http://paperpile.com/b/EgJ0cU/Z4owi
http://paperpile.com/b/EgJ0cU/Z4owi
http://paperpile.com/b/EgJ0cU/Z4owi
http://dx.doi.org/10.1007/s10578-010-0211-4
http://paperpile.com/b/EgJ0cU/qGfxt
http://paperpile.com/b/EgJ0cU/qGfxt
http://paperpile.com/b/EgJ0cU/qGfxt
http://paperpile.com/b/EgJ0cU/qGfxt
http://paperpile.com/b/EgJ0cU/qGfxt
http://dx.doi.org/10.1007/s10578-011-0249-y
http://paperpile.com/b/EgJ0cU/voLNa
http://paperpile.com/b/EgJ0cU/voLNa
http://paperpile.com/b/EgJ0cU/voLNa
http://paperpile.com/b/EgJ0cU/voLNa
http://dx.doi.org/10.1016/j.biopsych.2016.08.023
http://dx.doi.org/10.1016/j.biopsych.2016.08.023
http://paperpile.com/b/EgJ0cU/XLKi0
http://paperpile.com/b/EgJ0cU/XLKi0
http://paperpile.com/b/EgJ0cU/XLKi0
http://paperpile.com/b/EgJ0cU/XLKi0
https://market.android.com/details?id=book--JivBAAAQBAJ
https://market.android.com/details?id=book--JivBAAAQBAJ
http://paperpile.com/b/EgJ0cU/XLKi0
http://paperpile.com/b/EgJ0cU/MW0G5
http://paperpile.com/b/EgJ0cU/MW0G5
http://paperpile.com/b/EgJ0cU/MW0G5
http://paperpile.com/b/EgJ0cU/MW0G5
http://paperpile.com/b/EgJ0cU/MW0G5
http://dx.doi.org/10.1212/WNL.0000000000007466
http://paperpile.com/b/EgJ0cU/r8qkf
http://paperpile.com/b/EgJ0cU/r8qkf
http://paperpile.com/b/EgJ0cU/r8qkf
http://paperpile.com/b/EgJ0cU/r8qkf
http://dx.doi.org/10.1016/j.jpsychires.2013.12.009
http://dx.doi.org/10.1016/j.jpsychires.2013.12.009
http://paperpile.com/b/EgJ0cU/RIa2B
http://paperpile.com/b/EgJ0cU/RIa2B
http://paperpile.com/b/EgJ0cU/RIa2B
http://paperpile.com/b/EgJ0cU/RIa2B
http://paperpile.com/b/EgJ0cU/RIa2B
http://dx.doi.org/10.1001/jama.2010.607
http://paperpile.com/b/EgJ0cU/ITm4x
http://paperpile.com/b/EgJ0cU/ITm4x
http://paperpile.com/b/EgJ0cU/ITm4x
http://paperpile.com/b/EgJ0cU/ITm4x
http://paperpile.com/b/EgJ0cU/ITm4x
http://dx.doi.org/10.1001/archgenpsychiatry.2011.1528
http://paperpile.com/b/EgJ0cU/8jfgw
http://paperpile.com/b/EgJ0cU/8jfgw
http://paperpile.com/b/EgJ0cU/8jfgw
http://paperpile.com/b/EgJ0cU/8jfgw
http://paperpile.com/b/EgJ0cU/8jfgw
http://dx.doi.org/10.1007/s40474-015-0063-5


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

s40474-015-0063-5 

11.  Kim S, Greene DJ, Robichaux-Viehoever A, et al. Tic Suppression in Children With 
Recent-Onset Tics Predicts 1-Year Tic Outcome. J Child Neurol. June 
2019:883073819855531. doi:10.1177/0883073819855531 

12.  Conelea CA, Wellen B, Woods DW, et al. Patterns and Predictors of Tic 
Suppressibility in Youth With Tic Disorders. Front Psychiatry. 2018;9:188. 
doi:10.3389/fpsyt.2018.00188 

13.  Greene DJ, Koller JM, Robichaux-Viehoever A, Bihun EC, Schlaggar BL, Black KJ. 
Reward enhances tic suppression in children within months of tic disorder onset. 
Dev Cogn Neurosci. 2015;11:65-74. doi:10.1016/j.dcn.2014.08.005 

14.  Wang Z, Maia TV, Marsh R, Colibazzi T, Gerber A, Peterson BS. The neural circuits 
that generate tics in Tourette’s syndrome. Am J Psychiatry. 
2011;168(12):1326-1337. doi:10.1176/appi.ajp.2011.09111692 

15.  Mink JW. Neurobiology of basal ganglia and Tourette syndrome: basal ganglia 
circuits and thalamocortical outputs. Adv Neurol. 2006;99:89-98. https://
www.ncbi.nlm.nih.gov/pubmed/16536354. 

16.  Nachev P, Kennard C, Husain M. Functional role of the supplementary and pre-
supplementary motor areas. Nat Rev Neurosci. 2008;9(11):856-869. doi:10.1038/
nrn2478 

17.  Finis J, Enticott PG, Pollok B, Münchau A, Schnitzler A, Fitzgerald PB. Repetitive 
transcranial magnetic stimulation of the supplementary motor area induces 
echophenomena. Cortex. 2013;49(7):1978-1982. doi:10.1016/j.cortex.2012.08.019 

18.  Fried I, Katz A, McCarthy G, et al. Functional organization of human supplementary 
motor cortex studied by electrical stimulation. J Neurosci. 1991;11(11):3656-3666. 
https://www.ncbi.nlm.nih.gov/pubmed/1941101. 

19.  Worbe Y, Malherbe C, Hartmann A, et al. Functional immaturity of cortico-basal 
ganglia networks in Gilles de la Tourette syndrome. Brain. 2012;135(Pt 
6):1937-1946. doi:10.1093/brain/aws056 

20.  Zapparoli L, Porta M, Paulesu E. The anarchic brain in action: the contribution of 
task-based fMRI studies to the understanding of Gilles de la Tourette syndrome. 
Curr Opin Neurol. 2015;28(6):604-611. doi:10.1097/WCO.0000000000000261 

21.  Bohlhalter S, Goldfine A, Matteson S, et al. Neural correlates of tic generation in 
Tourette syndrome: an event-related functional MRI study. Brain. 2006;129(Pt 
8):2029-2037. doi:10.1093/brain/awl050 

Page  of  Template  Revised On: 09/01/201950 56

http://dx.doi.org/10.1007/s40474-015-0063-5
http://paperpile.com/b/EgJ0cU/c6Xs1
http://paperpile.com/b/EgJ0cU/c6Xs1
http://paperpile.com/b/EgJ0cU/c6Xs1
http://paperpile.com/b/EgJ0cU/c6Xs1
http://paperpile.com/b/EgJ0cU/c6Xs1
http://dx.doi.org/10.1177/0883073819855531
http://paperpile.com/b/EgJ0cU/cRDdp
http://paperpile.com/b/EgJ0cU/cRDdp
http://paperpile.com/b/EgJ0cU/cRDdp
http://paperpile.com/b/EgJ0cU/cRDdp
http://paperpile.com/b/EgJ0cU/cRDdp
http://dx.doi.org/10.3389/fpsyt.2018.00188
http://paperpile.com/b/EgJ0cU/YP06n
http://paperpile.com/b/EgJ0cU/YP06n
http://paperpile.com/b/EgJ0cU/YP06n
http://paperpile.com/b/EgJ0cU/YP06n
http://dx.doi.org/10.1016/j.dcn.2014.08.005
http://paperpile.com/b/EgJ0cU/Q4cT3
http://paperpile.com/b/EgJ0cU/Q4cT3
http://paperpile.com/b/EgJ0cU/Q4cT3
http://paperpile.com/b/EgJ0cU/Q4cT3
http://paperpile.com/b/EgJ0cU/Q4cT3
http://dx.doi.org/10.1176/appi.ajp.2011.09111692
http://paperpile.com/b/EgJ0cU/aoR1E
http://paperpile.com/b/EgJ0cU/aoR1E
http://paperpile.com/b/EgJ0cU/aoR1E
http://paperpile.com/b/EgJ0cU/aoR1E
https://www.ncbi.nlm.nih.gov/pubmed/16536354
https://www.ncbi.nlm.nih.gov/pubmed/16536354
http://paperpile.com/b/EgJ0cU/aoR1E
http://paperpile.com/b/EgJ0cU/pP8Xy
http://paperpile.com/b/EgJ0cU/pP8Xy
http://paperpile.com/b/EgJ0cU/pP8Xy
http://paperpile.com/b/EgJ0cU/pP8Xy
http://dx.doi.org/10.1038/nrn2478
http://dx.doi.org/10.1038/nrn2478
http://paperpile.com/b/EgJ0cU/fQJM6
http://paperpile.com/b/EgJ0cU/fQJM6
http://paperpile.com/b/EgJ0cU/fQJM6
http://paperpile.com/b/EgJ0cU/fQJM6
http://paperpile.com/b/EgJ0cU/fQJM6
http://dx.doi.org/10.1016/j.cortex.2012.08.019
http://paperpile.com/b/EgJ0cU/7w4wD
http://paperpile.com/b/EgJ0cU/7w4wD
http://paperpile.com/b/EgJ0cU/7w4wD
http://paperpile.com/b/EgJ0cU/7w4wD
https://www.ncbi.nlm.nih.gov/pubmed/1941101
http://paperpile.com/b/EgJ0cU/7w4wD
http://paperpile.com/b/EgJ0cU/jZMtW
http://paperpile.com/b/EgJ0cU/jZMtW
http://paperpile.com/b/EgJ0cU/jZMtW
http://paperpile.com/b/EgJ0cU/jZMtW
http://paperpile.com/b/EgJ0cU/jZMtW
http://dx.doi.org/10.1093/brain/aws056
http://paperpile.com/b/EgJ0cU/Mc9Gc
http://paperpile.com/b/EgJ0cU/Mc9Gc
http://paperpile.com/b/EgJ0cU/Mc9Gc
http://paperpile.com/b/EgJ0cU/Mc9Gc
http://dx.doi.org/10.1097/WCO.0000000000000261
http://paperpile.com/b/EgJ0cU/qU6zJ
http://paperpile.com/b/EgJ0cU/qU6zJ
http://paperpile.com/b/EgJ0cU/qU6zJ
http://paperpile.com/b/EgJ0cU/qU6zJ
http://paperpile.com/b/EgJ0cU/qU6zJ
http://dx.doi.org/10.1093/brain/awl050


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022
22.  Hampson M, Tokoglu F, King RA, Constable RT, Leckman JF. Brain areas 

coactivating with motor cortex during chronic motor tics and intentional 
movements. Biol Psychiatry. 2009;65(7):594-599. doi:10.1016/
j.biopsych.2008.11.012 

23.  Stern E, Silbersweig DA, Chee KY, et al. A functional neuroanatomy of tics in 
Tourette syndrome. Arch Gen Psychiatry. 2000;57(8):741-748. https://
www.ncbi.nlm.nih.gov/pubmed/10920461. 

24.  Franzkowiak S, Pollok B, Biermann-Ruben K, et al. Motor-cortical interaction in 
Gilles de la Tourette syndrome. PLoS One. 2012;7(1):e27850. doi:10.1371/
journal.pone.0027850 

25.  Fox MD, Buckner RL, Liu H, Chakravarty MM, Lozano AM, Pascual-Leone A. 
Resting-state networks link invasive and noninvasive brain stimulation across 
diverse psychiatric and neurological diseases. Proc Natl Acad Sci U S A. 
2014;111(41):E4367-E4375. doi:10.1073/pnas.1405003111 

26.  Deckersbach T, Chou T, Britton JC, et al. Neural correlates of behavior therapy for 
Tourette׳s disorder. Psychiatry Research: Neuroimaging. 2014;224(3):269-274. 
doi:10.1016/j.pscychresns.2014.09.003 

27.  Conelea CA, McLaughlin NCR. Transcranial Magnetic Stimulation in Tourette 
Syndrome and Obsessive–Compulsive Disorder. Neurotechnology and Brain 
Stimulation in Pediatric Psychiatric and Neurodevelopmental Disorders. 
2019:189-215. doi:10.1016/b978-0-12-812777-3.00008-8 

28.  Mantovani A, Leckman JF, Grantz H, King RA, Sporn AL, Lisanby SH. Repetitive 
Transcranial Magnetic Stimulation of the Supplementary Motor Area in the 
treatment of Tourette Syndrome: report of two cases. Clin Neurophysiol. 
2007;118(10):2314-2315. doi:10.1016/j.clinph.2007.07.011 

29.  Bloch Y, Arad S, Levkovitz Y. Deep TMS add-on treatment for intractable Tourette 
syndrome: A feasibility study. World J Biol Psychiatry. 2016;17(7):557-561. 
doi:10.3109/15622975.2014.964767 

30.  Münchau A, Bloem BR, Thilo KV, Trimble MR, Rothwell JC, Robertson MM. 
Repetitive transcranial magnetic stimulation for Tourette syndrome. Neurology. 
2002;59(11):1789-1791. https://www.ncbi.nlm.nih.gov/pubmed/12473773. 

31.  Orth M, Kirby R, Richardson MP, et al. Subthreshold rTMS over pre-motor cortex 
has no effect on tics in patients with Gilles de la Tourette syndrome. Clin 
Neurophysiol. 2005;116(4):764-768. doi:10.1016/j.clinph.2004.10.003 

Page  of  Template  Revised On: 09/01/201951 56

http://paperpile.com/b/EgJ0cU/ftvSs
http://paperpile.com/b/EgJ0cU/ftvSs
http://paperpile.com/b/EgJ0cU/ftvSs
http://paperpile.com/b/EgJ0cU/ftvSs
http://paperpile.com/b/EgJ0cU/ftvSs
http://dx.doi.org/10.1016/j.biopsych.2008.11.012
http://dx.doi.org/10.1016/j.biopsych.2008.11.012
http://paperpile.com/b/EgJ0cU/NBvhR
http://paperpile.com/b/EgJ0cU/NBvhR
http://paperpile.com/b/EgJ0cU/NBvhR
http://paperpile.com/b/EgJ0cU/NBvhR
https://www.ncbi.nlm.nih.gov/pubmed/10920461
https://www.ncbi.nlm.nih.gov/pubmed/10920461
http://paperpile.com/b/EgJ0cU/NBvhR
http://paperpile.com/b/EgJ0cU/W2PB0
http://paperpile.com/b/EgJ0cU/W2PB0
http://paperpile.com/b/EgJ0cU/W2PB0
http://paperpile.com/b/EgJ0cU/W2PB0
http://dx.doi.org/10.1371/journal.pone.0027850
http://dx.doi.org/10.1371/journal.pone.0027850
http://paperpile.com/b/EgJ0cU/8uosd
http://paperpile.com/b/EgJ0cU/8uosd
http://paperpile.com/b/EgJ0cU/8uosd
http://paperpile.com/b/EgJ0cU/8uosd
http://paperpile.com/b/EgJ0cU/8uosd
http://paperpile.com/b/EgJ0cU/8uosd
http://dx.doi.org/10.1073/pnas.1405003111
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://paperpile.com/b/EgJ0cU/gHUQD
http://dx.doi.org/10.1016/j.pscychresns.2014.09.003
http://paperpile.com/b/EgJ0cU/gv5Fc
http://paperpile.com/b/EgJ0cU/gv5Fc
http://paperpile.com/b/EgJ0cU/gv5Fc
http://paperpile.com/b/EgJ0cU/gv5Fc
http://paperpile.com/b/EgJ0cU/gv5Fc
http://paperpile.com/b/EgJ0cU/gv5Fc
http://dx.doi.org/10.1016/b978-0-12-812777-3.00008-8
http://paperpile.com/b/EgJ0cU/I2hlr
http://paperpile.com/b/EgJ0cU/I2hlr
http://paperpile.com/b/EgJ0cU/I2hlr
http://paperpile.com/b/EgJ0cU/I2hlr
http://paperpile.com/b/EgJ0cU/I2hlr
http://paperpile.com/b/EgJ0cU/I2hlr
http://dx.doi.org/10.1016/j.clinph.2007.07.011
http://paperpile.com/b/EgJ0cU/U0tgz
http://paperpile.com/b/EgJ0cU/U0tgz
http://paperpile.com/b/EgJ0cU/U0tgz
http://paperpile.com/b/EgJ0cU/U0tgz
http://paperpile.com/b/EgJ0cU/U0tgz
http://dx.doi.org/10.3109/15622975.2014.964767
http://paperpile.com/b/EgJ0cU/yH2nX
http://paperpile.com/b/EgJ0cU/yH2nX
http://paperpile.com/b/EgJ0cU/yH2nX
http://paperpile.com/b/EgJ0cU/yH2nX
http://paperpile.com/b/EgJ0cU/yH2nX
https://www.ncbi.nlm.nih.gov/pubmed/12473773
http://paperpile.com/b/EgJ0cU/yH2nX
http://paperpile.com/b/EgJ0cU/hlWko
http://paperpile.com/b/EgJ0cU/hlWko
http://paperpile.com/b/EgJ0cU/hlWko
http://paperpile.com/b/EgJ0cU/hlWko
http://paperpile.com/b/EgJ0cU/hlWko
http://dx.doi.org/10.1016/j.clinph.2004.10.003


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022
32.  Le K, Liu L, Sun M, Hu L, Xiao N. Transcranial magnetic stimulation at 1 Hertz 

improves clinical symptoms in children with Tourette syndrome for at least 6 
months. J Clin Neurosci. 2013;20(2):257-262. doi:10.1016/j.jocn.2012.01.049 

33.  Wu SW, Maloney T, Gilbert DL, et al. Functional MRI-navigated repetitive 
transcranial magnetic stimulation over supplementary motor area in chronic tic 
disorders. Brain Stimul. 2014;7(2):212-218. doi:10.1016/j.brs.2013.10.005 

34.  Kwon HJ, Lim WS, Lim MH, et al. 1-Hz low frequency repetitive transcranial 
magnetic stimulation in children with Tourette’s syndrome. Neurosci Lett. 
2011;492(1):1-4. doi:10.1016/j.neulet.2011.01.007 

35.  Mantovani A, Lisanby SH, Pieraccini - The The International … F, 2006. Repetitive 
transcranial magnetic stimulation (rTMS) in the treatment of obsessive–compulsive 
disorder (OCD) and Tourette’s syndrome (TS). cambridge.org. 2006. https://
www.cambridge.org/core/journals/the-international-journal-of-
neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-
in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/
9E987A4B7EF8C7B029D70AD61B0CDA15. 

36.  Landeros-Weisenberger A, Mantovani A, Motlagh MG, et al. Randomized Sham 
Controlled Double-blind Trial of Repetitive Transcranial Magnetic Stimulation for 
Adults With Severe Tourette Syndrome. Brain Stimul. 2015;8(3):574-581. 
doi:10.1016/j.brs.2014.11.015 

37.  Sathappan AV, Luber BM, Lisanby SH. The Dynamic Duo: Combining noninvasive 
brain stimulation with cognitive interventions. Prog Neuropsychopharmacol Biol 
Psychiatry. 2019;89:347-360. doi:10.1016/j.pnpbp.2018.10.006 

38.  Rossi S, Hallett M, Rossini PM, Pascual-Leone A. Safety, ethical considerations, 
and application guidelines for the use of transcranial magnetic stimulation in clinical 
practice and research. Clin Neurophysiol. 2009;120(12):2008-2039. doi:10.1016/
j.clinph.2009.08.016 

39.  Krishnan C, Santos L, Peterson MD, Ehinger M. Safety of noninvasive brain 
stimulation in children and adolescents. Brain Stimul. 2015;8(1):76-87. doi:10.1016/
j.brs.2014.10.012 

40.  Sheehan DV, Sheehan KH, Shytle RD, et al. Reliability and validity of the Mini 
International Neuropsychiatric Interview for Children and Adolescents (MINI-KID). 
J Clin Psychiatry. 2010;71(3):313-326. doi:10.4088/JCP.09m05305whi 

41.  Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International 
Neuropsychiatric Interview (M.I.N.I.): the development and validation of a 

Page  of  Template  Revised On: 09/01/201952 56

http://paperpile.com/b/EgJ0cU/YDgg4
http://paperpile.com/b/EgJ0cU/YDgg4
http://paperpile.com/b/EgJ0cU/YDgg4
http://paperpile.com/b/EgJ0cU/YDgg4
http://paperpile.com/b/EgJ0cU/YDgg4
http://dx.doi.org/10.1016/j.jocn.2012.01.049
http://paperpile.com/b/EgJ0cU/8IO1U
http://paperpile.com/b/EgJ0cU/8IO1U
http://paperpile.com/b/EgJ0cU/8IO1U
http://paperpile.com/b/EgJ0cU/8IO1U
http://paperpile.com/b/EgJ0cU/8IO1U
http://dx.doi.org/10.1016/j.brs.2013.10.005
http://paperpile.com/b/EgJ0cU/VePgM
http://paperpile.com/b/EgJ0cU/VePgM
http://paperpile.com/b/EgJ0cU/VePgM
http://paperpile.com/b/EgJ0cU/VePgM
http://paperpile.com/b/EgJ0cU/VePgM
http://dx.doi.org/10.1016/j.neulet.2011.01.007
http://paperpile.com/b/EgJ0cU/WrqF3
http://paperpile.com/b/EgJ0cU/WrqF3
http://paperpile.com/b/EgJ0cU/WrqF3
http://paperpile.com/b/EgJ0cU/WrqF3
http://paperpile.com/b/EgJ0cU/WrqF3
https://www.cambridge.org/core/journals/the-international-journal-of-neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/9E987A4B7EF8C7B029D70AD61B0CDA15
https://www.cambridge.org/core/journals/the-international-journal-of-neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/9E987A4B7EF8C7B029D70AD61B0CDA15
https://www.cambridge.org/core/journals/the-international-journal-of-neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/9E987A4B7EF8C7B029D70AD61B0CDA15
https://www.cambridge.org/core/journals/the-international-journal-of-neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/9E987A4B7EF8C7B029D70AD61B0CDA15
https://www.cambridge.org/core/journals/the-international-journal-of-neuropsychopharmacology/article/repetitive-transcranial-magnetic-stimulation-rtms-in-the-treatment-of-obsessivecompulsive-disorder-ocd-and-tourettes-syndrome-ts/9E987A4B7EF8C7B029D70AD61B0CDA15
http://paperpile.com/b/EgJ0cU/WrqF3
http://paperpile.com/b/EgJ0cU/e579y
http://paperpile.com/b/EgJ0cU/e579y
http://paperpile.com/b/EgJ0cU/e579y
http://paperpile.com/b/EgJ0cU/e579y
http://paperpile.com/b/EgJ0cU/e579y
http://paperpile.com/b/EgJ0cU/e579y
http://dx.doi.org/10.1016/j.brs.2014.11.015
http://paperpile.com/b/EgJ0cU/HnjtY
http://paperpile.com/b/EgJ0cU/HnjtY
http://paperpile.com/b/EgJ0cU/HnjtY
http://paperpile.com/b/EgJ0cU/HnjtY
http://paperpile.com/b/EgJ0cU/HnjtY
http://dx.doi.org/10.1016/j.pnpbp.2018.10.006
http://paperpile.com/b/EgJ0cU/YRdSy
http://paperpile.com/b/EgJ0cU/YRdSy
http://paperpile.com/b/EgJ0cU/YRdSy
http://paperpile.com/b/EgJ0cU/YRdSy
http://paperpile.com/b/EgJ0cU/YRdSy
http://dx.doi.org/10.1016/j.clinph.2009.08.016
http://dx.doi.org/10.1016/j.clinph.2009.08.016
http://paperpile.com/b/EgJ0cU/tN1A9
http://paperpile.com/b/EgJ0cU/tN1A9
http://paperpile.com/b/EgJ0cU/tN1A9
http://paperpile.com/b/EgJ0cU/tN1A9
http://dx.doi.org/10.1016/j.brs.2014.10.012
http://dx.doi.org/10.1016/j.brs.2014.10.012
http://paperpile.com/b/EgJ0cU/vGulK
http://paperpile.com/b/EgJ0cU/vGulK
http://paperpile.com/b/EgJ0cU/vGulK
http://paperpile.com/b/EgJ0cU/vGulK
http://dx.doi.org/10.4088/JCP.09m05305whi
http://paperpile.com/b/EgJ0cU/L732U
http://paperpile.com/b/EgJ0cU/L732U


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin 
Psychiatry. 1998;59 Suppl 20:22-33;quiz 34-57. https://www.ncbi.nlm.nih.gov/
pubmed/9881538. 

42.  Scahill L, Riddle MA, McSwiggin-Hardin M, et al. Children’s Yale-Brown 
Obsessive Compulsive Scale: reliability and validity. J Am Acad Child Adolesc 
Psychiatry. 1997;36(6):844-852. doi:10.1097/00004583-199706000-00023 

43.  Woods DW, Himle MB. Creating tic suppression: comparing the effects of verbal 
instruction to differential reinforcement. J Appl Behav Anal. 2004;37(3):417-420. 
doi:10.1901/jaba.2004.37-417 

44.  Ricketts EJ, McGuire JF, Chang S, et al. Benchmarking Treatment Response in 
Tourette’s Disorder: A Psychometric Evaluation and Signal Detection Analysis of 
the Parent Tic Questionnaire. Behav Ther. 2018;49(1):46-56. doi:10.1016/
j.beth.2017.05.006 

45.  Abramovitch A, Reese H, Woods DW, et al. Psychometric Properties of a Self-
Report Instrument for the Assessment of Tic Severity in Adults With Tic Disorders. 
Behav Ther. 2015;46(6):786-796. doi:10.1016/j.beth.2015.06.002 

46.  Woods DW, Piacentini J, Himle MB, Chang S. Premonitory Urge for Tics Scale 
(PUTS): Initial Psychometric Results and Examination of the Premonitory Urge 
Phenomenon in Youths with Tic Disorders. J Dev Behav Pediatr. 
2005;26(6):397-403. doi:10.1097/00004703-200512000-00001 

47.  Brandt VC, Beck C, Sajin V, Anders S, Münchau A. Convergent Validity of the 
PUTS. Front Psychiatry. 2016;7:51. doi:10.3389/fpsyt.2016.00051 

48.  Achenbach TM, Dumenci L, Rescorla LA. Ratings of relations between DSM-IV 
diagnostic categories and items of the Adult Self-Report (ASR) and Adult Behavior 
Checklist (ABCL). Research Center for Children, Youth and Families. 2003. https://
www.researchgate.net/profile/Levent_Dumenci/publication/
265925574_Ratings_of_Relations_Between_DSM-
IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-
Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/
5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-
Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-
Checklist-ABCL.pdf. 

49.  Achenbach TM, Ruffle TM. The Child Behavior Checklist and related forms for 
assessing behavioral/emotional problems and competencies. Pediatr Rev. 
2000;21(8):265-271. doi:10.1542/pir.21-8-265 

Page  of  Template  Revised On: 09/01/201953 56

http://paperpile.com/b/EgJ0cU/L732U
http://paperpile.com/b/EgJ0cU/L732U
http://paperpile.com/b/EgJ0cU/L732U
http://paperpile.com/b/EgJ0cU/L732U
https://www.ncbi.nlm.nih.gov/pubmed/9881538
https://www.ncbi.nlm.nih.gov/pubmed/9881538
http://paperpile.com/b/EgJ0cU/L732U
http://paperpile.com/b/EgJ0cU/Z6WWr
http://paperpile.com/b/EgJ0cU/Z6WWr
http://paperpile.com/b/EgJ0cU/Z6WWr
http://paperpile.com/b/EgJ0cU/Z6WWr
http://paperpile.com/b/EgJ0cU/Z6WWr
http://dx.doi.org/10.1097/00004583-199706000-00023
http://paperpile.com/b/EgJ0cU/y25HL
http://paperpile.com/b/EgJ0cU/y25HL
http://paperpile.com/b/EgJ0cU/y25HL
http://paperpile.com/b/EgJ0cU/y25HL
http://paperpile.com/b/EgJ0cU/y25HL
http://dx.doi.org/10.1901/jaba.2004.37-417
http://paperpile.com/b/EgJ0cU/Xmecc
http://paperpile.com/b/EgJ0cU/Xmecc
http://paperpile.com/b/EgJ0cU/Xmecc
http://paperpile.com/b/EgJ0cU/Xmecc
http://paperpile.com/b/EgJ0cU/Xmecc
http://dx.doi.org/10.1016/j.beth.2017.05.006
http://dx.doi.org/10.1016/j.beth.2017.05.006
http://paperpile.com/b/EgJ0cU/75NSo
http://paperpile.com/b/EgJ0cU/75NSo
http://paperpile.com/b/EgJ0cU/75NSo
http://paperpile.com/b/EgJ0cU/75NSo
http://dx.doi.org/10.1016/j.beth.2015.06.002
http://paperpile.com/b/EgJ0cU/5HyqB
http://paperpile.com/b/EgJ0cU/5HyqB
http://paperpile.com/b/EgJ0cU/5HyqB
http://paperpile.com/b/EgJ0cU/5HyqB
http://paperpile.com/b/EgJ0cU/5HyqB
http://paperpile.com/b/EgJ0cU/5HyqB
http://dx.doi.org/10.1097/00004703-200512000-00001
http://paperpile.com/b/EgJ0cU/PU1tP
http://paperpile.com/b/EgJ0cU/PU1tP
http://paperpile.com/b/EgJ0cU/PU1tP
http://paperpile.com/b/EgJ0cU/PU1tP
http://dx.doi.org/10.3389/fpsyt.2016.00051
http://paperpile.com/b/EgJ0cU/VLjq0
http://paperpile.com/b/EgJ0cU/VLjq0
http://paperpile.com/b/EgJ0cU/VLjq0
http://paperpile.com/b/EgJ0cU/VLjq0
http://paperpile.com/b/EgJ0cU/VLjq0
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
https://www.researchgate.net/profile/Levent_Dumenci/publication/265925574_Ratings_of_Relations_Between_DSM-IV_Diagnostic_Categories_and_Items_of_the_Adult_Self-Report_ASR_and_Adult_Behavior_Checklist_ABCL/links/5a09b376458515afc7b0e432/Ratings-of-Relations-Between-DSM-IV-Diagnostic-Categories-and-Items-of-the-Adult-Self-Report-ASR-and-Adult-Behavior-Checklist-ABCL.pdf
http://paperpile.com/b/EgJ0cU/VLjq0
http://paperpile.com/b/EgJ0cU/PlhQh
http://paperpile.com/b/EgJ0cU/PlhQh
http://paperpile.com/b/EgJ0cU/PlhQh
http://paperpile.com/b/EgJ0cU/PlhQh
http://paperpile.com/b/EgJ0cU/PlhQh
http://dx.doi.org/10.1542/pir.21-8-265


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022
50.  Whiteside SP. Adapting the Sheehan disability scale to assess child and parent 

impairment related to childhood anxiety disorders. J Clin Child Adolesc Psychol. 
2009;38(5):721-730. doi:10.1080/15374410903103551 

51.  Gioia GA, Guy SC, Isquith PK, Kenworthy L. Behavior Rating Inventory of 
Executive Function. Psychological assessment resources; 1996. 

52.  Kelly PJ, Kyngdon F, Ingram I, Deane FP, Baker AL, Osborne BA. The Client 
Satisfaction Questionnaire-8: Psychometric properties in a cross-sectional survey of 
people attending residential substance abuse treatment. Drug Alcohol Rev. 
2018;37(1):79-86. doi:10.1111/dar.12522 

53.  Drobyshevsky A, Baumann SB, Schneider W. A rapid fMRI task battery for 
mapping of visual, motor, cognitive, and emotional function. Neuroimage. 
2006;31(2):732-744. doi:10.1016/j.neuroimage.2005.12.016 

54.  Woods DW, Piacentini J, Chang S, et al. Managing Tourette Syndrome: A 
Behavioral Intervention for Children and Adults Therapist Guide. Oxford University 
Press; 2008. https://market.android.com/details?id=book-WkWaUb6nOm0C. 

55.  Thut G, Pascual-Leone A. A review of combined TMS-EEG studies to characterize 
lasting effects of repetitive TMS and assess their usefulness in cognitive and clinical 
neuroscience. Brain Topogr. 2010;22(4):219-232. doi:10.1007/s10548-009-0115-4 

56.  Daskalakis ZJ, Möller B, Christensen BK, Fitzgerald PB, Gunraj C, Chen R. The 
effects of repetitive transcranial magnetic stimulation on cortical inhibition in 
healthy human subjects. Exp Brain Res. 2006;174(3):403-412. doi:10.1007/
s00221-006-0472-0 

57.  Hanlon CA, Dowdle LT, Correia B, et al. Left frontal pole theta burst stimulation 
decreases orbitofrontal and insula activity in cocaine users and alcohol users. Drug 
Alcohol Depend. 2017;178:310-317. doi:10.1016/j.drugalcdep.2017.03.039 

58.  Strafella AP, Paus T, Barrett J, Dagher A. Repetitive transcranial magnetic 
stimulation of the human prefrontal cortex induces dopamine release in the caudate 
nucleus. J Neurosci. 2001;21(15):RC157. https://www.ncbi.nlm.nih.gov/pubmed/
11459878. 

59.  Mueller JK, Grigsby EM, Prevosto V, et al. Simultaneous transcranial magnetic 
stimulation and single-neuron recording in alert non-human primates. Nat Neurosci. 
2014;17(8):1130-1136. doi:10.1038/nn.3751 

60.  Zafar N, Paulus W, Sommer M. Comparative assessment of best conventional with 
best theta burst repetitive transcranial magnetic stimulation protocols on human 

Page  of  Template  Revised On: 09/01/201954 56

http://paperpile.com/b/EgJ0cU/X7ysX
http://paperpile.com/b/EgJ0cU/X7ysX
http://paperpile.com/b/EgJ0cU/X7ysX
http://paperpile.com/b/EgJ0cU/X7ysX
http://paperpile.com/b/EgJ0cU/X7ysX
http://dx.doi.org/10.1080/15374410903103551
http://paperpile.com/b/EgJ0cU/7bFOR
http://paperpile.com/b/EgJ0cU/7bFOR
http://paperpile.com/b/EgJ0cU/7bFOR
http://paperpile.com/b/EgJ0cU/7bFOR
http://paperpile.com/b/EgJ0cU/oJGng
http://paperpile.com/b/EgJ0cU/oJGng
http://paperpile.com/b/EgJ0cU/oJGng
http://paperpile.com/b/EgJ0cU/oJGng
http://paperpile.com/b/EgJ0cU/oJGng
http://paperpile.com/b/EgJ0cU/oJGng
http://dx.doi.org/10.1111/dar.12522
http://paperpile.com/b/EgJ0cU/OXoDU
http://paperpile.com/b/EgJ0cU/OXoDU
http://paperpile.com/b/EgJ0cU/OXoDU
http://paperpile.com/b/EgJ0cU/OXoDU
http://paperpile.com/b/EgJ0cU/OXoDU
http://dx.doi.org/10.1016/j.neuroimage.2005.12.016
http://paperpile.com/b/EgJ0cU/MEBTQ
http://paperpile.com/b/EgJ0cU/MEBTQ
http://paperpile.com/b/EgJ0cU/MEBTQ
http://paperpile.com/b/EgJ0cU/MEBTQ
http://paperpile.com/b/EgJ0cU/MEBTQ
https://market.android.com/details?id=book-WkWaUb6nOm0C
http://paperpile.com/b/EgJ0cU/MEBTQ
http://paperpile.com/b/EgJ0cU/Nc4P3
http://paperpile.com/b/EgJ0cU/Nc4P3
http://paperpile.com/b/EgJ0cU/Nc4P3
http://paperpile.com/b/EgJ0cU/Nc4P3
http://paperpile.com/b/EgJ0cU/Nc4P3
http://dx.doi.org/10.1007/s10548-009-0115-4
http://paperpile.com/b/EgJ0cU/Uep3F
http://paperpile.com/b/EgJ0cU/Uep3F
http://paperpile.com/b/EgJ0cU/Uep3F
http://paperpile.com/b/EgJ0cU/Uep3F
http://paperpile.com/b/EgJ0cU/Uep3F
http://dx.doi.org/10.1007/s00221-006-0472-0
http://dx.doi.org/10.1007/s00221-006-0472-0
http://paperpile.com/b/EgJ0cU/5lniD
http://paperpile.com/b/EgJ0cU/5lniD
http://paperpile.com/b/EgJ0cU/5lniD
http://paperpile.com/b/EgJ0cU/5lniD
http://paperpile.com/b/EgJ0cU/5lniD
http://dx.doi.org/10.1016/j.drugalcdep.2017.03.039
http://paperpile.com/b/EgJ0cU/2oF97
http://paperpile.com/b/EgJ0cU/2oF97
http://paperpile.com/b/EgJ0cU/2oF97
http://paperpile.com/b/EgJ0cU/2oF97
http://paperpile.com/b/EgJ0cU/2oF97
https://www.ncbi.nlm.nih.gov/pubmed/11459878
https://www.ncbi.nlm.nih.gov/pubmed/11459878
http://paperpile.com/b/EgJ0cU/2oF97
http://paperpile.com/b/EgJ0cU/fgP0W
http://paperpile.com/b/EgJ0cU/fgP0W
http://paperpile.com/b/EgJ0cU/fgP0W
http://paperpile.com/b/EgJ0cU/fgP0W
http://paperpile.com/b/EgJ0cU/fgP0W
http://dx.doi.org/10.1038/nn.3751
http://paperpile.com/b/EgJ0cU/lZ3E9
http://paperpile.com/b/EgJ0cU/lZ3E9


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

motor cortex excitability. Clin Neurophysiol. 2008;119(6):1393-1399. doi:10.1016/
j.clinph.2008.02.006 

61.  Lazzaro VD, Di Lazzaro V, Dileone M, et al. Modulation of motor cortex neuronal 
networks by rTMS: comparison of local and remote effects of six different protocols 
of stimulation. Journal of Neurophysiology. 2011;105(5):2150-2156. doi:10.1152/
jn.00781.2010 

62.  Allen CH, Kluger BM, Buard I. Safety of Transcranial Magnetic Stimulation in 
Children: A Systematic Review of the Literature. Pediatr Neurol. 2017;68:3-17. 
doi:10.1016/j.pediatrneurol.2016.12.009 

63.  Hong YH, Wu SW, Pedapati EV, et al. Safety and tolerability of theta burst 
stimulation vs. single and paired pulse transcranial magnetic stimulation: a 
comparative study of 165 pediatric subjects. Front Hum Neurosci. 2015;9:29. 
doi:10.3389/fnhum.2015.00029 

64.  Peterchev AV, Wagner TA, Miranda PC, et al. Fundamentals of transcranial electric 
and magnetic stimulation dose: definition, selection, and reporting practices. Brain 
Stimul. 2012;5(4):435-453. doi:10.1016/j.brs.2011.10.001 

65.  Windhoff M, Opitz A, Thielscher A. Electric field calculations in brain stimulation 
based on finite elements: an optimized processing pipeline for the generation and 
usage of accurate individual head models. Hum Brain Mapp. 2013;34(4):923-935. 
doi:10.1002/hbm.21479 

66.  Opitz A, Paulus W, Will S, Antunes A, Thielscher A. Determinants of the electric 
field during transcranial direct current stimulation. Neuroimage. 2015;109:140-150. 
doi:10.1016/j.neuroimage.2015.01.033 

67.  Opitz A, Legon W, Rowlands A, Bickel WK, Paulus W, Tyler WJ. Physiological 
observations validate finite element models for estimating subject-specific electric 
field distributions induced by transcranial magnetic stimulation of the human motor 
cortex. Neuroimage. 2013;81:253-264. doi:10.1016/j.neuroimage.2013.04.067 

68.  Woods DW, Piacentini JC, Scahill L, et al. Behavior therapy for tics in children: 
acute and long-term effects on psychiatric and psychosocial functioning. J Child 
Neurol. 2011;26(7):858-865. doi:10.1177/0883073810397046 

69.  Rossi S, Hallett M, Rossini PM, Pascual-Leone A. Screening questionnaire before 
TMS: an update. Clin Neurophysiol. 2011;122(8):1686. doi:10.1016/
j.clinph.2010.12.037 

70.  Hu S-H, Wang S-S, Zhang M-M, et al. Repetitive transcranial magnetic stimulation-

Page  of  Template  Revised On: 09/01/201955 56

http://paperpile.com/b/EgJ0cU/lZ3E9
http://paperpile.com/b/EgJ0cU/lZ3E9
http://paperpile.com/b/EgJ0cU/lZ3E9
http://dx.doi.org/10.1016/j.clinph.2008.02.006
http://dx.doi.org/10.1016/j.clinph.2008.02.006
http://paperpile.com/b/EgJ0cU/d5XN3
http://paperpile.com/b/EgJ0cU/d5XN3
http://paperpile.com/b/EgJ0cU/d5XN3
http://paperpile.com/b/EgJ0cU/d5XN3
http://paperpile.com/b/EgJ0cU/d5XN3
http://dx.doi.org/10.1152/jn.00781.2010
http://dx.doi.org/10.1152/jn.00781.2010
http://paperpile.com/b/EgJ0cU/Jdi2h
http://paperpile.com/b/EgJ0cU/Jdi2h
http://paperpile.com/b/EgJ0cU/Jdi2h
http://paperpile.com/b/EgJ0cU/Jdi2h
http://paperpile.com/b/EgJ0cU/Jdi2h
http://dx.doi.org/10.1016/j.pediatrneurol.2016.12.009
http://paperpile.com/b/EgJ0cU/LAt74
http://paperpile.com/b/EgJ0cU/LAt74
http://paperpile.com/b/EgJ0cU/LAt74
http://paperpile.com/b/EgJ0cU/LAt74
http://paperpile.com/b/EgJ0cU/LAt74
http://paperpile.com/b/EgJ0cU/LAt74
http://dx.doi.org/10.3389/fnhum.2015.00029
http://paperpile.com/b/EgJ0cU/ASJ7d
http://paperpile.com/b/EgJ0cU/ASJ7d
http://paperpile.com/b/EgJ0cU/ASJ7d
http://paperpile.com/b/EgJ0cU/ASJ7d
http://paperpile.com/b/EgJ0cU/ASJ7d
http://dx.doi.org/10.1016/j.brs.2011.10.001
http://paperpile.com/b/EgJ0cU/ob0vJ
http://paperpile.com/b/EgJ0cU/ob0vJ
http://paperpile.com/b/EgJ0cU/ob0vJ
http://paperpile.com/b/EgJ0cU/ob0vJ
http://paperpile.com/b/EgJ0cU/ob0vJ
http://paperpile.com/b/EgJ0cU/ob0vJ
http://dx.doi.org/10.1002/hbm.21479
http://paperpile.com/b/EgJ0cU/BuNav
http://paperpile.com/b/EgJ0cU/BuNav
http://paperpile.com/b/EgJ0cU/BuNav
http://paperpile.com/b/EgJ0cU/BuNav
http://paperpile.com/b/EgJ0cU/BuNav
http://dx.doi.org/10.1016/j.neuroimage.2015.01.033
http://paperpile.com/b/EgJ0cU/Ja0st
http://paperpile.com/b/EgJ0cU/Ja0st
http://paperpile.com/b/EgJ0cU/Ja0st
http://paperpile.com/b/EgJ0cU/Ja0st
http://paperpile.com/b/EgJ0cU/Ja0st
http://paperpile.com/b/EgJ0cU/Ja0st
http://dx.doi.org/10.1016/j.neuroimage.2013.04.067
http://paperpile.com/b/EgJ0cU/CzqzW
http://paperpile.com/b/EgJ0cU/CzqzW
http://paperpile.com/b/EgJ0cU/CzqzW
http://paperpile.com/b/EgJ0cU/CzqzW
http://paperpile.com/b/EgJ0cU/CzqzW
http://dx.doi.org/10.1177/0883073810397046
http://paperpile.com/b/EgJ0cU/ubIZe
http://paperpile.com/b/EgJ0cU/ubIZe
http://paperpile.com/b/EgJ0cU/ubIZe
http://paperpile.com/b/EgJ0cU/ubIZe
http://dx.doi.org/10.1016/j.clinph.2010.12.037
http://dx.doi.org/10.1016/j.clinph.2010.12.037
http://paperpile.com/b/EgJ0cU/lsM3R


MEDICAL PROTOCOL (HRP-590)
PROTOCOL TITLE: Transcranial Magnetic Stimulation to Augment Behavior Therapy for Tics
VERSION DATE: 2/24/2022

induced seizure of a patient with adolescent-onset depression: a case report and 
literature review. J Int Med Res. 2011;39(5):2039-2044. 
doi:10.1177/147323001103900552 

71.  Chiramberro M, Lindberg N, Isometsä E, Kähkönen S, Appelberg B. Repetitive 
transcranial magnetic stimulation induced seizures in an adolescent patient with 
major depression: a case report. Brain Stimul. 2013;6(5):830-831. doi:10.1016/
j.brs.2013.02.003 

72.  Cullen KR, Jasberg S, Nelson B, Klimes-Dougan B, Lim KO, Croarkin PE. Seizure 
Induced by Deep Transcranial Magnetic Stimulation in an Adolescent with 
Depression. J Child Adolesc Psychopharmacol. 2016;26(7):637-641. doi:10.1089/
cap.2016.0070 

73.  Pedapati EV, Gilbert DL, Horn PS, et al. Effect of 30 Hz theta burst transcranial 
magnetic stimulation on the primary motor cortex in children and adolescents. Front 
Hum Neurosci. 2015;9:91. doi:10.3389/fnhum.2015.00091 

74.  Wu SW, Shahana N, Huddleston DA, Lewis AN, Gilbert DL. Safety and tolerability 
of theta-burst transcranial magnetic stimulation in children. Developmental 
Medicine & Child Neurology. 2012;54(7):636-639. http://onlinelibrary.wiley.com/
doi/10.1111/j.1469-8749.2012.04300.x/full. 

75.  Kim J, Wozniak JR, Mueller BA, Shen X, Pan W. Comparison of statistical tests for 
group differences in brain functional networks. Neuroimage. 2014;101:681-694. 
doi:10.1016/j.neuroimage.2014.07.031 

Page  of  Template  Revised On: 09/01/201956 56

http://paperpile.com/b/EgJ0cU/lsM3R
http://paperpile.com/b/EgJ0cU/lsM3R
http://paperpile.com/b/EgJ0cU/lsM3R
http://paperpile.com/b/EgJ0cU/lsM3R
http://paperpile.com/b/EgJ0cU/lsM3R
http://dx.doi.org/10.1177/147323001103900552
http://paperpile.com/b/EgJ0cU/K18xj
http://paperpile.com/b/EgJ0cU/K18xj
http://paperpile.com/b/EgJ0cU/K18xj
http://paperpile.com/b/EgJ0cU/K18xj
http://paperpile.com/b/EgJ0cU/K18xj
http://dx.doi.org/10.1016/j.brs.2013.02.003
http://dx.doi.org/10.1016/j.brs.2013.02.003
http://paperpile.com/b/EgJ0cU/X5Mph
http://paperpile.com/b/EgJ0cU/X5Mph
http://paperpile.com/b/EgJ0cU/X5Mph
http://paperpile.com/b/EgJ0cU/X5Mph
http://paperpile.com/b/EgJ0cU/X5Mph
http://dx.doi.org/10.1089/cap.2016.0070
http://dx.doi.org/10.1089/cap.2016.0070
http://paperpile.com/b/EgJ0cU/sg3qt
http://paperpile.com/b/EgJ0cU/sg3qt
http://paperpile.com/b/EgJ0cU/sg3qt
http://paperpile.com/b/EgJ0cU/sg3qt
http://paperpile.com/b/EgJ0cU/sg3qt
http://dx.doi.org/10.3389/fnhum.2015.00091
http://paperpile.com/b/EgJ0cU/160qX
http://paperpile.com/b/EgJ0cU/160qX
http://paperpile.com/b/EgJ0cU/160qX
http://paperpile.com/b/EgJ0cU/160qX
http://paperpile.com/b/EgJ0cU/160qX
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.2012.04300.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.2012.04300.x/full
http://paperpile.com/b/EgJ0cU/160qX
http://paperpile.com/b/EgJ0cU/hOqiZ
http://paperpile.com/b/EgJ0cU/hOqiZ
http://paperpile.com/b/EgJ0cU/hOqiZ
http://paperpile.com/b/EgJ0cU/hOqiZ
http://paperpile.com/b/EgJ0cU/hOqiZ
http://dx.doi.org/10.1016/j.neuroimage.2014.07.031

	Objectives
	Background
	Study Endpoints/Events/Outcomes
	Study Intervention(s)/Investigational Agent(s)
	Procedures Involved
	Data and Specimen Banking
	Sharing of Results with Participants
	Sharing Results: Participants will have the option to receive a written psychiatric diagnostic assessment report based only on clinically-validated questionnaires collected at the pre-assessment that can be used to inform care elsewhere. The report will be given directly to the parent or adult participant and will list any clinically significant diagnostic findings, such as positive diagnoses identified on the MINI. Minors will be informed of this. Participants will not be given individual feedback about other measures (i.e., TST, MRI) or clinical outcomes at post-treatment or follow-up; however, if participants/parents express interest in obtaining referrals for clinical care we will provide this assistance. Participants will be informed that overall study results will be posted on clinicaltrials.gov at the conclusion of the study.
	Study Population
	Vulnerable Populations
	Local Number of Participants
	Local Recruitment Methods
	Withdrawal of Participants
	Risks to Participants
	Potential Benefits to Participants
	Statistical Considerations
	Health Information and Privacy Compliance
	Select which of the following is applicable to your research:
	Confidentiality
	Provisions to Monitor the Data to Ensure the Safety of Participants
	Provisions to Protect the Privacy Interests of Participants
	Compensation for Research-Related Injury
	Consent Process
	Setting
	Multi-Site Research
	Coordinating Center Research
	Resources Available
	References

