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Petition to Add a Medical Condition, Medical Treatment or
Disease to the List of Debilitating Conditions

INSTRUCTIONS: Please complete each section of this Petition and attach all supportive documents. All attachments must

include a title referencing the Section letter to which it responds. Any Petition that is not fully or properly completed will not
be submitted to the Board of Physicians.

Please Note: Any individually identifiable health information contained in a Petition shall be confidential and shall not

be subject to disclosure under the Freedom of Information Act, as defined in section 1-200, Connecticut General
Statutes.

Section A: Petitioner’s Information

Name iFirstI Middlei Liit):

Home Address (including Apartment or Suite #):

' State: | Zip Code:

E-mail Address:

Section B: Medical Condition, Medical Treatment or Disease

Please specify the medical condition, medical treatment or disease that you are seeking to add to the list of

debilitating medical conditions under the Act. Be as precise as possible in identifying the condition, treatment or
disease.

Tourette's Disorder 307.23

Section C: Background
Provide information evidencing the extent to which the condition, treatment or disease is generally accepted by
the medical community and other experts as a valid, existing medical condition, medical treatment or disease.

e Attach a comprehensive definition from a recognized medical source.
e  Attach additional pages as needed.

see attached

Section D: Negative Effects of Current Treatment

If you claim a treatment, that has been prescribed for your condition causes you to suffer (i.e. severe or chronic
pain, spasticity, etc.), provide information regarding the extent to which such treatment is generally accepted by
the medical community and other experts as a valid treatment for your debilitating condition.

e  Attach additional pages as necessary.
e Ifnot applicable, please indicate N/A.

see a'h}éhed
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Section E: Negative Effects of Condition or Treatment

Provide information regarding the extent to which the condition or the treatments thereof cause severe or chronic pain,
severe nausea, spasticity or otherwise substantially limits one or more major life activities.

e Attach additional pages as necessary.
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Section F: Conventional Therapies

Provide information regarding the availability of conventional medical therapies, other than those that cause
suffering, to alleviate suffering caused by the condition or the treatment thereof.

e Attach additional pages as necessary.

see attached

Section G: General Evidence of Support for Medical Marijuana Treatment

Provide evidence, generally accepted among the medical community and other experts, that supports a finding
that the use of marijuana alleviates suffering caused by the condition or the treatment thereof.

e Attach additional pages as necessary.

see attached

Section H: Scientific Evidence of Support for Medical Marijuana Treatment

Provide any information or studies regarding any beneficial or adverse effects from the use of marijuana in
patients with the condition, treatment or disease that is the subject of the petition.

e Supporting evidence needs to be from professionally recognized sources such as peer reviewed articles or
professional journals.
e  Attach complete copies of any article or reference, not abstracts.

see attached

Section I: Professional Recommendations for Medical Marijuana Treatment

Attach letters in support of your petition from physicians or other licensed health care professionals
knowledgeable about the condition, treatment or disease at issue.
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Section J: Submission of Petition

In the event you are unable to answer or provide the required documentation to any of the Sections above
(excluding Section D); provide a detailed explanation indicating what you believe is “good cause” for not doing

SO.

e Attach additional pages as necessary.

I hereby certify that the above information is correct and complete.

My signature below attests that the information provided in this petition is true and that the attached documents
are authentic. I formally request that the commissioner present my petition and all supporting evidence to the
Board of Physicians for consideration.

Signature: Date Signed:
- 2 Apri | 20)4
7
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| Eﬂ;’f Centers for Disease Control and Prevention
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@ CDC 24/7: Saving Lives. Protecting Pecple,™

Diagnosing Tic Disorders

The American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5)1#ref) js used by health professionals to help diagnose tic disorders.

Tics are sudden twitches, movements, or sounds that people do repeatedly. People who have tics
cannot stop their body from doing these things. For example, a person with a motor tic might keep
blinking over and over again. Or, a person with a vocal tic might make a grunting sound
unwillingly .

Three tic disorders are included in the DSM-5:

e Tourette’s disorder (also called Tourette Syndrome [TS]) (#TS)

e Persistent (also called chronic) motor or vocal tic disorder (#persistent)

e Provisional tic disorder (#provisional)

The tic disorders differ from each other in terms of the type of tic present (motor or vocal, or a
combination of both), and how long the symptoms have lasted. People with TS have both motor
and vocal tics, and have had tic symptoms for at least 1 year. People with persistent motor or
vocal tic disorders have either motor or vocal tics, and have had tic symptoms for at least 1 year.
People with provisional tic disorders can have motor or vocal tics, or both, but have had their
symptoms less than 1 year. The criteria for diagnosis have been updated with the recent
publication of the 5th edition of the DSM. One change was to use the term ‘provisional’ tic disorder
rather than ‘transient’ tic disorder for tics that started less than a year before diagnosis. In DSM-
IV, a diagnosis of TS or persistent tic disorder required that there was no tic-free period of 3
months or more in the year prior to diagnosis. This is no longer required.

Here are the criteria in shortened form. Please note that they are presented for your information
only and should not be used for self-diagnosis. If you are concerned about any of the symptoms
listed, you should consult a trained health care provider with experience in diagnosing and treating
tic disorders.

The criteria are presented here in modified form to make them more accessible to the general
public. They are listed here for information purposes only and should not be used for self-
diagnosis. If you are concerned about any of the symptoms listed, you should consult a trained
health care provider with experience in diagnosing and treating tic disorders.

Tourette Syndrome (TS)

For a person to be diagnosed with TS, he or she must:

e have both multiple motor tics (for example, blinking or shrugging the shoulders) and vocal
tics (for example, humming, clearing the throat, or yelling out a word or phrase), although
they might not always happen at the same time.

e have had tics for at least a year. The tics can occur many times a day (usually in bouts) nearly
every day, or off and on.

www.cdc.g ovncbddd/tourette/diag nosis.html#T S 13
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o have tics that begin before he or she is 18 years of age.

o have symptoms that are not due to taking medicine or other drugs or due to having another
medical condition (for example, seizures, Huntington disease, or postviral encephalitis).

Persistent (Chronic) Motor or Vocal Tic Disorder

For a person to be diagnosed with a persistent tic disorder, he or she must:

o have one or more motor tics (for example, blinking or shrugging the shoulders) or vocal tics
(for example, humming, clearing the throat, or yelling out a word or phrase), but not both.

o have tics that occur many times a day nearly every day or on and off throughout a period of
more than a year.

o have tics that start before he or she is 18 years of age.

e have symptoms that are not due to taking medicine or other drugs, or due to having a medical
condition that can cause tics (for example, seizures, Huntington disease, or postviral
encephalitis).

e not have been diagnosed with TS.

Provisional Tic Disorder

For a person to be diagnosed with this disorder, he or she must:

o have one or more motor tics (for example, blinking or shrugging the shoulders) or vocal tics
(for example, humming, clearing the throat, or yelling out a word or phrase).

e have been present for no longer than 12 months in a row.

o have tics that start before he or she is 18 years of age.

e have symptoms that are not due to taking medicine or other drugs, or due to having a medical
condition that can cause tics (for example, Huntington disease or postviral encephalitis).

e not have been diagnosed with TS or persistent motor or vocal tic disorder.
Related Pages

e Other Concerns and Conditions (/ncbddd/tourette/otherconcerns.html)
Attention-Deficit/Hyperactivity Disorder (ADHD) (/ncbddd/adhd)

Child Development (/necbddd/child/default.htm

Positive Parenting Tips (/ncbddd/child/positive.htm)
CDC’s National Center on Birth Defects and Developmental Disabilities (/ncbddd/index.html)

Reference

1. American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 5th
edition. Arlington, VA., American Psychiatric Association, 2013.

Page last reviewed: February 20,2014

Page last updated: February 20, 2014

Content source: National Center on Birth Defects and Developm ental Disabilities, Centers for Disease Control and
Prevention
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Centers for Disease Control and Prevention 1600 Clifton Rd. Atlanta, GA

Tsa.

800-CDC-INFO (800-232-4636) TTY: (888) 232-6348 - Contact CDC-INFO
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DEPRESSION AND ANxIETY 27: 600-610 (2010)

TIC DISORDERS: SOME KEY ISSUES FOR DSM-V

John T. Walkup, M.D.,'* Ygor Ferrdo, M.D. M.Sc.,? James E. Leckman, M.D.,> Dan J. Stein, M.B.,* and

Harvey Singer, M.D.’

This study provides a focused review of issues that are velevant to the nosology of
the tic disovders and presents preliminary vecommendations to be considered for
DSM-V. The recommended changes are designed to clavify and simplify the
diagnostic criteria, reduce the use of the vesidual category, tic disorder not
otherwise specified, and ave not intended to alter substantially clinical practice or
the continuity of past and future research. Specific recommendations include: (1) a
move precise definition of motor and vocal tics; (2) simplification of the duration
critevion for the tic disorders; (3) revising the term “transient tic disorder” for
those with tic symptoms of less than 12-month duration; (4) establishing new tic
disorder categovies for those with substance induced tic disorder and tic disorder
due to a general medical condition; and (5) including a motor tic only and vocal
tic only specifier for the chronic motor or vocal tic disovder category. Depression

and Anxiety 27:600-610, 2010.

© 2010 Wiley-Liss, Inc.

The tic disorders are childhood onset neuropsychiatric
disorders commonly associated with other psychiatric
disorders including attention deficit hyperactivity dis-
order and obsessive—compulsive disorder.! Although
the cause of the tic disorders is not known there have
been substantial advances in our understanding of the
phenomenol%f]gy,[zl epidemiology,®! genetics,*” patho-
physiology,[S " course,”! and treatment®? of these
disorders since the last version of DSM was published.

The tic disorders were first included in DSM-TIT!
and there have been three important chan]ges to the
criteria in subsequent editions. Tn DSM-TV' the age of
onset was changed from before 21 years to before 18
years and an impairment criterion was added and
required for diagnosis. Tn DSM-TV-TR!? the impair-
ment criterion was removed, due to concerns regarding
patients who had the cardinal features of Tourette’s
disorder (i.e. chronic motor and vocal tics), but who did
not experience impairment.!'*!*

This review focuses on nosological issues specific to
revision of the tic disorder diagnostic categories and
criteria for DSM-V in light of the clinical and research
knowledge that has accumulated since the publication
of DSM-IV. Although our understanding of the
epidemiology, genetics, course, and treatment of the
tic disorders has improved substantially since DSM-1V,
the core phenomenology of the tic disorders as
described over a century ago by Gilles de la Tourette
is essentally unchanged.'™ Recommendations for
changes to the diagnostic criteria are intended to
clarify and simplify the diagnostic criteria and are not

© 2010 Wiley-Liss, Inc.

intended to alter substantially clinical practice or the
continuity of past and current research.
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This study was commissioned by the DSM-V
Anxiety, Obsessive-Compulsive Spectrum, Post-"Trau-
matic, and Dissociative Disorders Work Group. It
represents the work of the authors for consideration by
the work group. Recommendations provided in this study
should be considered preliminary at this time; they do not
necessarily reflect the final recommendations or decisions that
will be made for DSM-V, as the DSM-V development
process is still ongoing. It is possible that this study’s
recommendations will be revised as additional data and
input from experts and the field are obtained.

CURRENT TIC DISORDER
DIAGNOSTIC CRITERIA

There are four tic disorder diagnostic categories
included in the DSM-IV-TR section of Disorders
Usually First Diagnosed in Infancy, Childhood, or
Adolescence:?! (1) Tourette’s disorder (TD); (2)
chronic motor or vocal tic disorder (CMVTD); (3)
transient tic disorder (TTD); and (4) tic disorder,
not otherwise specified (TDNOS) (Table 1). Diagnos-
tic decisions for the tic disorders in DSM-IV-TR
are based on the presence of motor and/or vocal
tics, duration of tic symptoms, age of onset, and
absence of any known cause such as a general medical
condition or substance use. Other diagnostic schemas,
such as ICD-10% and those developed for genetic and
epidemiological studies,"”! will not be reviewed in
detail here.

ISSUES TO BE ADDRESSED

1. Are any changes required to the definition of tics
in criterion A of the current diagnostic criteria?

e Should vocalizations that are caused by muscle
contractions be considered vocal tics or motor tics?

e Would it aid in the distinction of tics from
stereotypies to remove the term “stereotyped” from
the description of tics in Criterion A?

e Are wording changes needed to make Criterion A
consistent in each of the tic disorder diagnoses?

® As both TD and CMVTD are chronic tic disorders
should Criterion A for TD and CMVTD be
changed to allow merging of these categories?

e Is there sufficient distinction between chronic motor
tic disorder and chronic vocal tic disorder to justify
making each a unique diagnostic category?

2. Are any changes required to Criterion B for any of
the tic disorder diagnoses?

® There are three issues relevant to the duration
criterion for TD, CMVTD and TTD.

o Is the 12-month duration of symptoms appro-
priate for diagnosis?

TABLE 1. DSM-IV TR for the tic disorders

DSM-IV-TR Criteria 307.23 (Tourette’s Disorder)

A. Both multiple motor and one or more vocl tics have been present
at some time during the illness, although not necessarily
concurrently. (A tic is a sudden, rapid, recurrent, nonrhythmic,
stereotyped motor movement or vocalization)

B. The tics occur many times a day, (usually in bouts,) nearly every
day or intermittently throughout a period of more than 1 year, and
during this period there was never a tic-free period of more than 3
consecutive months

C. The onset is before age 18 years

D. The disturbance is not due to the direct physiological effects of
a substance (e.g. stimulants) or a general medical condition (e.g.
Huntington’s disease or postviral encephalitis)

DSM-IV-TR Criteria 307.22 (Chronic Motor or Vocal Tic Disorder)

A. Single or multiple motor or vocal tics (i.e. sudden, rapid, recurrent,
nonrhythmic, stereotyped motor movements or vocalizations), but
not both, have been present at some time during the illness

B. The tics occur many times a day nearly every day or intermittently
throughout a period of more than 1 year, and during this period
there was never a tic-free period of more than 3 consecutive
months

C. The onset is before age 18 years

D. The disturbance is not due to the direct physiological effects of
a substance (e.g. stimulants) or a general medical condition (e.g.
Huntington’s disease or postviral encephalitis)

E. Criteria have never been met for Tourette’s disorder

DSM-IV-TR Criteria 307.21 (Transient Tic Disorder)

A. Single or multiple motor and/or vocal tics (i.e. sudden, rapid,
recurrent, nonrhythmic, stereotyped motor movements or
vocalizations)

B. The tics occur many times a day, nearly every day for at least
4 weeks, but for no longer than 12 consecutive months

C. The onset is before age 18 years

D. The disturbance is not due to the direct physiological effects of
a substance (e.g. stimulants) or a general medical condition (e.g.
Huntington’s disease or postviral encephalitis)

E. Criteria have never been met for Tourette’s disorder or chronic
motor or vocal tic disorder

Specify if:

Single Episode or Recurrent

DSM-IV TR Criteria 307.20 (Tic Disordes; Not Otherwise Specified)

This category is for disorders characterized by tics that do not meet
criteria for a specific tic disorder. Examples include tics lasting less
than 4 weeks or tics with an onset after age 18 years

Reprinted with permission from the diagnostic and statistical manual
of mental disorders, 4th edition, text revision. copyright 2000
American psychiatric association.

o Is the maximum 3-month tic-free interval in any
12-month interval critical to the determination of
chronicity?

o TIs a change needed for the duration criterion
(Criterion B) in TTD?

3. Are any changes required to Criterion C for any of
the tic disorder diagnoses?

o Is the 18-year maximum age of onset too old?

Depression and Anxiety
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4. Are any changes required to Criterion D for any of
the tic disorder diagnoses?

e Should prescription stimulant medication be used as
an example of substances causing tics?
e Should the current exclusion criteria be retained?

5. Is any change required for Criterion E for
CMVTD and TTD?

6. Is there a need for a clinical severity criterion or
specifier?

e Should there be a clinical severity criterion or
specifier for the tic disorders?

7. Does the Tic Disorder, Not Otherwise Specified
category need revision?

e Should those with very short duration of tic
symptoms be included in the proposed category of
provisional tic disorder?

e Should adult onset cases continue to be included in
TDNOS category?

8. Do tic disorder diagnostic criteria appear suitable
from a developmental, gender, and cross-cultural
perspective?

9. Are there subtypes of tic disorders supported by
the literature that should be included in DSM-V?

o Is there substantial enough an evidence base for
subtypes of tic disorders?

10. Is the current grouping of the tic disorders in
DSM-IV-TR appropriate?

SIGNIFICANCE OF THE ISSUES

With respect to issues #1-7, the aim of the diagnostic
criteria for tic disorders is to classify patients’ symptoms
accurately, so as to improve treatment. The diagnostic
criteria also facilitate provider communication about
the patient and allow research to be conducted to
improve our understanding of the epidemiology,
genetics, pathophysiology, course and prognosis, and
management of tic disorders. Emphasis will be placed
on addressing the shortcomings of the current criteria,
and potential ways of addressing these.

With respect to issue #8, there is a great interest in
reviewing the current DSM-IV-TR criteria to ensure
that they fully account for any developmental varia-
bility in symptom presentation, and optimally reflect
potential gender, racial or ethnic differences in
symptoms, onset, and course.

With respect to issue #9, since DSM-IV-TR there
has been a great deal of research on the phenomenol-
ogy of tic symptoms, including factor analyses that
suggest grouping of tic symptoms that may have utility
in assessment, identifying patterns of co-morbidity or
differences in course of illness, and treatment planning.

Depression and Anxiety

Issue #10 addresses with which other disorders
should the tic disorders be grouped. This is a
particularly challenging issue facing DSM-V. How
the tic disorders are grouped communicates how the
field perceives the relationships between the tic
disorders and psychiatric disorders in general, and has
implications for patients, providers, and payers, and for
advocacy that needs to be carefully considered. This
issue will also be considered in more detail in a separate
study in this issue (Phillips et al.).

SEARCH METHODS

A literature search was conducted using We-
bofScience, PubMed, Psychinfo, and other relevant
databases. Documents from the DSM-V planning
process (e.g. Research Agenda books, the Options
Book, and planning conferences) and Reference sec-
tions of published articles were also examined. There
was no time limit to the search. Search terms included
“tic disorders,” “tics,” “Tourette disorder,” “Tourette’s
disorder,” “Tourette syndrome,” “Tourette’s syn-
drome,” “Tourettes,” “premonitory sensation,” and
“premonitory urge.”

RESULTS

1. Are any changes required to the definition of tics
in criterion A of the current diagnostic criteria?

e Should vocalizations that are result of motor tics be
considered vocal tics or motor tics?

Motor tics of the diaphragm and oropharynx can
result in simple vocalizations (e.g. grunting, snorting,
and sniffing)."® Whether such simple sounds are
considered motor or vocal tics have important implica-
tions for the tic disorder diagnoses. Retaining the
motor and vocal tic distinction, is arguably in keeping
with the descriptive approach in DSM-V. Changing
diagnostic practice and reclassifying simple vocaliza-
tions as motor tics might be more accurate but such a
change in diagnostic practice would result in significant
discontinuity with historical diagnostic approaches in
clinical and research practice. For example, individuals
with simple vocalizations who currently carry the
diagnosis of TD may no longer meet the diagnostic
criteria for TD, and prevalence estimates from
recent high-quality epidemiological studies®! using
the current criteria may shift substantially. Further-
more, there is no evidence that such a change would
improve the assessment or treatment of patients with
tic disorders.

In additdon to the historical precedent, and the
descriptive nature of DSM, there is empirical data to
support the distinction between motor and vocal tics.
Specifically, factor analytic studies consistently identi
motor and vocal tics as independent factors.!'*%7]
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Epidemiological studies suggest that co-morbidity rates
differ based on the presence chronic motor or chronic
vocal tics. The presence of chronic vocal tics is associated
with higher rates of co-morbidity than chronic motor
tics (58% vs. 12%) as well as specifically higher rates of
ADHD (33% vs. 12%) and OCD (8% vs. 0%).%*”
Recommendation: We recommend continuing to
identify vocalizations caused by motor tics as vocal tics.

e Would it aid in the distinction of tics from
stereotypies to remove the term “stereotyped” from
the description of tics in Criterion A?

Tics and stereotypies can be difficult to differentiate
from each other. Both can have an onset in_early
childhood and can co-occur in the same child.?* In
additioni complex tics may appear similar to stereo-
typies.?" Including the word “stereotyped” in the
definition of a tic may contribute to the misclassifica-
tion of stereotypies and tics. Given that there are other
terms that can capture the repetitive nature of tics,
eliminating the word stereotyped from the definition of
a tic would remove one source of potential confusion.
Although there are few other terms that capture the
fact that tics are consistent both within a patient and
across patients, removing the term “stereotyped” from
the definition of a tic, using simpler and more
descriptive language to define tics and providing
examples of tics and stereotypies in the text, would
address potential confusion and help clinicians in
distinguishing these symptoms.

Reconmendation: We recommend removing the term
“stereotyped” from the definition of a tic in Criterion
A, and providing detailed descriptions and examples of
tics and stereotypies in the text on tic disorder and
stereotypic movement disorder. See Criterion A tic
definition below.

e Are wording changes needed to make Criterion A
consistent in each of the tic disorders?

The definition of a tic that is used in Criterion A for
TD, DMVTD, and TTD varies in its wording. The
definition of a tic should be consistent across the tic
disorders.

Recommendation: We recommend a consistent defini-
tion of tics in Criterion A for TD, CMVTD, and TD
namely, “A tic is a sudden, rapid, recurrent, nonrhyth-
mic, motor movement or vocalization.”

e As both TD and CMVTD are chronic tic disorders
should Criterion A for TD and CMVTD be changed
to allow merging of these categories?

Based on Criterion A, patients with chronic motor
and vocal tics are diagnosed with TD, while those with
chronic motor only or chronic vocal only are diagnosed
with CMVTD. Eliminating the distinction between
TD and CMVTD might potentially simplify diagnos-
tic assessment by eliminating a distinction between the
chronic tic disorders—TD and CMVTD. Although

research is lacking, there are likely few differences in
neural substrates, genetic and environmental risk
factors, course or treatment response that justify a
major distinction between TD and CMVT D51 1n
addition, some genetic??”} and treatment studies?®”)
combine TD and CMVTD.

However, there are important disadvantages to
eliminating the distinction between TD and CMVTD.
There is an emerging literature that suggests that the
presence of vocal tics in TD may be clinically mean-
ingful. For example, impairment associated with TD
appears to be greater than that for chronic motor tics
only.?% As noted above, factor analytic studies of TD
suggest the presence of vocalizations, especially com-
plex vocalizations, to be an_important phenotypic
distinction to maintain.t223132 In addition, co-
morbidity patterns may differ between TD and
CMVTD.B?! Collapsing these diagnostic categories
may therefore lead to important loss of information,
and adversely impact assessment and treatment.

Recommendation: We recommend that the distinction
between Tourette’s disorder and the chronic motor or
vocal tic disorder be maintained.

e Is there sufficient distinction between individuals with
chronic motor tics only and chronic vocal tics only to
justify making each a unique diagnostic category?

Currently, patients with chronic motor tics only or
chronic vocal tics only are diagnosed with chronic motor
or vocal tic disorder. There may be advantages to create a
new diagnostic category for patients with only motor tics
or only vocal chronic tics. As noted earlier, vocal tics may
reflect a different neurobiology and may potentially
require different treatment. However, the ?revalence of
chronic vocal tic disorder is relatively low,”” and to date
no study has suggested that motor or vocal tics should be
treated differently. It is possible that those who report only
vocal tics may in fact have motor tics upon examination as
in clinical practice and in research it is common to observe
tics in those who do not report any tic symptoms.*¥

Recommendation: We recommend maintaining the
current category of chronic motor or vocal tic disorder,
but adding a motor tic only vs. vocal tic only specifier.
This change in diagnostic practicc may stimulate
research into a small, but potentially meaningful

subtype of tic disorder.

2. Are any changes required to Criterion B for any of
the tic disorder diagnoses?

® There are three issues relevant to the duration
criterion for TD, CMVTD, and TTD.

o Ts the 12-month duration of symptoms adequate
for diagnosis?

o TIs the maximum 3-month tic-free interval in any
12-month interval critical to the determination
of chronicity?

o Is a change needed for the duration criterion
(Criterion B) in TTD?

Depression and Anxiety
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The 12-month minimum duration of symptoms is an
arbitrary cut-off point. Yet, it is consistent with the
term “chronic” and has historical precedent in DSM.
Although 12 months of persistent symptoms may be
considered a high threshold for chronicity, it assures
that the chronic tic disorder diagnoses are only used for
those with persistent tic symptoms. This is especially
important given that up to a third of those with tics in
childhood become tic-free or nearly tic-free in adult-
hood 3534

Although the minimum duration of tic s¥mptoms
that predicts a chronic course is not known, 371 there
could be value to a shorter duration criterion. A
shorter duration criterion would allow more children
to have the diagnosis and potentially increase
referral for early interventions for the common and
disabling co-occurring conditions. Also, such early
diagnosis could increase referrals for promising
low-risk behavioral interventions®®*? for these
disorders.

Given the waxing and waning nature of the tic
disorders, including a maximum tic-free interval is a
way of making sure that those who are diagnosed with a
chronic tic disorder have persistent and not transient
symptoms. However, the duration of the tic-free
interval in DSM 1s arbitrary,“g] is not based on data,
and is potentially more difficult to assess (i.e. based on
a patient’s recall of tic-free periods) than the 12-month
duration criteria. As noted above individuals are often
unaware of their current tic symptoms,” 400 5o that
some individuals who report tic-free intervals may,
when examined, not be tic free.

Given the 12-month minimum duration for TD and
CMVTD there is a need for a diagnostic category for
those with tic disorders of less than 12-months
duration. Currently, the transient tic disorder (I'TD)
diagnosis is intended for those who have not had tics
for the minimum 12 months necessary for a chronic tic
disorder diagnosis. However, the current TTD cate-
gory is awkward in its implementation. First, the term
“transient” suggests that the tics have come and gone.
For a youngster who presents with 6 months of tic
symptoms, it is awkward to describe the child’s
symptoms as transient when they are currently present
and have been persistent for 6 months. Second, that
same youngster does not actually qualify for a TTD
diagnosis until evaluated again at 12 months where
upon the youngster can get either a TTD diagnosis, if
the tics went away, or a ID or CMVTD diagnosis, if
the tics persist. The TTD, recurrent, category is
similarly awkward to implement; for example, an 11-
year-old patient with age of tic onset at 7 years who has
multiple episodes of motor and vocal tics of less than
12 months duration and with greater than 3 month tic-
free intervals will receive a diagnosis of TTD,
recurrent. Clinically, this patient has chronic symptoms
over a 4-year period. In clinical practice this patient
would likely be considered to have chronic symptoms
of Tourette’s disorder diagnosis, but under the current
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criteria would only meet criteria for a transient tic
disorder, recurrent.

Currently, those with tics of less than 4 weeks
duration receive a TDNOS diagnosis. Again, the 4-
week threshold is arbitrary, not based in data and it is
unknown whether tics of less than one month’s
duration predicts a transient course or not.

Recommendation: We recommend maintaining the 12-
month duration criterion, eliminating the 3-month
maximum tic-free interval, and changing the wording
of the duration criterion for TD and CMVTD. The
new wording would be “The tics may wax and wane in
frequency but have persisted for more than 1 year since
first tic onset.” Thus, chronicity would be determined
by the duration of symptoms from first tic onset rather,
rather than by persistence of symptoms over any
arbitrary 12-month period.

We also recommend changing the name of the TTD
diagnostic category to “provisional tic disorder”
and revising its duration criterion. The use of the
diagnosis “provisional tic disorder” seems more accu-
rate than “transient tic disorder” for patients with
ongoing tic symptoms of less than one-year duration
since onset. The use of a “provisional tic disorder”
diagnosis acknowledges that a patient presently has
tics, but which have not been persistent for more than
12 months since first onset. To be consistent with the
wording of the duration criterion for TD and CMVTD
(i.e. Criterion B), the duration criterion for the
provisional tic disorder category would be “The tics
have been present for less than 1 year since first tic
onset.”

We recommend that children with symptoms of less
than 4 weeks also be given the provisional tic disorder
diagnosis. This change would reduce the use of the
residual category, TDNOS, for very new onset cases.

3. Are any changes required to Criterion C for any of
the tic disorder diagnoses?

e Is the 18-year maximum age of onset too old?

In DSM-IV the maximum age of onset for the tic
disorders was changed from 21 to 18 years. This
change reflects multiple studies suggesting that the age
of onset was in children and young adolescents.”®!
Also, age 18 corresponds to an accepted standard of
when adulthood begins. This age of onset has been
consistently used in DSM despite prior and current
research, which suggests the age of onset for most
affected individuals to be even earlier, prior to
puberty.m’m Given the precedent for the upper age
limit of 18 years, the cultural acceptance of age 18 as
the age of adulthood and the listing of the tic disorders
in the section on Disorders Usually First Diagnosed in
Infancy, Childhood, or Adolescence, having a generous
age of onset criterion allows for inclusion of all typical
and atypical cases that might have had tic onset in the
mid to late teen years.
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Recommendation: We recommend maintaining the age
18 years as the upper age limit of tic onset.

4. Are any changes required to Criterion D for any of
the tic disorder diagnoses?

e Should prescription stimulant medication be used as
an example of substances causing tics?

The current exclusion criterion excludes tics that
clearly appear secondary to substance use (e.g. stimu-
lants) or a general medical conditions. Although this
exclusion is consistent with an anecdotal literature
suggesting stimulant medication can cause new tic
onset or an exacerbation of existing tics,*?#) and
current product information for stimulant medications,
it is not consistent with the current evidence base of
stimulant treatment in children with tics and ADHD.
Blinded clinical trials of stimulant medications for
ADHD in children with tics suggest that stimulants are
no more commonly associated with tics as an adverse
event than placebo or clonidine.?® These data and
other studies™ % suggest that during well-supervised
stimulant treatment of ADHD in children with tics, the
rate of tic exacerbation associated with stimulant
treatment is not higher than that observed with placebo
or an active drug comparator.

Recommendation: We recommend removing the ex-
ample of prescription stimulants medication from the
exclusion criteria to make the diagnostic criteria
consistent with the treatment evidence base for the
stimulant treatment of ADHD in children with tic
disorders. We also recommend using examples of
illegal substances such as cocaine to highlight the
potential adverse effects of drugs of abuse in people
with tics.

@ Should the current exclusion criteria be retained?

The current exclusion criterion assures that tic
symptoms in those who are diagnosed with TD,
CMVTD, or TTD are idiopathic as to cause and are
not the result of a known medical cause or substance
induced. There is a strong precedent to exclude from a
tic disorder diagnosis (and any other psychiatric
disorder) those whose symptoms appear to be attribu-
table to an identifiable cause. FHowever, caution is
warranted in attributing a specific cause to tic onset or
worsening as there is potential for a false attributions.
Tics are common in childhood, tics wax and wane in
severity and are responsive to environmental factors
such as psychological stress or excitement, and thus
may appear to come and go in response to environ-
mental factors. For example, it is common in clinical
practice for children and parents to attribute tic onset
or worsening to a situation, event or environmental
factor because of a close temporal association and a
plausible mechanism (e.g. stress at school, excitement
at an amusement park, etc.) The exclusion is not meant
for such cases with a typical age of onset, pattern of
symptoms, whose onset or worsening are temporally

associated with routine experiences of childhood.
Rather the exclusion is meant to highlight those
cases where tic onset or exacerbation is associated
with unusual events, which directly affect central
nervous system functioning, are temporally asso-
ciated with tic onset and may have other atypical
features. For example, most adult onset cases are
readily attributable to medical condition, although
the phenomenology of such secondary tics is not
different than tics that are considered idiopathic and
treatment of such secondary tics is similar to that for
idiopathic tics.1}

Recommendation: We recommend retaining the cur-
rent exclusion criterion for the tic disorders, but
also recommend creating new categories in parallel
with other DSM diagnoses for those tic disorders
where there is a known cause. Tic disorders due to a
misuse of an illegal substance (such as cocaine!®)
should be classified as Substance (indicate the sub-
stance) Induced Tic Disorder and those tic disorders
with a known medical cause (such as stroke, encepha-
litis, or head trauma(**)) should be diagnosed with “Tic
Disorder due to ...” (indicate the general medical
condition).

5. Is any change required for Criterion E for
CMVTD and TTD? Criterion E notes the hierarchical
nature of the tic disorders such that those with a
Tourette disorder history cannot be given subsequently
a chronic motor or vocal tic disorder. We do not
recommend a change to this criterion.

6. Ts there a need for a clinical severity specifier?

e Should there be a clinical severity criterion or
specifier for the tic disorders?

In DSM-IV, all the tic disorder diagnoses included a
distress or impairment criterion that was required for
diagnosis. This criterion was removed from the tic
disorders in DSM-IV-TR as many individuals with
chronic motor and/or vocal tics were not considered
distressed or impaired and therefore could not be
diagnosed with a tic disorder.[*%

There are a number of factors that contribute to tic
severit;/ or impairment in patients with tic disor-
ders.*5% The person’s reaction to his or her tics,
the family’s reaction, and the reaction of others at
school or work place may all impact perceived severity
or impairment and render such assessments highly
variable and potentially unreliable. For example,
clinical experience suggests that a child with mild tics
in a hostile school environment may be more impaired,
and perceived as having more severe symptoms than a
child with more severe tics in an accepting school
environment. Also, as many who come to clinical
attention have tics and co-morbid conditions, parsing
tic impairment and severity from severity and impair-
ment associated with co-occurring conditions is

difficult.
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Recommendation: We do not recommend that severity
or impairment be included as a criterion required for
diagnosis. However, consideration should be given to
develop criteria to specify a level of severity or
impairment for those diagnosed with a tic disorder.

7. Does the Tic Disorder, Not Otherwise Specified
category need revision? Currently, the TDNOS
category is to be used (1) for those with very short
duration of symptoms (i.e. less than 4 weeks); and (2)
onsets of symptoms that occur after age 18 years.

o Should those with very short duration of tic
symptoms be included in the new provisional tic
disorder category?

There are no data to suggest that those with tics of
less than 4 weeks duration are substantially different
from those with tics greater than 4 weeks duration or
that the phenomenology of the tics are different than
those with tcs of greater duration.

Recommendation: We recommend that those with any
duration of tic symptoms of less than 12 months since
tic onset be diagnosed with a provisional tic disorder.
This will reduce the use of TD NOS for such new

onset cases.

e Should adult onset cases continue to be included in
TDNOS category?

Although the typical age of onset of the tic disorders
is in the early childhood years, a number of case reports
have documented the onset of tics in the adult years.!*”)
First clinical presentations of tics in adulthood include
those who have known of their lifetime history of tics,
those who through careful evaluation are found to have
a childhood onset, and those who appear to have an
onset in adulthood."”! Of the cases with verified adult
onset, most had an identifiable medical cause and very
few were considered idiopathic. These idiopathic adult
onset cases do not appear to differ from age-matched
affected adults with childhood onset.*”)

Recommendation: For those adult onset cases with an
identifiable medical cause we recommend using the
new category “Tic Disorder due to... indicate the
medical condition” that would include motor and/or
vocal tics of any age of onset (See proposed criteria).
Idiopathic adult onset cases would continue to be
diagnosed with TDNOS. This will eliminate the use of
TDNOS for adult onset cases with an identifiable

medical cause.

8. Do tic disorder diagnostic criteria appear suitable
from a developmental, gender, and cross cultural
perspective?

Although tics wax and wane in severity and tic
symptoms can be highly variable within and across
individuals, there are no data suggesting that the
phenomenology or treatment of tics are different for
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children, adolescents, or adults,”! for males and
females or across cultures.’!! However, some studies
have found that rgirls may have different patterns of
onset and course,’? co-morbidity,*!! or neuroimaging
findings.**!

Recommendation: We do not recommend any change
in diagnostic criteria to specifically reflect develop-
mental, gender, or cross-cultural issues.

9. Are there subtypes of Tic Disorders supported by
the literature that should be included in DSM-V?

e Is there substantial enough an evidence base for
subtypes of tic disorders?

A number of factor analytic studies have suggested
that there are distinct symptom groupings which might
have important implications for understanding the
genetics and pathophysiology of the tic disorders and
may also have implications for treatment."'*2?l The
results of these studies suggest that impairment
associated with combined motor and vocal tics appears
to be greater than with chronic motor tics alone, and
supports the distinction of TD from CMVTD. Some
studies have identified factors for simple tics and
complex motor and vocal tics.?] Others have found
complex motor, complex vocal tics, and sim[[:l)le motor
and vocal tics to be important constructs.'” These
studies combined suggest that simple and complex tics,
and vocal tics appear to be unique constructs.
Methodological differences and shortcomings includ-
ing small sample sizes and varying sampling strategies
(e.g. large kindreds, population isolates, and clinic
populations) lessen enthusiasm for supporting diag-
nostic changes based on these studies. Also, a number
of the factor analytic studies have included not just tic
symptoms but symptoms of co-morbid conditions so
that the factors are an amalgam of tic disorder and
symptoms from other co-occurring disorders.

Ultimately subtyping the tic disorders would allow
for the identification and assessment of distinct
phenotypes for research studies, but even if validated
such subtypes may not be useful for clinical purposes.

Recommendation: Given the lack of empirical support
for specific subtypes and limitations of the factor
analytic studies, we do not recommend creating
subtypes of TS at this time. We believe this will not
impact adversely on future research, given that the
Methods section of these manuscripts provide adequate
detail for replication. We also recommend that the
accompanying text include a discussion of factor
analytic studies and potential for subtyping in the
future.

10. Is the current classification of the tic disorders
appropriate?

In DSM-IV-TR the tic disorders are grouped
with “Disorders Usually First Diagnosed in Infancy,
Childhood, or Adolescence.”l*? At the DSM-V Re-
search Planning Conference on Obsessive~Compulsive
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Spectrum Disorders in 2006, consideration was
given to an OC Spectrum Disorders grouping (Please
see Phillips et al., this issue for a complete discussion of
this issue).

There are a number of reasons for and against
grouping the tic disorders with other disorders, such as
OCD, that are characterized by repetitive thoughts and
behaviors. Tic disorders, OCD, and other candidate
conditions for the OC Spectrum disorders are char-
acterized by repetitive behaviors that are consistent
within a gatient and can be manifested similarly among
patients.®*! Although tics are readily distinguished
from other repetitive behaviors, some complex tics can
appear goal-directed and similar to compulsions. The
tic disorders and obsessive-compulsive disorder are
also similar in that patients describe internal experi-
ences (i.e. obsessions in OCD and premonitory urges
in the tic disorders) that can occur before or prompt a
tic or compulsion.”® However, the internal experi-
ences in OCD and the tic disorders are different as
obsessions in OCD are often complex cognitions that
included autonomic arousal, whereas patients with
Tourette’s disorder report more sensory exPeriences or
urges and less cognitive symptoms.”’ % The tic
disorders and OCD are commonly co-morbid with
each other suggesting an etiological link,"?) but some
symptoms of OCD are more commonly co-morbid
(e.g. sensory motor type, hoarding) with the tic
disorders, whereas other OCD symptoms are not
(e.g. contamination obsessions and compulsions)./5
Both tic disorders and OCD have a childhood onset,
but adult onset OCD (>18 years) is not uncom-
mon, 592! while adult onset for the idiopathic tic
disorders is rarel*’! and exclusionary. The tic disorders
characteristically have peak severity in childhood and
improve into adulthood®® as do some forms of
childhood onset OCD,!*! but some with OCD have
persistent and worsening symptoms into adulthood.!**)
Family genetic studies suggest higher than expected
rates of OCD in families of those with tic disorders™
and higher than expected rates of tic disorders in
families with OCD.[®! Efforts to identify genes for TS
and OCD have, however, been largely unsuccessful,
and of the positive studies few have been positive for
the tic disorders and OCD. Although the tic disorders
and OCD likely involve cortical striatal loops, the
neuroimaging findings report different patterns of
abnormality in these patient groups and suggest the
possibility of accounting for the phenomenological
differences between the two disorders insofar as tic
disorders involve brain regions and circuits consistent
with the sensory and motor phenomenal?’! while OCD
involves brain regions and circuits consistent with the
involvement of more complex cognitions and beha-
vior.[6+671 Although co-morbid OCD, anxiety, and
depression in tic disorder patients may respond to SRI
treatments tics do not, but rather are responsive to
dopamine blockers. OCD, however, is often responsive
to the SSRIs, but not to monotherapy with anti-

psychotics. The addition of antipsychotics to SSRIs for
treatment refractory OCD may be particularly useful in
those with tic disorders, which in turn may reflect the
efficacy of dopamine blockers for tic and tic-related
OC symptoms (e.g. sensorimotor symptoms). To date
treatment studies have not sufficiently evaluated the
moderating effect of putative OCD and the tic disorder
subtypes to identify those patients who either respond
well or not to SSRIs or antipsychotics. Although
behavioral treatments can be effective for both OCD
and the tic disorders, their success may be related to
their ability to disrupt negative reinforcement patterns
that sustain and exacerbate both conditions and may
not be due to direct effects on core underlying
biological processes.®® Less is known about other
important validators (i.e. biomarkers, temperamental
and cognitive and emotional processing vulnerabilities)
for the tics disorders and other potential OC spectrum
conditions. Finally, an important difference between
the tic disorders and OCD is the perception of the two
by the public and the medical profession at large. Since
Tourette’s disorder was first described and especially
since the mid 1960s when haloperidol was found to be
effective, neurologists have been an important provider
group. That tradition has lead to the tic disorders being
considered as a neurological disorder by primary care
doctors, patients, and patient support groups. Other
psychiatric disorders including OCD, although having
a clear brain basis, have not been as consistently
perceived by the public or nonpsychiatric medical
professionals as neurological.

Recommiendation: The grouping of the tic disorders
needs to reflect scientific commonalities, historical
precedent, and future clinical and investigative utility.
If the section Disorders First Diagnosed in Infancy,
Childhood and Adolescents is retained in DSM-V, then
it would be reasonable to keep the tic disorders in this
category. Including the tic disorders in a neurodeve-
lopmental disorders category would also be appro-
priate. Including the tic disorders in a OC Spectrum
category is not recommended at this time.

CONCLUSION

Although our understanding of the causes of the tic
disorders requires much more research, the cardinal
features of the tic disorders have been grounded in a
clear understanding of the core phenomenological
features (i.e. motor and vocal tics) for over a century.
Consistency in diagnostic practice has likely been
extremely helpful in the substantial increases in our
understanding of the epidemiology, genetics, and
neurobiological underpinning of these conditions over
the past 30 years.

The goal of this review’s recommendation is to
maintain the focus on the cardinal features of the tic
disorders, to clarify and simplify the diagnostic process,
and reduce the use of the TDNOS category. Our
recommendation for a common definition of a tic for
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all the tic disorders eliminated inconsistency in the
definitions in the current DSM. Removing the term
“stereotyped” from the definition of a tic reduces the
risk of mis-diagnosing tics as stereotypies and vice
versa. Simplifying the duration criterion for the tic
disorders will likely improve reliability, match current
clinical practice, and reduce the number of individuals
who will be diagnosed with TDNOS. The addition of
new categories for drug-induced tic disorder and tic
disorder secondary to medical conditions also will
reduce the numbers of individuals diagnosed with
TDNOS. The preliminary recommendations for tic
disorder diagnostic criteria are presented below with
the understanding that the final criteria as published in
DSM-V may differ.

PROPOSED CRITERIA FOR THE
ADULT AND CHILD ONSET TIC
DISORDERS

DSM-V CRITERIA 30X.XX (TOURETTE’S
DISORDER)

A. Both multiple motor and one or more vocal tics are
present at some time during the illness, although
not necessarily concurrently. (A tic is a sudden,
rapid, recurrent, nonrhythmic, motor movement or
vocalization).

B. The tics may wax and wane in frequency but have

persisted for more than 1 year since first tic onset.

. The onset is before 18 years of age.

. 'The disturbance is not due to the direct physiolo-
gical effects of a substance (e.g. cocaine) or a
general medical condition (e.g. Huntington’s dis-
ease or postviral encephalitis).

ol @]

DSM-V CRITERIA 30X.XX(CHRONIC MOTOR
OR VOCAL TIC DISORDER)

A. Single or multiple motor or vocal tic but not both
have been present at some time during the illness.
(A dc is a sudden, rapid, recurrent, nonrhythmic,
motor movement or vocalization).

B. The tics may wax and wane in frequency but have
persisted for more than 1 year since first tic onset.

. The onset is before 18 years of age.

. 'The disturbance is not due to the direct physiolo-
gical effects of a substance (e.g. cocaine) or a
general medical conditon (e.g. Huntington’s dis-
ease or postviral encephalitis).

E. Criteria have never been met for Tourette’s

disorder.

Specify:

o0

1. Motor tics only
2. Vocal tics only
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DSM-V CRITERIA 30X.XX PROVISIONAL TIC
DISORDER

A. Single or multiple motor and/or vocal tics (A tic is a
sudden, rapid, recurrent, nonrhythmic, motor
movement or vocalization).

B. The tics have been present for less than 1 year since

first tic onset.

. The onset is before 18 years of age.

. The disturbance is not due to the direct physiolo-
gical effects of a substance (e.g. cocaine) or a
general medical conditon (e.g. Huntington’s dis-
ease or postviral encephalitis).

E. Criteria have never been met for Tourette’s disorder

or chronic motor or vocal tic disorder.

o0

DSM-V CRITERIA 30X.XX TIC DISORDER
NOT OTHERWISE SPECIFIED

This category is for disorders characterized by tics
that do not meet criteria for a specific tic disorder
because the movements or vocalizations are atypical in
age of onset or clinical presentation.

DSM-V CRITERIA 30X.XX SUBSTANCE-
INDUCED (INDICATE SUBSTANCE) TIC
DISORDER

A. Motor and/or vocal tics have been present at some
time during the illness. (A tic is a sudden, rapid,
recurrent, nonrhythmic, motor movement or voca-
lization).

B. There is evidence from the history, physical
examination, or laboratory findings of either (1)
or (2):

1. The symptoms in Criterion A developed during,
or within 1 month of, substance intoxication
or withdrawal

2. Substance use is etiologically related to the
disturbance

DSM-V CRITERIA 30X.XX TIC DISORDER
DUE TO A GENERAL MEDICAL CONDITION

A. Motor and/or vocal tics have been present at some
time during the illness. (A tic is a sudden, rapid,
recurrent, nonrhythmic, motor movement or voca-
lization).

B. There is evidence from the history, physical
examination, or laboratory findings that the
disturbance is the direct physiological consequence
of a general medical condition.
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Pharmacological Treatment of Tics

VEIT ROESSNER AND ARIBERT ROTHENBERGER

Abstract

This chapter provides a literature review and a critical commentary of the available evidence on pharmacologi-
cal treatment of tics in Tourette syndrome (TS). Because of the waxing and waning nature of tics, a meaningful
appraisal of treatment efficacy in TS can be given in most cases only after alonger observation time. Bnvironmental
or situational factors have a modulating influence on tics, possibly biasing the appraisal of treatment efficacy. Many
affected children, adolescents, and adults do not seek or require pharmacological treatment (tic severity: mild to
moderate). Nonpharmacological and/or pharmacological interventions make sense for persons with subjective
discomfort, social and/or emotional problems, functional interference, etc. The clinical experienceis that pharma-
cotherapyinduces faster and probably more prominent tic reduction than behavioral treatment options. The goal of
pharmacological treatment is a reduction in tic symptoms. Antipsychotic drugs may produce the most reliable and
fastest results, but they also pose the greatest risk of side effects. Risperidone can be considered a first-choice agent
for treating tics; pimozide, tiapride, sulpiride, and aripiprazole are regarded as second-choice agents. Clonidine
might be helpful mainly in case of TS plus attention-deficit/hyperactivity disorder. For high-quality evidence on
pharmacological treatment in TS, future studies should include, for instance, longer observation periods, larger
groups, a more standardized methodological approach, placebo controls, a double-blind design, etc.

human material from cerebrospinal fluid, blood,
urine, and postmortem brain tissue in rather
small samples resulted mainly in hypotheses on
dopaminergic deviances in TS (see Chapters 10

PATHOPHYSIOLOGY-DRIVEN
TREATMENT CONSIDERATIONS

Although the etiology and pathophysiology

of tic disorders, including Tourette syndrome
(TS),! remain unclear (see Chapters 7-15), a
dopaminergic hyperfunction is the most con-
sentaneous view as the best target for pharma-
cological treatment in TS. This is supported not
only by neuroscience studies but also by rand-
omized controlled trials (RCTs), as well as the
broad clinical experience over the past decades
in treating TS with dopamine-blocking agents
(Bloch et al., 2011).

So far, genetic studies have not detected
clear and easily replicable deviations pointing to
abnormalities in one or several neurochemical
pathways of patients with TS (see Chapter 7).
Nonetheless, clinical medication studies in com-
bination with imaging studies and analyses of

and 13). Studies showingan increased number of
striatal and cortical dopamine receptors as well
as differences in binding to dopamine transport-
ers in the basal ganglia and release of dopamine
following stimulant application leading to tic
exacerbation in some patients have further
strengthened the hypothesis of an imbalance in
the dopaminergic system. Therefore, modulat-
ing the dopaminergic metabolism (particularly
by blocking the postsynaptic D2 receptors) is
the main action of drugs used in the pharmaco-
logical treatment of tics.

However, other neurochemical imbalances
in TS, such as in the serotoninergic, noradren-
ergic, cholinergic, glutamatergic, opioid, and

1. The term Tourette syndrome (TS) is used to cover all tic disorders.

24_Martino_Ch24.indd 524

1/23/2013 6:45:57 AM




24_Martino_Ch24.indd 525

Lo

UP UNCORRECTED PROOF — FIRSTPROOFS, Wed Jan 23 2013, NEWGEN

@

gamma-aminobutyric  acid (GABA)-ergic
metabolism, have also been reported (see
Chapter 13). Taking into account that those
systems function interactively, further stud-
ies should look in more detail at these inter-
actions. Nondopaminergic agents, such as
selective serotonin reuptake inhibitors (SSRIs)
or noradrenergic drugs such as clonidine or
atomoxetine, are used with great success in TS
plus obsessive-compulsive disorder (OCD) or
TS plus attention-deficit/hyperactivity disorder
(ADHD) (see Chapter 25 for further details on
the treatment of these comorbidities). Such an
interaction between neurotransmitter systems
is a crucial aspect to address in future research
because, particularly due to knowledge gaps on
the spectrum of comorbidity and pathophysiol-
ogy of TS, at present it is difficult to hypothesize
which novel pharmacological targets will prove
most useful in the near future.

WHAT ARE THE PROBLEMS

TO SOLVE WHILE INVESTIGATING
THE PHARMACOLOGICAL
TREATMENT OF TICS?

In view of this heterogeneous, and as yet incom-
pletely defined, picture of possible pathophysio-
logical deviationsin TS with orwithout comorbid
conditions, it is not surprising that there seems to
be no imaginable neuropsychopharmacological
option that has not been tested in treating tics.
Nevertheless, compared to other neuropsychi-
atric disorders, high-quality evidence on phar-
macological treatment of TS remains limited
because a good proportion of available studies
are far from being flawless in terms of design
and methodology. This shortcoming is caused or
aggravated by several issues, intrinsically related
to TS, that are encountered while investigating
treatment effectiveness in this condition.

The problem most specific to TS is the
waxing and waning nature of the tics. These
intra-individual fluctuations in intensity, fre-
quency, location, complexity, and so forth of
tics require longer observation periods to avoid
making erroneous conclusions about causality.
For example, a therapeutic intervention intro-
duced at the climax of tic severity (date 1in Fig.

4 date 1 date 2
o &
a0 by
g2 T l
3
0 T T 1 T T
0 4 8 12 16
Time (weeks)

FIGURE 24.1 Evaluation of treatment efficacy

in TS in light of its natural waxing and waning
course. At date 1 a therapeutic intervention might
be followed by tic reduction despite its potential to
increase tics or its lack of effect on tics. This must
be ascribed not to the causal mechanisms of the
intervention but to the natural waxing and waning
of the tics. Correspondingly, a therapeutic interven-
tion at date 2 could be followed by an increase of TS
symptomatology despite its potential to reduce tics.
The therapeutic intervention might attenuate the
natural waxing of the tics. Conclusion: Meaningful
appraisal of treatment efficacy in TS can be made in
most cases only after a longer time.

24.1) could be followed by tic reduction. This
reduction might be due not to causal mecha-
nisms related to the intervention, but to the nat-
ural waxing and waning of the tics. Likewise, a
therapeuticinterventionatatime pointatwhich
tic severity is only mild or moderate (date 2 in
Fig. 24.1) could be followed by an increase of
TS symptomatology despite its potential to
reduce tics. An effective therapeutic interven-
tion might, nonetheless, attenuate the natural
waxing of tics. Therefore, in most cases a mean-
ingful appraisal of treatment effectiveness in
TS can be made only after longer observation
periods (Roessner et al., 2011a). Hence, espe-
cially in TS, single-case or case-series observa-
tions of pharmacological treatment should be
interpreted with extreme caution. This applies
all the more as the well-known modulating
influence of environmental or situational fac-
tors on tics (see Chapters 1, 8, and 14) could
bias the intra-individual course of tics with or
without pharmacological treatment (e.g., exac-
erbation during periods of stress, anxiety,
excitement, anger, or fatigue; appearance dur-
ing inquiries about specific movements; reduc-
tion during periods of concentration or active
engagement). The same holds true for circum-
scribed situations of rating tic severity within a
treatment study.

Pharmacological Treatment of Tics + 528
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“NATURAL COURSE” OF TS

In addition to these shorter-term intrinsic, as
well as externally triggered, fluctuations, the
individual long-term course of tics over years
varies within and between individuals. In gen-
eral, after the period of worst-ever tic sever-
ity, occurring between the ages of 7 and 1§
years, there is a gradual decline in tic severity
(see Chapters 1 and §). This also implies that
adults who still have symptoms severe enough
to come to clinical attention are unusual rep-
resentatives of all subjects who have received
a diagnosis of TS, and therefore studies on
treatment effectiveness in TS should take this
into account. Moreover, future tic severity
can be predicted only approximately and not
in a precise fashion, although some factors
have been identified that correlate with a posi-
tive outcome regardless of baseline tic sever-
ity (e.g, intelligence, coping and social skills,
meaningful daily activities, and good family
and social support). Particularly, factors poten-
tially interacting with age and neurotransmit-
ters (e.g., age-related hormonal changes) await
more detailed investigation and complicate the
determination of whether an agent’s primary
mechanism of action is directly responsible for
its efficacy (see some preliminary considera-
tions on this in Chapter 14).

To date, the reliable measurement of TS
severity is a matter of debate (see Chapter 20 for
areview of rating instruments). This alone or in
combination with the aforementioned aspects
results in several problems of decision making
related to the commencement, maintenance,
or termination of pharmacological treatment,
as well as to the design of a treatment study
in TS. For example, some pharmacological
interventions may be effective only in mild
cases, whereas others may show an effect
only in patients with more severe tics who
have the potential to exhibit improvement
across a wider scale. Undoubtedly, the variety
of different approaches to assess treatment
effectiveness in TS hinders us from making
straightforward conclusions based on the
available studies. Effectiveness could be
defined in one study by the mean improvement

526 -
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in tic frequency or severity, or in terms of the
percentage of patients whose symptoms were
alleviated, whereas in another study treatment
may be considered as effective if it led to a
significant reduction of functional impairment.
Because recently TS-specific quality-of-life
assessment tools have been established, they
might be another useful criterion to define
treatment effectiveness.

Even more pronounced is the lack of any
scientific data concerning the definition and
investigation of treatment refractoriness in TS.
Particularly, an assessment tool of refractoriness
in TS would be of fundamental importance in
the process of patient selection for other types
of treatment, especially deep brain stimulation
(see also considerations in Chapter 26).

Finally, the high rate of comorbid condi-
tions, particularly in the more severely affected
patients, could bias trial results on treatment
effectiveness. This high rate of comorbid con-
ditions in clinical trial populations is the result
of a Berksonian bias (i.e., related to the higher
mathematical chance for a patient with two
or more coexisting disorders to be referred;
referral rate for disorder A + referral rate for
disorder B; Banaschewski et al., 2007). As an
additional, pertinent example of the relevance
ofabiasdueto comorbidity profilewhen assess-
ing treatment effectiveness, a meta-analysis
by Weisman and colleagues (2012) showed
that alpha-2 agonists, including clonidine
and guanfacine, were more effective in reduc-
ing tic symptoms in patients with TS+ADHD
(medium to large effect size = .68), whereas in
the absence of comorbid ADHD, the efficacy
of these agents was small (effect size =.15) and
nonsignificant. Therefore, these authors cau-
tiously question whether this finding indicates
aneed to refine, or at least reconsider, existing
treatment guidelines for TS and other chronic
tic disorders, since some of them recognize
alpha-2 agonists as the first-line pharmacologi-
cal treatment for tics due to their more benign
safety profile. All these problems not only
hamper studies on treatment effectiveness of
highest quality, but could also complicate the
diagnosis of TS and the way to measure treat-
ment response in individual patients.

PHARMACOLOGICAL TREATMENT OF TICS
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DIAGNOSTIC ISSUES PRIOR TO
PHARMACOLOGICAL TREATMENT

The above considerations notwithstanding, for
the experienced clinician it is usually a simple
task to diagnose TS, including in this diagnostic
phase also the differentiation of tics from other
movement disorders (see Chapters 1 and 17).
However, in the context of planning treatment
in a TS patient, it is crucial to detect coexisting
conditions in order to understand their interplay
and to disentangle the contribution of each to
the patient’s psychosocial impairment in every-
day life. This is all the more important because
the coexisting conditions often contribute to the
patient’s overall impairment more than the tics
themselves (see Chapters 2—4).

Compared to more dimensionally diagnosed
disorders such as ADHD, TS is a quite categori-
cal (tics present/absent) diagnosis. In addition,
diagnosing TS does not require functional
impairmentin the patient. Therefore, itis not sur-
prising that many affected children, adolescents,
and even adults with mild to moderate tic sever-
ity do not require or even seek pharmacological
treatment. This view is supported by an often
favorable prognosis that justifies a wait-and-see
strategy after an appropriate psychoeducational
intervention (see Chapter 22) and reassurance
in case of a longer period of tic exacerbation.

Also, there is no evidence that the available
pharmacological interventions have any impact
on the longer-term prognosis of tics. Therefore,
clear criteria are needed to define when the
wait-and-see conservative approach should be
abandoned and treatment should be initiated.

Such criteria were proposed for the first time
in a consensus process within the European
clinical guidelines for T'S and other tic disorders.
(Roessner et al., 2011a). However, there are sur-
prisingly few detailed statements in review arti-
cles that would explain the recommendations
of the treatment algorithm presented in those
guidelines (Fig. 24.2). One reason might be that,
to our knowledge, in TS there is no study com-
paring the effectiveness of different treatment
options, such as pharmacological versus behav-
ioral treatment (see Chapter 23) or deep brain
stimulation (see Chapter 26). Nevertheless, in

24_Martino_Ch24.indd 527

the published literature there are some points
that could be universally accepted:

« In TS, psychoeducation should be routinely
offered to individuals and family members
(see Chapter 22).

« The need for compliance by patients and

parents and the lack of specially trained

therapists and adequate insurance coverage
limit the usefulness of habit reversal in
clinical routine, although its effectiveness
in the context of a multicenter study has
recently been reported. The same is true for
exposure with response prevention

(see Chapter 23).

In case of treatment refractoriness,

combining or switching between different

treatment options should be considered.

INDICATIONS FOR ACTIVELY
TREATING TS

Nonpharmacological and/or pharmacological
interventions should be considered for persons
with clear impairment associated with tics,
either at first referral or secondary to an exac-
erbation of symptoms. In particular the follow-
ing circumstances, especially when persisting
for some days, might require initiation of treat-
ment, rather than persisting in the wait-and-see
strategy.

Subjective Discomfort
(e.g., pain or injury)

Pain in TS may arise from the actual perform-
ance of frequent or intense tics causing discom-
fort by sudden or repeated extreme exertion
(e.g,, in the head or neck). This kind of pain
is usually musculoskeletal, although rare exam-
ples of neuropathic pain may occur. Tics can, in
rare cases, cause injuries (Krauss & Jankovic,
1996).

A 13-year-old child was referred to a
Pediatric Department with pain in his
legs. The pain was relieved by rest and
worsened during walking. Physical

Pharmacological Treatment of Tics « 527
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examination revealed spontaneous pain
in the posterior region of both calves; the
Lasegue sign was negative. At admission
he had obsessive-compulsive behavior
consisting of touching, polydipsia, intru-
sion of words and phrases, echolalia, poor
impulse control, and a complex tic con-
sisting of the need to sit down on his heels
abruptly, then rapidly return to a standing
position. He had been making this abnor-
mal and marked repetitive movement for
one month, many times a day. Obsessive—
compulsive disorder and neuropsychiatric
behavior had begun 2 years before admis-
sion to our hospital; no therapy was given.
The child had no previous fractures. No
family history of obsessive—compulsive
disorder, TS or other neuropsychiatric ill-
ness was present. Routine laboratory tests,
including antistreptolysin O titers, serum
copper and ceruloplasmin, were negative.
X-rays of the legs showed a fracture line in
the upper third of both peroneal bones,
more marked on left side. One month later
the leg pain disappeared and the child
presented with a simple motor tic (open-
ing his mouth), which spontaneously dis-
appeared some months after onset. Only
analgesic treatment was administered.
Finally, follow-up radiographs 3 months
later showed complete healing of both
fractures. (Fusco et al., 2006)

Striking or being struck by a moving body
part involved in large-amplitude tics may also
cause pain and is sometimes diflicult to distin-
guish from deliberate self-injury. Additionally,
some patients obtain relief from tics while expe-
riencing pain, to such an extent that they will
deliberatelyprovoke painto obtain benefit (Riley
& Lang, 1989). A smaller number of patients
complain of pain associated with the irresist-
ible urge to tic or with aggravating premonitory
urges during voluntary efforts to suppress their
tics. Some patients report that tics worsen
their headaches or migraines. Tic-suppressive
medication may in those cases help to reduce
the use of pain medication and should thus
be considered.
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Sustained Social Problems {e.g., social
isolation or bullying)

Persistent complex motor tics and loud phonic
tics can cause social problems. Tics may cause
isolation, bullying, or social stigmatization; loud
phonic tics may result in the child being put out
of the classroom. In such cases a tic reduction, in
addition to psychoeducation for the teacher, can
be socially very helpful.

Tics do not lead to social impairments in all
cases, however, so the issue of social problems
needs to be assessed carefully. For example,
parents of young children are often exceed-
ingly worried about social problems, whereas
adolescents sometimes overestimate the social
consequences of their tics, and children in the
early elementary grades are often tolerant of tics.
When a primary school child becomes socially
isolated by his or her peers, coexisting condi-
tions are generally to be blamed more often than
tics (Debes et al.,, 2010). In high school, bully-
ing and social stigmatization due to tics become
more common. After proper psychoeducation
many children and adolescents will accept their
tics and await their natural remission; some-
times, however, medication is indicated to avoid
social stigmatization.

Social and Emational Problems
(e.g., reactive depressive symptoms)

In addition to the aforementioned sustained
social problems that are a consequence of nega-
tive reactions to the social environment, some
patients develop depressive and anxious symp-
toms, low self-esteem, and/or social withdrawal.
In those cases, it is not fully clear the extent to
which coexisting (sub)clinical symptomatology
and self-triggered reactions cause the patient’s
social and emotional reactions to the tics.

Functional Interference (e.g., impairment
of academic achievements)

Functional interference due to tics is relatively
rare. However, bouts of tics can interfere with
doing homework and falling asleep, and sleep
may be disturbed, followed by hypoarousal
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during the day. Frequent phonic tics can impair
fluency of speech and thus conversations.
Moreover, children can expend mental energyin
the classroom to suppress their tics, thus reduc-
ing their attention to schoolwork and interfering
with their academic performance (Kurlan et al,,
2001).

CRITERIA FOR SELECTING
TREATMENT OPTIONS FOR TS

Compared to behavioral treatment options,
pharmacotherapy seems to induce faster
and probably more prominent tic reduction.
Unfortunately, this observation is purely based
on clinical experience and has never been tested
in a clinical trial so far. Therefore, it is only pos-
sible to indirectly compare effect sizes reported
in pharmacological and nonpharmacological
studies. This is made even more difficult by the
fact that there are few studies on pharmacologi-
cal, let alone on psychotherapeutic, treatment
options that meet rigorous quality criteria. The
availability of behavioral therapists with exper-
tise in habit reversal training or exposure with
response prevention, as well as possible inade-
quate insurance coverage (see Chapter 23), also
must be considered in treatment planning. Fora
general treatment algorithm, see Figure 24.2.

Latency and Extent of Treatment Effects

Pharmacological treatment works more quickly
than behavioral treatment, so the urgency of
reducing tic severity must be taken into con-
sideration in each individual case. The clini-
cian should inform patients and families that
the realistic goal of pharmacological treatment
in TS should not be to abolish tics, but rather to
decrease their numberin order to reduce the psy-
chosocial impairment that they have generated.
Unrealistic expectations as to the effectiveness
of pharmacological treatment of TS will inevi-
tably lead to frustration on the part of the child,
the family, and the clinician, Also, the desire for
complete tic remission can lead to an unfavo-
rable benefit/risk ratio, causing more problems
than the tics themselves. A common example is
the “overmedication” of children to the point of

excessive daytime sedation or unhealthy weight
gain. Families should be informed that medica-
tion treatment typically results in only 25% to
50% reduction in tic symptoms.

Clinicians should also be aware of, and inform
the family about, the biasing effects of the natu-
ral waxing and waning of tics in TS (Fig. 24.1).
Hence, the use of formal tic severity rating scales
can be recommended to more objectively assess
responses to treatment over time. The most pre-
cise standardized instrument is the Yale Global
Tic Severity Scale (YGTSS), a semistructured
interview that records the number, frequency,
intensity, complexity, and interference of motor
and vocal tics separately (Leckman et al,
1989). In routine clinical practice the Tourette
Syndrome Severity Scale (TSSS) can also be
used; it is shorter and easier to apply (Shapiro
et al,, 1988; see Chapter 20 for more details).

Side Effects

The possibility of undesired side effects must
be considered, but evidence is quite limited in
TS. Most data on side effects of treatment with
antipsychotic drugs have been collected in
schizophrenic patients, and there is no evidence
or at least expert consensus that identical prob-
lems could be seen to the same or even a similar
extent in persons treated for TS. On average,
compared to schizophrenia, the time of titra-
tion for antipsychotic agents is shorter and their
mean dosage is lower in TS patients. Therefore,
the core statements about the side effects of
pharmacological treatment cannot be general-
ized from schizophrenia to TS, partly because
there is good evidence that many side effects
are dose-related. The incidence of tardive dyski-
nesia, along-lasting side effect that does not fully
remit even after stopping antipsychotic medica-
tion, might be lower in TS, but there are only
preliminary data supporting such speculation
deduced from clinical experience (Muller-Vahl
& Krueger, 2011). ‘

The actual evidence base, as well as clini-
cal experience, indicates that antipsychotic
drugs may produce the most reliable and fastest
treatment effectiveness, but they also pose the
greatest risk of side effects. While the typical
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FIGURE24.2 Decision tree for the treatment of tic disorders, including TS. DBS, deep brain stimulation;

THC, tetrahydrocannabinol.

antipsychotic drugs (e.g, haloperidol, pimoz-
ide) seem to be somewhat more effective than
the newer ones (e.g., risperidone, olanzapine,
quetiapine, aripiprazole), they seem to be asso-
ciated with more and more severe side effects.
Also within the group of typical antipsychotic
drugs there seem to be differences in the risk of
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side effects. For example, some studies suggest
that pimozide (Sallee et al,, 1997) and fluphena-
zine (Borison et al., 1983) may be as efficacious
as haloperidol and produce fewer side effects.
Whereasthemostcommonsideeffectsassociated
with typical antipsychotic drugs are relatively
mild and include weight gain and drowsiness,
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some patients may experience detrimental
effects on cognitive function and/or excessive
sedation leading to difficulty in performing
cognitive tasks. Additionally, the potential for
them to lead to hyperprolactinemia (which is
associated with amenorrhea, galactorrhea, and
gynecomastia) and extrapyramidal symptoms,
such as dystonia, parkinsonism, akathisia, and
tardive dyskinesia, must be considered, particu-
larly in view of the remitting “natural” course of
ticsinmany cases. Hyperprolactinemiaisrevers-
ible, but abnormal movements may persist after
the cessation of treatment. Another serious but
very rarely reported side effect in TS is the risk
of neuroleptic malignant syndrome (Robertson
& Stern, 2000).

Although the risk of extrapyramidal side
effects may be lower with the atypical antip-
sychotic drugs, this complication can occur
also with these drugs. The anticipated toler-
ability advantages of the atypical (second- and
third-generation) antipsychotic drugs compared
with the typical antipsychotics have not been
clearly proven because patients treated with
these newer drugs also experience side effects
usually attributed to the typical antipsychot-
ics, such as weight gain, hyperprolactinemia,
sedation, sleep disturbance, and abnormal lipid
metabolism. Additionally, newer antipsychot-
ics like ziprasidone have a lower risk of weight
gain but have generated concern because of the
potential to alter cardiac conduction, especially
QTc prolongation. As an alternative to antipsy-
chotic drugs, benzamides seem comparably or
only minimally less effective, and their use is
much more rarely associated with extrapyrami-
dal side effects. For example, tiapride is even
recommended for the treatment of tardive dys-
kinesia because “clinical studies demonstrate its
excellent efficacy in neuroleptic-induced tardive
dyskinesia, [ ...] tiapride is well tolerated, [...]
and adverse events are generally rare and mild”
(Dose & Lange, 2000). “Typical” side effects of
antipsychotic drugs, such as weight gain, hyper-
prolactinemia, and sedation, were seen during
treatment of TS with benzamides, but in a less
severe form and in fewer patients.

New analyses have questioned the effective-
ness of alpha-2 agonists, including clonidine

and guanfacine, in reducing tic symptoms
(Weissman et al., submitted). Both agents have
the advantage of a lower risk of side effects.
The main side effects of clonidine are sedation
and hypotension. Guanfacine is generally pre-
ferred over clonidine because it tends to cause
less sedation and hypertension. Moreover, it
acts longer than clonidine and therefore fewer
daily doses are needed. Periodic blood pressure
monitoring is advised during use, particularly
because of possible rebound hypertension asso-
ciated with abrupt discontinuation (Jankovic &
Kurlan, 2011).

PHARMACOLOGICAL TREATMENT
OPTIONS FOR TS

Although many drugs have been tested in sin-
gle cases or case series of TS patients, there has
not been much improvement in terms of evi-
dence since the statement by Robertson and
Stern (2000) that “the treatment of the Gilles
de la Tourette syndrome has evolved from case
reports, clinical experience and more recently
blinded trials usually in small numbers of
patients.” This lack of high-quality studies is
reflected by the fact that haloperidol is still the
only drug that has been approved for TS widely
in the world. Nevertheless, haloperidol is today
usually not a drug of first choice in clinical prac-
tice because of its side effects. Additionally, the
insuflicient base of evidence results in a very het-
erogeneous and somewhat confusing situation
of several available review publications present-
ing, at least in part, divergent recommendations
on pharmacological treatment options for TS.
In the past 2 years, six new general reviews have
been published thatincluded atleast one section
on pharmacological treatment of TS (Du et al,,
2010; Eddy et al., 2011; Jankovic & Kurlan 2011;
Kimber,2010; Kurlan, 2010; Rickards, 2010) and
three reviews have been dedicated to the phar-
macological treatment of TS (Bestha etal., 2010;
Parraga et al,, 2010; Singer, 2010). The recom-
mendations given by each of these groups reflect
theirindividual clinical experience and tradition
and therefore are highly diverse. For example,
two U.S. TS experts (Jankovic & Kurlan, 2011)
favor guanfacine and tetrabenazine, whereas the
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German experts recommend the benzamide
tiapride as first-line medication (Rothenberger
et al., 2007). Both these recommendations are
not based on best evidence from available RCTs.
In addition to the agent selection, the selection
of the outcomes differs between the reviews. For
example, Singer (2010) gives very detailed and
helpful, but mainly experience-driven, sugges-
tions about dosing and dosage, whereas Eddy
and colleagues (2011) give dosage information
for only some of the included agents without
explaining the selection criteria for thisinforma-
tion. Jankovic and Kurlan (2011) did not report
any information on dosage in their more general
review on TS, although they recommended first-
and second-line agents. Such a more subjec-
tive than systematic selection of recommended
agents and associated outcome parameters in
the existing reviews further emphasizes the need
of well-designed RCTs in TS that could provide
results of comparable methodological quality.

HIGH EVIDENCE BY COCHRANE
REVIEWS

For their Cochrane review, Pringsheim and
Marras (2009) identified six RCTs that used
pimozide in TS (total 162 participants, age
range 7-S3 years). Pimozide was compared to
placebo (one trial), haloperidol (one trial), pla-
cebo and haloperidol (two trials), and risperi-
done (two trials). The authors concluded that
pimozide reduced tics more effectively than pla-
cebo. However, it was slightly less effective than
haloperidol, while it showed fewer side effects.
In terms of tic reduction or side effects, the two
studies comparing pimozide and risperidone
found no significant differences between the
agents,

Pierce and Rickards (in press) screened
the literature for all randomized, controlled,
double-blind studies comparing atypical antip-
sychotics to placebo for the treatment of tics in
TS. Because neither of the above-mentioned tri-
als using risperidone included a control group
receiving placebo, they did not include those
studies in their Cochrane review. Parallel-group
and crossover studies of children or adults, at
any dose and for any duration, were included.

532 .
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The authors identified only three randomized
placebo-controlled trials, two comparing ris-
peridone and one ziprasidone with placebo. In
one trial risperidone was much more effective
than placebo, although the 95% confidence
intervals were large. The remaining two trials
did not reveal a statistically significant superior-
ity of treatment with risperidone or ziprasidone
respectively compared to placebo. In particular,
risperidone caused several extrapyramidal side
effects and weight gain.

The third Cochrane review (Curtis et
al, 2009) analyzed the effectiveness of
delta-9-tetrahydrocannabinol ~ (delta-9-THC)
in the treatment of TS. A total of 28 differ-
ent patients included in one double-blind,
parallel-group trial and in one double-blind,
crossover trial were studied. Although both tri-
als reported a positive effect of delta-9-THC, the
improvements in tic frequency and severity were
small and apparent only on selected outcome
measures.

In summary, all three Cochrane reviews on
the pharmacological treatment of TS (Curtis
et al, 2009; Pierce & Rickards, in press;
Pringsheim & Marras, 2009) came to the con-
clusion that this very small and heterogeneous
base of evidence not only for the effectiveness
but also for the safety of potential drugs does not
allow firm evidence-based recommendations to
be made. The actual evidence based on RCTs
not included in these Cochrane reviews is also
alarmingly limited. An overview of all existing
RCTs in TS (double-blind, placebo-controlled
or comparator, parallel-group or crossover
study) is presented in Table 24.1.

Therefore, broad clinical experience is still
guiding both consensus findings of experts
in terms of the pharmacological treatment of
tics and the individual treatment decisions of
clinicians.

SELECTED AGENTS

For a comprehensive review of the existing
evidence on pharmacological treatment of TS,
please see Roessner and colleagues (2011a). In
the following section of the chapter, we present
information about the agents that are most often
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used and that have been intensively investi-
gated and commonly mentioned. The order of
the selected agents is arbitrary in both the text
and in Tables 24.1 and 24.2, and does not reflect
a recommendation or level of evidence. For a
tentative attempt at recommendations, see the
conclusions section of the chapter.

Noradrenergic Agents

In general, particularly U.S. experts favor
the two alpha-2 adrenergic agonists cloni-
dine and guanfacine as firstline treatment
for mild to moderate tics (Singer, 2010). Such
regional preferences seem to largely reflect dif-
ferences in regional drug supply and experi-
ence (Jankovic & Kurlan, 2011; Muller-Vahl
& Roessner, 2011). The tic-suppressing effects
of both alpha-2 adrenergic agonists seem to be
generally smaller, however, than those of antip-
sychotic agents (Robertson, 2000), although
a small, single-blind, randomized trial showed
similar effectiveness of clonidine and risperi-
done (Gaffney et al,, 2002). The treatment effec-
tiveness of clonidine and guanfacine is a good
example of the large gaps of sufficiently qualita-
tive evidence on the pharmacological treatment
of TS (Weisman et al., 2012).

Although clonidine has been used for nearly
three decades in the treatment of TS, there are
only a few controlled studies supporting its
use. At present, a transdermal clonidine patch
is available that can be applied once weekly;
however, it was found to cause local skin irrita-
tion and problems related to displacement (Du
et al,, 2008). Side effects of clonidine include
sedation, irritability, dizziness, dry mouth,
headache, orthostatic hypotension, dysphoria,
and sleep disturbance. Although many authors
report that these side effects are mild and
usually self-limiting, this view is not fully sup-
ported, especially when moderate to severe tics
require higher dosage. The initial dose of clo-
nidine is 0.05 mg orally at bedtime. Because of
its short halflife (about 6 hours), some suggest
a more frequent dosage schedule for tics, and
definitely for ADHD, than the usually recom-
mended twice-a-day regimen. The maximum
dose should not exceed 0.3 to 0.4 mg per day.

540 -
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Guanfacine has also shown only modest
effectiveness in reducing tics, with inconsisten-
cies across studies of different quality and on
heterogeneous clinical samples. The often-cited
suggestion that guanfacine is better tolerated
than clonidine requires caution because there
has been no direct comparison study conducted
between the two agents (Sandor, 2003). The
main side effects of guanfacine are dizziness,
drowsiness, confusion, fatigue, headache, hypo-
tension, and mental depression. Constipation
and dry mouth are common. Guanfacine, pre-
viously approved to treat hypertension in sev-
eral European countries, has been withdrawn
from the market in several of these countries.
Guanfacine should be started at a dosage of
0.5 mg at bedtime and should be increased by
0.5 mg every S to 7 days, if necessary, to a max-
imum dose of 4 mg per day in a once-a-day or
twice-a-day regimen.

For the selective noradrenergic reuptake
inhibitor atomoxetine, the situation is quite simi-
lar to that for guanfacine. Atomoxetine was orig-
inally developed by Eli Lilly as a treatment for
depression. Due to its unfavorable benefit/risk
ratio in these trials, it was approved in late 2002
for ADHD. It was shown to be effective in ran-
domized, placebo-controlled trials for ADHD
in children, including patients with coexisting
mild to moderate tics. As a result of its different
mechanism of action, many patients who previ-
ously did not respond to stimulants have shown
some response to atomoxetine (see Chapter 25).
Common adverse effects of atomoxetine include
nausea, emesis, diminished appetite, and insom-
nia. TS-specific doses have not been identified;
hence, 0.5 to 1.2 mg per kg body weight could be
seen as the optimal therapeutic range.

Antipsychotic Agents

During the past 40 years positive treatment
effects in TS have regularly been reported for
D2 dopamine receptor blockers (on average a
marked decrease of tics in about 70% of cases;
Shapiro & Shapiro, 1998). Although the block-
ade of striatal D2 dopamine receptors is thought
to lead to reduction of tics, a high blockade of
the receptors commonly correlates with the rate
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of unfavorable side effects, such as extrapyrami-
dal symptoms or tardive dyskinesia (Bressan
et al, 2004)—although it has been observed
that the risk of tardive dyskinesia might be lower
in TS (Muller-Vahl & Krueger, 2011).

TYPICAL ANTIPSYCHOTICS
The typical antipsychotics haloperidol and

pimozide were the first ones shown to be effective
in placebo-controlled treatment studies in TS.
Althoughslightdifferencesin effectiveness,aswell
astherateandseverity ofsideeffects, werereported
in available trials, no firm conclusions should be
drawn. Several limitations and the small number
of studies result in heterogeneity of findings. In a
double-blind, 24-week, placebo-controlled, rand-
omized double-crossover study of the most com-
monly used doses of haloperidol (mean dose 3.5
mg per day) and pimozide (mean dose 3.4 mg per
day) conducted in 22 subjects aged 7 to 16 years,
pimozide was significantly more effective than
placebo in reducing tics, whereas haloperidol
failed to have a significant effect, possibly due to
the limited study power. Moreover, haloperidol
exhibited a threefold higher frequency of seri-
ous side effects and significantly greater extrapy-
ramidal symptoms than pimozide (Sallee et al,
1997).

The high frequency of side effects such as
drowsiness, movement disorders (i.e., dystonia,
akathisia, and pseudoparkinsonism, probably
due to the strong dopaminergic blockade in
the nigrostriatal pathways), anxiety, increased
appetite, and hyperprolactinemia (with its com-
plications such as gynecomastia, galactorrhea,
irregular menses, and sexual dysfunction) lim-
its the use of the typical antipsychotics at higher
doses. In daily clinical practice, lower doses such
as 1 to4 mg per day for haloperidol and 2 to 8 mg
per day for pimozide in divided doses are typi-
cally used today to treat TS. Doses above 5 mg
per day for haloperidol and 10 mg per day for
pimozide should be avoided.

ATYPICAL ANTIPSYCHOTICS

Liketypicalantipsychotics,atypicalantipsychot-
ics were found to be effective in the treatment of

TS. We will review the most commonly used
atypical antipsychotics in order of approval by
the U.S. Food and Drug Administration (for
non-TS indications).

Risperidone (FDA approval in 1993) is the
atypical antipsychotic agent with the broadest
base of evidence concerning the treatment of
TS, which includes randomized, double-blind,
placebo-controlled trials. Although similarly
effective as haloperidol and pimozide in reduc-
ing tics, risperidone showed less frequent and
less severe side effects. The most common side
effects were mild to moderate sedation, fatigue,
and somnolence, hypotension, metabolic
adverse reactions (glucose and lipid metabo-
lism), and hyperprolactinemia, which subse-
quently resolved with continued administration
of the medication or with a dose reduction. Very
rarely, clinically significant extrapyramidal
symptoms have been observed. Weight gain as
a consequence of increased appetite should be
considered and, if necessary, suitable interven-
tions started. The mean daily dose of about 2.5
mg (range 1-6 mg/day) should be given on a
twice-a-day regimen.

For olanzapine (FDA approval in 1996),
there are only some case reports and open-label
studies suggesting effectiveness in the treatment
of TS. Interestingly, in contrast to the other
atypical antipsychotics, no European expert
recommended olanzapine based on response to
a survey questioning which medication expert
clinicians would consider first, second, and
third treatment choices (Roessner et al., 2011b).
The side effects are very similar to those of ris-
peridone, although olanzapine seems associated
with a lower incidence of hyperprolactinemia
and more severe weight gain. After starting with
2.5 mgorally every evening, a gradual escalation
to S to 10 mg per day in divided doses, according
to individual requirements, should be pursued.
Maximum daily dose is 20 mg,

Evidence about TS treatment with quetiap-
ine (FDA approvalin 1997) is similarly very lim-
ited. Few reports document side effects with this
drug during treatment of TS, but they seem to
be less severe and frequent than those observed
with other atypical antipsychotics. After initial
dosing with 25 to 50 mg per day, quetiapine
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may be increased, as tolerated, to relatively high
doses, up to 600 mg daily in two divided doses.

Only one randomized, double-blind,
placebo-controlled study (Sallee et al., 2000)
and one open-label study have shown effective-
ness of ziprasidone (FDA approval in 2001) in
reducing tics. The side effects were very mild and
included sedation, weight gain, and hyperprol-
actinemia. Different dose recommendations are
present in the literature; the usual range is 5 to
40 mg per day in divided doses.

Compared to olanzapine, quetiapine and
ziprasidone, aripiprazole (FDA approval in
2002) has been studied much more extensively
in TS and has shown a very promising benefit/
risk ratio (Wenzel et al,, 2012). A randomized,
double-blind, placebo-controlled study is, how-
ever, still lacking. Even in “refractory” TS, arip-
iprazole has shown good effectiveness. It seems
reasonably well tolerated; the most common
adverse reactions include nausea, akathisia,
weight gain, and sedation. Asa starting dose 2 to
2.5 mg per day is often reported; the maximum
dose is 30 mg per day.

BENZAMIDES

Two agents belonging to this family of drugs,
tiapride and sulpiride, are used in the treatment
of TS, although mainly in Europe (Roessner et
al., 2011a). Despite its selective D2 dopamine
receptor antagonism, these molecules have alow
(sulpiride) or virtually absent (tiapride) antipsy-
choticeffectcomparedtothetypicalantipsychot-
ics, with fewer extrapyramidal and autonomic
side effects than haloperidol. After early reports
of success in treating TS with tiapride in the
1970s, only a few placebo-controlled studies
with small sample sizes have been published.
Nevertheless, due to its favorable benefit/risk
ratio, tiapride still represents the recommended
first-line treatment of tics in some European
countries, such as Germany (Rothenberger
et al., 2007). Its main side effects are drowsi-
ness, moderate transient hyperprolactinemia,
and weight gain (mean weight gain was 2-4 kg
[Meisel et al., 2004] at a dose range of 100-900
mg per day). Tiapride has no impact on cognitive
performance or neurophysiological recordings
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such as EEG frequency analysis and sensory
evoked potentials in children. The neurosecre-
tory, hypothalamic-hypophyseal regulation of
the sexhormones, thyroid stimulating hormone,
growthhormone, orthyroid hormone, moreover,
is not disturbed by tiapride. Likewise, positive
effects of sulpiride on tics have been reported
regularly since the 1970s (Robertson & Stern,
2000). In addition to its mild antipsychotic
action, an antidepressant and anxiolytic effect
has been observed with low doses of sulpiride;
in addition, it seems to have positive effects on
obsessive-compulsive symptoms co-occurring
with tics as well as on OCD without tics. The
most common side effects of sulpiride include
sedation, drowsiness (in up to 25% of cases),
and, less frequently, paradoxical depression; a
few patients also complained of restlessness and
sleep disturbances. Another important problem
with sulpiride is the strong stimulation of prolac-
tin secretion, causing galactorrhea/amenorrhea
and a commonly observed increase of appetite
leading to weight gain. Other side effects (hypo-
tension, rarely long-QT syndrome, dry mouth,
sweating, nausea, activation or sedation, insom-
nia, allergic rash, or pruritus) are rare. The titra-
tion of tiapride and sulpiride starts with a dose of
50 or 100 mg (2 mg per kg body weight) per day,
and the dosage should not exceed 2 to 10 mg per
kg body weight. Particularly at higher doses a
division into three daily doses might be helpful.

Alternatives

Tetrabenazine for the treatment of TS has
been discussed in previous reviews, especially
by U.S. authors (Jankovic & Kurlan, 2011;
Kurlan, 2010). This compound acts as a vesicu-
lar monoamine transporter type 2 inhibitor by
depleting presynaptic dopamine and serotonin
stores and by blocking postsynaptic dopamine
receptors. Therefore, tetrabenazine might be
an alternative to antipsychotic treatment due
its divergent mechanism of action resulting in
different efficacy and adverse reactions profiles
compared to antipsychotics. However, even
compared to the generally low level of evidence
for other TS treatment options, very few clinical
studies on hyperkinetic movement disorders are
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available with this drug, including small clini-
cal samples of TS patients and two retrospective
chart reviews. Possible side effects of tetrabena-
zine include drowsiness/fatigue, nausea, depres-
sion, parkinsonism, and akathisia, but all these
side effects resolve with reduction of daily dos-
age. Weight gain seems to be less pronounced at
doses of comparable anti-tic efficacyin respect to
antipsychotics, and most patients who switched
from anantipsychotic drugto tetrabenazine sub-
sequently lost weight. The usual effective dose is
50 to 150 mg per day divided into three daily
doses, with a maximum recommended dose of
200 mg per day.

The benzodiazepine clonazepam, which acts
primarily on the GABAergic system, has a long
history in the treatment of TS, It is included in
many reviews inter alia due to its rapid onset
of tic reduction. Only a few open-label and
single-blind studies of clonazepam in TS have
been carried out. In a single-blind comparison
with clonidine in 20 children, clonazepam was
superior in suppressing tics (Drtilkova, 1996).
As with all benzodiazepines, tolerance and side
effects including sedation, short-term memory
problems, ataxia, and paradoxical disinhibition
often limit the use of clonazepam (Goetz, 1992).
Clonazepam has been used at doses up to 6 mg
per day to treat TS.

All of the aforementioned agents have
systemic effects. Alternatively, botulinum
toxin injections are used to treat persistent
well-localized (noncomplex) motor and, some-
times, vocal tics by temporarily weakening the
associated muscles. Since the 1990s, only case
reports and case series of botulinum toxin treat-
ment in TShave been published. The only excep-
tion is a randomized, double-blind, controlled
clinical trial showing that the tic frequency and
the premonitory urge were reduced by botuli-
num toxin injection (Marras et al,, 2001). Yet
patients subjectively perceived this treatment
as overall not effective in improving their con-
dition, perhaps because only a selected subset
of tics can be addressed by local botulinum
toxin injections. Side effects include temporary
soreness, mild muscle weakness, and hypopho-
nia when vocal tics are treated with vocal cord
injections.

Additional treatment alternatives for TS in
children have been used experimentally, for
example dopamine agonists such as pergolide
and ropinirole. Pergolide is a mixed D-D,-D,
dopamine receptor agonist. A study with 57
children showed that a low-dose treatment with
pergolide (0.15-0.45 mg per day), compared to
placebo, led to a significant improvement in tic
severity (Gilbert et al., 2003). Likewise, in an
open-label trial tic severity decreased in 75% of
patients (24/32) during treatment with small
doses of pergolide (0.1-0.3 mg per day). Side
effects were relatively harmless and extrapy-
ramidal side effects were absent (Lipinski et al.,
1997). There are only a few studies on treatment
effects of the dopamine agonist ropinirole. It
does not interact with D1 receptors but has a
high selectivity for D3 receptors and a weaker
affinity for D2 receptors. The effectiveness of
ropinirole at a dose of 0.25 to 0.5 mg twice a day
was shown in a study with 15 patients (mean age
28.1 £ 6.1 years); of these, 10 reported a signifi-
cant improvement in tic severity and frequency
(Anca et al., 2004).

Antiandrogens such as finasteride and fluta-
mide have also been tested in TS. Because of
the preponderance of males affected by TS,
androgens may possess a key role in its patho-
physiology. During treatment with finasteride,
patients displayed a reduction in total, motor,
and phonic tics. Only 2 of 10 patients com-
plained of a decline in libido and occasional
difficulty in achieving erection (Muroni et al.,
2011). A double-blind, placebo-controlled,
crossover trial of flutamide (13 adults [10 men
and 3 women]) showed a decrease in motor but
not phonic tic severity, but the effects were rel-
atively small in magnitude. Although subjects
generally tolerated well a flutamide dose of 750
mg per day, this medication has caused in other
conditions severe (sometimes fatal) liver dys-
function, in addition to a number of less severe
but troublesome side effects such as diarrhea
and gastric discomfort (Peterson et al., 1998).

CONCLUSIONS

There are unfortunately few studies on the phar-
macological treatment of TS that fulfill high
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methodological standards. There are also very
few studies directly comparing the effective-
ness of different psychopharmacological agents,
foremost with regard to longer-term effects or
in cases refractory to previously tried medica-
tions. This has led to different recommendations
in the literature, which depend heavily upon the
authors’ personal experiences and preferences.
The question of the effectiveness of polyphar-
macy is another area in which evidence-based
knowledge is virtually absent, even though
it is not rare for clinicians to resort to polyp-
harmacological treatment when dealing with
treatment-refractory patients in their routine
practice.

Based on the available, albeit insufficient, evi-
dence base, as well as on experts’ experience and
preferences, risperidone canbe recommended as
afirst choice for the treatment of tics. Side effects
represent its biggest limitation, primarily weight
gain and sedation. Pimozide has relatively good
evidence, with a better adverse reaction profile
than haloperidol. Tiapride and sulpiride can
be recommended based on the broad clinical
experience and favorable adverse reaction pro-
file, although more controlled clinical studies
are urgently required to prove this. Aripiprazole
has great potential, especially in the treatment of
refractory cases and probably less pronounced
risk of severe weight gain. Finally, clonidine
can be administered, especially when coex-
isting ADHD is present. All the other agents
mentioned in Table 24.2 may be considered as
alternatives, once the response to one or more of
these medications has been unsatisfactory.

To overcome the dearth of high-quality
evidence on pharmacological treatment in
TS, all three available Cochrane reviews, as
well as many experts on TS, urgently advocate
for future trials with longer durations, larger
groups, and a more standardized methodo-
logical approach to investigate the safety and
efficacy of pharmacological treatment in TS.

A double-blind design should also be chosen,
although in the case of significant treatment
effects there is the risk that participants can
work out which condition they have been
assigned to. Finally, the negative effects of
excessively high dropout rates for different

$44 .
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causes should be considered with caution. In
summary, treatment studies in TS require more
effort than those for some other disorders.

As mentioned before and in other chapters,
although TS is not a rare disease, only a minor-
ity of affected persons require pharmacological
treatment. This creates obstacles to the develop-
ment of new studies, given the lack of incentives
(Fischer et al., 200S) and the limited interest on
the part of the pharmaceutical industry. TS cli-
nicians and researchers should be encouraged
and, when possible, supported by TS patient
associations (see Chapter 30) to develop, in the
best-case scenario, worldwide consensus stand-
ards for all TS-specific methodological aspects
of treatment studies (e.g., study duration, meas-
urement of treatment and side effects, definition
of refractoriness, etc.). Thereafter, lobbying for
funding larger multicenter studies should be
coordinated (e.g., in the United States and/or in
Europe). Those studies should include the com-
parison of different agents and allow subgroup
analyses of sufficiently homogenous groups in
terms of age, comorbidity, etc.

In Box 24.2 we present outlooks for further
studies ontreatmentagents, based onrecent etio-
logical and pathophysiological findings in TS. At
first, the “old story” of TS as a “hyperdopaminer-
gicillness” should be evaluated in more detail in
view of recent work providing new evidence of
the role of dopamine in TS, as well as its interac-
tions with other neurotransmitters (e.g., gluta-
mate, serotonin, and histamine). For example, in
animal studies (see Chapter 15), systemic deliv-
ery of dopamine agonists and antagonists has
identified differential stereotypical behavioral
profiles depending on whether D1 receptors are
stimulated through direct DI specific agonists
or upregulated through chronic exposure to
specific D1 antagonists (Taylor et al,, 2010). On
the other hand, the idea underlying the use of
dopamine agonists has been questioned in view
of the news coming from the pharmaceutical
company Boehringer Ingelheim, which arrested
the clinical development of pramipexole, a D2/
D3/D4 receptor agonist in pediatric TS, because
there was no trend of improvement on prami-
pexole versus placebo in a 6-week, double-blind,
randomized, placebo-controlled, flexible-dose
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Box 24.1.Key Points

» Because of the waxing and waning nature of tics, a meaningful appraisal of treatment effi-
cacy in TS can be made in most cases only after a longer observation time.

« Environmental or situational factors have a modulating influence on tics, possibly biasing
the appraisal of treatment efficacy.

« Many affected children, adolescents, and adults do not seek or require pharmacological
treatment (tic severity: mild to moderate).

» Nonpharmacological and/or pharmacological interventions make sense for persons with
subjective discomfort, social and/or emotional problems, functional interference, etc.

« The clinical experience is that pharmacotherapy induces faster and probably more promi-
nent tic reduction than behavioral treatment options.

+ The goal of pharmacological treatment is a reduction in tic symptoms.

+ Antipsychotic drugs may lead to the most reliable and fastest treatment effectiveness, but
they also pose the greatest risk of side effects.

+ Risperidone can be considered a first-choice agent for the treatment of tics.

« Pimozide, tiapride, sulpiride, and aripiprazole are regarded as second-choice agents.

« Clonidine might be helpful mainly in patients with comorbid TS and ADHD.

« To provide high-quality evidence on pharmacological treatment in TS, future studies should
include, for instance, longer observation periods, larger groups, more standardized meth-
odological approaches, placebo controls, a double-blind design, etc.

study including a total of 63 patients aged 6 to  dramatically. Treatmentwithpitolisantalleviated

24_Martino_Ch24.indd 547

17 years with TS (43 on pramipexole, 20 on pla-
cebo; S8 of the 63 completed the trial) (http://
trials.boehringer-ingelheim.com/res/trial/
data/pdf/248.642_Statement.pdf). Secondly,
two recent genetic studies (Ercan-Sencicek
et al, 2010; Fernandez et al., 2012) reported
evidence that diminished histaminergic neu-
rotransmission might be associated with TS, at
least in some patients. Accordingly, the authors
suggested thatraising brain histaminelevels may
decrease tics. To our knowledge, to date there is
only one case report (Hartmann et al., 2011) of
pharmacological treatment to modulate hista-
minergic neurotransmission in TS, describing
a patient with comorbid narcolepsy without
cataplexy, characterized by excessive daytime
sleepiness and sleep disturbance; he received
pitolisant, an inverse H3 receptor agonist that
potentiates histaminergic neurotransmission.
Previous trials of typical antipsychotics slightly
decreased tics but induced fatigue and seda-
tion, whereas stimulants exacerbated his tics

the narcolepsy with a positive effect also on his
tics. Therefore, the authors concluded that,
apart from tics, pitolisant may be helpful in
treating attention deficit in children with TS
and in reversing antipsychotic-induced day-
time sleepiness. There are several hints of a
close interrelationship between histaminergic
and dopaminergic neurotransmission, par-
ticularly in the striatum (Ferrada et al., 2008).
Controlled clinical trials of agents modulating
histaminergic nearotransmission in TS patients
are under way.

A9-year-old boyreported, over a period of
approximately 2 years, a waxing and wan-
ing itching sensation, relieved by throat
clearing and eye blinking. Additionally,
he would stare at the ceiling lamp because
this made his eyes feel better. Later on,
facial grimacing, neck jerking, throat
clearing, and high-pitched squeaking
appeared, and he was referred to a TS
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Box 24.2. Questions for Future Research

1. Does a specific drug really work in TS? Because of the limited evidence base and due to
several difficulties in terms of the design of pharmacological trials in TS, more studies in
larger and more homogeneous groups of affected persons with longer observation periods
are urgently required.

. How fast is the onset of effect of pharmacological versus behavioral treatment? What are
the differences in their impact on the individual TS course? In daily clinical practice it
seems likely that medication is associated with a faster onset of tic reduction but behavioral
treatment might have a more “stable effect” (i.e., tic reduction remains after cessation of
habit reversal).

. What could be a definition of refractoriness of pharmacological treatment? Is there any evi-
dence for polypharmacy? There is no evidence from clinical studies about polypharmacy,
although it is often required in severe cases, particularly in the case of comorbid conditions
such as ADHD, OCD, or depression or refractoriness to monotherapy.

4. Will medication reduce tics and/or premonitory urges? It is unclear if medication reduces tic
severity and/or the premonitory urge. Maybe there are differences between the substances
despite the same effect on tic amelioration.

5. How is stress modulated by anti-tic medication? Although there are several hints that stress
has an impact on tic severity, there are no data about changes in stress by pharmacological
treatment of tics.

6. What are the differences in efficacy and efficiency between pharmacological versus
behavioral treatment (versus deep brain stimulation)? The evidence base (e.g., by compar-
ing the effect sizes of single studies) concerning the efficacy and efficiency of pharmaco-
logical versus behavioral treatment or of their combination is very limited. Therefore, direct
comparisons in one study (e.g., for ADHD) are urgently required.

7.1s it possible to develop individualized treatment plans based on genetic information?
New and exciting genetic findings might open the possibility of starting the optimal indi-
vidualized pharmacological treatment after genetic tests.

(see Chapter 14) raise the question of whether
antibiotic prophylaxis or immunomodulatory
interventions can be helpful, at least in some sus-
ceptible TS patients (Hoekstra etal,, 2004; Zykov
et al,, 2009). This question will remain unan-
swered until a clearer picture of the involvement
of immunity in TS is provided by larger clinical
studies that are under way (see www.emtics.eu).
Fourth, pharmacological modulation of
GABAergic (inhibitory) and glutamatergic
(excitatory) (Singer et al., 2010) neurotransmis-
sion in TS should be investigated in more detail.
Finally, studies investigating the relationship of

clinic. All symptoms could be controlled
by volition, and there were no relevant
problems during school hours. However,
at home he reported a massive increase of
symptom severity and subjective discom-
fort. Antihistaminic eyedrops and topical
steroid nasal sprays had no positive effects.
Prick testing to routine aeroallergens was
negative. After TS was diagnosed, tiapride
was initiated and after 8 weeks his tics had
decreased dramatically.

Thirdly, and not only in the context of the

poststreptococcal hypothesis (see Chapter 9),
immunological abnormalities (Landau et al,
2012; Murphy etal., 2010) reported in TS patients

548
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oxidative stress and TS are increasing, but thera-
peutic research is only just beginning (http://
clinicaltrials.gov/show/NCT01172288).
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Abstract

Background: Deep brain stimulation (DBS) remains an experimental but promising treatment for patients with severe refractory Gilles de la Tourette syndrome
(TS). Controversial issues include the selection of patients (age and clinical presentation), the choice of brain targets to obtain optimal patient-specific outcomes, and

the risk of surgery- and stimulation-related serious adverse events.

Methods: This report describes our open-label experience with eight patients with severe refractory malignant TS treated with DBS. The electrodes were placed in
the midline thalamic nuclei or globus pallidus, pars internus, or both. Tics were clinically assessed in all patients pre- and postoperatively using the Modified Rush
Video Protocol and the Yale Global Tic Severity Scale (YGTSS).

Results: Although three patients had marked postoperative improvement in their tics (>50% improvement on the YGTSS), the majority did not reach this level of

clinical improvement. Two patients had to have their DBS leads removed (one because of postoperative infection and another because of lack of benefit).

Discussion: Our clinical experience supports the urgent need for more data and refinements in interventions and outcome measurements for severe, malignant,
and medication-refractory TS, Because TS is not an etiologically homogenous clinical entity, the inclusion criteria for DBS patients and the choice of brain targets

will require more refinement.

Keywords: Gilles de la Tourette syndrome, deep brain stimulation, globus pallidus internus, midline thalamic nuclei
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Introduction Nevertheless, most controlled treatments have focused on pharmaco-

Tourette syndrome (TS) is a childhood-onset neuropsychiatric logic interventions. Although valuable in the management of

disorder characterized by multiple motor and vocal tics lasting a individuals with TS, pharmacotherapy rarely eradicates tics comple-

minimum of 1 year. Tic disorders are frequently chronic, if not lifelong tely, and many individuals have residual and clinically impairing
conditions. Usual clinical practice focuses initially on educational and S}"mptoms-s’ﬂk Furthermore, some of the most effective medications for
supportive interventions. In addition, a recent multisite randomized ~ reducing tics can be associated with a range of adverse effects, and
clinical trial demonstrated the efficacy of comprehensive behavioral — there is a small subset of patients who will not respond to either

intervention for tics in a subset of pediatric and adult patients."”>  behavioral or pharmacologic approaches.”
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Deep brain stimulation (DBS) has been introduced as an investiga-
tional approach for addressing some of the intractable symptoms of
malignant TS. The stimulation targets that have been used in TS
include: 1) the midline thalamic nuclei, with electrodes positioned at
various points along the anterior—posterior axis (centromedian nucleus,
parafascicular nucleus, and nucleus ventro-oralis internus); 2) the
globus pallidus pars internus (GPi), either in the posteroventrolateral
(somatosensory) region or the anteromedial (limbic) region; 3) the
globus pallidus pars externus; 4) the nucleus accumbens/anterior limb
of the internal capsule; and 5) the subthalamic nucleus (Table 1)

While many of the TS patients reported in the literature have had
beneficial short-term outcomes following DBS, randomized controlled
studies of larger cohorts have not been performed. Although some
surgeries are free of complications, a number of surgery-related serious
adverse events (e.g. bleeding, infection, hardware malfunction) have
been reported, as well as stimulation-related serious adverse events
(e.g. nausea, eye movement abnormalities, sedation, anxiety, altered
mood, changes in sexual function).” ™2 In general, the degree of tic
improvement appears to_be more robust for the thalamic and GPi
targets. However, there is at least one case in which targeting the
nucleus accumbens resulted in a marked improvement in self-injurious
tics.'?

This paper details the outcomes of eight additional patients with
intractable, treatment-refractory TS who were treated with DBS.
These patients had their DBS electrodes inserted at various times
during a 7-year period (2004-2011), employing various targets and
approaches based on the available knowledge at the time of
implantation. Two distinct GPi sites (somatosensory [posteroventral]
vs. limbic [anteromesial]) and midline thalamic sites were targeted.
The initial outcome of the first patient discussed here has been

previously reported. 12

Methods
Patient selection

Each of the patients presented had severe malignant tics that
impaired their quality of life and activities of daily living. Five of the
patients exhibited self-injurious tics that either resulted in or
threatened permanent neurologic injury. The decision to treat was
taken on a case-by-case basis based on clinical necessity. Although we
did not have a priori inclusion and exclusion criteria, all patients were
required to have exhausted at least three known treatment options,
including adequate trials with both a typical and atypical neuroleptic.
The treatments had to be administered in adequate dosages and for at
least 6 months.*® Candidates could not have medical, neurologic, or
psychiatric conditions that may have increased the risk of the
procedure, precluded full participation (during the procedure or
follow-up), or compromised the accuracy of the outcome assessment
measures.*>** Four of the patients were =25 years of age at the time of
the surgery and in only three patients was there a documented failed
treatment trial with an ¢-adrenergic agonist. The decision to not
require a failed trial with an o-adrenergic agonist was based on a
clinical judgment that the length of time needed to complete an

Deep Brain Stimulation for Tourette Syndrome

adequate trial (=12 weeks) placed the individual at undue risk of
permanent injury, and also the consideration that the degree of
improvement, even if the trial was successful, would not be sufficient to
reduce the risk of self-injury. Patient inclusion was based on the
consensus of clinicians and the patient that the symptoms and their
associated impairment were severe enough to justify surgery as a
medical necessity.

Prior to surgery, the patients were evaluated by the team at Yale
(M.GM., RAK, AL-W.,) as well as by the surgeons and other
knowledgeable professionals (A.C.J.L. at Yale and New York College
of Medicine; R.L.A. at Mt. Sinai and Beth Israel Deaconess Medical
Center; and A.Y.M. and M.H.P. at North Shore-Long Island Jewish
Health System). Comorbid conditions and other psychopathology and
psychosocial factors were also assessed. Efforts were made to address
any psychosocial issues that could affect patient participation and
assessment prior to the surgical intervention, but no formal protocol

was followed.

Surgical technique

Frame-based stereotactic targeting employing MRI (Magnetic
Resonance Imaging) with or without CT (Computed Tomography)
was used in each case. The stereotactic coordinates for the targeted
anatomic structure were based on the best available data.** Typically,
the initial coordinates, derived relative to the intercommissural plane,
were then adjusted by direct visualization on the MRI, with or without
the assistance of digital overlays of the Schaltenbrand and Wahren Atlas.
Implantation trajectories were planned to avoid sulci and cortical vessels.

Intraoperative macrostimulation was performed to assess for adverse

events with the exception of one patient (subject 7), who was

. consciously sedated throughout his second and third surgeries.

During test stimulation the patients were asked to report any unwanted
side effects, including but not limited to muscle spasms, persistent
spontaneous sensations, pain, dizziness, and double vision. The
implanted electrodes were secured to the skull employing accepted
techniques and were connected to implantable pulse generators on the

same day or shortly thereafter.

Postoperative management

Postoperative adjustments were performed by a DBS-trained
clinician. The first session occurred 10-14 days following electrode
implantation. A range of pulse widths (60-210 microseconds),
stimulation rates (60-200 Hz), and electrode combinations were
tested. Both monopolar and bipolar arrays were programmed
empirically with the goal of achieving the greatest possible tic
reduction with minimal side effects. Stimulation amplitudes varied
from 0.1 to 5 V. Programming sessions were performed as needed,
typically on a monthly basis for the first year and every 3-6 months
thereafter. A summary of the active DBS contacts and lead locations is
provided in Table 2.
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Table 1. Published Studies on Deep Brain Stimulation in Tourette Syndrome

'Target Study No. Patients Follow-up, Months Tic Improvement
(YGTSS or MRVRS), %
Midline thalamus Visser-Vandewalle (2003)5 3 12, 8, 60 90, 72, 83
CM-Pf/Voi, CM-P
(CH-PONOL CH-PY 4 ckermans ot al. (2006)'° | (EM-PEVOI) 12, 12 Tic 20 3 min,
Ackermans et al. (2007)"' | (CM-PF and Tic 28 2 min
postroventrolateral
GPl)
Bajwa et al. (2007)"? I 24 66
Maciunas et al. (2007)" 5 3 40 (Mean)
Servello et al. (2008)'” 18 3-18 65 (Mean)
Shields et al. (2008)%° | 3 46
Vernaleken et al. (2009)%' I Not reported 36
Porta et al. (2009)* 15-18 24, 60-72 long- 52 (Mean)
Porta et al. (2012)** term follow-up 41,33,32, 18, |
(same cases)
Servello et al. (2009)% 4 1026 Slight to modest
improvement
Idris et al. (2010)*® v I 2 Not reported
Marceglia et al. (2010)?’ 7 6-24 33 (Mean)
Ackermans et al. (2011)* 6 12 49 (Mean)
Lee et al. (2011)* | 18 58
Kuhn et al. (2012)* 2 12 75 and 100
Savica et al. (2012)* 3 12 70 (Mean)
Maling et al. (2012)*” 5 4-6 41,33, 32, 18, |
Okun et al. (2013)* 5 6 19 (Mean)
GPi Deidrerich et al. (2005)° I 14 47-76
Gallagher et al. (2006)’ | Several Disappearance of tics
Ackermans et al. (2006)'° | (CM-Pf and 12 Tics 28 2/min
posteroventral GPi)
Shahed et al. (2007)'® I 6 84
Dehning et al. (2008)'® I 12 88
Dueck et al. (2009)* | 12 No improvement
Martinez-Fernandez et al. (2011)>' 5 (one subject had ~ 3-24 32, 19, 14, 63, 32, 19
both), 3
(posteroventral), 3
(anteromedial)
Cannon et al. (2012)* Il (anteromedial)  4-30 5
ﬂ\ Tremor and Other Hyperkinetic Movements 3 (‘? The Center for Digital Research and Scholarship
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Table 1. Continued
Target Study No. Patients Follow-up, Months Tic Improvement
(YGTSS or MRVRS), %
Dong et al. (2012)*’ 2 right GPi only 12 59 and 53
(posteroventral)
Massano et al. (2013)* | (anteromedial) 3, 12,24 6l
CM-Pf andlor GPi Houeto et al. (2005) I 24 82
(anteremedial Welter et al. (2008)'® 3 20, 27, 60 65-96
GPe Piedimonte et al. (2013)* | 3, 6, 24 39
AIC — NA Flaherty et al. (2005)° I 18 25
Kuhn et al. (2007)"® I 30 41
Zabek et al. (2008)'? I 28 80
Neuner et al.(2009)** I 36 44
Burdick et al, (2010)* ] 39 15% worse
Sachdev et al. (2012)*® I 8 57
STN Martinez-Torres et al. 2009) 2 | 12 76
Abbreviations: A/C, Anterior Limb of Internal Capsule; CM-Pf, Centromedial-Parafascicular Complex; GPe, Globus Pallidus, Pars Externus; GPi, Globus Pallidus, Pars
Internus; MRVRS, Modified Rush Videotape Rating Scale; NA, Nucleus Accumbens; STN, Subthalamic Nucleus; Voi, Ventralis Oralis; YGTSS, Yale Global Tic Severity
Scale.
Assessments 0-85%. The mean percent improvement was 45%, and the median

The Diagnostic and Statistical Manual, 4th edition, Text Revised (DSM-1V-
TR) criteria for TS and comorbid diagnosis were used in this study to
establish an official diagnosis.”® We administered additional rating
scales at baseline, including the Yale Global Tic Severity Scale
(YGTSS),”® the Yale-Brown Obsessive-Compulsive Scale,”® the
Hamilton Depression Rating Scale,”® and the Hamilton Anxiety
Rating Scale.®® These assessments were also conducted at various
intervals from 1 month to 6 years after surgery. Marked improvements
were defined as more than 50% improvement in the Total Tic Score
on the YGTSS (range 0-50). These evaluations were not performed in
a scripted fashion as the DBS therapy was not provided as part of a

prospective trial, but rather on a humanitarian basis.

Results

The clinical characteristics of the eight patients with TS at baseline
are summarized in Table 3. As detailed in Table 3, three of the
patients under the age of 25 years had severe malignant self-injurious
tics. Baseline characteristics of tics and associated symptoms, together
with follow-up evaluations for the eight subjects, are detailed in Table
4. We observed significant reduction in tic severity in three T'S patients
(subjects 1, 6 and 8; see Supplementary Materials). The range of
improvement in the YGTSS Total Tic Score for the entire group was

value was between 20% and 44%.

Two of eight subjects have had their electrodes removed. In one this
was because of postoperative infection (subject 2), and in the other
because of lack of therapeutic benefit after 3 years of stimulation
(subject 3) (see Supplementary Materials for presentations of each
case). At present, one individual has turned off his electrodes but
continues to show a clear benefit (tic reduction) despite a gradual
worsening of his overall neurologic status (subject 1, see below and

Supplementary Materials).

Discussion

There are many unknowns when considering DBS for TS. These
include the optimal target, the best indications for surgery, the optimal
stimulation parameters, the optimal approach to assess social status,

and the potential for social reintegration postsurgeryf}1’433‘4"5‘%DB

Patient selection

In this series, the two youngest patients (subjects 6 and 8) benefited
the most from surgery and, thus far, these two patients have also been
most successful in resuming a reasonably ‘normal’ life, with good to
excellent reintegration into society. These individuals have also been
successfully withdrawn from psychoactive medications, thus freeing
them from potential side effects. The third individual (subject 1) who
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Table 2. Stimulation Parameters and Lead Location at Follow-up Evaluation for all Subjects

Location

Identification of the Anatomic Target

DBS Settings

Thalamus

X (mm lateral AC-PC)=5

Y (mm posterior AC-PC)=4
Z (mm beneath AC-PC)=0

GPi (posteroventral/sensorimotor)

X (mm lateral to intercommissural)=17

Y (mm anterior to mid-commissural)=4
Z (mm deep to mid-commissural)=5
Thalamus

X (mm lateral AC-PC)=5

Y (mm posterior AC-PC)=4

Z (mm beneath AC-PC)=0

Thalamus

X (mm lateral AC-PC)=5

Y (mm posterior AC-PC)=4

Z (mm beneath AC-PC)=0

GPi (posteroventral/sensorimotor)

X (mm lateral to intercommissural)= 17

Y (mm anterior to mid-commissural)=4
Z (mm deep to mid-commissural)=5

GPi (posteroventral/sensorimotor)

X (mm lateral to intercommissural)=17

Y (mm anterior to mid-commissural)=4

Z (mm deep to mid-commissural)=5

Leksell frame, MRI intraoperative guidance,
general anesthesia (propofol),
macrostimulation used, no microelectrode
recording

Leksell frame, MRI intraoperative guidance,
deep sedation, macrostimulation used, no
microelectrode recording

Leksell frame, MRI intraoperative guidance,
deep sedation, macrostimulation used, no
microelectrode recording

Leksell frame, MRI intraoperative guidance,
deep sedation, macrostimulation used, no
microelectrode recording

Leksell frame, MRI intraoperative guidance,
deep sedation, macrostimulation used, no
microelectrode recording

*R 5-7+, 25V, 210
us, 185 Hz

* |-3+, 235V, 180
us, 185 Hz

*R 5-C+, 1.0V, 120
ps, 130 Hz

12+, 1.0V, 120V
us, 130 Hz

NA

NA

R 2-C+,2.5V, 90 ps,
185 Hz

L 2-C+, 2.0V, 90 ps,
185 Hz

R 4+6-5-7+, 2.1 V,
180 ps, 185 Hz

L 2-1-0-C+, 2.1 V,
180 ps, 185 Hz
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Table 2. Continued
Patient Location Identification of the Anatomic Target DBS Settings
6 Thalamus Leksell frame, MRI/CT fusion, procedure R 1-C+, 3.0V, 90 ps,
performed under local anesthesia with 130 Hz.
d d idi d f i
X (mm lateral AC-PC) =5 exmedetomidine used for sedation L 1.C+ 32V, 90 s,
130 Hz
Y (mm posterior AC-PC) = 4
Z (mm beneath AC-PC) = 0
Physiologic confirmation with
microelectrode recording and
macrostimulation
7 GPi, anterior mesial (limbic) Leksell frame, MRI intraoperative guidance, *R 1-C+, 3.0V, 150
sedation with dexmedetomidine/propofol,  ps, 90 Hz
physiologic confirmation with .
X (mm lateral to intercommissural)= 14 ; . *L 1-C+,25V, 180
microelectrodes recording only
us, 120 Hz
Y (mm anterior to mid-commissural)=18
Z (mm deep to mid-commissural)=5
Thalamus *R 11-C+, 2.0V, 60
us, 120 Hz
X (mm lateral AC-PC)=6 *L9-10-C+, 3.0V, 60
us, 120 Hz
Y (mm posterior AC-PC)=3
Z (mm beneath AC-PC)=0
GPi (posteroventral/sensorimotor) R 8-C+, 2.5V, 90 ps,
185 Hz
X (mm lateral to intercommissural)=17 *L 8-C+, 2.5V, 90 ps,
180 Hz
Y (mm anterior to mid-commissural)=4
Z (mm deep to mid-commissural)=5
8 Thalamus Leksell frame, MRI/CT fusion, procedure R C+l-, 2.1V, 90 ps,
performed under general anesthesia with 130 Hz
fol if i
X (mm lateral AC-PC)=5 propefolandigemifenianil L C+l- 1.9V, 90 ps,
130 Hz
Y (mm posterior AC-PC)=4
Z (mm beneath AC-PC)=0

7

)
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Table 2. Continued

Motlagh MG, Smith ME, Landeros-Weisenberger A, et al

Patient Location

Identification of the Anatomic Target

DBS Settings

PElectrodes were removed because of infection.

°Electrodes were removed because of lack of therapeutic benefit.
N

Electrodes are currently turned OFF.

also had a ‘marked improvement’ remains disabled, despite being
virtually tic free for significant periods of time. His disability is a
consequence of permanent and progressive spinal injury secondary to
an extremely forceful whole-body and head-snapping tic.'> The
forcefulness of this malignant tic has not been lessened by DBS, but its
frequency has been markedly reduced despite the fact that his
electrodes have been turned off for more than 8 months (see
Supplementary Materials, subject 1). While these results may argue
for earlier surgical intervention, it is also worth noting that subject. 1
has more recently experienced a failure of his GPi leads because of
wire fractures resulting from the forceful head snapping. These
observations, albeit in a small number of patients, mirror the published
experiences with DBS at the globus pallidus for primary generalized
dystonia.ﬁg’60 Here, too, younger patients and those who had not yet
developed secondary skeletal changes responded more quickly and
more robustly to DBS.

In typical TS, tics usually improve by 20 years of age, an
observation that is often cited to support the view that surgery should
not be considered prior to 25 years of age.*®! However, it is
important to note that TS is a heterogeneous clinical entity and that
the prevalence and severity of tics and the behavioral and emotional
comorbidities observed in TS are both higher in younger patients.®%%?
In addition, tics and comorbidities in young people with severe
refractory TS often have a strong association with difficulties
encountered in remaining in school and maintaining normal peer
relationships. It is also the case that younger patients are less likely to
have sustained significant physical injury because of their tics. These
observations suggest that surgical intervention prior to 25 years of age
may be indicated in highly selected patients. Our current view is that a
strict cut-off for eligibility based on age alone may exclude reasonable
candidates, and that as in Parkinson’s disease, age should be just one of
many factors considered when determining an individual patient’s

surgical candidacy.

Target

In four patients, the tics virtually disappeared for 10-14 days
immediately after surgery. In one patient (subject 1) the midline
thalamic site was the target and in three patients (subjects 4, 5, and 7)

Physiologic confirmation with
microelectrode recording and
macrostimulation

Abbreviations: AC, Anterior Commissural; DBS, Deep Brain Stimulation; GPi, Globus Pallidus Pars Internus; PC, Posterior Commissural; NA: Not Applicable.
The DBS settings show right side (R), left side (L), voltage (V), pulse width (us), and rate (Hz).
2GPi electrodes are not currently functional secondary to forceful head-snapping tics that led to electrode dysfunction.

the GPi (two sensorimotor and one limbic) was the target. This
disappearance of tics might be attributable to the immediate trauma of
the electrode placement (the so-called microlesion effect).
Alternatively, it might represent a placebo response. Regardless of
the underlying cause, in our experience this immediate response is not
indicative of a long-term improvement in tic symptoms.

In the current case series, we report significant reductions in tic
severity in three TS patients (subjects 1, 6, and 8) with electrode
placement in the midline thalamic nuclei. Servello et al. reported a
similar response to DBS (although to differing degrees) in 18 similarly
treated patients with severe TS."7 Subject 1 showed a further
significant benefit with the placement of a second set of electrodes in
the sensorimotor GPi. Indeed, this patient experienced periods during
which he reported being virtually tic free for the first time in more than
40 years. The other patients had disappointing outcomes from their
surgeries. However, a longer follow-up interval is needed in at least one
patient (subject 7, who had DBS electrodes placed in both GPi sites as
well as in the midline thalamic nuclei) before we can make this
statement with certainty.

A ‘definitive neuroanatomic target’ for TS DBS has not yet
emerged. The reasons for this are many. First, the specific neuronal
circuitry underlying TS is only partially known.®* 7! In fact, it is not
known if the pathophysiology of TS is the same for all patients, or if
different types of TS patients have similar or dissimilar pathophysiol-
ogies requiring distinct neuromodulatory strategies. This is especially
true for many of the patients in this series, given their severe, refractory
tics, which often failed to show the typical bouts during the course of a
day, or alternatively the waxing and waning course of weeks to
months. Compounding these gaps in our knowledge is a lack of
representative animal models for TS.” Finally, the best location for
stimulation within each target (i.e. thalamus or GPi) may be very
specific, and to date we are unable to refine the target physiologically
as is the case for Parkinson’s disease.”®”®

A prevailing model of TS and other hyperkinetic movement
disorders (including dystonia and chorea) implicates a low firing rate in
output neurons of the GPi as a pathophysiologic hallmark,”*”®
However, recent observations suggest that the GPi activity seen in
dystonia and tic disorders may be similar to that encountered in
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Table 4. Individual Changes in Severity of Tics and Associated Behaviors in Eight Patients with Tourette Syndrome

7579 and, if true, this could challenge existing

Parkinson’s disease
physiologic models. More data regarding TS physiology are needed
before definitive conclusions can be drawn.

Because of the wide interpatient variability in specific tic symptoms
and comorbidities, it still seems appropriate to consider multiple
potential targets for DBS and to select targets based on the specific
clinical characteristics of each patient. Another important factor that
may complicate the interpretation of surgical results is that the amount
of electrical energy delivered to a target can be very different from one
patient to another, and even between hemispheres for the same
patient. In some studies, the current intensity and spread have been so
high that it is doubtful whether the effects of DBS are restricted to the
specific target area.

Postoperative complications

In our case series, one patient (subject 2) developed an infection
secondary to picking at the incision sites. Interestingly, in one recent
study patients with TS were found to have a higher incidence of
infectious complications following DBS than patients with Parkinson’s
disease or dystonia.’® The basis of this increase is unknown, but
conceivably could be related to host-specific immune factors as there is
a growing body of evidence implicating immune dysregulation in TS
patients.?!

Patients Duration of YGTSS* YBOCS##* HDRS HARS
Follow-up
(Months) Before At Last Before At Last Before At Last Before At Last
Surgery Follow-up** Surgery Follow-up Surgery Follow-up Surgery Follow-up
[ 107 36 10 (72%) 29 8 10 5 0 0
) 95 41 32 (20%) 5 0 0 0 5 [
3° 84 43 40 (7%) 20 27 5 4 20 I5
4 51 50 40 (20%) 12 10 3 3 4 3
5 8 38 22 (44%) 0 0 4 | 5 3
6 16 46 7 (85%) 5 5 0 0 2 |
7 37 25 25 (0%) 0 0 3 5 3 3
8 6 43 14 (67%) 20 22 2 0 3 3
Abbreviations: HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; YBOCS, Yale-Brown Obsessive-Compulsive Scale; YGTSS, Yale
Global Tic Severity Scale.
“Total tic severity does not include impairment score and is based on the worst-ever tic severity measured at the time of interview.
“Percent improvement in the YGTSS Total Tic Score.
mObsessive—cc:mpuIsive symptom severity is based on the total obsessive-compulsive severity measured at the time of interview.
“Electrodes were removed because of infection.
®Electrodes were removed because of lack of therapeutic benefit.
“This patient does not have any vocal tics.

Programming

In addition to careful intraoperative targeting, thoughtful and labor-
intensive programming of the stimulators is very important to
achieving optimal clinical outcomes (see case material for subject 4).
The potential need for frequent programming should be considered
when choosing candidates for surgery, and families need to be fully
apprised of this reality preoperatively. Although a monthly checkup for
optimization and programming following DBS (for the first 6 months)
is a reasonable standard in movement disorders, in our experience a
more flexible schedule can be necessary for TS patients. Reasons for
this include natural symptom fluctuations and variability in patients’
responses to treatment and expectations. We had similar programming
experiences to Porta et al.”®

Confounding factors of the present report include multiple surgeons
(three surgeons in five different centers) employing varied techniques,
as well as the use of unblinded assessments. At the present time there is
no consensus regarding the use of DBS in TS, although most experts
believe it should be used as a last resort in a small subset of individuals
who have severe, self-injurious tics or tics that are both refractory to
treatment and severely impair quality of life. Randomized trials
employing blinded ratings of patients treated by experienced DBS
teams are sorely needed.'' Finally, a deeper understanding of the
circuitry involved in T'S may lead to more successful tailored targeting
for patients with refractory and malignant TS. Presently, however,
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clinicians should be aware that outcomes are mixed and that ‘one size
does not fit all.’
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Treatment of Tourette syndrome with
cannabinoids |

Kirsten R. Miiller-Vahl

Clinic of Psychiatry, Socialpsychiatry and Psychotherapy, Hannover Medical School, Carl-Neuberg-Str. 1,
D-30625 Hannover, Germany

Tel.: +49 511 5323551; Fax: +49 511 5323187, E-mail: mueller-vahl.kirsten@mh-hannover.de

Abstract. Cannabinoids have been used for hundred of years for medical purposes. To day, the cannabinoid delta-9-
tetrahydrocannabinol (THC) and the cannabis extract nabiximols are approved for the treatment of nausea, anorexia and spasticity,
respectively. In Tourette syndrome (TS) several anecdotal reports provided evidence that marijuana might be effective not only
in the suppression of tics, but also in the treatment of associated behavioural problems. At the present time there are only two
controlled trials available investigating the effect of THC in the treatment of TS. Using both self and examiner rating scales,
in both studies a significant tic reduction could be observed after treatment with THC compared to placebo, without causing
significant adverse effects. Available data about the effect of THC on obsessive-compulsive symptoms are inconsistent. According
10 a recent Cochrane review on the efficacy of cannabinoids in TS, definite conclusions cannot be drawn, because longer trials
including a larger number of patients are missing. Notwithstanding this appraisal, by many experts THC is recommended for
the treatment of TS in adult patients, when first line treatments failed to improve the tics. In treatment resistant adult patients,
therefore, treatment with THC should be taken into consideration.

Keywords: Tourette syndrome, tics, cannabinoids, cannabis sativa, THC

1. Introduction

Although the therapeutic spectrum in the treatment
of Tourette syndrome (TS) has expanded during the last
years, there is still a substantial number of patients who
is unsatisfied with well established treatment strategies
either due to less efficacy or significant adverse effects.
In addition, there is still no therapy known that is not
only effective in the treatment of tics, but also improves
associated behavioural disorders. In those patients who
are impaired not only by their tics, but also by psy-
chiatric comorbidities combined treatment with several
drugs is often inevitable [1]. Therefore, new therapeu-
tic strategies are desirable that are more effective, cause
less adverse effects, and ideally improve not only tics,
but also associated behavioural problems. Against this
background, many patients with TS seek alternative or
complementary medicine including special diets and
nutritional supplements [2,3] as well as legal and illegal
drugs such as nicotine, alcohol and cannabis sativa [4,
51.

2. Medical use of cannabinoids

Cannabis has been used for medical purposes in
many cultures for hundreds of years, in particular, for
the treatment of pain, spasms, asthma, insomnia, de-
pression, and loss of appetite. In the first half of the
20th century, cannabis-based medication almost com-
pletely lost its acceptation, among other things, be-
cause it did not succeed to identify the chemical struc-
ture of the ingredients of Cannabis sativa L. This sit-
uation changed in the 1960s, after the exact chem-
ical structure of delta-9-tetrahydrocannabinol (THC),
the most psychoactive ingredient of cannabis sativa,
could be determined. Research on the medical use
of cannabinoids was further stimulated when it be-
came clear that cannabinoids act through specific re-
ceptors: a predominantly in the central nervous sys-
tem located CB1 receptor and a CB2 receptor that is
expressed primarily by immune tissues. In 1992, the
first specific ligand that binds to cannabinoid receptors
could be identified. To date, five different endocannabi-
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noids are known, among them the two most impor-
tant anandamide (arachidonoylethanolamide) and 2-
arachidonoylglycerol (2-AG). There is substantial evi-
dence that endocannabinoids affect the activity of ex-
citatory neurotransmitters such as glutamate as well as
inhibitory transmitters such as GABA and glycine, but
also of several monoamines such as dopamine, sero-
tonin, noradrenaline, acetylcholine, and neuropeptides
(for review see [6]).

To day, in many countries the cannabinoid THC
(dronabinol, nabilone) and the cannabis extract nabix-
imols (Sativex®) — containing THC:canabidiol (CBD)
= 1:1 —are approved for clinical use for the treatment of
nausea and vomiting associated with cancer chemother-
apy, anorexia in HIV/AIDS, and spasticity in multi-
ple sclerosis, respectively. However, there is substan-
tial evidence that cannabinoids are also effective in the
treatment of other conditions such as neuropathic pain,
spasms and movement disorders (for review see [7]).

3. Anecdotal reports

In 1988, it has been suggested for the first time that
use of smoked marijuana might be effective in the treat-
ment of tics and behavioural symptoms in patients with
TS. In a case study, Sandyk and Awerbuch [8] reported
on three 15-39-year-old male patients who experienced
an improvement of their tics and premonitory urges
when smoking 1/2 to 2 marijuana cigarettes per day.
In addition, the patients felt an improvement of self-
mutilatory behaviour, attention span, and hypersexual-
ity. In 1993, Hemming and Yellowlees [9] described a
single case of a 36-year-old man with TS who reported
that he had been symptom free for more than one year
when taking one “cone” of marijuana per night.

In 1998, Miiller-Vahl et al. [10] used a standard-
ized questionnaire to perform a survey about the use of
cannabis sativa and its effects on tics and psychiatric
comorbidities in a larger group of TS patients. Of 64
consecutive adults who were interviewed, 17 reported
about prior use of marijuana. Of these, 14 (82%) pa-
tients experienced a reduction or complete remission of
motor and vocal tics and an amelioration of premonito-
ry urges, obsessive-compulsive behaviour (OCB), and
attention deficit hyperactivity disorder (ADHD). None
of these patients reported about serious adverse effects
or a deterioration of symptoms while smoking marijua-
na.

4. Uncontrolled single case studies

Up to now, there are no controlled trials available in-
vestigating the effect of marijuana or a cannabis extract
in TS. In Germany (and many other countries), until
today the use of marijuana — even for medical purpos-
es—isillegal. The cannabis extract nabiximols is avail-
able for medical use only for a few years. Thus, avail-
able clinical trials investigating the therapeutic effect of
cannabinoids in TS used delta-9-tetrahydrocannabinol
(THC), the most psychoactive ingredient of cannabis
sativa L. However, it can be assumed that most clini-
cal effects of cannabis sativa are caused by THC, al-
though cannabis sativa contains more than 60 different
cannabinoids.

In 1999, the effects of pure THC have been investi-
gated in TS for the first time in a prospective open un-
controlled trial: a 25-year-old male patient was treat-
ed once with a single dose of 10 mg THC orally [11].
The patient reported that he had used marijuana (2-3 g
per day) illegally for many years not only to reduce
his tics, but also to improve behavioural problems in-
cluding ADHD, OCB, anxiety, lack of impulse con-
trol, and self injurious behaviour, but stopped smok-
ing marijuana 3 days before entering the study. Two
hours after THC treatment the total tic severity score
of the Tourette’s Syndrome Global Scale (TSGS) [12]
improved from 41 to 7 and coprolalia disappeared. No
adverse effects occurred. Measuring cognitive func-
tions neuropsychological tests showed improved signal
detection, sustained attention, and reaction time after
treatment. The patient felt not only a tic improvement
of 70%, but also an amelioration in attention, impulse
control, OCB, and premonitory urges.

In another open uncontrolled single case study in-
vestigating a 24-year-old female, a combined treatment
with THC (10 mg/day) and amisulpride (1200 mg/day)
was found superior compared to THC and amisulpride,
respectively, alone [13]. Therefore, it can be speculated
that THC augment anti-tic effects of dopamine recep-
tor blocking drugs as suggested earlier by animal stud-
ies: In rats it has been demonstrating that haloperidol-
induced hypokinesia significantly increases after co-
administration of THC [14].

Brunnauer etal. [15] reported about a treatment resis-
tant 42-year-old man whose tics decreased after treat-
ment with 15 mg THC significantly (Yale Global Tic
Severity Scale (YGTSS) [16] decreased from 89 to 22).
Since he worked as a truck-driver, his driving ability
was assessed using computerized tests to measure vi-
sual perception, reaction, concentration, and stress tol-
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erance. Although the patient passed the test both in the
drug-free phase and during THC treatment, his con-
centration and visual perception clearly improved after
THC treatment. Thus, at least in patients with TS treat-
ment with cannabinoids may result in improved driving
ability.

A comparable observation has been made in a 28-
year-old male suffering from ADHD (without tics)
whose driving-related performance significantly im-
proved after oral intake of THC [17]. The authors con-
cluded that “. . . in persons with ADHD THC may have
atypical and even performance-enhancing effects”.

So far, there is only one single case report avail-
able describing the successful treatment of a 15-year-
old boy with treatment refractory TS plus ADHD [18].
In this boy combined treatment with THC (up to
15 mg/day) plus aripiprazole (30 mg/day) and risperi-
done (3 mg/day) resulted not only in a marked tic re-
duction (YGTSS score decreased from 97 to 54), but
also in an improvement in quality of life. No signifi-
cant adverse effects occurred. Under THC treatment,
for the first time, comedication with methylphenidate
(30 mg/day) was well tolerated without tic exacerba-
tion. Using transcranial magnetic stimulation (TMS),
intracortical inhibition was found to be increased dur-
ing THC treatment. The authors, therefore, suggested
that THC might counteract deficits of intracortical in-
hibition in patients with TS and ADHD by modulat-
ing the release of several neurotransmitters including
dopamine and F-aminobutyric acid.

5. Randomized controlled clinical trials

Until today, there are only two controlled trials avail-
able investigating the effects of orally administered
pure THC in the treatment of TS. In a randomised
double-blind placebo-controlled crossover single-dose
trial 12 adult patients (11 men, 1 woman, mean age =
34 + 13 (SD) years, range, 18-66 years) were treated
with 5, 7.5 or 10 mg THC (dosages were chosen ac-
cording to patients’ body weight, sex, age and prior use
of marijuana) [19]. Patients were randomly assigned a
single-dose of oral THC first or a single-dose of visu-
ally identical placebo first on two days separated by
a 4-week washout phase. Using the self rating scale
Tourette Syndrome Symptom List (TSSL) [20] a sig-
nificant global tic improvement was found after THC
compared with placebo (p = 0.015). In addition, a sig-
nificant improvement of OCB (p = 0.041) could be
assessed by TSSL. Using the examiner rating TSGS a

significant improvement (p = 0.015) could be demon-
strated for the subscore for complex motor tics. Data
became more robust when including only those patients
who had received 7.5 or 10.0 mg THC (n = 8) suggest-
ing that higher dosages are more effective. All in all,
10/12 patients experienced a global improvement after
THC (mean of + 35% = 28.0, range, 20-90%), but
only 3/12 after placebo (mean of + 7% =+ 13.7, range,
10-40%).

In addition, the Symptom Checklist 90-R (SCL-90-
R) [21] was used to evaluate different psychological
symptoms. No influence of THC could be detected
on depression, somatization, interpersonal sensitivity,
anxiety, anger-hostility, paranoid ideation, and psy-
choticism, but there was evidence for a deterioration
of OCB. From other studies, however, an improve-
ment of OCB is suggested after treatment with cannabi-
noids [10,11].

No serious adverse reactions occurred. Five patients
reported transient mild side effects after THC lasting
between 1-6 hours (including headache, nausea, dizzi-
ness, hot flush, tiredness, poor powers of concentration,
and cheerfulness). One patient reported dizziness, anx-
iety, tremble, sensitivity to noise and light, dry mouth,
and ataxia after a single dose of 10 mg THC lasting
half an hour.

In addition, a randomised double-blind parallel
group placebo-controlled study over six-weeks has
been performed including 24 adult patients with TS
(19 men, 5 women, mean age = 33 + 11 (SD) years,
range, 18-68 years) [22]. Starting at 2.5 mg THC/day
the dosage was increased by 2.5 mg every four days
to the target dosage of 10 mg. If a patient was unable
to tolerate the maximum dose, the medication was re-
duced by up to 5.0 mg/day until a tolerated dose was
achieved. The study consisted of 6 visits (visit 1 =
baseline, visits 24 during treatment, visits 5 and 6 af-
ter withdrawal). Using the Global Clinical Impression
Scale (GCIS) [20], at visits 3 and 4, respectively, a sig-
nificant difference (p < 0.05) was found between the
THC and placebo groups. Using ANOVA, there was
a trend towards an overall significant difference (p =
0.079). Using the Shapiro Tourette Syndrome Sever-
ity Scale (STSS) [23], a significant group difference
could be demonstrated (p = 0.033) at visit 4. At the
same visit, both the subscore “motor global scale” of
the YGTSS (p = 0.040) as well as the Rush videotape-
based rating scale [24] (p = 0.030) demonstrated a sig-
nificant difference between both groups. The self rat-
ing TSSL demonstrated a significant difference (p <
0.05) between the placebo and THC group on 10 treat-




122 K.R. Miiller-Vahl / Treatment of Tourette syndrome with cannabinoids

ment days (between day 16 and 41). Using ANOVA
there was an overall significant difference between the
two groups (p = 0.037). Several other measures, in
addition, demonstrated a trend (p < 0.1).

Seven patients dropped out of the study, but only
one due to adverse effects (anxiety and restlessness).
No serious adverse effects occurred. Five patients in
the THC and three in the placebo group reported mild
side effects (tiredness, dry mouth, dizziness, muzzi-
ness, anxiety, and depression).

6. Effects of cannabinoids on neuropsychological
performance

The above mentioned controlled trials aimed to in-
vestigate the effect of THC not only on tics and associat-
ed behavioural problems, but also on neuropsycholog-
ical performance. In the single-dose cross-over study
a variety of neuropsychological tests was performed,
but no detrimental effects of THC could be detected on
short-term verbal and visual memory, recognition, ver-
bal learning, intelligence, information processing, vig-
ilance, reaction time, sustained attention and divided
attention [25].

In the six-week parallel group study the follow-
ing tests were performed to investigate cognitive
functions: German version of the Auditory Verbal
Learning Test (VLMT) {26], Benton-Visual-Retention-
Test (BVRT) [27], Divided Attention (TAP) [28],
and Multiple choice vocabulary test (Mehrfachwahl-
Wortschatztest, MWT-B) [29]. Altogether — neither
during treatment nor after withdrawal — no detrimen-
tal effects were seen on learning curve, interference,
recall and recognition of word lists, immediate visual
memory span, and divided attention. Measuring im-
mediate verbal memory span there was even a trend to-
wards an improvement during and after treatment with
THC [30].

These results are in line with the case report by Brun-
nauer et al. [15] describing a truck-driver whose con-
centration and visual perception improved after THC
treatment, but in contrast compared to data obtained
from healthy cannabis users. In healthy users it has
been demonstrated that cannabis use may cause cogni-
tive impairment [31]. Since it can be speculated that
the central cannabinoid system might be involved in the
pathophysiology of TS, it is conceivable that treatment
of THC in patients with TS may result in different ef-
fects on neuropsychological performance compared to
healthy cannabis users.

7. Averse effects and contraindications

Based on available studies and case reports it can
be assumed that adverse effects in patients with TS
do not differ from adverse effects described in other
groups of patients. It can be assumed that cannabis,
cannabis extracts (such as nabiximols) and individual
cannabinoid receptor agonists (such as dronabinol and
nabilone) show very similar or even identical side ef-
fects. Cannabinoids are generally considered as well-
tolerated. The American Institute of Medicine declared
that “Marijuana is not a completely benign substance.
Itis a powerful drug with a variety of effects. Howev-
er, except for the harms associated with smoking, the
adverse effects of marijuana use are within the range of
effects tolerated for other medications” [32]. The most
common side effects are tiredness and dizziness (in
more than 10% of patients), psychological effects and
dry mouth. Most commonly reported psychological
effects are relaxation, euphoria, dysphoria, unpleasant
feelings, heightened sensory and altered time percep-
tion, anxiety and panic (but also reduction of anxiety),
impairment of memory, reductions in psychomotor and
cognitive performance, and disorientation. Tolerance
to these side effects nearly always develops within a
short time. Most of the adverse effects can be prevent-
ed by slow and individual titration. In children and ado-
Iescents (but not in adults) there is substantial evidence
that regular cannabis use at high doses may cause not
only long-term effects on cognitive performance, but
also doubles to risk of psychosis in vulnerable individ-
uals [33,34]. Beside dry mouth other physical effects
may occur such as tachycardia, orthostatic hypoten-
sion, reduced lacrimation, muscle relaxation, and in-
creased appetite. Withdrawal symptoms are hardly ever
a problem in the therapeutic setting [7].

Cannabinoids are contraindicated in patients suf-
fering from a psychotic illness. THC should be used
with caution in patients with a history of substance
abuse, pregnant and breast feeding women, children <
18 years, and patients with significant cardiac disorder
and hepatitis C [7].

8. The role of the CB1 receptor system in the
pathophysiology of TS

Based on the beneficial effect of cannabinoids in the
treatment of tics, it can be speculated that the cen-
tral CBI receptor system might be involved in the
pathophysiology of TS. This hypothesis is supported
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by the fact that the highest density of CB1 receptors
is located in the basal ganglia, cerebellum, and hip-
pocampus. In addition, there are several lines of ev-
idence suggesting a complex interaction between the
CB; receptor and the dopaminergic system. However,
to date there is only one study available using the CB;
antagonist [123[JAM281 (N-(Morpholin-4-yl)-1-(2,4-
dichlorophenyl)-5-(4-[123IJiodophenyl)-4-methyl-1H-
pyrazole-3-carboxamide) and single photon emission
computed tomography (SPECT) to investigate central
cannabinoid CB; receptors in six patients with TS be-
fore and after THC treatment [35). Although a specif-
ic binding of [1231]JAM281 to CB; receptors could be
detected, due to lack of a control group, no statement
could be given as to whether CB; receptor binding sites
are pathologically changed in TS. There is no evidence
suggesting that TS is caused by genetic variations of
the central cannabinoid receptor (CNR1) gene [36].

9. Conclusion and practical aspects

Available data obtained from several single case
studies and two small controlled trials consistently pro-
vide evidence for beneficial effects of cannabinoids in
the treatment of tics in patients with TS. In addition,
there is some weak evidence that cannabinoids may
improve also associated behavioural problems such as
OCB, attention span, impulsivity, and autoaggression.
Since neuropsychological tests failed to demonstrate
detrimental effects of THC on memory, reaction time,
concentration, and attention [15,25,30], it can be as-
sumed that beneficial effects in patients with TS are
caused by specific effects rather than secondary mech-
anisms due to sedation or decreased general activity.
Since CBI receptors are not only highly located in
those brain regions that are thought to be involved in
TS pathology, but also have a complex interaction with
the dopaminergic system, it can be speculated that ben-
eficial effects in TS are mediated directly though the
central CB1 receptor system.

Limitations of the available studies that have to be
addressed are the small sample size, short treatment pe-
riod, large number of multiple comparisons, fixed dose
approach, and possible selection bias. The authors of a
recent Cochrane review [37] argued that definite con-
clusions on the efficacy of cannabinoids in TS cannot
be drawn, because longer trials including a large num-
ber of patients are missing. Notwithstanding this ap-
praisal, by many experts [1,37] THC is recommended
for the treatment of TS in adult patients, when first line

treatments failed to improve the tics. Thus, in treat-
ment resistant adult patients therapy with THC should
be taken into consideration.

Treatment with THC should be started at a low dose
of 2.5 or 5 mg/day and slowly up titrated to a daily
dose of 10-20 mg according to efficacy and tolerabil-
ity. THC should be used twice or three times daily.
From unpublished data, there is limited evidence that
the cannabis extract nabiximols (Sativex®) — contain-
ing THC:CBD = 1:1 — can be used for the treatment of
tics, too. Because costs for treatment with both THC
and nabiximols are high and — at least in Europe —
health insurances often refuse to cover these costs in
patients with TS (due to lack of approval), in Germany
patients can apply to the public authorities for a special
approval for the use of medicinal cannabis [7]. From
open uncontrolled case studies in a limited number of
patients, it can be assumed that treatment with medici-
nal cannabis is also effective in TS, and in some patients
even better tolerated than THC alone. Longer trials with
larger numbers of patients are necessary to further es-
tablish the efficacy and safety of different cannabinoids
in the treatment of TS.
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