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“Young man, go to your room and stay there
until your cerebral cortex matures.”
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ticipant should be able to:

boundaries and overlapping phenomenology of
Tourette’s Disorder (TD)

ngling ADHD and tic symptoms, as this may help guide

dings for application to treatment of patients with
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“I need you to line up by attention span.”
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alhany, N. et al Eur J Pediatr 2015; 174; 279-288 )

ers; thought to result from fronto-striatal and frontal-parietal
tal-Thalamic-Cortical (CSTC) tracts.

ns in total cerebral volume, PFC, BG, dACC, CC, and
ts are consistent with fronto-striatal models. Some studies
ral volume, and right caudate nucleus in ADHD.

nucleus volume frequently reported.
ller caudate nuclei.

tive circuits in BG in TD result in motor/cognitive/emaotional
o-activity in ADHD.

with time, which may be a result of increased myelinization
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Table 3 Main brain regions implicated in the pathogenesis of TS and
ADHD

Brain areas TS ADHD Ref.
Prefrontal areas —+ —+ [19, 29, 56]
Inferior frontal gyrus —+ —+ [ 100]
Sensorimotor areas —+ —+ [19, 29, 55]
Anterior cingulated cortex —+ —+ [19, 29, 55]
Posterior cingulated cortex —+ —+ [91]

Basal ganglia —+/— —+ [19, 29, 73]
Cerebellum — —+ [29]

(+) mmplicated recgion., (—) not implicated region., (+/~—) findings
contradictory

bid ADHD: causes and consequences. 2015; Eur J Pediatr 174; 279-



Table 1 Pre-perinatal risk factors implicated in the pathogenesis of TS
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Pre-perinatal risk factors TS ADHD Ref.

Alcohol during pregnancy + + 78]
Smoking during pregnancy + + 9, 53]
Prematurity + + 306]
Low birth weight + + 4]]
(+) implicated factor

_ADHD: causes and consequences. 2015; Eur J Pediatr 174; 279-288



- ics i MASSACHUSETTS
grs. What Happens to Tics in MASSACHIUSETTS
, B. etal. Arch Gen Psych 1999, PSYCHIATRY ACADEMY

llow-up
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D; N=110 controls.
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IS independent of ADHD.
D course.
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tics iIn a community-based cohort in children with ADHD compared to
and 2) additional psychiatric and functional burden of CTD in ADHD.

D and 212 healthy controls

d teacher Conners followed by case confirmation with DISC-IV.

. tic measures; CBCL,; academic performance; quality of life.

with ADHD were 4 times more likely to have CTD at age 7 and 5.9

er rates of internalizing disorders, more peer problems and reduced

and manage both symptoms.



'l’a.ble 1 Sample characteristics for ADHD+CTD and ADHD-only MASSACHUSETTS
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ADHD+CTD ADHD-only
(n=23) (n=92) P PSYCHIATRY ACADEMY
ADHD
Combined subtype, n (%) 7 30.4) 31 (33.7) 0.79
inattentive subtype, n (9%) 7 (30.9) 30 (32.6) 0.60
Hyperactivefimpulsive subtype, S 21.7) 333 0.005
n (%)
Symptom severity, parent report, 13.7 5.7 12.1 (5.5) 023
mean (SD)
Symptom sewverity, teacher report, 10 (6.1) 11.0 (6.5) 0.51
mean (SD)
Medications
Medication use (any), n (%) S 21.7) 27 (29.3) 0.43
ADHD medication, n (9%) 4(17.49) 16(17.49) 0.98
ASD symptoms
SCQ score >15, n (%) 4074 7 (7.6) 0.48
Single parent family, n (%) 4(17.4) 18 (19.6) 0.49
Did not compilete high school, 7 (30.9) 25 (27.2) 0.83
n (%)
Compileted high school n (%) 7 (30.49) 26 (28.3) 0.92
Compileted higher education, n 6 (26.1) 26 (28.3) 0.75
(%6)
SEIFA score, mean (SD) 1018.1 (40.3) 1016.6 (46.5) 0.61
ADHD, attention-deficitvhyperactivity disorder; ASD, autism spectrum disorder;
CTD, chronic tic disorder; SCQ, Social Communication Questionnaire; SEIFA, Socio-
Economic Indexes for Areas.

WWW.MGHCME.ORG
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ADHD+CTD ADHD-only Mean difference®
(h=23) (n=92) (95%C) p PSYCHIATRY ACADEMY
Pychiatric outcomes, n (%)
Internalising disorder 11(524) 038 28.3 (6.1 10 506) 0.007
(Generalised anxiety disorder 4(191) 332 134(-2610296) 003
Separation aniety disorder 4(19.) 9(10.7) B3(8510251) 026
Social amxiety 3(143) 6(11) 53(-9710203) 044
Obsessive compulsive disorder 3(143) 1(83) 65(-8310214) 031
Post-traumatic stress disorder 0(0) 0(0) - -
Dysthymia 144) 1(1.1) 32(-561118) 036
Major depression 144) 1) 32(=5610118) 036
Hypomania 0(0) 0(0) - -
Mania 0{0) 0(0) - -
Externalising disorder 14(66.7) 37(440) 15(=11310344) 033
Oppositional defiant disorder 14(66.7) 843 196(-11310344) 03
Conduct disorder 3(130) 5(54) 16(-8310213) 0.3
* Difference in mean prevalence (ADHD-+CTD minus ADHD).
ADHD, atention-deficUhyperactivity disorder; D, chronictic disorder.

PohW, et al. Arch Dis Child 2018;0:1-6. doi: 10.1136/archdischild-2017-314139 WWW. MGHCME.ORG
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Behawvioral problems,
poor impulse control,
and other behawvioral
disorders

Figure 1. Clinical Hallmarks of Tourette's Syndromae.

The diagnosis is based on the ococurrence of tics along with be-
hawvioral disorders, including attentionNn-deficit—hyw peractivitby dis-
order (ADHD)Y and obsessive —compulsive disorder (OCD). Other
behawioral disorders include anx<xiety anmnd mood disorders, learm-
imng disorders, sleep disorders, conduct and oppositional behaw-
ior, and self-injurious behawior.
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e development and tic-related impairment in a longitudinal
ents followed up after 6 years.

for tic severity, impairment, OCD and ADHD.
t changed toward less comorbidity:
0 OCD or ADHD); 55% TS only at follow up.

scores did not reflect tic decline.
nd ADHD severity were highly significantly correlated with

otype development may be useful in clinical settings.



Table l. Baseline Characteristics of Participants and Nonparticipants
at Follow-Up.

Characteristics Participants MNonparticipants P value
Sample size 227 87 —
Age, years, mean(SD) 12.5 (2.7) 12.3 (2.9) 69
Male, number (%) 185 (81.5) 72 (82.8) .87
1Q, mean (SD) 90.0 (18.4) 85.3 (16.1) 07
SES, mean (SD) 2.5 (1.0) 2.7 (1.0) 10
ADHD, number (%) 93 (41.2) 42 (48.3) 3
OCD, number (%) 89 (39.2) 33 (37.9) .90
OCD, CY-BOCS score, 8.4 (8.0) 8.2 (7.9) .82
mean (SD)
Tics YGTSS score, 24.5 (18.2) 25.6 (17.6) .68
mean (SD)

There were no significant differences (P < .05) between any of the demographic
variables examined between participants and nonparticipants using Fisher’'s
exact test for sex, SES, ADHD, OCD, and CY-BOCS; and t-test for age, tic
severity, OCD severity, 1Q, and YGTSS.2® Abbreviations: ADHD, attention-
deficitYhyperactivity disorder; CY-BOCS, Children’s Yale-Brown Obsessive
Compulsive Scale; 1Q, intelligence quotient; OCD, obsessive compulsive
disorder; SES, socioeconomic status; YGTSS, Yale Global Tic Severity Scale.

Journal of Child Meurology
2017, Vol. 32(13) 1047-1057 WWW.MGHCME.ORG
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T1
N=226"

TS-only TS+ADHD . TS+OCD TS+ADHD+OCD
N=93 (a0%) N=44 (19%) N=40 (18%) N=49 (22%)
NeGRTING N~T We=1) -s --u e N2MSEN) N=3 N=10 Ned, M= 12(25%) =11 M-8 N=14

T2
N=224 ** a

TS-only TS+ADHD TS+OCD
N=124 (55%) N=40 (18%) N=32 (14%)
Tics remission N=30 I Tics remission N=4 ' [ Tics remission N=2 Tics remission N=2
ADHD partial N=22 | OCD subctinical N=2 | | ADHD partial N=8

nattentive type N=3 Inattentive type N=1

OCD subclinical N=2

TS+ADHD+OCD
N=28 (13%)

* 1 misninng, % 3 svinning

Figure |l. The development of phenotypes from baseline (T1) to
follow-up (T2). At follow-up, the groups were subdivided illustrating
the subclinical symptoms into full tic remission (tic score on YGTSS =
0). partial ADHD remission (subthreshold symptoms and impairment
according to DSM-IV), inattentive type (ADHD predominantly inat-
tentive type), and subclinical OCD (OCD-score8-9 on Y-BOCS). No
participants fulfilled criteria at T2 for ADHD predominantly hyper-
active/impulsive type. Abbreviations: ADHD, attention-deficit/hyper-

activity disorder; OCD, obsessive compulsive disorder; TS, Tourette
syndrome.
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MASSACHUSETTS
GENERAL HOSPITAL

PSYCHIATRY ACADEMY

Journal of Child Neurology
2017, Vol. 32(13) 1047-1057
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are made on basis of classical history.

ed diagnostic interviews, such as the DISC or K-SADS
assessment of comorbidity.

have improved diagnostic reliability in research studies;

Scale (YGTSS) (Leckman, Riddle, Hardin, Ort, Swartz,
‘gold standard” assesses domains of: tic number, frequency,
ference (0-50), and tic related impairment (0-50). Tic

) derived.

rs (Parent and Teacher) are helpful for quantitative
S.

and ADHD can facilitate 1) disentanglement and 2)
tment planning and use of targeted combined
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symptoms need only monitoring, education, and
to severe symptoms will usually need treatment.

ms are more likely to persist and cause significant
t is recommended.

tervention for Tics (CBIT) is established as first line
particularly relevant to patients with tics and ADHD, since
enging.

se to CBIT. (Sukholdosky, D. et al, Neurology, 2017)
orders and ADHD:
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10.1016/j.beth.2022.07.007Behav Ther;

20).

eptability, and preliminary efficacy of a modified comprehensive
) therapy for youth with chronic tic disorders (CTDs), co-occurring
HD), and associated psychosocial impairment.

with CTD and co-occurring ADHD were randomly assigned to the
where they received traditional comprehensive behavioral intervention

S received ten 55-minute weekly treatment sessions, and two 55-
ons. Sixteen of the 17 participants completed the study, and acceptability
h with no significant differences in expectation of improvement.

In combination showed significant improvement in tic severity, ADHD
ent. Group differences were not significant.

ble and acceptable for youth with CTD and ADHD and is similarly well

r to recommend MCBIT over CBIT for this population.


https://pubmed.ncbi.nlm.nih.gov/?term=Greenberg+E&cauthor_id=36608977
https://pubmed.ncbi.nlm.nih.gov/?term=Albright+C&cauthor_id=36608977
https://doi.org/10.1016/j.beth.2022.07.007
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ecommended.
ed at 5 mg (or equivalent) and titrated upward gradually.
itiated at 10 mg (or equivalent) and titrated upward

ation: if ADHD symptoms have improved, hold the dose
ce the dose and re-titrate.

extended-release stimulants, but they may be less likely
Increase that occurs in some children?

added if the tic increase is sustained.
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n, J. Scahill, L. Bloch, M.
Reviews; 2013; 37; 1162-1171)

treatment of chronic tic disorders and examination of

psychotics vs. placebo. SMD=0.58.
cacy of risperidone, pimozide, haloperidol and

gonists vs. placebo. Significant moderating effect of

0.68. No ADHD: 0.15.

f both medication types, but alpha 2 agonists may have
ADHD.
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Qutcomes Effect of treatment MNMumber of par- Quality of the
ticipants evidence
(studies) (GRADE)
ADHD symptom-related Tourette's Syndrome Study Group 2002 229 (3 studies) EECD -
behavior showed a significant treatment effect using Lowa
the Conners' Abbreviated Teacher Rating
Measured by stan- Scale (3.3 points, 98.3% Cl 0.2 t0 6.8; P =
dardized rating scales: 0.02).
Conners’ Abbreviated
Teacher Rating Sf::ale, Gadow 2007 showed that all doses
Conners' A‘b breviated {!‘.I.l Mg,l'kg, 03 mszg. 0.5 I'I'Igfkg] of
Parent Rating ..‘:‘.l:ale, methylphenidate were superior to place-
IO'I."!A Conners Teat:h{.ar bo on all rating scales (Conners' Abbreviat-
Ra‘f'" g‘ScaIe, Mothers ed Teacher/Parent Rating Scale, 10WA Con-
Objective _MEthOd i,Dr ners’ Teacher Rating Scale, Mothers' Objec-
Subgrouping, Continu- tive Method for Subgrouping, Continuous
ous Performance Tasl::, Performance Test), with a dose-dependent
Conners' Teacher Rating effect (F=24.7: P = 0.001)
Scale, Conners' Continu-
ous Performance Task Castellanos 1997 showed significantly de-
creased hyperactivity at all doses (15 mg,
25 mg. 45 mg).
Tic severity Tourette's Syndrome Study Group 2002 239 (3 studies) OO -
found a significant treatment effect us- Lowd@

Measured by standard-
ized rating scales: Yale
Global Tic Severity Scale,
Tourette Syndrome
Severity Scale, Tourette
Syndrome Clinical Global
Impression Scale, Glob-
al Tic Rating Scale, 2-
Minute Tic and Habit
Count, Tic Symptom Self-
Report

ing the Yale Global Tic Severity Scale (11.0
peoints, 98.3% Cl 2.1 to 19.8; P = 0.003).

Gadow 2007 found no difference on the
Yale Global Tic Severity Scale but found
an improvement in tic severity at all dos-
es (0.1 mg/kg, 0.2 mg/kg, 0.5 mg/kg) on
the Global Tic Rating Scale completed by
teachers (F =5.33; P=0.002)

Castellanos 1997 found no effect of drug
on tic severity for second and third co-
horts. Tic severity was significantly greater
during week 2 in the first cohort (P < 0.01)




ADHD symptom-related behavior

Measured by standardized rat-
ing scales: Conners' Abbreviated
Teacher Rating Scale, Conners'
Abbreviated Parent Rating Scale,
IOWA Conners' Teacher Rating
Scale, Conners’ Continuous Per-
formance Task, Child Behaviour
Checklist, Gordon Diagnostic Sys-
tem, Clinical Evaluation of Lan-
guage Function, Matching Famil-
ial Figures Test, Porteus Maze Test,
Restricted Academic Test

Effect of treatment

Tourette's Syndrome Study
Group 2002 found a significant
treatment effect using the Con-
ners' Abbreviated Teacher Rating
Scale (3.3 points, 98.3% Cl -0.2 to
6.8:P=0.02).

Tic severity

Measured by standardized rat-

ing scales: Yale Global Tic Severity
Scale, Tourette Syndrome Sever-
ity Scale, Global Tic Rating Scale,
Tic Symptom Self-Report, Hopkins
Motor/Vocal Scale

Singer 1995 found no signifi-
cant difference on any ADHD out-
come measures, except the ner-
vous/overactive subscale of the
Child Behaviour Checklist (boys
aged 6-11 years).

Tourette's Syndrome Study
Group 2002 showed a significant
treatment effect using the Yale
Global Tic Severity Scale (10.9
points, 98.3% C12.1to 19.7,P =
0.003).

Singer 1935 found no significant
difference on measures of tic
severity.
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Number of par-  Quality of the Comments
ticipants evidence
(studies) (GRADE)
170 (2 studies) [t -
Low?
170 (2 studies) OO -
Low?
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heim T)

ave generally been thought to provide the most reliable
S for symptoms of ADHD in children with tics.

S In comparing ES across studies with divergent inclusion
designs, this review can provide no evidence-based
Ing between treatment options.

e to be considered as first-line treatment for children
toms of ADHD in children with tic disorders.

ve not been shown to worsen tics in most participants with
acerbate tics in individual cases.

ith alpha agonists or atomoxetine could be considered
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B, et al. JCAP. 2017;27(9):762—

4 youth ages 6 to 17 years (mean =11.1) with CTD.
TSS total score was 26.3 for GXR group vs. 27.7 for

ose 2.6 mg.); mean YGTSS total score declined to 23;

=0.08; effect size = 0.38.

rerllcg)in the rate of positive response on CGI-I between
p=1.0).
ommon: fatigue, drowsiness, dry mouth, headache, and

Id not confirm a clinically meaningful effect size within
not support launch of a larger efficacy trial for tics in youth
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R) Does Not Show a
Idren with Chronic Tic

al. JCAP. 2017:27(9):762—
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T e e Motor
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5
O
Baseline Week 4 Week 8

Guanfacine - «fh == Placebo

anfacine vs. placebo. YGTSS, Yale Global Tic Severity Scale.
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of ADHD and Tic Disorders: neurobiology, genetics and
logy, including clinical course and psychiatric comorbidity.

t, but tic symptoms tend to remit over time.

pathology (behavioral, emotional, neurocognitive) in
to ADHD.

CTD are more likely to have higher rates and severity of
uality of life than those with either ADHD or CTD alone.

be carefully disentangled, by severity and potential
and intervention.

recommended as first line; stimulants can be used safely
several other options, including atomoxetine, and
a 2 agonists.



