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Tardive dyskinesia (TD) is a well-recognized and sometimes permanent adverse effect of
treatment with dopamine receptor-blocking drugs (DRBDs), also referred to as neuroleptics.
This iatrogenic disorder has been well characterized in adults, but not extensively studied in
children. Withdrawal emergent syndrame (WES) Is another pediatric movement disorder related
to the use of DRBDs. TD and WES are among the most feared adverse effects of DRED treatment,
and have important medical and legal implications, We review published studies of children
under the age of 18 years who were exposed to DRBD to determine the clinical spectrum and
estimate the possible prevalence of TD and WES. We particularly wish to draw attention to the
phenomenology, clinical course and treatment of these childhood-onset disorders. Although
avoiding DRBDs is the best strategy for minimizing the risk of TD and WES, physicians who
evaluate children exposed to DRBDs must be vigilant and recognize the early symptoms and

signs of these syndromes to provide appropriate clinical management.

Kevwanns: antiemetic « antipsychotic e children « dopamiinie » metoclopramide ¢ neuroleptic = pediatric  tardive
« tardive dyskinesia « tetrabenazine « withdrawal emergent syndrome

Tardive dyskinesia (TD) is 2 hyperkinetic move-
ment disorder temporarily and causally relaced
to exposurc to dopamine receptor-blacking
drugs (DRBDs), also referied to as neuroleptics,
TD is a well-recognized and sometimes perma-
nent fatrogenic disorder in adults, buc may also
occur in children 1,2, Withdrawal emergent
syndrome (WES) is a variaot of drug-induced
movement disorders, characterized by general-
ized choreic movements in childeen in whom
DRBDs are abrupely withdrawn and whose
symptoms tend 1o resolve spontancously after
several days or weeks (34). Although published
reports on TD mainly focus on adults who have
been exposed to DRBDs used as antipsychotics,
these dopamine-blocking medications are also
used to treat a wide array of pediatric neurologi-
cal (e.g., tics) and medical (chiefly gastrointesti-
nal) conditions [s]. It is imperative for physicians
10 recognize that children treated with DRBDs
are at risk for the development of drug-induced
movement disorders, such as TD and WES. We
review published studies on TD and WES in
childeen, focusing on understanding various risk
factors, the natural course of disease, treatment
modalities and clinical outcomes of children
affected with these syndromes.
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Methods

We identified studies on TD and WES in
children chat were listed in PubMed between
1953 and 2009. All tardive syndromes (tardive
stereotypy, chorea, dystonia, akathisia, tics,
myoclonus and tremor) were included [1). We
also incorporated studies that described WES.
Keywords systematically searched in PubMed
included: tardive, tardive dyskinesia, tardive ste-
reotypy, tardive chorea, tardive dystonia, tardive
akathisia, tardive tic, tardive myoclonus, tardive
tremor, withdrawal emergent syndrome, hypes-
kinetic movement disorders, neureleptic, anti-
psychotic, dopamine receptor blocker, meroclo-
pramide, pediattic and children, We conducted
addirtional searches of pertinent articles cited in
our reference sources, We selected all articles on
TD and WES that provided dara on parients up
to 18 years old who fulfilled the following inclu-
sion criteria: exhibited a movement disorder;
documented exposure 1o one or more DRBD for
at least 3 months before the onset of TD or WES
symptoms (shorter exposure time to DRBD was
accepted if this scemed to be related to the devel-
opment of TD); and, in the case of TD, the
hyperkinetic movement disorder persisted for
at least 1 month after stopping the offending
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' DRBD (16]. In total, 17 articles met our TT) inclusion criteria;
of these, seven were prospective studies (n = 569 parients) [7-13),
onc was a retrospective study (n = 125 patiencs) [14] and nine werc
case reports (n = eight patients) (15-23]. WES cases were reported
in three of the series that included TD partients, in one additional
seties that focused on WES and in two case reports (79-11.21).
Relevant dara concerning patient demographics, medicacion his-
tory, topographic findings, treatment of TD or WES and clinical
ourcome were abstracted from every study. One study included
38 patients up to 21 years of age, but data were included for
only a subsample of 12 patients under 13 years of age 91, Two
studies focused on the use of atypical ancipsychotics in chil-
dren 12-13]. We identified six additional articles not incorporated
in our analysis because they represented subsamples of the 118
children enrolled in the original long-term prospecrive study by
Campbell and colleagues, published in 1997 poz4-29). Nine case
reports [30-38), five prospective [39-43] and three retrospective stud-
ies [44-46] were also excluded from our analysis because they failed
to meet one or mozc of our inclusion criteria, usually owing to
including patients older than 18 years in their analysis or because
of incomplete informartion.

Results

The 17 reviewed studies of TD and WES in children provide
data on a rotal of 702 patients aged 118 years (Tanies 1 & 2) (7-23).
Children were treated wich DRBDs for various psychiatric condi-
tions (n = 463; 65.9%), autism (n = 118; 16.8%), mental retar-
dation (n = 116; 16.5%), Tourette syndrome (n = 5; 0.7%) and
gastroesophageal reflux disease (n = 2; 0.3%). Of the studied
children, 361 (51.4%) were in-patients, 110 (15.7%) were out-
patients, 233 were combined in-patients and out-patients (33.2%)
and an additional 118 (16.8%) were in-patients who were then
followed as out-parients over the course of 15 years (10).

Tardive dyskinesia was reported in 69 of the 702 (9.8%)
parients aged 1--18 years who were exposed to DRBD:s. In rotal,
27 of the 69 (39.1%) were male, 21 were female (30.4%) and
gender was not specified for the other 21 (30.4%) padients. The
youngest patient with documented TD was a 12-month-old girl
who developed orofaciolingual stereotypy at 2 months of age after
2 weeks of treatment with mewoclopramide for gastroesophageal
reflux discase; the stercotypy was documented by sequential
videos and persisted for at least 9 monchs after the DRBD was
discontinued [23]. The cause of TD in the 69 affecred parients
was actribured to: haloperidal {(n = 12; 17.4%), tisperidone
{n = 11; 15.99), thioridazine (n = 3; 4.3%), meroclopramide
(v = Z; 2.9%), prachlorperazine {n = 1; 1.49%), perphenazine
(n = 1; 1.4%) or fluphenazine (n = 1; 1.4%4); the causative agent
was nat specified in 39 patients (67.2%), cight of whom had
been exposed to more than ene DRBD. In cotal, ten of the 69
TD patients (14.5%) were exposcd to a DRBD for a median of
2.7 years, ninc (13.0%) for a mean of L8 years and 11 (15.9%)
for 3 years; the duration of exposure to DRBD was not reported
for 39 parients (67.2%). The phenomenology of TD was poorly
described but when it was characterized, it consisted chiefly
of arofacial stercotypics with or without dystonic or choreic

mavements of the trunk and limbs. In three of the TD partients,
symproms weze noted after withdrawal of the offending DRBD;
the rest of the T cases vceurred while patients wee still rak-
ing the DRBD (15,16.9). The lacter cases most likely represented
TD and not WES, sitice the movements were chiely stereotypic
rather than choreic, as eypically observed in WES; they involved
the facial region in contrast te WES, in which the distribution
of the chorea is more generalized, and lasted at least 3 months;
whereas, WES movements tend to resolve spontancously after
several days or weeks, Treavment was not specified for the major-
ity of TD partients (n = 44; 63.89%); in patients with available
treatment daca, this consisted of discontinuation of the offending
DRBD in 19 children (27.5%) and return to treatment with the
offending drug in six (8.7%). A child whose symproms persisted
beyond 5 months after discontinuation of the causative DRBD
was treated successfully with deanol p71. A total of 25 of the 69
(36.2%) affecred patiencs had resolution or improvement of TD
(15 within 1 year, but time to resolution of symptoms was not
specified for the other three patienes); 11 children (15.9%) bad no
change in symproms, and four (5.8%) were worse than at their
last evaluation i;y the time of their report; no clinical outcome
information was provided for 29 patients (42.0%). A child whose
TD resolved afier 1.5 months of discontinuation of haloperidal
was testarted on the same DRBD and again developed TD,
tequiring repear disconvinuation of haloperidol with cventual
TD tesolution after 1.2 months; unforcunately this patient had
1o be started on haloperidol a third time and again developed
TD, which disappeared after decreasing the total daily dose of
this medication by half 119),

Withdrawal emergent syndrome was reported in 64 of the 702
(9.1%) corpiled patients, but this could be an underestimate as
some paticats may not have been screened specifically for WES.
Haloperidol was the causacive agent in 38 out of the 64 affected
patients (59.3%), Ruphenazine in eighr (12.5%), thiothixene in
six (9.3%), thioridazine in one (1.5%) and trifluoperazine in
one (1.5%); the causative DRBD was not specified for the other
nine patients who developed WES (14%). All patients with WES
improved: 43 (67.1%) did so without treatment and 20 (31.2%)
improved after reinstitution of the DRBD), due to their psychiarric
condition worsening. A 10-year-old gitl with Touretie syndrome
who presented with WES during a ‘holiday’ from pimozide had
a resolution of symptoms alter 2 months without treatment f21).
Another patient who developed WES wasan 18-year-old girl with
schizophrenia and baseline mild orofacial dyskinesias who devel-
oped dyskinesia of her hands and neck after slowly tapering off
clozapine and whilc on trearment with perphenazine; she was then
treated with risperidone and tapered from perphenazine over a
1-week period, developing incapacitating choreoathetoid and dys-
tonic movements of neck, trunk and hips, as well as hemiballistic
movements of the limbs. Although her movements only resolved
after 6 months of reinstiturion of clozapine, she was included
as a WES patient in our analysis owing to the absence of her
undetlying orofacial movemenrs worsening after withdrawal from
clezapine, and because her involuncary movements were mainly
choreic in natare (22].
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McAndrew
et al. (1972)/

Retrospective

Polizos et al.
{1973y
Prospective

Paulson et af.
{1975)/
Prospective

Gualtieri et al.

(1988)/
Prospective

Campbeli et al.

(1997)/
Prospective
Kumra et al.
(1998)/
Prospective

Reyes et al.
{2006}/
Prospective

Wonodi et af.

{2007y
Prospective

DC: Discontinuation; DRBO: Dopamine receptosblocking drug, DTE Difficult to examing, F. Female, | Improvement: LFU: Lost %o foliow-un; M. Male: NI: No improvement; NS Not spacified, NT: No treatment;
RT: Reingtituzion; TO: Tardive dyskinesia; W: Wersening, WES: Withdrawal emergemt syndrome; x Mean

125 in-patients

34 out-patients

103 in-patients

118 in-patients, later

34 out-patients

35 out-patients

233 in-patients and
out-patients (118
exposed to atypical

antipsychotics for
more than 6 months;
80 antipsychotic-
naive; 35 heaithy

Be M

33F

NS

NS

NS

95 M
23F

19 M
15F

31 M
4F

165 M
(x=11.3) B8F

Thiondazine
Chlorpromazine
Trifluoperazine

Fluphenazine
Thioridazine
Haloperidol
Thiothixene
Trifluoperazine
Chiorpromazine
Thioridazine
Triflucperazine

Thiondazine

NS DRBD

Haloperidol

Haloperidel

Clozapine
Olanzapine

Fluphenazine
Risperidone

Risperidone

Various atypical
antipsychotics

10(8.0)

NS
21{203)

2{16.6)
3(76)

8(235)

0(0)

11 out of 118
antipsychotic-
treated (3%),
0 out of 80
antipsychotic-
naive (0%),

0 out of 35
healthy
contrals {0 %)
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{15

DL NI

Prochlorperazine

Mental retardation

M

10

Browning and Ferry One out-patient

(1978)

[1€]

RT

Haloperidol

Tourette syndrome

M

15

One in-patient

Caine et a/, (1978}

Trihexyphenidyl

[t7]

DC, deanol

Haloperido!

Schizophrenia

M

Mclean and Casey One in-patient

(1978)

Trihexyphenidy!
Thiondazine

(18]

bC

Haloperidol

Tourette syndrome

M

7

Qne out-patient

Mizrahi et al.
{1980)

19

,
L

bC
DC

Haloperidal

Tourette syndrome

M

8

Caine and Polinsky  Two out-patients

(1381)

Haloperidol

Tourette syndrome

M
M

16

8

[20]

DC NI

Metoclopramide

Gastric reflux and etosive

esophagitis

One out-patient

Putnam et af.

(1992)

NT

Pimozide

Tourette syndrome

F

10

One out-patient

Kormpoliti and

Goetz (1998)

12

Benztropine

Clozapine

Schizophrenia and mild
orofacial dyskinesias

F

18

Ahmed et al. (1998} Qne in-patient

Lorazepam
Baciofen

Perphenazine

Risperidone

Trihexyphenidyl

(23]

DC NI

Metoclopramide

Gastroesophageal reflux

F

1

Cne out-patient

Mejia and Jarkovic

{2005)

synidrome.

DC: Discontinuation; F: Female, |: Improvement; M: Mals: NI- No Improvernent, RT Reinstituticn. TD. Tardive dyskinesia, WES Withdrawal emergent
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Discussion

In the studics of children exposed to DRBDs
that we reviewed, 69 of the 702 (9.8%) paricnts
were reported to have TD, less than half of the
estimated 23.4% prevalence of TD in the gen-
eral adult population ). It is challenging to
estimalte the possible prevalence of TD in chil-
dren, as the reported studies often had consid-
erable amounts of missing data. Furthetmore,
different diagnostic criteria for TD, varying
patient study populations, methodological
differences for patient ascertainment and the
wide range of medications used contribute to
the marked variability in reported estimates
of TD incidence and prevalence. These epi-
demiologic challenges are illustrated by the
wide variability in study results, with reported
TD prevalence in children ranging from 8 1o
20.4% (#.14). Campbell and colleagues’ mech-
odologically rigorous prospective, and ini-
tally double-blinded transitioning 1o open-
label, 15-year-long study estimated that 7.6%
of patients exposed to DRBDs develop TD,
alchough their study population was limited
to andistic children o). The literature on adule
series also provides a wide range of estimazes
of the prevalence of TD, varying from 13.3
to 36.1% of DRBD-treated patients [4248). It
is possible that the reported figures may be
an overestimare of the true prevalence of TD,
as it is difficult to ascertain if all the patients
reported in the literature had TD or if some
of the observed movements were actually ste-
reotypics associated with subject’s baseline
neurologic discase (49). On the other hand,
the reported figures could be an underesti-
mare as drug-induced movement disarders
are often nor recognized by the treating phy-
sicians or are wrongly attributed to the under-
lying neurological or psychiatric disorder. For
example, stereotypics and akathisia are often
thought 1o be due to underlying aurism, or
purely to anxiety or ‘nervousness’.

Tardive dyskinesia has been considered an
age-related disorder, with elderly women hay-
ing the highest risk (147501, In the prospec-
tive study of 38 mentally retarded patients
aged 5-47 years (mean 19.4 years) who were
withdrawn systematically from DRBD, age
seerned to be associated with the development
of moderare-to-severe TD. Two patients in
the 5-13-year-old group developed TD with
eventual resolution, while 11 paticnts in the
13--47-year-old group presented TD (five of
whom had pecsistent symproms) (34). The

Expert Res. Newrorher 10(6), (2010)
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single variable that most highly correlated with the develop-
ment of moderate or severe TD was total lifecime exposure to
DRBD 9.

Our analysis of published cases does nat provide sufficient
evidence for gender as a TD risk facror, as a large percentage
of gender dara is missing. Campbell and colleagues’ report that
females seemed more likely to develop TD than males in their
long-term prospective study of autistic children exposed to halo-
peridol did not reach statistical significance, but suggested a trend
(17.4% females compared with 5.3% males developed TD) po).
Conversely, the study involving 34 children with schizophrenia
exposed to DRBDs who were followed for up to 4 years, did not
find a statistically significant gender difference in patients who
developed TD or WES versus those who did not 11).

It is important to note that WES and TD may resemble other
movement disorders and should be differentiated from them not
just by history of neuroleptic exposure, but also by recognizing
its characreristic phenomenology and after excluding other pos-
sible causes. WES, for example, may mimic Sydenham’s chorea,
a latc manifestation of rheumatic fever that occurs in 26% of
patients 1-6 months after acute group A hemolytic streprococcal
pharyngitis [s1}. Both WES and Sydenham’s chorea lead to move-
ments that are brief and flow randomly from one body part to
another. Sydenham’s chorea may also be accompanied by tics,
dysarthria, motor impersistence, gait disturbances, oculomotor
abnormalities, hyperactivity, attention deficit, obsessions, com-
pulsions and depression. Although both conditions tend to resolve
spontaneously, WES usually disappears within days or weeks,
while Sydenham's chorea may last more than 9 months (3.4,51).

Tardive dyskinesia may also be difficult to differentiate from
stercotypies (52-54). T tends to involve more body areas and
have greater severity than the stereotypics commonly observed in
autistic pacients [26]. The movements exhibited in TD may also

mimic stereotypies that occur in otherwise normal children j49).
Stereotypies may be characterized as flapping (48%), shaking
(28%90), clenching-stiffening—posturing (3896) or ritualistic
(13%) movements thar usually last a few seconds, occurring daily
but not duting slecp. These TD-mimicking movements usually
occur in children before the age of 3 yeats, and may be related to
excitement, boredom, focusing and anxiety or stress [55).
Tardive dyskinesia and WES have been traditionally aceributed
ro typical (first-generation) antipsychortics, yet other DRBDs and
atypical (second- and third-gencration) neureleprics are emers-
ing as an imporcant cause of TD. Joseph Jankovic encountered
a 10-year-old boy with Tourette syndrome who developed cho-
reic tongue and arm movements 3 days after suddenly stopping
aripiprazole, which resolved when aripiprazole was reintraduced
and did not recur when the drug was subsequently gradually dis-
convinued [s6). It is also important to emphasize that although
most drugs with the potential to cause TD and WES belong
to the antipsychotic family of drugs (phenothiazines, thioxan-
thenes and butyrophenones, amang others), other medications
used in the treatmenr of children for nonpsychiatric-related prob-
lems, such as metoclopramide (substituted benzamide), are also
DRBDs and have the ability to cause TD. The epidemiology of

metoclopramide-induced movement disorders has nat been well
addressed and many cases remain unreported, but in a move-
ment disorders clinic, metoclopramide is among the most frequent
causes of TD [s758]. A review of 131 patients with drug-induced
movement disorders found this DRBD to be the TD causarive
agent for 12% (n = 16) of patients, all of whom had been exposed
to mctoclopramide doses between 20 and 40 mg per day (59].
Despite conflicting data in the literature, we believe that meto-
clopramide is an important cause of TD in children that seems
to be under-recognized and under-reported, with only two chil-
dren with metoclopramide-induced TD reporred in the licera-
ture [20,23]. Prospective and retrospective cohort studies are needed
to determine the true prevalence of metoclopramide-induced TD
in children.

Expert commentary

Tardive dyskinesia and WES arc feared and potentially avoid-
able morbidities of DRBD treatment in children that may even
increase mortality (6). Avoiding or reducing the use of DRBD is
the Tirst step in preventing the development of TID, If a patient
develops TD while stil] taking a DRBD, the most important
management stratcgy is to discontinue the medicacion by slowly
tapering the offending drug whenever passible 11,6]. Slow tapering
of DRBD:s will also reduce the risk of WES, which, despite being
self-limived, causes reat concern to patients and their families 7).
Fortunately, the majority of children affected by WES and TD
do not require treatment because of the excellent prognosis for
spontaneous temission of these syndromes. In the reported cases,
19 of the 69 T'D patients (27.5%) improved by just discontinu-
ing the causative agent, and all WES patients improved, usually
without requiring treatment.

Although second- and chird-generation neuroleptics have been
promoted as having a lower risk of TD, perhaps by binding less
strongly to dopaminc receptors than typical neuroleptics, these
drugs (including aripiprazole, olanzepine, risperidone, quetiap-
ine, tiapride and sulpiride) have been rc;m';&-t_m—.‘gl
least in adults (12.13,56.61-65). In long-teem studies, the incidence
of TD due to first-gencration antipsychotics is thought to be
5% per ycar in all adults and approxxmalcly 25-30% in more
cldetly patients, while a-
tion antipsychartics have yet been reported 1o develop TD f65).
Mowever, with long-term use it is likely that new cases of 1D
or WES will be encountered in children as a result of expo-
sure to atypical neuroleptics. Tardive syndromes have not heen
reported in patients treated with dopamine-depleting drugs,
such as tetrabenazine, a synthetic benzoquinolizine that acts as
a monoamine-depleting drug by inhibiting the central vesicular
monoamine transporter type 2 (66,67). Although approved by
the US FDA in 2008 for the treatment of adults with chorea
associated with Huntington disease, tetrabenazine is considered
the offlabel treatment of choice in patients with troublesome
TD, including children (¢8-71]. Similar to DRBDs, tetrabena-
zine may cause dose-related drowsiness, depression, restlessness
and parkinsonism, but in cantrast to DRBD, it has not been
associated with TD.
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Five-year view

Tt will be necessary o continue supporting methodologically
rigorous prospective clinical studies of children exposed to
DREDs as a way to monitor the incidence and prevalence of
TD and WES, Population-wide, governmene-run pharmaco-
vigilance studies should also be strictly advocared for any
cammercially available medication with a depamine-blocking
effecy, especially if this will be used in children. Although the
risk of TD and WES may be lower with ‘arypical neuroleptics’
than with firse-generation DRBDs, we anticipate that these
iatrogenic disorders will also occur with these newer and future
generarions of neuroleptics that act by blocking dopamine
receprors, A 2009 governmene-mandated ‘black-box' warning
on the risk of TD with meroclopramide will ideally decrease
the use of this medication in adules and children [72). The FDA
approval of tetrabenazine will hopefully decrease the frequency
of TD in patients who are treated for chorea with this medica-
tion instead of typical neuroleptics, and will also provide an
of f-label rrcatment opeion for patients who develop TD (ideally
leading 1o an extension of the FDA approval of tetrabenazine
for this condition) {671, Tt may be possible 1o consider surgical
intervention with deep-brain stimulation therapy for patients
with severe TD who do not improve with currently available
treatments (73,74

Exciting advances in the fields of generics and neuroimaging
will provide us with a better understanding of the pathophysiolopy
of TD and WES, Recent scientilic pursuits include a penome-
wide associarian study of movement-related adverse antipsychotic
effects 7576}, Associations between TD and serotoninergic vari-
ants, D3 and D4 receprors, the orphan nuclear recepror NRAAL,
S100B serum levels, NADPH quinine oxidoreductase 1 genc
(NQO1), superoxide dismutase 2 genes (SOD, MnSOD), MDRI
gene, Par-4 gene (PAWR), as well as polymorphisms in BDNF val-
66mex, GSK-3(-50T/C and gluthatione S-transferase have recendy
been described [77-89), Furthermore, carly work using dopamine
transport imaging has recently provided insights into striatal dopa-
mine transpore density changes in patients with TD (90). These
and future insights into the pathophysiology of TD will hopefully
help guide clinicians in their treatmenc of children to avoid the
morbidity and porential mortality associated with DRBD,
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Key issues

« Tardive dyskinesia (TD) and withdrawal emergent syndrome (WES) are important iatrogenic disorders that affect not only adults but

also children.

* Because TD and WES are neurologic movement disorders that are not often recognized in pediatric patients, they may have medical

and legal implications.

All physicians must be able to recognize the early symptoms and signs of TD and WES in patients who are exposed to dopamine

receptor-blocking drugs (DRBDs) to provide appropriate clinical management

Avarding DRBD treatments is the best approach to minimizing the risk of TD and WES
When children exposed to DRBDs develop TD, withdrawal of the offending drug should be the first management strategy. Slow dose

reduction of DRBD may also prevent the occurrence of WES. If these strategies fail, various pharmacological treatments, such as

tetrabenazine, should be considered.

L4

Mote research is needed to better understand the pathophysiology of TD and WES, as well as to develop new medications without

dopamine receptor antagonism that are able to treat conditions in which DRBDs are currantly employed.

adolescents with discussion of their
epidemiology and clinical features.

3 Fahn S. The tardive dyskinesias, In: Recens #
Advances in Clinical Newrology, Volume 4.
Matthews WB, Glaser GH (Eds). 7
Churchill Livingstone, Edinburgh, UK
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