
effects, movement disorders, disturbances of body im-
age, disturbances of thinking and emotion, and gastroin-
testinal side effects. The first three were the side effects
patients and/or caregivers recognized the most as asso-
ciated with NL use. We had considered that tardive
dyskinesia would be a side effect of high patient concern,
because of its potential irreversibility, but in fact, partic-
ipants were not well informed about this potential ad-
verse effect.

The decision to start a medication should be an in-
formed one, a result of careful weighing of the benefits
and risks. Patient and caregiver empowerment presumes
a strong informational base for decision making in con-
junction with health-care personnel. Our data clearly
identify a disturbing information gap with regard to NLs
among GTS subjects in the setting of a university prac-
tice. This gap is surprising as it is standard practice in
this group to discuss medication options and potential
side effects with the patients before medication initiation.
As one of our study aims was to identify educational
needs, we believe a focus on medication options and
potential side effects should be a primary focus of future
programs. The willingness of patients and families to
participate in our project encourages us to promote edu-
cational efforts in this patient population. Finally, a use-
ful supplement of this study would be a questionnaire of
treating physicians from the community to document the
existing educational procedures and assess the needs for
future educational efforts. The results of this study em-
phasize the need for clinicians to inform their patients
about potential adverse events when they initiate therapy
in patients with tics and to reiterate this information in
frequent intervals.
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Abstract: We performed a detailed molecular study in two
unrelated families with pantothenate kinase–associated
neurodegeneration (PKAN) and the specific magnetic res-
onance imaging (MRI) eye-of-the-tiger pattern. In the first
family with classic PKAN, linkage analysis using polymor-
phic markers from the PANK2 region ruled out linkage
with this locus, and no mutation of the PANK2 gene was
found. In the second family with atypical PKAN, we iden-
tified a novel homozygous C-to-T transition at nucleotide
1069 of the PANK2 gene, which resulted in an arginine to
tryptophane substitution at codon 357. As far as we are
aware, this is the first case of classic PKAN with the specific
MRI eye-of-the-tiger pattern not carrying a PANK2 muta-
tion. Therefore, the present observation reinforces the no-
tion of the phenotypic and genetic heterogeneity in PKAN.
© 2005 Movement Disorder Society

Key words: Hallervorden–Spatz syndrome; neurodegenera-
tion; PANK2 gene

Pantothenate kinase–associated neurodegeneration
(PKAN), formerly called Hallervorden–Spatz syndrome,
is an autosomal recessive disorder characterized by pro-
gressive dystonia, rigidity, choreoathetosis, spasticity,
retinitis pigmentosa, optic atrophy, Parkinsonism or sei-
zures, and iron accumulation in the brain.1 After the
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recent identification of mutations in the pantothenate
kinase 2 (PANK2) gene on chromosome 20p12.3,2,3 it
has been claimed that patients with neurodegeneration
with brain iron accumulation who display classic disease
(characterized by early onset with rapid progression)
always carry PANK2 mutations, whereas this is the case
in only a minority (approximately one third) of patients
with atypical disease who have later onset and a more
slowly progressive course.4 Most remarkable was the
observation of a one-to-one correlation between the mag-
netic resonance imaging (MRI) eye-of-the-tiger pattern
and the presence of a PANK2 mutation, regardless of the
severity of the disease.4 We report here the clinical
features and molecular findings of two unrelated families
with PKAN phenotype.

PATIENTS

Both families originated in Calabria, southern Italy.
One patient from the first family was affected. She is a
21-year-old, right-handed woman, with a normal birth
and normal achievement of early developmental mile-
stones. Her parents are healthy and consanguineous (first
cousins). Her 31-year-old brother and her 32-year-old
sister are also healthy. Moreover, the brain MRI of the
unaffected brother who shared the same haplotype with
the affected sister (see Molecular Study section) was
normal. Around the age of 7 years, she developed fre-
quent falls with gait and postural difficulties. From the
time of onset, progression of disease was severe, with
appearance of progressive dystonia, rigidity and spastic-
ity of the four limbs, particularly of the legs, together
with sphincter incontinence. At the age of 18 years, she
was unable to walk, and now she is seriously handi-
capped and wheelchair-bound. In the past years, an in-
tellectual decline associated with psychiatric distur-
bances has emerged. The last neurological examination
disclosed a spastic tetraparesis, particularly affecting the
lower limbs with dystonic posturing of the extremities,
dysarthria, diffuse brisk deep tendon reflexes, and bilat-
eral Babinski sign. Visual acuity and funduscopy were
normal. Psychiatric examination revealed lability of
mood, mania, agitation, and delusion. There was also a
profound cognitive impairment, with failure to perform
even easy neuropsychological tasks. Extensive labora-
tory investigations, including cerebrospinal fluid analysis
were unremarkable. Brain MRI study revealed the spe-
cific pattern of hyperintensity within the hypointense
medial globus pallidus (Fig. 1). On the basis of the
clinical and neuroimaging features, a diagnosis of classic
PKAN4 was made in this patient.

In the second family, 2 patients were affected. Their
parents are unrelated and healthy. The proband is a

55-year-old man who developed, at the age of 25,
postural tremor in both hands and progressive gait
difficulty. His sister is now 53 years old, and at the age
of 22, she developed a similar relentlessly progressive
course. T2-weighted MRI of both patients showed
the classic eye-of-the-tiger pattern. On the basis of the
age at onset, course of the symptoms, and neuroimag-
ing findings, we formulated a diagnosis of atypical
PKAN.4

MOLECULAR STUDY

In both families, we performed the molecular study for
PKAN. Primers were designed to amplify each of the
seven exons of PANK2. Polymerase chain reaction–am-
plified DNA was sequenced in both the forward and the
reverse directions and compared with control DNA.3,4

No mutation in the coding regions of the PANK2 gene
was found in the patient displaying classic PKAN. The
failure to find a PANK2 mutation is negative data and is
further weakened by the sensitivity of only 90% for
mutation identification in compelling cases of PKAN.
Because of the well-established �90% sensitivity of
PANK2 mutation testing,3,4 we also performed linkage
analysis on the PANK2 gene region on 20p12.3-p13,
which allowed us to rule out linkage with this locus
(Fig. 2).

FIG. 1. T2-weighted magnetic resonance imaging scan of the patient
showing hypointensity with a central region of hyperintensity in the
medial globus pallidus (the eye-of-the-tiger sign).
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In the 2 patients with atypical PKAN, we identified
a novel homozygous C-to-T transition at nucleotide
1069 of the PANK2 gene, which resulted in an argi-
nine to tryptophane substitution at codon 357. This
missense mutation was not found in 200 control chro-
mosomes.

DISCUSSION

Our findings illustrate that the specific MRI eye-of-
the-tiger pattern is not always associated with mutations
in the PANK2 gene in patients with PKAN phenotype.
As far as we are aware, this is the first case of classic
PKAN with the specific MRI eye-of-the-tiger pattern not
carrying a PANK2 mutation. In a previous study,4 it was
addressed that the MRI pattern of the eye-of-the-tiger
was highly predictive of PANK2 mutations, as all 79
reported patients carrying PANK2 mutations, either with
classic or atypical disease, showed this peculiar pattern
on MRI, and it was not found in any of the 16 mutation-
negative patients. In this way, the present observation
reinforces the notion of the phenotypic and genetic het-
erogeneity in PKAN.5
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Abstract: Augmentation, defined as a loss of circadian re-
currence with progressively earlier daily onset and increase
in the duration, intensity, and anatomy of symptoms, not
compatible with the half-life of the drug, is associated with
dopaminergic treatment in restless legs syndrome (RLS)
patients. The pathogenesis of augmentation is unclear. We
describe a patient with idiopathic RLS who developed aug-
mentation after 8 months of levodopa treatment. Video-
polysomnographic and pharmacokinetic studies with mon-
itoring of plasma levodopa levels demonstrated marked
motor hyperactivity during augmentation, with anarchic
discharges of motor unit potentials, tonic grouped dis-
charges and flexor spasms, associated with painful dyses-
thesia. Symptoms and signs of augmentation were related to
low plasma levodopa levels, abating 75 minutes after oral
levodopa administration and reappearing after 3 hours,
closely mirroring the rapid rise and fall of plasma levodopa
concentration. This case is the first report in which RLS
augmentation is shown to be characterized by motor hy-
perkinesias paralleling levodopa plasma pharmacokinetic
profile. © 2005 Movement Disorder Society
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FIG. 2. Microsatellite markers from the 20p12.3-p13 region where the
PANK2 gene has been localized, excluded linkage with this locus, as
the proband and his unaffected 31-year-old brother shared the same
haplotypes.
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