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Abstract

Background: Pantothenate Kinase-Associated Neurodegeneration (PKAN) is characterized by accumulation
of extracellular iron in Globus pallidus, which reduces signal in T2 weighted images and thus constitutes part
of the so-called “Eye-of-the-Tiger” sign. This pilot study investigated if a new Magnetic Resonance Imaging
technique, Quantitative Susceptibility Mapping (QSM), could be conducted with good results in this group of
dystonic patients, who suffer from uncontrolled movements, and how results would compare to other
quantitative methods.

Material and Methods: 6 patients with genetically confirmed PKAN and 11 control subjects of a similar age
were included. Imaging was conducted on a 3T scanner and consisted out of measurement of T2- and T2*
time and QSM with calculation of parameter maps. Individual Regions of Interest from both Globi pallidi and
putamina were evaluated and compared to clinical data.

Results: All three parameters differed significantly between patients and controls in case of Globus pallidus
(p<0.01 to p<0.001), but not in putamen. Correlation to clinical data however was limited.

Conclusion: As demonstrated by this pilot study, QSM is feasible in MRI of PKAN patients with good results,
even in advanced stages of the disease. The lack of a close correlation between clinical symptoms and QSM
results might be due to the small number of participants, but as well to a general lack of correlation between
iron accumulation in the Globus pallidus and disease progression.

Keywords: Pantothenate Kinase-Associated Neurodegeneration, Eye-of-theTiger sign, Magnetic Resonance
Imaging, Quantitative Susceptibility Mapping
1. INTRODUCTION Due to its oxidative properties, free iron itself
can induce tissue damage and thus may
contribute to the progression of the disease [7].
Therefore some effort has been taken to reduce

The “Eye-of-the-Tiger-sign“ is a diagnostic
hallmark in Pantothenate  Kinase-Associated
Neurodegeneration (PKAN), an autosomal

recessive metabolic disease, which affects the
Globus pallidus and is clinically characterized
by progressive dystonia. In T2 weighted
Magnetic Resonance Imaging (MRI), this sign
consists out of a bright spot in the anterior part
of the Globus pallidus and a hypointense area
surrounding it. According to findings in very
young patients [1], the hyperintensity is thought
to represent the initial lesion, whereas the
surrounding dark area is secondary and caused
by the accumulation of extravascular iron [2-4].

In spite of some preclinical trials to replace the
lacking metabolic product [5,6], up to now,
there is no established causal therapy.
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the iron concentration in the Globus pallidus. A
multi-center trial with deferiprone as iron
chelator is now underway and first reports could
indeed demonstrate a reduction of the
hypointense areas in the Globus pallidus [8-10].

Until now, T2 and T2* time measurements have
been used as surrogate markers for tissue iron
content in these trials. Both parameters
however, depend on progression of myelination
with age, and reduction of water content in
myelin might influence results especially during
infancy and adolescence [11,12]. Recently,
Quantitative Susceptibiliy Mapping (QSM),
which -apart from flow- mainly depends on (in-)
homogeneities of the local magnetic fields
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[13,14], has been used to determine iron
concentrations in the brain [15-17].

Although this technique is highly susceptible to
movement artifacts, we conducted a pilot study
in 6 known PKAN patients to demonstrate
feasibility of QSM in dystonic patients
suspected to belong to the group of
Neurodegeneration with Brain Iron
Accumulation (NBIA) and compared results to
Mapping of T2 and T2* time.

2. MATERIALS AND METHODS

The study had been approved by the CEDIMAT
Ethics Committee, and informed consent had
been received from all participants.

2.1 Patients and Controls

Included were 6 patients (table 1) with
genetically confirmed [18] PKAN disease of an
age range from 7 to 30 years (mean: 20.8 years),
1 female and 5 male, and an age-matched
control group of 11 healthy volunteers (mean
age 21.4 years, 4 female and 7 male). Patients
had been suffering from PKAN from 6 to 19
years (mean: 12.5 years) and their score on the
Burke-Fahn-Marsden (BFM) Scale was between
14 and 26 points (mean: 20.5 points).

2.2 MR Imaging

A 3 Tesla scanner was used (Philips Achieva
release 2.6).

Apart from routine T2-weighted and MPRAGE
imaging, we applied the following sequences to
examine signal changes possibly induced by
iron accumulation in the basal ganglia:

T2 Time: 3D Gradient and Spin Echo Sequence
(GRASE), 5 coronal slices of 3mm centered to
the basal ganglia. TR 1000 ms, TE 6.7 ms, flip
angle 90°. 32 echoes with 6.7 ms spacing.
Pixel size 0.5 x 0.5mm. T2 time maps were
calculated by scanner-provided software using a
non-linear fit and an algorithm based on
maximum-likelihood estimation software [19].

T2* Time: 3D FFE sequence, 10 transversal
slices of 4 mm thickness through the basal
ganglia. TR 329 ms, TE 2.1 ms, flip angle 12°.
10 echoes with 3.2 ms spacing. Pixel size 1.3 x
1.3 mm. T2* maps were calculated with in-
house  software developed in  Python
(www.python.org). Data were fitted to a mono-
exponential decay model using the Levenberg-
Marquardt algorithm from the Scipy scientific
libraries (Www.scipy.org).
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QSM: T1 weighted 3D FFE sequence, 50
transversal slices of 1.3 mm thickness centered
to the basal ganglia. TR 50 ms, TE 4.6 ms, flip
angle 12°. 10 echoes with 4.6 ms spacing. Pixel
size 1.3x1.3 mm. For calculation of QSM maps,
we used the MEDI (Morphology-Enabled
Dipolelnversion) toolbox (http://weill.cornell.
edu/mri/QSM/MEDI_toolbox)  running  on
MATLAB.

2.3 Postprocessing

Further postprocessing was done on the MRIcro
platform (www.cabi.gatech./mricro) by
extracting T2- and T2*times and QSM values
from Regions of Interest (ROIs) of both Globi
pallidi and putamina drawn individually on the
corresponding maps (Fig. 1 — 3). Data were
correlated (Pearson’s test) to patients’ age,
duration of disease and BFM scale scoring and
compared to control group by 2-tailed t test.
Level of significance was set to 95%.

Figl: 17-year-old male patient with PKAN for 6
years. Score in BFM scale 26 points. Map of T2 time
(@), T2* time (b) and QSM values (c) with ROIs
outlining both Globi pallidi.

3. RESULTS

In Globus pallidus, T2 time (33.7 vs. 49.9 ms),
T2*time (13.2 vs. 33.5 ms) and QSM values
(416.9 vs. 119.1 ppm) differed significantly
between patients and controls (p<0.01 to
p<0.001), whereas those of the putamina did not
(table 1).

In patients, T2- and T2* time, but not QSM
values, showed a highly significant correlation
to age (p<0.001). T2 time of both Globus
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pallidus and putamen correlated highly
significant to duration of disease (p<0.001) as
did T2* time of Globus pallidus, but with lower
significance (p<0.05). Correlation to BFM score
was only seen in T2* time of Globus pallidus.

In control individuals, T2 time, T2* time and
QSM values of Globus pallidus and of putamen,
correlated significantly to age (p<0.05 to
p<0.001).

Tablel: Age, duration of disease and scoring in Burke-Fahn-Marsden Scale and values of T2 Time, T2* Time

and QSM in patients and controls.

Ade Dur. of BEM T2 Time (ms T2* Time (ms) QSM (ppm)
n (yg) PKAN | " [ [ Puta [ GP/ | G. [ Puta [ GP/ | G. | Puta | GP/
) (yrs.) ) P e Pt | pall. | men Pt | pall. | men Pt
vationts | § | 208 %[ 123 £ /165 | 337 x|506 0561132 | 547 |0-24 g}j 335 | 222
8.1 5.6 +81 | 55 £6.1 | 505 129 |95 | 503 | ore | ¥365 | 162
Corr. to 0960 | 0946 | 0.61 | 0.95 | 0.846 | 0.32 | 2% | 0.736 | 0.52
age ** ** 9 1** ** 2 0 5
Corr. to - - - - -
PKAN ;3;939 0.938 | 0.60 | 0.79 0 750 | 0-19 2'48 0.746 | 0.45
dura-tion *x 0 3* ) 9 7
Corr. to ) - - ) - 034 -
BFM -0.545 0.38 | 0.82 045 | = 0.291 | 0.34
score 0.483 9 0* 0.617 4 ! 7
0.83 [ 335 0.66 | 119. | 29.0 | 4.57
Con-trols | 11 §18'4 I NA NA 296'0 + 59508 + | = 119641 + (1 %]+ +
' ' =2 100555 |~ | 005333131 | 146
Corr. to ;0.713 0.724 1 939 | 084 | 0.039 | 0.31 0;68 2.883 0.70
age * 3 0 * ** 5 3 0 *
Pat. vs.
Con. (T- <0. | 0.00 <0. | 0.01 0.02
fest,  p 0.641 <0.001 | 0.842 | oot | 5 0.514 | 101 1o 0.516 | ¢
value)

GP/Pt: quotient of values between Globus pallidus and Putamen. Level of significance in Pearson’s Correlation

Coefficient: *) p<0.05, **) p<0.01
4. DISCUSSION

This is the first report on QSM measurements in
PKAN patients where results were compared to
more conventional techniques of mapping of the
iron content of the basal ganglia such as T2- and
T2* time measurements. QSM uses phase
information which is the most sensitive method
to detect even slight changes in local magnetic
field. On top of this high sensitivity, QSM adds
an analysis based on magnetic dipole modeling
that permits to reproducibly measure the effect
in a guantitative manner. QSM is less sensitive
to myelination than T2 andlor T2*
measurements and may eliminate potential
confounding effects of those techniques [20].

All patients tolerated the procedure well, and
there were no undue movement artifacts to
impede image postprocessing. Thus, QSM is
feasible with good results in dystonic patients in
spite of their tendency to uncontrolled
movements. As expected, patients showed
significantly higher QSM values in Globus
pallidus as compared to controls. This change of
susceptibility has already been demonstrated in
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the context of Susceptibility-Weighted Imaging
(SWI1) [21] and has been quantified by T2- and
T2* time measurements [22-24]).

QSM values of patients did not show any
significant correlation to age and not to disease
parameters as duration of symptoms or BFM
score. This finding was unexpected, but might
be explained by the small number of patients. In
the putamina, correlations to age and as well to
duration of disease were just below the level of
significance. The latter (correlation to disease
duration) may be seen more as an effect of aging
than of progression of disease, because in our
controls, QSM values from the putamina, but
not from Globus pallidus, showed a similar high
correlation to age, and this has been reported
before in two QSM studies [25-26].

The finding of a rather limited correlation
between susceptibility-induced signal changes
in Globus pallidus and clinical data in PKAN is
not new [21] and has been attributed to the
hypothesis, that iron accumulation is a
secondary effect with limited contribution to
progression of the disease itself [27]. This view

Page | 9




Evaluation of the “Tiger’s Eye” by Quantitative Susceptibility Imaging

is supported by the results of the therapy with
deferiprone as iron-chelating agent, which —as
mentioned before- was able to increase T2* time
in Globus pallidus, but without much clinical
improvement of the dystonia [8,10]. Final
results of the TIRCON study dealing with this
therapy have to be awaited (tircon.eu/nbia-
clinical-network).

Without doubt, a limitation of this study is the
small number of cases, which does not allow to
determine, which technique, T2- or T2* time or
QSM, shows closer correlation to clinical
progression of PKAN, or if there is no
correlation at all. Taking into consideration that
PKAN with a prevalence of about 1 : 1,000,000
is listed among the orphan diseases, larger
studies might be difficult to conduct in a single
center.

5. CONCLUSION

As demonstrated by this pilot study, QSM is
feasible in MRI of PKAN patients with good
results, even in advanced stages of the disease.
The lack of a close correlation between clinical
symptoms and QSM results might be due to
technical limitations and the small number of
participants, but as well to a general lack of
correlation between iron accumulation in the
Globus pallidus and disease progression. To
decide which MRI technique is suited best to
monitor not just “improvement” of images, but
symptom-related effects of iron reduction
therapies, a larger study including follow-ups
has to be conducted.
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