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Giant axonal neuropathy (GAN) is a disorder that affects both the peripheral and central
nervous system with clinical and genetic heterogeneity. We describe the spectrum of magnetic
resonance imaging (MRI), MRespectroscopy (MRS), and diffusion changess in two siblings from
India. In addition to the described MRI findings two unreported findings, hyperintensity signals
of both the globus pallidus on T1-weighted images and involvement of bilateral thalamus,
were observed. MRS showed elevated choline peaks and reduced N-acetylaspartate peaks as
well as presence of lactate peaks. Diffusion weighted images showed restricted diffusion.
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Introduction

Giant axonal neuropathy (GAN) is a rare autosomal
recessive disorder that affects peripheral and central
nervous systems (CNS)!# with both clinical and genetic
heterogeneity.”!” The associated clinical features include
sensorimotor neuropathy and varying CNS involvement
including a motor neuron syndrome.l'¥ A variety of
magnetic resonance imaging (MRI) abnormalities/®!!!
and MR-spectroscopy (MRS) and diffusion changes!'>"!
have been reported. We studied these changes in two
siblings with typical clinical manifestations suggestive
of GAN and confirmed by histopathological examination
and by genetic analysis.

Materials and Methods

Clinical report

A 10-year-old boy (Proband) had delayed motor
and mental milestones, progressive clumsiness of
gait, weakness and wasting of distal muscles of
upper and lower limbs, and progressive decline in
cognitive functions with dullness, apathy, and urinary
incontinence. The younger brother was also evaluated

MR-spectroscopy

at an age of six years. He had symptoms of gait ataxia,
bilateral nystagmus, and mild cerebellar ataxia with
absent deep tendon reflexes.

Pathological studies

The sural nerve biopsies of both siblings revealed several
giant axons in all the funicles, enclosed by thinned-out
myelin sheaths. Some of the bloated axons were totally
denuded of myelin, and an occasional large, loose “onion
bulb” schwann cell hyperplasia was seen. Axillary skin
biopsy was performed in both the brothers and the elder
sibling showed enlarged axons in the dermal nerve
twigs. Electron microscopy showed enlarged axons in
the sural nerve biopsies, which were tightly packed with
intermediate filaments displacing the other organelles
to the periphery. Sural nerve biopsies showed the
characteristic presence of giant axonal swelling filled
with neurofilaments in both patients.

Electrophysiological studies

Visual evoked potential (VEP) showed prolonged P100
latencies. Brainstem auditory evoked response (BAER)
showed increased interpeak latencies. EEG showed diffuse
slowing. Nerve conduction studies revealed markedly
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reduced motor and sensory conduction velocities. EMG
revealed changes suggestive of chronic reinnervation.

Genetic studies

For the proband in the family, sequence analysis
revealed a homozygous insertion (c.1657ALUYabins,
p- Thr553_Pro597del) in exon 11 of the GAN gene. The
AluYa5 insertion was identified homozygous in both
siblings, whereas the parents were heterozygous carriers
of this mutation. This insertion starts at nucleotide
position ¢.1657 and includes 281bp of AluYa5 as well as
an adenosine tail of at least 40 bp.

Magnetic resonance imaging findings

Case 1 (Proband): MRI revealed diffuse confluent
symmetrical white matter hyperintensities on T2-weighted
(T2W) and fast-fluid attenuated inversion recovery
(FLAIR) sequences, which are isointense on T1IW
sequences involving bilateral deep periventricular
white matter in frontal and parietoccipital lobes
[Figure 1a-d]. It extended to involve bilateral external
capsule, midbrain, pons, middle cerebellar peduncles,
and bilateral cerebellar white matter [Figure 1c]. Corpus
callosum was spared [Figure 1f]. Multiple focal discrete
lesions hyperintense on T2W and FLAIR sequences, and
isointense on T1IW sequences were noted in bilateral
frontal and parietal subcortical white matter [Figure 1b].
Bilateral thalamus in posteromedial region showed
hyperintensity on T2W and FLAIR sequences, and
isointensity on TIW sequences [Figure 1d-e]. Globus
pallidus showed peripheral hyperintensity on T1W,
T2W, and FLAIR sequences with sparing of central

Figure 1: (a,d) White matter hyperintensities on FLAIR involving bilateral
deep periventricular white matter in frontal and parietoccipital lobes
(a,d); (b) Multiple focal lesions hyperintense on FLAIR noted in bilateral
frontal, parietal subcortical white matter; (c) Pons, middle cerebellar
peduncles, bilateral cerebellar white matter in T2W sequence;

(d) Bilateral thalamus showing hyperintensity on FLAIR; (e) Isointensity
on T1W sequences; Globus pallidus shows peripheral hyperintensity on
T1W (e) and FLAIR (d) with sparing of central region; (f) Cervical cord
atrophy seen in T1W sagittal sequence

region [Figure 1d]. Cerebral and cerebellar atrophy was
present. Cervical cord atrophy was also noted [Figure 1f].

Case 2 (Younger sibling): MRI revealed diffuse confluent
symmetrical white matter hyperintensities on T2W and
FLAIR sequences, isointense on T1W sequences involving
white matter in bilateral frontal lobes [Figure 2a-b], pons,
middle cerebellar peduncles, and bilateral cerebellar
white matter [Figure 2c]. Corpus callosum and subcortical
fibres werespared [Figure 2f]. Bilateral globus pallidus
were diffusely hyperintense on TIW, T2W, and FLAIR
sequences with no loss of volume [Figure 2d-e].

Magnetic resonance spectroscopy

On visual inspection, elevated choline peaks and reduced
NAA peaks as well as presence of lactate peaks in
supratentorial and cerebellar white matter [Figure 3b-d]
were observed. Quantitative analysis showed raised
Cho/NAA ratio, reduced NAA/Cr ratio, and raised
Cho/Cr as seen in Table 1.

Diffusion weighted imaging

DWI revealed hyperintensity in cerebral and cerebellar
white matter on b500 and hypointensity on b1000
[Figure 4a and 4b] with the resultant hyperintensity
to white matter on ADC maps [Figure 4c and 4d].
Table 2 shows ADC values between abnormal and
normal white matter with increased ADC within in the
lesions (>1).

Table 1: Cerebral proton metabolite ratios of the patient
diagnosed with giant axonal neuropathy

Cho/NAA Cho/Cr NAA/Cr Lactate
Supratentorial 1.45 1.17 0.80 Present
Cerebellar 234 1.84 0.78 Present

Figure 2: Bilateral frontal white matter hyper intensities on FLAIR (a) and
T2W (b) Sequences; (c) White matter hyperintensities on T2W sequence
in pons, middle cerebellar peduncles, and bilateral cerebellar white
matter. Bilateral globus pallidus are diffusely hyperintense on FLAIR (d)
and T1W (e) sequences with no loss of volume. (f) Corpus callosum is
spared
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Figure 3: Magnetic resonance spectroscopy showing elevated choline peaks and reduced NAA peaks in supratentorial (d) and cerebellar white
matter (b). Lactate peaks are seen in cerebellar white matter (b)

Discussion

Both the siblings in this study had classical clinical
features of GAN and the diagnosis was confirmed
by histopathology and genetic analysis. MRI findings
showed widespread spectrum of changes, which are
reported to be present in this rare autosomal recessive
disease. In the elder sibling diffuse changes in frontal
and parietoccipital white matter along with focal
subcortical white matter changes were observed, while
in younger sibling there was a predominant frontal
gradient with sparing of subcortical U fibres. Corpus
callosum was spared in both cases. Demir et al., have
reported diffuse white matter lesions in anterior and
posterior periventricular white matter,® Gordon
et al., reported in parietoccipital white matter,' while
Thomas et al., and Richen et al., described preferential
involvement of frontal and parietal white matter.['%°!
In nearly all reported cases sparing of subcortical fibres
were seen, except in one case reported by Malandrini
et al., where subcortical involvement was present in a
17-year-old girl’ with GAN. Corpus callosum thinning
isreported in histopathological and imaging data [¢1"1517]
but these were not noted in our patients.

Table 2: Apparent diffusion coefficient values (10-* mm?/s) of
the patient diagnosed with giant axonal neuropathy

ADC abnormal ADC normal

Right Left white matter
Supratentorial 117 119 67
Cerebellar 123 120 73

Signal intensity changes were found in bilateral
posteromedial thalamus and peripheral region of globus
pallidus in the elder child. Diffuse involvement of globus
pallidus without involvement of thalamus was seen in
younger sibling. Demir et al., have reported a single patient
with posteromedial thalamus involvement.®! There are
no reports in the literature on involvement of globus
pallidus in GAN. In our patient globus pallidus distinctly
showed hyperintensity on TIW sequence while remaining
white matter and thalamus showed isointensity on TIW
images. Among the reports on MRI findings presence of T1
hyperintense signal abnormalities have not been described.
This hyperintense signal abnormality on T1W images
could possibly indicate accumulation of neurofilaments in
cases of GAN, leading to T1 shortening and thus appearing
hyperintense on short TR/ TE sequences or it could be
due to active demyelination process with breakdown of
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Figure 4: Diffusion weighted images showing hypointensity on b1000
in cerebellar and supratentorial white matter (a, b) and resultant
hyperintensity to white matter on ADC maps (c, d)

myelin, leading to T1 shortening or possibly combination
of both. Earlier reports have shown hypointensity on TIW
images, which could signify disease progression leading
to gliosis and cavitation formation.[*31118 Cerebellar and
middle cerebellar peduncle involvement was seen in both
the cases. Cerebellar and brainstem involvement was
present in nearly all reported cases except for one case
in a series reported by Demir et al.,’®! Marked cerebellar
and cervical cord atrophy was seen in elder child but not
noted in younger sibling. Richen et al., described cervical
cord atrophy in one of their cases.!

MRS shows marked reduction of NAA and elevation of
choline and presence of lactate peaks. Elevation of choline
peaks and lactate suggests active demyelination " and
particularly presence of lactate peaks is suggestive of
anaerobic metabolism by macrophages during acute
phase. Reduction in NAA suggests neuronal loss. Alkan
etal., " reported no decrease in NAA /Cr ratios but only
increase in Cho/ Cr ratios. MRS ratios showed that there
is more severe involvement in cerebellum as compared
with supratentorial white matter, which is in accordance
with pathological data, which shows predominant
involvement of cerebellar white matter.!>7]

Increased apparent diffusion coefficient values in white
matter suggests increased mobility of water molecules in
the brain of patients with GAN.® This finding indicates a
myelin disorder such as demyelination and when viewed
in combination with MRS data reflects neuronal damage,
active demyelination, and glial proliferation in accordance
with postmortem data.®! Thus, the spectrum of findings

in MRI signifies wide variation in disease affection
and subclinical MRI changes and along with MRS and
DWI provides an in vivo assessment of pathological
alterations in patients with GAN. In conclusion, genetic
heterogeneity and involvement of various structures in
the central nervous system possibly leads to varied MRI
features in GAN. Hyperintensity of the lesions on TIW
MR images, which may probably be due to accumulation
of neurofilaments is the most characteristic and consistent
feature which can lead to the diagnosis of this entity.
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