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Chapter 8
Adrenoleukodystrophy (ALD)

Abstract X-linked adrenoleukodystrophy (ALD) especially in childhood cerebral
type is a metabolic degenerative disease with a severe clinical course of progressive
deterioration until death involving progressive demyelination of the central nervous
system caused by a defect in the ABCDI gene at Xq28.

The frequency of hearing impairment has been reported in a rather high percent-
age of the patients but the other apparent deteriorating motor, mental, and visual
symptoms are often concealed. Thus central auditory dysfunction is not fully recog-
nized and it is difficult to support patients directly for their difficulties from their
handicaps. These symptoms are due to the localized brain lesions but because of the
character of disease, the lesions continuously and progressively expanded to the
whole white matter of the brain without treatment.

The duration of apparent hearing impairment continued not so long in their natu-
ral history. Serial change could be evaluated clinically, nerophysiologically, and
neurophysiologically.

There are some types of leukodystrophy but they usually progress rapidly in the
brain and the lesion expansion is almost uniform. Therefore, it seems difficult to
recognize symptoms based only on the localized brain lesions. Even during the
clinical evaluation of an ALD patient, such symptoms may often be overlooked.

Keywords Adrenoleukodystrophy - Auditory agnosia - Neuropsychological
assessment - Neurophysiological examination

8.1 Etiology and Clinical Course of the Disease

X-linked adrenoleukodystrophy (ALD) is a metabolic degenerative disease with a
severe clinical course of progressive deterioration until death involving progressive
demyelination of the central nervous system, adrenal dysfunction, and

© Springer Science+Business Media Singapore 2021 97
M. Kaga, K. Kaga, Landau-Kleffner Syndrome and Central Auditory Disorders

in Children, Modern Otology and Neurotology,

https://doi.org/10.1007/978-981-10-1479-6_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-1479-6_8&domain=pdf
https://doi.org/10.1007/978-981-10-1479-6_8#DOI

98 8 Adrenoleukodystrophy (ALD)

accumulation of saturated very long-chain fatty acids (VLCFA) in various tissues
and body fluids. It is caused by a defect in the ABCDI gene at Xq28 which encodes
for a peroxisomal membrane protein (Mosser et al. 1993).

8.2 Clinical Types of ALD and Their Signs and Symptoms

There are several clinical phenotypes which are usually classified as childhood cere-
bral type (CCALD), adolescent cerebral type (AdolCALD), adult cerebral type
(ACALD), adrenomyeloneuropathy (AMN), cerebello-brainstem type (CB-BS
ALD), Addison type (ALD with Addison disease), preclinical male patients (PCM),
and females with apparent symptoms.

Two cerebral types of ALD (CCALD and AdolCALD) may often initially pres-
ent with gait disturbances, strabismus, abnormal vision, visual dysfunction, and
intellectual and/or behavioral changes around 6-10 years old.

The prognosis of CCALD is very poor and patients usually pass away within a few
years after their clinical onset followed by their deterioration of their physical and
intellectual abilities (Suzuki et al. 2005). The prognosis of patients with AdolCALD is
somewhat better.

The survey of hospitalized patients by Suzuki et al. gave light to the natural history of
ALD: the initial symptoms of childhood cerebral-type ALD were intellectual deteriora-
tion 16/46, visual signs/symptoms 11/46, gait disturbance 4/46, psychic symptoms 4/46
and hearing disorder 3/46, and adrenal insufficiency 1/46 (Suzuki et al. 2005) (Table 8.1).

Tanaka et al. also examined the initial symptoms of their ALD. They reported
that hearing problems presented as the initial symptom of their patients was noted
in 13% of ALD patients (Tanaka et al. 1989) (Table 8.2).

Thus, hearing problems were not a rare finding and this should be importantly
considered in the diagnosis of ALD. Usually, patients’ intellectual deterioration,
gait disturbance, and visual impairment are more easily detected by their family
members and teachers than are their hearing disorder.

The Kaplan—Meier neurological progression evaluation in patients with ALD
informs us that patients with CCALD are not symptom-free after following 1.3
years after their diagnoses of ALD and even patients with AMN show a gait distur-
bance within 4-5 months after their diagnosis (Suzuki et al. 2005) (Fig. 8.1).

Table 8.1 Initial symptoms of ALD (Suzuki et al. 2005)

The Initial symptoms (1)
number of
Phenotype | patients Intellectual | Psychic | Visual | Hearing | Gait | Sensory | Bladder | Adrenal
Childhood | 46 16 4 11 3 4 - - 1
Adolescent | 14 2 2 5 1 4 1 - 1
AMN 39 - - - - 37 |3 1 -
Adult 33 5 19 3 1 11 |1 2
cerebral
OPC 13 1 - - - 9 1 -
Total 145 24 25 19 5 65 |6 3 5

AMN adrenomyeloneuropathy, OPC olivo-ponto-cerebellar form
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Table 8.2 Initial symptoms Symptom The number of patients | %

of 38 patients with ALD Gait disturbance 8 1
Visual disturbance 7 18
Psychiatric symptoms 6 16
Hearing disturbance 5 13
Convulsion 4 11
Poor writing 3 8
Intellectual deterioration | 1 2.6
Delinquency 1 2.6
Dysarthria 1 2.6
Headache 1 2.6
Hyperpigmentation 1 2.6
Total 38

Tanaka et al. (1989)
a Symptom-free patients b symptom-free patients
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Fig. 8.1 Kaplan—Meier plot of neurological progression in patients with ALD (Suzuki et al. 2005).
(a) Childhood cerebral form, (b) adrenomyeloneuropathy, (¢) adult cerebral form. Vertical line

shows the ratio of patients with no clinical symptom, horizontal line shows time course (years)
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8.3 Diagnosis of ALD

The diagnosis of ALD is made by the observation of clinical signs, the determina-
tion of each patient’s symptoms, and by special testing such as MRI findings and the
finding of a high concentration of very long-chain fatty acid (VLCFA) in the serum.
A definitive diagnosis nowadays hinges on the confirmation of the disease from a
gene mutation in the ABCDI gene. However, it is impossible to differentiate the
various clinical manifestations of the disease from the gene mutation itself or from
the clinical types of the patients’ relatives, even those who are their siblings.
Clinically, presence of certain symptoms and confirmation of MRI lesions are the
best way to diagnose ALD. However, neuropsychological/cognitive symptoms
might be present before the appearance of MRI lesions (Furushima et al. 2009;
Kaga et al. 2009). The introduction of ALD as part of the neonatal screening (Vogel
et al. 2015) is a recent trend in several states in the USA and some European coun-
tries. This trend will ultimately positively impact the clinical care of ALD patients
before the emergence of their clinical manifestations of the disease. On another
front, such patients and their parents will no longer spend peaceful lives, but they
will also have agonizing length of time which will continue as long as 5-50 years
before having a specific diagnosis.

8.4 Hearing Impairment in ALD

Hearing impairment in ALD is primarily of central origin and is not due to an inner
ear or cochlear lesion. In other words, the etiology of hearing impairment in ALD
arises from white matter lesions in the auditory pathway. Of course, some patients
have co-existing conductive hearing impairment due to otitis media. Hearing
impairment has been found to the initial symptom of ALD (Tanaka et al. 1989;
Suzuki et al. 2005) (Tables 8.1 and 8.2) but the actual details of the audiometric
findings of the disease have not been described. This is probably due to the rapid
progression of the disease which often leads to total disability or even death (Moser
2000, 2001; Peters et al. 2004). Moser HW in 2000 reported that CCALD seems
to be the most grievous type of this disease because of its rapid progress and poor
prognosis which result in loss of physical function and in a short life expectancy.

8.5 Evaluation of Hearing in ALD

A standard hearing test for patients is pure tone audiometry. For infants, toddlers,
and younger children, behavioral observation audiometry (BOA), conditioned
orientation reflex audiometry (COR), and play audiometry are attempted and are
used based on the patients’ chronological or developmental age. Word discrimi-
nation tests (WDC), the environmental sound discrimination, token tests, dich-
otic listening tests (DLT), and sound lateralization tests are designated to evaluate
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Fig. 8.2 Serial change of audiogram in a patient with ALD (Kaga et al. 1980)

precisely auditory cognitive function. Objective tests of auditory function include
auditory brainstem responses (ABR) and otoacoustic emissions (OAEs). At the
beginning of the disease, some patients request repetitions of speech input or
they simply declare that they cannot hear (Fig. 8.2). Because of this, these
patients are often misdiagnosed with a psychological reaction and a hearing
impairment is not considered.

Hearing assessment in symptomatic patients with CCALD has indicated that a
significant percentage of these patients had hearing impairment to some degree
(Kaga et al. 2015).

To better understand auditory agnosia in ALD patients, the author presents three
ALD patients with typical auditory agnosia which was severe and was difficult to
understand initially, by family members and clinicians during the early clinical
course of the disease.

8.6 Case Reports of Japanese Patients with ALD
and Auditory Agnosia (Furushima et al. 2015)

8.6.1 Case Histories of Three Patients
8.6.1.1 Patient 1
This patient was a 3-year-old boy. He began to respond poorly when called and to

ask back frequently to have incoming speech to be reacted. His hearing test at school
was normal. In that his hearing continued to decline, he was seen by an
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otolaryngologist 3 months later. His pure tone audiogram was normal at two visits
to this clinic. It gradually became difficult for him to converse and he then lost the
ability on the phone. He seemed not to comprehend his own hearing difficulty. This
was later thought to be anosognosia. Other than his hearing problems he was com-
pletely normal. He was referred to a hospital at 13 years and 4 months of age. He
was then diagnosed with CALD because of brain lesions on his MRI, elevated
plasma VLCFA, and the presence of mutation of the ABCD1 gene. His adrenal func-
tion was normal.

His condition prompted further neuropsychological and neurophysiological
evaluation and he was thus referred to us. At our first encounter with him, he could
only answer very simple questions such as his name or his age. His corrected visual
acuity was 0.1 in his left eye and 0.6 in his right eye. He was found to have a left
homonymous quadrantanopia. His pupils were dilated and reacted sluggishly to
light. No pyramidal, cerebellar nor sensorineural signs were evident. Left to right
transport impairment of tactile sensation and positional information was intact.

8.6.1.2 Patient 2

This patient was an 11-year-old boy. He began to complain of difficulty and fatigue
with hearing other people’s speech. He often did not respond to instructions given
to him and he was thought to be absent-minded. His teacher noticed that he had poor
reactions when he was called upon, he looked at his textbook upside down, he wore
his gym suits backward (later it was thought to be a dressing apraxia) and he wrote
confused and inaccurate letters. One year later he visited a psychiatric clinic where-
upon he was referred to a university hospital. He then visited a pediatric clinic and
was subsequently referred to a university hospital and he was diagnosed with
CALD. The MRI showed characteristic signal changes, a high titer of VLCFA and
a mutation of the ABCD] gene. His ABR was normal. Left homonymous hemiano-
pia was detected and he had partial adrenal insufficiency. He gradually became
short-tempered. Six months after the onset of his disease, he was referred to our
clinic for detailed evaluation. At the time his physical examination was normal and
he had no abnormal skin pigmentation. He could only engage in short and simple
conversation. His deep tendon reflexes were exaggerated on his lower extremities
although his muscle tonus was normal. Response to both tactile and painful stimuli
was unstable. Position and vibratory senses were impaired over his left lower limb.
His SVR and MMN findings are presented in Fig. 8.3.

8.6.1.3 Patient 3

This patient was a 10-year-old boy. He did well until his 10th birthday and began to
respond less and less when he was spoken to. He began to move slowly, become
inactive (stagnated), and he ceased spending time with his friends. His school per-
formance declined. Five months later his hearing was found to be normal by an



8.6 Case Reports of Japanese Patients with ALD and Auditory Agnosia (Furushima... 103

ALD, Patient boy, 13y

MMN SVR

t burst tone burst N1 (delayed latency,
one burs absent MMN ¥ abnormal distribution)

Fz ’“WJ\,’P/\ R AR g a R

CZrporn i e

Pz WW i =
vowel sound vowel sound

Fz N AT e S e e P

absent MMN N1 (delayed latency,

L abnormal distribution)
Czravonpsenan A o — R

Pz '\’n,...w"‘«’\..x/“'”'f‘f"\/\.-\/\w SUERERSUFEC\ SRARSSHNEN ~-TB

- VS
0 500 1000 ms 0 500 1000 ms

Fig. 8.3 MMN and SVR of a patient with ALD. 13 years old, boy

otolaryngologist; however, his response to voices on the phone decreased and he
often asked speakers to repeat themselves. He was consequently referred to a pedia-
trician who made the diagnosis of CALD based on the following findings: brain
lesions on his MRI, elevated VLCFA, and intellectual deterioration. Adrenal func-
tion was normal.

At 10 years and 9 months of age, he was referred to us for further evaluation. His
physical examinations were normal. He displayed emotional incontinence and
marked separation anxiety from his mother. On confrontation, he had a left-sided
constriction of his visual field. His Achilles tendon reflexes were exaggerated and
an ankle clonus was found in his right lower limb. Tactile, positional, and vibratory
senses were normal.

8.6.2 MRIs of the Above Patients
8.6.2.1 Patient 1 (Fig. 8.4a)

In Fig. 8.4a, axial sections of FLAIR images from patient 1 and a coronal section of
enhanced T1-weighed image are shown. FLAIR images indicated signal intensity
changes in the auditory pathway (bilateral brachium of the inferior colliculus to
medial geniculate body with right auditory radiation) and visual pathway changes
over the bilateral lateral geniculate body with right optic radiation. Material-
enhanced T1-weighted images revealed enhanced activity in his left medial genicu-
late body.
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Patient 1

Patient 2

Patient 3

Fig. 8.4 MRI of three patients with auditory agnosia due to ALD (Furushima et al. 2015)

8.6.2.2 Patient 2 (Fig. 8.4b)

Axial and coronal sections of his FLAIR images are also presented. FLAIR images
show signal intensity changes in his auditory pathway (bilateral trapezius body ~ lat-
eral lemunisci ~ brachium of the inferior colliculus to the medial geniculate
body ~ auditory radiation) and signal intensity changes in his visual pathway (bilat-
eral lateral geniculate body ~ optic radiation) and the splenium of corpus callosum.

8.6.2.3 Patient 3 (Fig. 8.4¢c)

The axial and coronal sections of FLAIR images in patient 3 are presented. The flair
images show signal intensity changes in the auditory pathways (bilateral brachium
of the inferior colliculis to medial geniculate body to auditory radiation) and visual
pathway intensity changes bilateral lateral geniculate bodies to optic radiation.
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Fig. 8.5 Audiogram of three patients with auditory agnosia due to ALD (Furushima et al. 2015).
All patients showed an almost normal pure tone audiogram but markedly abnormal speech
audiogram

8.6.3 Audiograms

Pure tone audiograms and word discrimination test scores for each patient are pre-
sented in Fig. 8.5.

In each case, when compared to their pure tone audiogram findings, these
patients’ word discrimination scores were markedly worse. This finding delineates
auditory verbal agnosia and nonverbal agnosia.

Serial change of audiogram was presented by Kaga in 1980.

8.6.4 ABR Findings

ABR tracings are presented in Fig. 8.6.
The basic waveform configurations and response thresholds were almost normal

in each patient. The precise evaluation of each patient’s evoked waveforms is
described below:

Pt1 Interpeak latency of Wave I and III was prolonged on the left side. The
threshold of wave V was normal.



106 8 Adrenoleukodystrophy (ALD)

Pt 2 Interpeak latency of Wave I and V was prolonged on the left. The threshold
of wave V was normal.

pPt3 Interpeak latency of Wave I and V was prolonged bilaterally. The threshold
of wave V was normal. Serial change of ABRs is presented by Kaga et al.
in 1980 (Fig. 8.7) and Inagaki et al. in 2006 (Fig. 8.8).

Figure(s)

Right v LeftI iV
Pt1 oA | A
Pt 2
Pt3

P02V L

0.1ms

Fig. 8.6 ABR of three patients with auditory agnosia due to ALD (Furushima et al. 2015). All
patients showed normal waveform of ABR and wave V threshold. Patient 3 showed prolonged
latency of wave V and central conduction
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8.6.5 SVR and MMN

The evoked N1s of the slow vertex response (SVR) and the evoked mismatch nega-
tivity (MMN) response to verbal and nonverbal stimuli are useful to evaluate the
objective and unconscious cognition of verbal and nonverbal auditory stimuli. In
this section, we will show the results of SVR and MMN to nonverbal (tone burst,
[1KHz][2KHz]) and verbal (vowel sound, [a][]) stimuli. The occurence of the
stimuli is 80% for the former and 20% for the latter, in each stimuli. These results
point out the disparity of findings between the use of these different stimuli in
patients with auditory agnosia due to ALD. This stimulus-dependent disparity
between results of SVR and MMN in patient 2 is shown in Fig. 8.9.
Serial change of SVR was presented by Kaga (Fig. 8.10).

8.7 Summary

8.7.1 Hearing Impairment

The frequency of hearing impairment as the initial symptom of ALD has been
reported to be between 6 and 7% (childhood cerebral type 3/46 and adolescent cere-
bral type 1/14, Suzuki et al. 2005), 8% in childhood cerebral type N = 160 (The
Metabolics & Molecular Bases of Inherited diseases, 8th edition) and 13% (child-
hood and adolescent cerebral type 5/38, Tanaka et al. 1989).

All three of the above-described patients had in common: (1) a severe loss of
word discrimination scores compared to their relatively normal pure tone acuity, (2)
good ability to recognize, understand, and respond a non-auditory route or
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Fig. 8.8 Serial change of
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appropriately to help that which was spoken to them by using non-auditory route,
they could perform quite well, (3) no paraphasia was noted in any patient. We thus
determined that these patients had auditory agnosia and not aphasia. These patients
could recognize verbal and environmental sounds when they were accompanied by
visual aids (presented with pictures and lip reading). Verbal stimuli coming from
outside their visual field was hard to recognize for these patients. Conversations on
the telephone were very difficult for them because they had no visual cues.
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8.7.2 Auditory and Other Symptoms Caused by Localized
Brain Lesions in Patients with ALD

Abnormal MRIs confirmed bilateral medial geniculate body abnormalities and uni-
lateral or bilateral auditory radiation in all three of the above ALD patients. ALD is
basically a disease of the white matter, lesions in the auditory cortex of these patients
were not observed at least not in the early stage of their disease. Thus, auditory
agnosia occurs due to a disconnection between the auditory cortex and the subcorti-
cal white matter. Auditory agnosia was therefore a clinical diagnosis based on find-
ing (by MRI) localized white matter lesions each of these in these patients’ auditory
pathways.

Moreover, there are some patients who showed agnosia of their disease, and
apraxia while dressing. Those symptoms were considered as due to cortical lesions.
However, ALD can play a role in emerging temporal, parietal, and frontal signs and
symptoms based on the extensiveness of the white matter lesions when they can be
tested by neurologically.

Serial change could be evaluated clinically and nerophysiologically.

There are other types of leukodystrophy such as Groboid cell leukodystrophy
(Krabbe disease), metachromatic leukodystrophy, Alexander disease, and others.
These disorders also present a slow progressive course with the possibility of devel-
oping emerging focal cortical lesions as seen in ALD. However, patients with these
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Fig. 8.9 Patient 2, ALD, boy, 11 years (Furushima et al. 2015)
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Fig. 8.10 Serial change of SVR in a patient with ALD (Kaga et al. 1980)

diseases rarely show symptoms caused by localized brain lesions. This is because
these diseases usually progress rapidly in the brain and the lesion expansion is
almost uniform. Therefore, it is very difficult to recognize symptoms based only on
MRI images of localized brain lesions. Even during the clinical evaluation of an
ALD patient, such symptoms may often be overlooked.
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