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CASE REPORT

Development of speech and hearing of two children with
Pelizaecus-Merzbacher disease presenting only waves I and II
of the auditory brainstem response

MASAHIRO RIKITAKE! & KIMITAKA KAGA?

! Department of Ororhinolaryngology, Fikei University School of Medicine, Minato-ku, Tokyo and 2National Institute of
Sensory Organs, National Tokyo Medical Center, Meguro-ku, Tokyo, Japan

Abstract

Pelizaeus-Merzbacher disease (PMD) is a white matter dystrophy of the brain. Most children with PMD require compre-
hensive nursing care. Their speech and language abilities are poor or absent. Therefore, evaluating hearing ability is difficult in
children with PMD. We have followed up two patients with PMD since early childhood. Patient 1 is an 11-year-old boy, and
patient 2 is a 15-year-old adolescent boy in whom horizontal nystagmus was recognized after birth. Magnetic resonance
imaging showed diffuse dysmyelination of the cerebral white matter. Auditory brainstem response recordings showed only
waves I and II and the absence of all subsequent components. However, conditioned orientation reflex audiometry showed a
threshold of 20-30 dB. Both patients can converse orally and have auditory perception and speech abilities better than those of

most patients with PMD in the literature. We report on the development of their hearing and speech abilities.

Keywords: Language, audiometry, white maitter dystrophy

Introduction

Pelizaeus-Merzbacher disease (PMD) is white matter
dystrophy. It was described clinically by Pelizaeus in
1885 [1] and Merzbacher in 1910 [2], and its neu-
ropathologic features were later described by Seitel-
berger [3]. In most patients with PMD, the initial
signs appear during the first months of life, with
pendular nystagmus followed by symptoms such as
spasticity of the lower limbs, athetotic movements,
and motor ataxia [4,5]. Most patients with PMD
require comprehensive nursing care and cannot
speak. Genertic tests and magnetic resonance imaging
(MRI) are useful for diagnosis. PMD is a recessively
inherited X-linked disease caused by a mutation of the
proteolipid protein 1 (PLPI) gene on chromosome
Xq22 [6]. The mutation causes hypoplastic myelina-
tion of the central nervous system, but the neurons

and axons are preserved. The degree of myelination of
the white matter of the brain in PMD can be evaluated
with MRI, which shows a reversal of signal strength on
T1-weighted and T2-weighted images. On the basis
of symptom severity, PMD has been divided into six
forms [7].

Evaluation of the hearing of PMD patients can
be difficult. Reactions with conditioned orientation
response (COR) audiometry can be unclear. Auditory
brainstem response (ABR) recordings show only wave I
orwaves I and IL. In most patients with PMD, auditory
perception and comprehension of conversation are
poor. The pathogenesis of PMD is poorly understood.
We report, from the viewpoints of otology and neuro-
otology, on two school-age children with PMD who we
have followed up for many years. They have better
hearing perception and speech ability than most
patients with PMD and can converse orally.
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Case reports
Patient 1

The patient is an 11-year-old boy.

First year of life: He was born after a gestation period
of 38 weeks 2 days with a birth weight of 2856 g.
There was no family history of genetic disorders or
hearing loss. Horizontal nystagmus and cervical hypo-
tonia were recognized soon after birth. At 2 months of
age, ABR recording revealed only waves I and II in
both ears (Figure 1). The DPOAEs were within the
normal range in both ears. Recording of DPs showed
that all DP levels (range 5-15 dB) were higher than
the noise floor levels at all frequencies. The mean
hearing threshold, as determined with COR audiom-
etry at 4 months of age, was 60 dB (Figure 2). Diffuse
high-intensity signals were observed on T2-weighted

MRI of the white matter of the brain (Figures 3
and 4). With the consent of the patient’s parents,
genetic testing was performed. On the basis of the
finding of duplication of the PLP gene and of the
symptoms, classic PMD was diagnosed.

The development of the patient’s hearing and
speech is outlined below. A

1 year old: He produced sounds but no meaningful
words.

2 years old: He could communicate by gestures,
laughing, and crying. He did not produce meaningful
words.

3—4 years old: His mother observed him responding
to spoken words, so she believed that he heard and
understood them. He became able to pronounce
single syllables that stood for words. For example,
he said ‘da-’ instead of ‘dakko,” (meaning ‘hug’
in Japanese) and ‘go-’ instead of ‘ringo’ (meaning
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Figure 1. Patient 1. Auditory brainstem responses (ABRs) show poor waveforms at wave I and later. Distortion product otoacoustic emissions

(DPOAES) show a normal reaction.

REGHTS LRy



Acta Otolaryngol Downloaded from informahealthcare.com by Tokyo-Jikeikai-lka-University on 04/10/12
For personal use only

Auditory perception in Pelizaeus-Merzbacher disease 3

3 months COR 4 years COR
20 -20
-10 -10
) o] 0
10 L 10
20 I ay 20
30 £ 30
40 40
50 50
60 A A 4 s 60
dB 70 70
80 80
90 90
100 100
110 110
120 120
130 130
140 140

1000 2000 4000 8000
Hz

125 250 500

1000 2000 4000 8000
Hz

125 250 500

Figure 2. Patient 1. Behavior observation audiometry shows 60-70 dB at 3 months. Conditioned orientation response (COR) audiometry

shows 15-25 dB at 4 years.

‘apple’). He could understand the speech of others
and could clearly reply by gestures of his hands or
other body parts or by voice. He tried to speak, but the
articulation was not clear. The mean hearing thresh-
old on COR audiometry improved to 20-30 dB.
A derailed evaluation of words and sentences was
not yet possible.

™

6 years old: His pronunciation became clear, and he
was able to talk well. He could also sing. However, the
rate of speech was extremely slow, and the intonation
was vague. He could write letters when his arm was
supported.

8 years old: He could communicate through con-
versation. He could read and understand Japanese

Normal T2 of
a noromal child

Figure 3. Patient 1. MRI of the brain at 5 months. Axial T1-weighted image (left) shows a nearly identical high-signal intensity in the internal
capsule. A T2-weighted image (center) shows a diffuse high-intensity signal in white matter of brain. The MRI on the right is a normal brain at

5 months of age.
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Figure 4. Patient 1. MRI of the brain at 5 months (level of brainstem).

hiragana letters. He could count from 1 to 20. The
Tanaka-Kanichi (TK) development test (a Japanese
test of infant development) showed that his mental
age was 54 months, and his IQ was 57 months.

The patient is now 11 years old. He is in the sixth
grade of a public elementary school. The Tsumori
Inage development screening test (a Japanese test of
infant development) showed a development level
equivalent to 66 months by speech, 54 months by
social function, and 42 months by exercise. With a
mild degree of developmental disability, the patient
undergoes speech, language, and physical therapy ata
local rehabilitation center.

Patient 2

The patient is a 13-year-old adolescent boy.

First year of life: He had no family history of hearing
loss or genetic disorders. Three months after birth
horizontal nystagmus and cervical hypotonia were
recognized. At the age of 8 months, ABR showed
only waves I and IT in both ears (Figure 5). The
DPOAESs were within the normal range on both sides.
Diffuse high-intensity signals were observed on
T2-weighted MRI of the white matter of the brain
(Figure 6). On the basis of symptoms and a PLP gene
mutation revealed by genetic testing, classic PMD was
diagnosed.

The development of the patient’s hearing and
speech is outlined below.

2 years old: The mean hearing threshold on COR
audiometry was 35 dB (Figure 5). The new TK

development test showed developmental levels equiv-
alent to 11 months by exercise and posture, 21 months
by recognition and adaptation, 19 months by lan-
guage and social function, and 30 months by all
domains. The developmental quotient was 63. He
could repeat words spoken by his mother. He could
speak slowly, but pronunciation was clear. He under-
went speech, language, and physical therapy at a local
rehabilitation center.

4 years old: His pronunciation became clearer and
his conversation was age equivalent.

S years old: The TK development test showed that
the patient’s calendar age was equivalent to 5 years
8 months, mental age was 5 years 1 month, and IQ
was 90. A delay for the development of word use and
intellect was not recognized.

7 years old: He entered a class for handicapped
children at a public elementary school and partici-
pated in regular classes with other children.

11 years old: He could write a composition and send
e-mails with a mobile phone. His pronunciation was
clear. '

12 years old: He completed elementary school
and now attends a public junior high school.
He did not have any problem communicating in-
conversation.

Audiological examinations

COR audiomerry. To evaluate hearing, patients under-
went COR audiometry inside an electrically shielded
sound-attenuating room.
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Figure 5. Patient 2. Auditory brainstem responses (ABRs) show poor waveforms for wave II and later. Conditioned orientation response

(COR) audiometry shows 25-60 dB at 2 years 9 months.

Distortion product otoacoustic emissions. Patients were
tested inside an electrically shielded sound-attenuat-
ing room. Distortion product (DP) otoacoustic emis-
sions (OAEs) were recorded and analyzed with an
IL.O92 OAE dynamic analyzer system (Otodynamics
Ltd, Hatfield, UK).

ABRs. Examinations were performed with the
patients in the supine position under sedation with
trichloryl chloride. Silver disk electrodes placed on
each patient’s forehead were referenced to the mas-
toid tip on the tested side and were connected to the
ground on the opposite mastoid tip. Each click

Figure 6. Patient 2. T2-weighted MRI showing a high-intensity signal in the subcortical area.
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stimulus was presented for one cycle of a 3000 Hz sine
wave. Monaural headphones delivered 1000 clicks at
a rate of 10 clicks per second. The stimulus intensities
were 105 dB above the normal adult hearing level
(nHL) for patient 1 and 100 dB nHL for patient 2.
The data were averaged, displayed, and recorded with
an online computer.

Discussion

PMD is an extremely rare disease, with frequency of
about 1 in 300 000 persons. A standard treatment for
PMD has not been established. PMD has been clas-
sified on the basis of symptoms into six types: type 1,
classic PMD; type 2, connatal type; type 3, transi-
tional type between classic and connatal types; type 4,
adult Lowenberg-Hill type; type 5, variant type with
patchy demyelination; and type 6, demyelination var-
iant type in Cockayne’s syndrome. However, the
distinctions between types are not clear, and patients
may shift between types. Ellis and Malcolm have
reported that symptoms differ with the degree of
duplication of PLP gene mutations [8]. Variable
expressivity of the PLP gene mutation may have an
effect on the degree of dysmyelination.

The brains of healthy neonates contain a large
amount of water, which is a characteristic of unde-
veloped white matter. Therefore, in the cerebral white
matter T1-weighted MRI shows low-intensity signals,
and T2-weighted MRI shows high-intensity signals.
With maturation, myelination develops in the cerebral
white matter, the low-intensity signals seen on
T1-weighted MRI are replaced by high-intensity sig-
nals, and the high-intensity signals on T2-weighted
MRI are replaced by low-intensity signals. In the
brains of patients with PMD, the delayed myelination
of white matter is recognized with MRI. As described
by Holland et al. [9], in a healthy child myelination of
the cortical white matter is distinguished from the
nearby cortical gray matter from 4 to 6 months after
birth. By 9 months to 1 year after birth, the myelina-
tion of the cortex is the same as in adults. In patients
with PMD, including both our patients, myelination
of the posterior limb of the internal capsule is not
recognized (in a healthy child, myelination of the
posterior limb of the internal capsule is recognized
with MRI 1-2 months after birth). Myelination is
considered to be present in the white matter if the
signal in unmuyelinated white matter is hypointense
on T2-weighted spin-echo MRI..Myelination is con-
sidered to be present in the cortical gray matter
structures if the signal is hypointense on T2-weighted
spin-echo MRI [10].

On the basis of symptoms and the results of MRI,
ABR recordings, and genetic analysis, both our

patients are thought to have classic PMD. Because
of paralysis and ataxia, most patients with PMD
require comprehensive nursing care. They usually
have hearing loss and cannot speak because of dis-
orders of articulation. However, both our patients
hear and speak well.

Hearing in both patients was examined with COR
audiometry and DPOAE and ABR recording. On
COR audiometry, response thresholds of 40-60 dB

‘were recognized at an early age in both patients. As

the patients matured, the response threshold
improved to 20-30 dB. The reactions to DPOAEs
were normal. Recording of ABRs showed only waves I
and II. However, DPOAE and ABR recordings
revealed that cochlear functions in both patients
were normal. :

The hearing loss in patients with PMD is thought to
be caused by an isolated disorder of myelination.
A normal axon is covered by a myelin sheath, and
stimulation occurs through saltatory conduction. The
conduction speed in the healthy nervous system is 50—
430 km/h, but without myelination, the conduction
speed is around 2.0 km/h. In patients with PMD,
nerve stimulation is insufficient for saltatory conduc-
tion, and the stimuli are conducted at different speeds
in each nerve cell. Because the stimulation does not
synchronize, the wave pattern after waves I and IT of
ABR does not appear. Therefore, after waves I and II
the wave becomes flat. In patients with PMD who
hear well (such as our patients), central hearing tests
(e. g. magnetoencephalography and functional MRI)
will show normal reactions. These patients can com-
municate through oral conversation. Their cognitive
hearing ability is not poor, even though they show
only ABR waves I and IL

We have reported on two unusual patients with
PMD who can hear and speak well despite ABR
recording showing only waves I and II. In our
patients, because the degree of dysmyelination is
slight, the disorder of saltatory conduction of neurons
is also slight. The stimulation does not synchronize,
but sound stimuli are conducted from the inner
ear to auditory areas of brain. In addition, ABR is a
reaction to click stimuli, but the auditory pathway
except for the click part of the sound pathway is not
abnormal. Other gene mutations may also affect
myelination. Differences in the degree of dysmyelina-
tion are thought to be responsible for the differences
in symptoms that cause PMD to be classified

~ as different types." The hearing loss in PMD is

completely unlike the hearing loss due to acoustic
neuromas and brainstem disorders. The hearing func-
tion and language abilides of patients with PMD
should be carefully observed so that their quality of
life can be improved.

RIGHTS L1 & 443



Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

(1]

[2]

3]

4]

Acta Otolaryngol Downloaded from informahealthcare.com by Tokyo-Jikeikai-Tka-University on 04/10/12
For personal use only.

Pelizaeus F. Ueber eine eigenthiimliche Form spastischer
Lihmung mit Cerebralerscheinungen auf hereditédrer Grund-
lage (Multiple Sklerose). Arch Psychiawr Nervenklankf 1885;
16:698-710.

Merzbacher L. Eine eigenartige familiar-hereditare Erkran-
kungsform (Aplasia axialis extracorticalis congenita).
Zeiaschr Ges Neurol Psychiatr 1910;3:100-38.

Seitelberger F. Pelizaeus-Merzbacher disease. 1970. In:
Vinken PJ, Bruyn GW, editors. Handbook of clinical neu-
rology. Leucodystrophies and poliodystrophies. Amsterdam:
North-Holland. p 150-202. o '
Kaga K, Tamai F, Kodama M, Kodama K. Three young
adult patients with Pelizaeus-Merzbacher disease who
showed only waves I and II in auditory brainstem responses

Auditory perception in Pelizaeus-Merzbacher disease 7

(5]

(6]

g

t]

3]

(10

but had good auditory perception. Acta Otolaryngol 2005;
125:1018-23.

Kaga K, Kenji Y, Eiji K, Kazuo K, Roger M. Absence of later
auditory brain stem response cormponents, congenital hori-
zontal nystagmus, and hypotonia in male infants. Ann Otol
Rhinol Laryngol 1986;95:203-6.

Inoue K. PLPl-related inherited dysmyelinating disorders:
Pelizacus-Merzbacher disease and spastic paraplegia type 2.
Neurogenetics 2005;6:1-16.

Allen IV. Pelizacus-Merzbacher disease. 1984. In: Adams J,

Corsellis JAN, Duchen LLW, editors. Greenfield’s
neuropathology, 4th edition. London: Edward Amold.
p 371-3.

Ellis D, Malcolm S. Proteolipid protein gene dosage effect in
Pelizacus-Merzbacher disease. Nat Genet 1994;6:333-4.
Holland BA, Haas DK, Norman D, Brant Zawadzki M,
Newton TH. MRI of normal brain marturation. AJNR
1986;7:201-8.

Barcovich AJ. MR of the normal neonatal brain: assessment
of deep structures. AJNR Am ] Neuroradiol 1998;19:
397-403.

RIGHTE Lifud



HEOEBEORE £748 £15 9~17 (2012) 9

=

SN
»‘f‘?\ Wl

PRI P S S PEREIE O DRI & #liESy - A TPHIC K 53048

mo& B P H R E BY  H® B3 % B

EEB

BRI DS/ & I BRA THICH T 5 KIBAZ LWEE PR {HAE. 1970 FICFEEME S (Auditory
Brainstem Response: ABR) »%8R &5 & TIIMMEEICHE ) PRMEEERE & Bz S, HESREMRI 2V EFE 2
LI, WEESN/ze L L. 1970 SELIE ABR A3 S FIFH S NS X 9 107 o Cy BREERREICRE ) BRI B O R
BFHECHLIEPHALNL L olze NLR, MR LERSCHEEIRITOND L) 10k o7z TR
JEICHIESEHT 200, FOEHIIKD L I IZEZLNTWE, NEEORBREHIEIL, aVFHOZTORREZHE
THEW BEMEOEEL, ZOMBICHKELE L HMELDEED 2 DIFITAZEINTEL, TNFEERIEN
CHMEEMPOEH O L) RWEFERHICAL VLI IR o TBVEENPLRESINTYE, L LEERTIE
B MBS FIRRRIC R BR D 7= DEE S NP TVIREEICH 5o BMERRED 2 RKIREIE, RIE, § 72 b BIREREREIC
LAGELHEREEREBEICIABECYVEVIMETH bo INFHROFTRZEMIIERZRBICIVEESL
PP, MBEEFEYYNVEVIECBEINR TV, 20X I L TE DSBS EERL. BVEEK. T4b
% 2kHz DL EOREZERN L v, BEOHBECIEERE THEINTVS, HEREOHRIEIIMEREOREITK S
Vo HESEORXMICIIEFABEEEFRMER) 28T, ARICHESRAERELRTT A L TANICEYTE
5o WBHOBENZ LWEAIL, BERALIAEFRN CHEEZ BEICLI LR TEL, ZOFMT 1 447Y
DFMEFIL 350 7~ 400 FHPH» B SNETEERER. BRACIIEERROHEZHWAZ L TRAAHE
PEEAEDPDPLRNTHEL BIETOYHEMREONNES RASBEREOFELEL B ShTwinit
BA% LB, FHEERIT 2 V7 WL, REBCATHEFWN L W) BEOIZBRAMINES L2BE, CHEER
ERICEDLERELERBRE L OEBTERENEMT LI LIPEETH 5,

ELoIic

bhvbnidf 30 FEL . HRIcH 5 IHL “HRERK
RER B LEEERRSERET LV —"DF
SIRMERA R 2 HY L C &2, S0 40 4F[., B4R
IEBIIRELREINDTD 5,

1982 ~ 2002 D DR % LS RO Y X M % 3 H]
AT TRLICE LR Y, Z 0B L Ol
mEME L, SREELICL 2HE2ITV., FORES
FER LTz MRS TEREZ D 0 & i 7 Bk
BEATREE T B 720 HTEEESE AR T e 7 B 22 FE B
Holzo TOERILNICU TIEEZRZIT 748 10%3F <
ICEERE DS FE R S iz,

1) WRERYY 5 — - BRI (BH®) ¥y sa—
2) EREARISHRS = B E R

3) HRERESERAEM B E SR

4) HEAZEZ V=9

ik T 152-8902

FRHBERRRSE 2-5~1

ERERY Y 5 — - BRI (8HF) xvs-
mEEZE

21 HARIC 7 o T 10 EPBE /25 FAEREROHES
THBENEAERSEZ - EICLD), ETRAEN
500 ~ 600g T&H o 72 5/NEDOEIE % A0F 4 5 EF D
HEL.20%E CEHEBRPERINTYS, —F, BEEEIC
DWTIX2001 EE L VIETE o /- ERBERE A 7 1) — =
ZWE ) EEDOHERD 60%HA 7 ) —= v 7 ENSE
TEEIREICHBANENED, 2D 9 H ABR (auditory
brainstem response, FEMERERIS) 12 & o TEICHERE &
W ENLDE 20%FETH D, BEHEOBEEICHE
B R BALD R N7z 20 AR BED 20 FE T E T Th b
NWHNOWFE TR EEEIRI 1 ~3 R B 1.5 %
BECTERINTWAD, BEZERL ~3 7 EBE
TEWPHEE L AEH 6 7B T CIId g T I
HOFEOHEIATONL DIREREL % o 72 HIELRD
BREDIATH A 1 RPEUED 2 oI ATH
EFH 27w BEOFEOHE IR I NG, 0Ok
BLLT UL A ) ERTHE MRS N2 BD
NAHHEED, TBRIGEVEEESRY L RERHE. S
RS LSBT A EREIRSE R
D LT B, ANTHEFM 2 Z13 7250 KSR R 0
213 BN ERAFE L BY D 1/3 135 9 ZRK DN
FRBFEL TS, — A . FHE2E T 2HF 2L
TAHRUASIFEROD BV, LPL.ZDL ) ITE

Il



10 EELEEEORE 7 (1), 2012

HLABETD 40 ~ 60 ROBEREDRAL, ZD
FEHRIC R o THO THMEDSFE R S 1L 4100 THTEg 2k
AT T0EILIRETHLELUEDL ) RERE D
LR OBRET 5,

2, RERE L REHEOLEOFERE E FEEE—MD
REF ENE MAERMORSER
HEREDRER & 2 2BREHDY A M 2R 21K
L7z AEMEEOBRRE R BNA VAT T7 7 7 —D
YA M RIITR L. COBEHEED S bEEOFH
ARERRBORBREEE, UYLV VIES L OEEIC
EbhbsT I/ 7Y ay FREYORIERD 3 2124
FTELY BB,

(1) BifuERIFT & AE M ERIFT 2
1) B BSF (blood brain barrier : BBB)

Jidi 09 B P & V3 =B 1 A B2 A Y 0 “tight junction
(T BEREETH S (1) ¥ BMMEL 7Y
Téma—urOFEER 2R U, 2 OFE SR
AREE I Z . BEEAI I "R KIE" 5% BBB (A4 HEAY
barrier (BEE) HAEITR CBE LT b, § b b I EH
1% > PN B2 M A RE SR TET 12 1 e M BASEZE L charge
barrier (T EEEE) & L THEEL CTw5, BBBIZBIT 5
EEFERIL.

OHATE 180 UL EOKBEWE I BB TE 2\,
QB EIHBNEZEE L NERNICES SN D,
@FNVa—RART I B BWEIHS Lty v
N7 LREA L CHEMBENE @B 5,

K1 EECHEERIEBEOSH (GBI, MK Audiol Jpn, 2002)

% = EIH i S IIHA
1980.10~1987.9(1987.10~1994.9 (1994.10~2002.3
BEHOEE (BisE) 40(%8) 17 9
BREORE (BER. BABEE) 11 5 1
FRMET IV B 6 2 2
B3 19 26 19
REFRER 10 15 18
WiEEE 0 1 1
AP bRE 0 0 1
BEEEER MROA 9 4 11
(MR) MR+ TARA 5 4 2
2B A 3 7 1
SEBLLEAH 3 1 0
AEHEGIE 113 71 65

£2 I ORMENERE DRI & HEE R E

(RHEES, 1970)

i 51 (30.5) 38(22.8) | 18 (10.8) | 6(3.6) 4(2.4) |17(102) | 2(1.2)
AR 32 19 15 4 3 6 1
FRE () 6 5 2 1
(%) 4 3 1 1
SRR 9 11 3 1 1 8
Pl ek c4 6(12.5) | 4(83) |29(605)] 1(21) | 4(83) | 1(21)
Gz 6(26.1) | 5(21.7) | 4(17.4) | 1(4.3) 2(8.7) 1(4.3)
SREl-EE 3 1 2 1 2
1RERER 2 3 1 4
DA 1 1 1 1 2
B 69 (25.8) | 52(19.4) | 54(20.2) | 8(3.0) | 13(4.9) |27(10.1)| 2(0.8)




