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Usher Syndrome
A Temporal Bone Report
Annelies van Aarem, MD; Cor W. R. J. Cremers, MD, PhD; Meeke J. L. Benraad-van Rens, MD

he bilateral temporal bones of a deceased 84-year-old man who had been suffering from
Usher syndrome were examined using light microscopy. Histopathologic examina
tion disclosed degeneration of the organ of Corti that was most profound in the basal
turn, degeneration of cochlear neurons in all of the turns, and severe loss of spiral gan
glia in both cochleas. Endolymphatic hydrops of unknown cause and a functionally unimportant
pit malformation in the macular utricle were observed in the right cochlea. We compared the afore
mentioned findings with temporal bone reports cited in the literature.
(Arch Otolaryngol Head Neck Surg. 1995;121:916-921)
Usher syndrome is characterized by bilat
eral congenital perceptive hearing loss or
deafness with retinitis pigmentosa (RP)
and has an autosomal recessive mode of
inheritance. Hearing loss and RP are com
mon in the general population, but rarely
are found in combination.
In 1914, the ophthalmologist Usher 1
noticed the familial occurrence of the
anomaly and believed that the symptoms
were a specific genetic entity. Later stud
ies established the autosomal recessive
mode of inheritance .2'4
The prevalence of Usher syndrome in
the general population is estimated to be
3 to 4.4 cases per 100 000 people .5’9 This
syndrome is the most frequent cause of
combined deafness and blindness; it oc
curs in 0.2% to 7.9% of deaf people .1043
The syndrome has different interfamilial grades of occurrence .^1'1,15 These
findings have led to the syndrome being
divided into at least two, and possibly four,
subtypes .15“18 So far, the most agreement
has been reached about type 1, character
ized by RP with profound hearing loss and
vestibular areflexia; and type II, charac
terized by RP, a moderately serious per
ceptive hearing loss (especially in the high
frequencies), and a sensitive vestibulum,
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Two other types are assumed to occur: type
III, characterized by progressive hearing
loss19"21; and type IV, which is rare, with
the phenotype of type II characterized by
X-linked recessive inheritance .22
These clinical variations have led to
the assum ption that the syndrom e is
caused by two or more genes located at dif
ferent sites on the genome. This assump
tion was confirm ed by recent genelinkage studies; five loci are recognized for
several types of Usher syndrome .23'29
Few histopathologic studies of Usher
syndrome have been done. We report the
findings of temporal bone examination in
a deceased patient with type-1 Usher syn
drome and compare our findings with
those cited in the literature.
Ill■1*011! Ol A CASI

The patient had been bom deafer had be
come deaf at a very young age. From age
24 to 28 years he was an inpatient at a psy
chiatric hospital because he was unman
ageable at home. As a result of slow, pro
gressive visual loss, he became blind at age
45 years.
From age 33 to 70 years, he lived in
four different institutions for long-term
care. He was then transferred to a deafblind institute for adults, where he re
mained until his death at the age of 84
years.
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The diagnosis of Usher syn
drome was made by the consultant
ophthalmologist at the deal-blind in
stitute, He found typical RP during
a fundoscopic examination. At age
75 years, the patient underwent oto
logic examination performed by one
of us (C.W.R.J.C.). Audiologic ex
amination disclosed slight residual
hearing in the right ear and serious
down-sloping hearing loss in the left
ear (Figure 1). In addition, a re
traction pocket was observed in the
right ear with an early-stage chole
steatoma that had caused partial ero
sion of the incudostapedial joint. No
otoscopic abnormalities were found
on the left side. Surgical interven
tion was not clone, and vestibular ex
amination was not performed.
At age 84 years, the patient died
of metastasized carcinoma, p ro b 
ably originating from the digestive
tract. Examination of the family
pedigree to the fifth generation ex
cluded consanguinity between the
patient’s parents.
HISTO PATHOLOGY

The temporal bones were removed
in Nijmegen (the N etherlands) 3
hours postmortem, after injecting
form alin in to the m id d le ears
through the tympanic membrane.
Both temporal bones were sent to the
Massachusetts Eye and Ear Infir
mary, Boston, for histologic prepa
ration and interpretation. Serial hori
zontal sections of both bones were
prepared by previously reported
standard m ethods .30 Tissue sec
tions showed good histologic pres
ervation and preparation.
The spiral ganglia were graphi
cally reconstructed by methods pre
viously described.31’*1 The ganglion
cell populations were determ ined
for four segments of the cochlea (0
to 6 mm, 6 to 15 m m , 15 to 22
mm, and 22 to 32 mm) by m ulti
plying each count by 0.9 to account
for double counting of cells lying at
the interface between sections and
by 10 to account for cells located in
unstained sections. The bony laby
rinths were fully formed and the
periosteal, endochondral, and end
osteal layers seemed to he normal.
Both cochleas s h o w e d a d 
vanced atrophic changes in the or
gan of Cord (Figure 2 ). Through-
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Audiogram of patient with Usher syndrome at the age of 75 years. Circle indicates air
conduction In right ear; X indicates air conduction in left ear.
Figure 1 .

out most of the basal turn in each
cochlea, the organ of Corti was miss
ing. In the upper basal, middle, and
apical turns, the organ of Corti con
sisted of mounds of cells in which
Iiensen’s cells, atrophic and partly
collapsed pillar and Deiters’ cells,
and inner phalangeal cells could be
differentiated. In both cochleas, nu
clei were located in the area that
would normally contain inner hair
cells, b u t it was unclear w hether
these were inner hair cells. They
might have been border cells or in
ner phalangeal cells. Moderate to se
vere patchy atrophy of the stria vas
cularis was seen, but it was unclear
whether this was worse than aver
age for age (Figure 3, left). The tec
torial m em branes and lim buses
looked normal. The spiral ligament
showed atrophic changes compat
ible with age. Reissner’s membrane
looked atrophic with decreased cellularity. On the right side, hydrops
was p re s e n t in all th ree tu rn s;
R e is s n e r’s m e m b ra n e was d is 
tended into the midportion of the
scala vestibuli (Figure 2, top left). On
the left side, slight hydrops was pres
ent at the extreme apical end of the
cochlear duet. This was not consid
ered abnormal (Figure 2, top right).
The neuron counts were 11 268
for the right ear and 14445 for the
left ear (F ig u re 4 ). The cochlear
neuron population was diminished
more than would be expected as a
function of aging (T ab le 1). The
loss for the right and left ear was 40%
and 23%, respectively, when com
pared with age-matched controls,
Neuron losses were 68 % (right ear)
and 59% (left ear) compared with
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normal neonates (Table 1). The spi
ral canals had a large central acellular area that extended through all
the turns. The neuron populations
congregated at the margins of this
tubular acellular space.
Both ears showed a loss of more
dendritic nerve fibers than coch
lear neuron cell bodies, which indi
cated that a retrograde neuronal de
generative process had occurred.
The saccular and u tricu lar
maculae and all the cristae of both
ears looked normal. In the right ear,
a small pit was seen in the utricular
sensory epithelium at the posterosuperior part of the macula (Figure 3,
right). This pit was partially filled
with statoconia, This seemed to be an
embryogenie anomaly of no func
tional significance. Viewed in their
area cribrosa, the superior and infe
rior divisions of the vestibular nerves
looked normal in both ears; their
trunks and the cochlear nerves were
avulsed from the internal auditory ca
nals. The facial nerve looked nor
mal throughout the temporal hone.
The cochlear aqueduct was
patent; o n 'th e left side and ob
structed with fibrous tissue on the
right. This was considered, functioniill y unim portant. The endolym 
phatic ducts were patent in both ears.
The endolymphatic sacs had been
avulsed from their foveate fossae
during removal of the temporal
r

\S .

COMMENT

Since 1927, this is the second case
report on type-1 Usher syndrome
that details the histologic findings in

Photomicrograph of the right (/eft, top and bottom) and iefi (right, top and bottom) ears of a patient with Usher syndrome, Both ears showed
degeneration of the organ of Corti, ioss of spiral ganglia cells and nerve fibers, and patchy degeneration of the stria vascularis. The right ear showed severe
endolymphatic hydrops (original magnification x20 [left, top and bottomI x40 [right, top and bottom]). S indicates saccule.
Figure 2.

*T •

Left, Higher magnification of the stria vascularis of the right ear with patchy degeneration
Right, Macular utricle of the right ear with a pit in the macular epithelium, partially filled with
statoconia (original magnification x250 [left], x 170 [right]).
Figure 3.

temporal bones. Since 1906, 12 ar
ticles have been published about the
temporal bone in 10 patients who
were probably suffering from Usher
syndrome .33’*2In a few of these stud
ies, it is doubtful whether the diag
nosis of Usher syndrome should
have been made because of the gaps
in the clinical data, For example,

Alexander, quoted by Nager,3'1 reported no objective audiologic find
ings, and Buch and Jorgensen33 did
not report RP. These two reports
have been excluded from our com
parison.
Because Usher syndrome is split
into several genetic syndromes based
on clinical features and gene-

linkage studies, it is likely drat the
pathologic abnormalities vary by
type. The gaps in clinical data make
it difficult to classify the patients
(fable 2 ), In addition to vestibu
lar function, the severity of the hear
ing loss is a major discriminating fac
tor in the subclassification of Usher
syndrome, Our patient’s condition
can be classified as type-1 Usher syn
drome because of his serious hear
ing loss and his vision symptoms.
Admissions to psychiatric hospi
tals are also part of the syndrome.
The condition of the patients de
scribed by Siebenmann and Bing,33
Cremers and Delleman,42and NagerM
can be classified as type-I Usher syn
drome based on the hearing loss. The
two patients described by Nager34un
derwent vestibular testing, con
trasted with the other patients and
our patient, and the finding of ves
tibular hyporeflexia supports the di
agnosis of type-1 Usher syndrome.
The condition of the patients de
scribed by BelaF’and Shinkawa and
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Left, Counts of spiral ganglion cells by segment in the right ear of a patient with Usher syndrome: 209 ceils in segment 1; 557, segment 2; 256,
segment 3; and 230, segment 4. Total (1252) was multiplied by 0,9 to account for double counting of celis lying at the interface between sections and by 10
to account for the cells located in the unstained sections, a total of 11268 spiral ganglion cells. Right, Left ear: 249 ceils in segment 1; 861, segment 2; 227,
segment 3; and 268, segment 4; a total of 14445 spiral ganglion celts (original magnification x 1605x 0,9x 10).
Figure 4 .

Neuron Count

Age-matched controls
Patient
Right ear
Loss, %
Left ear
Loss, %
Normal neonates
Patient
Right ear
Loss, %
Left ear
Loss, %

I

1

1

2

3

4

2250

7000

4775

4675

18700
11266

Total

.
1881
17
2241
1
4900

5013
29
7749
1
13400

2304
52
2043
57
8200

2070
56
2412
48
9000

1881
62
2240
54

5013
63
7750
42

2304
72
2040
75

2070
77
2410
73

N a d o l31* (also d e s c r ib e d by
Nadol40,41 and Schuknecht37) should
be classified as type HI based on the
progressive hearing loss. These three
patients did not undergo vestibular
examination.
The p a tie n t d e sc rib e d by
Schmidt38 had a 30-dB hearing loss
for low frequencies and no r e 
sponse above 1000 Hz and was prob
ably a patient with type-II. disease;
data on progression of the hearing
loss and vestibular findings are u n 
available. Histopathologic data are
not reported in detail in a few stud
ies,37,38 which makes it difficult to
compare the study results.
The most important abnormali

i

ties in our patient and in previous
studies were degeneration of the or
gan of Corti, loss of cochlear neu
rons, and degeneration of the spi
ral ganglia. The severity of the
abnormalities varied by study, but
in all reports, degeneration of the or
gan of Corti was most distinct in the
basal turns.
Atrophy of the stria vascu
laris, as found in our patient, was
also mentioned in most studies cited
in the literature,33’3',,u’'37'41,42 but it was
not found in the patient described
by Shinkawa and Nadol,wNager*4 re
ported that his two patients had ab
normalities of the stria vascularis and
atrophy of the spiral vessels, espe
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40
1 4 445

23
35 500
11268

68
14440

59

cially in the basal turn, and atro
phy of the terminal vessels of the spi
ral prominence. Slebenmann and
reported vascular degenera
tion of the cochlea and the vcstibulum that was most prominent in the
cochlea.
Vestibular abnormalities were not
observed in all studies. Siebenmann
and Bing31 described a patient with
vestibular hyporeflexia who showed
partial degeneration of the macular
epithelium and especially the crista
epithelium without any clear abnor
malities of the nucleus vestibularis.
In Nager 1s M first patient with
vestibular hyporeflexia, utricular de
generation was found without nerve

Table 2 . Histologic Findings in Published Studies of Usher
:V

>-'s ' •:: //. 1’ £ VK*

v.s <*i S /r /h ' 0 ’{'•V,

Syndrome*

^ '<7^1fC>V

Vestíbulum

Cochlea

Author

Patient
N o ./
A g e , y/Sex

r
Typef

Stria

i r
Saccule

Utricle

Canals

Vestibular
Neuron

D

D

D

D

D

N

N

Organ of Corti

Vascularis

Spiral
Ganglion

D, in BT totally
absent
D in BT

D

D

D

D in BT

D, particularly
in 8T
D in BT

D, absent In BT

Severe D

N

Scattered
atrophy In
BT
Patchy atrophy
in BT
?

D in BT

D

N

D, severe
in BT

Slebemnann and Bing33

1/6Ö/M

1

Nager34 (1927),
reviewed by-Buch
and Jorgensen3*
Nager3*1

2/66/M

1

3/20/M

1

Belal30 (1975), reviewed
by Shlnkawa and
Nadol39
Schuknecht37

4/38/M

3

5/38/M

3

D in BT

Schmidt30

6/38/M

2

D partly
missing In

N
D

D
N3fl

N

?

?

?

?

?

?

N

N

N

N

Dt severe
in BT

N

N

N

N

D

N

N (pit mal
formation
in macula)

N

N

N 30

D In BT

l

?

?

PT

Shlnkawa and Nadol,30
described by
IMadol4041
Cremers and Delleman42

7/52/F

3

D In BT

8/65/M

1

Severe D,
partly
missing in
BT
Severe D,
missing
throughout
most BT

I

Present study

1

9/84/M

A,

patGhy

atrophy in
BT
Moderate to
severe
patchy A

*D indicates degeneration; BT, basai turn; Nt normal; A, atrophy; ?, not mentioned,
tNumbers in italics indicate author’s classification,
or vestibular involvement. In the pa
tient described by Belal,36 a d e 
crease in sensory epithelium was
noted in the macular utricle, sac
cule, and three cristae. W hen his tissue sectio n s w ere review ed by
Shinkawa and Nadol,39 no vestibu
lar abnormalities were found.
A normal vestibulum was also
found in the patient with type III dis
ease described by Shinkawa and
Nadol,3-*In our patient with type I and
the patient with type I described by
Cremers and Delleman,42 no vestibu
lar abnormalities were found dur
ing light microscopic examination
that could have explained the ves
tibular areflexia or hyporeflexia
characteristic of type I. Vestibular
examination results were unavail
able for either patient to confirm
this discrepancy. Vestibular find
ings were not m entioned in the
s tu d ie s by S c h u k n e c h t 37 a n d
Schmidt.38
Our vestibular findings sup
port the conclusion of Shinkawa and
Nadol.39Based on their findings and
reports in the literature, they did not
believe that the pattern of cochlear
and saccular degeneration (Scheibe’s

deafness) proposed by Konigsmark
and Gorlin43 was associated with
Usher syndrome.
Brain tissue was examined in
few stu d ies.33'34,42 Cremers and
Delleman42 examined the brain and
brain stem and found no abnormali
ties other than slight cortical atro
phy. In contrast, analogue changes
were found in the patients de
scribed by Siebenmann and Bing33
and Nager34: severe atrophy of the
primary acoustic center that ex
tended into the peripheral cortex.
Many authors believe that the
pathologic abnormalities in the
cochlea are too slight for the sever
ity of the hearing loss.33,34,3(1’3HIt was
assumed initially that the abnor
malities in the cortex and brain
stem, which were considered to be
secondary to the cochlear abnor
malities, might possibly explain the
hearing loss.33,34
Using electron microscopy
techniques, Shinkawa and Nadol39
and Nadol40,41 suggested another
cause. In the apical segment of the
cochlea of a patient with type II who
had no degeneration of the organ of
Corti under light microscopy, there

seemed to be a significant decrease
in the number of afferent nerve end
ings in the inner and outer hair cells.
In contrast, the histopatho
logic abnormalities in our patient
corresponded with the severity of the
hearing loss.
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