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Pediatric Ear Diseases

Diagnostic Imaging Atlas and Case Reports

‘Congenital Anomalies

ln‘congenita! anoma‘lies; in children, and {oar‘ciculariy in infants, as a rule
the patients themselves do not complain of their symptoms. This is partly
because they are too young to express their disability in words, but-also

' because it s difficult for them to recognize their condition as a disability,”
as they have lived with it since birth. Consequently,-except in cases such’
‘as microtia in which the anomaly is externally visible, hearing loss due -
to defects not externally apparent may remain undetected unless either
the parents f\otice or it is pickedupina phj}sical'QXam or screening test.

Furthermore, even when hearing loss is conﬁfmed, if there is no finding
of abnormality in the tympanic membrane the pati-ent is sometimes di- R
~ agnosed as “héaring loss of unknown origin” with no further pursuit of , ’
the'e'tiology, whereupon a hearing aid is fitted and the road to an accu- Chapter
rate diagnosis abandoned. In such cases, even when the cause was previ- . . N
ously thought to be unknown, CT or MRI examination of the temporal
bone can reveal valuable information. For example, if malformation of
_theinner ear is discovered, %hg cause of hearing loss can be explained to
the parents, and if .conductive system abnor_malities are detected they
may be ameliorated through surgery. Congeﬁital anomalies in children
can have a profound effect on the futures of both patient and family. ;

It is important to conduct sufficient testing, drrive at an accurate diagno- -
sis at an early stage, and determine an appropriate treatment strategy.
. Imaging diagnosis has an important role to play in this process.

@ External Auditory Canal
@ Auditory Ossicles and Middle Ear
& Inner Ear '

- @ Internal Auditory Canal



Chapter 3 Congenital Anomalies:

%E External Auditory Canal

EAC Atresia and Stenosis

The external auditory canal (EAC) arises from the first ex-
ternal branchial cleft; the auricle from the first and second

branchial arches; the audltory ossicles from the first bran-

chial arch (head of malleus, body of incus) and the second
branchial arch(handle of malleus, long process of incus,
superstructure of stapes); the tympanic cavity from the first
pharyngeal pouch; and the tympanic membrane from the
first external branchial cleft and pharyngeal pouch. The

first branchial cleft is located between the first and second
branchial arches. Considering these embryological origins,
it is understandable how malformations of the external and
middle ear combine in a variety of forms. The inner ear, on
the other hand, originates in the otic vesicle, which is dor-
sal to the branchial cleft and branchial arch. In other words,
the inner and middle ear have different origins, and there-
fore their malformations can arise separately, although in
actuality there are cases in which the two combine, so in
imaging diagnosis of pediatric hearing loss'it is necessary
to examine both the inner and the middle ear.

- Congenital EAC atresia occurs with a frequency of ap-
prox. one case in 10,000 births, frequently with combined
malformation of the auricle a_nd\nnddle ear, and occurs bilat-
erally in 15-25% of cases [1-3]. It is more cornmon in boys
and, when unilateral, occurs more frequently on the right

side [1-3]. Taking influence on language development into -

consideration, in bilateral cases a hearing acuity assessment
should be performed as early as possible and the patient di-
" rected to wear 2 bone conduction hearing aid, At the same
time, imaging should be used to obtain a detaﬂed grasp of

the condition of the malformation and meatotympanoplasty '

performed on at least one side. Formation of the external au-
ditory canal occurs in conjunction with that of the auricle, so
as a rule an auriculoplasty is performed prior to meatoplasty.
A bone conduction hearing aid is used until the meatotym-
panoplasty is performed, but the bone conduction hearing
aid must be a plate-spring type device that straddles the head
and holds the bone-conduction vibrator tightly against the
temporal bone. Special care must be taken to fix it in place, as
it can easily be dislodged during activity and many children

do not like wearing it. FHowever, even in cases of bilateral -

EAC atresia not accompanied by inner ear malformation,
‘hearing loss is .around 65 dB [4], so one cannot expect
healthy language development without the.use of a hearing
aid. Conversely, where thére is no inner ear dysfunction the
cause of hearing loss is conductive and therefore one can ex-
pect the use of a hearing aid to be highly effective. In cases
in which the external auditory canal can be.formed without
repositioning the auricle, meatoplasty can be performed at
an early stage. Even if hearing improvement is insufficient,
sufficient otoacoustic effect for spoken language acquisi-
tion may be obtained from an air conduction hearing aid. Tn
cases of external or middle ear malformation, examination
of 3-dimensional reconstructed surface rendering image of
the ear-in addition to temporal bone CT images facilitates
an accurate grasp of the relationship between the iniddle ear
conduction mechanism and the auricle located on the sur-
face, which is helpful in surgical planning [5]. -
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In malformations of the external auditory canal and

- middle ear, many variations are possible with respect to

the degree and location of the morphological defect, mak-'
ing discussion of the propriety or efficacy of surgery dif-
ficult for any given case. The Jahrsdoerfer score is used to
organize and assign point values for each defect to permlt
a numerical evaluation of the malformation’s overall con-

- dition. This score adds one point for the existence of each '

anatomical structure, assigning two points for the Stapes
only, for a total of ten points (table'1) [6]. The score cor-
relates with post-operative hearing improvement, and it
has been reported that significantly beneficial results can
be obtained with a score of seven or higher [7].

In cases of atresia of the bony dnd cartilaginous por-
tions of the external auditory canal, the tympanic seg-
ment of the facial nerve frequently follows a lower path
than normal, making ossicular chain reconstruction diffi-"
cult if it overhangs the oval window. The mastoid section
normally diverts posterior to the external auditory canal
and descends to the stylomastoid foramen, but if there is

_no external auditory canal there is no constraint on this

portion of the nerve’s path, so in many cases it descends
anterior.to nermal [8]. '
In recent years, rather than using meatotympanoplasty to
treat EAC atresia, it has become increasingly common pol-
icy to secure hearing through the use of a Bone Anchored
Hearing Aid (BAHA) [9], Vibrant Soundbridge [10], or
other implantable hearing devices. However, because in

" infants development of the temporal bone is incornplete, a
. BAHA device cannot be anchored directly to it. The method

employed instead involves pressing the BAHA oscillator
against the head with an elastic belt. Reports indicate that
favorable language development can be obtained with this

‘method [11], so we can expect its use to become more wide-

spread in cases where early-stage surgery is difficult.

In cases of unilateral EAC atresia where hearing in the
healthy side is good, auriculoplasty is strongly recom-
mended, but physicians are divided as to whether or not to
perform meatoplasty or reconstructive surgery-on the con- -
ductive system. This is because if the abnormality is uni-
lateral then as a rule there is no worry of delayed language
development, while one must consider the possibility of

, complications such as post-operative infection or tympanic

membrane lateralization, or the risk of surgical damage
to the facial nerve due to abnormalities i in the fac1a1 nerve
path within the temporal bone.

-Table 1. Gradmg system of candldacy for surgery of congenltal

aural atresia

£ Fyrlrie?
Stapes present
Oval window open
Middle ear space
Facial nerve
Malleus/incus complex
Mastoid pneumatized
Incus-stapes connection
‘Round window
Appearance external ear

Total available points
FromJahrsdoerfer et al [6}
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Congenital EAC Atresia

Subject: male, T month old

[ History and Clinical Findings .

Bilateral microtia and EAC atresia were confirmed imme-
diately after birth. Further examination at a pediatric hos-
pital revealed no combined ‘anomalies elsewhere on the
" body. At three weeks after birth, the ABR V-wave thresh-
“old-was 80 dB in both ears. The subject was referred to

our department to consider a treatment strategy. ASSR

(air conduction) thresholds were about 90 dB in the right
ear and 110 dB in the left ear. A bone conduction ASSR
‘test.revealed threshold values of 10 dB in the mid-to-low
frequency ranges and 40 dB in the high frequency range
(4,000 Hz), resulting in a diagnosis of near normal bone
conduction hearing. The right ear auricle was a lobule

type, in which only the lobule exists, and the left ear a
concha type, in which the concha ‘exists with the upper'

half mostly absent [5].

& Patient CT Findings

The CT images are of the left‘temporal bone. The bone
completely occludes the.external auditory canial (fig. 1:1)
'in the area where it would normally be located (fig. 1:n1).
- The development of the mastoid air cells is limited, but
is considerable for a newborn, and there is no soft tissue

density. In.the ossicular chain, a portion of the body of '

the incus approaches the lateral epitympanum (attic) wall
nearly to the point of contact (fig. 1:1). Thé anterior and
posterior crus (fig. 1:2) and footplate (fig. 1: 3) of the sta-
pes are all visible. The facial nerve is almost normal in the
labyrinthine segment, but the tympanic segment slightly
overhangs the oval window (fig. 1:3) and the mastoid seg-

ment descends slightly more anterior than normal (fig..

1:1). All corresponding structures are indicated with ar-
rows in the normal fmages (fig. 1:n1-n3) for comparison.

The coronal images reveal absence of the inferolateral
portion of the temporal bone, with clear indication that
the area where the external auditory canal would. nor-
mally be located is replaced by skull-base soft tissue in
this patient (fig.2:1-3). Also, the head of the malleus and
the body of the incus are in close proximity to the lateral
attic wall, with almost no space between them (fig. 2:1).
The 1ncudostaped1al joint is visible (fig. 2:3), with no ap-
parent differences from the normal control (fig. 2:n3).

In the left ear, the mastoid and the epitympanum are
located immediately medial to the post-tragus region,
which is where the external auditory canal would nor-

mally have been located, making it possible to create the.

external audifory canal without moving the auricle. A
meatotympanoplasty was performed at one year of age.
The Jahrsdoerfer score for this case was nine, which pre-
dicts a favorable prognosis.

1. External Auditory Canal .

B Surgical Findings

A mastoidectomy was performed as usual via postau-
ricular incision and the atretic plate carefully removed
to expose the ossicular chain. The handle of malleus was
hypoplastic, with the head adhered to the- atretic plate,
which was surgically removed. ‘A portion of the body of

" the incus also contacted the surrounding bone, limiting

mobility; but was freed by removing the surrounding
bone. The lenticular process of the incus was somewhat
hypoplastic, but continuity-of the incudostapedial joint
was intact and the mobility of the stapes was normal. The
tympanic membrane was formed using the temporalis
fascia and a type II tympanoplasty performed, a pedicled:
connective tissue flap laid down on the mastoid seg-

" ment; and the external auditory canal formed using a split.

thickness skin graft from the inguinal region. COR (con-

ditioned orientation response audiometry) at six months

after birth exhibited 40 to 55 dB unaided hearing levels,

. and everyday sound recognition, response, and vocaliza-*

tion improved. -
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_Chapter 3 Congenital Anomalies

Normal Control CT Findings

3.axial image
Fig. 1. (Case 1) LeftearCT: preoperative

[Patient CT Findings]

The bone complétely occludes the external auditory canal in
the area where it would normally be located (1: % ). The devel-
oprent of the mastoid air cells is limited, but considerable for
a newborn, and there is no soft tissue density. In the ossicular
chain, a portion of the malleus and incus approaches the lat-
eral attic wall nearly to the point of contact (1: £). The anterior
and posterior crus (2:3 ), and footplate (3:1) of the stapes are
all visible. The facial nerve is almost normal in the labyrinthine
segment on both sides, but the tympanic segment slightly
overhangs the oval window {3: ) and the mastoid segment
clescends s‘ﬁght!y more anterior than normal (1: #<).

n3. axial image

(Normal Control CT Findings) o )

ni: & exte‘rnai{auditory canal; % mastoid segment of facial
nerve. n2: : head of malleus, body of incus; § facial nerve. n3:
= facial nerve, tympanic segment; i footplate of stapes. '
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1. External Auditory Canal
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Fig. 2. (Case 1) Leftear CT:'prebperafive
[Patient CT Findings] - g

The inferolateral portion of the temporal bone is absent, with -

clear indication that the area where.the external.auditory
canal would normally be located is replaced by skull-base soft
tissue in this patient {1-3: € ). Also, the head of the malleus
and the body of the incus are in close proximity to the lateral
attic'wall (1:.4=), with almost no space between them (1: H).
Slightly posterior, the ossicular chain (2: #) can be observed
contacting the lateral attic wall and atreti¢ plate. In a cross-
section posterior to this, the incudostapedial joint can be
identified (3:%.). :

1. coronal image

Normal Control CT Findings

S

T

n1: A space ( ¢ ) is visible between the malleus/body of the

incus (£ ) and the lateral attic wall (< ). @ indicates the ex-
ternal auditory canal. ' n2: There is no contact between the
assicular chain (%) and the lateral attic wall. € indicates the
external auditory canal. n3:% incudostapediél joint; £ exter-,

nal auditory canal.
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Chapter 3 Congenital’Anomalies

Subject: female, 1 year, 8 months-

i History and Clinical Findings

EAC sténosis was present in the left ear, with no mal-
formation of the auricle. In the right ear, there were no
abnormalities in the external auditory canal or tympanic
membrane. Since one month previously the subject be-
came upset if her left ear was touched, and since 20 days
previously she exhibited swelling and redness in her left
postauricular region. Two weeks previously the subject
underwent incision and drainage of a postauricular ab-
scess at her regular pediatric hospital. She received an an-
tibiotic IV drip, but the left postauricular abscess returned
and the subject was referred to our department for radical
treatment. The left éxternal auditory canal was extremely

Congenital EAC Stenosis with Choﬂesteatoma

narfow and the periphery swollen, making observation of

the lumen impossible. In an ASSR test conducted by the
previous physician, air conduction threshold values aver-
aged 98 dB, while the bone conductmn ASSR threshold .
values averaged 28 dB

f8 Preoperative History and Patient CT Findings -
The previous physician,conducted a CT- exam of the
temporal bone' at four months after birth. Even in find-
ings at this time the external auditory canal cavity could
not be confirmed due to EAC stenosis (fig. 3:1), but the
image showed no osteolytic. lesions, pneumatlzatlon in.

" the middle ear was satlsfactory, and there were no soft

-Normal Control T Eindiﬁgs

Patient CT Findings_

2 axial jimage

Fig. 3. (Case 2) Left ear CT: preoperative (4 months old)

[Patient CT Findings]

The external auditory canal cavn‘cy cannot be confirmed due .

to EAC stenosis (1: 8, but the image shows no osteolytic le-
sions. Pneumatization in the middle ear is good and there are
no soft tissue densities to suggest inflammation or cholestea-
toma (1, 2). The mastoid segment of the facial nerve descends
slightly anterior to normal (1:% ). The bony external auditory
canal in this case is narrower than the normal control (1, nT:
). Slightly posterior at the attic Jevel, overall morphological
abnormalities are almost lmperceptlble, but the space lateral
to the malleus head and incus body is narrow (2:1).

'n2. axial image

{Normal Control CT Findings)

n1: % handle 6f malleus; $ external audltony canal; % mastoxd
segment of facial nerve. n2: A space (1} exists between the
ossicular chain and the lateral attic wall.
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tissue densities to suggest inflammation or cholesteatoma
(fig. 3:1, 2). The mastoid segment of the facial nerve de-
scended slightly anterior (fig. 3:1) to normal (fig. 3:n1).
At the level of the external auditory canal, the bony EAC
in this case was clearly narrower (fig. 3:1, n1), as would be
~expected, but slightly posterior at the epitympanum level
overall morphological abnormalities were almost imper-
ceptible. However, the space lateral to the malleus head
and incus body was narrower (fig. 3:2) than in the normal
control (fig. 3:n2).
- However, the temporal bone CT image taken at one
year seven months (fig. 4).showed a soft tissue density
mass spreading from the left external auditory canal to

the tympanic cavity and a clear widening of the external-

.auditory canal accompanying osteolysis (fig. 4: 1-4), re-
sulting in a diagnosis of external auditory canal cholestea-
toma due to EAC stenosis. Figure 4, images 1 and 2 show
_axial sections, while 3 and 4 show coronal sections:

1. External Auditory Canal

i Surg!cal Fmdmgs

Five days after our initial examination, we performed sur-
gery on the left external auditory canal to remove the cho-
lesteatorna and provisionally widen the entrance. During
surgery, continuous facial-nerve monitoring was carried
out to avoid damaging it. The bony external auditory canal
entrance on the temporal bone’s external surface was ex-
tremely small at 2-3.mm, but expanded medially due to

_osteolysis caused by the cholesteatoma. The cholesteatoma

matrix contacted the medial wall of the tympanic cav-
ity and extended posteriorly to the aditus ad antrum. The
shape of the malleus was almost normal, but the long pro-
cess of the incus was absent and the incudostapedial joint
disrupted. The cholesteatoma had exerted pressure on the
stapes, causing it to slant toward the promontory. The cho-
lesteatoma was, removed, a tympanic -membrane formed

_using the temporalis fascia; asmall. piece of the auricle

excised at the entrance to the external audltory canal, and
the mastmd segment prov1s10na]ly covered with a Palva

Patient CT Fmdmgs

o
o)
0

T

i
2. ax1a1 lmage

- Flg 4. (Case 2) Left ear CT: preoperative (1year7 months old)

[Patient CT Findings]
This CT is of the left temporal bone at 1 year 7 months old.
Note the soft tissue density mass spreading from the'external

4 coronal 1mage

the external auditory canal accompanying-osteolysis (1-4: &,
=.). Images 1 and 2 are axial; images 3 and 4 are coronal.

auditoty canal to the tympanic cavity and a clear widening of



Chaptel 3 CongemtalAnomahes

Patient T ’:mdmgs

3 coronal image

Fig. 5. (Case 2) Left ear CT 1 year 5 months postoperatlve
(4 years 9 months old)--

[Patient CT Findings] ‘ :
The external auditory canal is wide (1, 3:48) and there are no

-findings of inflammation in the mastoid. The columella is in
proper position (2: %, 34 ) The posterosuperior walf of the -
external audltory canal (3:1) is reconstructed of soft tissue,
but pneumatization of the mastmd segment is favorable and’
‘there is no observable retraction or enlargement of the exter—
nal auditory canal wall.
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flap. Approx. one year later, after waiting for complete re-
covery from infection and inflammation, a meatotympa-
noplasty was performed. The external auditory canal was
formed using-a split thickness skin graft from the inguinal
region and a type 111 tympanoplas’cy was performed using
a sculpted incus as a minor columella. (Please see p 141 for
tympanoplasty c1a531f1cat1ons) :

H Postonerafewe Course and Patient CT Findings

The. postoperatwe course went favorably, with left average

-air condiiction hearing improving to 30.0.dB, the external

auditory canal wide (fig. 5:1, 3) as shown in, the follow-
up temporal bone CT (axial 1mages: fig. 5:1, 2; coronal
image: fig: 5:3), and no findings of inflammation in. the
mastoid. It is apparent that the columella is in proper po- -
sition (fig. 5:2, 3). For the external auditory canal, a canal
wall down tympanoplasty with soft wall reconstruction
was performed. Pheumatization of the mastoid is good
and there is no retraction or enlargement of the external
auditory canal wall (fig.'5:3). -

| Exammatlon and Treatment of Congenlta! EAC

Atresia and Stenosis,

Schuknecht classified congenital EAC atresia into four
groups [12, 13]. Type A (meatal) atresia is limited to the
fibrocartilagenous part of the external auditory canal.
Type B (partial) shows narrowing of the cartilaginous
and bony external auditory canal. Type C (total) includes
cases of totally atretic ear canal with a well-pneumatized
tympanic cayity. The ossicles are fused and most probably
not connected to a malfofmed stapes. Type D (hypopneu-
matic total) atresia is a total atresia with poor pneuma-
tization, which are poor surg1ca1 candidates for hearing
improvement, :

In examples of (A) and (B) with ste11031s in the carti-
laginous part, keratinized waste products from the skin is
obstructed and an external auditory canal cholesteatoma
forms; sometimes progressing toward the tympanic cavity
and damaging the ossicular chain. Some reports suggest

.that congenital EAC stenosis gives rise to external audi-

tory canal cholesteatoma in around 10% of cases {14]. In
EAC stenosis in infants, full observation of the tympanic
membrane is often impossible even with using a stnall di-

. ameter fiberscope. In such cases, a CT exam is essential at

time of initial visit and every one to several years there-
after. In cases of (B) involving stenosis of bothi the bony
and cartilaginous parts, the tympanic membrane is pres-
ent but of small diameter, with frequent malleus malfor-
mation and fixation to the lateral attic wall. Conductive
hearing loss is basically common among all cases (B) to
(D), but pure tone audiometry cannot be carried out until -
around five years of age, so it is difficult in newborns.and
infants to differentiate between sensorineural hearing loss
and conductive hearing loss using pure-tone audiometry.
In actuality, as seen both in this case and in Case 1, the
anomalies in the conduction system must be determined
as a result of comprehensive diagnosis of all findings,



