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Complete Labyrinthine Aplasia: Clinical and

ORIGINAL . . . . . . .
researcH | Radiologic Findings with Review of the Literature
B. Ozgen BACKGROUND AND PURPOSE: Complete labyrinthine aplasia (CLA), also referred to as Michel aplasia,
K.K. Oguz is a severe congenital anomaly of the inner ear, defined by the complete absence of inner ear
A. Atas structures. The purpose of this study was to document the imaging findings in a series of patients with

CLA, with review of the literature, to better understand this anomaly.
L. Sennaroglu
MATERIALS AND METHODS: The CT and MR imaging findings of 9 patients (14 ears with CLA) were

retrospectively evaluated. The audiologic tests and patient charts were also retrospectively reviewed.

RESULTS: CLA was bilateral in 5 and unilateral in 4 patients. The petrous bone was hypoplastic in all
14 ears, but the otic capsule was aplastic in only 5. The middle ear and mastoid volumes were
decreased in most of the ears. The stapes was aplastic in 1 ear and was dysplastic in 5 ears. The
internal acoustic canal was aplastic in 4 ears and markedly narrowed in 10 ears. The facial nerve canal
showed a variety of anomalies and aberrant courses in 11/14 ears. The bony covering of the jugular
bulb was defective in 9 ears. Tegmen tympani defects were seen in 3 patients, and there were several
accompanying skull base and posterior fossa anomalies.

CONCLUSIONS: Although CLA is a rare developmental anomaly, its accurate diagnosis and its differ-
ential diagnosis from labyrinthine ossificans is crucial. Proper guidance of these patients for brain stem
implantation in the critical period of brain development depends on the recognition of the characteristic

imaging findings of CLA.

COmplete labyrinthine aplasia (CLA, Michel anomaly) is a
severe anomaly of the ear defined by total absence of inner
ear structures.”” This rare anomaly was first described by
Michel' in 1863 and has only been reported as selected case
reports in the literature.” '* We report the first series of CLA
cases consisting of 14 ears in 9 patients, emphasizing their
distinguishing and unique features.

Materials and Methods

Patients

A data base search was performed to identify all patients with an
imaging diagnosis of CLA among patients who were scanned between
February 2000 and December 2007 in a single tertiary care health
center. Nine patients were identified. High-resolution CT and MR
imaging scans of these 9 patients (14 ears with CLA) were retrospec-
tively evaluated by a neuroradiologist. An experienced audiologist
(A.A.) performed a retrospective review of patients’ audiologic tests.
The medical charts that were available in 6 patients were also noted for
pertinent findings.

Imaging

Of 9 patients with CT scans, 6 had imaging on a 4-channel multide-
tector CT scanner (Somatom Plus 4 Volume Zoom; Siemens, Erlan-
gen, Germany) in the axial plane. The images were obtained with
0.5-mm collimation and 0.5-mm thickness. In 3 patients (patients
5-7), CT was performed with an older generation helical CT scanner
(Tomoscan AV; Philips Medical Systems, Eindhoven, the Nether-
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lands), with 1-mm section thickness (direct axial and coronal scans),
and only hard copy images were available for interpretation.

Seven patients had MR imaging examinations of the temporal
bones. MR imaging was performed with either a 3T (Magnetom Al-
legra, Siemens) or a 1.5T scanner (Symphony, Siemens) by using a
standard head coil. The standard temporal bone protocol included
transverse T1-weighted imaging (TIWI), transverse T2-weighted im-
aging (T2WI), and axial and sagittal oblique 3D constructive inter-
ference in steady state (3D-CISS) imaging.

Image Evaluation

The CT and MR images were retrospectively reviewed by a neurora-
diologist with experience in head and neck imaging (B.O.), who as-
sessed the following temporal bone structures: petrous apex, otic cap-
sule, mastoid volume and level of the mastoid tip, middle ear volume
and recesses, ossicles, facial canal and nerve, jugular bulb, carotid
canal, internal auditory canal (IAC), and vestibulocochlear nerve. Ad-
ditionally, skull base and posterior fossa structures were also
evaluated.

Audiologic Assessments

Transient evoked oto-acoustic emission (TEOAE) was used for the
first assessment in all subjects after otoscopic examination. Pure-tone
audiometry, acoustic reflexes, and the auditory brain stem response
(ABR) test were also performed in all patients.

Results
Of the 9 patients, 8 were female and 1 was male, with a mean
age of 7.3 years (range, 3—17 years) at the time of the imaging.
None of the patients had any family history of consanguin-
ity or sensorineural hearing loss. None of the patients were
related. The prenatal, natal, and postnatal histories of the pa-
tients were unremarkable except for an episode of nephrotic
syndrome in patient 4 and a history of adenoidectomy in pa-
tient 3. There was microtia in patient 5. Patient 3 had clinical
findings consistent with autism and slightly decreased vision.
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Imaging findings of the ears with labyrinthine aplasia

Facial
Otic  Middle Ossicle Cochlear Nerve Jugular Posterior Fossa Skull Base—0ther
Patient CT/MRI CLA Capsule Ear  Anomaly IAC Nerve  Course Anomaly Anomaly Bone Anomaly
1 +/+ R Apl Hypopl + Apl Apl Aberr + Large CPA Narrow clivus
L Apl Hypopl + Apl Apl Aberr +
2 +/— L Hypopl  Hypopl + Narrow ? Aberr + R CPA arachnoid cyst Low tegmen tympani, narrow
clivus
3 +/+ R Apl Hypopl + Narrow Apl Aberr + - Tegmental defect (L), low
L Hypopl  Hypopl - Narrow Apl Aberr - ETI%T:H tympani (R), narrow
4 +/+ L Hypopl  Hypopl + Narrow Apl Aberr + Split brain stem Narrow clivus
5 +/+ R Hypopl  Hypopl ? Narrow Apl Aberr + Wide 4th v lateral recess Tegmental defect, narrow
clivus
6 +/+ R Apl Hypopl ? Narrow Apl Aberr + Pontine malformation Encephalocele
L Apl Hypopl + Apl Apl Aberr +
7 +/—- R Hypopl N ? Apl ? ? + - -
L Hypopl N ? Narrow ? Aberr -
8 +/+ R Hypopl  Hypopl + Narrow Apl Aberr - - -
9 +/+ R Hypopl  Hypopl - Narrow Apl Aberr - Chiari 1 -
L Hypop!  Hypopl + Narrow Apl Aberr +

Note:—MRI indicates MR imaging; R, right; L, left; Apl, aplasia; Hypopl, hypoplasia; N, normal; ?, could not be evaluated in detail; Aberr, aberrant; CPA, cerebellopontine angle; 4th v,
fourth ventricle; +/+, both present; +/-, MRI absent; —, not found; CLA, complete labyrinthine aplasia; IAC, internal auditory canal; +, present.

Fig 1. A, Axial CT scan of the temporal bones of patient 1 shows bilateral absence of total
inner ear structures with aplasia of the otic capsules bilaterally. Note a large emissary vein
on the left. B CT scan of patient 4 reveals unilateral CLA on the left with a type 1
incomplete cochlear partition on the right. The petrous bone and the otic capsule are
hypoplastic on the left.

Otherwise, the physical examination findings were unremark-
able for the remainder of the patients.

The audiologic assessments did not reveal detectable re-
sponses in TEOAE, ABR, and acoustic reflexes in any of the
subjects with bilateral CLA except for limited findings in pure-
tone audiometry. Profound hearing loss was found in all sub-
jects. In patients 4, 5, and 8, severely decreased hearing was
also found in the contralateral ear.

The imaging findings are summarized in the Table. Seven
patients had both CT and MR imaging, but in 2 patients, only
CT images were available for interpretation. CLA was bilateral
in 5 and unilateral in 4 patients (Fig 1A, -B). The patients with
bilateral CLA did not have more pronounced temporal bone
or associated anomalies compared with those with unilateral
CLA. The petrous bone was hypoplastic in all 14 ears with
CLA, but the hypoplasia was mild in 5 (Fig 1B). The otic cap-
sule was aplastic in 5 and hypoplastic in 9 ears.
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The flattening of the medial wall of the middle ear (co-
chlear promontory) was apparent in 9 of 14 ears (Fig 2) but
subtle in the remaining 5. The middle ear volume was de-
creased in 12 ears, and the hypoplasia mostly involved the
hypotympanum (Fig 3). The middle ear medial and posterior
recesses were absent in all except 4 ears. Hypoplasia of the
mastoid bone was observed in 11 ears, with the posterior air
cells and mastoid antrum more frequently affected. In 8 ears,
the mastoid bone height was minimally reduced, and the mas-
toid tips were hypoplastic and high-positioned (Fig 4).

The stapes was aplastic in 1 ear and had a dysplastic appear-
ance in 5 ears, characterized by the absence of the footplate
and/or an increased angle between the crura. In 1 other pa-
tient, the stapes was rotated and displaced anterolaterally and
did not contact the medial wall of the middle ear (Fig 5). The
ossicles were completely normal in 2 ears. In the remaining 5
ears, the ossicles could not be evaluated in detail due to the
section thickness and absence of digital images.

The IAC was aplastic in 4 ears and markedly narrow in 10
(Fig 6). The vestibular and cochlear nerves were aplastic in all
patients with CLA who had MR imaging available for inter-
pretation (Fig 7). The facial nerve canal showed a variety of
anomalies and aberrant courses (Fig 8). The facial canal was
not clearly visible in 1 patient, and its course could not be well
appreciated.

The images did not reveal an aberrant internal carotid ar-
tery (ICA), and there was no evidence of a persistent stapedial
artery. However, the posterior genu of the petrous segment of
the ICA was short in 3 patients. A defect of the jugular bulb
bony covering was noted in 9 ears (Fig 9). The defect was
located laterally in 1 patient, with protrusion of the bulb into
the middle ear, consistent with a dehiscent jugular bulb. In
addition, jugular diverticula were present in 7 ears.

In patients with unilateral CLA, the contralateral ears were
also markedly dysplastic. The anomalies included the follow-
ing: severe cochlear and vestibular hypoplasia with IAC nar-
rowing in patient 2, type 1 incomplete cochlear partition (ICP)
with cystic dilation of the vestibule and enlargement of the



Fig 2. A, Flattening of the cochlear promontory (arrow) in CLA. B, Normal appearance of the cochlear promontory (arrow) and inner ear in a healthy patient. C, Normal appearance of the
promontory (arrow) in a patient with severe LO. Note the normal size of the petrous bone in the patient with LO.

Fig 3. Narrowing of the middle ear and mastoid antrum.

vestibular aqueduct in patients 4 (Fig 1B) and 8, and type 2 ICP
with dysplastic vestibule and semicircular canals in patient 5.

There were several accompanying skull base anomalies in
patients with CLA. The clivus and, in particular, its basisphe-
noid part, was narrow in 5 patients. The posterior aspect of the
clivus had a more concave appearance with an accompanying
J-type sella turcica in patient 1. Large bony defects at the teg-
men were seen in 3 patients, with soft-tissue protrusions into
the middle ear, suggestive of small skull base encephaloceles.
However, the presence of the encephalocele could be verified
by MR imaging in only a single patient (Fig 10). There was also
no surgical confirmation of these probable encephaloceles.
The posterior fossa was small in 5 patients. A small arachnoid
cyst was present in the right cerebellopontine cistern of patient
5, and the right lateral recess of the fourth ventricle was asym-
metrically wider in patient 3. Both cerebellopontine cisterns
were prominent in 1 patient without evidence of a space-oc-

cupying lesion. One patient had findings consistent with in-
complete split brain stem, 1 had Chiari 1 malformation, and 1
had a decreased anteroposterior diameter of the pons. In ad-
dition to the temporal bone, skull base and posterior fossa
anomalies were present in 2 patients who had cervical verte-
bral anomalies with fusion defects in the C1 arches and cervi-
cal segmentation anomalies.

Discussion
CLA, also called Michel anomaly or Michel aplasia, is a rare
congenital anomaly of the inner ear, constituting 1% of co-
chlear bony abnormalities.> CLA is defined by complete ab-
sence of inner ear structures due to a developmental arrest of
the otic placode before the third gestational week.'* This
anomaly was first reported by Michel in the autopsy report of
a 12-year-old boy with a history of congenital deafness.' The
child described by Michel had bilateral complete absence of
inner ear structures with markedly hypoplastic otic capsules
and aplastic cochlear nerves. The report also included a de-
tailed description of several associated anomalies.' This
anomaly was also documented in a few reports (9 case reports
describing a total of 12 patients) in the English-language liter-
ature,> ! all describing several associated anomalies. Until re-
cently, the only treatment option for this developmental
anomaly was vibrotactile hearing devices.”'> However, with
the development of implant technology, brain stem implanta-
tion is now an option for these patients who have functional
cochlear nuclei despite cochlear nerve and inner ear aplasia.”
We aimed to evaluate the pertinent findings in our series with
a review of the case reports appearing in the literature to date
and to relate them to embryonic development to increase our
understanding of this anomaly.

The inner ear anomalies are a complex group of disorders,
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Fig 4. A, Sagittal reformatted image of the temporal bone CT scan of an ear with CLA, demonstrating slight hypoplasia of the mastoid tip. B, Normal appearance of the mastoid tip in

a patient of the same age.

Fig 5. Anterolateral displacement and rotation of the stapes (white arrow) in an ear with
CLA. Note the shart process of the incus (black arrow) and head of the malleus (asterisk).

Fig 6. Coronal reformatted image of a patient with unilateral (left-sided) CLA reveals severe
narrowing of the IAC on the left.

the radiologic findings of which may be difficult to interpret.
The diagnosis may be further complicated due to the usage of
inappropriate terminology because different types of anoma-
lies have been described by the same author in the literature
(ie, “Michel aplasia” for CLA and “Michel dysplasia” for com-
mon cystic cavity'?). Therefore, it may be better to adapt de-
scriptive terminology such as CLA instead of Michel anomaly.

In the literature, “CLA” is sometimes defined as an anom-
aly with the absence of normal inner ear structures, which may
be replaced by a small single cystic cavity or several small cystic
cavities."” However, none of our 14 ears and none of the re-
ported cases in the literature had evidence of those cavities.
When present, the finding of cystic cavity (or cavities) should
imply a developmental arrest occurring after the development
of the otocyst and should be considered as an entity separate
from CLA.

Most (88.8%) of our patients were female; however, this
anomaly was reported both in girls and boys, without a female
dominance.*"°

Most of the reported cases of CLA in the literature,
including the original article by Michel," described bilateral

1,2,7,9,10
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aplasia of the labyrinths. However, as also previously reported
by Jackler et al,* Isenberg and Tubergen,® and Keeney et al,® 4
(44.4%) of our patients had unilateral CLA (as illustrated by
Fig 1B); thus, the presence of unilateral aplasia should not
exclude the diagnosis of CLA.

We have reviewed the imaging findings in our patients with
respect to the anomalies described by Michel,' and all the tem-
poral bone structures (especially the ones that are embryolog-
ically related to the otic capsule) were evaluated.

The petrous bone was abnormal in all our patients, with
complete aplasia-hypoplasia of the otic capsule and accompa-
nying petrous apex hypoplasia. This finding was also described
by Michel,' Keeney et al,* Marsot-Dupuch et al,” and Daneshi
et al,'® and though not mentioned in the text of the manu-
script, it could be seen on the figures of case reports by Hersh
et al” and Gross et al.'' In several CLA definitions, the otic
capsule is described as being entirely absent, and this is em-
phasized as a differential feature from labyrinthine ossificans
(LO)." The otic capsule may indeed be completely aplastic
(and was the case in 5 of our imaged ears, as seen in Fig 1A);
however as observed in 9 of our imaged ears (Figs 1B, 5,and 8),
the otic capsule is not necessarily aplastic in labyrinthine
aplasia.

The difference in the degree of otic capsule malformation
may be related to the timing of the insult—developmental ar-
rest. The otic capsule is formed by the differentiation of the
mesenchyme surrounding the otic placode, and this differen-
tiation is induced by the epithelium of the ectodermal otic
placode.”'*'” Thus, the anomalous formation of the otic cap-
sule may also be related to the degree to which the periotic
mesenchyme is affected by the arrested development of the
otic placode, resulting in a spectrum of findings. Nevertheless,
the malformation or underdevelopment of the otic capsule
and petrous apex or both were invariably present in all our
patients and in the cases previously published. We think that
the petrous bone hypoplasia and especially otic capsule mal-
formation (and not only otic capsule aplasia) might constitute
a major distinguishing feature between CLA and LO. How-
ever, the presence of a cochlear malformation (and the accom-
panying otic capsule malformation) does not preclude coex-
istence of LO, which can also occur in malformed inner ears.

Flattening of the medial wall of the middle ear is also a
well-described and known feature helping to differentiate
CLA from LO (Fig 24, -C)."® Although this finding was
present in all of our patients, the flattening was subtle and hard
to appreciate in 4 ears. It should, therefore, not be used as a



Fig 7. Axial (A) and bilateral sagittal oblique (Band C) 3D-CISS images of a patient with bilateral CLA demonstrates narrowing of the IACs bilaterally, containing only facial nerves (arrows).

An arachnoid cyst (asterisk) is seen within the right cerebellopontine angle (A).

Fig 8. Axial CT scan of the temporal bones shows an aberrant facial canal with anterior
displacement of the labyrinthine segment. The tympanic segment is short with a normal-
appearing mastoid segment (not shown). The IAC is severely narrowed.

pathognomonic feature (“must have”) of CLA, especially by
the inexperienced eye.

Middle ear cavities were mildly hypoplastic in most of our
patients (Fig 3), and the decreased volume was prominent in
the hypotympanum. This finding may be simply related to the
decreased height of the petrous bone, but it may also result
from altered development of the otic capsule because the hy-
potympanum is partly formed by the latter."” Similarly, the
mastoid bone was slightly hypoplastic in most patients, and it

had mildly decreased height in 8 ears (Fig 4A, -B). This asso-
ciation has not been reported since the initial article by Michel,
who described total lack of mastoid air cells and the absence of
the mastoid tip.! If this appearance is indeed an underdevel-
opment of the mastoid bone accompanying CLA, it may again
be due to the fact that the medial portion of the mastoid de-
velops from the periosteal layer of the bony labyrinth and thus
is dependent on proper otic capsule development.”® The
above-described finding may of course be related to mastoid
sclerosis (resulting from chronic otomastoiditis), and it has
been previously demonstrated that the length of mastoid pro-
cess is a correlate of mastoid pneumatization.”’ However,
mastoid sclerosis was present only in 5 ears (in 3/8 ears with
decreased mastoid height). Mastoid process development oc-
curs after the second year of age, and imaging performed be-
fore then may also give a false impression of a hypoplastic
mastoid tip. Our findings are unlikely to result from this phys-
iologic underdevelopment because the youngest patient in our
series was 3 years old, and Michel’s patient was 12 years old.'
Stapes aplasia-malformation is a previously reported fea-
ture of CLA"® and was also present in 7 (77.7%) of our pa-
tients. This association is not surprising because the medial
surface of the stapes footplate arises from the otic capsule.?
The malformations in our patients included widening of the
stapedial crura and rotation-displacement (Fig 5) and absence
of the footplate. The obturator foramen is formed by the in-
volution of the stapedial artery. The widening of this foramen
is probably linked to the absence of the footplate or may also
result from a delayed or altered involution of the stapedial
artery in CLA. The annular ligament of the stapes also arises
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Fig 9. Axial CT image (A) and coronal reformatted image (B) demonstrate a high-riding
jugular bulb (arrow), with an absent bony covering superiorly.

from the otic capsule, and lack of development—maldevelop-
ment of this ligament may explain the displacement of the
stapes in our patient.

The normal development of the facial nerve is dependent
on the normal formation of surrounding structures.””>” The
final position of the facial canal is determined by development
of the stapes and membranous labyrinth; therefore, an anom-
alous course of the facial canal is a predictable finding in CLA.
As expected, all of our patients with CLA (except 1) revealed
an anomalous facial nerve course. In 7 ears, the aberrant
course of the labyrinthine segment was directed more antero-
medially (Fig 8), a course that was previously described with
other cochlear malformations.”> In the remaining ears, the
labyrinthine segment of the canal was either more inferior or
posterior than its normal position as previously described by
Michel' and Marsot-Dupuch et al.” Most interesting, none of
our patients had any deficit in facial nerve function; this find-
ing proves once again that function of the facial nerve is inde-
pendent of the otic capsule formation."’

The eighth cranial nerve and its ganglion are formed by
cells from the otic vesicle during the fourth gestational week.>
The otic vesicle also induces the persistence and growth of the
eighth nerve via a growth factor.”® The vestibulocochlear
nerve should then be aplastic in CLA by definition, due to the
lack of otic vesicle development, and was indeed absent in all
our patients scanned with MR imaging. The cartilage forma-
tion of the otic capsule is inhibited medially to form the inter-
nal acoustic canal. This inhibition is induced by the presence
of the vestibulocochlear nerve.’ Consequently, in the absence
of the eighth nerve, the IAC caliber decreases in size, only
containing the facial nerve.>® Similarly, 10 ears in our series

6  Ozgen | AINR e | @ 2009 | www.ajnr.org

Fig 10. A Coronal CT image shows a bony defect along the tegmen tympani with
soft-tissue protrusion (arrow) into the middle ear. B, Coronal T2WI image of the same
patient reveals inferior displacement of the temporal lobe (arrow) through this bony defect,
consistent with a small encephalocele.

demonstrated marked narrowing of the canal, which probably
only contained the facial nerve (proved in 8 ears with MR
imaging and illustrated in Fig 7). However, the IAC was aplas-
ticin 4 of our ears, similar to the CLA cases reported by Keeney
et al® and Marsot-Dupuch et al.” The spectrum of atresia-hy-
poplasia may depend on the time of arrested development
and/or the amount of tissue cells affected by a specific insult.

The jugular bulb had a defect in its bony covering in 9 ears
(Fig9), with marked ectasia and diverticula in most patients. A
low tegmen tympani was seen in 2 patients. It is important to
differentiate the low position of the tegmen from its true bony
defects, because the latter can be associated with dural defects
and encephaloceles. A low tegmen tympani rarely causes any
obstacle to the middle ear surgery; however, bony defects at
the tegmen and associated encephalocele may become surgical
hazards if the dura is inadvertently penetrated. The fact that
jugular bulb bony defects and ectasia are frequently associated
with CLA may be related to the abnormal development of the
jugular bulb with persistence of embryonic venous structures
(such as the primary head sinus). Nevertheless, the possible
occurrence of these anomalies is especially important in cases
in which a mastoid or a middle ear intervention is planned
because a dehiscent jugular bulb or encephalocele can become
a hazard during such surgery.

Similarly, it is important to consider the increased inci-
dence of posterior fossa anomalies in patients with CLA rec-
ommended for surgery. Although the asymmetric dilation of
the lateral recess of the fourth ventricle has been described
only in 1 case, it is of particular concern because the dilation
may allow the migration or rotation of the electrode array
following brain stem implantation.”'

CLA has been reported to occur due to thalidomide expo-
sure,™ but a prenatal insult could not be identified in any of



our patients, and there was no genetic predisposition. How-
ever, given the associated anomalies in the skull base, cervical
vertebrae, and brain, a critically timed insult around 2-3
weeks of gestational age or a genetic defect in a common pre-
cursor cell-molecule should be considered. Even in patients
with unilateral CLA, the contralateral side is often dysplastic
(asin all the cases in the literature except the patients with CLA
in the series of Jackler et al,” who had normal hearing in the
contralateral ear).?

Conclusions

CLA is a rare developmental anomaly. Its accurate diagnosis
and differential diagnosis from LO is fundamentally impor-
tant in the current era of hearing-device implantation. Guid-
ing these patients to brain stem implantation in the critical
time period of the brain development also depends on recog-
nition of imaging findings by the radiologists. In this context,
it is important to acknowledge that this anomaly encompasses
a spectrum of radiologic findings varying from petrous aplasia
to otic capsule hypoplasia and may also be associated with
anomalies of other temporal bone and skull base structures,
such as tegmental defects, mastoid-middle ear hypoplasia, and
jugular bulb variations.
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