
Pathology of the Membranous Labyrinth: Comparison of T 1- and 
T2-Weighted and Gadolinium-Enhanced Spin-Echo and 
3DFT-CISS Imaging 

Jan W. Casselman, 1' 
3 Rudolf Kuhweide,2 Willy Ampe,2 Ludo Meeus, 1 and Luc Steyaere 

PURPOSE: To assess the value of unenhanced T1-weighted images, T2-weighted images , 

gadolinium-enhanced T1-weighted images, and three-dimensional Fourier transformation-con

structive interference in steady state (3DFT-CISS) images in depicting lesions of the membranous 

labyrinth. METHODS: Six patients were studied using 1-T MR; both enhanced (gadolinium-tetra

azacyclododecane tetraacetic acid) and unenhanced images were obtained and different sequences 

compared to determine which provided the most information. RESULTS: A combination of 

gadolinium-enhanced T1-weighted and 3DFT-CISS images could depict all membranous labyrinth 

pathology. Unenhanced T1-weighted images were necessary to exclude spontaneous hyperintens

ity in the membranous labyrinth. Gadolinium-enhanced T1-weighted images were needed to detect 

enhancing pathology such as labyrinthitis and tumors inside the membranous labyrinth . In these 

cases, 3DFT-CISS images allowed immediate differentiation between inflammation and tumor. In 

temporal bone tumors involving the bony and membranous labyrinth , unenhanced and enhanced 

T1-weighted images often sufficed to suggest the correct diagnosis. Only 3DFT-CISS images were 

able to demonstrate small struc tures (as fistulas) and to help us confirm or rule out obliteration of 

the labyrinthine fluid spaces. 3DFT-CISS images were necessary to detect small congenital 

malformations of the membranous labyrinth when only MR was performed . Uncalcified obliteration 

of the labyrinth fluid spaces could be reliably detected only on 3DFT-CISS images. Here also 

gadolinium-enhanced T1-weighted images had to be obtained because enhancement of the soft 

tissues inside the membranous labyrinth had been observed. CONCLUSION: The CISS sequence 

and enhanced T1-weighted sequence formed the best sequence combination for diagnosis of 

membranous labyrinth lesions; additional , unenhanced T1-weighted images can help one differ

entiate laby rinthitis, proteinaceous fluid , subacute hemorrhage, or tumor inside the laby rinth . 

Index terms: Temporal bone, magnetic resonance; Contrast media , paramagnetic; Magnetic 

resonance, technique 
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Initially, the radiologic study of the temporal 
bony labyrinth was restricted to conventional 
radiographic studies, later improved with polyto
mographic techniques. With the advent of com
puted tomography (CT), it became possible to 
detect soft-tissue lesions in the cerebellopontine 
angle and internal acoustic canal (lAC) and more 
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detailed study of the bony labyrinth became pos
sible. Recently magnetic resonance (MR) emerged 
as an excellent diagnostic method in the diagnosis 
of membranous labyrinth lesions. First only rou
tine Tl- and T2-weighted spin-echo sequences 
were used, showing normal anatomy, congenital 
lesions, and relatively large tumors of the mem
branous labyrinth (1) . The application of gadolin
ium (Gd) was a major step forward and diagnosis 
of small intralabyrinthine tumors (schwannomas, 
extension of metastases along cranial nerves) and 
inflammatory lesions (labyrinthitis) became pos
sible (2, 3). Finally, three-dimensional Fourier 
transform (3DFT) imaging made detailed ana
tomic studies (4 , 5) of the membranous labyrinth 
possible and also had the potential to add new 
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information to a routine spin-echo study of the 
pathologic membranous labyrinth (5, 6). The pos
sibility of making multiplanar and 3-D reconstruc
tions from a 3DFT data set certainly facilitated 
labyrinth examination (5, 6). 

Six patients presenting with sensorineural hear
ing loss (SNHL) or vestibular dysfunction and who 
eventually had membranous labyrinth lesions 
were selected from a group of patients presenting 
with the same symptoms. All in the group were 
screened for acoustic schwannomas with unen
hanced and enhanced T 1-weighted images, T2-
weighted images, and 3DFT -constructive inter
ference in steady state (CISS) images. In the six 
patients selected, the different sequences were 
compared to find out which single sequence or 
pair of sequences provided optimal information. 

Subjects and Methods 

Six patients (average age, 24 years; three women and 
three men) presenting with SNHL or vestibular dysfunction 
and who eventually had a membranous labyrinth lesion 
were studied. Clinical examination included audiometry and 
electronystagmographic vestibular examination (including 
both caloric and rotational chair tests) . Patients with SNHL 
or vestibular dysfunction and a lesion only present in the 
lAC or patients with lesions along the facial nerve were 
excluded from the study. Pathology included labyrinthitis, 
intravestibular schwannoma, cholesterol granuloma with 
fistula towards the labyrinth , fibrous dysplasia with laby
rinth involvement, large vestibular aqueduct syndrome, and 
Cogan syndrome. 

All patients underwent MR on a 1.0-T superconductive 
active shielded magnet including 3-mm contiguous axial 
unenhanced and Gd-tetra-azacyclododecane tetraacetic 
acid-enhanced (Dotarem, Guerbet Laboratories, Aulnay
sous-Bois, France) T1-weighted 2-D spin-echo images, 
500/ 15/ 4 (TR/ TE/ excitations), 4-mm axial T2-weighted 
2-D spin-echo images, 2500/ 15, 90/ 1 with a 0.8-mm gap, 
and 1-mm contiguous axial 3DFT-CISS images. The total 
acquisition time was 8 minutes 32 seconds for the T1- and 
1 0 minutes 40 seconds for the T2-weighted images. All 
images were obtained using a circular polarized head coil. 
In each patient, the value of T1-, T2-, and Gd-enhanced 
T1-weighted images and CISS images were evaluated. 

The following scoring system was applied: (-) = pa
thology not detected with this sequence or sequence pair 
alone, (+) = diagnosis possible, additional information 
provided by other sequences required , (++) = complete 
diagnosis can be made with this sequence or sequence pair 
alone. In each case the sequence or sequence pair providing 
the most adequate information was indicated by "*". 

The CISS sequence scheme, providing the CISS images, 
is a 3DFT sequence scheme using the steady-state free 
precession of spins (Deimling M et al , paper presented at 
the annual meeting of the Society for Magnetic Resonance 
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in Medicine, Amsterdam, August 1989). In this sequence 
scheme a "true" fast imaging with steady precession (FISP) 
sequence is run once with alternating and once with non
alternating radiofrequency pulses. This sequence scheme 
was already described in more detail (see companion article) 
(5). In the CISS sequence scheme, flow compensation 
techniques are used to make sure that spins, independent 
of their actual velocity, are being refocused. The flow 
compensation is applied to each gradient over each repe
tition time (TR) cycle, unlike standard flow compensation 
sequences (eg, motion refocusing angiography sequences) 
in which the flow compensation is applied to the echo. All 
three gradients are balanced, indicating that the average 
value of each gradient is zero. In this case, spins moving 
at a constant velocity will have the same phase after the 
application of the gradient pulses that they had before (7), 
resulting in high signal of all cerebrospinal fluid and laby
rinthine fluid (endolymph/perilymph) spaces. 

Such a steady-state flow-compensated 3D-FISP se
quence with symmetrical gradients will produce images 
that show bands of low signal intensity. These dark bands 
are caused by small magnetic field inhomogenities and 
local field distortions due to susceptibility changes that are 
normally produced by the patient. The solution to this 
problem is to acquire two data sets successively with a 
true FISP sequence of alternating and nonalternating radi
ofrequency pulses (5). A mathematical postprocessing op
eration (maximum intensity projection (MIP)) takes the 
information of each pair of images of the two 3-D data sets 
created in this way to produce an image with a homoge
neous intensity distribution over the whole image. Used 
parameters are 1 slab of 32-mm thickness, 32 partitions, 
TR = 20 msec, echo time (TE) = 8 msec, matrix= 256 X 
256, field of view = 176 mm; the result is 1-mm sections 
with an in-plane resolution of 0.69 X 0.69 mm and a total 
acquisition time of 2 times 2 minutes 46 seconds. In four 
patients (cases 2, 4, 5, and 6) 3-D reconstructions of the 
membranous labyrinth were made by applying a targeted 
MIP on the 3DFT-CISS images. 

Results 

All clinical and MR findings are presented in 
Table 1. The diagnostic value of all single se
quences and sequence pairs are evaluated in 
Table 2. Clinical audiologic and vestibular signs 
correlated well with the anatomical localization 
and side where the pathology was found in all 
cases. 

On T 1- and T2-weighted images, a complete 
diagnosis was possible in three and two cases, 
respectively. Gd-enhanced T 1-weighted images 
detected pathology in five cases, but additional 
information provided by other sequences was 
necessary to make the exact diagnosis in three 
cases. When a combination of unenhanced and 
Gd-enhanced T1-weighted images was used, then 
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TABLE I: Clinical and MR data on patients with membranous labyrinth pathology 

Case Age/ Sex 

46/M 

2 17/ F 

3 46/F 

4 15/ F 

5 14/ M 

6 22/ M 

Diagnosis/ A ffected 
Side 

Labyrinthitis/R 

Schwannoma in 

vestibulum/ L 

Cholesterol granu-

lorna fistula to 

PSC/L 
Fibrous dysplasia 

with labyrinth 

involvement/ R 

Large vestibular 

aqueduct syn

drome/R 

Cogan syndrome 

Clinica l Presentation 

(Audiologic/Vestibular) 

Sudden deafness/vestib
ular areflex ia 

SNHL/ spontaneous nys-

tagm us to the right, 

pathologic rotational 

and caloric tests 

SNHL in the low-fre-

quency range/vestib-

ular areflex ia 

Slight SNHL in the low-

frequency range/ 
vestibular areflex ia 

Progressive SNHL, 

mainly in the high

frequency range 

Bilateral subtotal SNHL/ 

bilateral vestibular ar

eflex ia interstitial ker

atitis 

T 1/T 2 

Normal 

2-mm isointensity' 

lesion in V / signal 
loss in V 

High-intensi ty' lesion 

posterior of porus 
and in V and PSC 

Hypointense' abnor

mal bone and 

LSC, PSC, SSC 

destruction + 

EAC narrowing/ 
isointense' bone 

Enlarged VA 

Normal 

MR Findings 

T 1-Gd 

Enhancement of 

C, V, ampullae 

of LSC, PSC 

and sse 
Enhancement in 

V and ampulla 

of PSC 

Same find ings, no 

enhancement 

Weak enhance

ment of bone, 
destruction 

LSC,PSC,SSC 

Enlarged VA 

Normal 

CISS 

Normal 

Filling defect in V 

Visua lization of 

fis tula 

Obl iteration of 

semici rcular 

canals 

Enlarged VA 

Narrowing of PSC 

and sse 

Note.-Abbreviations: C = cochlea, EAC = ex ternal auditory canal , LSC = lateral sem icircular canal, PSC = posterior semicircular canal, SSC = 

superior semicircular canal , V = vestibulum, VA = vestibular aqueduct, SNHL = sensorioneural hearing loss. 

' Hyper-, iso- or hypointense compared to brain tissue. 

TABLE 2: Value of different sequences in patients with membranous labyrinth pathology 

Case Diagnosis T 1 T2 T1 -Gd CISS T1 + T2 T 1 + T1-Gd T 1 + CJSS T2 + T 1-Gd T2 + CJSS T1-Gd + CISS 

Labyrinthitis + + +· + + 
2 Ultriculosaccular ++ + + + + + +· ++ + + ++ 

schwannoma 

3 Cholesterol + + + + ++· + + + + + 

granuloma 

with fistula to 

PSC 

4 Fibrous dyspla- ++ ++ ++ + ++ ++ + + ++ ++ ++· 

sia with Jaby-

rinth destruc-

tion 

5 Large vestibular ++ ++ ++ ++· ++ + + + + ++ ++ ++ 

aqueduct syn-

drome 

6 Cogan syn- + · + + + 

drome 

Note.- (- ) = diagnosis not possible with this single sequence or pair of sequences;(+) = pathology was recognized , additional information provided 

by other sequences required to make exact diagnosis; (++) = diagnosis can be made with this single sequence or pai r of sequences alone; (•) = optimal 

single sequence or pair of sequences in thi s case; PSC = posterior semicircu lar canal. 

pathology was detected in five cases and an exact 
diagnosis was possible in four of the six cases. In 
one case (case 3), the final diagnosis was made 
when both unenhanced T l - and T2-weighted 
images were used. The CISS sequence provided 
important additional information in four cases, 

also resulting in the best single sequence in cases 
5 and 6 and best sequence pair in case 4. A 
combination of CISS images and Gd-enhanced 
T l-weighted images was necessary to detect the 
pathology in all cases and also made an exact 
diagnosis possible in three of the six cases. 
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Discussion 

More lesions of the labyrinth are being diag
nosed since the introduction of MR, especially 
with Gd-enhanced and 3DFT imaging techniques 
(2-6). A good choice of sequences is necessary 
to detect the lesion and make the correct diag
nosis. These sequences should also be used when 
one is screening for acoustic schwannomas. An 
acoustic schwannoma is often difficult to differ
entiate from a labyrinthine lesion on a clinical 
basis (3); therefore, screening sequences must be 
selected so that a maximum of labyrinthine le
sions can be detected in case no lAC or cerebel
lopontine angle schwannomas are found . Our 
study shows that the Gd-enhanced T1-weighted 
sequence is very sensitive; however, uncalcified 
obliteration of the intralabyrinthine fluid spaces is 
recognized only on CISS images. The value of 
the different sequences depends on the pathology 
one is dealing with . In our study, the combination 
of a Gd-enhanced T1-weighted sequence and a 
CISS sequence scheme resulted in the highest 
sensitivity (Table 2). 

Pathology Causing Contrast Enhancement 
Inside the Membranous Labyrinth 

Localized enhancement in the labyrinth in 
cases of inflammation (case 1) (Fig. 1) and of 
tumors (case 2) (Fig. 2) has been described (2, 3, 
8). It is caused by breakdown of the blood-brain/ 
labyrinth barrier (9 , 10) and explains the high 
sensitivity of the Gd-enhanced T1-weighted se
quence. In case of inflammation (viral and luetic 
labyrinthitis) , Gd accumulation in the affected 
membranous labyrinth and its endolymphatic 

Fig. 1. Presumed viral labyrinthitis (case 1). Axia l Gd-enhanced 
Tl-weighted image (500/ 15/ 4) through both inner ears. Marked 
enhancement is seen in the right cochlea (curved black arrow), 
utriculosaccular structures (large white arrow), posterior (large 
black arrow), and lateral semicircular canal (white arrowheads). 
Normal intensities are seen in the left cochlea and labyrinth. 
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content probably causes the enhancement. In 
these cases, often more than one part (cochlea
vestibule-semicircular canals) of the labyrinth 
enhances and the edges of the enhancement are 
not sharp (Fig. 1). These signs can be used in the 
differential diagnosis between inflammatory and 
tumoral enhancement of the membranous laby
rinth. When a tumor is present inside the mem
branous labyrinth, the contrast enhancement is 
more likely restricted to one part of the membra
nous labyrinth and the edges of the enhancing 
lesion are sharp (Fig. 2B), although it can still be 
difficult to differentiate between inflammation 
and tumor even when both clinical information 
and the Gd-enhancement pattern are known. In 
these cases, follow-up studies have been used to 
make differentiation possible. In case of labyrin
thitis, the enhancement disappears after some 
months, while in case of tumor the enhancement 
persists. Immediate differentiation is now possible 
when 3DFT -CISS images are available. In case of 
labyrinthitis, Gd accumulation inside the mem
branous labyrinth will not be recognized on the 
CISS images and normal labyrinthine fluid spaces 
will be seen. But when a tumor is present, the 
tumor mass will replace the endolymph and loss 
of high signal can be seen (Fig. 2). It can, however, 
be difficult to decide whether one is dealing with 
a lesion or a volume-averaging artifact when such 
a signal loss is seen on a 1-mm axial section. In 
these cases, the 3-D labyrinth reconstructions 
play an important role. Volume-averaging arti
facts can be excluded when 3-D membranous 
labyrinth reconstructions are made (Figs. 2C-2D) 
and pathology is more easily recognized when 
the 3-D reconstructions of both sides are com
pared. 

Spontaneous high signal inside the labyrinth 
on T1-weighted images is theoretically possible 
in case of subacute hemorrhage in the labyrinth 
and when a high protein level is present inside 
the fluid spaces (elevated protein in perilymphatic 
fluid has been reported in patients with acoustic 
schwannomas). Therefore, it is necessary to start 
the study with an unenhanced T1-weighted se
quence in order to differentiate enhancement 
from spontaneous hyperintensity. The value of 
CT in case of labyrinthitis and intralabyrinthine 
tumors is limited; in cases 1 and 2, the pathology 
was not recognized on CT. CT can detect only 
the end stage of labyrinthitis: "labyrinthine ossi
fication ." 

In conclusion, unenhanced and enhanced T1-
weighted images in combination with CISS im-
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Fig. 2. Utriculosaccular schwannoma. 
A, Axial unenhanced T1-weighted image (500/ 15/ 4) through the left membranous laby rinth. Appropriate windowing makes a small 

lesion in the utriculosaccular structures visible as a 1.5-mm hyperintense lesion (large black arrows). Posterior semicircular canal (large 
white arrow), anterior segment, geniculate ganglion, and horizontal segment of the fac ial nerve ( white arrowheads). 

8 , Gd-enhanced axial T1-weighted image (500/ 15/ 4) through both inner ears. Marked enhancement is seen throughout the left 
utriculosaccular structures in a larger area than could be expected on the unenhanced images (large white arrows). Compare with the 
normal low signal in these structures on the right (white arrowheads). 

C and D, 3-D MIP reconstructions (from CISS images) of the right (C) and left (D) cochlea and labyrinth. Normal high signal intensity 
in cochlea (C), utriculosaccular structures (large white arrows) , and semicircular canals (white arrowheads) on the right (C). On the left 
side (D) the endolymph is replaced by a tumoral mass inside the utriculosaccular structures, resulting in lower signal (large white 
arrows) . Semicircular canals (white arrowheads) , cochlea (C). 

ages are able to show the above-mentioned pa
thology and lead to the correct diagnosis. T2 and 
CISS images alone cannot be used as screening 
sequences because they do not show labyrinth 
inflammation. 

Temporal Bone Tumors involving the Bony and 
Membranous Labyrinth 

Benign and malignant tumoral lesions can 
cause destruction of the bony labyrinth and can 
also obliterate the labyrinthine fluid spaces (cases 
3 and 4). Unenhanced and Gd-enhanced T1-
weighted images and T2-weighted images all con
tribute to the tissue characterization of the le-

sions. T2-weighted images, however, are not al
ways necessary. In case 3 (surgically confirmed 
cholesterol granuloma) , the T2-weighted images 
allowed further differentiation between a choles
terol granuloma and a congenital cholesteatoma. 
Both can present as a spontaneous high-signal 
lesion on T1-weighted images (Fig. 3A). In the 
first case, the signal remains very high ·(Fig. 3B), 
in the latter, slight fading is seen on T2-weighted 
images (1) . But high signal on T1-weighted im
ages in case of congenital cholesteatoma is rare; 
most often , signal intensities intermediate to the 
intensities of liquor and brain tissue are described 
(11). This reduces the value of T2-weighted im
ages in this particular case. In many other lesions, 
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A 
Fig. 3. Temporal bone cholesterol granuloma posterior to the 

lAC. Axial images at the level of the left lAC and lateral semicir
cular canal (case 3). 

A , Unenhanced T1-weighted image (500/ 15/ 4). A sponta
neous high signal intensity lesion (white arrowheads) is seen in 
the bone posterior to the lAC but also in the utriculosaccular 
structures (curved black arrow) and ampulla of the posterior 
semicircular canal (large white arrow). 

B. T2-weighted image (2500/90/ 1 ). High signal intensity is 
still seen in the bone posterior to the lAC (large black arrows) and 
in the utriculosaccular structures (large white arrows) and ampulla 
of the posterior semicircular canal (white arrowhead). 

C. 3DFT-CISS image (20/ 8/ 1). The 1-mm CISS image is able 
to show the fistula (large white arrow) between the lesion in the 
bone posterior to the lAC (large black arrows) and the posterior 
semicircular canal (white arrowheads). However. the intensity of 
the lesion cannot be distinguished from cerebrospinal fluid in the 
cerebellopontine angle and from the labyrinthine fluid on this CISS 
image. Ampulla of posterior semicircular canal (curved black 
arrow). 

as in the case of fibrous dysplasia (case 4), Tl
weighted images without and with Gd administra
tion suffice to make the exact diagnosis and T2-
weighted sequences are of limited value. 

In contrast, additional important information is 
often added by 3DFT -CISS images (cases 3 and 
4). Thin adjacent sections with high spatial and 
contrast resolution are needed to detect small 
lesions, such as fistulas, between tumors and the 
membranous labyrinth (Fig. 3C). These small 
lesions or structures can be missed on 3- to 4-
mm Tl- and T2-weighted images. 3DFT-CISS 
images are also required to detect obliteration of 
the labyrinthine fluid spaces. Obliteration is con
firmed when the high signal of the labyrinthine 
fluid is lost. Here again oblique sections through 
the labyrinth structures and volume-averaging 
artifacts could give a false impression of obliter
ation on the axial thin CISS images. On 3-D 
reconstructions, the three semicircular canals , the 
cochlea, and the vestibule are always completely 
visible. Any interruption of these structures on 
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the 3-D reconstructions represents obliteration of 
the labyrinthine fluid spaces (Figs. 48 and 4C). 
Consequently the Gd-enhanced Tl and CISS se
quence pair turned out to be the best sequence 
combination in case 4 and allowed detection of 
the pathology in case 3. 

CT was able to make the correct diagnosis in 
case 4 but obliteration of the fluid spaces inside 
the posterior and lateral semicircular canal could 
only be suspected. In case 3, CT allowed detec
tion of the lesion in the bone posterior to the lAC 
but the exact diagnosis of cholesterol granuloma 
was not possible without MR. The fistula and 
extension of the granuloma inside the membra
nous labyrinth were not recognized on CT. These 
cases show that in case of temporal bone tumors 
with involvement of the bony and membranous 
labyrinth Tl- and T2-weighted MR often sur
passes CT in the characterization of the lesion, 
and that obliteration of the labyrinthine fluid 
spaces is best demonstrated on 3DFT -CISS 
images. 
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Fig. 4. Fibrous dysplasia with labyrinth involvement (case 4). 
A, Axial unenhanced T1-weighted image (500/15/4) through the right inner ear. Thickening of the temporal bone and sphenoid 

bone (large black arrows) is seen. The diffuse bone alteration is hypointense compared to brain tissue and the lateral (white arrowhead) 
and posterior semicircular canal (large white arrow) seem to be interrupted; however, volume-averaging artifacts (3-mm sections) can 
make a definite diagnosis impossible. 

B, Axial 1-mm 3DFT-CISS image (20/8/1) through the right inner ear. The posterior part of the fluid in the lateral semicircular canal 
was seen neither on this image nor on the adjacent sect ions (curved black arrow). The fluid inside the posterior semicircular canal 
(white arrowheads) was also absent, confirming obliteration of this canal. The borders of the posterior semicircular canal ampulla and 
of the common crus were irregular and represent partial obliteration of these structures (large white arrows). Cochlear nerve ( CN) , 
inferior vestibular nerve (/VN). Normally there is no involvement of the otic capsule and labyrinth structures in case of temporal bone 
fibrous dysplasia ( 12, 13). Here, involvement of the labyrinth was proven by CT and MR and the diagnosis of fibrous dysplasia was 
confirmed by biopsy . 

C, 3-D reconstructions of the right labyrinth made by applying a targeted MIP on the 3DFT -CISS images. Only part of the fluid in 
the lateral (large white arrows) and posterior (white arrowheads) semicircular canal was seen , proving that there is obliteration of these 
structures. An impression on the superior semicircular canal is also demonstrated (curved black arrow). Normally these 3-D 
reconstructions can always be turned in space so that all three semicircular canals are visible (see also Fig. 4 in Casselman et al (5)}. 
Cochlea (C), nerves inside the lAC (large black arrows). 

Note: For corresponding drawing of this 3-D reconstruction see Figure 1 OC in Casselman et al (5) . 
D, Axial CT image through the right labyrinth . Diffuse bone alteration (large black arrows) is present in the temporal bone. Involvement 

of the posterior part of the lateral semicircular canal (cur ved black arrow) and bone alterations in the region where the posterior 
semicircular canal is expected (white arrowheads}. CT proves that bone destruction is present but allows no evaluation of the exact 
amount of labyrinthine fluid that is still present inside the altered bony labyrinth. 
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Congenital Malformations of the Membranous 
Labyrinth 

Patients with congenital malformations of the 
membranous and bony labyrinth frequently pre
sent with SNHL (14). Clinicians cannot always 
make the distinction between SNHL due to con
genital labyrinth malformation and SNHL due to 
acoustic schwannoma, therefore, many of these 
patients are initially studied with MR in order to 
exclude or detect an acoustic schwannoma. How
ever, when the MR technique is not adapted to 
this problem, small labyrinth malformations (mal
formations of the lateral semicircular canal, large 
endolymphatic duct and sac, etc) are more diffi
cult to see (Fig. SA) and may even remain unde
tected. With a 3DFT-CISS technique these mal
formations are easier to detect because a better 
contrast is achieved between the labyrinthine 
fluid and the surrounding bony labyrinth, and 
because more detailed evaluation of the membra
nous labyrinth is possible with the 1-mm adjacent 
sections (Fig. 58). Moreover 3-D reconstructions 
of the membranous labyrinth can be made when 
3DFT -CISS images are used, thus enabling one 
to evaluate the exact dimensions of the mal
formed structures in all planes. In case 5, the 
largest diameter of the enlarged endolymphatic 
duct and sac (large vestibular aqueduct syn
drome) ( 14-16) are not obvious on the axial CISS 
image (Fig. 58) but are visible on the 3-D recon
struction when the rather sagitally orientated en
dolymphatic sac is turned 30° towards the axial 
plane (Figs. SC and SD). Even in case of enlarge
ment of the endolymphatic duct and sac, addi
tional Gd-enhanced T1-weighted images are man
datory because Gd enhancement has been no
ticed inside an enlarged endolymphatic sac in 
patients with Meniere disease (idiopatic hydrops) 
(Mark AS et al , paper presented at the annual 
meeting of the American Society of Neuroradiol
ogy, Washington, June 1991). These malforma
tions of the inner ear can of course be detected 
on CT, but, as already mentioned, these patients 
are often first screened with MR to exclude acous
tic schwannomas. Therefore, the routine MR 
technique should include a 3DFT -CISS sequence 
to detect small congenital malformations of the 
labyrinth. 

Pathology Causing Obliteration of the 
Laby rinthine Fluid Spaces 

CT is able to demonstrate calcified obliteration 
of the labyrinthine fluid spaces (labyrinthitis os-
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sificans). However, it is probable that calcified 
obliteration is the end stage of earlier and more 
frequent uncalcified soft tissue obliteration. This 
soft-tissue obliteration is not visible on CT, but 
can be seen on 3DFT -CISS. On these images, the 
normal high signal of the labyrinthine fluid is 
replaced by low-signal soft tissues (Fig. 6), which 
can also be seen when a tumor is present inside 
the membranous labyrinth (Fig. 2). Again, 1-mm 
sections are necessary to exclude obliteration of 
small structures, and 3-D reconstructions are very 
helpful to exclude volume-averaging artifacts. 
Moreover, images displaying high contrast be
tween the labyrinthine fluid and surrounding bone 
are needed. The 3DFT -CISS images offer all these 
advantages and possibilities and, therefore, often 
detect obliteration when 3- to 4-mm T2- and 
unenhanced and Gd-enhanced T1-weighted im
ages and CT are normal. We have found uncal
cified soft-tissue obliteration of the labyrinthine 
fluid spaces (recognized only on 3DFT -CISS im
ages) in patients with Cogan syndrome, (case 6) 
and otosclerosis, as well as in cochlear implant 
candidates who were suffering from postmenin
gitic deafness. 

Gd-enhanced T1-weighted images remain nec
essary to differentiate between a rare intralabyrin
thine tumor (case 2) and inflammatory soft-tissue 
obliteration. But differentiation can even then 
remain difficult, as when we recently found Gd 
enhancement in the obliterating soft tissues in a 
patient with Cogan syndrome. Cogan syndrome 
is a rare syndrome, occurring in young adults 
presenting with nonsyphilitic interstitial keratitis, 
vestibuloauditory dysfunction, and vasculitis . 
Thickening of the membranous lining of the lab
yrinth walls and the presence of connective tissue 
with a mesenchymatous appearance or acido
philic coagulae inside the labyrinth have been 
reported ( 17, 18). Gd enhancement of the mem
branous labyrinth in these patients probably re
flects active disease with inflammation of the 
blood vessels of the stria vascularis. 

Conclusion 

The CISS sequence and the enhanced T1-
weighted MR sequence (3-mm sections) formed 
the most sensitive sequence pair in the diagnosis 
of membranous labyrinth lesions. Moreover, they 
allow excellent screening for acoustic schwan
nomas and labyrinth lesions, which are difficult 
to differentiate clinically. An additional unen
hanced T 1-weighted sequence should be consid-
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A 8 
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c D 

Fig. 5. Large vestibular aqueduct syndrome (case 5). 
A , Axial unenhanced T1-weighted image (500/ 15/ 4) at the level of the righ t lateral semicircular canal. The enlarged endolymphatic 

sac (large white arrows) can be seen medial of the ascending limb of the posterior semicircular canal ( white arrowhead). 
B, Axial 1-mm CISS image (20/ 8/ 1) at the level of the right lateral semici rcular canal. The enlarged vestibular aqueduct ( white 

arrowheads) and its relation to the posterior semicircular canal (large white arrow) is better seen. The endolymphatic sac can also be 
seen close to the cerebrospinal fluid in the posterior fossa (large black arrow) but no fistula is present. Lateral semicircular canal (curved 
black arrow), vestibule ( V). 

C, 3-D reconstruction of the labyrinth made by applying a targeted MIP on the 3DFT-CISS images. This 3-D reconstruction was 
rotated so that the normal parasagittal-orientated vestibular aqueduct was turned 30° towards the axial plane. In this projection, the 
real dimension of the endolymphatic sac can be appreciated and is now seen as a plane (triangle) rather than as the linea r structure 
that was seen on the axial image. The connection (curved black arrow) between the enlarged endolymphatic sac ( white arrowheads) 
and the vestibulum ( V) was recognized. Lateral semici rcular canal (LSC), posterior semicircular (PSC), superior semici rcular canal 
(SSC) , and cochlea (C). 

D, Drawing of the 3-D reconstruction of the labyrinth ( C). Only 3-D membranous labyrin th reconstruct ions allow evaluation of the 
largest dimensions of the endolymphatic sac (black arrowheads) because these images can be rotated freely in space. Cochlea (C), 
internal auditory canal (lAC) , lateral (LSC), posterior (PSC) , and superior sem icircular canal (SSC), vestibule ( V), posterior fossa (PF). 
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B 

c D 

Fig. 6. Patient with Cogan syndrome (case 6). CT was normal; no pathology was seen on Tl-, T2-, and Gd-enhanced Tl-weighted 
images. 

A, Axial CISS image at the level of the right superior semicircular canal. Normal signal intensity and diameter of the anterolateral 
(large white arrow) and posteromedial (white arrowhead) limb of the superior semicircular canal. 

8, Axial CISS image at the level of the left superior semicircular canal. Endolymph is seen inside the posteromedial limb (white 
arrowhead) of the superior semicircular canal, but only very little endolymph can be detected in the anterior limb due to narrowing of 
the canal (large white arrow). 

C, Axial CISS image through the right vestibule and cochlea. The endolymph inside the posterior semicircular canal can be seen 
(large white arrow). Lateral semicircular canal (white arrowheads), cochlear nerve ( CN} , and inferior vestibular nerve (IVN) (large black 
arrows). 

D, Axial CISS image through the left vestibulum and cochlea. The fluid inside the posterior semicircular canal cannot be visualized 
(large white arrow) representing total or subtotal obliterat ion of the canal. Lateral semicircular canal (white arrowheads) , cochlear nerve 
( CN}, and inferior vestibular nerve (IVN) (large black arrows). 

ered in order to differentiate labyrinthitis, protein
aceous fluid, subacute hemorrhage, or tumor 
inside the labyrinth. 
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