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Contrast Enhancement of the 
Labyrinth on MR Scans in Patients 
with Sudden Hearing Loss and 
Vertigo: Evidence of Labyrinthine 
Disease 

The sudden onset of hearing loss and vertigo presents a difficult diagnostic problem. 
We describe the finding of labyrinthine enhancement on MR images in five patients with 
sudden unilateral hearing loss or vertigo or both and correlate the MR findings with 
audiologic and electronystagmographic studies. All patients were studied with T2-
weighted axial images through the whole brain, contrast-enhanced 3-mm axial T1-
weighted images through the temporal bone, and enhanced T1-weighted sagittal images 
through the whole brain. Cochlear enhancement, on the side of hearing loss only, was 
found in all five patients. The presence of associated vestibular enhancement correlates 
with objective measures of vestibular function on the electronystagmogram. In two 
patients, the resolution of symptoms 4-6 months later correlated with resolution of the 
enhancement on gadopentetate dimeglumine-enhanced MR images. Two patients had 
luetic labyrinthitis. No labyrinthine enhancement was seen in a series of 30 control 
subjects studied with gadopentetate dimeglumine-enhanced MR using the same 
protocol. 

Labyrinthine enhancement in patients with auditory and vestibular symptoms is a new 
finding and is indicative of labyrinthine disease. While abnormalities on electronystag
mograms and audiograms are nonspecific and indicate only a sensorineural problem, 
gadopentetate dimeglumine-enhanced MR may separate patients with retrocochlear 
lesions, such as acoustic neuromas, from those in whom the abnormal process is in the 
labyrinth or is intraaxial. This group of patients underscores the importance of identifying 
and commenting on the structures of the membranous labyrinth when evaluating MR 
studies of the internal auditory canal and the cerebellopontine angle in individuals with 
hearing loss. 
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The sudden onset of hearing loss with or without vertigo is a difficult diagnostic 
problem for clinicians. The evaluation of these findings includes not only audiologic 
and vestibular testing but also axial CT and MR imaging with or without gadopen
tetate dimeglumine. To date, the primary role of MR imaging in this setting has 
been to exclude cerebellopontine angle and intraaxiallesions [1, 2] . 

In this article we report observations of labyrinthine enhancement when the MR 
contrast agent gadopentetate dimeglumine was administered to five patients with 
sudden unilateral hearing loss or vertigo or both and correlate the MR findings with 
objective measures of auditory and vestibular function by audiologic and electro
nystagmographic (ENG) studies, respectively. 

Materials and Methods 

Five patients (two men and three women 39-73 years old) with sudden onset (over a 
period of less than 48 hr) of unilateral hearing loss or vertigo or both are described. Three 
patients had a recent or concurrent history suggestive of a viral illness; two patients had a 
reactive serum fluorescent treponema! antibody (FTA) test, suggesting the diagnosis of luetic 
labyrinthitis. All patients were given IV gadopentetate dimeglumine in a dosage of 0.1 mmol/ 
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kg . All patients were studied on a 1.5-T superconducti ve magnet 
with T2-weighted axial images, 2800(30,80/1 (TR/TE(excitations), 
through the whole brain , as well as enhanced T1-weighted axial 
images, 600(20(2, through the temporal bone. Enhanced T1 -
weighted sagittal images through the whole brain were obtained also. 
In one patient, coronal images were obtained too. The axial images 
were 3 mm thick with a 0.5-mm gap. In some patients , because of 
slight asymmetry in positioning, the right and left labyrinths did not 
appear on the same image. In these cases, a split-screen technique 
was used for display to allow direct comparison of the right and left 
labyrinths. Each half of the image was displayed using identical 
window and level settings. With this technique, it was verified that 
the background intensity of the temporal bone on each side was the 
same, allowing comparison of the intensity of the labyrinths. This 
technique resulted in slight differences in the intensity of the cerebellar 
hemispheres, but did not affect the comparison of the labyrinths. 

A series of 30 patients referred for exclusion of acoustic neuromas 
or brainstem disease were evaluated using the same MR protocol , 
including 3-mm-thick enhanced T1-weighted axial images through 
the internal auditory canals. The MR images of the asymptomatic 
labyrinth were evaluated retrospectively for labyrinthine enhancement 
and were used as controls. We also reviewed the labyrinths of six 
patients with intracanalicular and(or cisternal acoustic neuromas. In 
the four patients with localizing symptoms and signs, the asympto
matic side provided an internal control for comparison. All audiologic 
and ENG studies were reviewed by a certified audiologist. 

TABLE 1: Findings in Patients with Audiologic Evidence of 
Severe Hearing Loss 

Case Vestibular Function MR Enhancement 
Age Sex 

No. (Eiectronystagmography) Cochlea Vestibule 

1 73 F Severely decreased Yes Yes 
2 71 M Severely decreased Yes Yes 
3 39 M Normal Yes No 
4 67 F Minimally decreased Yes No 
5 70 F Abnormal" Yes Yes 

' Caloric inversion on warm water stimulation of symptomatic ear, a response 
that can indicate a brainstem lesion. 

c 

Results 

Table 1 summarizes our results . All five patients had sudden 
deafness, four with unilateral hearing loss and one with bilat
eral but asymmetric hearing loss. Cochlear enhancement was 
present only on the symptomatic side in the four patients with 
unilateral deafness and in the profoundly deaf ear of the 
patient with bilateral hearing loss (Figs. 1-3). Four of the five 
patients also had vertigo, but vestibular enhancement was 
seen only in the three patients with severe ENG abnormalities. 
The patient with bilateral deafness also had facial paresis on 
the profoundly deaf side. The facial nerve on the paretic side 
enhanced. No enhancement of the asymptomatic labyrinth 
was seen in the 30 control subjects. None of the six patients 
with acoustic neuromas had labyrinthine enhancement on the 
symptomatic side. The T2-weighted images showed no brain
stem abnormalities. 

Representative Case Reports 

Case 2 

A 71-year-old man experienced sudden onset of vertigo, left-sided 
hearing loss, and tinnitus associated with a flulike illness. There was 
moderate to severe hearing loss on the left, with no response to 
caloric stimulation, consistent with severe vestibular dysfunction. 
Enhanced MR imaging (Fig . 1A) revealed enhancement of the left 
cochlea and vestibule but no enhancement on the right. 

An audiogram 6 weeks after the onset of symptoms showed 
somewhat improved hearing and discrimination. The patient still 
experienced dizziness. A repeat ENG was still abnormal although 
slightly improved. Enhanced MR imaging at this time showed per
sistent enhancement of the left cochlea and vestibule (Fig . 1 B). 

An audiogram 8V2 months later showed continued improvement in 
hearing in the patient 's left ear. The dizziness had resolved com
pletely. A follow-up enhanced MR study 1 month later (5 months 
after the initial MR study) showed no enhancement of either the left 
cochlea or vestibule (Fig . 1 C). 

Case 3 

A 39-year-old man experienced sudden bilateral deafness, right 
worse than left, and a peripheral right facial paresis. An audiogram 

B 

Fig. 1.-Case 2: Axial T1-weighted enhanced images, 600/20/2, in 
patient with abnormal cochlear and vestibular function in the left ear. 

A, Initial study shows enhancement of left cochlea (solid arrow) and 
vestibule (open arrow). No enhancement is seen on asymptomatic contra
lateral side. 

B, 1 month after initial MR study, when the patient had shown some 
improvement in hearing and slight improvement on electronystagmo
graphic testing. Enhancement of labyrinth persists (arrows). 

C, 5 months after initial MR study, at which time there was marked 
improvement in hearing and resolution of vestibular symptoms. Enhance
ment of left cochlea and vestibule is no longer present. 



A B 

Fig. 2.-Case 3: T1-weighted enhanced images, 600/20/4, in patient with profound right-sided hearing loss, facial palsy on the right, moderate left
sided hearing loss, and positive CSF and blood serology for syphilis. 

A, Coronal image shows enhancement of right cochlea (solid arrows) and right facial nerve (open arrows). Left cochlea and facial nerve are normal. 
B, Axial image 5 weeks after initial study reveals lack of vestibular enhancement (solid arrow) and persistent cochlear enhancement (open arrow). 

A B 
Fig. 3.-Case 4: Axial T1-weighted enhanced images, 600/20/2, in patient with right-sided hearing loss and vertigo with only minimally abnormal 

electronystagmogram. 
A, Initial study shows enhancement of cochlea (solid arrow) but not of vestibule (open arrow) on right side. No enhancement is seen of asymptomatic 

side. 
8, 6 months after initial study, by which time the patient's hearing and discrimination had improved. Right cochlea no longer enhances. 

revealed profound hearing loss in the right ear (no response) and a 
moderate sensorineural loss in the left ear with fair discrimination. An 
enhanced MR image (Fig. 2A) revealed enhancement of the right 
cochlea and right facial nerve. 

The patient 's FTA was 4+ reactive , and he was treated with 
penicillin and steroids. An MR image 5 weeks later, with unenhanced 
and enhanced images (Fig . 28), revealed persistent but decreased 
enhancement of the cochlea and no enhancement of the facial nerve. 

Case 4 

A 67-year-old woman presented with acute onset of hearing loss 
and tinnitus on the right following a recent flulike illness. There was 
a severe sensorineural hearing loss in the right ear, but on the left 
the ENG was only mildly abnormal. Enhanced MR imaging (Fig. 3A) 
demonstrated enhancement of the cochlea, but not of the vestibule , 
on the right side. The other side was normal. An audiogram 6 months 
after the onset of symptoms revealed significant but incomplete 
resolution of the hearing deficit. No enhancement of the labyrinth was 
seen on a follow-up enhanced MR image (Fig. 38) at the time of the 
repeat audiogram. 

Discussion 

Sensorineural hearing loss due to cerebellopontine angle/ 
internal auditory canal lesions, especially acoustic neuromas, 
and intraaxial causes have been reported extensively [1 , 2]. 
Little attention has been paid to MR identification of abnor
malities of the bony and membranous labyrinth. 

In this report we present a series of patients with sudden 
hearing loss andjor vertigo who had enhancement of the 
labyrinth on contrast-enhanced MR images. We believe this 

finding represents labyrinthitis. The membranous labyrinth is 
an interconnecting series of tubes and sacs containing en
dolymphatic fluid and the vestibular and cochlear sensory 
structures. It is suspended in perilymphatic fluid and lies within 
the bony labyrinth. The membranous labyrinth has precarious 
vascularization with no collateral circulation from the otic 
capsule [3] . 

The membranous labyrinth with its surrounding perilymph 
is well seen as an intermediate-signal-intensity structure 
against the low signal intensity of the temporal bone on T1-
weighted MR images. The fluid in the cochlea and vestibule 
produces high signal intensity on T2-weighted images. 

Enhancement on contrast-enhanced T1-weighted se
quences is well documented in a number of inflammatory as 
well as neoplastic lesions, reflecting the breakdown of the 
blood-brain barrier [4, 5]. We believe the labyrinthine enhance
ment seen in our cases represents accumulation of gadopen
tetate dimeglumine in the abnormal labyrinthine membrane. 

There are many causes of sudden sensorineural hearing 
loss and vertigo [6]. In the five cases we report , viral labyrin
thitis is postulated as the most likely disease process in cases 
1, 2, and 4, with luetic labyrinthitis most likely in cases 3 and 
5. Previous reports have pointed out that the labyrinth may 
become involved in the course of specific viral infections such 
as measles, mumps, and upper respiratory infections and that 
sudden deafness may be caused by viral infection without 
clinical evidence of systemic involvement [3, 7, 8]. Luetic 
labyrinthitis , which can occur in the presence of a positive 
serum but negative CSF FT A test (as was found in case 5), 
is also recognized as a cause of hearing loss and vertigo [3] . 
The history of virallike illnesses in the three patients with 



recent epidemiologic, histopathologic, immunologic, and vi
rologic studies [7 , 8] provides strong support for viral labyrin
thitis as the underlying disease process in our patients. The 
argument for viral labyrinthitis is particularly strong in cases 2 
and 4, both of which had documented improvement in hearing 
over a period of several months-a clinical course much more 
consistent with viral labyrinthitis than with a vascular insult. 

Even though ischemic injury to the labyrinth has been 
hypothesized as a cause of sudden hearing loss, experimental 
studies in guinea pigs have shown that ischemia of 30 min or 
longer results in permanent severe loss of inner ear function 
[9, 1 0]. Thus, ischemia would be an unlikely explanation for 
our patients ' symptoms, since significant recovery of function 
occurred in cases 2 and 4. 

The lack of unenhanced images in some of our patients is 
unfortunate because they might have provided unequivocal 
proof of labyrinthine enhancement, as opposed to high signal 
intensity from proteinaceous fluid or blood, in each case. Axial 
unenhanced images were not obtained in these patients 
because the majority of studies in patients referred to our 
institution to exclude acoustic neuromas were normal. For 
technical reasons, we were unable to obtain unenhanced T1-
weighted images in these patients at a later time. Subacute 
hemorrhage in the labyrinth theoretically could produce high 
signal intensity in the labyrinth on T1 -weighted images and 
persist on enhanced studies, thus mimicking enhancement. 
Proteinaceous fluid also could theoretically cause T1 short
ening and high signal intensity on unenhanced T1 -weighted 
images. Elevated protein in perilymphatic fluid has been re
ported [11] in patients with acoustic neuromas. Although 
hemorrhage or proteinaceous fluid in the labyrinth could mimic 
enhancement, the appearance of high signal intensity in the 
cochlea and vestibule on unenhanced T1-weighted images 
was never reported in the numerous studies of patients 
evaluated for hearing loss before the availability of gadopen
tetate dimeglumine. There was no high signal in the labyrinth 
on the affected side in the six P-"tients with acoustic neuro
mas. Therefore, if the perilymphatic protein was elevated in 
the neuroma cases, it was insufficient to cause high signal in 
the labyrinth. In case 3, however, both unenhanced and 
enhanced follow-up images were obtained and confirmed 
enhancement of the cochlea. 

In the future , additional correlative studies such as viral 
titers might help elucidate the pathologic significance of la
byrinthine enhancement in patients with sudden hearing loss 
and vertigo. 

In our series, there seems to be a relationship between the 
degree of functional impairment and enhancement with ga
dopentetate dimeglumine. There appears to be a threshold of 
labyrinthine inflammation beyond which enhancement be
comes apparent. In this series , enhancement of the labyrinth 
appears to be a highly specific sign of labyrinthine disease, 
since all patients with this finding had markedly abnormal 
labyrinthine function on the enhancing side. The sensitivity of 
this finding remains to be determined, but our study suggests 
that patients with lesser degrees of involvement (as in the 
vestibule in case 4 and the right cochlea in case 3) may not 
demonstrate enhancement of the labyrinth. A similar threshold 
phenomenon was described in experimental studies of bac-

terial meningitis in dogs: areas of meningeal enhancement 
correlated with areas of pathologically proved meningeal in
flammation , but several areas of milder inflammation did not 
enhance with gadopentetate dimeglumine [4]. 

Enhancement of the cochlea is not specific for inflammatory 
lesions. A case report of cochlear enhancement in a patient 
with a surgically proved intracochlear neuroma was published 
recently [12]. Previously, intralabyrinthine neurinomas were 
rarely suspected on the basis of radiologic studies or diag
nosed during life, although they have been reported in histo
pathologic studies of temporal bones [13] . Because intra
cochlear neuromas are so rare , it is not known whether they 
could present with sudden hearing loss. Thus, intralabyrin
thine neuromas cannot be excluded completely unless reso
lution of the enhancement can be documented, as in cases 2 
and 4. 

In conclusion , when evaluating a patient with hearing loss 
or vertigo, the radiologist should carefully scrutinize the lab
yrinth , in addition to the internal auditory canal , cerebellopon
tine angle, and brainstem. Since the abnormalities seen on 
ENG and audiograms are nonspecific and indicate only a 
sensorineural problem, enhanced MR scans may separate 
patients with retrocochlear lesions, such as acoustic neuro
mas, from patients in whom the abnormal process is labyrin
thine or intraaxial. 
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