
Magnetic Resonance Imaging of 
Perilymphatic Fistula 

Michael S. Morris, MD; Jonathan Kil, BS; Mark J. Carvlin, PhD 

Perilymphatic fistula (PLF) is considered to be a 
most challenging otologic issue. There are no cur
rently agreed upon objective tests for the diagnosis 
of PLF. In an effort to improve diagnostic accuracy in 
patients with suspected PLF, a novel diagnostic test 
involving magnetic resonance (MR) contrast imag
ing was designed. An experimental PLF was created 
in the cochlear round window membrane of healthy 
adult cats. Since cochlear perilymph is thought to be 
an ultrafiltrate of cerebral spinal fluid, gadodiamide 
(gadolinium-diethylenetriamine penta-acetic acid 
[DTPA] bismethylamide), a nonionic paramagnetic 
contrast agent, was injected intrathecally in an at
tempt to enhance imaging of the created fistula. Post
contrast images of the fistualized cochlea demon
strate a significant increase in the signal intensity of 
the cochlear perilymph with pooling of enhanced 
perilymph observed in the ipsilateral mastoid bulla. 
Magnetic resonance contrast imaging may prove to 
be a valuable technique in human studies involving 
perilymphatic fistula. 

INTRODUCTION 

Perilymphatic fistula continues to be one of the 
most challenging diagnostic problems in contempo
rary otology. Earlier reports of fistula diagnosis and 
management centered around the postoperative com
plication of stapedectomy.1 In more contemporary 
times, PLF was raised as a possible diagnostic consid
eration in the context of unexplained hearing loss 
and/or vertigo.2,3 A significant increase in the litera
ture supporting this concept was seen. Clinical stud
ies encouraging this understanding were based 
strictly on the surgeon's subjective opinion of intra
operative findings. There has been no accepted gold 
standard in PLF diagnosis. 
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Surveys of clinical PLF practice suggest that 
there is no consensus of opinion regarding diagnostic 
�LF t�sting. 4 As the pendulum begins to swing, more 
mvestigators are looking towards objectivity in re
porting clinical PLF studies.5 In a review of the litera
ture involving PLF, sufficient otologic and radiologic 
evidence was found to indicate that magnetic reso
nance (MR) contrast imaging might be a reliable 
diagnostic tool in PLF detection. First, inner ear 
perilymph is similar in ionic composition to the cere
bral spinal fluid (CSF), and is thought to be an ultra
filtrate of the CSF.6 The cochlear aqueduct acts as a 
communication between the CSF and the cochlear 
perilymph. 7 Second, MRI with subarachnoid infusion 
of paramagnetic contrast agent has proven useful in 
detailing the leakage patterns of CSF rhinorrheas in 
dogs. 8 Given these observations, we believe that MRI 
with intrathecal administration of paramagnetic con
trast agents may be used to enhance cochlear peri
lymph through the normal communication that exists 
between the CSF and the inner ear. 

Furthermore, in the presence of a cochlear round 
window membrane fistula, subarachnoid infusion of 
paramagnetic contrast agents should allow for the 
visualization of leaking perilymph into the middle ear 
space. This technique would provide a nonsurgical 
diagnostic means for identifying patent PLFs. Owing 
to the exquisite resolution of MR imaging, this tech
nique may provide a more sensitive and accurate 
measure of PLF detection than is currently available. 
This preliminary report demonstrates the subarach
noid administration of gadodiamide (gadolinium
DTPA bismethylamide), a nonionic paramagnetic con
trast agent, in the successful magnetic resonance 
imaging of surgically created PLFs in the adult cat. 

METHODS 

Six healthy adult cats were preanesthetized with an 
intramuscular injection of ketamine hydrochloride (10 
mg/kg) and xylazine hydrochloride (10 mg/kg). An intra
venous infusion of sodium pentobarbital (25 mg/kg) was 
used to induce and maintain anesthesia. Normal pre
contrast resolution of the cat inner ear was determined by 
placing the cats in a human head coil and imaging with a 
1.5-T magnetic resonance scanner (63.4 MHz). Tl-weighted 
spin echo sequences were performed with an echo time (TE) 
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of 15 msec and a repetition time (TR) of 600 msec. Four 
acquisitions were made in the coronal (3-mm thick) and 
axial (2-mm thick) plane of section for each experiment. The 
field of view was 15 cm and a 256 x 756 pixel matrix was 
used. 

Creation of a unilateral perilymphatic fistula was per
formed in a sterile surgical field. A postauricular incision 
was made ventral to the left pinna and the mastoid bulla 
was identified. A bullostomy was achieved with a surgical 
drill. The middle ear cavity was identified. The cochlear 
round window niche was located and a perilymphatic fistula 
was created by surgical puncture of the round window 
membrane with a 25-gauge hypodermic needle. The needle 
was inserted at an angle that was perpendicular to the 
surface of the round window membrane. The ventral skin 
incision was closed with 2.0 silk. Cats were then prepared 
for injection of the paramagnetic contrast agent. 

The occipital skull base was shaved and a 20-gauge 
spinal tap needle was inserted through the cervical dura 
into the subarachnoid space. Injection of a 0.15-mL dilute 
solution of gadolinium-DTPA bismethylamide (1 to 4 parts 
0.9% sterilized saline) was achieved using a 1-mL syringe 
attached to the spinal tap needle. Gadodiamide is a nonionic 
form of gadolinium chelate complex from Salutar, Inc. with a 
stock concentration of789 mOsm/kg of water. The contrast 
medium was infused slowly over a period of 20 seconds. In 
one cat, 0.2 mL offluorescein (25% stock solution) was added 
to the injection medium to aid in the surgical observation of 
fistula patency. The cats were placed on heating pads before 
and after imaging, and during surgery. Body temperature 
was monitored with a rectal thermometer. 

Postcontrast imaging was performed under the same 
conditions as previously noted. Following completion of the 
postcontrast imaging sequence, the cats were euthanized 
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Fig. 1. A schematic 
illustration of the middle 
and inner ear. Arrows 
positioned at the cochlear 
round window and oval 
window membranes 

indicate the exudation of 
inner fluid that would be 
present in a perilymphatic 
fistula. 

with an intravenous injection of euthanasia 6 solution (1 
mL/3 kg). 

RESULTS 

Figure 1 is a schematic illustration of the middle 
and inner ear. Arrows indicate the assumed flow of 
cerebral spinal fluid (CSF) through the cochlear aque
duct and internal acoustic meatus to reach the peri
lymphatic spaces of the cochlea. Arrows positioned at 
the oval window and round window membranes indi
cate the abnormal flow of cochlear perilymph into the 
middle ear space, resulting in the condition known as 
perilymphatic fistula (PLF). 

Six anesthetized cats were imaged in a human 
head coil to determine the normal spatial and con
trast resolution achieved with standard magnetic res
onance imaging. In Figure 2, a Tl-weighted pre
contrast axial image (TR= 600/TE = 15 msec) of the 
normal cat head at the level of the middle and inner 
ears serves as a control. The inner ear structures 
display relatively low levels of signal intensity and are 
observed along the ventrolateral borders of the tempo
ral wall (arrow). The vacuous middle ear space is 
devoid of any significant signal intensity. 

The effects of a perilymphatic fistula (PLF) upon 
the level and distribution of signal intensity within 
the cat inner ear are also demonstrated in Figure 3. A 
unilateral PLF was created by surgical puncture of 
the cochlear round window membrane in each of the 
six cats. A Tl-weighted postcontrast axial image 
(TR= 600/TE = 15 msec) of the fistualized inner ear is 
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demonstrated on the left side of Figure 3. The fistu
alized cochlea displays a significantly higher level of 
signal intensity with a greater area of distribution 
than the signal intensity observed in the intact con
tralateral cochlea. Ipsilateral to the fistualized co
chlea, the abnormal appearance of enhanced peri
lymph fills the ventral region of the middle ear cavity 
(arrow). Note the absence of signal intensity in the 
contralateral (control) middle ear space. 

The signal intensity of the CSF is significantly 
increased following an intrathecal infusion of gad
odiamide (gadolinium-DPT.A bismethylamide) through 
the cervical dura. In Figure 3, gadodiamide-enhanced 
CSF is observed outlining the cat brainstem and 
ventral cerebellum. The appearance of gadodiamide
enhanced signal intensity of the CSF is immediate. 
Similarly, the fluid-filled compartments of the inner 
ear demonstrate higher levels of signal intensity than 
normal following injection of gadodiamide into the 
CSF (compare Figure 2 and 3). The postcontrast 
images of the intact cochlea appear on the right side of 
Figure 3. Perilymph signal enhancement of the intact 
cochlea usually occurs within 10 minutes after gad
odiamide injection into the subarachnoid space. 

The appearance of signal-enhanced perilymph 
flowing from the fistualized cochlea was usually ap
parent on MRI within 10 to 15 minutes following 
injection of contrast medium into the CSF. This 10- to 
15-minute period represents the time it takes to re
ceive the first axial images of a postcontrast scan
sequence. In two fistualized cats, the robust appear-
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Fig. 2. A precontrast 
T1-weighted (TR= 600 
msec/TE = 15 msec) 
magnetic resonance 
image of the cat inner ear 
In axial plane of section 
using a standard human 
head coil. Note the low 
levels of signal intensity 
displayed by the inner ear 
structures (arrow) and the 
lack of signal intensity in 
the middle ear space. 

ance of gadodiamide-enhanced perilymph leaking 
into the middle ear space occurred 30 minutes after 
intrathecal infusion. In one cat, a period of 1 hour was 
necessary for visualization of enhanced perilymph 
within the ipsilateral mastoid cavity. Fistula patency 
was confirmed surgically with a subarachnoid infu
sion of fluorescein in one cat. The mastoid bulla was 
subsequently examined for the presence of fluorescein 
when creating the experimental fistula. Fluorescein 
was observed leaking from the round window perfora
tion approximately 2 minutes after intrathecal injec
tion. No adverse physiologic effects were observed in 
the cats after subarachnoid injection of gadodiamide. 

DISCUSSION 

Magnetic resonance contrast imaging, with in
trathecal administration of gadodiamide, facilitated 
the visualization of experimentally induced perilym
phatic fistulas. In each of the six cats with uni
laterally created PLFs, increased levels of signal in
tensity were observed in the fistualized cochlea, 
relative to the postcontrast lev.els of signal intensity 
in the intact contralateral cochlea (Fig. 3). Further
more, gadodiamide-enhanced perilymph was more 
diffuse within the fistualized cochlea, and readily 
apparent within the ipsilateral middle ear space 
when compared to the control ear in the same subject. 

The higher and more widely distributed levels of 
enhanced CSF perilymph through the fistualized co
chlea, suggest that the disruption of round window 
membrane integrity influences the fluid dynamics of 
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the cochlear perilymph. Reasons for this might in
clude that the round window membrane fistula cre
ates an area of negative pressure within the scala 
tympani, thus increasing the flow of CSF perilymph 
to this region of less resistance. Similar changes in 
intracochlear fluid pressure as a result of a PLF have 
been suggested. 9 

In one experiment, a subarachnoid injection of 
fluorescein was performed in conjunction with the 
infusion of gadodiamide to aid in the surgical identi
fication of fistula patency. The appearance of the 
fluorescein exuding from the perforated round win
dow membrane was rapid and indicated that the 
fistula was indeed patent. This technique of surgical 
determination of fistula patency was previously es
tablished in a guinea pig model.10 Interestingly, the 
addition offluorescein (0.2 mL of a 25% stock solution) 
to the injection bolus resulted in a more rapid visual
ization of contrast enhancement using magnetic reso
nance imaging. Our subsequent experiments in 
which fluorescein was omitted from the injection vol
ume revealed that, although the fluorescein increased 
the rate in which a fistula could be observed with 
MRI, it was not necessary for fistula determination. It 
appears that the increase in injection volume due to 
the addition of fluorescein was responsible for the 
more rapid appearance of enhanced CSF perilymph 
in the fistualized cochlea. Fluorescein appears to offer 
no intrinsic value in magnetic resonance imaging of 
perilymph fistulas, other than increasing the intra
subarachnoid pressure by contributing to the volume 
of contrast medium injected, resulting in a more rapid 
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Fig. 3. A postcontrast 
T1-weighted (TR= 600 
msec/TE = 15 msec) 
magnetic resonance 
image of a flstualized 
Inner ear demonstrating a 
perilymph leak Into the 
ipsilateral middle ear 
space. Creation of a 
unilateral perllymphatic 
fistula was performed by 
surgical puncture of the 
round window membrane. 
Subarachnoid Infusion of 
gadodiamide enhances 
the signal intensity of the 
cerebral spinal fluid and 
perilymph and a 
significant Increase in 
signal Intensity is 
observed in the left inner 
ear. Leaking perilymph is 
observed in the ventral 
mastoid cavity, ipsllateral 
to the fistualized inner ear 
(arrow). The right cochlea 
is intact and serves as the 
control ear. 

visualization of the perilymph leak. 

Nonionic forms of gadolinium-chelate complex, 
such as gadodiamide, have proven safe and effective in 
the magnetic resonance imaging of head and neck 
pathologies.11,12 However, such studies have involved 
intravenous injection of contrast agent, whereas the 
effect of intrathecal injection of gadodiamide on the 
brain and the sensory epithelium needs to be ad
dressed. 

The method of magnetic resonance contrast im
aging demonstrated in this report offers a reliable 
evaluation of the cat otic capsule and the integrity of 
the labrynithine windows. It may also offer a means to 
analyze the fluid dynamics between the CSF and the 
cochlear perilymph. Intrathecal administration of 
gadodiamide did not evoke any observable adverse 
physiologic side effects in the cats. Current experi
ments are aimed at improving the range of spatial and 
contrast resolution that can be achieved with this 
technique in observing the fluid-filled compartments 
of the vestibular and auditory sense organs. 

The results from several studies indicate that 
there is a high degree of variability and reliability in 
the current diagnostic techniques used for determin
ing patent PLFs.13 There is no standard test or series 
of tests for the objective diagnosis of PLF. Clinical 
history suggesting direct or barometric trauma may 
be the most helpful guide in PLF patient selection. 
Human studies all suffer from a lack of objective, 
reproducible testing as seen in reported results. 
Owing to the clinical parameters of exploratory tym-
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panotomy, observation of PLF remains, in many 
cases, dubious. Until better objective diagnostic stan
dards can be set, clinical management of PLF will 
continue empirically. A reliable, noninvasive diagnos
tic test for evaluating patent PLFs would best serve 
the interests of patients and physicians alike. 
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Otology Update at the Ritz Carlton 

The San Francisco Otology, Neurotology and 
Skull Base Surgery U pdate-1993 will be November 
4-6 at the Ritz Carlton in San Francisco.

Upon completion of the program, participants 
will be familiar with recent advances in reconstruc
tive middle ear surgery, pediatric otology, facial nerve 

disorders, and hearing aids and cochlear implants, 
among others. 

For enrollment information, contact the Office of 
Continuing Medical Education, Registration Office, 
Room LS-105, University of California, San Francisco 
CA 94143-0742; or call (415) 476-5808. 

Medical Women's Conference Set in Oregon 

Physicians of both sexes are invited to attend the 
American Medical Women's Association Region X Con
ference, September 10-12 in Cannon Beach, Ore. The 
topic of the conference will be "Current Issues in 
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Women's Health!' 
For information and registration, contact 

. Dr. Kaaren Nichols, 1305 Fourth Ave., Ste. 1105, 
Seattle WA 98101. 
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