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Cochlin-tomoprotein (CTP) detection test identifies traumatic
perilymphatic fistula due to penetrating middle ear injury
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Comclustons: The cochlm-torpoprotan (CTP) detection test cun be used to make a definite, objective diagnoss of trasmanc
perdymphate fistula (PLE), and therefore offers valuasble information on patent selechon for suugical weatrment. Objectives:
Penetratmy roddle enr ugury csn couse trmanate PLE, whoch s & surgieally trestable otologic ernergency. Recently, we have
reported on CTP, a novel penlymph-specific protun. The purpose of dus study was to determine  the CTP detection test s
wseful for the dugnoss of pewnete PLE. Methods: Thas was a prospretive study of CTP detection m pesetrating maiddle sar
mypary cases with tyrepame memebrase perforation and hearmg loss, Readi: & total of seven mdimduals were mchuded 1o this
study. CTP was detected in three of four cases with posterosupenior quadrant perforanon of the tapamic membrane, o one of
these three cases, even though the Jugh resolution 7 scan was not suggestve of PLE and the perilymph leakage could not be
visuslized wtmoperatively, the CTP detection text was able to detect PLE. In two cages, the preoperative positive test resulls
enabled us to make a dsgnosis of PLEF and a decision for surpeal restment. CTP was not detected 1n the cases with anterior or

wmferior tympanie membrane perforation.

Keywords: Middle car trawoma, hearing foss, COGH gens, cochiin boform

Introdhuction

Penretrating tryuma of the middle ear can oceur as a
result of the introduction of a variety of foreign bodies,
for example, o kaitting needle, bairpin, bullet, twig of
a tree, esr pick, cotton-tipped applicators, stone, and
tatrogenic demage (1 9] Trauma sssockated with the
ossicular chain i a frequent finding in these cases and
carries a good prognosis. nner ear damage, however,
while less frequent, exposes the patient 1o permanent
disabilities by hearing and vestibular function.
Etiologies of nner ear damage due to pencirating
middie ear njury include labyrinthine concussion,
acoustic wauma, and perilyimphatic fistula (PLEF)
(10121, Ameng these conditions, PLF s an otologie

emergency and iy surgically correctable by sealing
the fistula, Approprinte recognition and treatment
of PLF can bmprove hearing and balmce in the
affficted  pattents; otherwise, permanent deafbess
may result (2] In the absence of high resolution
CT sean (HRCT) findings suggestive of PLF, such
as otic capsule fracture, stapes huation or poeumo-
labyrintdy, it is difficulr 1o make a definite, objective
diagnosis of PLF,

Recently, we reported owr findings on cochlin
omopretein (CTP), a novel perilymph-specific pro-
tein. By protecmic analysis of inner ear proteins,
certain unigque properies of cochlin isoforms were
discovered. We detected three cochlin isoforms, p63s,
pdds, and pdls, in the inner ear tissue and 8 short
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16 kDa isoform, named cochlin-tomoprotein (CTF),
i the perilymph [13,14]. CTP was selectively
expressed only i the perilympls, not in cerebrospinal
fluid (CSF), saliva or serum on testing 65, 60, 29, snd
2B smmpsles, respeetively {14 16].

We have reported a standardized CTP detection
test for the diagnosis of PLF, wsing a spiked stan-
dard of recombinant human GhCTP on Westemn
blot (17].

Using this disgnostic method, we detected TP
in three of seven cases of penetmiing middle ear
injury, To the best of our kaowledge this is the first
definite disgnosis of wammatic PLF using CTP as the
diagnostic markes.

Material and methods
Sty design and parsicipants

The partcipants in his investigation were derived
fiom the patients who had been consecutively referred
to the first author's ourpatient clinie. Enrolment took
place from Jame 2003 to December 2007, and patients
were included based on a history of insertion of an
object into the middie ear, tympanic membrane per-
foravion, and sccompanying hearing loss with or
without balance disorders, A total of seven patients
were enrolled i this study. An ear pick caused injury
while removing cerumen (a common practice
fapan} m eases 15 and 7. A screwdrver was
aceidentally inserted o the ear of case 6.

We performed physiological testing by pure tone
audiometry and nystagmoscopy with infrared radia-
tion, HROT was performed in all cases. In this study,
HROT findings suggestive of PLF are defined as otie
capsule fracture, poewmolabyrindy (vestibuluom or
eochlea), ossicular dislocation of the stapes or incu-
dostapedial joint. Fistula test (spplying positive
and negative pressure to the middle ear) was not
performed to svoid further damage of the inner ear,

Standardized CTP detection sest by Western blos

Samples were tested by the wandardized CTP
detection test [17] with minor modifications. For
Western blot analysis, the wmbbit polycloral anti-
CTP antibody (formerly anti-LOCL-C Ab) was pre-
pared as described previously. In brief, a 14-mer
pepide (LSRWSASFIVTKGE) coresponding 1o
resicaes 114 127 io the LCCL domain was used
as an antigenic peptide to generate antibody. The
hOTP was used as o spiked standard on Western
blot. A putstive CTP sequence predicted from our
previous stady, the 101 to 403 positions of the cDNA
corresponding 1o amine acid residues 32 132, was
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amplified by PCR from a human expressed sequence
tag clope, IMAGE ID 27788 (Rurabo, Japan), thOTR
was produced using pCR/TTTOPO/TA Expression
Kits (Invitrogen).

Swmples were loaded onto 15% polyacrylamide gels
and transferred onte PYDF membranes. Membranes
were blocked overndght st 4°C in 5% skim milk and
©.2% polyoxyethylenesorbitan (Tween-20) dissolved
in phosphate-bufferd saline (PBS; pH 7.5), Mem-
branes were then incubated in PBS containing 1%
skim milk and 0.1% Tween-20 for 2 h st room
teniperatire with the primary antibody {anti-C'TP
antibody) diloted mt 1:2000. After washing with
0.05% Tween-20 in PBS, membranes were incubated
for 1 h ar room temperanme with horseradish
peroxidase-fabeled goat ant-mbbit JgG  antibody
{Drako, Japan) dilmed at 1:10 000 in the same buffer
as used for the primary antbody reaction. They were
washed again and the reaction was developed with a
chemilmminescence reaction kit (BCL  Advimce,
Amersham), and then avalyzed by an image saalyzer
LAS-3000 (Fuji Film, Japan). Tests were performed
and snalyzed by well-rained personmel who did not
have sy information on the clinieal background of
the patierts.

The detection fimit of the serially dilated thOTP
was between 027 and .13 ngiwell. These two
amounts of thOTP were ser as the high and low
spiked standards, respectively, and were the amounts
ehectrophoresed each time when we tested the sam-
ples. When the intensity of the band i the samples
tested was below the high standard signal, the
result was considered 1o be negative. The low spiked
standard was used 1o estimate the protein teansfer
efficiency.

Test results were expressed qualitatively (positive
or negative) by the presence or absence of the anti-
CTP antibody reacting protein with the moleeulsr
weight, wlhich exactly marched the molecular weight
of native CTP (16 kDa) on Western blot. The vesult of
the CTP detection test was provided to the clinic
within 4 days of sampling.

Performance of the CTP detection 1esr

The performance of the CTP detection test was
deseribed previously [17], In brief, the detection mit
of perilymph was 0,161 pl per lane in an average of
five samples. This means that the test can detect CTP
if there is 3.3 pl of perilyinph in 0.3 ml of piddle enr
lavage (MEL} (explained in detail by Thezono et al,
[17]3. We abo studied the stability of CTP protein
when samples were stored st room temperature
(25°C) or 4°C for as long as 35 days. The effect of
repeated freezing and thawing was also evaluated. The
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results showed that CTF is a stable protein and
detection s not affected by the stomge condition or
repented freezing snd thawing [16].

We also reported the specificity of the CTT detee-
fion test by testing non-PLF cases [17]. We defined
won-PLE" as those cases with otosclerosis (that hed
undergone  stapedectomy),  profound  deafess
(cochlear mplmt surgery), or condueive hearing
loss (exploratory tympanotomy} withowt any sign of
inflapumation or nfection. We rook MEL before the
stapedectomy or cochleostomy, or before surgical
meatntent of conductive hesring loss, The MEL i
54 of 55 non-PLF cases was negative with the TP
detection test, Le. the specificity of the test was found
to be 98,2%. To further clucidate the lmimtions 1o
this test, we snalyzed the MEL collected from patients
with middle ear infections, which can give o false-
positive result, The MEL in 43 of 46 cases with
chronic suppurative otitis media or middle ear cho-
lestesrorng was negative for CTP. The speeifichy of
the CTP detection test decreases to 93.5% when
applied to nflamed and infected ears. The high pro-
tein goneerration of the thick pus present with
infection was the most Hkely canse. T the present
mvestigation nflamed emrs were smudied, so the spec-
icity is thought 1o be due to the latter, These findings
mdicate that CTP can be considered a masker for the
dingmosis of PLF.

Sampling method

We simed to estublish an easy-to-perform samupling
method. Samples were collected by lavagiig the
middle ear cavity four times with the same bolus
of 0.3 ml of saline and recovering 1he fluid, This
was defined as middle esr Javage (MEL). In the
outpatient clinie, MEL was collected through a per-
forated tympanic membrane (cases 3 T}, or at myr-
ngotomy o case 2 whose traumstic  tympanic
membrane perforation had been closed during the
27 day period between the onset and the first visit te
our clinic. MEL was also collected dusing surgery in
eases 1 3. Henee, in cases 2 and 3, MEL was
collected twice (before and during operation} and
we conld test whether the leakuge continued during
these two sampling time points. Samples were cene
trifuged st 1250 g for 1 min and the supernatams
were frozen and stored ar 80°C until wee. Sixteen pl
of MEL were mixed with 8 pl of three times con-
centrated sample buffer (150 mM Tris-HCE (0B
6.8}, 6% SDS, 30% glycerol, 0.3% bromophenol
blue, 300 mM DTT) for Western blot analysis.
All patients gave thetr full nformed consent mnd
the stady was approved by the Eihics Committes
of Nippon Medieal School.
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Therapeusic procedure

All cases excepn for cases 4 and 5 received tapering
doses of oral preduisolone (60 30 mg) down to S mg
inoan 8 14 day peniod depending on the patient’s
general condition and my other systemic illnesses,
Surgery (explomtory tmpanotomy and PLE repair
surgery) was performed woder general anesthesia in
cases 1 3, o order to inspest and seal the potential
peribrroph leak from the fistuls and to reconstruet the
ossicubir chain {explined in detail v the Results
section), Comersative trestment (medication and
bedresty was selected in cases 4 7 and tympanie
membrane perfomtion was closed with patching.

Evaluation of the thevapewtic ougeome

Pure tone audiogram was obiained before and after
treatiment, The pure tone average (PTA) hearing
theesholds of bone conduction and air conduetion
were determined by four frequencies (500, 1000,
2000, amd 4000 Hz) The patients were followed
up regularly and PTA was performed umil complete
recovery, or for more than 2 months (wersge
8 months). Hearing baprovement after trestment
was gauged by PTA of atr conduction wing the
following eriteriag CR, complete recovery (final mudio-
gramm <20 dB HL, or mprovwement 1o the same degree
of hearing as the upaffected em); RI remarkable
improvement (mprovement >30 dB HL}; I, bnprove-
ment {mprovement of 10 3¢ dB HL); NC, no
chumge or deterioration {mprovement <10 4B HL)
{modified from Kaneaki et gl. [18]). Successful hear-
ing improvement was defined as complete recovery or
rermarkable mprovenent.

Results

The patient information and test results (age, sex,
affected side, HROCT suggestive of PLF, CTP 1ot
results, onset to MEL sampling (days), site of perfo-
mation, pre- snd post-ireatment TA, air bone gap,
hearing tmprovement, nystagmus) are summarized
in Table I, Representative Western blot analysis of
CTP detection i MEL fom cases 2, 3, and 7 are
shown in Figores 1 and 2. None of these cases pre-
sented with infection in the middle ear. The conwa-
lateral ear exhibited pormal besring in all csses
Suceessful hearing improvement (complete recovery
or remarkable improvement) was achieved in all cases
except I case V. Verrigo, as s sign of bmer ear
damage, was observed I cases 1 4, and disappeared
i all cases during the follow-up period. In cases 5 7,
perforation was not in the posterosuperior quadeant
(PEQ) and CTP was negative (Figure 2), sugpesting
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Cane o,
Purmmever i 2 5 4 kS & 7
Age 54 29 7 27 28 3% 48
Sex B F £ ¥ ¥ M M
Affecred side L L ® L R L. L
HRCT suggestive of PLF * +
TP rest vesudy + -, + ., -
Onser 1o MEL sampling (duys) & 2%, 34 2,9 1 % 1 i
Site of pertoration PSQ PROQ P5Q PSQ Inferior Anrerior Awerior
Pretrearment bone PTA 33 P 5 35 14 el 3%
Prevregumenn alr PTA 65 e 20 56 40 i 54
Prevrestmeny ARG 3% 50 1% 21 26 38 2t
Poretrestovent Bone PTA i i 3 24 11 15 28
Postorestment air PTA 23 3% i g 15 I3 36
Posttreaument ARG 3 14 8 13 4 4 9
Heuring huprovesiont R RY CR CR CR CR H
Nysegmus 5 5P 5 5, P BREV P &

Miditle enr lavage (MELY was collected ondy once except in eares 2 mnd 3, abre MEL was talen nwice preogeratdvely md duriog the cperadon,
b, UTE detection test was performed twice snd both results were posivive. ARG, air bone gop; BPPY, benign prooasysns positdonsl vertigo:
CR, complere recoverys CTP, cochlin-romoproneing MRCT, high resolution ©T scons B, improvement; MEL, middle ar Jreage; NG, no
change cr dewripration: Py rortory mnd horiromal, paredic: PLF, perilymphatic fsnd; P8O, postrosuperior quadrant; FTA, pure tone
average: RI, remarkable boprovernent; S, rotetory and horizonm), edmalatory.

that the inner ear dumage could be antributed to non-
PLF causes. Therefore, in the following section we
focus on discussing cases 1 4.

Case 1 had mixed hearing loss and developed
severe rotatory vertigo 36 h after the mraumatic event,
HRCT exhibited pneumelabyrinth in the vestibubum
and dislocation of the incudostapedial joint. The
stapedial footplate seemed 1o be in an intact position.
The intmoperative findings showed that the stapes
annular ligament was lax with excess mobility of the
stapes. The stapedial footplute was slightly elevated
(probably an ear pick with a spoon-Bke tip lifted sthe
stapes when the patient pulled it out after penetration,
as shown by Kobayashi and Gyo [1]). Perilymph
lenkage was detected, the stapes was rephiced after
coverage of the oval window with fascis, and the
ossicular chiain wes reconswructed. The MEL per-
formed intraoperatively was positive for OTP. The
PTA demonstrated remarkable hearing improvement
after surgery (Figure 3a).

Case 2 was referred 1o our clinic because of sus-
tined conductive hearing loss and vertigo for T month
post minry. HRCT revealed stapes luxation and air in
the vestibulum. MEL was wken en the 35th day
and CTF was detected (Figure 1), suggesting that
the perilymph had been continuously lesking out
and/or had pooled in the middle ear cavity for

35 days without remrkable exacerbation of the sen-
sorineursl compenent of hearing loss. During sur-
gery, perilymph feakage was detected and the stapes
was smoothly taken out through the oval window,
The ossicular chain was reconstructed with & Teflon
piston and the oval window was covered with fascia to
seal the perilymphatic leakage, MEL taken intrao-
peratively was positive for CTP. The PTA demon-
strated remarkable hearing improverment post surgery
{Figure 3by,

Case 3 had severe rotatory vertige 10 h after the
trawmatic gvent and mild conductive hearing loss
(Figure 3¢). HROT did nor exhibit any findings
suggestive of PLF. MEL wken on the second day
after the event showed positive CTP expression
(Figure 1. De to the wammatic PLF and the pos-
sibility that the hearing might worsen, surgery was
performed on the nimh day. Inunoperatively, the
stapes anvular Hgament was lax with excess mobility
of the stapes, snd there was slight dislocation of the
meudostapedial joint. Granulation was  observed
arourd the stapes without identifiable leaknge of
pertlymph. MEL taken intraoperatively was positive
for CTP. The oval window was sealed with fascin and
fibrin ghue and the incudostapedial joint was recon-
structed. The audiometric findings were normat and
there was 1o vertigo post surgery (Figare 3¢). The
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Figure 1. The middie eax lavage (MEL) samples collected preaps
exmively from casex 2 amd 3 were tested by Western blot using snte
cochiinetemaprotein (CTY) amibady o deteor COTP The MEL
frorn both cases 2 and 3 shows a positve sesult Lase 1, ehUTF low
spiked standard (0,03 nghwell), CTPunegative; 2, BHCTP high
spited stanchard (D.27 ngfwell), CTP-positives 3, 16 ul of MEL
fram case 3, CTPpasitive; 4, 2 ul of perilynph (positive cormzal),
CTP-pasttive: 5, blank, CTP-negation B, 16 1l of MEL fros nase 2,
Tl Popanitive.

MEL samples when preoperatively and ar surgery
were both pesitive for CTP, indicating thar the peri-
Iymiph was still feaking out andlor had pooled in the
middle car cavity for 8 days.

In case 4, perforation was in the PS{Q, bur the
HRCT finding was not suggestive of PLEF and the
TP was negarive. The vertigo and hearing loss
resolved with conservative treatment.

DHscussion

Penetrating middle sar injuries are reportedly come
monly caused by the insertion of various kinds of
foreign objects. These foreign objects result in perfo-
ration of the tympanic membrane, ossiculsr dislocs~
tion or, most sertously, direct damage to the stapes. In
Japan, removing the cerumen by an ear pick is 8
common practice, and there were 20 cases of pene-
trating middle esr injuries reported over a 10-venr
period [H] The current report comprises the largest
number of middle car injury cases (seven cases) in a
single study.

We would like 1o emphasize thar even though it is
not & comumon trawna, penetrating middle ear injury
is & very important condivon for understanding the
pathomechanisms of waumatic inner ear injuries. An
improved understanding will enable thempeure and

Figuze 2. The middle car Javage (MEL) semple from case 7 was
rested by Western Mot wsing sat-cochlim-wmoproteis ([CTP) ant
Bady o deret OTP, which shows a negative resnlt, Lane §, thCTP
low apiked standard (013 agiwell), CTP-neputive; 2, HCTE
bigh spiked standmd (027 ngledd), CTPepositive; 3, blank,
T Pepegative; 4, 16 ul of MEL Som csse 7, penetrwting middle
ear injury, CTRsnegative; 5, 0.25 pl of perilyroph (positive commzaly,
i Pepositive,
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preventative swrategies for acure, fate onset, and debils
itating newro-otological problems of patients with
simitar pathomechanics, such as temporal bone frac-
ture, preumelibyringh or jatwogenic injuries during
otologic surgery.

Symptoms commonly associated with this type of
injury include acute hearing loss, vertigo, tinnitus,
and pressure sensation in the affecred ¢ar. The sever-
ity of the impury was first analyzed by the symproms
and test results such as HRCT findings, audiogram,
and nystagmous. Inner exr damage can have various
eriologics, such as labyrinthine concussion, acoustic
wrauma or PLE [16-12]. Conservative weatment is
adequare for labyrimhine concussion and acoustic
rraumas, but traumatic PLF is an otclogic emergency
that may require surgical reatment. Appropriate recs
ognition and wearment of PLF is especially importany
and i can improve hearing and balance, and hence
the quality of life of the afflicred patients.

However, differental diagnosis among these vari-
ous enologles is not o dmple task This has led w
a series of research efforts to identify an endogenous
marker of perilvmph  [14]. Previously betad-
wansferrin was thought to be a marker; however, a
more recent study showed that, because of the relative
amount of serum and perilymph in 2 mixed sample,
clectrophoretic separation of the wransferrin variant
might not be diagnoste [19]. As explained in the
Methods section, we have shown thar CTP was selec-
gvely detected in the perilymph and cstablished a
standardized CTP detection et for the diagnosis
of PLF, using a spiked standard of thCTP on Westermn
blot [15-17]. We have reported the performance of
the CTP detection test, inchuding the specificity of the
west and the stability of the CTP protein.

In the present study, we have shown the usefulness
of the UTP derection test for the diagnosis of wau-~
maric PLE in the clinical sening. In four middle ear
wauma cases suspected to have stapes injury due 1o
the symproms and the site of perforation (e the
PEQ, thres cases had a positive CTP detection test
{cases 1-3% When the site of perforation was in the
PSQ and HRCT detested preumolsbyrinth, a disg-
nosis of rawmaric PLF due to the direct injury 1o the
stapes was made, as in cases 1 and 2. Bven HROT
was not clearly indicatve of PLE, since it was the
CTP detection test that enabled the derection of
PLE in case 3.0 If the site of perforation and
HROT findings are not suggestive of PLE, a negarive
CTP result can thus help w exchude PLF, as in
cases 5-7.

The conventional gold standard for PLF detection
is the intraoperative microscopic visuslizaton of peri-
femph keakage and fistula [17]. By this intraoperative
microscopic visualization, a definitive diagnosis of
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BFigure 3. Pre- and post-treatment pure 1w sudiograns of case 1 (2), case 2 (b), and caze 3 o, with posithee CTP devection test resulty,

troumatic PLEF was made in both cases 1 and 2, and
the C'TP positive result confinmed this. In case 3, the
oval window fistuls and leaksge were not spparent,
even though the snnular igament was identified as lax
with excess mobility. Even in this type of smbiguous
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condition, the CTP detection test was able to clearly
identify PLF. In these cases with a positive OTP
test result, severe rotatory vertigo was one of the
main complamts, Bven if the hearing loss was stable
or had not deteriorated remarkably, the presence of
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vestibular symptoms is important for sn aoouTEIe
diagnosis.

The preoperative CTP detection test was valuable
for the decision as 1o the need for surgery in cases 2
and 3. In chromic cases such as case 2, the key
question is whether the pertbymph leaknge persists
or uot due to spontaneous healimg with granalation
formation i the oval window, When the leakage
ceases, conservative treatment ds indieated. When
the leakage persists, surgical treatment {sealing the
fistuln and reconstructen of ossicular cham) i
needed 1o prevemt inner ear infection, meningits or
farther deteriovation of the inner ear dysfunction.
O the other hand, with mild travmatic PLF as in
case 3, sealing the damaged annular ligament can be
performed withom sexious cornplications.

We were able to schieve bmprovement in both
hearing and vestibulay sympioms in cases 1 3, How-
ever, surgical treatment is still a controversial Bsue in
these types of stapes by, Hearing and vestibular
function vary after surgical weatment due to the
initial degree of inner ear damsge caused by the
indury, and the sdditional effect cansed by the sur-
gical procedure itself, which may forther damage the
inmer ear.

Conchlusion

The CTP detection test enabled a definite diagnosis
of wawmatic PLE asmong penetrating middle ear
iyury cases, These PLF cases, which were definiely
diagnosed with the positive CTP test vesulis, revealed
the patient symptoms and physiological 1est results
to be widely variable. The hiner esr damage may be
dependent upon the rapidity of onset, duration of the
perilymph leakage, the site of the leakage, and other
biological factors. Using this TP detection test, 3
definitive disgnosis of PLF can be made apd appro-
priste thempeutic options for this surgically correst-
able discuse can be taken nto considerstion. Further
studies will be needed to provide nsight e the
etiology and pathomechanisms, and sach msight may
lead to the development of thempentic and preven-
tative strategios for acute, ke onset, and debilitating
newre-otologiosl problems.
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ORIGINAL ARTICLE

CTP (Cochlin-tomoprotein) detection in the profuse fluid leakage
(gusher) from cochleostomy

TETSUOQ IKEZONO', KAZUKI SUGIZAKI', SUSUMU SHINDO', SATOMI SEKIGUCHT,
RUBY PAWANKAR', SHUNKICHI BABA' & TOSHIAKI YAGI'

 Deparmnent of Orwrhinolaryngology, Nippon Medical School and *R&xD and Rusiness Development Segmens,
Mizssebishi Chemical Medience Corpovazion, Tokyo, Fapan

Abstract

Conchesons: By tesbng 125 samples, we confirmed that Cochlin-toraoprotin (CTP) 15 present in the pendvinphs, not
cerebrospinal fhind (CSF), Pertlyraph and CSF owist m two distinet compartments, even i the case of » malformed mner
cay with a bony defect w the lomna onbrosa, as desonbed here. Cochleostomy maght have suddely decreased the
pevibymph pressuse, sllowing the influx of CSF it the waer sar resulting i profuse hud leakage, fivst pevilymph then
CBF. Objecves: The fivst purpose of thos study was 1o further confiom the speafioty of the pertlymphe-specific protwan
TP that we wported vecenty. Secondly, we assessed the nature of the fhud leakege from the cochicostomy umng the
CTP detecnion test. Merhods A standsedized CTT detection st was performed on 65 pevtlymph and 60 CS¥F smnples.
Sarnples of profuse Huid leakage collected from cochleostomy during cochlear implantation surgery of one patent with
brancluo-ato-renal (BOR) syndrome were also tested by the CTP detection test. Beswdesr CFP was detected in 60 of
65 pertlymph saroples but not in any of the CSF ramples. The leaked fhod wae shown to contmin CTP, ve. penlymph, at
the outset, and then the OTP detection signals graduslly disappearad 35 tune elapsed.

Keywords: Perddyoph, OSF, cochlear onplant, COCH gene, Cocklin Ssoform, brandvio-otr-renal syndrome,
sensorinewral hearivg loss

Introduction ‘gusher’, was approximately 1% of all cases, The rerm

gusher is widely used in the liremtore 1o describe
egress of clear fluld from the cochleostomy site.
However, the term is variably applied and bears no
explicr relation to the amount of fluid leaking, time
elapsed wntil the flow ceases, pressure of the fluid
cohann or origin of the fluid. The fluid may be C8F,
perilymply, or 8 mixrare of the two [3]. Even though
the current level of diagnostic imaging rechnology is

Normally the cerebrospinal flwid (CSFY m the
subarachnoid space extends Iaterally into the interal
auditory canal (JAC) as far as the lateral fundus,
where it s separated from the perilympl by the
bony plate of the laming cribrosa, the nerves thar
pass through the lmning cribrosa and the spiral gan-
glion. Profuse leakage of perilymph and CSF is the

result of an aboonmal bony defect in the lamina
cribrosa, rather than enlargement of the cocblear
agueduct. In some congenitally dysplastic ears there
is a deficlency in this barrier, allowing divect
confluence between the CSF and perilymph [1,2].
In a large series of coclhilear fonplams, the incidence
of this profuse leakage of perilymph snd C8F, i.e. a

considerably advanced, at present @t s unclear
whether the perilymph and CS8F spaces are separate
and function as two distinet compartments or not
The fragile membrancus tissue at the fundus of the
IAC can be perforated afier the fenestration of
the cochilea due to a pressure decrease i the peri-
lymphatic space resulting from the cochleostomy.
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Alrernatively, these liguid compartments may be
mixed preoperatively becanse of a defect in the kumina
exibrosa. The confluence of these two fluids could be
one of the causes of the deteriormtion of hearing [2).

Recently, we reported the features of Cochlin-
tomoprotein (TP}, a novel perilymph-specific
proten. By proteomic analysis of inner ear proteins,
we found certsin unique properties of the cochlin
isoforms. We detected three cochlin isoforms, pds,
pdds and pdis, In the inner ear tssue, and a shory
16 kDa isoform, named Cochlin-tomoprotein (CTP),
in the perlymph (4,5]. Since COCH genefeochiin is
known 1o be highly specific to the ner ear, we
examined CTP expression i bedy thid, CTP was
selectively expressed in the penlymph of all 20 peri-
tymph samples tested, but pot in 77 samples of the
body fluids, Le serom (28 samplesy, CSF (20 sam-
ples) or salive (29 samples) [6]. Using CTP as a
biomarker, we have established a standardized CTP
detection test for the diagnosis of perilymphatic fistula
PLF), using a spiked standard of recombinant
moman GIGCTP in Western bloning [7].

I the present study, we further analysed the spece
ificity of CTP expression i body fuids, testing
65 perilymph and 60 CSF samples. The results con-
fie that CFP is present in the perilymplhy, but not in
the CSF. Perilymph and CSF are distinguished by the
presence or absence of a particulasr protein, CTP.
Then we tested the samples of the profuse fhuid
leakage collected temporally from one case of
cochleostomy during cochlear tmplantation surgery,
The leaked fluid at the beginning of the cochleostomy
eontamed CTP, i.e. perilymph, and the CTP signal
gradually disappeared as time elapsed. These results
indicate that even In the malformed mner ear of the
case presented here, with a defect in the bony barder
at the fandus, the perilymph and CSF flwd spaces
function as two separate compartments. Cochleo-
stomy might have suddenly decreased the peribymph
pressure and allowed C8F influx ito the foner ear,
resulting in profuse thid leakage (perilymph then
C5F) from the cochleostomy site. This is the first
report of a temporal malysis of the CTP protein in

Material and methods

Analysis of OTP expression sn CSF and peribmph:
collection and prcessing of body flaesd samples

For the assessment of the specificity of CTP expres-
sion in body fluids, we collected perilymph during
stapedectomy for otosclerosis or during cochleostomy
for cochlear bmplant surgery, CSF was puwrchased
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from Biotech (Valley Center, CA, USA), The C8F
was collected from consenting donors at an FIDA-
licewed and registered facility. No adverse evenrts
were observed during sanple collection, The samples
were centrifuged ar 1250 g for 1 min and the saper-
natants were frozen and stoved gt 80°C wntil use, All
patients gave their full mformed consent and the stady
was approved by the ethics committee of Nippon
Medical School.

Sumples of perilymph or CSF (4 pg) were mixed
with 5 ul of sample buffer (150 mM Tris-HC! (pH
6.8}, 6% SDS, 30% glycerol, 0.3% bromophenol
biue, 300 mM DTT) after normalization per sverge
proten concentration (perilymph 200 mg/dl, CSF
40 mg/dl) [8], then analysed by Westem blot,

Analysis of CTP expression in the profise fhuid leakage
from cochlenstomy

We pedormed cochlear implantation i & 50-yesr-
old male patient who was diagnosed s having
branchio-oto-renal (BOR) syndrome {without renal
manifestation) based upon the diagnostic criteria
[9]. The patient started 1o use s hesring sid o
the age of 8 years, and his hearing had progressively
deteriorated. At the thue of Lis first visit 1o our
office, he had profound bilareral  sensorineural
hearing loss, right preauricular siaus and a slightly
malformed left awdck. The tympanic membranes
showed no anatemical abaormalities. High resolu-
nion computed tomography (HRCT} of the tempo-
ral Dones (Fig. 1) presented findings typically seen
s BOR cases; hypoplastic apieal um of the cochles,
a funnel-shaped IAC. The fundus of the JAC was
wide, the lmming cribrosa was hypoplastic and no
bony structure was seen [10]. Echogram and HRCT
revealed ne renal malformation. An 18-year-old
daughter of the patient had bilateral profound
sensorinenral hearing loss and a history of surgical
remeval of bilateral cervical fistulas. She had similar
HRCT findings. The pstient’s father also had
bilateral progressive hearing loss.

During cochlear implantation in this case, profuse
fluid leakage from the cochleostomy (gusher) was
observed. We collected the leakage samples i g
temporal manner a1 the follewing time points: 0
(mmediately after fenestrationy, .5, 2, 3, 6, 15,
25, 35 and 40 min. It s the policy of this depart-
ment to wait until the flow of the leakage wenkens
and then seal the cochlecstomy with fascia and
fibrin ghie to avoid hanbar drainage. As a control,
middie ear lavage (MEL), Le. lavaging the middle
ear cavity three to fonr times with the same bolus
of 0.3 mi of saline and recovering the fluid, was
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Figure 1. HRCOT of the vight esr in the sxisl plane. Both enre bad findings tepically seen in BOR cases; (8) the bypoplaste apical turn of
the cochden, the fandus of the intenm! suditory canal sweas wide, the Juming ceibross was hpoplastic and 1o bany stracture was seen; () the

funneleshoped il muditary canal (TAC)

waken from the middle ear before cochleostomy.
MEL (16 uly was mixed with 8 pl of 3% concen-
rraved sample buffer (150 mM Tris-HCI (pH 6.8),
6% SDS, 30% glyeerol, 0.3% bromophenol blue,
300 mM DTT) for Western bilotr analysis,

Standardized CTP devecrion test by Western blor

Samples were tested by the standardized CTP derec-
tion reat [6,7], with minor modifications. For Westem
blot analyeiy, the rabbit polyclonal anth-CTP antibody
formerly  anti-LOCL-C Ab) was  prepared  as
described previously, In brief, a ld-mer peptide
(LSRWSASETVTRGK) comesponding o residues
114127 in the LCCL domain was used as an
antigenic peptide to generste antibodies,

Samples were loaded onto 15% polyacrylamide
gels and  transferred  omto PVDF  membranes,
Membranes were blocked overnight at 4°C in 3%
skimm milk  and  0.2%  polyoxyethylenesorbitan
(Tween-20) dissolved in PBS (pH 7.5). Membranes
were then neubared in PBS conmining 1% skim
milk and 0.1% Tween-20 for 2 h at room tempe-
rature with the primary amtibody (anti-CTP anti-
bodyy ditured 1o 1:2000. Afrer washing with 0.05%
Tween-20 in PBS, membrancs were incubared for
I b at room temperature with horseradish peroxi-
dase-labelled goar amti-rabbit 1gG antibody (Dako,
Tokyo, lapan) diluted w0 110 000 in the same
buffer as used for the primary anvibody reacton.
They were washed again snd the resction was
developed with a chemiluminescence resction kit
{ECL Advwance, Amersham) and then analysed
with an image analyser LAS-3000 (Puji Film,
Tokyo, Japan), Tests were perfonmed and analysed

by well-rained personnel who did nor have any
information on the clinleal background of the
patierns, to avoid sy biased judgments. Test resulns
were expressed qualitatively (positive or negative) by
the presence or absence of the ami-CTP antibody
meactive protein, with a molecular weight thar exactly
mustched  the molecular weight of native CTP
{16 kD) on Western blot.

thUTP was used as a spiked smndard on the
Western blor. A putative CTP sequence predicted
from our previous srudy, the 101-403 positions of
the ¢DNA corresponding 10 amino acid residues
32-132, wos amplified by PCR from a human
expresged sequence tag clone, IMAGE ID 27789
(Kurabo, Japan}. thCTTP was produced wusing
pCRTVTOPOMTA expression kizs {Invitrogen).
To establish a c¢linical test for the disgnosis of
perilymph leakage and avoid test varability, we
gtandardized the CTP dewection test using high
0.27 ng) and low (0,13 ng) spiked standard
fevels of thCTP on Western blot. When the inten-
sity of the band in the samples tested was below
the high-level standard signal, the mesult was con-
sidered to be negative. The low spiked standard
was used 1o estimate the protein wansfer efficiency,

Dhagnostic performance of the CTP detection rest

To evaluate the specifichty of the CTP derection test in
the clinical sening, we previously reported the test
results of samples from non-PLE cases. In that study,
we defined non-PLF as those cases with otosclerosis
(hat  had  undergone  stapedectomy), profound
deafness {cochlear implant surgery), or conductive
hearing loss {exploratory tympanotomy), without
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Table L CTP exprestion in perilymph snd CSE.

Sample Total CTP positive CTP negative
Perilymph &% [y 5
Snpedecunny 36 34 b
Cochlear iniplane 9 6 3
CSE B @ 60

any sign of mflamumation or infection. The MEL in 54
of 55 non-PLF ¢ases was negative for the CTP detec-
fon test, Le. the specificity of the test was found to
be 48.2%. Te further elucidate the lupitations of
this test, we amalysed the MEL collected from
patients with middle ear infections, which can give
a false positive yesult. The MEL in 43 of 46 cases
with chronic suppurative otitis media or middle
eqr cholesteatoma was negative for CTP. The speci-
ficity of the CTP detection test decreases to 93.5%
when apphied to infected ears [7]. The high protein
concentration of the thick pus present with infection
was the most fikely cause. In the present study we
studied s non-infected ear with BOR syndrome, so
the specificity is thought to be the former.

Results

CTP expression in perdymph and COSF
(Tables I and IT, Fig. 2)

I all, 34 perilymph samples from 36 stapedectomy
and 26 samples from 29 cochlear implant patients
were positive for CTP. In towl, 60 of 65 perilymph
saraples were positive for CTP. However, CTP was
not detected in any of the 60 CSF samples.

Analysis of profuse fhuad leakage from cochliosiomy site
(Table HI, Fig. 3)

As a control, MEL was mben from the middie ear
before eochleostomy. The MEL described here con-
taing middle ear mucosal secretions and other subs-
stances nonmally expressed in the middle enr cavity.
These substances may cause falke positive resctions to
the matibody. The MEL tken before the fenesteation
of cochlen was negative for CTP.

Immediately after the fenestration of the cochien,
fluid leaked excessively from the cochleostomy site.
The leakage collected at 0 min showed a CTP signal
above the high-level standard signal and at 0.5 3 min

Tsble . Western blot smalysis of CTP expression in perlymph and CSF

Lamue Bamyple Amount of sample per line Regushy
() Peadlymph and MEL

1 HigheJevel wandard hCTP .27 ng +
2 Low-level siansdard shTP 0013 ng

¥ Case A peritymph supedecomy 3l +
& Case A MEL before stupedecomy 16 pl of MEL

3 Case B perilymiph cochleostany 2 +
6 Blank e

ki Case B: MEL before cochlenstuny Ll of MEL

8 Case € perilymph stepedectomy I

9 Case C: MEL before winpedectomy 16l of MEL

10 Perilymph (positive control) 1l +
k) CSF

1 High-level standnrd TP 027 ng +
2 Low-Jovel standard TP 13 ng

3 CSF il

4 C8F 10w

5 C8F 1yl

[ CSF 104l

7 CER 104

8 CSF Ly pd

MEL, midkdln ear lavage.
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Figure 2. Wenern blot analysis of CTP expression in poibmph and CSF. The expression of CTP wns arwlysed by Westesn blot using the
ati=-CTP amtibody. CTP expression (16 kD) was only detectad in the perilymph (cases A and B), not in the CSF. The perilymph sanple
fram case C was negative for CTP. Furder deradls are shown i Table YL

showed a negative result, with & faint signal below the
high-tevel standard signal, and the signal disappeared
at 6 min and thereafter.

Discussion

In the present study we have further wested the
specific expression of (CTFP in the perilymph. Sixty
of 65 perilymph samples were positive for CTP.
However, CTP was not dewcted in any of the
60 CSF samples. In the previouws study, we tested
20 perilymph and 20 CSE samples [6], and the results
showed that CTP was derected in all the perilymph
samples and was megative in all the CSF samples.
Therefore, the sum rotal s that 80 of 85 perilymph
samples were positive for CTP and all 80 SCF
samples were negative for CTP. These resubts further
confirm that CTP is a perilymph-specific protein.
CTP was not detecred in five of the perilymph
samples, and this may be stwibuted to the low
CTP prowein concentrations because of dilution by
blood and seepage in the surgical fleld. Alternatively,
gupecially in the three CTPonegative cases of cochlear
implantation with profound deafness, abnormal
cochlin oform processing might have resulted in
an underectable level of CTP production due 1o

Table B Results of CTP detection wst by Western Wot of the
lenkape from cochlsomany.

Aot of

Lane Sample sample per lane Result
1 Highleve standard hiZTP 27 ng +
2 Laywelevel standard HOTP 013 ng ~
3 Pre-cochleostomy 16 pl of MEL, -
4 Leakage at {0 min 2wl of fluid +
5 Leskage at 0.5 min 2l of fhaid -
& Lienkage at | min 2wk of faid -
7 Leaksge a0 2 wmin 2wl of finid -
8 Leakage st 3 min 2 nf fid -
9 Lambage #t 6 i 2wl of fhuid

16 Perlymph fconmal) 2 pl of fluid +

Note that leakage collected at 25, 35 and 45 min was negative for
CTP {dats not shown). MEL, middle ear lovage.
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mutations in COCH or related genes. No genetic
testing to confirm this theory has been performed
in these cases a8 yet

Using TP as a marker 1o derect perilymph, we
tested the nawre of the profuse leskage from
cochleostomy in an anomalous cochiea case with
BOR syndrome. The fluid that leaked at the beginn-
ing of the cochleostomy was proved o contain CTP,
i.e. pentlymph, and the CTP detection signals grad-
ually disappesred as time elapsed, Even though the
CTP signal was below the high-level standard signal
and was evaluated as negative by standardization,
faint CTP signals were detected from 0.5 1o 3 min
{Fig. 3). The wtal volume of leakage was approxi-
mately 10 ml over 3 min. Since the volume of the
human perilymph is estimared to be 150 ul by MRI
{1 1], we consider the perilyroph 1o have been washed
out from the cochlea immediately after the leakage
started. The faint signaly observed here might be
derived fram the perilymph pocled in the middle
ear and mastoid cavity,

Perilymph is thought 1o be dertved from both CSE
and the vascalar supply of blood plasma [12]. Protein
analysis revealed the perlymph to be different fram
blood plssma and CSF, supporting the dual origin
theory [13,141. The wverage protein concentration s
40 mg/dl in the CSF and 200 mg/d! in the perilymph
of human samples, and recent proteomic analysis of
mouse samples revealed a 2.8 times higher amount
of protein in the peritymph. The exclusive expression
of CTP in the perilymph presented in this study also
shows that these three human body fluids are discrere
in nature.

Figore 3. Theresuhs of the OTP detection test by Western blonting
of the Jeakage fom cochleostomy. MEL obtaned beforze the fen-
estration of the cochlen was negative far CTP (Jang 3). The leakoge
collected a1 O i showed a CTP sipnal sbove the high-level
standurd signel (hne 47 and the sunples collected ar 0.5~3 min
showed negative results with a faln signal below the bigh-level
standard signal, and the signal disappeared ¢ ¢ roin and thereafier,
Purther details are shown in Table 110,
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It hias beens reported that there is conmummication
between the labyrinthine perilymph and the CSF
space. Histologieal srudy revealed that the cochlear
mediohus is highly perous [14]. The porous structare
in the surfice of the modiohus allows communication
between perihmph and the perivascudar and peri-
neural space i the modiolus, A recent MRI study
in humans wsing intratympanic njection of gado-
lintwm diethylenetrionmepentaacetic ackl revealed
the permeability of the mediolus [15]. In tenms of
pathology, this communication is importamt as a
potential route for the spread of infection and sub-
arackmoid heemorhage, In addition, an extremely
wide communication channel ean result i s gusher
during cochlear implantation [2,3]. In evaluating the
pathology of an anomalous ioner ear, it is helpful
to check for two possible pathological conditions,
e, whether 2 congenital defect of the beny barrier
to CSF at the lateral end of the IAC caused CSF
leakage into the perilymphatic space preoperatively,
or whether a sudden decrease of perilymphatic pres-
sure induced by the cochleostomny resulted i the
mipture of the weak boundary of these two spaces
and thereby caused CSF influx. As discussed above,
the CSF and perilviuph are different body fluids, not
anly based on the protein constitaents, but akso other
characteristics, such as their electrolyte concenma-
tions and pressure [8,12 14]. The potassivm gradient
from the CSF, perilymph and endolymph is 2.8, 107
ard 144.2 (mEg/ly, respectively, on average in human
samples [16 18], Mixrare of these two fhaids abruptly
changes the homeostasis of the nmer ear and may
cause functional disturbances such as hesring loss.

In a review of congenital malformations of the
cochles by Graham et ab. [2], a large defect
the JAC fundus was found to be one of the causes
of the profound deafness, and gradual or intermintent
musture of these two flipdds resulted in fluctuations
and progressive hearing loss. The pulsatile perilymph
often found at cochleostomy would be more compat-
ible with a small divect compmunication berween CSF
and perilymph, of the kind found in the Mondid and
comumon cavity deformities. Lemmerling er al. [19]
reported evidence thm temporal benes with the
isolated finding of a wide vestibular aqueduct also
hied modiclar defects. In patients with Mondini defor-
mities who start fife with relstively good hearing,
sudden rises in CSF pressure caused by changes
i posture or in inte-abdomingl andlor theracic
pressure can result in fluctuation and deteriorarion
i the suditory threshold,

We have tested samples of profuse fiwid leskage
from only one patient and further study will be nec-
essary to understand the pathology of this disease
entity. In the case of cochlear implantarion, it would
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be interesting to record the presence of a gusher at the
time of cochleostomy, thus previding evidence for the
inereased pressure of the perilyimph and the temporal
CTP detection test result reported in s srady.

Conclusion

This report has confimued that CTP is exclusively
expressed v the peribymph. Furthermore, the CTP
detection test revealed the nature of the profuse
leakage from cochleostomy in an anomalows cochlen
of @ case with BOR syndrome. The mitial egress of
CTP-positive fluid (perilympl) changed 1o OTP-
negative CSF as thme elapsed, indicating that the
mersbranous boundary between these two spaces
bad ruptured intracperatively. We have previously
reported CTP as a specific dingnostic marker of
perilymph leakage. This warker will help shed Hght
on the mechanisi of penlymph production and the
pathelogy of snomalons coclilea,
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Perilymphatic fistula and vestibular symptoms

Tetsuo Ikezono
Department of Otolaryngology, Saitama Medical University

Purpose: Perilymphatic fistula (PLF), defined as an abnormal communication between
the inner and middle ear, presents with a symptomatology of hearing loss and vestibular
disorder that is indistinguishable from a number of other inner ear diseases. Methods of
diagnosis remain controversial. We previously showed that CTP (Cochlin-tomoprotein) was
selectively detected in the perilymph. We also established a definite diagnostic test for PLF
using CTP as a biochemical marker. Here, we examined the diagnostic performance of the
CTP detection test to determine the usefulness of this test in a clinical setting.

Methods: The CTP detection test was performed using a western blot analysis with re-
combinant human (th)CTP as a spiked standard. We evaluated the specificity of the CTP
detection test by also testing non-PLF cases. To describe the limitations of the test, we
tested samples from patients with middle ear infection. Serially diluted perilymph was
tested to determine the detection limit of the CTP test. We then applied the CTP detection
test in cases of spontaneous, traumatic and iatrogenic (surgical) PLF.

Findings: We established a standardized CTP detection test using high (0.27 ng) and
low (0.13 ng) spiked standards of thCTP and a western blot analysis. MEL (middle ear lav-
age) samples from 54 of the 55 non-PLF cases tested negative for CTP, ie., the specificity
of the test was 98.2%. MEL samples from 43 out of 46 cases with chronic suppurative otitis
media or middle ear cholesteatoma tested negative for CTP. The detection limit in per-
ilymph was 0.161 ul/lane for an average of 5 samples. We elucidated the clinical charac
teristics of the PLF cases in each category.

Interpretation: CTP is a stable perilymph specific protein, and this CTP detection may
be the first clinically established diagnostic tool for the detection of PLF with a high speci-
ficity. PLF is surgically correctable by sealing the fistula. The appropriate recognition and
treatment of PLF can improve hearing and balance in afflicted patients.

Key words: Perilymphatic fistula (PLF), CTP (Cochlin-tomoprotein), specificity, detection
limit

BEEMKZEE RBRE

(189)

119



Equilibrium Res Vol, 70(3)

HUHIC

AN UNERSECELLONRTELLY D,
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1) A0 v EOESEWE (5D VR B R
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Bl Thi, TOEECEL ZBEEEFE E
RERBERBT (BN Vgl oR
FThbL, —HERRTHY VL 2T EE
TS L R ALRITBERR BAEi e
A0 v EFEREEINE, BN TEID S A
TOMNY LoELSREEN D VB LGaEERT
WBSS, BitdR T, FOERS ST —0fF
FRELERONE Y, BETHCONFTY
—BHEEELZWLEDE IR TWwE, $72, 77
RSB L AAMEMEN ) Vo, BAERIE
DHEEILILOHRENIFEALTHERE, £
DA FIY = T LA LS, TR
B MYV E] LI EBRERPBWETE
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RIEESEREI YT Lo Bl dh 2,
RS AN VOB HO R AT RS
W= — 4 — CIP (cochlintomoprotein) % B>/
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1. AU N EOES '

NG yEORSESETRELTEL, oh
8O- HOEIT IR T E LAY Bl
FTAERLURFIHET S, BB Y ER
myth (F3, EVE) LBEhowWiZEFERE
WERtOHE & TRz, (PLF is a Mith (822
E) (Schuknecht), PLF is the Cancer eating at
the credibility of otology (Shea?)) T hidEicsE
N Y VBT ARFTHE KL b
LY, EOMosEE, FRCEI bR LE0R
FAY - —FICEESHh, BbhAREE R
2P —FEWEETE, A vy EOEER
BFESNGZ %L, BLHEMTbh, i
ZENBEORNBE L LT AEREANS
RBREZoTw3EY Bhail, David Zee, MD.
(Professor of Neurology, Johns Hopkins Hospi-
tal) D20SFEFTH/ IS = -F L& TOHEE T Any-
body who has valsalva induced nystagmus or ver-
tigo has Chiari Syndrome or a fistula, typically a
superior canal dehiscence syndrome (JEFFE
XEOFE) LBRATEY, HEOMNY VOYED
Wb dRkE ERS,

2. HULNEODGE

By v RETENY Y ORE RS BE, &

F1 4 VEOERE

(&R acquired)

CEIE, ERE (77 IREE, DEEH), 55 EE
- pMS
WA WIS, MEERR, FE (FIE) AUs

EBHS

AES S % 2 0 implosive  BEEEAL, EAME
explosive JHEBEE 0%l

FRBOEEM (idiopathic/spontaneous) < BHOLOP LR VHD

(SR congenital) BIGPRAEFE» CHMLZPEFEEITEED

+ Mondini dysplasia % EOREFF
cFEHBIIHEI DO

(EF - HERTRPRE)
=

# 1 EROBRESFEBOBEM TR THW SN T ADMERE S IUCE Y T2
%2 HHLRER, ARBESMEOZ L, B, H&H, RTEERRZ2ELIZLO,

(190)

120



F2 FRTHERINY VEDOHE

fag:l AT

A 5% BHETEE (SR
B, Azr—uEEdTw
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D. EEH ERFHEO®E - »Ewn

DLWBATEH B, N N ORBHEEESRL:
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ELABEZ04% (thid mobile window) #54 O
BOFBTH 2,

U o BEEEI N CoNERE, B
HWE (7738, B S0, ¥ IR
DWEEINRET 2 [BEENY V] 21
FETF SN, FHE, %, microfissure (fistula
ante fenestram) 5 RHET 5, NMEEEOES T
MEEHHG, FHESMETET 73 BEHRNS
T & 72 B,

3. B AEHE

BETORA v Mg, EILIEANY v OoBHOE
BEHET2 2Ltk b, ELODHI EESE
& thin slice-CT & B T 0.9-0.5mm A 5 4 23S
EEINT 2, RBEOESHEECL Y, B
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T2 EHSE DA
T OREEINE NBACRAMEPRESRIC L 28
DL EDTMEIE Y, AR ONRITE
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FOBROIIEIZLY, B2 transferrin D FHF < —
A=t LT OMBRTER & o 72,
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DY NEOEERNBEY - A - L LT a0
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mlAEEEK T3~ 4HHESELEIXL /- MEL
EOxAF 7y b TRET S,
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