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Abstract 

Perilymphatic fistula (PLF) is defined as an a bnorma I com

munication between the fluid (perilymph)-filled space of 
the inner ear and the air-filled space of the middle ear and 

mastoid, or cranial spaces. PLF is located in the round or 

oval window, fractured bony labyrinth, microfissures, 

anomalous footplate, and can occur after head trauma or 

barotrauma, chronic inflammation, or in otic capsule de

hiscence. This clinical entity was initially proposed more 

than a century ago, yet it has remained a topic of contro

versy for more than 50 years. The difficulty of making a 

definitive diagnosis of PLF has caused a long-standing 

debate regarding its prevalence, natural history, man

agement and even its very existence. In this present 

study, we will discuss the symptoms, physiological tests 

(focusing on vestibular assessment) and imaging studies. 

Referring to a previous criticism, we will share our classi

fication of PLF into 4 categories. Furthermore, we will 

summarize a nationwide survey using a novel and widely 

used biomarker (Cochlin-tomoprotein [CTP]) for PLF di

agnosis in Japan and present the results of the new diag

nostic criteria. PLF is surgically correctable by sealing the 

fistula, and appropriate recognition and treatment of PLF 

can improve hearing and balance, and in turn, improve 

the quality of life of afflicted patients. Therefore, PLF is an 

especially important treatable disease for otologists. 
© 2018 S. Karger AG, Basel 

Introduction 

Perilymphatic fistula (PLF) is defined as an ab

normal communication between the fluid 

(perilymph)-filled space of the inner ear and the 

air-filled space of the middle ear and mastoid, or 
cranial spaces. PLF may be located in the round 

or oval window, via a fractured bony labyrinth or 
via microfissures and may be associated with an 

anomalous foot plate. They can occur after head 

trauma, barotrauma, chronic inflammation or in 
otic capsule dehiscence including stapes surgery. 

PLF, as a clinical entity, was initially proposed 
more than a century ago, yet it has remained a 

topic of controversy [ 1]. Patients present with au

diovestibular symptoms, but the precise symp

toms are variable and often non-specific. It is a 
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Table 1. Proposed Japanese etiological classification of PLF (2017) 

Category 1 Linked to trauma, middle and/or inner ear diseases, surgeries 
1 a Direct labyrinthine trauma (stapes luxation, otic capsule fracture, etc.) 

b Other trauma (head injury, body contusion, etc.) 

2 a Middle or inner ear diseases (cholesteatoma, tumor, anomaly, dehiscence, etc.) 

b Iatrogenic (ear surgeries, medical treatments, etc.) 

Category 2 Linked to barotrauma caused by antecedent events of external origin (such as flying or diving) 

Category 3 Linked to barotrauma caused by antecedent events of internal origin (such as straining, sneezing or 

coughing) 

Category 4 Has no apparent antecedent event (idiopathic) 

unique disease in the sense that its definition var

ies from one doctor to another, from country to 
country. One's understanding of the condition 

and its diagnosis often depends on the philosophy 

of the institute in which one has trained. Through 
discussions with doctors worldwide, it is clear 

that the main symptoms of PLF are believed to be 

hearing problems in Japan, vestibular problems 

in US and Australia, and a combination of these 

in Europe. The variability in presentation and 

limitations of current investigative techniques of
ten make diagnosis difficult. 

Unlike most other causes of sensorineural 

hearing loss and dizziness, PLF is usually surgi

cally correctable by sealing the fistula. Appropri
ate recognition and treatment of PLF can im

prove hearing and balance, and in turn improve 
the quality of life of afflicted patients. Therefore, 

PLF is an especially important treatable disease 

for otologists. 

Etiology and Classification of PLF 

PLF was first recognized in the early days of sta
pedectomy, when disequilibrium and balance 

problems as a result of unsuccessful sealing of the 
stapedectomy were documented. It then became 

apparent that head trauma and barotrauma fol

lowing external events such as flying or diving 
could be a cause of PLF. Descriptions of internal 
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precipitating events such as sneezing, coughing 

or "spontaneous PLF" with no trauma history, 
followed. The controversy surrounding the exis

tence of these types of PLF is based more on the 

differences in terminology and has been the target 
for criticism [2, 3]. To address such criticism, it is 

crucial to have a proper classification of PLF. The 

Japanese PLF Study Group has recently classified 

the etiology of PLF into 4 categories (Table 1). Al

though the term "spontaneous" has been used ex

tensively for cases of PLF without obvious cause, 
a more appropriate term would be idiopathic and 
this term will be used forthwith [l]. 

When to Suspect a PLF? 

The primary manifestations of PLF are sudden or 

progressive fluctuating sensorineural hearing loss 

and episodic vertigo. There may be a history of 

head trauma, often minor. Similarly, there may be 

a history of middle ear disease or previous middle 
ear surgery, particularly stapes surgery. Initial 

symptoms may be purely auditory or purely ves

tibular and in some cases, this continues to be the 
case. Many patients, however, develop both types 

of symptoms, although there may be a significant 
delay before the complete clinical picture develops. 

Tinnitus, aural fullness and cognitive dysfunction 

may also occur [ 4-7]. Aural fullness has been 
shown to be sensitive in the prediction of fistula [ 8]. 
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Balance symptoms may range from a sense of 
disequilibrium to rotational vertigo. These are 
frequently positional or effort induced. The pat
tern of hearing loss is highly variable. Auditory 
function may be normal or significantly impaired. 
The hearing loss may range from high frequency 
to low frequency and can mimic Meniere, s dis
ease or cochlear hydrops (if auditory symptoms 
are the sole complaint). Auditory symptoms, if 
present, are helpful in identifying the side affected 
[ 9]. Vestibular symptoms do not usually aid in 
lateralization. A detailed questionnaire can help 

in elucidating the symptoms. 
Because many of these symptoms are non-spe

cific, especially in cases with no history of trauma, 
PLF can be confused with other idiopathic vestib
ular diseases, such as Meniere, s disease, vestibular 
neuronitis or idiopathic sudden sensorineural 
hearing loss [ 6, 10]. The lack of specificity of 
symptoms, the variability of fistula-related symp
toms, the possibility of idiopathic etiology [ 11] 
(even though most of PLF are trauma-related) and 
the possibility of curative surgery means that there 
should be a high index of suspicion for PLF in pa
tients with any cochlea and/or vestibular symp
toms and, moreover, when such a symptomatol
ogy appears to be atypical. Atypical features in
clude the resistance to treatment (BPPV refractory 
to repeated maneuvers; Meniere disease unsolved 
by various medical treatment) or a hydrops that 
occurs after slight (low velocity) head trauma. A 
PLF should be suspected and ruled out before any 
medical or surgical vestibular deafferentation pro
cedure for refractory Meniere disease is consid
ered, for example, neurectomy or labyrinthecto
my. It should be borne in mind, however, that 
when there is doubt between a diagnosis of Me
niere, s disease and a PLF, surgical exploration 
along with sealing of windows makes a secondary 
chemical labyrinthectomy less effective due to the 
obliteration of diffusion pathways through the 
labyrinthine windows. A PLF should also be sus
pected in patients presenting with an acute unilat
eral sensorineural hearing loss of unknown origin, 
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especially without vascular risk factor. Because 
PLF is often not considered within the differential 
diagnosis, there may be a significant delay in diag
nosis (months or years) following the initial caus
ative event. Portmann proposed a classification 
including a clinical scale, that would be usefully 
updated by new examination tools [12]. 

How to Confirm the Diagnosis of PLF? 

The diagnosis of PLF relies on the sum of clinical 
and functional investigations. Investigations in
clude appropriate audio-vestibular testing and 
high resolution imaging. So far, apart form the 
promising Cochlin-tomoprotein analysis testing 
(CTP; discussed below) [13-15], there is no clear 
diagnostic tool [9]. 

Positional audiometry can be very helpful 
[16]. This involves undertaking a pure tone au
diogram with the patient lying in the lateral decu
bitus position towards the suspected side (both 
ears should be assessed) for 30 min. This test is 
said to be positive if there is a threshold shift of 10 
dB HL or more in at least 3 consecutive frequen
cies. This test is very specific but not sensitive. It 
can help to localize the pathologic side in cases of 
a pure vestibular presentation (Fig. 1). 

Formal vestibular assessment is mandatory al
though abnormalities on caloric testing are found 
in less than half of patients [17]. Videonystag
mography can, however, be helpful in identifying 
nystagmus induced by loud noise (Tullio phe
nomenon) or through changes in pressure using 
Hennebert

, 
s maneuver ( tragal pressure or using 

impedance test) or valsalva maneuver (Fig. 2a) 
[18]. Cervical vestibular evoked myogenic poten
tials (cVEMP) [19] along with electrocochleogra
phy [20] may also be helpful to localize the patho
logical side, in particular, in those with an atypical 
presentation or if documentation for medicolegal 
purposes is required. In cases of PLF, cVEMP typ
ically present with abnormal responses similar to 
those founded in cases of superior semicircular 
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Fig. 1. Two examples of positional 

110
audiometry showing a significant 

decrease in the PTA thresholds 120

when the patient's suspected ear is 125 

placed downward for 30 min. Case b 

A (a); Case B (b). 

canal dehiscence, that is, decreased threshold and 
increased amplitude [19) (Fig. 2b). 

Imaging is also an essential part of the diagno

sis. Both high resolution CT-scanning and MRI
scanning may be helpful; normal imaging, 
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however, does not exclude a PLF [21). Apart form 
the presence of a pneumolabyrinth or an obvious 

inner ear malformation (both of which are rare but 
almost pathognomonic) [22), CT imaging may 
demonstrate liquid filling part or the whole of the 
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Fig. 2. a Videonystagmography (VNG) showing induced 

nystagmus on valsalva and Hennebert maneuvers. 
b Cervical vestibular evoked myogenic potentials 

(cVEMP) suggesting a right-sided PLF. An increase in the 

amplitude of the wave and decrease in threshold to 80 

dB is seen. 
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round window niche (presuming the middle ear 

cleft is well aerated; Fig. 3). With regards to the oval 
window, the footplate should be carefully evaluat

ed using double-oblique reconstruction to look for 

luxation, subluxation, blur aspect and the presence 
of fluid between or around the crura [23]. It is also 
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important to exclude a third window, for example, 

superior canal dehiscence. MR imaging is manda
tory mainly to rule out the differential diagnosis of 

unilateral cochleo-vestibular symptoms and elimi

nate a malformation of the inner ear that could be 
a contributing factor to the development of a PLF. 
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Fig. 3. a An axial CT scan of the right temporal bone. 
Opacity of the round window area, typical of round win

dow membrane leak is seen. b Corresponding MR imag

ing in CISS sequences also showing fluid signal in the 

round window niche. c In a separate post-traumatic 

case, pneumolabyrinth of both cochlea and lateral 

semi-circular canal (arrow heads) is seen. 

To improve the diagnosis rate, Benichou [24] 

used a variation of the threshold of the CT-scan 
gradient to identify PLF. In the same vein, King et 

al. [25] demonstrated the patency of the inner ear 

that occurred in 90% at the stapes area using 

MRI-scan with intra-tympanic administration of 

gadolinium [25]. 
Post-urography is a very sensitive evaluation 

tool, but lacks specificity. Its use in PLF assess
ment was described as early as 1992 [26]. Postur

al testing can be used in conjunction with expo

sure to noise and pressure changes to distinguish 

less obvious fistula-related dizziness [27]. It may 
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also reveal an over-reliance on visual cues (visual 

dependency) that reflect vestibular impairment 
(Fig. 4). We thus think that using post-urography 

along with wavelet analysis may help demon

strate both slight impairment of sway (Fig. 5), and 

malingering when facing periodic oscillation of 

the centre of gravity that can be revealed by the 
analysis in frequency domain. 

All these investigations are useful but are time 
consuming. Thus, the decision to select one or 

more of these tests should be undertaken on a 

case-by-case basis, depending on the severity of 

symptoms, especially auditory. In cases with a 
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I I
Eyes Open Eyes Closed 

Fig. 4. Global results of the post-urography test. At the 

top, the relevant values for afferent outputs (somesthet

ic, visual and vestibular) are shown as well as the resul

tant dependency on visual cues (which, in a normal pa

tient, should be minimal). At the bottom are charts 

demonstrating the corresponding values of the energy 

devoted to accomplish the tasks, across the frequency 

domain (wavelet analysis). The greater the energy (red), 

the lesser the capacity to maintain posture. 
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Fig. S. Example of PLF revealed that 

a high energy is required to main

tain posture even in the eyes open 

condition with a stable board. The 

difference in the energy domain is 

not significant when the eyes are 

closed, demonstrating significant 

impairment of the vestibular con

trol. 

Wavelet analysis showing amount of energy provided to maintain postur 

clear clinical suspicion of PLF associated with a 
rapidly progressive decrease in hearing thresh

olds, surgical exploration should not be delayed. 

A Novel Biomarker CTP for PLF Diagnosis, 

Japanese Diagnostic Criteria and Nationwide 

Survey 

The gold standard means of making a diagno

sis is direct visualization of the perilymphatic leak 

through a tympanotomy. This is, often both dif

ficult and highly subjective (see below). 
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A number of markers have been used to aid di

agnosis of PLF. This includes beta-2 transferrin, 

beta-trace protein (prostaglandin D synthase) 
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Fig. 6.Ill ustrated primary molecular structure of Cochlin isoforms in inner ear and perilymph (modified from ref. (13]; 

Fig. 1 a). Representation of the COCH gene and Cochlin protein. The top line denotes the deduced amino acid se
quence of human COCH, showing the positions of the signal peptide (SP), the limulus factor C, Cochlin and the late 

gestation lung protein Lgl 1 domain (LCCL), the intervening domains 1 and 2 (ivd 1, 2), and the von Willebrand factor 

type A like domains 1 and 2 (vWF-A 1, vWF-A2}. The middle lines depict bovine Coch I in isoforms, p63s, p44s and p40s, 

expressed in inner ear tissue. The numbers of the N-terminal amino acid of each isoform are indicated. The bottom 

line depicts the Cochlin-tomoprotein (CTP} isoform expressed in the perilymph. 

and intrathecal fluorescein, all of which are 
markers of CSF leakage. An electrophoretic as
say of middle ear fluid for the presence of beta-2 
transferrin has been developed (28). But whilst 
this technique holds promise, the dilutional ef
fect during collection and preparation of the 
sample may lower the beta-2 transferrin concen
tration below the detection limits of the assay. 
Due to the relative amount of serum and peri
lymph in a mixed sample, electrophoretic sepa
ration of transferrin variant may not be diagnos
tic (29). Similarly, beta-trace protein (Beta-TP, 
prostaglandin D synthase) has been used as a 
CSF leakage marker (30). Beta-TP is detectable 
in higher concentrations in the inner ear fluids 
than in CSF. However, there are some difficul
ties with its use as the normal perilymph concen
tration of Beta-TP is unknown, and it is impos
sible to distinguish CSF leakage from PLF leak
age (31, 32). 

CTP is present in perilymph but not ex
pressed in the serum, saliva or CSF. It has, there
fore, been used as a novel biomarker for PLF (15] 
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(Fig. 6). Leaked perilymph can be recovered by 
lavage of the middle ear with saline (MEL). The 
recovered fluid should preferably be more than 
0.1 mL to allow for duplicate or triplicate mea
surements or re-testing, although 0.05 mL is the 
minimum volume that can be tested. In outpa
tients, MEL is collected after myringotomy using 
a conventional blade or CO2 laser. MEL can also 
be collected during surgery, such as exploratory 
tympanotomy, tympanoplasty or stapes surgery. 
When CTP is found in a sample, perilymph leak
age is considered to be present. A negative test 
does not exclude a leak; however, it may indicate 
only a small volume of leakage or intermittent 
leakage. 

Since 2009, Ikezono et al. (33, 34) have been 
using a western blot technique to test for CTP and 
have reported CTP in the cochlear fluid from pa
tients with perilymph gushers via cochleostomy, 
from middle ear fluids following penetrating 
middle ear injuries and following revision stapes 
surgery (33-35). In 2012, an ELISA kit using 
polyclonal antibodies was developed in collabo-
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Table 2. Proposed Japanese diagnostic criteria of PLF (2017) 

A Symptoms 

Hearing impairment, tinnitus, aural fullness, vestibular symptoms are observed in those with the preceding 

events: 
(1) Coexisting or pre-existing middle and/or inner ear diseases, (trauma, cholesteatoma, tumor, anomaly, SCCD,

etc.), middle and/or inner ear surgeries
(2) Barotrauma caused by antecedent events of external origin (e.g., blasting, diving or flying, etc.)

(3) Barotrauma caused by antecedent events of interna I origin (e.g., nose-blowing, sneezing, straining or carry

ing heavy objects, etc)

B Laboratory findings 

(1) Microscopic/Endoscopic inspection
Visual identification of fistula(s) between middle and inner ear by microscope or endoscope. Fistulas can

develop at the cochlear window, vestibular window, fracture site; microfissure, malformation, destruction in

bony labyrinth caused by inflammation, etc.

(2) Biochemical test

Perilymph-specific protein is detected from the middle ear

C Reference 

(1) A perilymph specific protein; e.g., Cochlin-tomoprotein (CTP) detection test.

After myringotomy, the middle ear is rinsed with 0.3 ml saline 3 times; the fluid is recovered (middle ear

lavage (MEL)) and tested by polyclonal antibody ELISA.

The cut-off criteria: ~0.4<CTP negative; 0.4�CTP<0.8 intermediate; 0.8�CTP positive
(2) Idiopathic cases may exist.

(3) Following symptoms and/or test results may be observed:
1 Streaming water-like tinnitus or feeling of running water in the middle ear 

2 Popping sound can be heard at the onset 
3 Nystagmus and/or vertigo induced by pressure application to the middle ear (Hennebert's 

phenomenon, fistula sign) 
4 Imaging studies may show a fistula in the bony labyrinth or pneumolabyrinth 

5 Progression of hearing impairment, tinnitus, aural fullness may be acute, progressive, fluctuating or 
recurrent 

6 The main complaints can be vestibular symptoms without hearing impairment 

D Differential diagnosis 

Inner ear diseases with known causes, such as viral infection, genetic, vestibular schwannoma, etc. 

E Diagnosis 

Probable PLF: Only symptoms listed in A 

Definite PLF: Symptoms and laboratory findings listed in B 

ration with IBL (Immuno-Biological Laborato
ries, Inc., Gunma, Japan). This has been used to 
test samples from 100 hospitals nationwide with 
the help of SRL, Inc., one of the biggest clinical 

laboratory testing service enterprises in Japan. 
This technique is more straightforward than the 
previously described western blot testing system, 
with results easily reported to the patient's clini
cian (36, 37). 

Unlike other countries, PLF has been one of 
the main targets for otology research in Japan. 
The first diagnostic criteria was put forward in 
1983 [38) and since then, a national study group 

has been studying PLF. After the introduction of 
the diagnostic test using CTP, PLF diagnostic cri
teria were revised in 2016 (37) (Table 2). It is 
based on clinical symptoms, history and physio
logical test results. Figure 7 shows the ratio of cas-
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Ratio of the cases in each 
categories. 

■ Category 1: 54 cases (34%)
Category 2: 15 cases (9%)

■ Category 3: 22 cases (14%)
■ Category 4: 4 cases (43%)

Fig. 7. The ratio of categories of diagnosis in cases. 

es by diagnostic category in the recent nationa[ 
study. The high proportion of category 4 patients 
(idiopathic) reflects the fact that Japanese ENT 
physicians are accustomed to suspecting PLF.. 
Seven to 20% of the cases in each category showed 
CTP positive test results. These results clearly in
dicate that PLF is a real clinical entity. 

What Therapeutic Strategy Could be 

Proposed? 

Although surgical intervention is the key treat
ment option, it is not always necessary. Close fol
low-up of patients can be recommended along 
with preventive measures (avoiding elevation of 
inner ear pressure and cranial pressure) when 
there is minimal impact on the quality oflife and 
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normal or stable hearing. Such an attitude is justi
fied by the fact that there may be spontaneous res
olution of symptoms. Before progressing to surgi
cal sealing, intra-tympanic steroid administration 
may be considered. This can be effective in acute 
decompensation of Meniere, s disease, labyrinthi
tis and PLF. It is important to consider that the 
effectiveness of trans-tympanic therapy may be 
limited if sealing of the labyrinthine windows is 
undertaken. 

It is important to realize that although several 
potential pathways exist between the perilym
phatic space and the middle ear, the actual leak
age of fluid can be difficult or impossible to prove 
[39]. The conventional gold standard of PLF de
tection is the intraoperative visualization of peri
lymph leakage. This is not always possible, how
ever, and the absence of observed leakage does 
not exclude the diagnosis. Similarly, the presence 
of fluid collection in the round and oval window 
niches may not necessarily represent perilymph 
as blood, tissue fluid and irrigation fluid can all be 
mistaken for perilymph [ 40]. The difficulty of 
making a definitive diagnosis of PLF has caused a 
long-standing debate regarding its prevalence, 
natural history, management and even its very ex
istence [l, 2, 41-43]. 

Surgical Technique 

In the presence of disabling symptoms (vertigo 
and dizziness, progressive sensorineural hearing 
loss), surgical sealing of the fistula is recommend
ed. This is achieved through middle ear explora
tion, ideally using both microscope and endo
scope. Leakage from the oval and round window 
areas is sought and systematic sealing of the win
dows undertaken even if no leakage is identified. 
Autologous connective tissue is harvested and 
used to obliterate oval and round windows. Fat, 
temporalis fascia or perichondrium from the tra
gus can all be used. The latter is our material of 
choice considering its ease of use and relative sta-
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Dr A. Deveze 

Fig. 8. a Example of a malformation of the left footplate area. A breach (arrow) is seen at the anterior part of the foot

plate (b). lntraoperative picture of a right ear. After elevation of the drum, sealing of both oval and round window 

areas was carried out using perichondrium after refreshing surrounding mucosa. 

bility in fluids (fascia has the disadvantage that it 
swells in contact with fluid). Counseling of the 
patient is crucial and patients should be informed 
that a specific leak may not be identified, but that 
sealing will be undertaken even if this is the case. 

Hyperventilation, Trendeleberg positioning and 
jugular vein compression can be used to increase 
diagnostic yield but are not necessarily effective 
(Fig. 8). 

Prognosis appears to be linked to the delay be
tween the causative event and surgical treatment 

[ 44]; however, it seems difficult to reduce this de
lay to intervention. Despite this, some patients 
may benefit from surgical treatment up to 6 
months after the causative event [45, 46]. 

Conclusion 

To conclude, PLF is a genuine condition that re
quires a high index of suspicion to identify cases. 
Every case of suspected PLF requires a thorough 
evaluation through clinical assessment and inves

tigation. The work-up should ideally include au-
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diovestibular investigations with positional audi
ometry, videonystagmography with Tullio and 
Valsalva testing and cVEMP as a minimum. 
Cross-sectional imaging should also be undertak
en. The CTP test is currently being reviewed for 

Japanese FDA approval, and may become avail
able worldwide in several years as a useful adjunct 
to diagnosis. Close communication between radi
ologist, clinicians, surgeons and the patient is cru
cial and represents one of the key points of this 
particular disease. 

Acknowledgments 

We thank Ms. Miki Hatakeyama for editorial assis

tance with the production of this manuscript. 

Source of Funding 

This study was supported by Health and Labor Scienc
es Research Grants in Japan (Research on Measures for 

Intractable Diseases, Researches on Sensory and Com
municative Disorders). 

143 

Adv Otorhinolaryngol. Basel, Karger, 2018, vol 81, pp 133-145 (DOI: 10.1159/000485579) 



References 

1 Hornibrook J: Perilymph fistula: fifty 14 Ikezono T, Shindo S, Sekiguchi S, 25 King EB SA, Eastwood HT, O'Leary SJ. 
years of controversy. ISRN Otolaryngol Hanprasertpong C, Li L, Pawankar R, et Direct entry of gadolinium into the ves-
2012; 2012: 281248. al: Cochlin-tomoprotein: a novel peri- tibule following intratympanic applica-

2 Schuknecht HF: Myths in neurotology. lymph-specific protein and a potential tions in guinea pigs and the influence of 
Am J Otol 1992; 13: 124-126. marker for the diagnosis of perilym- cochlear implantation. J Assoc Res Oto-

3 MeyerhoffWL: Spontaneous perilym- phatic fistula. Audio! Neurotol 2009; 14: laryngol 2011; 12: 741-751. 
phatic fistula: myth or fact. Am J Oto! 338-344. 26 Shepard NT, Telian SA, Niparko JK, Ke-
1993; 14: 478-481. 15 Ikezono T, Shindo S, Sekiguchi S, Mori- mink JL, Fujita S: Platform pressure test 

4 Jad<ler R, Brackmann D: Neurotology, zane T, Pawankar R, Watanabe A, et al: in identification of perilymphatic fistula. 
ed 2. Philadelphia, Pennsylvania, Mosby The performance of Cochlin-tomopro- Am J Otol 1992; 13: 49-54. 
Inc., 2005. tein detection test for the diagnosis of 27 Pyykko I, Selmani Z, Zou J: Low-fre-

5 Minor LB: Labyrinthine fistulae: patho- perilymphatic fistula. Audio! Neurootol quency sound pressure and transtym-
biology and management. Curr Opin 2010; 15: 168-174. panic endoscopy of the middle ear in 
Otolaryngol Head Neck Surg 2003; 11: 16 Hazell JW, Fraser JG, Robinson PJ: Posi- assessment of"spontaneous" perilym-
340-346. tional audiometry in the diagnosis of phatic fistula. ISRN Otolaryngol 2012; 

6 Maitland CG: Perilymphatic fistula. Curr perilymphatic fistula. Am J Otol 1992; 2012: 137623. 
Neurol Neurosci Rep 2001; 1: 486-491. 13: 263-269. 28 Bassiouny M, Hirsch BE, Kelly RH, Ka-

7 Wackym P, Balaban C, Mackay H, Wood 17 Albera R, Cana[e A, Lacilla M, Cavalot merer DB, Cass SP: Beta 2 transferrin 
S, Lundell C, Carter D, et al: Longitudi- AL, Ferrero V: Delayed vertigo after sta- application in otology. Am J Otol 1992; 
nal cognitive and neurobehavioral func- pes surgery. Laryngoscope 2004; 114: 13: 552-555. 
tional outcomes before and after repair- 860-862. 29 Rauch SD: Transferrin microheteroge-
ing otic capsule dehiscence. Oto! 18 Eggers S, Zee D: Overview of Vestibular neity in human perilymph. Laryngo-
Neurotol 2016; 37: 70-82. and Balance Disorders. Handbook of scope 2000; 110: 545-552. 

8 Bourgeois B, Ferron Ch, Bordure P, Clinical Neurophysiology. Vertigo and 30 Bachmann G, Petereit H, Djenabi U, 
Beauvillain de Montreuil C, Legent F: Imbalance: Clinical Neurophysiology of Michel 0: Predictive values of beta-trace 
[Exploratory tympanotomy for suspect- the Vestibular System. Science Direct, protein (prostaglandin D synthase) by 
ed traumatic perilymphatic fistula]. Ann 2010, vol 9, pp 3-4. use of laser-nephelometry assay for the 
Otolaryngol Chir Cervicofac 2005; 122: 19 Modugno GC, Magnani G, Brandolini C, identification of cerebrospinal fluid. 
181-186. Savastio G, Pirodda A: Could vestibular Neurosurgery 2002; 50: 571-576. 

9 Goto F, Ogawa K, Kunihiro T, Kurashi- evoked myogenic potentials (VEMPs) 31 Michel 0, Petereit H, Klemm E, Walther 

ma K, Kobayashi H, Kanzaki J: Peri- also be useful in the diagnosis of peri- LE, Bachmann-Harildstad G: First dini-
lymph fistula - 45 case analysis. Auris lymphatic fistula? Eur Arch Otorhino- cal experience with beta-trace protein 
Nasus Larynx 2001; 28: 29-33. laryngol 2006;263: 552-555. (prostaglandin D synthase) as a marker 

10 Fitzgerald DC: Perilymphatic fistula and 20 Arenberg IK, Ackley RS, Ferraro J, for perilymphatic fistula. J Laryngol Oto! 
Meniere's disease. Clinical series and Muchnik C: ECoG results in perilym- 2005; 119: 765-769. 
literature review. Ann Oto! Rhino! Lar- phatic fistula: clinical and experimental 32 Risch L, Lisee I, Jutzi M, Podvinec M, 
yngol 2001; 110(5 pt 1):430-436. studies. Otolaryngol Head Neck Surg Landolt H, Huber AR: Rapid, accurate 

11 Stroud MH, Calcaterra TC: Spontaneous 1988; 99: 435-443. and non-invasive detection of cerebro-
perilymph fistulas. Laryngoscope 1970; 21 Marsot-Dupuch K, Gayet-Delacroix M: spinal fluid leakage using combined de-
80: 479-487. [Imaging of the cochleo-vestibular sys- termination of beta-trace protein in se-

12 Portmann D, Souza Leao F, Bussieres R, tern]. J Radiol 1999; 80: 351-362. cretion and serum. Clin Chim Acta 
Noyon P: [Validation of a clinical scale 22 Achache M, Sanjuan Puchol M, Santini 2005; 351: 169-176. 
for the diagnosis of perilymphatic fis- L, Lafont B, Cihanek M, Lavieille JP, et 33 Ikezono T, Sugizaki K, Shindo S, Sekigu-
tula]. Rev Laryngol Otol Rhino! (Bord) al: Late pneumolabyrinth after undiag- chi S, Pawankar R, Baba S, et al: CTP 
2005; 126:243-248. nosed post-traumatic perilymphatic (Cochlin-tomoprotein) detection in the 

13 Ikezono T, Shindo S, Li L, Omori A, Ich- fistula. Case report illustrating the im- profuse fluid leakage (gusher) from co-
inose S, Watanabe A, et al: Identification portance of systematic emergency man- chleostomy. Acta Otolaryngol 2010; 130: 
of a novel Cochlin isoform in the peri- agement.. Eur Ann Otorhinolaryngol 881-887.
lymph: insights to Cochlin function and Head Neck Dis 2013; 130: 283-287. 34 Ikezono T, Shindo S, Sekine K, Shiiba K, 
the pathogenesis of DFNA9. Biochem 23 Veillon F, Rock B, Cahen-Riehm S, Mer- Matsuda H, et al: Cochlin-tomoprotein 
Biophys Res Commun 2004; 314: 440- iot P, Charpiot A, Baur P; Imagerie de (CTP) detection test identifies traumatic 
446. l'oreille traumatique. Imagerie de perilymphatic fistula due to penetrating 

l'oreille et de l'os temporal. Paris, middle ear injury. Acta Otolaryngol 
Lavoisier, 2014, pp 619-725. 2011; 131: 937-944. 

24 Benichou J: Temporal Bone Imaging. 
Berlin, Springer, 2015. 

144 Deveze ·Matsuda· Elziere • I kezono 

Lloyd SKW, Donnelly NP (eds): Advances in Hearing Rehabilitation. 

Adv Otorhinolaryngol. Basel, Karger, 2018, vol 81, pp 133-145 (DOI: 10.1159/000485579) 



35 Kataoka Y, Ikezono T, Fukushima K, 38 Kanzaki J: Diagnostic criteria for acute 
Yuen K, Maeda Y, Sugaya A, et al: Coch- profound deafness. Acta Otolaryngol 
lin-tomoprotein (CTP) detection test Suppl 1994;514: 7-8. 
identified perilymph leakage preopera- 39 Kohut RI, Hinojosa R, Budetti JA: Peri-
tively in revision stapes surgery. Auris lymphatic fistula: a histopathologic 
Nasus Larynx 2013; 40: 422-424. study. Ann Oto! Rhino! Laryngol 1986; 

36 Ikezono T, Matsumura T, Matsuda H, 95(5 pt 1):466-471. 
Shikaze S, Saitoh S, Shindo S, et al: The 40 Nomura Y: Perilymph fistula: concept, 
diagnostic performance of a novel ELI- diagnosis and management. Acta Oto-
SA for human CTP (Cochlin-tomopro- laryngol Suppl 1994; 514: 52-54. 
tein) to detect perilymph leakage. PLoS 41 Jackler R, Luxford W, House W. Con-
One 2018; 13:e0191498. genital malformatio111s of the inner ear: a 

37 Matsuda H, Sakamoto K, Matsumura T, classification based on embryogenesis. 
Saito S, Shindo S, Fukushima K, et al: A Laryngoscope 1987;97(3 pt 2 suppl 
nationwide multicenter study of the 40):2-14. 
Cochlin tomo-protein detection test: 42 Friedland DR, Waclcym PA: A critical 
clinical characteristics of perilymphatic appraisal of spontaneous perilymphatic 
fistula cases. Acta Otolaryngol 2017; fistulas of the inner ear. Am J Oto! 1999; 
137(suppl 565):S53-S59. 20:261-276; discussion 276-279. 

Prof. Tetsuo lkezono, MD, PhD 

Saitama Medical University Faculty of Medicine, Otorhinolaryngology 

Morohongo 38, Moroyamamachi 

lrumagun, Saitamaken 350-0495 (Japan) 
E-Mail ikez@saitama-med.ac.jp

Diagnosis and Treatment for PLF 

Lloyd SKW, Donnelly NP (eds): Advances in Hearing Rehabilitation. 
Adv Otorhinolaryngol. Basel, Karger, 2018, vol 81, pp 133-145 (DOI: 10.1159/000485579) 

43 Hughes GB, Sismanis A, House JW: Is 
there consensus in perilymph fistula 
management? Otolaryngol Head Neck 
Surg 1990; 102: 111-117. 

44 Kubo T, Kohno M, Naramura H, ftoh M: 
Clinical characteristics and hearing re-
covery in perilymphatic fistulas of dif-
ferent etiologies. Acta Otolaryngol 
(Stockh) 1993; 113: 307-311. 

45 Glasscock ME 3rd, Hart MJ, Ros-
deutscher JD, Bhansali SA: Traumatic 
perilymphatic fistula: how long can 
symptoms persist? A follow-up report. 
Am J Otol 1992; 13: 333-338. 

46 Gedlicka C, Formanek M, Ehrenberger 
K: Analysis of 60 patients after tympa-
notomy and sealing of the round win-
dow membrane after acute unilateral 
sensorineural hearing loss. Am J Otolar-
yngol 2009; 30: 157-161. 

145 


	Screen Shot 2018-08-25 at 12.39.22 AM
	Screen Shot 2018-08-25 at 12.39.46 AM
	Screen Shot 2018-08-25 at 12.40.01 AM
	Screen Shot 2018-08-25 at 12.40.13 AM
	Screen Shot 2018-08-25 at 12.40.38 AM
	Screen Shot 2018-08-25 at 12.40.51 AM
	Screen Shot 2018-08-25 at 12.41.07 AM
	Screen Shot 2018-08-25 at 12.41.25 AM
	Screen Shot 2018-08-25 at 12.41.46 AM
	Screen Shot 2018-08-25 at 12.42.02 AM
	Screen Shot 2018-08-25 at 12.42.16 AM
	Screen Shot 2018-08-25 at 12.42.29 AM
	Screen Shot 2018-08-25 at 12.42.40 AM

