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Objectives: An idiopathic perilymphatic fistula (PLF) can be difficult to diagnose 
because patients present with sudden sensorineural hearing loss (SSHL) and/or 
vestibular symptoms without any preceding events. In such cases, we currently 
test for cochlin-tomoprotein (CTP) to confirm the diagnosis of idiopathic PLF 
because CTP is only detected in the perilymph. In this study, we  report the 
clinical course of five patients definitively diagnosed with idiopathic PLF who 
underwent PLF repair surgery using transcanal endoscopic ear surgery (TEES).

Patients and methods: Five patients were initially treated with intratympanic 
dexamethasone for SSHL, at which time a CTP test was also performed 
(preoperative CTP test). Due to refractory hearing loss and/or fluctuating 
disequilibrium, PLF repair surgery using TEES was performed to seal the oval 
and round windows using connective tissue and fibrin glue. These patients were 
diagnosed with definite idiopathic PLF based on pre- or intra-operative CTP 
test results (negative, < 0.4  ng/mL; intermediate, 0.4–< 0.8  ng/mL; and positive, 
> 0.8  ng/mL). We evaluated pre- and intra-operative CTP values, intraoperative 
surgical findings via a magnified endoscopic view, and pre- and post-operative 
changes in averaged hearing level and vestibular symptoms.

Results: Pre- and intra-operative CTP values were positive and intermediate in 
three patients, positive and negative in one patient, and negative and positive 
in one patient. None of the patients had intraoperative findings consistent 
with a fistula between the inner and middle ears or leakage of perilymph. Only 
two patients showed a slight postoperative recovery in hearing. Four patients 
complained of disequilibrium preoperatively, of whom two had resolution of 
disequilibrium postoperatively.

Conclusion: A positive CTP test confirms PLF in patients without obvious 
intraoperative findings. The CTP test is considered more sensitive than 
endoscopic fistula confirmation. We consider that CTP test results are important 
indicators to decide the surgical indication for idiopathic PLF repair surgery. In 
our experience with the five cases, two of them showed improvements in both 
hearing and vestibular symptoms.
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1 Introduction

A perilymphatic fistula (PLF) is defined as an abnormal 
communication between the perilymph-filled inner ear and the 
air-filled space of the middle ear. A PLF can be caused by internal or 
external trauma, but it can also be idiopathic. The diagnostic criteria 
for PLF in Japan were revised by the Intractable Hearing Loss Research 
Committee of the Ministry of Health, Labor, and Welfare in 2016. The 
PLF criteria in Japan acknowledge that idiopathic cases exist.

Idiopathic PLF can be  difficult to diagnose because patients 
present with sudden sensorineural hearing loss (SSHL) and/or 
vestibular symptoms without any abnormalities demonstrated on an 
MRI or CT scan. In such cases, we  currently test for cochlin-
tomoprotein (CTP) in the middle ear to confirm idiopathic PLF 
because CTP is detected only in perilymph (1, 2). Suspected idiopathic 
PLF has been surgically treated via microscopic ear surgery (MES), 
but MES is not guaranteed to resolve SSHL and vestibular symptoms. 
Transcanal endoscopic ear surgery (TEES), however, offers a less 
invasive option for such patients, and TEES may have the potential to 
visualize fistulas/microfissures more clearly than MES. In this study, 
we report the clinical course of five patients definitively diagnosed 
with idiopathic PLF who were treated with PLF repair surgery using 
the TEES technique.

2 Patients and methods

2.1 Patients

The five patients (three male individuals and two female 
individuals; age range, 15–83 years; median age, 52.0 years) we present 
were initially treated with intratympanic dexamethasone (IT-DEX) for 
SSHL at Yamagata University Hospital between 2014 and 2017. 
IT-DEX was performed in the hospital for 8 consecutive days (3). 
Hearing levels were not completely recovered in all cases. These 
patients had refractory hearing loss and/or fluctuating disequilibrium; 
idiopathic PLF was considered based on the CTP test results at the 
time of IT-DEX and the course of hearing levels and/or vestibular 
symptoms. After informed consent, we  performed a PLF repair 
surgery using the TEES technique to seal the inner ear windows with 
the hope of improving hearing and vestibular symptoms.

2.2 Diagnostic criteria for PLF

The Japanese PLF diagnostic criteria, which were revised by the 
Intractable Hearing Loss Research Committee of the Ministry of 
Health, Labor, and Welfare in 2016, were used to diagnose PLF in the 
current study (Table 1) (4). These criteria for PLF show that PLF is 
definitively diagnosed based on symptoms and positive laboratory 
findings. PLF symptoms include hearing loss, tinnitus, and vestibular 

symptoms. There are two laboratory findings of significance in 
patients with PLF: visual identification of a fistula between the middle 
and inner ears by microscope or endoscope; and a biochemical test 
that detects perilymph-specific proteins, including CTP, from the 
middle ear.

2.3 CTP test

Ikezono et al. (1) identified CTP as a perilymph-specific protein. 
Therefore, the detection of CTP in the middle ear is consistent with a 
PLF with perilymph leakage. CTP was quantified using polyclonal 
antibody ELISA with a specimen obtained from the middle ear cavity. 
The middle ear cavity was rinsed three times repeatedly with 0.3 mL 
of saline, and then saline was collected as a specimen for the CTP test. 
The cutoff criteria tested by polyclonal antibody ELISA are shown in 
Table 1 (negative, < 0.4 ng/mL; intermediate, 0.4–< 0.8 ng/mL; and 
positive, > 0.8 ng/mL). The sensitivity and specificity of the CTP test 
by polyclonal antibody ELISA are 86.4 and 100%, respectively (2).

All the samples were measured by T.I. in a blinded fashion, using 
a quality-controlled, standardized methodology established in 
collaboration with the central pathology lab (SRL Inc.).

The CTP test using polyclonal antibody ELISA was a prospective 
clinical study that was conducted with the approval of the Ethics 
Committee of Yamagata University (H28-303) and Saitama Medical 
University Hospital (IRB No. 13086). Informed consent was given by 
the patients. CTP tests were performed twice, as follows: the first 
during the IT-DEX procedure (preoperative CTP test) and the second 
during the TEES procedure (intraoperative CTP test).

The CTP test was performed in all patients who underwent 
IT-DEX for SSHL and provided informed consent for the CTP test. 
The CTP-positive rate for SSHL in our institutions during the study 
period was 15.1% (8/53). PLF repair surgery was performed in four of 
eight CTP-positive patients.

2.4 PLF repair surgery using the TEES 
technique

Our indications for idiopathic PLF repair surgery were as follows: 
Surgical indication 1: Patients with symptoms and/or test results 
suggestive of PLF, such as progressive hearing loss [Table 1 (4)]. Surgical 
indication 2: Patients with a positive CTP test whose hearing has not 
completely recovered. Surgical indication 3: Patients with positive CTP 
results and recurring hearing loss and/or vestibular symptoms.

PLF repair surgery using the TEES technique was performed 
under general anesthesia. Angled rigid endoscopes (0 and 30 degrees) 
with an outer diameter of 2.7 mm (KARL STORZ, Tuttlingen, 
Germany) were used. Images were recorded through a full high-
definition (HD) camera (KARL STORZ), which was attached to the 
endoscope lens, and these images were displayed on a full HD monitor.
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In the patient with right ear disease, a tympanomeatal flap was 
elevated with a circumferential incision from the 6 o’clock to the 
12 o’clock position (Figure  1A). After elevation of the 
tympanomeatal flap, the middle ear was checked for the presence 
or absence of perilymphatic leakage for approximately 10 min 
(Figures 1B,C). The middle ear cavity was rinsed three times with 
0.3 mL of saline for the CTP detection test. A minimum transcanal 
atticotomy was performed to clear the surgical field around the 
oval window. The mucosa around the oval and round windows was 
scratched for the attachment of the connective tissue graft. The area 
surrounding the stapes and round window niche was sealed with 
connective tissue obtained from the postauricular subcutaneous 
area (Figures  1D,E). Finally, fibrin glue was used to fix the 
connective tissue. The tympanomeatal flap was put back, and the 
external ear canal was then packed with chitin sheets, Gelfoam 
sponges soaked in antibiotic eardrops, and Merocel sponges.

2.5 Assessment of hearing levels and 
vestibular symptoms

Hearing tests and vestibular symptom assessments were 
performed preoperatively and postoperatively. Changes in hearing 
levels in each patient were assessed using the criteria established by 
the Acute Severe Hearing Loss Study Group, which are as follows: 
“Complete recovery” signifies recovery to a hearing level within 20 dB 
in pure tone audiometry (PTA) or to the same hearing level as the 

unaffected side; “Marked recovery” refers to more than 30 dB of 
recovery in PTA; “Slight recovery” is a recovery of 10–29 dB; and “No 
response” corresponds to a recovery of less than 10 dB (5). Changes in 
vestibular symptoms were assessed on the basis of the patient’s 
subjective complaints, and the results were categorized as unchanged, 
progressing, or demonstrating marked improvement. Patient data 
were thoroughly analyzed and followed up for more than 6 months 
postoperatively (range, 0.7–4.2 years; median, 2.1 years).

3 Results

Table  2 shows the clinical courses for the five patients. The 
indication for surgery in each case was determined from the following 
events: Patient #1 had progressive hearing loss. Patient #2 had a 
positive CTP result and no recovery in hearing. Patient #3 showed 
marked recovery in hearing after IT-DEX, but he  had recurrent 
disequilibrium. Patient #4 showed no recovery in hearing after 
IT-DEX, and he  had recurrent disequilibrium. Patient #5 showed 
hearing improvement to 43 dB after IT-DEX but then experienced 
repeated hearing loss and disequilibrium (Table 3).

The association between pre- and intra-operative CTP values was 
positive and negative in 1 patient (patient #3), positive and 
intermediate in 3 patients (#2, #4, and #5), and negative and positive 
in 1 patient (#1). No fistulas were identified during endoscopic surgery 
in any patients. Two patients showed a postoperative slight recovery 
in hearing (#1, #4.). Four patients complained of disequilibrium 

TABLE 1 Diagnostic criteria in Japan for PLF.

A. Symptoms

Hearing impairment, tinnitus, aural fullness, and vestibular symptoms are observed in cases who had preceding events, as listed below:

 (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 or external origin (e.g., blasting, diving, or flying)

 (3) Barotrauma caused by antecedent events of internal origin (e.g., nose-blowing, sneezing, straining, or carrying heavy objects)

B. Laboratory findings

(1) Microscopic/endoscopic inspection

Visual identification of fistula(s) between the middle and inner ear by a microscope or endoscope. Fistulas can develop at the cochlear window, vestibular window, fracture 

site, microfissure, malformation, destruction in the bony labyrinth caused by inflammation, etc.

(2) Biochemical test

Perilymph-specific protein is detected in 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 of saline three times, the fluid 

recovered (middle ear lavage (MEL)) and tested by polyclonal antibody ELISA. The cutoff criteria are: 0.4 < CTP negative; 0.4 ≤ CTP <0.8 intermediate; 0.8 ≤ CTP 

positive

 (2) Idiopathic cases may exist

 (3) The 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 have known causes, such as viral infection, genetics, and vestibular schwannoma.

E. Diagnosis

Probable PLF: Only symptoms listed in A

Definite PLF: Symptoms and laboratory findings listed in B

https://doi.org/10.3389/fneur.2024.1376949
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kubota et al. 10.3389/fneur.2024.1376949

Frontiers in Neurology 04 frontiersin.org

preoperatively, of whom two had demonstrated marked improvement 
of disequilibrium postoperatively (patients #1 and #5).

4 Discussion

PLFs are classified into four categories according to etiology in 
Japan (Table 4) (4). A Japanese multicenter study involving 497 cases 
with suspected PLFs reported that 125 cases were classified as category 
1, 28 as category 2, 77 as category 3, and 192 as category 4. The 
CTP-positive rate has been reported to be  8–50% for category 1 
(depending on the type of disorder), 14% for category 2, 23% for 
category 3, and 19% for category 4 (4). Sasaki et al. reported that the 
CTP-positive rate was 20% in 56 SSHL patients with no apparent 
antecedent event and significantly higher CTP values in those aged 
60 years and older (6). The presence of idiopathic PLF pathology 
corresponding to category 4 was considered to be  present, as 
evidenced by the recognition of a case in category 4 in which CTP 
positivity led to a definitive diagnosis of PLF.

The five patients evaluated in this study underwent CTP testing 
twice (once at the time of IT-DEX [preoperative CTP test] and once 
at the time of PLF repair surgery using TEES [intraoperative CTP 
test]). Changes in the status of PLF can be inferred from changes in 
pre- and intra-operative CTP values. A patient who is preoperatively 
CTP-positive and intraoperatively CTP-intermediate indicates the 
possibility of persistent or recurrent PLF. We  assumed that 
perilymphatic leakage and spontaneous closure of the PLF were 
repeated in patient #5, thus the hearing and disequilibrium improved 
after surgery, even after 727 days from the onset of the disease to the 
surgical treatment. A patient who was preoperatively CTP-positive 
and intraoperatively CTP-negative suggested the possibility of 
spontaneous PLF closure. A patient who was preoperatively 

CTP-negative and intraoperatively CTP-positive indicated the 
possibility that the PLF closed spontaneously and reoccurred or that 
the preoperative CTP test was a false-negative. It is important to note 
that a CTP-negative does not rule out the PLF, because the condition 
of the PLF can change during the clinical course of the patient.

Among the five patients with idiopathic PLF in this study, none of 
the patients achieved complete hearing recovery after IT-DEX 
treatment. Sasaki et al. (6) reported that CTP-positive patients with 
SSHL had a significantly worse hearing recovery rate after IT-DEX 
treatment. Although steroids may be more easily transmitted to the 
inner ear in PLF conditions, the results of the study suggest that 
steroids may be less effective in the treatment of idiopathic PLF. The 
therapeutic efficacy of steroids in idiopathic PLF is unclear.

We have been using TEES for ear surgery since September 2011. 
In recent years, TEES has gained popularity and is being applied to 
different types of middle ear diseases, including PLF, as a result of 
advances in imaging technology, including full HD video systems. 
TEES using a full HD video system offers a number of advantages over 
MES, such as a wide field of view, higher magnification of fine 
anatomic structures, and clear visualization of anatomic areas that are 
located in blind spots when viewed through a microscope (7–9). 
Matuda et  al. reported a category 2 PLF case with a congenital 
dehiscence of the stapes footplate (10). In contrast, the patients in the 
present study were definitively diagnosed with PLF based on the CTP 
test results, but a fistula could not be confirmed, even via a magnified 
endoscopic view. In the diagnosis of idiopathic PLF, the CTP test is 
considered more sensitive than endoscopic fistula confirmation.

Surgical treatment of idiopathic PLF (in which no fistula can 
be identified) involves sealing the round and oval windows using 
connective tissue, temporal fascia, or tragal perichondrium (11). 
Based on our experiences, PLF repair surgery using TEES for 
idiopathic PLF can be performed without complications under clear 

FIGURE 1

(A) Tympanomeatal flap was elevated. (B) Observation of the oval window. (C) Observation of the round window. (D) Sealing the area surrounding the 
stapes with connective tissue. (E) Sealing the round window niche with connective tissue.
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visualization and a wide field of view. Heilen et al. (12) reported that 
there is no significant hearing improvement after exploratory 
tympanotomy with sealing of the round window for patients with 
SSHL. Prenzler et al. (13) reported that exploratory tympanotomy 
with sealing of the round and oval windows is useful in patients 
with profound SSHL. Matsuda et  al. stated that indications for 
idiopathic PLF repair surgery are patients whose chief complaint is 
sustained vestibular symptoms, and the onset or exacerbation of 
vestibular symptoms was accompanied by sudden, fluctuating, and 
progressive hearing loss. They reported that the surgery was 
performed in seven patients, with five showing improved vertigo 
within 1 week and one within 1 month (14). In our experience with 
TEES repair surgery, two of five patients showed improvements in 
both hearing and vestibular symptoms, but patient #2 showed no 
response in hearing, and 2 patients (#3 and #4) showed unchanged 
vestibular symptoms. Taking into account these reports and the 
results of the current study, it is unclear whether sealing inner ear 
windows for idiopathic PLF improves hearing loss or vestibular 
symptoms. Large multicenter studies are needed to determine the 
treatment efficacy of PLF repair surgery via TEES or MES for 
idiopathic PLF.

The timing of repair surgery is another treatment issue for PLF 
patients. The need for early PLF repair surgery is unclear because 
some PLFs may close spontaneously. Matsuda et al. (14) reported that 
the time to surgery was significantly shorter in cases with good 
hearing recovery of more than 10 dB postoperatively compared to 
those with no improvement. We should consider early PLF repair 
surgery as a treatment option for CTP-positive patients whose hearing 
and vertigo do not improve after systemic steroid administration or 
IT-DEX. The efficacy of early PLF repair surgery in patients with 
idiopathic PLF should be evaluated in further studies.

The CTP test is a sensitive and useful examination in the diagnosis 
of idiopathic PLF and in determining the indications for PLF repair 
surgery, but it has a major shortcoming; specifically, it takes 
approximately 1 month to obtain test results. Thus, early diagnosis and 
early surgical treatment are difficult in patients with idiopathic PLFs 
because they have no apparent antecedent events associated with 
PLFs. The development of rapid testing methods for CTP is desirable 
in the future. If early diagnosis of idiopathic PLF becomes possible, 
surgical treatment can be performed earlier and surgical outcomes can 
be improved. Another limitation of the CTP test is that a positive CTP 
result may be derived from residual CTP in the middle ear cavity even 
after the PLF has been closed, but the development of rapid tests for 
CTP may reduce this limitation.

5 Conclusion

We evaluated five patients definitively diagnosed with 
idiopathic PLF who underwent PLF repair surgery using TEES. PLF 
repair surgery using TEES can visualize potential fistulas/
microfissures more clearly than MES; however, we  have not 
identified any in these five cases. The CTP test is considered more 
sensitive than endoscopic fistula confirmation. We consider that 
CTP test results are important indicators to decide the surgical 
indication for idiopathic PLF repair surgery. In our experience 
with five cases, two of them showed improvements in both hearing 
and vestibular symptoms.T
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