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A perilymphatic fistula (PLF) is an abnormal communication between the perilymph-filled inner ear and the middle ear cavity, mastoid, or intracranial cavity. A PLF most commonly forms when the integrity of the oval or round window is compromised, and it may be trauma-induced or may occur with no known cause (idiopathic). Controversy regarding the diagnosis of idiopathic PLF has persisted for decades, and the presenting symptoms may be vague. However, potential exists for this condition to be one of the few etiologies of dizziness, tinnitus, and hearing loss that can be treated surgically. The aim of this review is to provide an update on classification, diagnosis, and treatment of PLF. Particular attention will be paid to idiopathic PLF and conditions that may have a similar presentation, with subsequent information on how best to distinguish them. Novel diagnostic criteria for PLF and management strategy for PLF and PLF-like symptoms is presented.
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INTRODUCTION

A perilymphatic fistula (PLF) is an abnormal communication between the perilymph-filled inner ear and outside the inner ear that can allow perilymph to leak from the cochlea or vestibule, most commonly through the round or oval window. PLF commonly causes cochlear and vestibular symptoms. Connections between vestibular symptoms and compromise of the structural integrity of the inner ear have been drawn as early as 1909 (1); however, vague symptoms, lack of a clear diagnostic test, and changes in the description and definition of a PLF have made even the existence of the condition a controversial subject for decades. In his work titled Perilymph Fistula: Fifty Years of Controversy, Hornibrook provides a detailed examination of the history of PLF and the sources of controversy surrounding the condition, including associated symptoms and terminology (2).

PLFs are ultimately a rare condition: it is estimated that PLFs has an incidence of 1.5/100,000 of adults, which is similar to that of vestibular schwannoma (3). In children, PLFs caused by congenital anomalies may be a more prominent cause of audiovestibular symptoms and have been thought to occur in up to 6% of children with idiopathic sensorineural hearing loss (4). Difficulties in defining and diagnosing PLFs has led to a dearth of more robust epidemiological information. Part of this problem has been that most methods used to identify PLFs lacked the sensitivity and specificity to provide consistent diagnoses (5). However, improvements in imaging techniques and emerging technology in the form of biomarkers have shown promise as tools to help define and diagnose PLF (6).

Despite their rarity, PLFs hold importance as one of the few potential causes of hearing loss and vestibular disturbance that can be treated surgically. In this review, we will present a compilation of current information on etiology and diagnosis of PLF as well as an update on new and developing treatment techniques.



ETIOLOGY

PLFs can broadly be divided into two categories: those with an identifiable cause and those without. At first, PLFs were observed in post-stapedectomy patients where perilymph would leak around a prosthesis placed into the oval window due to a failure of the seal around or under the prosthesis (7–9). Though techniques for stapes surgery have advanced, PLFs still occur as a complication in ~1% of stapedotomy procedures (10) and may be present in up to one-third of individuals requiring revision stapedectomies (11).

Shortly after the identification of surgery as a cause of PLFs, Fee observed that PLFs may be present even with no history of prior otologic procedure and attributed their cause to head trauma (12). Potential causes include barotrauma, temporal bone fractures, and penetrating trauma (13–15). In the 1970s, Goodhill discerned implosive (originating from Valsalva force-induced increased pressure in the middle ear) from explosive forces [originating from increased cerebrospinal fluid (CSF) pressure] as causes of inner ear injury (16). In a study by Hidaka et al. that reviewed 51 causes of traumatic PLF in Japan, an estimated 40% were due to blunt head trauma, 35% due to penetrating injury, 5.8% due to barotrauma, and the remainder were iatrogenic (17). Interestingly, these numbers may vary by country, as the use of ear picks and Q-tips is generally higher in Japan (18).

There remained, however, cases in which individuals were found to have PLF symptoms with no history of either surgery or trauma. The exact amount of these “spontaneous” or “idiopathic” cases of PLF varies, but the number may be significant, ranging from 24 to 51% (19–21). Although these cases of PLF were historically called “spontaneous,” it is more accurate to refer to them as “idiopathic,” as the word “spontaneous” can have small but important differences in its definition that can affect how PLFs are classified (22). Occasionally these cases were still preceded by a specific event, such as sneezing, straining, nose blowing, laughing, or even bending over, prompting controversy over what constitutes an idiopathic PLF (22). Currently, there are no universally accepted formal diagnostic criteria for the diagnosis of PLF; however, in an effort to combat inexactness in the use of “spontaneous” PLF, researchers in Japan have created a modern classification system that divides PLF by cause into four groups (Table 1), similar to systems used in the past (16, 24). In this system, PLFs with antecedent events fall into categories 1, 2, and 3, while PLFs with no identifiable antecedent event fall into category 4 and are labeled idiopathic. Using this system, about 38.6% of cases in the study fell into category 4 (23). In contrast to Goodhill's classification (implosive vs. explosive) (16), the classification in Table 1 is simple and easy-to-use in clinical practice. In some cases of sudden deafness/dizziness following nose blowing, the route of inner ear injury cannot be discerned. In this scenario, nose blowing may increase either middle ear pressure via Eustachian tube (implosive) or intracranial pressure by straining (explosive); however, these types of mistakes cannot be made using the classification in Table 1.


Table 1. Categorization of perilymphatic fistula according to etiology based on a nationwide study by Matsuda et al. (23).
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The question of what may be provoking idiopathic PLF formation remains. In some cases, congenital malformations and microfissure formation may be a contributing factor (25). Microfissures can develop in multiple areas in the temporal bone, but those that develop between the round window niche and the posterior canal ampulla and around the oval window are theorized as an etiology for PLFs (26–29). Microfissures can be a normal finding (29); however, defective remodeling or anatomical variation in fissure location may distinguish fissures that contribute to PLF and those that are asymptomatic. In a similar manner, perilymph can leak through the fissula ante fenestrum as well. In normal development, the fissula ante fenestrum is a bony cleft present in all individuals that remodels and fills with cartilage and mesenchymal tissue. If this remodeling is altered, it may result in a patent cleft through which perilymph can leak (30). Elevations in intracranial pressure can also increase perilymphatic fluid pressure and cause or exacerbate fistulas (31). In many cases, patients may simply not recall a specific event preceding their symptoms. A more detailed discussion of potential factors is included at the end of this review.



DIAGNOSIS

Diagnosing PLFs has been a difficult task ever since their discovery over a century ago. Generally, they cause acute onset of audiological symptoms, vestibular symptoms, or both. This can include unilateral sudden hearing loss, tinnitus, vertigo, aural fullness, and disequilibrium (19–21). Commonly, patients present with both audiologic and vestibular symptoms, though they can be variable, and aural fullness in particular may be sensitive for PLF (6). There may be a history of head trauma, penetrating ear trauma, barotrauma, or prior otologic surgery. The audiovestibular symptoms can be similar in presentation to conditions such as superior or posterior canal dehiscence, vestibular migraine, endolymphatic hydrops, Meniere's disease, eustachian tube dysfunction, mal de debarquement, and persistent postural-perceptual dizziness, all of which similarly lack precise diagnostic tools. An expanded discussion of third window syndromes and how to distinguish them from PLF is included below. Clinicians should maintain high suspicion for a PLF when individuals with non-specific audiovestibular symptoms do not respond to conventional medical treatments or vestibular rehabilitation and when there is a history of onset after trauma or an inciting event (32). We have proposed a set of diagnostic criteria for aid in the identification of definite and probable PLF (Table 2).


Table 2. Proposed diagnostic criteria for perilymphatic fistula (PLF).
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For decades, the gold standard for diagnosis of a PLF has been intra-operative visualization of perilymph leakage with subsequent improvement in symptoms after the leak has been repaired. However, this test is arguably subjective as no established criteria exist for what constitutes a perilymphatic leak on observation (33). The total amount of perilymph in one inner ear is only slightly larger than three drops of water (~150 μl) (2, 32), prompting questions as to whether liquid observed in the middle ear could represent perilymph, CSF, or even local anesthetic and transudates (34). In our intraoperative observation, because the stapes footplate is placed in a dependent position in the middle ear during surgery, a small amount of transudate from the middle ear mucosa can accumulate in the footplate and create the appearance of a PLF when one does not exist. This transudate can increase as a result of manipulation of the middle ear mucosa or from the heat of a microscope, laser, or endoscope.

With the improvement in the resolution of computed tomography (CT) and magnetic resonance imaging (MRI), the need for exploratory procedures to identify PLFs in traumatic or post-surgical cases has declined. One of the earliest described radiological signs of a PLF is pneumolabyrinth, or air in the cochlea, vestibule, and/or semicircular canals (35). Small bubbles of air can be hard to visualize on typical CT scans, so high resolution scans including coronal or sagittal views may be useful in suspected cases (Figures 1–4) (13). Fluid in the round and oval window is another reliable sign of a PLF. A study by Venkatasamy et al. (36) evaluated the CT and MRI findings of 17 individuals with surgically confirmed PLFs and found that oval window PLFs most commonly presented with pneumolabyrinth and disorientation of the stapedial footplate, while round window PLFs most commonly presented with effusion of the round window niche. Generally, they found that high resolution CT scanning of the temporal bone has a sensitivity for detection of PLFs of over 80% when compared to intra-operative visualization of leak, and a combination of CT and MRI was reported to diagnose almost 100% of cases. We have found the axial and coronal CISS (constructive interference in steady state) (also called FIESTA (fast imaging employing steady-state acquisition) or MPR (magnetic resonance perfusion) sequence to be the most useful sequences (Figures 5–7). MRI may be particularly useful for identifying congenital abnormalities that may contribute to PLF formation and reduces the need for CT imaging in children. False negative cases may be due to scarring or intermittent or slow leakage of fluid, whereas false positive cases may be due to normal hypodensities seen in the cochlea (Figure 8), motion artifacts, or inflammation (36). Clinicians should be mindful of the context of sensitivity and specificity data for diagnosis of PLFs, as it is generally compared using visualization of leaks as a gold standard, which can be unreliable. Additionally, PLF can be intermittent in nature, increasing the amount of false negative cases. Imaging will generally be useful in acute post-traumatic or post-operative patients with larger leaks. In addition, CT is necessary in ruling out other causes of third window syndrome such as superior or posterior canal dehiscence, enlarged vestibular or cochlear aqueduct, and carotid or facial nerve-cochlea fistula, all of which can present similar to idiopathic PLF.


[image: Figure 1]
FIGURE 1. Sagittal CT of temporal bone demonstrating air in the vestibule and the crus communs (arrows) in a patient with perilymph fistula.
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FIGURE 2. Coronal CT of temporal bone showing air in the second cochlear turn (arrow).



[image: Figure 3]
FIGURE 3. Coronal CT of temporal bone showing extensive air in the cochlea, superior canal, horizontal canal, and vestibule (arrows).



[image: Figure 4]
FIGURE 4. Coronal CT of temporal bone of the same patient in Figure 3 after perilymph fistula repair procedure. No air is seen in the inner ear.



[image: Figure 5]
FIGURE 5. CISS sequence MRI of a patient with PLF showing significant air in the vestibule and the anterior crus of the horizontal canal as well as the second turn of the cochlea (arrows).



[image: Figure 6]
FIGURE 6. CISS sequence MRI of the same patient as Figure 5 1 day after blood patch procedure. There is a small amount of air in the distal basal turn of the cochlea (arrow).



[image: Figure 7]
FIGURE 7. CISS sequence MRI of the same patient as Figure 6 at the level of the vestibule demonstrating improvement in the intravestibular air (arrows) compared to Figure 5.



[image: Figure 8]
FIGURE 8. False positive hypodensities (arrows) seen in the cochlea on routine CT of temporal bone.


A variety of other testing methods have been used to help diagnose PLFs, including audiometry, cervical vestibular evoked myogenic potential (cVEMP), electrocochleography, and the fistula test, as part of videonystagmography. These methods have varying sensitivity for the diagnosis of PLF but generally may be helpful in localizing the affected side or in distinguishing nystagmus invoked by noise or pressure changes (6). The fistula sign is a clinical finding that has traditionally been used; a positive fistula sign is defined as nystagmus when negative pressure is applied to the external auditory canal. However, its sensitivity may vary from as little as 0% to as high as 77% (19, 32). The platform pressure test (PPT) is yet another specific tool lacks sensitivity that can be used to help diagnose PLFs (37).

New technologies are being continuously explored and developed that may shed light on precise diagnosis of PLFs. Virtual endoscopy is a method that recreates an intraoperative, endoscopic environment using three dimensional spiral CT scans. In a prospective study of 145 patients, Bozorg Grayeli et al. found that virtual endoscopy had a sensitivity and specificity of 75% for diagnosing PLFs when compared to intra-operative visualization or resolution of symptoms after surgery (38). It can be particularly useful for round window PLFs and for small PLFs <0.5 mm in size that are not visible on typical CT scans (39).

The use of biomarkers for the detection of perilymph fluid is similarly under investigation. Beta-2 transferrin and cochlin tomoprotein (CTP) have been targets of research as a potential way to confirm the leakage of perilymph within the middle ear. This test shows great promise and is continuously available as an investigator-initiated trial throughout Japan since first introduced by Ikezono et al. in 2009 (40). Recently in June 2020, the Japan Ministry of Health, Labor, and Welfare approved the CPT ELISA test which has qualities for medical diagnosis (personal communication). However, it still lacks regulatory approval for clinical use worldwide and appears to only be available by SRL Inc., Tokyo, Japan. This has limited its availability and adoption clinically. Beta-2 transferrin is a protein found in higher concentration in CSF, vitreous humor, and perilymph (41). Although some studies showed it may have been a promising marker to identify perilymph in the surgical environment (42, 43), other studies have raised concerns regarding ease of sample contamination with blood, blood plasma, CSF, and beta-1 transferrin (44). Unlike beta-2 transferrin, CTP is a protein found in perilymph but not in appreciable amounts in CSF (45). Western blot and ELISA testing of fluid and lavages from the middle ear for CTP shows promise as a reliable diagnostic tool for PLFs (23, 40, 46, 47). Currently, the test is limited by the presence of CTP in blood, which may represent a route for sample contamination; however, lavage techniques and centrifugation should dilute or remove any blood in the sample enough so as not to affect the final result of the CTP analysis (40).



TREATMENT

Treatment of PLFs essentially falls into two categories: conservative or surgical. The management strategy chosen often depends on the etiology of the PLF and severity of symptoms. Generally, PLF with a known cause is a surgical disease; however, conservative therapy may be considered if no identifiable etiology for the PLF symptoms is known (idiopathic PLF) (32). Conservative therapy generally entails avoiding anything that can increase inner ear or intracranial pressure and potential use of intra-tympanic steroids in acute decompensation (6, 48). It is our belief that PLFs with a known cause should generally be treated surgically to avoid further degradation of hearing. PLFs without a known cause can be treated conservatively or surgically if conservative management fails. There is evidence, particularly in animal models, that some PLFs can heal on their own given adequate removal of factors that provoke high intracranial/intracochlear pressure such as straining (24, 49, 50). The precise characteristics of the PLFs that heal spontaneously have not yet been elucidated. Despite this, research appears to show that the more severe the inciting trauma, the lower the chance of spontaneous healing (51). It is difficult to know what percentage of patients benefit from conservative therapy alone as research in this area is lacking. We generally do not recommend conservative treatment in patients with known causes of the PLF, given the risk of progression to permanent hearing loss if surgical treatment is delayed (52, 53).

There is a spectrum of surgical treatment options ranging from in-office procedures to operations in a surgical theater, with the common goal of sealing the fistula. Typically, both the oval and round window are grafted using temporalis fascia or tragal perichondrium, regardless of which window contained the fistula. A variety of other materials have been used including fat grafts, areolar tissue, and Gelfoam (Pfizer, New York, NY) (19, 54). In patients operated on by other surgeons, we have seen significant conductive hearing loss when excessive fascia has been used around the oval window. We generally use Gelfoam around the oval window and fascia in the round window after creating a circumferential mucosal trauma with a needle or a defocused laser on low power, when we uncommonly have to perform surgery for these patients. We use fascia in the oval window only in cases of footplate fracture. In cases where an exploratory tympanotomy is used for diagnosis but no leak is visualized, historically up to 78% of clinicians reported that they would still graft the windows in consideration of an occult leak (55). Of note, this survey was conducted in 1990 and management strategies of current neurotologists may have changed.

Several years ago, a woman who was 12 weeks pregnant presented to us with acute vertigo and loss of hearing after she suffered trauma when a Q-tip was left in her ear. Examination showed trauma to the posterior superior quadrant of the tympanic membrane and a high frequency sensorineural hearing loss. The patient's case presented a dilemma: surgical treatment could place the fetus at risk, whereas conservative, non-surgical treatment could place her hearing at risk. The patient was offered the option of a blood patch procedure to potentially control the PLF. Under topical anesthesia, 0.5 cc of blood was injected into the middle ear and the patient was placed in a position so as to keep the oval window at its most dependent position for 30 min. The patient was given a suction to remove her saliva to prevent swallowing for the duration of the 30 min. The next day, the patient's vertigo had resolved, and her hearing had returned to normal. We have previously published a small report on the use of the blood patch procedure (56), and since our experience with those patients, we initially perform a blood patch procedure on all patients with suspected PLF. We generally do not perform VEMP testing prior to or after the blood patch procedure. All patients with a post-traumatic PLF have had resolution of their symptoms. This blood patch procedure is also used to rule out PLF in patients, particularly idiopathic PLF where a history of trauma is not present. In our experience, a lack of response to the blood patch procedure is likely suggestive of a lack of a PLF in the first place; however, it is important to be mindful of the fact that PLFs can resolve on their own with time as well as with conservative therapy and that surgical therapy may sometimes result in a negative response even in patients with a true PLF. Surgical therapy is only undertaken if there is a temporary response to the blood patch procedure with relapse of symptoms. The blood patch procedure is performed twice prior to performing a surgical procedure. Figure 9 demonstrate a typical improvement in hearing seen after a blood patch procedure. We theorize that initially blood covers the round and oval windows and seals them mechanically. After a few days, blood creates an inflammatory reaction that may facilitate granulation tissue formation and adhesion of adjacent tissues.


[image: Figure 9]
FIGURE 9. Audiograms of a patient presenting with sudden hearing loss after blowing her nose (left panel) showing improvement of hearing 1 week after a blood patch procedure (right panel).


Surgery is generally effective at reducing or resolving patient symptoms, though vestibular symptoms tend to be improved more often than auditory symptoms. A range of 80–95% of patients experience improvement in vestibular symptoms, and a range of 20–49% experience improvement in hearing (19, 48, 57). The timing of surgery is a controversial subject—some authors recommend urgent corrective surgery within a few days of presentation (58), while others believe urgent surgery is not strictly necessary as improvements in hearing are small (48). Seltzer and McCabe reported that patients' hearing may benefit from surgery even after symptoms have been present for years (19), while other authors have found that prognosis may depend on timeliness of repair (53). The efficacy and timing of surgical repair depends on the particular etiology and location of the PLF. We generally recommend an in-office blood patch procedure upon presentation to the office or the emergency department.



DISCUSSION OF OTHER POTENTIAL CAUSES AND ASSOCIATIONS OF IDIOPATHIC PERILYMPHATIC FISTULA

With potentially more than a third of PLFs being idiopathic in nature (23), it is important for the clinician to differentiate true PLFs from conditions that mimic PLF. It is likely that many cases of idiopathic PLF represent third window syndromes (59). The most common of the third window syndromes is semicircular canal dehiscence (SCD). The majority of canal dehiscence is seen in the superior canal (SSCD) (60), followed by the less common posterior canal dehiscence (PCD) (61). Horizontal canal dehiscence can be caused by chronic otitis media, fracture, neoplasm, or cholesteatoma. An idiopathic dehiscence of the horizontal canal, although rare, has also been described previously in the literature (62, 63). In SCD, thinning of the bone of the semicircular canals causes hearing loss, vertigo, and in some cases increased transmittance of bodily sounds (autophony) (60). The presence of autophony and the provocation of vertigo symptoms by sound or pressure are two features that tend to support a diagnosis of third window syndrome over a PLF.

In SSCD, there is no breakage of the membranes containing perilymph or endolymph in the inner ear, so no true membrane fistula is formed. Rather, the bone of the canal overlying the membrane is thin or dehiscent, creating a “third window” and resulting in symptoms. It was thought that thinning of the bone is likely congenital or developmental, as opposed to an acquired anomaly (64). However, newer evidence suggests that a higher body mass index (BMI) and obstructive sleep apnea (OSA) are more common in SSCD patients (65) This may be due to a higher intracranial pressure in patients with high BMI and OSA. Though the thin bone is present throughout life, symptoms do not appear until adulthood when trauma, erosion from the temporal lobe, and/or increased elasticity of the dura allows for pressure transference through the bone into the inner membranes (66). Only about 59% of patients with SSCD report a known inciting event (60)—the remaining 41% may present in a similar manner as an idiopathic PLF. SSCD can be distinguished from PLF by visualizing thinned bone over the superior canal on high resolution CT imaging using <0.7 mm slices, but it may be missed on conventional CT scans (67). Video head impulse testing may show decreased function of the affected canal (68). cVEMP testing will show lowered threshold values and increased amplitudes in both SSCD and PLF (69). Electrocochleography may also aid in diagnosis and will show an elevated summating potential (SP) to action potential (AP) ratio; however, this ratio will also be elevated in SSCD and Meniere's disease (70).

Other third window syndromes that can mimic canal dehiscence include carotid artery-cochlear dehiscence (CCD) and cochlea-facial nerve dehiscence (CFD). In CCD, there is thinning of the bone separating the carotid artery canal and the cochlea, most commonly between the basal turn of the cochlea and the petrous internal carotid artery (71). Though it can cause symptoms similar to both SCD and PLF, CCD usually presents with hearing loss and pulsatile tinnitus (72). MRI may not adequately visualize the internal carotid artery, so if suspicion for CCD is high, a high resolution CT scan should be obtained (73). Direct surgical repair of the fistula is not undertaken in these individuals due to proximity of the internal carotid artery (72).

CFD is a similar condition in which there is thinning of the bone between the cochlea and the labyrinthine segment of the facial nerve canal. It may also present with pulsatile tinnitus, fluctuations in or loss of hearing, and vertigo (74). CFD is rare—Fang et al. conducted a study on 1,020 temporal bone specimens and found complete dehiscence in only 0.59% (75). Of 401 temporal bones of patients presenting with a third window syndrome, Wackym et al. found 10.4% to have radiographically visible isolated CFD, with a further 7.8% having simultaneous CFD and another dehiscence (76). Like CCD, CFD is visible on high resolution CT imaging, but not all individuals with visible CFD on imaging will have associated symptoms. Direct surgical treatment of the dehiscence carries a risk of deafness and facial nerve paralysis—round window reinforcement is an alternative procedure that is effective at reducing vertigo and headache symptoms with fewer risks to important nerves (76).

There are third window syndromes which do not involve bony dehiscence, namely enlargement of the vestibular aqueduct (EVA) and enlargement of the cochlear aqueduct (ECA). EVA occurs as a result of a congenital malformation and often presents as mixed hearing loss in childhood (77). The third window effect may be one of many mechanisms via which EVA causes hearing loss (78). The conductive component of the hearing loss in EVA is likely due to the third window. Both MRI and high-resolution CT are sufficient for evaluating EVA (79); however, specific criteria for abnormal aqueduct width range from >1 to >2 mm (80, 81). ECA is a potentially related condition (82) with a similar mechanism of hearing loss. Unlike EVA, ECA is a rare condition that is steeped in some controversy regarding its existence and contribution to symptoms (83). ECA can generally be defined as a diameter >1 mm in the otic capsule portion and can be evaluated with high resolution MRI and CT imaging.

Another similarly presenting group of conditions is Meniere's disease (MD) and migraine. MD is a syndrome defined by a constellation of episodic vertigo, fluctuating hearing loss, tinnitus, and aural fullness. Patients can experience symptoms anywhere for a few minutes to as long as a day (84). Generally, there is a return to baseline between episodes; however, patients may have permanent progressive hearing loss over time. The cause of MD is still unknown, but it has one defining pathological feature: endolymphatic hydrops (85, 86). MD and PLF have been found in close association (87, 88), and PLF-induced changes in perilymph flows may alter the fluid production and balance in the inner ear so as to result in endolymphatic hydrops in some cases (89). Therefore, endolymphatic hydrops may be seen in both MD and PLF, and many patients with a PLF may have an element of MD as well. On the other hand, endolymphatic hydrops by itself does not appear to be sufficient to cause the symptoms of MD (86), and instead a complex interplay of factors including migraine, vascular changes, and interruptions in homeostasis may play a role (90).

Like MD, migraine can present with fluctuating hearing loss, and both conditions can have pressure change induced symptoms (91). There may be significant overlap between the two conditions, with up to 68% of individuals with MD experiencing migraine headache as well (92). Tympanostomy tubes, which equalize the pressure differential between the external and middle ear, may be a potential treatment option for pressure sensitive MD and migraine (93–96). It may be worth exploring other factors such as MD and migraine in seemingly idiopathic PLF patients who do not see significant benefit from window-sealing surgical treatment. A management strategy based on the experience of the authors for suspected PLF is summarized in Figure 10.


[image: Figure 10]
FIGURE 10. Algorithm for management of suspected perilymphatic fistula (PLF) based on the discussion provided in this review and the authors' experience. Patients with Tullio or Hennebert sign are entered into the algorithm. If the patients have barotrauma or direct trauma, they would be directed to the left side of the algorithm. If they do not have barotrauma or direct trauma, they would be then worked up/treated according to the right side of the algorithm. CT, computed tomography; MRI IAC, magnetic resonance imaging of internal auditory canal; SCD, semicircular canal dehiscence; CCD, carotid artery-cochlear dehiscence; CFD, carotid-facial nerve dehiscence; EVA, enlargement of vestibular aqueduct; ECA, enlargement of cochlear aqueduct.




CONCLUSION

Perilymphatic fistula is an enigmatic condition. Its diagnosis requires a thorough history to evaluate for a preceding event. For now, diagnosis and treatment choice continue to be based on an amalgam of clinical picture, vestibular, auditory, and imaging studies, and response to treatment, but advances in diagnostic criteria, high resolution imaging, and biomarker testing are paving the way for accurate pre-operative diagnosis in the near future. Similarly, surgical treatment techniques are progressing toward quick, in-office treatment for most cases. Though PLFs are rare, it is critical to remain vigilant of them as prompt treatment has the potential to save patients from debilitating vertigo and permanent hearing loss.



AUTHOR CONTRIBUTIONS

BS, MA, and HD contributed the conception and design of the study. BS, MA, CM, SJ, and TS performed review of the literature and collecting relevant information. BS, MA, and HD wrote the first draft of the manuscript. All authors contributed to the manuscript revision, read, and approved the submitted version.



FUNDING

MA was supported by the National Center for Research Resources and the National Center for Advancing Translational Sciences, National Institutes of Health, through Grant TL1TR001415. The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.



REFERENCES

 1. E. R. Fistel im ovalen Fenester. Monatsschr Ohrenh. (1909) 10:787.

 2. Hornibrook J. Perilymph fistula: fifty years of controversy. ISRN Otolaryngol. (2012) 2012:281248. doi: 10.5402/2012/281248

 3. Fiedler T, Boeger D, Buentzel J, Esser D, Hoffmann K, Jecker P, et al. Middle ear surgery in thuringia, Germany: a population-based regional study on epidemiology and outcome. Otol Neurotol. (2013) 34:890–7. doi: 10.1097/MAO.0b013e318280dc55

 4. Reilly JS. Congenital perilymphatic fistula: a prospective study in infants and children. Laryngoscope. (1989) 99:393–7. doi: 10.1288/00005537-198904000-00006

 5. Friedland DR, Wackym PA. A critical appraisal of spontaneous perilymphatic fistulas of the inner ear. Am J Otol. (1999) 20:261–76.

 6. Deveze A, Matsuda H, Elziere M, Ikezono T. Diagnosis and treatment of perilymphatic fistula. Adv Otorhinolaryngol. (2018) 81:133–45. doi: 10.1159/000485579

 7. Farrior JB. Abstruce complications of stapes surgery: diagnosis and treatment. In: Henry Ford Hospital International Symposium on Otoslcerosis. Chicago, IL: Little Brown Company (1962). p. 509–21.

 8. Steffen TN, House HP, Sheehy JL. The slipped strut problem. A review of 52 cases. Ann Otol Rhinol Laryngol. (1963) 72:191–205. doi: 10.1177/000348946307200116

 9. Shea JJ. Stapedectomy - long-term report. Ann Otol Rhinol Laryngol. (1982) 91:516–20. doi: 10.1177/000348948209100510

 10. Hall AC, Mandavia R, Selvadurai D. Total endoscopic stapes surgery: systematic review and pooled analysis of audiological outcomes. Laryngoscope. (2019) 130:1282–6. doi: 10.1002/lary.28294

 11. Betsch C, Ayache D, Decat M, Elbaz P, Gersdorff M. [Revision stapedectomy for otosclerosis: report of 73 cases]. J Otolaryngol. (2003) 32:38–47. doi: 10.2310/7070.2003.35383

 12. Fee GA. Traumatic perilymphatic fistulas. Arch Otolaryngol. (1968) 88:477–80. doi: 10.1001/archotol.1968.00770010479005

 13. Kita AE, Kim I, Ishiyama G, Ishiyama A. Perilymphatic fistula after penetrating ear trauma. Clin Pract Cases Emerg Med. (2019) 3:115–8. doi: 10.5811/cpcem.2019.1.37404

 14. Prisman E, Ramsden JD, Blaser S, Papsin B. Traumatic perilymphatic fistula with pneumolabyrinth: diagnosis and management. Laryngoscope. (2011) 121:856–9. doi: 10.1002/lary.21439

 15. Pullen FW 2nd. Perilymphatic fistula induced by barotrauma. Am J Otol. (1992) 13:270–2.

 16. Goodhill V. Labyrinthine membrane ruptures in sudden sensorineural hearing loss. Proc R Soc Med. (1976) 69:565–72. doi: 10.1177/003591577606900815

 17. Hidaka H, Miyazaki M, Kawase T, Kobayashi T. Traumatic pneumolabyrinth: air location and hearing outcome. Otol Neurotol. (2012) 33:123–31. doi: 10.1097/MAO.0b013e318241bc91

 18. Hakuba N, Iwanaga M, Tanaka S, Hiratsuka Y, Kumabe Y, Konishi M, et al. Ear-pick injury as a traumatic ossicular damage in Japan. Eur Arch Otorhinolaryngol. (2010) 267:1035–9. doi: 10.1007/s00405-009-1162-x

 19. Seltzer S, McCabe BF. Perilymph fistula: the Iowa experience. Laryngoscope. (1986) 96:37–49. doi: 10.1288/00005537-198601000-00007

 20. Shelton C, Simmons FB. Perilymph fistula: the stanford experience. Ann Otol Rhinol Laryngol. (1988) 97:105–8. doi: 10.1177/000348948809700201

 21. Rizer FM, House JW. Perilymph fistulas: the house ear clinic experience. Otolaryngol Head Neck Surg. (1991) 104:239–43. doi: 10.1177/019459989110400213

 22. Meyerhoff WL. Spontaneous perilymphatic fistula: myth or fact. Am J Otol. (1993) 14:478–81. doi: 10.1097/00129492-199309000-00012

 23. Matsuda H, Sakamoto K, Matsumura T, Saito S, Shindo S, Fukushima K, et al. A nationwide multicenter study of the cochlin tomo-protein detection test: clinical characteristics of perilymphatic fistula cases. Acta Otolaryngol. (2017) 137:S53–S9. doi: 10.1080/00016489.2017.1300940

 24. Althaus SR. Perilymph fistulas. Laryngoscope. (1981) 91:538–62. doi: 10.1288/00005537-198104000-00007

 25. Weber PC, Perez BA, Bluestone CD. Congenital perilymphatic fistula and associated middle ear abnormalities. Laryngoscope. (1993) 103:160–4. doi: 10.1002/lary.5541030207

 26. Kohut RI, Hinojosa R, Budetti JA. Perilymphatic fistula: a histopathologic study. Ann Otol Rhinol Laryngol. (1986) 95:466–71. doi: 10.1177/000348948609500506

 27. Kohut RI, Hinojosa R, Thompson JN, Ryu JH. Idiopathic perilymphatic fistulas. A temporal bone histopathologic study with clinical, surgical, and histopathologic correlations. Arch Otolaryngol Head Neck Surg. (1995) 121:412–20. doi: 10.1001/archotol.1995.01890040036006

 28. Fujita T, Kobayashi T, Saito K, Seo T, Ikezono T, Doi K. Vestibule-middle ear dehiscence tested with perilymph-specific protein cochlin-tomoprotein (CTP) detection test. Front Neurol. (2019) 10:47. doi: 10.3389/fneur.2019.00047

 29. Okano Y, Myers EN, Dickson DR. Microfissure between the round window niche and posterior canal ampulla. Ann Otol Rhinol Laryngol. (1977) 86:49–57. doi: 10.1177/000348947708600108

 30. Toth M, Roesch S, Grimm A, Plachtovics M, Hempel JM, Rasp G. The role of fissula ante fenestram in unilateral sudden hearing loss. Laryngoscope. (2016) 126:2823–6. doi: 10.1002/lary.25922

 31. Lollis SS, Weider DJ, Phillips JM, Roberts DW. Ventriculoperitoneal shunt insertion for the treatment of refractory perilymphatic fistula. J Neurosurg. (2006) 105:1–5. doi: 10.3171/jns.2006.105.1.1

 32. Maitland CG. Perilymphatic fistula. Curr Neurol Neurosci Rep. (2001) 1:486–91. doi: 10.1007/s11910-001-0111-x

 33. Wall C 3rd, Rauch SD. Perilymph fistula pathophysiology. Otolaryngol Head Neck Surg. (1995) 112:145–53. doi: 10.1016/S0194-5998(95)70314-4

 34. Gibson WP. Spontaneous perilymphatic fistula: electrophysiologic findings in animals and man. Am J Otol. (1993) 14:273–7.

 35. Mafee MF, Valvassori GE, Kumar A, Yannias DA, Marcus RE. Pneumolabyrinth: a new radiologic sign for fracture of the stapes footplate. Am J Otol. (1984) 5:374–5.

 36. Venkatasamy A, Al Ohraini Z, Karol A, Karch-Georges A, Riehm S, Rohmer D, et al. CT and MRI for the diagnosis of perilymphatic fistula: a study of 17 surgically confirmed patients. Eur Arch Otorhinolaryngol. (2020) 277:1045–51. doi: 10.1007/s00405-020-05820-3

 37. Black FO, Lilly DJ, Peterka RJ, Shupert C, Hemenway WG, Pesznecker SC. The dynamic posturographic pressure test for the presumptive diagnosis of perilymph fistulas. Neurol Clin. (1990) 8:361–74. doi: 10.1016/S0733-8619(18)30361-X

 38. Bozorg Grayeli A, Bensimon JL, Guyon M, Aho-Glele S, Toupet M. Detection of perilymphatic fistula in labyrinthine windows by virtual endoscopy and variation of reconstruction thresholds on CT scan. Acta Otolaryngol. (2020) 140:270–6. doi: 10.1080/00016489.2020.1715472

 39. Bensimon JL, Grayeli AB, Toupet M, Ferrary E, Sterkers O. Detection of labyrinthine fistulas in human temporal bone by virtual endoscopy and density threshold variation on computed tomographic scan. Arch Otolaryngol Head Neck Surg. (2005) 131:681–5. doi: 10.1001/archotol.131.8.681

 40. Ikezono T, Matsumura T, Matsuda H, Shikaze S, Saitoh S, Shindo S, et al. The diagnostic performance of a novel ELISA for human CTP (Cochlin-tomoprotein) to detect perilymph leakage. PLoS ONE. (2018) 13:e0191498. doi: 10.1371/journal.pone.0191498

 41. Thalmann I, Kohut RI, Ryu J, Comegys TH, Senarita M, Thalmann R. Protein profile of human perilymph: in search of markers for the diagnosis of perilymph fistula and other inner ear disease. Otolaryngol Head Neck Surg. (1994) 111:273–80. doi: 10.1177/01945998941113P117

 42. Weber PC, Kelly RH, Bluestone CD, Bassiouny M. Beta 2-transferrin confirms perilymphatic fistula in children. Otolaryngol Head Neck Surg. (1994) 110:381–6. doi: 10.1177/019459989411000405

 43. Skedros DG, Cass SP, Hirsch BE, Kelly RH. Beta-2 transferrin assay in clinical management of cerebral spinal fluid and perilymphatic fluid leaks. J Otolaryngol. (1993) 22:341–4.

 44. Levenson MJ, Desloge RB, Parisier SC. Beta-2 transferrin: limitations of use as a clinical marker for perilymph. Laryngoscope. (1996) 106:159–61. doi: 10.1097/00005537-199602000-00010

 45. Ikezono T, Shindo S, Sekiguchi S, Hanprasertpong C, Li L, Pawankar R, et al. Cochlin-tomoprotein: a novel perilymph-specific protein and a potential marker for the diagnosis of perilymphatic fistula. Audiol Neurootol. (2009) 14:338–44. doi: 10.1159/000212113

 46. Kataoka Y, Ikezono T, Fukushima K, Yuen K, Maeda Y, Sugaya A, et al. Cochlin-tomoprotein (CTP) detection test identified perilymph leakage preoperatively in revision stapes surgery. Auris Nasus Larynx. (2013) 40:422–4. doi: 10.1016/j.anl.2012.08.001

 47. Ikezono T, Shindo S, Sekine K, Shiiba K, Matsuda H, Kusama K, et al. Cochlin-tomoprotein (CTP) detection test identifies traumatic perilymphatic fistula due to penetrating middle ear injury. Acta Otolaryngol. (2011) 131:937–44. doi: 10.3109/00016489.2011.575795

 48. Goto F, Ogawa K, Kunihiro T, Kurashima K, Kobayashi H, Kanzaki J. Perilymph fistula−45 case analysis. Auris Nasus Larynx. (2001) 28:29–33. doi: 10.1016/S0385-8146(00)00089-4

 49. Gulya AJ, Boling LS, Mastroianni MA. ECoG and perilymphatic fistulae: an experimental study in the guinea pig. Otolaryngol Head Neck Surg. (1990) 102:132–9. doi: 10.1177/019459989010200206

 50. Reis HG, Marques RH, Moussalle SK. [Perilymphatic fistula: report of a case which resolved spontaneously in five days and literature review]. Rev Neurol. (2002) 34:838–40. doi: 10.33588/rn.3409.2001383

 51. Emmett JR, Shea JJ. Traumatic perilymph fistula. Laryngoscope. (1980) 90:1513–20. doi: 10.1288/00005537-198009000-00014

 52. Comacchio F, Mion M. Sneezing and perilymphatic fistula of the round window: case report and systematic review of the literature. J Int Adv Otol. (2018) 14:106–11. doi: 10.5152/iao.2018.4336

 53. Komori M, Yamamoto Y, Yaguchi Y, Ikezono T, Kojima H. Cochlin-tomoprotein test and hearing outcomes in surgically treated true idiopathic perilymph fistula. Acta Otolaryngol. (2016) 136:901–4. doi: 10.3109/00016489.2016.1165861

 54. Weider DJ, Johnson GD. Perilymphatic fistula: a new hampshire experience. Am J Otol. (1988) 9:184–96.

 55. Hughes GB, Sismanis A, House JW. Is there consensus in perilymph fistula management? Otolaryngol Head Neck Surg. (1990) 102:111–7. doi: 10.1177/019459989010200203

 56. Garg R, Djalilian HR. Intratympanic injection of autologous blood for traumatic perilymphatic fistulas. Otolaryngol Head Neck Surg. (2009) 141:294–5. doi: 10.1016/j.otohns.2009.05.024

 57. Fitzgerald DC, Getson P, Brasseux CO. Perilymphatic fistula: a Washington, DC, experience. Ann Otol Rhinol Laryngol. (1997) 106:830–7. doi: 10.1177/000348949710601005

 58. Park GY, Byun H, Moon IJ, Hong SH, Cho YS, Chung WH. Effects of early surgical exploration in suspected barotraumatic perilymph fistulas. Clin Exp Otorhinolaryngol. (2012) 5:74–80. doi: 10.3342/ceo.2012.5.2.74

 59. Wackym PA, Wood SJ, Siker DA, Carter DM. Otic capsule dehiscence syndrome: superior semicircular canal dehiscence syndrome with no radiographically visible dehiscence. Ear Nose Throat J. (2015) 94:E8–E24. doi: 10.1177/014556131509400802

 60. Minor LB, Solomon D, Zinreich JS, Zee DS. Sound- and/or pressure-induced vertigo due to bone dehiscence of the superior semicircular canal. Arch Otolaryngol Head Neck Surg. (1998) 124:249–58. doi: 10.1001/archotol.124.3.249

 61. Mikulec AA, Poe DS. Operative management of a posterior semicircular canal dehiscence. Laryngoscope. (2006) 116:375–8. doi: 10.1097/01.mlg.0000200358.93385.5c

 62. Bassim MK PK, Buchman CA. Lateral semicircular canal dehiscence. Otol Neurotol. (2007) 28:1155–6. doi: 10.1097/MAO0b013e31809ed965

 63. Zhang LC SY, Dai CF. Another etiology for vertigo due to idiopathic lateral semicircular canal bony defect. Auris Nasus Larynx. (2011) 38:402–5. doi: 10.1016/j.anl.2010.11.003

 64. Carey JP, Minor LB, Nager GT. Dehiscence or thinning of bone overlying the superior semicircular canal in a temporal bone survey. Arch Otolaryngol Head Neck Surg. (2000) 126:137–47. doi: 10.1001/archotol.126.2.137

 65. Schutt CA, Neubauer P, Samy RN, Pensak ML, Kuhn JJ, Herschovitch M, et al. The correlation between obesity, obstructive sleep apnea, and superior semicircular canal dehiscence: a new explanation for an increasingly common problem. Otol Neurotol. (2015) 36:551–4. doi: 10.1097/MAO.0000000000000555

 66. Chien WW, Carey JP, Minor LB. Canal dehiscence. Curr Opin Neurol. (2011) 24:25–31. doi: 10.1097/WCO.0b013e328341ef88

 67. Belden CJ, Weg N, Minor LB, Zinreich SJ. CT evaluation of bone dehiscence of the superior semicircular canal as a cause of sound- and/or pressure-induced vertigo. Radiology. (2003) 226:337–43. doi: 10.1148/radiol.2262010897

 68. Cremer PD, Minor LB, Carey JP, Della Santina CC. Eye movements in patients with superior canal dehiscence syndrome align with the abnormal canal. Neurology. (2000) 55:1833–41. doi: 10.1212/WNL.55.12.1833

 69. Modugno GC, Magnani G, Brandolini C, Savastio G, Pirodda A. Could vestibular evoked myogenic potentials (VEMPs) also be useful in the diagnosis of perilymphatic fistula? Eur Arch Otorhinolaryngol. (2006) 263:552–5. doi: 10.1007/s00405-006-0008-z

 70. Arts HA, Adams ME, Telian SA, El-Kashlan H, Kileny PR. Reversible electrocochleographic abnormalities in superior canal dehiscence. Otol Neurotol. (2009) 30:79–86. doi: 10.1097/MAO.0b013e31818d1b51

 71. Young RJ, Shatzkes DR, Babb JS, Lalwani AK. The cochlear-carotid interval: anatomic variation and potential clinical implications. AJNR Am J Neuroradiol. (2006) 27:1486–90.

 72. Lund AD, Palacios SD. Carotid artery-cochlear dehiscence: a review. Laryngoscope. (2011) 121:2658–60. doi: 10.1002/lary.22391

 73. Rathe M, Govaere F, Forton GEJ. Unilateral pulsatile tinnitus associated with an internal carotid artery-eustachian tube dehiscence. OTO Open. (2018) 2:2473974X17753605. doi: 10.1177/2473974X17753605

 74. Blake DM, Tomovic S, Vazquez A, Lee HJ, Jyung RW. Cochlear-facial dehiscence–a newly described entity. Laryngoscope. (2014) 124:283–9. doi: 10.1002/lary.24223

 75. Fang CH, Chung SY, Blake DM, Vazquez A, Li C, Carey JP, et al. Prevalence of cochlear-facial dehiscence in a study of 1,020 temporal bone specimens. Otol Neurotol. (2016) 37:967–72. doi: 10.1097/MAO.0000000000001057

 76. Wackym PA, Balaban CD, Zhang P, Siker DA, Hundal JS. Third window syndrome: surgical management of cochlea-facial nerve dehiscence. Front Neurol. (2019) 10:1281. doi: 10.3389/fneur.2019.01281

 77. Steinbach S, Brockmeier SJ, Kiefer J. The large vestibular aqueduct–case report and review of the literature. Acta Otolaryngol. (2006) 126:788–95. doi: 10.1080/00016480500527276

 78. Merchant SN, Rosowski JJ. Conductive hearing loss caused by third-window lesions of the inner ear. Otol Neurotol. (2008) 29:282–9. doi: 10.1097/MAO.0b013e318161ab24

 79. Connor SEJ, Dudau C, Pai I, Gaganasiou M. Is CT or MRI the optimal imaging investigation for the diagnosis of large vestibular aqueduct syndrome and large endolymphatic sac anomaly? Eur Arch Otorhinolaryngol. (2019) 276:693–702. doi: 10.1007/s00405-019-05279-x

 80. Vijayasekaran S, Halsted MJ, Boston M, Meinzen-Derr J, Bardo DM, Greinwald J, et al. When is the vestibular aqueduct enlarged? A statistical analysis of the normative distribution of vestibular aqueduct size. AJNR Am J Neuroradiol. (2007) 28:1133–8. doi: 10.3174/ajnr.A0495

 81. Valvassori GE, Clemis JD. The large vestibular aqueduct syndrome. Laryngoscope. (1978) 88:723–8. doi: 10.1002/lary.1978.88.5.723

 82. Kim BG, Sim NS, Kim SH, Kim UK, Kim S, Choi JY. Enlarged cochlear aqueducts: a potential route for CSF gushers in patients with enlarged vestibular aqueducts. Otol Neurotol. (2013) 34:1660–5. doi: 10.1097/MAO.0b013e3182a036e4

 83. Stimmer H. Enlargement of the cochlear aqueduct: does it exist? Eur Arch Otorhinolaryngol. (2011) 268:1655–61. doi: 10.1007/s00405-011-1527-9

 84. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala M, et al. Diagnostic criteria for meniere's disease. J Vestib Res. (2015) 25:1–7. doi: 10.3233/VES-150549

 85. Schuknecht HF, Gulya AJ. Endolymphatic hydrops. An overview and classification. Ann Otol Rhinol Laryngol Suppl. (1983) 106:1–20. doi: 10.1177/00034894830920S501

 86. Rauch SD, Merchant SN, Thedinger BA. Meniere's syndrome and endolymphatic hydrops. Double-blind temporal bone study. Ann Otol Rhinol Laryngol. (1989) 98:873–83. doi: 10.1177/000348948909801108

 87. Potter CR, Conner GH. Hydrops following perilymph fistula repair. Laryngoscope. (1983) 93:810–2. doi: 10.1288/00005537-198306000-00022

 88. Fitzgerald DC. Perilymphatic fistula and meniere's disease. clinical series and literature review. Ann Otol Rhinol Laryngol. (2001) 110:430–6. doi: 10.1177/000348940111000507

 89. House HP. The fistula problem in otosclerosis surgery. Laryngoscope. (1967) 77:1410–26. doi: 10.1288/00005537-196708000-00015

 90. Sarna B, Abouzari M, Lin HW, Djalilian HR. A hypothetical proposal for association between migraine and meniere's disease. Med Hypotheses. (2020) 134:109430. doi: 10.1016/j.mehy.2019.109430

 91. Hoffmann J, Lo H, Neeb L, Martus P, Reuter U. Weather sensitivity in migraineurs. J Neurol. (2011) 258:596–602. doi: 10.1007/s00415-010-5798-7

 92. Ghavami Y, Mahboubi H, Yau AY, Maducdoc M, Djalilian HR. Migraine features in patients with meniere's disease. Laryngoscope. (2016) 126:163–8. doi: 10.1002/lary.25344

 93. Ogawa Y, Otsuka K, Hagiwara A, Inagaki A, Shimizu S, Nagai N, et al. Clinical study of tympanostomy tube placement for patients with intractable meniere's disease. J Laryngol Otol. (2015) 129:120–5. doi: 10.1017/S0022215115000079

 94. Sugawara K, Kitamura K, Ishida T, Sejima T. Insertion of tympanic ventilation tubes as a treating modality for patients with meniere's disease: a short- and long-term follow-up study in seven cases. Auris Nasus Larynx. (2003) 30:25–8. doi: 10.1016/S0385-8146(02)00105-0

 95. Montandon P, Guillemin P, Hausler R. Prevention of vertigo in meniere's syndrome by means of transtympanic ventilation tubes. ORL J Otorhinolaryngol Relat Spec. (1988) 50:377–81. doi: 10.1159/000276016

 96. Abouzari M, Parker E, Sarna B, Trent M, Goshtasbi K, Tan D, et al. Tympanostomy tube placement for pressure change-induced vertigo. In: Poster Presented at: Triological Society. 2020 Combined Sections Meeting. Coronado, CA (2020).

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Sarna, Abouzari, Merna, Jamshidi, Saber and Djalilian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-01046-g005.gif





OPS/images/fneur-11-01046-g006.gif





OPS/images/fneur-11-01046-g003.gif





OPS/images/fneur-11-01046-g004.gif





OPS/images/fneur-11-01046-g009.gif
csaReRsrIege

o]

czxmIssEIgEE





OPS/images/fneur-11-01046-g007.gif





OPS/images/fneur-11-01046-g008.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Perilymphatic Fistula: A Review of Classification, Etiology, Diagnosis, and Treatment



		Introduction



		Etiology



		Diagnosis



		Treatment



		Discussion of Other Potential Causes and Associations of Idiopathic Perilymphatic Fistula



		Conclusion



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Perilymphatic Fistula: A Review of
Classification, Etiology, Diagnosis,
and Treatment





OPS/images/fneur-11-01046-t002.jpg
Definite PLF

Fluctuating or non-fluctuating hearing loss, tinnitus, aural fullness, and/or

vestibular symptoms immediately preceded by one of the following events #1-3,

which fulfls Criteria A or B:

1. Barotrauma caused by external events (e.g. slap/suction to the ear, head
trauma, biast, skydiving, underwater diving, or flying, etc.)

2. Barotrauma caused by internal events (e.g., nose-blowing, sneezing, straining,
or heavy liting, etc.)

3. Direct trauma to the inner ear (e.g., Q-tip injury, stapedotomy operation,
temporal bone fracture, etc.)

A. Laboratory testing for a periymph biomarker with high sensitivity and
speificty.

B. Observation of perlymph leakage in the middle ear and resolution of
symptoms after treatment with intratympanic blood patch or surgical
plugging of leak.

Possible PLF

Fluctuating or non-fluctuating hearing loss, tinnitus, aural fullness, and/or
vestibular symptoms without antecedent event such as #1-3 above, with third
window abnormalities and lack of response to migraine lifestyle, dietary, and
prophylaxis therapy, and with resolution of symptoms after treatment with
intratympanic blood patch or surgical plugging of leak.
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Has no apparent antecedent event
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