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Posttraumatic Meniere's syndrome is a rare clinical entityThe pathomechanism by
which temporal bone trauma leads to uctuating audiovestilnlar symptoms, in some
cases with a delay of onset many years after trauma, remainslgsive. Here, a clinical
case and the respective temporal bone imaging data were regwed to investigate
the underlying inner ear pathology. A 44-year-old patient resented with left-sided
Meniere's syndrome 34 years after he suffered an ipsilatekraemporal bone fracture
caused by a car accident. Clinical imaging showed left coclelovestibular hydrops
(gadolinium-enhanced MRI) and bony obliteration of the le¥A (CT imaging), resulting
in discontinuity of the ES. Our ndings suggest that a tempaal bone fracture with
a “retrolabyrinthine” course, traversing the VA, caused ireaqueductal callus bone
formation and progressive blockage of the VA. As a result, th extraosseous (distal)
endolymphatic sac (eES) became separated from the cochle@stibular labyrinth, an
event that presumably underlies endolymphatic hydrops fonation and that precipitates
the onset of clinical Meniere's symptoms in this case.
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BACKGROUND

Meniere's disease (MD) is an idiopathic inner ear disorder thigsents with episodic vertigo,
uctuating hearing loss, tinnitus, and aural fullness ). In addition to an idiopathic etiology,
certain identi able predisposing causes, including tempa@he (TB) fractures, can be associated
with Meniere's symptoms [reviewed in Merchant and Nad®g)] (which are then referred to as
“Meniere's syndrome”4). In the literature, only a few postmortem histopathologyessvith TB
fracture-associated (posttraumatic) Meniere's syndroneedacumented®-7). Although fracture
lines through the vestibular aqueduct (VA) were a commonimglamong those pathology cases,
the pathomechanism that leads to the onset of posttraumaticidtels syndrome, sometimes years
after the injury, is not understood. Moreover, radiologicateria to identify TB fractures that will
cause posttraumatic Meniere's syndrome are lacking.In antdustopathology study on a large
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series of MD cases, we consistently found pathological clsangaccompanied by uctuating hearing loss and tinnitus in the
in the extraosseous portion of the endolymphatic sac (eESight ear.
(8). Because the normal human eES epithelium carries out According to the patient's medical history, he had su ered a
several distinct ion transport functions, which are beligve left-sided longitudinal TB fracture caused by a car accidgn
to be crucial for endolymph homeostasis, we considellO years of age (the original neuroradiology report but na th
those eES pathologies to be of critical signicance in theCT images were available for this study). Pure-tone audiome
etiopathogenesis of endolymphatic hydrops, as well as for th®TA) 4 months after the accident showed a pronounced high-
clinical symptomatology in MD &).Herein, we retrospectively frequency shift in bone conduction thresholds at 6 kHz on the
investigated imaging data from a clinical case of posttraiona left side (PTA not shown here), consistent with acoustic traum
Meniere's syndrome for signs of traumatic eES pathology,das@nd probably caused by the impact noise in the car. No further
on the hypothesis that TB trauma may have led to the samaccident-related injuries or audiovestibular symptomsusoed,
inner ear pathophysiology—i.e., loss of eES function—that waccording to the available clinical records from that time. A
previously observed in MD. synopsis of relevant events in the patient's medical hissgpien

in Figure 1A

CASE PRESENTATION Clinical Presentation, Diagnosis, and

Clinical History Disease Course

A 44-year-old man was referred to our interdisciplinary aant In the initial neurotological work-up at age 44, vestibukreked

for vertigo and balance disorders at the University Hospitainyogenic potentials (VEMPS) indicated left-sided saccular
Zurich (tertiary referral center) with recurrent spontaneo dysfunction (absent cervical VEMPs). Other vestibular
attacks of spinning vertigo, which started several monthsmpri test results (ocular VEMPs, subjective visual vertical,
to his rst visit. The attacks usually lasted for 3-12 h andeve video-oculography with caloric stimulation, and video head
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FIGURE 1 | (A) Timeline of the patient's medical history and of diagnostitterventions.(B,C) Repeated pure-tone audiometric recordings for the left ea(B) and right
ear (C) between age 27 and 50 years. Curves indicate air conductionhresholds. Arrows and brackets indicate bone conduction (B) thresholds, as measured
at age 27.
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impulse test) were within the normal range (data not shown)(Figure 2D). In the left VA, a delineated T2 signal was seen distal
PTA showed that the left ear had mixed, predominantly(posterior) to the segment with total signal lossdure 2C blue
sensorineural, downward-sloping hearing loss (HL) up to 10@&rrows). Fusion of HRCT and Gd-MRI (color-coded) data in the
dB HL at 6 kHz Figure 1B), while the right ear had moderate to focal plane of the operculum clearly localized this T2 signstidii
severe presbyacusiBigure 10. Speech discrimination scores (posterior) to the operculum Kigures 2E—H. Therefore, the
were 35 % on the left side and 100 % on the right side, andignal most likely originated from the eES, as proposed preWou
stapedial re ex responses were normal on both sides (datd?3). In summary, the HRCT and Gd-MRI data indicated that
not shown). the left eES was structurally preserved but anatomicallyratgzh
Two months later, the patient presented in our emergencyrom the labyrinth due to bony obliteration of the VA. Upon
departmentimmediately after an acute, hours-long vertigact reassessment of the imaging data for the present study, no
accompanied by nausea and emesis. The HL and tinnitus iradiological signs for bony labyrinthine dehiscence, nor f
the left ear temporally worsened. Clinical examination sedw cerebellopontine angle tumors were found that could accoant f
spontaneous nystagmus to the right side, a positive head impuliee uctuating otological symptoms.
test to the left, and a positive Romberg test with a tendency to
fall to the left side. Finally, a diagnosis of left-sided Mges DISCUSSION
syndrome (, 2) was made, and a possible traumatic etiology was
considered based on the patients history. The case described here presented an unusual course for
The patient subsequently received repeated intratympanig TB fracture, which spared the cochlea and the vestibular
dexamethasone (6.6 mg)/hyaluronate (2 mg/ml) injectiomsro |abyrinth but a ected the VA in the opercular region. Fractsre
the course of several days, and in the following years, hgithin the otic capsule, i.e., the bony layer, which encases
undertook sequential trials of di erent vestibular supprestsa the cochleovestibular labyrinth, are not repaired by new
[cinnageron, 75mg, two times daily for 8 weeks, betahistinebone formation (4) due to the lack of capacity for bone
24 mg, two times daily for 16 weeks; prior to publication ofgrowth, modeling, remodeling, and fracture healing in the
(9)]. Although the vertigo episodes continued with an averagetic capsule bonel-17). The VA, however, stretches beyond
frequency of two attacks per month, the patient was coping wethe otic capsule to the operculum through a layer of bone
with the symptoms, and no vestibular ablative treatment wagith normal remodeling and repair capacitfFigure 3, (14)].
considered. In the 4 years following the onset of MD symptomsa fracture within this retrolabyrinthine region of the pets
hearing function in the left ear uctuated in the low and mitld  hone, as in the present casgigures 3 4A-C), would induce
frequencies and progressively declined to a level of 50-88LdB normal bone repair mechanisms, including new callus bone
(Figure 1B). Finally, the patient was tted with a contralateral formation (Figure 4D). In the present case, as well as in an
routing of signals (CROS) hearing aid. He was then lost tQinrelated postmortem caseFigure 3 with a very similar

further follow-up. retrolabyrinthine fracture trajectory and ipsilateral sewe
o . cochleosaccular hydrops (hydrops not shown here), the
Clinical Imaging fracture cleft that crossed the VA was healed by excessive

During initial neurotological evaluation (age 44), higésolution  new callus bone formation, which adversely obliterated the
CT (HRCT) imaging of the TBs was performed to rule VA lumen (Figures 2A 3C). The eES, although not a ected
out retrocochlear pathologies (e.g., vestibular schwara)om by the initial trauma, as indicated by a normal T2-signal in
posttraumatic inclusion cholesteatoma, and otosclerd$RCT  Gd-MRI (Figures 2E-H, was anatomically and functionally
imaging showed no evidence for the previously mentionedeparated from the cochleovestibular labyrinth by the béatck
pathologies but demonstrated an old fracture signinthe poste VA (Figure 4D). This pathology resembles the surgical
wall of the external ear canal. Four years later (age 48yndolymphatic duct blockage procedure, which in dierent
gadolinium-enhanced MRI (Gd-MRI) of the inner ear uid animal species leads to the development of endolymphatic
spaces with a 4-h delayed 3D inversion recovery (3D IRhydrops (L9). Notably, in a recent human pathology study, loss
sequencel(0, 11) detected moderate [grade I11)] vestibular  of the eES was linked to the pathophysiology of endolymphatic
and moderate-to-severe [grade I-1111)] cochlear hydrops in hydrops and Meniere's symptoms in (idiopathic) MB)( In
the left inner ear, consistent with the previously assignédaad!  this previous study, two dierent etiologies of eES pathology
diagnosis. No radiological (Gd-MRI) signs of endolymphaticwere identied among MD patients, i.e., degenerative change
hydrops were found in the right inner ear. in the eES epithelium and developmental hypoplasia of the
In the present study, we reassessed the available imagig® with absence of the eES portio, @0). We therefore
data with regard to potential pathologies of the VA and ES orconsider loss of eES function, although of fundamentally
the clinically a ected left side. On HRCT imaging, the left VA di erent etiologies, to be the common pathophysiological basi
appeared to be almost completely obliterated by bone along itf endolymphatic hydrops and Meniere's symptoms in the
course between the isthmus and the operculdfig@re 2A). In  present case of posttraumatic Meniere's syndrome, as well as
contrast, the right VA exhibited a patent lumen throughows it in cases of (idiopathic) MD. The molecular pathophysiology
entire courseigure 2B). Correspondingly, on Gd-MRI (3D IR that results from the trauma-induced separation of the eES
sequence), a segment of total T2 signal loss was observhd in ts presumably related to the loss of distinct ion transport
partially obliterated left VA Figure 20 but not in the right VA mechanisms that are exclusively localized in the eES ejithel

Frontiers in Neurology | www.frontiersin.org 3 April 2019 | Volume 10 | Article 431


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Bachinger et al. Clinical Imaging in Posttraumatic Meniere's

Bony obliterated
VA segment

Gd-signal diminution
within the VA

Gd-MRI
| False colors

A W

FIGURE 2 | High-resolution CT (HRCT) imaging and gadolinium-enhandeMRI (Gd-MRI) of the inner ears was performed after the onsef deniere's symptoms
(HRCT, at age 44; Gd-MRI, at age 48)(A,B) Sagittal HRCT projections and 3D segmentations of the leftA) and right (B) labyrinth. (VA, vestibular aqueduct (blue in
3D segmentation); sSCC, superior semicircular canal; Vegstibule; red dotted line in(A), bony obliterated VA.(C,D) Axial Gd-MRI (3D inversion recovery sequence)
and 3D segmentations of the lef(C) and right (D) labyrinth. Signal voids in the cochlear turns (green arrovélads) and the saccule (green asterisk) indicate
endolymphatic hydrops; blue arrow, signal originating fim the extraosseous endolymphatic sac. 3D segmentations wer performed using the 3D Slicer software
[version 4.6.2, (L2)]. (E-H) Fusion of axial HRCT(E) and Gd-MRI [F; false color-coded image in(G)] images of the left temporal bone in the corresponding axigllane
(H). Arrowheads (E-H): T2 signal localized posterior to the operculum, correspading to the localization of the distal (extraosseous) endginphatic sac

(D). (Co, cochlea; PSCC, posterior semicircular canal; VA, véibular aqueduct; Ve, vestibule). Scale bars: 5mm. The fadscolor-coding image overlay was generated
using Adobe Photoshop CC2017 (version 18.1.0, San Jose, CAUSA).

Frontiers in Neurology | www.frontiersin.org 4 April 2019 | Volume 10 | Article 431


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Bachinger et al. Clinical Imaging in Posttraumatic Meniere's

FIGURE 3 | Histopathology of a temporal bone fracture that affected th vestibular aqueduct (VA) in a postmortem case [same as “casl” in (7)]. The patient died 33
years after the trauma.(A-C) Overview(A) and details (B,C) of the fracture line (white dotted line) that spared the codbha (Co) and coursed through the vestibule (Ve
into the VA. In close proximity to the labyrinth spaces of the €and the Ve, the fracture cleft is lled only with brous tissue and only minor bony fracture healing [new
bone formation; arrowhead in(B)] was observed. In the VA, at an increased distance from the Coral the Ve, the fracture cleft became entirely obliterated Wi new
callus bone [arrows in(C)]. (D) The endolymphatic sac distal to the operculum (extraosseaiportion) demonstrated a normal epithelium (IAC, internalaitory canal).
The inner ear presented cochleosaccular endolymphatic hydps (data not shown). Scale bars{A,D), 500 nm; (B,C, inset inD), 100mm. Courtesy of the
Massachusetts Eye and Ear In rmary (MEEI; Boston, MA, USA).

(8, 21, 22). With regard to the extensive time interval betweenMeniere's symptoms, on average, do not manifest before
TB trauma and the onset of Meniere's symptoms in thethe fourth decade of life & 26). Thus, loss/absence of eES
present case (34 years) and in many previously reported cadesction—due to trauma or developmental malformation—may
[up to 40 years, §, 23-259)], it is signi cant to note that in be compensated by other epithelial sites in the inner ear over
patients with (idiopathic) MD and associated ES hypoplasiaa long period of time. Another factor contributing to the
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FIGURE 4 | Proposed retrolabyrinthine fracture course in the presentase and its impact on the VA.(A,B) Old fracture signs (age 44) in the posterior wall of the
external auditory canal [EAC(A)] and in the opercular region(B) on HRCT imaging.(C) lllustration of the trajectory of the proposed fracture in th present case (red
line) and the common trajectory of a longitudinal temporaldne fracture (blue line). Localizations of these fracturégns are marked in(C). (C) lllustration of the
proposed fracture trajectory in the present case (red lineas well as a common longitudinal fracture (blue linefD) Hypothesized mechanism of secondary fracture
healing and new callus bone formation with consecutive bldage of the VA and separation of the eES in a fracture that coses through the VA outside the
non-remodeling otic capsule bone. Scale bars(B), 5mm; (B, inlay), 1 mm. The illustration iffC) was generated using the 3D viewer of the Human Temporal Bone
model [Eaton Peabody Laboratories, MEEI18)].

long delay of clinical sequelae in the present case may hamet adequately consider the fracture in the present case;hwyhi
been a slowly progressive obliteration of the VA by new calluby de nition, exhibited an OCS trajectory, i.e., the fraauine
bone that formed at the fracture site and that did not leaddid not course into or through the cochlea or the labyrinth
to an immediate but rather a progressive or delayed loss diestibule, semicircular canals), although it caused inear
eES function. sequelae. Nevertheless, the fracture did violate a portidheo

Predicting inner ear sequelae of TB fractures is of particulalabyrinth outside the otic capsule bone—the VA that harbors
clinical relevance. The clinicoradiological classi catiinto the ES. In conclusion, for the radiological assessment of TB
“otic capsule-sparing (OCS)” vs. “otic capsule-violating (OCV) fractures, the entire VA should be regarded as a part of the oti
fractures P7-30) exhibits the highest predictive value for inner capsule, and delayed inner ear sequelae should be anticipated fo
ear sequelae in OCV fractures. This classi cation, howel@es retrolabyrinthine fracture lines that course into or thrgh the
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VA. When considering treatment options in cases similar te th fractures in the opercular region, which aect the VA but
present, our ndings suggest that surgical interventiongéing spare other labyrinth portions. Such fractures are rare but
the eES (ES shunting/decompression procedus&s3d), which  appear to cause distinctive clinical sequelae, i.e., delayed
are used in MD with the intention to drain the hydropic Meniere's syndrome.
endolymphatic uid space, or to improve the uid resorptive
functions of the eES, respectively, most likely cannot wark aDATA AVAILABILITY
proposed, because of the obliterated VA that separates the eES
from the other labyrinthine uid spaces. All datasets generated for this study are included in the
Limitations of this case review concern events in themanuscript and/or the supplementary les.
patient's medical history that may be confounding factorshia
etiology of Meniere's symptoms: At age 27, the patient receiveB THICS STATEMENT
chemotherapeutic treatment with cisplatin for a neoplastic
disease (extragonadal germ cell tumor in the mediastinum)written informed consent for the publication of this case repo
Although cisplatin can have cochleo-/vestibulotoxic sidets,  was obtained from the patient.
PTA after chemotherapy showed no signicant threshold
changes compared to pretreatment thresholds. Moreover, na JTHOR CONTRIBUTIONS
association between cisplatin treatment and Meniere's-like
symptoms has been reported in the literature. The di erentialAE conceived and designed the study. DB, MG, and AE
diagnosis of “delayed endolymphatic hydrops’—i.e., the bnsgerformed 3D reconstructions and analyzed the imaging data.
of episodic vestibular symptoms years after a profoun®B and AE prepared the gures and wrote the manuscript. BS,
sensorineural hearing loss, e.g., of traumatic etiologanifested  JN, JA, and AH provided critical review of the manuscript.
in the ipsilateral 84, 35 or contralateral inner ear36) and
the postmortem histopathological nding of endolymphatic FEUNDING
hydrops—must be considered in the present case. However,
the hearing loss in the present case was uctuating andhe study was supported by grants from the British Méniére's
overall slowly progressive, and no signicant delay betweeSociety and the Zircher Stiftung fur das Héren. DB is
the onset of uctuating auditory and vestibular symptoms wassupported by a national MD-PhD scholarship from the Swiss
documented, which renders the diagnosis of (ipsilateralaygled  National Science Foundation (SNSF). AE is supported by a
endolymphatic hydrops unlikely in the present case. Finallycareer development (Filling the gap) grant from the University
a coincidental idiopathic nature of Meniere's symptoms, byof Zurich.
de nition, cannot be excluded.
In conclusion, we hypothesize that posttraumatic Meniere ACKNOWLEDGMENTS
syndrome and MD, although of fundamentally dierent
etiologies, presumably share a common pathophysiologica,baswWe are grateful for the exceptional technical expertise of &arb
i.e., the functional loss of the eES epithelium. Radiologicdurgess, Diane Jones, Jennifer O'Malley, and MengYu Zhu in
assessment of TB fractures should consider retrolabyineth preparing the human temporal bone specimens.

REFERENCES 7. Rizvi SS, Gibbin KP. E ect of transverse temporal bone fractarthe uid
compartment of the inner earAnn Otol Rhinol Laryngol(1979) 88:741-8.
1. Monsell M, Balkany TA, Gates GA, Goldenberg RA, William L, House doi: 10.1177/000348947908800601
JW. Committee on hearing and equilibrium guidelines for the diegjso 8. Eckhard AH, Zhu M, O'Malley JT, Willams GH, Long J, Rauch
and evaluation of therapy in Meniere's disease. American Academy SD, et al. Inner ear pathologies impair sodium-regulated ion

of Otolaryngology-Head and Neck Foundation, IncOtolaryngol transport in Meniere's diseaseActa Neuropathol.(2019) 137:343-57.
Head Neck Surg.(1995) 113:181-5. doi: 10.1016/S0194-5998(95) doi: 10.1007/s00401-018-1927-7
70102-8 9. Adrion C, Fischer CS, Wagner J, Gurkov R, Mansmann U, Strupp M.
2. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnussonridaléla E cacy and safety of betahistine treatment in patients with Men's disease:
M, et al. Diagnostic criteria for Meniére's diseas¥estib Res Equilib Orientat. Primary results of a long term, multicentre, double blind, randomised,
(2015) 25:1-7. doi: 10.3233/VES-150549 placebo controlled, dose de ning trial (BEMED triaBMJ.(2016) 352:h6816.
3. Merchant SN, Nadol JBchuknecht's Pathology of the Bad.ed. Shelton, CT: doi: 10.1136/bmj.h6816
People's Medical Publishing House-USA (2010). 10. Naganawa S, Ishihara S, lwano S, Sone M, Nakashima T. Tinmeasibnal
4. Jongkees L. Meniere's Syndrome and Disease. In: editors Rapdid, (3D) visualization of endolymphatic hydrops after intratympaniceiction
Meyerho WL. Clinical Otology, Ear Clinics Internationd@altimore, MD: of Gd-DTPA: Optimization of a 3D-real inversion-recovery turbgirs-echo
Williams and Wilkins (1983). p. 151-2. (TSE) sequence and application of a 32-channel head coil dt/gi&gn Reson
5. Pulec JL. Meniere's disease: Results of a two and one-halfsyedy Imaging.(2010) 31:210-4. doi: 10.1002/jmri.22012
of etiology, natural history and results of treatmentaryngoscope. 11. Barath K, Schuknecht B, Monge Naldi A, Schrepfer T, BockidcH€yemann
(1972) 82:1703-15. SC a. Detection and grading of endolymphatic hydrops in meniere sksea
6. Clark SK, Rees TS. Posttraumatic endolymphatic hydramh Otolaryngol. using MR imaging.Am J Neuroradiol.(2014) 59:62—7. doi: 10.3174/ajn
(1977) 103:727-9. doi: 10.1288/00005537-197209000-0001 r.A3856

Frontiers in Neurology | www.frontiersin.org 7 April 2019 | Volume 10 | Article 431



Béchinger et al.

Clinical Imaging in Posttraumatic Meniere's

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Ralin
Pujol S, et al. 3D Slicer as an image computing platform for the

quantitative imaging networkMagn Reson Imaging2012) 30:1323-41. 26.

doi: 10.1016/j.mri.2012.05.001

Fitzgerald DC, Mark AS. Endolymphatic duct/sac enhancement on
gadolinium magnetic resonance imaging of the inner ear: preliminary
observations and case reportén J Otol(1996) 17:603—6.

Perlman HB. Process of Healing in Injuries To capsule of
labyrinth. Arch Otolaryngol - Head Neck Surg1939) 29:287-305.
doi: 10.1001/archotol.1939.00650050307007

Sgrensen MS, Bretlau P, Jgrgensen MB. Bone repair in
otic capsule of the rabbit. Acta Otolaryngol. (1992) 112:968-
75. doi: 10.3109/00016489209137497

Zehnder AF, Kristiansen AG, Adams JC, Merchant SN, McKenna
MJ. Osteoprotegerin in the inner ear may inhibit bone
remodeling in the otic capsule.Laryngoscope.(2005) 115:172-7.
doi: 10.1097/01.mlg.0000150702.28451.35

Zehnder AF, Kristiansen AG, Adams JC, Kujawa SG, Merchénti8Kenna

the

MJ. Osteoprotegrin knockout mice demonstrate abnormal remodelingef th 31.

otic capsule and progressive hearing ldssryngoscop&2006) 116:201-6.
doi: 10.1097/01.mlg.0000191466.09210.9a

Wang H, Northrop C, Burgess B, Liberman MC, Merchant SN.32.

Three-dimensional virtual model of the human temporal bone: a stand-
alone, downloadable teaching tooDtol Neurotol. (2006) 27:452-7.
doi: 10.1097/00129492-200606000-00004

Kimura RS, Schuknecht HF. Membranous Hydrops in the Inner Ear @f th
Guinea Pig after Obliteration of the Endolymphatic SRooto-rhino-laryng.
(1965) 27:343-54.

Bachinger D, Luu N-N, Kempe JS, Barber S, Zirrer D, Lee DJ35.

et al. Vestibular aqueduct morphology correlates with endolymphatic sac
pathologies in Meniere's disease — A correlative histology and cogdput

tomography studyOtol Neurotol.(2019). doi: 10.1097/MAO.00000000000 36.

02198. [Epub ahead of Print].

Mori N, Miyashita T, Inamoto R, Matsubara A, Mori T, Akiyama K,
et al. lon transport its regulation in the endolymphatic sac: suggestfor
clinical aspects of Meniere's diseaker Arch Oto-Rhino-Laryngo(2017)
274:1813-20. doi: 10.1007/s00405-016-4362-1.

Honda K, Kim SH, Kelly MC, Burns JC, Constance L, Li X, et al. Molecula
architecture underlying uid absorption by the developing inner eglife.
(2017) 6:€26851. doi: 10.7554/eLife.26851

Healy GB. Hearing loss and vertigo secondary to head injity.
Engl J Med. (1982) 306:1029-31. doi:

61705

Ylikosky J, Palva T, Sanna M. Dizziness after head traumécatliand

morphologic ndings.AM J Otol.(1982) 3:343-52.

25.

27.

28.

29.

30.

33.

34.

Paparella MM, Mancini F. Trauma and Meniere's syndrobr@yngoscope.
(1983) 93:1004-12.

Bachinger D, Briihimann C, Honegger T, Michalopoulou E, Monge iNsld
Wettstein VG, et al., Endotype-Phenotype Patterns in Menierigs&se Based
on Gadolinium-Enhanced MRI of the Vestibular Aquedu&tront Neurol.
(2019) 10:303. doi: 10.3389/fneur.2019.00303

Kelly KE, Tami AT. Temporal bone and skull trauma. In: Jackler RK,
Brackman DE, editor$\eurotologyPhiladelphia, PA: Elsevier Mosby (2005).
p. 340-60.

Little SC, Kesser BW. Radiographic classi cation of tempomaéliactures:
Clinical predictability using a new systedrch Otolaryngol Head Neck Surg.
(2006) 132:1300-4. doi: 10.1001/archotol.132.12.1300

Dahiya R, Keller JD, Litofsky NS, Bankey PE, Bonassar lgkride CA.
Temporal bone fractures: Otic capsule sparing versus otic capsuleirgplat
clinical and radiographic considerationd.Trauma Injury Infect Crit Care.
(1999) 47:1079-83. doi: 10.1097/00005373-19991200@-000

Schuknecht B, Graetz K. Radiologic assessment of maxillpfaerdibular,
and skull base traum&ur Radiol (2005). doi: 10.1007/s00330-004-2631-7
Portmann G. Surgical treatment of vertigo by opening of the
saccus endolymphaticus. Arch  Otolaryngol. (1969) 89:809-15.
doi: 10.1001/archotol.1969.00770020811005

House WF. Subarachnoid shunt for drainage of endolymphatiadpsd
Laryngoscop€2006) 72:713-29. doi: 10.1288/00005537-196206008-0000
Paparella MM, Goycoolea M. Endolymphatic sac enhancement suery f
Meniére's disease an extension of conservative ther&pg. Otol Rhinol
Laryngol(1981) 90:610-5. doi: 10.1177/000348948109000620

Wolfson RJ, Leiberman A. Unilateral deafness with subsequeniga.
Laryngoscopél1975) 85:1762—6. doi: 10.1288/00005537-197510000-0001
Nadol JB, Weiss AD, Parker SW. Vertigo of delayed onset after
sudden deafness.Ann Otol Rhinol Laryngol. (1975) 84:841-6.
doi: 10.1177/000348947508400617

Schuknecht HF. Delayed endolymphatic hydr@p® Otol Rhinol Laryngol.
(1978) 87:743-8. doi: 10.1177/000348947808700601

Conict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or nancial relatips that could
be construed as a potential con ict of interest.

Copyright © 2019 Béchinger, Goosmann, Schuknecht, Nadol, Adabes and
Eckhard. This is an open-access article distributed uhddetms of the Creative
Commons Attribution License (CC BY). The use, distribuioreproduction in
10.1056/NEJIM1982042936ther forums is permitted, provided the original authongg)the copyright owner(s)
are credited and that the original publication in this joalris cited, in accordance
with accepted academic practice. No use, distributiorpoodaction is permitted
which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 8

April 2019 | Volume 10 | Article 431



