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trojwymiarowa sekwencja powrotu inwersji z supresja ptynu (three

dimensional-fluid-attenuated inversion recovery sequence)

trojwymiarowa rzeczywista sekwencja powrotu inwersji  (three

dimensional-real inversion recovery sequence)

Amerykanska Akademia Otorynolaryngologii, Chirurgii Glowy 1 Szyi
(American Academy of Otorhinolaryngology, Head and Neck Surgery)

wodniak endolimfatyczny §limaka (cochlear endolymphatic hydrops)
wodniak endolimfatyczny (endolymphatic hydrops)

choroba Méniére’a (Méniere’s disease)

badanie rezonansu magnetycznego (magnetic resonance imaging)

wzmocnienie struktur perylimfatycznych (perilymphatic structures

enhancement)

wodniak endolimfatyczny przedsionka (vestibular endolymphatic hydrops)



Streszczenie w jezyku polskim

Wstep

Choroba Meéniére’a (MD) jest chorobg ucha wewnetrznego charakteryzujaca
si¢ zawrotami gtowy, fluktuujacym niedostuchem w zakresie niskich czestotliwosci, Szumami
usznymi iuczuciem pelnosci wuchu. Na podstawie wynikow badan sekcyjnych
publikowanych w literaturze uwaza si¢, ze U jej podtoza lezy poszerzenie struktur §rodchtonki
ucha wewnetrznego tzw. wodniak endolimfatyczny (EH). Przez lata brakowato mozliwego
do tatwej oceny biomarkera tej choroby, a diagnostyka choroby Méniére’a oparta bylta
na obrazie klinicznym, wynikach badan dodatkowych ibyta diagnoza z tzw. wykluczenia
innych przyczyn obserwowanych dolegliwosci. Zrozwojem techniki  rezonansu
magnetycznego (MR) oraz odkryciem, ze struktury perylimfatyczne wzmacniaja si¢ po podaniu
kontrastu, aendolimfatyczne pozostaja niezakontrastowane, uwidocznienie wodniaka
endolimfatycznego in vivo stato si¢ mozliwe. Istnieje jednak kilka mozliwych sposobow
uwidoczniania EH w MR, dodatkowo powstato kilka sposobow oceny EH. W rezultacie
aktualnie wystepuja rozbieznosci W wynikach publikowanych badan. Wickszo§¢ badaczy
zgadza si¢, ze EH towarzyszy chorobie Méniére’a, ale bywa tez obecny w innych podobnych
do choroby Méniére’a patologiach ucha wewnetrznego, a nawet u 0sob zdrowych. Poszukiwane
sg zatem dodatkowe cechy diagnostyczne, m.in. ocenia si¢ stopien wzmocnienia kontrastowego
struktur perylimfatycznych ucha wewngtrznego (PE), ktore moglyby sta¢ si¢ biomarkerem
choroby. Poniewaz jest to nowa metoda diagnostyki, wiele kwestii wymaga jeszcze wyjasnienia

I ustalenia standardow co do sposobu wykonywania badan MR, jak i ich analizy.

Przedstawiana rozprawa doktorska sktada si¢ z cyklu publikacji, w ktdrej prezentuje
wyniki badan po raz pierwszy wprowadzonych w Polsce do diagnostyki radiologicznej
w chorobie Méni¢re’a. Jednoczesnie wszystkie pochodzace z Polski publikacje na ten temat
(przytoczone w rozprawie jako ,spoza cyklu” pochodza z osrodka, w ktorym pracuje,
tj. Il Zaktadu Radiologii Klinicznej Warszawskiego Uniwersytetu Medycznego, a takze
z Katedry i Kliniki Otorynolaryngologii, Chirurgii Glowy i Szyi Warszawskiego Uniwersytetu

Medycznego, z ktorg wspotpracuje w tym zakresie.
Publikacja nr 1 wchodzaca w sklad cyklu rozprawy doktorskiej

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Rowinski O, Niemczyk K. Detailed

insight into magnetic resonance assessment of Méniere’s disease — description of methodology



and imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354—e362.
DOI: 10.5114/pjr.2022.117971

W artykule szczegotowo przedstawiony zostat protokot badawcezy z doktadnym opisem
metodologii badania 1 szczegdlowym objasnieniem zasad oceny obrazéw rezonansu
magnetycznego struktur ucha wewnetrznego, zaprezentowany na przyktadach siedmiu
pacjentow z klinicznie zdefiniowang jednostronng choroba Ménicre’a. Opisane zostaty
uzywane W protokole sekwencje, ich parametry, cewka odbiorcza, sposob i ilos¢ podania
srodka kontrastowego. Szczegdétowo przedstawiona i wyjasniona zostata skala oceny
EH, zaréwno dla $§limaka jak i przedsionka, wedtug metody opisanej przez Barath i wsp.,
a takze modyfikacja tej skali przez Bernaerts i wsp. Opisy uzupetnione zostaty drobiazgowo
oznaczonymi obrazami skanow MR, aby utatwi¢ zrozumienie tej metody oceny. Ponadto,
zawarty zostal przeglad literatury na temat obrazowania EH. Praca ta moze stanowi¢ instrukcje
opisujaca w jaki sposob stworzy¢ i wprowadzi¢ protokot diagnostyki dla pacjentéw z chorobg

M¢éniere’a, a nastgpnie jak powstale badania nalezy interpretowaé w $wietle aktualnej wiedzy.
Publikacja nr 2 wehodzaca w sklad cyklu rozprawy doktorskiej

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic

hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOI. 10.3390/jcm12010202

W pracy oceniano obrazy MR, 110 pacjentow z podejrzeniem choroby Méniére’a,
uzyskane z zastosowaniem trojwymiarowej sekwencji powrotu inwersji z supresjg ptynu (3D-
FLAIR) w fazie opoznionej po kontrascie. Skany ocenialy niezaleznie trzy badaczki, ktore
W czasie oceniania obrazow MR nie byly $wiadome statusu klinicznego pacjentdow.
Dwie z nich byly radiologami z wieloletnim doswiadczeniem, jedna byta otolaryngologiem,
nauczonym metody oceny w trakcie krotkiego szkolenia w tym zakresie. W sumie oceniono
220 uszu pod katem czterech parametrow: wodniaka endolimfatycznego slimaka (CoEH)
W trojstopniowej skali zaproponowanej przez Barath i wsp., wodniaka endolimfatycznego
przedsionka (VEH) w trdjstopniowej skali zaproponowanej przez Barath i wsp.,
I w czterostopniowej skali zaproponowanej przez Bernaerts i wsp., oraz wzmocnienia struktur

perylimfatycznych ucha wewnetrznego.

Celem pracy bylo sprawdzenie na ile ocena poszczegolnych, wyzej wspomnianych,
parametréw jest powtarzalna pomig¢dzy badaczami w badaniach wykonanych z uzyciem

sekwencji 3D-FLAIR i czy jest tatwa do nauczenia. Dodatkowo praca przedstawia analizy



czestoSci wystepowania wodniaka endolimfatycznego w uszach pacjentow z chorobg
M¢niére’a, W poréwnaniu z USzami z innymi objawami imitujagcymi chorob¢ Ménicre’a

oraz w uszach bez objawow.

Analizujac obecno$¢ wodniaka w uszach objawowych pacjentdw z chorobg Méniére’a,
obecno$¢ CoEH stwierdzono w 76-80% uszu (zaleznie od badacza), VEH w skali Barath
w 74,7% uszu, VEH w skali Bernaerts w 81,3% uszu, zas PE byto obecne w 58,7-62,7% uszu
objawowych. Natomiast w uszach bezobjawowych czgstos¢ wystepowania tych Kryteriow byty
znaczgco nizsza, CoEH byt obecny w 2,7-8,2% uszu, VEH w skali Barath w 2,7%, VEH w skali
Bernaerts w 11%, PE w 2,7-5,5%. Obecnos¢ wodniaka byta tez niska w uszach z innymi
objawami przypominajagcymi chorobe Méniére’a, stanowigc kolejno 4,5-6%, 4,5%, 7,5%
oraz 13,4%. Traktujac te kryteria facznie dato to wysoka czutos¢ 0.84-0.87 1 swoistos¢ 0.82-
0.88 tej metody oceny dla uszu z MD.

Jednoczeénie zaobserwowano duze réznice pomigdzy badaczami dla oceny parametru
COEH. Parametr ten byt zwlaszcza trudny do oceny dla badacza bez doswiadczenia w ocenie
MR (réznice mig¢dzy radiologami i badaczem niedo$wiadczonym 8% i 13%), ale rdwniez
pomiedzy radiologami réznice byty duze (5%). Okazato si¢ jednak, ze problemem nie byto
odroznienie S$limaka z patologia od zdrowego, ale poprawne przypisanie stopnia
zaawansowania EH. W przypadku oceny VEH w obu skalach do§wiadczeni badacze oceniali
parametr doktadnie tak samo dla 220 obserwacji, za$ nieco odbiegaly jedynie oceny
niedo$wiadczonego badacza, ale i tak zgodno$¢ wszystkich badaczy dla tego parametru byta

wysoka. Podobnie byto z ostatnim kryterium.
Podsumowanie

Przedstawione wyniki prac stanowigcych cykl publikacji tworzacych rozprawe
doktorska dowodza, ze wizualizacja w MR struktur endolimfatycznych i perylimfatycznych
ucha wewnetrznego jest mozliwa. Pokazuja, ze istniejg cechy radiologiczne (EH i PE), ktore
wystepuja znacznie czesciej w uszach z objawami choroby Méniére'a niz w uszach
bezobjawowych, czy patologiach o objawach podobnych do choroby Ménicre'a. W efekcie
mogg by¢ one obrazowym biomarkerem tej choroby, wspierajagcym rozpoznanie zwtaszcza
w nietypowych iwczesnych przypadkach, nie spetniajacych jeszcze pelnych klinicznych

kryteriow rozpoznania.

Ocena struktur endolimfatycznych przedsionka w badaniach z uzyciem sekwencji 3D-

FLAIR jest fatwa do nauczenia ipowtarzalna, co przedstawiono w prezentowanych



publikacjach tworzacych cykl rozprawy doktorskiej. Trudniejsza jest ocena struktur
srodchtonki $limaka; z tym, ze samo zdiagnozowanie CoEH nie jest trudne, to jego
stopniowanie stwarza trudnosci i jest mniej powtarzalne nawet dla doswiadczonych badaczy.
Wydaje si¢, ze dla monitorowania stopnia nasilenia patologii nalezy szuka¢ innej metody

diagnostyki (by¢ moze innej sekwencji MR).



Streszczenie w jezyku angielskim (Abstract)

Evaluation of currently used radiological criteria in the diagnostics

of Méniére's disease

Introduction

Mc¢éniére's disease (MD) is an inner ear disorder characterized by vertigo episodes,
fluctuating low-frequency hearing loss, tinnitus, and aural fullness. The hydropic dilatation
of endolymphatic structures (EH) was found in post-mortem studies of temporal bone

specimens of patients with MD and is claimed to be a cause of disease.

For many years, the in vivo assessment of the EH was not possible. The diagnosis of MD
was based on the patient's symptoms, clinical findings, and functional test

and was the diagnosis of exclusion.

With the development of magnetic resonance imaging (MR) and the discovery that
the intravenously administered contrast moves into perilymphatic spaces of the inner ear,
whereas not to the endolymphatic structures, visualization of endolymphatic structures

has become possible.

The two principal sequences applied to EH imaging using MR exist, and several scales of EH
assessment were proposed in the literature. It results in a discrepancy in the reported frequency
of EH, potentially due to the radiological criteria used. Most researchers agree that EH
accompanies MD, but it is sometimes present in healthy individuals and in other MD-like
pathologies of the inner ear. Additional radiological features are sought, including the degree
of enhancement of inner ear structures (PE), which could become a biomarker of disease.
Since this is a new method in diagnostics, many issues still need to be clarified and standards

established regarding the methodology of MR and evaluation of images.

My doctoral dissertation consists of a series of published manuscripts presenting
the results of MR studies for the first time introduced in Poland into radiological diagnostics
in Méniere's disease. At the same time, all Polish publications on this subject (cited at the end
of this dissertation as "outside the series" come from the center where | work, which is the 2nd
Department of Clinical Radiology of the Medical University of Warsaw and the Department
of Otorhinolaryngology, Head and Neck Surgery of the Medical University of Warsaw,

with which | cooperate in this regard.
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Manuscript #1 in the dissertation series

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Rowinski O, Niemczyk K. Detailed

insight into magnetic resonance assessment of Meéniere's disease — description of methodology
and imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354-e362.
DOI: 10.5114/pjr.2022.117971

The manuscript presents the research protocol with a detailed description
of the methodology and a detailed explanation of magnetic resonance images evaluation
of the structures of the inner ear, presented on the examples of seven patients with clinically
defined unilateral Méniére's disease. All applied MR sequences, their parameters, used receive
coil, method, and amount of administrated contrast agent were presented. The EH assessment
scale for both the cochlea and the vestibule, according to the method described by Barath et al.
and its modification by Bernaertsetal., wasexplained in detail. The descriptions
were supplemented with MR scans, which makes this method easier to understand.
Furthermore, a review of the literature on EH imaging is included. This manuscript may be
an instruction on creating and implementing a diagnostic protocol for patients with MD

and how the results should be interpreted according to current knowledge.
Manuscript #2 in the dissertation series

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic

hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOI. 10.3390/jcm12010202

The study evaluated MR images obtained using the contrast-delayed three dimensional-
fluid-attenuated inversion recovery sequence (3D-FLAIR) of 110 patients with suspected MD.
The images were assessed independently by three researchers who were unaware
of the patients' clinical status. Two of them were radiologists with many years of experience,
and one was an otorhinolaryngologist who was taught the MR assessment method during
a short training in this field. In total, 220 ears were evaluated using four parameters: cochlear
endolymphatic hydrops (CoEH) in a three-point scale proposed by Barath et al., vestibular
endolymphatic hydrops (VEH) in a three-point scale proposed by Barath et al. and on a four-

point scale proposed by Bernaerts et al., and enhancement of the inner ear structures.

The study aimed to evaluate if the qualitative assessment of the 3D-FLAIR sequence

using the above mentioned criteria is consistent between the observers and whether it is easy
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to learn. In addition, all the MR assessed endolymphatic hydrops features were analyzed
to calculate the sensitivity and specificity of the method.

When analyzing the presence of hydrops in the symptomatic MD ears, CoEH was found
in 76-80% (depending on the observer), Barath VEH in 74.7%, Bernaerts VEH in 81.3-82.7%,
and PE was present in 58.7-62.7% of symptomatic ears. However, in asymptomatic ears,
the prevalence of these criteria was significantly lower. CoEH was present in 2.7-8.2% of ears,
Barath VEH in 2.7%, Bernaerts VEH in 11%, and PE in 2.7-5.5%. It was also low in ears with
other MD-like symptoms, 4.5-6%, 4.5%, 7.5%, and 13.4%, respectively. Analyzing these above
mentioned features together gives a high sensitivity of 0.84-0.87 and a specificity of 0.82-0.88
for this assessment method for ears with MD.

At the same time, significant inter-observer differences in assessing the CoEH
parameter were observed. This parameter was more complicated to grade for the observer after
a short training in MR evaluation (differences between radiologists and unexperienced observer
8% and 13%). However, even between radiologists, the differences in the CoEH parameter
evaluation were significant (5%). However, after a more detailed analysis of the obtained
results, it turned out that the problem was not to distinguish a pathologically changed cochlea
from a normal cochlea but to correctly assign the severity of the pathology. In VEH staging
using both scales, experienced observers were consistent in their assessment of 220 ears. Only
the unexperienced observer's assessments differed slightly. However, still, the agreement of all
researchers for this parameter was high. Same with the last criterion — increased perilymphatic

enhancement.
Conclusions

The results of presented studies constituting the series of publications of my doctoral
dissertation prove that MR visualization of endolymphatic and perilymphatic structures
of the inner ear is possible. They show that radiological criteria of EH and PE occur much more
often in ears with MD symptoms than in asymptomatic ears or ears with MD-like symptoms.
Therefore they might be a biomarker of MD, supporting the diagnosis, especially in atypical
and early cases of MD. Evaluation of MR scans of vestibular endolymphatic structures using
3D-FLAIR is easy to learn and repeatable. The evaluation of cochlear endolymphatic structures
might be more complicated; however, the diagnosis of CoEH itself using MR
is not complicated, and its gradation is, even for experienced observers. It seems that another
diagnostic method of CoEH (perhaps a different MR sequence) should be sought to monitor the
severity of the pathology.
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Rozprawa doktorska — cykl publikacji

Ocena aktualnych kryteriow radiologicznych w badaniu rezonansu
magnetycznego u pacjentow z chorobg Méniere’a
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Wstep

Choroba Méniere’a (MD) jest przewlekta choroba ucha wewnetrznego charakteryzujaca
si¢ grupg objawow takich jak zawroty glowy pochodzenia btednikowego, fluktuujacy
niedostuch w zakresie niskich czestotliwosci, Szumy uszne i uczucie pelnosci w uchu.
Na podstawie wynikow badan sekcyjnych publikowanych w literaturze uwaza sie,
ze U jej podloza lezy poszerzenie struktur srédchtonki ucha wewnetrznego, tzw. wodniak
endolimfatyczny (EH). Do tej pory brakowato jednak mozliwo$ci obserwacji takich zmian
in vivo. Totez rozpoznanie choroby Méniére’a oparte byta na wywiadzie, obrazie klinicznym
oraz wynikach badan audiologicznych 1 otoneurologicznych, i bylo niejako diagnoza
z wykluczenia innych przyczyn powstaltych objawow. Dopiero zrozwojem techniki
obrazowania metoda rezonansu magnetycznego (MR) odkryto, ze po dozylnym podaniu
kontrastu struktury perylimfatyczne wucha wewnetrznego ulegaja zakontrastowaniu
(sa widoczne w badaniu jako jasne obszary), a endolimfatyczne pozostajg niezakontrastowane
(pozostaja ciemne na tle wzmacniajagcych si¢ struktur perylimfatycznych), tym samym

przyzyciowe uwidocznienie wodniaka srédchtonki (EH) stato si¢ mozliwe.

Aby uzyska¢ wspomniany obraz w badaniu MR, wykonuje si¢ ponownie badanie
MR po 4 godzinach od podania gadolinowego srodka kontrastowego (tzw. faza opdzniona),
stosujac zmodyfikowane sekwencje trojwymiarowe powrotu inwersji z supresja ptynu (3D-
FLAIR) i/lub rzeczywistg powrotu inwersji (3D-REAL IR). Nastepnie powstale w badaniu
MR obrazy oceniane sg pod katem poszerzania Struktur srodchtonki. W literaturze opisanych
zostalo kilka metod analizy radiologicznej, kazda z nich ocenia osobno struktury
endolimfatyczne $limaka 1 przedsionka. Sa to nastepujace metody: poétilosciowa -
scharakteryzowana przez Naganawg i wsp. tzw. skala z Nagoya, objetosciowa - opublikowana
m.in. przez Giirkova i wsp. oraz jakosciowa - opisana przez Barath i wsp. Dodatkowo
Attye i wsp. zaobserwowali, ze W wodniaku $rodchionki zmienia si¢ szerokos$¢ struktur
endolimfatycznych przedsionka, tj. woreczka i tagiewki, i na tej podstawie okreslony zostat
tzw. wskaznik wymiaru woreczka do tagiewki. Bazujac na tych obserwacjach, Bernaerts i wsp.
zmodyfikowali skale oceny przedsionka zaproponowang przez Barath i wsp., dodajac jeden
dodatkowy stopien - bardzo niskiego stopnia wodniak przedsionka (extra low-grade vestibular

hydrops).

Biorac pod uwage fakt, ze metoda radiologicznej oceny wodniaka endolimfatycznego
jest nowa (obecna dopiero od kilku lat), a w r6znych osrodkach stosowane sg zrdéznicowane

protokoty badania MR oraz skale do oceny stopnia EH, totez panuje wystepuja rozbiezno$ci

14



w wynikach publikowanych badan. Wigkszo$¢ badaczy zgadza si¢, ze EH towarzyszy chorobie
Me¢niére’a, ale zaobserwowano, ze bywa obecny tez u 0sob zdrowych i w innych patologiach
0 objawach podobnych do choroby Méniére’a. Podawane dane liczbowe roznig sie¢ jednak
pomiedzy publikacjami. Dodatkowo znajdowane sg inne cechy radiologiczne mogace by¢
istotnymi, kryteriami diagnostycznymi u pacjentow z chorobg Méniére’a, m.in. ocenia si¢
stopien wzmocnienia struktur ucha wewnetrznego (PE). Te cechy tacznie prawdopodobnie
moglyby by¢ obrazowym biomarkerem choroby, ale kwestie metodologii wykonywania
badania MR (tj. stosowania odpowiednich sekwencji i wyboér wlasciwych parametrow)
oraz oceny tego badania wymagaja jeszcze wyjasnienia i ustalenia standardow. Zwtlaszcza,
ze wydaje si¢, iz tanowa metoda, ktora jest szczegdtowo zaprezentowana w publikacjach
stanowigcych rozprawe doktorska, pozwalajac na diagnostyke patologii jaka jest wodniak
endolimfatyczny, bedzie wspiera¢ i utatwiac¢ diagnoze kliniczng choroby Méniere’a. Umozliwi
takze zrozumienie procesow patologicznych lezacych u jej podtoza i w dalszej perspektywie

utatwi optymalny wybor leczenia i monitorowanie efektow terapii.

Prezentowane publikacje stanowiace rozprawe doktorska traktuja o zastosowaniu MR
w diagnostyce patologii ucha wewngtrznego u pacjentow z klinicznym rozpoznaniem choroby
Méniére’a oraz szczegdlowo analizujg stosowane radiologiczne kryteria oceny wodniaka

endolimfatycznego.

Zgodnie z mojg wiedzg, jestem pierwszg badaczka w Polsce, ktora wprowadzita
| dostosowata parametry badania tej metody diagnostyki radiologicznej, tak, ze stala
si¢ dostgpna na szerokg skalg. Dodatkowo, wszystkie pochodzace z Polski publikacje
na ten temat, ktorych znaczna cz¢$¢ jest opublikowana w czasopismach zagranicznych,
pochodza z o$rodka w ktorym pracuje, tj. I Zaktadu Radiologii Klinicznej Warszawskiego
Uniwersytetu Medycznego oraz z Katedry i Kliniki Otolaryngologii, Chirurgii Glowy i Szyi

Warszawskiego Uniwersytetu Medycznego, z ktorej Zespotem wspotpracuje.

Pierwsza prace cyklu rozprawy doktorskiej (Wnuk E, Lachowska M, Jasinska-Nowacka
A, Maj E, Rowinski O, Niemczyk K. Detailed insight into magnetic resonance assessment
of Méniere’s disease — description of methodology and imaging findings in a case series. Polish
Journal of Radiology. 2022; 87: e354—e362. DOI: 10.5114/pjr.2022.117971) stanowi artykut,
w ktorym przedstawiony zostal protokoét badawczy z doktadnym opisem metodologii badania
I szczegblowym objasnieniem zasad oceny obrazoéw rezonansu magnetycznego struktur ucha

wewnetrznego zaprezentowany na przyktadach siedmiu pacjentéw z klinicznie zdefiniowana
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jednostronng chorobg Ménicére’a, zgodnie z kryteriami  Amerykanskiej Akademii
Otorynolaryngologii, Chirurgii Glowy i Szyi (AAO-HNS).

W artykule tym szczegdlowo opisany zostal protokol badawczy diagnostyki
radiologicznej badaniem MR, stosowany w ocenie struktur ucha wewnetrznego u pacjentow
Z chorobg Mg¢énicre’a. Zaprezentowane zostaly uzywane w protokole sekwencje MR,
ich parametry, stosowana cewka odbiorcza, sposob podania i dawka $rodka kontrastowego.
Precyzyjnie opisana zostata kluczowa dla diagnostyki wodniaka sekwencja 3D-FLAIR
wykonywana w fazie opo6znionej po podaniu $rodka kontrastowego. Ponadto przedstawiona
| wyjasniona zostata skala oceny EH - zarowno dla §limaka, jak i przedsionka, wedtug metody
opisanej przez Barath i wsp, atakze modyfikacja tej skali przez Bernaerts i1 wsp.
Opisy uzupetnione zostaly drobiazgowo oznaczonymi obrazami skanow MR, aby utatwic¢
zrozumienie tej metody oceny. Ponadto w dyskusji artykulu zawarto przeglad aktualnej

literatury na temat obrazowania wodniaka endolimfatycznego.

Praca ta moze stanowi¢ instrukcj¢ opisujacg w jaki sposob stworzy¢ i wprowadzié
protokot diagnostyki dla pacjentéw z chorobg Méniére’a, a nastepnie jak powstate w badaniu

obrazy MR nalezy interpretowaé w §wietle aktualnej wiedzy.

Druga pracg cyklu rozprawy doktorskiej (Wnuk E, Lachowska M, Jasinska-Nowacka

A, Maj E, Niemczyk K. Reliability of endolymphatic hydrops qualitative assessment in magnetic
resonance imaging. J. Clin. Med. 2023, 12(1), 202. DOI. 10.3390/jcm12010202) jest artykut
w ktorym dokonano analizy obrazow MR 110 pacjentow z podejrzeniem choroby Méniére’a.
Skany uzyskane z zastosowaniem sekwencji 3D-FLAIR w fazie op6znionej po kontrascie,
zostaly ocenione niezaleznie przez trzy badaczki, ktore w czasie oceniania obrazéw MR
nie byly swiadome statusu klinicznego pacjentow. Dodatkowo dwie z nich byly radiologami
z wieloletnim do$wiadczeniem W ocenie badan MR, jedna byta otolaryngologiem,
przeszkolonym w krotkim czasie w zakresie metody oceny wodniaka. W sumie oceniono

220 uszu pod katem czterech parametrow (kryteriow):

1. wodniaka endolimfatycznego slimaka (CoEH) w trojstopniowej skali zaproponowanej
przez Barath i wsp.,

2. wodniaka endolimfatycznego przedsionka (VEH) w trojstopniowej skali
zaproponowanej przez Barath i wsp.,

3. wodniaka endolimfatycznego przedsionka (VEH) w czterostopniowej skali
zaproponowanej przez Bernaerts i wsp.,

4. wzmocnienia struktur perylimfatycznych ucha wewnetrznego.
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Celem pracy bylo sprawdzenie na ile ocena poszczegolnych kryteridw jest powtarzalna
pomigdzy badaczami 1 czy jest latwa do nauczenia, nawet dla poczatkujacego,
niedo$wiadczonego badacza. Dodatkowo praca przedstawia analizy czestosci wystepowania
wodniaka endolimfatycznego w uszach pacjentéw z choroba Méniére’a, w poroéwnaniu

z uszami z innymi objawami imitujagcymi chorob¢ Méniére’a oraz w uszach bez objawow.

Zalozenia i cel pracy
Celem przeprowadzonych badan byto sprawdzenie:

1. Czy uwidocznienie wodniaka endolimfatycznego w badaniu MR jest mozliwe.

2. Jak czesto w grupie uszu z objawami choroby Méniére’a wystepuje wodniak
endolimfatyczny  oraz intensywniejsze ~ wzmocnienie  kontrastowe  struktur
perylimfatycznych w poréwnaniu z grupa uszu bezobjawowych oraz z uszami
Z objawami przypominajacymi chorobg¢ Méniére’a .

3. Naiile, ocena stopnia nasilenia wodniaka struktur endolimfatycznych, przy uzyciu skal
Barath i wsp. oraz modyfikacji zaproponowanej przez Bernaerts i wsp. oraz stopnia
wzmocnienia struktur perylimfatycznych ucha srodkowego jest powtarzalna pomigdzy
badaczami, w badaniach MR wykonanych z uzyciem sekwencji 3D-FLAIR, i czy jest

fatwa do nauczenia, nawet dla poczatkujacego badacza.

Ponadto, opisujac szczegdélowo metodologie wykonywania badan i ich oceny w ,,Polskim
Przegladzie Radiologicznym” (,,Polish Journal of Radiology”), chciatam spopularyzowac

I ulatwi¢ rozpoczgcie wykonywania tych badan w innych osrodkach w naszym kraju.
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Kopie opublikowanych prac
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Abstract

Purpose: The study aimed to describe the methodology and detailed interpretation of magnetic resonance imaging
(MRI) in patients with Méniére’s disease (MD).

Material and methods: MRIs were performed on a 3T scanner. The three-dimensional fluid-attenuated inversion re-
covery (3D-FLAIR) sequence 4 hours after a double dose of intravenous contrast was added to the standard MRI
protocol in patients with clinically diagnosed MD. MRI findings of 7 patients with unilateral MD were analysed using
2 qualitative grading systems by Barath and Bernaerts.

Results: In MR, the following changes in the group of patients with MD were observed: lack of endolymphatic hydrops
(cases #1 and #7), various grades of cochlear hydrops (cases #2 and #3), various grades of vestibular hydrops (cases #4,
#5, and #6), endolymphatic hydrops herniation into the semi-circular canal (case #6), and more robust perilymphatic
enhancement (case #7).

Conclusions: In patients with MD, endolymphatic hydrops can be studied on MRI using 3D-FLAIR delayed post-contrast
images. The qualitative grading system may be easily used in endolymphatic hydrops assessment. Recently described
new radiological signs of MD such as increased perilymphatic enhancement of the cochlea and an extra low-grade
VH may increase MD diagnosis sensitivity. MRI not only supports the clinical diagnosis of MD but also may help to
understand its pathophysiology.

Key words: Méniére’s disease, endolymphatic hydrops, inner ear, magnetic resonance imaging, 3D-FLAIR.

Introduction

Méniére’s disease (MD) is a chronic inner ear disorder cha-
racterized by spontaneous vertigo episodes, fluctuating low-
frequency hearing loss, tinnitus, and fullness in the ear [1].
In 1861 Prosper Méniére was the first to report that the
inner ear disease might be a source of symptoms typi-
cal for this disease [2]. About 80 years later, Hallpike and
Cairns [3] in England and Yamakawa [4] in Japan inde-
pendently described the dilatation of endolymphatic struc-
tures in post-mortem temporal bone sections of patients
with MD. For many years, the possibility of in vivo assess-

ment of the endolymphatic hydrops (EH) did not exist.
The diagnosis of MD was based on the patient’s symp-
toms, clinical findings, and functional tests. Guidelines for
MD diagnosis were formulated in 1995 by the American
Academy of Otolaryngology-Head and Neck Surgery [5].
According to these criteria, a definite MD could be reco-
gnized only post-mortem. In 2015 this scale was simpli-
fied by the Barany society [1,6]; definite MD is recognized
when the combination of symptoms and audiometrically
proved sensorineural hearing loss is present and no other
underlying vestibular pathology exists (Table 1); thus, it is
a diagnosis of exclusion.
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Detailed MRI findings in Méniere’s disease

Table 1. American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) criteria for the diagnosis of Méniére’s disease (MD) described in 2015 [1,5]

DINTCH DI - Two or more spontaneous episodes of vertigo, each lasting 20 minto 12 h

« Not better accounted for by another vestibular diagnosis

+ Audiometrically documented low- to mid-frequency sensorineural hearing loss in one ear, defining the affected ear on at least one
occasion before, during, or after one of the episodes of vertigo
« Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear

Probable MD

- Not better accounted for by another vestibular diagnosis

- Two or more episodes of vertigo or dizziness, each lasting 20 min to 24 h
« Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear

Consequently, radiology’s role was to rule out other
pathologies that might cause symptoms similar to those
of MD. With the development of the magnetic resonance
imaging (MRI) technique, especially very high-field scan-
ners (3 Tesla), the visualization of endolymphatic struc-
tures has become possible. Nakashima and Naganawa [7]
intratympanically administered contrast, which moved
into the perilymphatic space of the inner ear so that non-
contrasted endolymphatic structures were clearly visible
on three-dimensional fluid-attenuated inversion recovery
T2 (3D-FLAIR) sequence. A few years later, they improved
this method using a double dose of intravenously admini-
stered contrast [8]. Once this method became more ac-
cessible, a great perspective of inner ear research opened
up. Several scales of EH assessment were proposed: first,
semi-quantitative described by Nakashima et al. [9], next
volumetric by Giirkov et al. [10], a qualitative system by
Barath et al. [11], followed by a saccular morphology-
based method by Attye et al. [12], and a four-grade staging
system recently published by Bernaerts et al. [13].

Our study aimed to describe the methodology and de-
tailed interpretation of MRI findings in patients with MD.

Material and methods

The local Ethics Committee reviewed and approved the
study protocol at the institution where the study was con-
ducted (KB/110/2019). The project conforms to the Code
of Ethics of the World Medical Association (Declaration
of Helsinki). All patients gave their written informed con-
sent for participation in the study.

In this study, the presented patients were included as
examples to illustrate the methodology and detailed in-
terpretation of MRI results. All the included patients were

diagnosed with MD according to AAO-HNS criteria [1].
Seven patients (4 females and 3 males) with definite uni-
lateral MD at different EH stages were enrolled in this
study. The mean age at the time of the examination was
50.7 years (34-68 range).

All patients underwent an MRI study using a 3 Tesla
MR scanner (Signa Architect, GE Healthcare, Milwaukee,
USA) with a 16-channel phased array flex coil (GEM Flex
Large coil, Neocoil, Pewaukee, USA). The examination
was carried out in a supine position. Care was taken to
tighten the coil as much as possible, considering patients’
comfort and achieving the best image quality. The imag-
ing protocol for MD included the following sequences:
T2, T2 fluid-attenuated inversion recovery (T2 FLAIR),
three-dimensional - fast-inflow steady-state acquisition
(3D-FIESTA), three-dimensional - T1 (3D-T1), and
three-dimensional fluid-attenuated inversion recovery T2
(3D-FLAIR). Post-contrast images were obtained shortly
after administering a double dose (0.2 ml/kg) of gadobu-
trol (Gadavist; Bayer Schering Pharma AG, Berlin, Ger-
many; 1.0 mmol/ml) using 3D-T1 sequence, and delayed
post-contrast images were acquired 4 hours after contrast
injection using 3D-FLAIR T2 sequence. The last sequence
of 3D-FLAIR T2 with a double dose of contrast media was
crucial for EH visualization and assessment. The detailed
scan parameters are described in Table 2.

The MRI scans were analysed by 2 head and neck ra-
diologists (the first and fourth authors) and by an oto-
laryngologist (the third author) using commercial imag-
ing software (AW Server 3.2, GE Healthcare, Milwaukee,
USA). EH was categorized using 2 grading systems:
Barath [11] and Bernaerts [13] (Table 3). The assessment
of the cochlear hydrops (CH) was performed at the level
of the mid-modiolar area and the vestibular hydrops (VH)

Table 2. Detailed magnetic resonance sequence parameters of imaging protocol for Méniére’s disease

Sequence | Plane | TR (ms) | TE (ms) | NEX | Matrix (mm)
12 Axial and coronal 5385 120 2.0 416 416
T2 FLARR Axial 12000 143 1.0 260 % 200
3D-FIESTA Axial 9.3 3.0 1.0 480 x 480
3D-T Sagittal 6.9 2.8 1.0 256 % 256
3D-T2 FLAIR Axial 7602 170 20 232x232

FLAIR — fluid-attenuated inversion recovery, 3D — three-dimensional, FIESTA — fast-inflow steady-state acquisition.

© Pol J Radiol 2022; 87: e354-€362
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Table 3. Magnetic resonance imaging grading qualitative scales proposed by Barath [11] and modified by Bernaerts [13] for evaluation of the cochlear and

vestibular endolymphatic hydrops

Cochlear endolymphatic hydrops (grade)

Normal 0 — Barely visible/Invisible cochlear duct in enhancing scala vestibuli
Mild 1 — Partial obstruction of scala vestibuli by dilated cochlear duct
Severe 2 —Total obliteration of scala vestibuli by enlarged cochlear duct

Vestibular endolymphatic hydrops

Normal 0 — The saccule and utricle are separated, and the saccule is smaller than the utricle.
Extra-low 1—The saccule is equal or larger than the utricle
but is not confluent with the utricle
Mild 1 - A confluence of saccule and utricle, a circular rim of 2 — A confluence of saccule and utricle,
perilymphatic space is visible a circular rim of perilymphatic space is visible
Severe 2 —Total obliteration of the vestibular perilymphatic 3 —Total obliteration of the vestibular perilymphatic

space by dilated endolymphatic structures

space by dilated endolymphatic structures

at the level of the inferior part of the vestibule (below the
mid-modiolar level). Furthermore, the degree of cochlear
perilymphatic enhancement (PE) was evaluated in com-
parison to the contralateral (unaffected) side.

Results

Patients’ demographics and clinical characteristics are
presented in Table 4.

In the first example (patient #1), a 60-year-old female
with right-sided MD, on post-contrast 3D-FLAIR, a non-
enhancing endolymphatic cochlear duct was invisible
within the enhancing perilymphatic scala vestibuli and
scala tympani — no CH was observed. Moreover, the ves-
tibular structures, saccule and utricle, were clearly separat-
ed from each other. These images were interpreted as nor-
mal, meaning grade 0 CH and grade 0 VH in the Barath
scale (Figure 1). Moreover, the saccule was smaller than
the utricle, which was also graded 0 VH on the Bernaerts
scale (Figure 2).

In the second example (patient #2), a 34-year-old fe-
male with right-sided MD, MRI revealed a cochlear duct

partially pushed away, enhancing the vestibular duct. It
was classified as grade 1 CH (Figure 3). The vestibular
structures were widened and confluent, but the vestibule’s
enhancing rim was still visible, corresponding with grade
1 of VH in the Barath scale and grade 2 in the Bernaerts
scale. In addition, the more robust enhancement of the
basal turn of the cochlea was present on the affected side
(Figure 4).

In the third example (patient #3), a 53-year-old female
with right-sided MD, MRI revealed a significant cochlear
EH. The enlarged scala media completely obstructed the
scala vestibuli corresponding to grade 2 CH in Barath
classifications; in addition, the more pronounced en-
hancement of the cochlea was observed (Figure 5). More-
over, VH grade 1 in the Barath scale was present, which
corresponds with grade 2 in the Bernaerts scale.

In the fourth example (patient #4), a 36-year-old male
with right-sided MD, the only abnormality observed on
MRI was an enlarged saccule. This structure was bigger
than the utricle but not yet confluent with it. According
to the Barath criteria, this finding is considered normal
grade 0 VH, but in the grading system proposed by Bern-

Table 4. Patients’ demographics and dlinical characteristics of the study population [1,5]

Case | Gender | Age | MD duration | Affected | Hearing Hearing Tinnitus — Vertigo attacks AAO-HNS
No. (years) (years) ear level fluctuation Arenberg’s scale (in the last dassification
(dB) (Y- Yes/N — No) (0-6) 6 months) (definite/probable)

1 F 60 6 Right 20.00 Y 2 0 Definite

2 F 34 19 Right 32.50 Y 6.33 Definite

3 F 53 13 Right 70.00 N 4 7.17 Definite

4 M 36 14 Right 18.75 Y 5 0.33 Definite

5 F 59 3 Right 43.75 N 3 4 Definite

6 M 45 5 Right 72.50 N 5 4 Definite

7 M 68 5 Right 61.25 Y 0 1 Definite

AAO-HNS — American Academy of Otolaryngology-Head and Neck Surgery
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Detailed MRI findings in Méniere’s disease

Figure 1. Magnetic resonance images of a 60-year-old female (patient #1) with right-sided clinically defined Méniére’s disease. According to the Barath
classification [11], the example case of the normal cochlea classified as grade 0 cochlear hydrops (CH). A) Delayed-postcontrast three-dimensional fluid-
attenuated inversion recovery (3D-FLAIR) T2 axial image of both ears at the level of cochlear modiolus (marked with a dotted arrow). A non-enhancing
cochlear duct is invisible in the enhanced scala vestibuli and scala tympani (marked with an arrowhead) — no signs of CH, the inter-scalar septum visible
between the cochlear turns (marked with a thick arrow). B) Three-dimensional fast-inflow steady-state acquisition (3D-FIESTA) axial image of both ears
demonstrates the normal anatomy of the inner ear structures at the cochlear modiolus level (marked with a dotted arrow). Osseus spiral lamina (marked
with a thin arrow) separates scala vestibuli (marked with an arrowhead) from scala tympani (marked with a small arrowhead)

Figure 2. Magnetic resonance images of a 60-year-old female (patient #1) with right-sided clinically defined Méniére’s disease. According to the Barath [11]
and Bernaerts [13] classification, the example case of a normal vestibule classified as grade 0 vestibular hydrops. Delayed-postcontrast 3D-FLAIR T2 axial
image of both ears below the level of modiolum (inferior part of the vestibule). The saccule (marked with a small arrowhead) and utricle (marked with
an arrowhead) are well visualized. The saccule is smaller than the utricle, and endolymphatic structures encompass less than 50% of the vestibular area

Figure 3. Magnetic resonance image of a 34-year-old female (patient #2) with right-sided clinically defined Méniére’s disease. According to the Barath
classification [11], it is an example case of grade 1 cochlear hydrops. Delayed-postcontrast 3D-FLAIR T2 axial image of both ears at the level of the cochlear
modiolus. On the right side, a non-enhancing cochlear duct is visible as small dark nodules (marked with arrowheads) in the enhancing scala vestibuli; on

the left side, normal left inner ear anatomy is presented for comparison

aerts, it was regarded as abnormal grade 1 VH (Figure 6).
The CH or asymmetric PE was absent.

In the fifth example (patient #5), a 59-year-old female
with right-sided MD, on MRI, vestibular endolymphatic

© Pol J Radiol 2022; 87: e354-€362

structures were enlarged and confluent, but circular peri-
lymphatic space was still visible. It corresponded with
grade 1 VH in the Barath scale and grade 2 in Bernaerts
modification (Figure 7). Furthermore, in this patient,
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Figure 4. Magnetic resonance image of a 34-year-old female (patient #2) with right-sided clinically defined Méniére’s disease. Delayed-postcontrast
3D-FLAIR T2 axial image of both ears at the level of the basal turn of the cochlea. The more robust enhancement of the basal cochlear turn on the affected
right side (marked with an arrow) compared with normal perilymphatic enhancement on the left side

Figure 5. Magnetic resonance image of a 53-year-old female (patient #3) with right-sided clinically defined Méniére’s disease. According to the Barath
classification [11], it is an example case of grade 2 cochlear hydrops. Delayed-postcontrast 3D-FLAIR T2 axial image of both ears at the level of the cochlear
modiolus. On the right side, a non-enhancing widened cochlear duct (marked with arrows) completely obstructs scala vestibuli, enhancing scala tympani

(marked with arrowheads) resembling stripes

Figure 6. Magnetic resonance image of a 36-year-old male (patient #4) with right-sided clinically defined Méniere’s disease. According to the Bernaerts
classification [13], it is an example case of grade 1 (extra-low) vestibular hydrops. On the Barath scale [11], it is grade 0, presenting no signs of VH. Delayed-
postcontrast 3D-FLAIR T2 axial image of both ears below the mid-modiolar level (inferior part of the vestibule). The right saccule (small arrowhead) is slightly
bigger than the utricle (marked with an arrowhead), but the vestibular structures are still separated. Compared with a left unaffected side, the saccule (marked

with a thin arrow) is smaller than the utricle (marked with a thick arrow)

grade 1 CH in the Barath classification and a more robust
enhancement of the cochlea were present.

In the sixth example (patient #6), a 45-year-old male with
right-sided MD, the dilated confluent saccule and utricle
pushed away the perilymphatic space, and no surround-
ing contrast structure was seen around them (Figure 8A).
Using the Barath classification, it was classified as grade 2 VH
and as grade 3 in the Bernaerts modification. The widen-
ing of endolymphatic vestibular structures was so signifi-

e358

cant that they herniate into the posterior crus of the lateral
semi-circular canal (Figure 8B). Moreover, CH grade 2 in
the Barath classification with more robust PE was present.

In the seventh example (patient #7), a 68-year-old
male with right-sided MD, on post-contrast 3D-FLAIR
images no cochlear or vestibular EH was present, mean-
ing grade 0 CH and grade 0 VH in both classifications,
Barath and Bernaerts. Still, a robust PE of the cochlea was
observed on the affected (right) side (Figure 9).

© Pol J Radiol 2022; 87: e354-e362



Detailed MRI findings in Méniere’s disease

Figure 7. Magnetic resonance image of a 59-year-old female (patient #5) with right-sided clinically defined Méniére’s disease. The example case of the mild
vestibular hydrops — grade 2 in the Bernaerts scale [13] and grade 1 in the Barath grading system [11]. Delayed-postcontrast 3D-FLAIR T2 axial image of
both ears below the mid-modiolar level (inferior part of the vestibule). On the right side, the saccule and utricle are enlarged and fused (arrowhead), but
the enhancing rim of the vestibule’s perilymphatic space is still visible (marked with arrows)

Figure 8. Magnetic resonance images of a 45-year-old male (patient #6) with right-sided clinically defined Méniere’s disease. The example case of grade 2
vestibular hydrops according to the Barath classification [11] and grade 3 in the Bernaerts scale [13]. A) Delayed-postcontrast 3D-FLAIR T2 axial image of both
ears below the mid-modiolar level (inferior part of the vestibule). No enhancing perilymphatic vestibular space is seen on the right. It is entirely encompassed by
the widened, confluent endolymphatic saccule and utricle (marked with arrowhead). The endolymphatic hydrops herniation into the lateral semi-circular canal’s
posterior crus is visible (marked with an arrow). On the left side, the non-affected ear, the lateral semi-circular canal is preserved (marked with a dotted arrow).
B) 3D-FIESTA axial image of both ears. Normal anatomy of the fluid-filled inner ear structures is visualized. The vestibule is marked with a thick arrow, posterior
crus of the lateral semi-circular canal is marked with a thin arrow

Figure 9. Magnetic resonance images of a 68-year-old male (patient #7) with right-sided clinically defined Méniére’s disease. According to the Barath [11]
and Bernaerts [13] classification, no signs of cochlear or vestibular endolymphatic hydrops are visible, classified as grade 0 in both scales. Delayed-postcon-
trast 3D-FLAIRT2 axial image of both ears at the mid-modiolar level revealed a more robust perilymphatic enhancement of cochlea on the affected (right)
side (marked with an arrow)
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Table 5. Magnetic resonance imaging findings in a group of patients with Méniére’s disease. A cochlear hydrops was assessed using the Barath scale [11]. Ves-
tibular hydrops was evaluated using the Barath [11] and Bernaerts [13] grading systems (VH grading in these 2 systems differ from each other, see Table 2).

The degree of perilymphatic cochlear enhancement is presented

Case Barath classification Barath classification Bernaerts classification Degree of perilymphatic cochlear
No. cochlea (grade 0,1, 0r2) | vestibule (grade0, 1, 0r2) | vestibule (grade 0, 1,2, or3 enhancement (equal/stronger)
1 0 0 0 Equal

2 1 1 2 Stronger

3 2 1 2 Stronger

4 0 0 1 Equal

5 1 1 2 Stronger

6 2 2 3 Stronger

7 0 0 0 Stronger

All the above-described imaging findings are summa-
rized in Table 5.

Discussion

In our study, the usefulness of the well-known Barath scale
[11] and a four-stage vestibular grading system recently de-
scribed by Bernaerts [13] was illustrated in 7 example cases
to present all possible MRI findings. It shows that MRI is
a valuable and accurate EH visualization method that sup-
ports the MD’s clinical diagnosis. The delayed post-contrast
3D-FLAIR sequence allows for the visualization of endo-
lymphatic structures.

The first example patient with definite MD had no
signs of any EH and no signs of increased PE of inner
ear structures. Although EH is thought to be a hallmark
of MD [3,4,11], controversies exist about whether the
EH is a cause of MD or a result of an underlying pathol-
ogy that leads to MD development [14-16]. Many post-
mortem studies of temporal bones reported the presence
of asymptomatic EH [15-19] as well as cases of MD with-
out the EH [20-22]. These results are comparable with MRI
studies. According to the literature [13,23,24], MRI does
not reveal EH in 0-31% of patients with clinically diag-
nosed unilateral definite MD. Seo et al. [23] reported only
one case without any EH within the group of 26 patients
with MD (0.04%). In the Barath et al. [11] study, EH was
not found in 5% (2/43) of affected ears, and in the Pakda-
man et al. [24] study, EH was absent in 31% (10/32). These
discrepancies might result from different EH assessment
methods; some scientists used the semi-quantitative sys-
tem proposed by Nakashima et al. [9], while others used
the qualitative Barath system [11]. Furthermore, the MD
duration in our first presented patient was not very long
(6 years). The symptoms were mild; only weak vestibular
symptoms were present, and the hearing was well pre-
served, which might explain the lack of visible changes
within the inner ear. The impact of MD duration, the se-
verity of symptoms, and the fluctuating character of MD in
the presence of EH were analysed by Sepahdari et al. [25]
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and Bernaerts et al. [13]. They reported the influence of
MD duration on the grade of EH.

The next controversial issue is the pattern of EH
development. In his meta-analysis of 184 tempo-
ral bone reports with EH, Pender [26] found that EH
starts in the cochlear apex and then encompasses the
saccule, utricle, ampullae, and canals. Other obser-
vations from MRI studies [11,27,28] questioned this
theory because many studies found a higher preva-
lence of vestibular rather than CH in MD patients.
Attye et al. [12] found that comparing vestibular struc-
tures to each other (saccule to utricle) increased the
specificity of MD detection on MRI. Bernaerts et al. [13]
confirmed that adding a saccule evaluation increases the
sensitivity without loss of specificity for the diagnosis of
definitive MD, and cochlear EH does not improve diag-
nostic accuracy. In addition, studies on the use of heavily
T2-weighted images evaluate only VH [29,30]. Those MRI
findings support saccular [12,31] rather than cochlea-
centric theory for MD development.

A fourth example patient from our presented series is
in line with the saccular theory. In this patient with normal
hearing thresholds, no cochlear EH was present. However,
the saccule was distended but was still separated from the
utricle. On the Barath scales [11], this patient was classified
as grade 0, which means no vestibular EH signs. By con-
trast, using the saccule-to-utricle ratio by Attye et al. [12]
or four-stage VH by Bernaerts et al. [13], this case would
be interpreted as abnormal, i.e. grade 1 VH on Bernaerts
classification.

In our study, in the sixth example patient with severe
VH, widened endolymphatic structures from the vestibu-
lum herniated into the posterior, non-ampullated crus
of the lateral semi-circular canal. A similar finding was
described by Okuno and Sando [32] in MD patients’ tem-
poral bone specimens. Using MRI, the presence of this
lesion was first reported by Giirkov et al. [33], who dis-
covered that it correlates with an impaired caloric test. Re-
cently, Sugimoto et al. [34] noticed that unilateral hernia-
tion is connected with EH progression.

© Pol J Radiol 2022; 87: e354-e362



Most of the patients in our group (5 of 7) had stronger
PE of cochlea on the affected side. Two patients had equal
PE on both sides; simultaneously, they did not have any
CH signs. The first example patient had no signs of EH at
all. The fourth example case had only VH. The increased
inner-ear PE in MD was previously noted in various studies
[11,24,35-37]. It is postulated that increased PE is related
to increased blood-labyrinth barrier permeability [35,36].
Tagaya et al. [36] showed that the blood-labyrinth barrier is
impaired in MD and that there is a correlation between EH
and PE. In their study, all diseased ears presented stronger
PE. Barath et al. [11] reported that the more robust contrast
uptake was present in 90% of patients with EH. Conversely,
Pakdaman et al. [24] compared blood-perilymph barrier
permeability in MD patients with idiopathic sudden sen-
sorineural hearing loss patients and found it to be higher
in the MD group. They suggested that it might be a bio-
marker of MD. Recently, the value of cochlear PE in MD
was proven by Bernaerts et al. [13]. They showed that PE
assessment has high specificity and supports the diagnosis
of MD. Furthermore, they proposed the diagnostic algo-
rithm for unilateral MD. If the PE is more robust in the
symptomatic ear, the ear can be classified as the MD ear,
regardless of the presence of EH. The authors proved that
this single factor has a higher inter-reader agreement than
the clinical evaluation (0.79 vs. 0.66). In this context, our
last patient (case example #7) is extremely interesting, with
no EH signs but only with the cochlea’s stronger PE on the
symptomatic side. In this patient the dominating symptom
was severe hearing loss, and the vestibular symptoms were
not severe. In the literature, more robust PE enhancement
was also described in patients with sudden deafness [38,39]
and idiopathic sudden sensorineural hearing loss [24].

The main limitation of our study is the small number
of patients; however, this is a pilot study, and we aimed
to present the methodology and the most characteris-
tic findings in a case series. Further studies with a larger
group of patients are required. The second concern is the
lack of a control group of healthy subjects. In our study,
to evaluate endolymphatic hydrops, we chose the qualita-
tive scale where each ear is assessed separately; therefore,

Detailed MRI findings in Méniere’s disease

there was no need to compare them to healthy controls.
According to the Bernaerts criteria [13], each patient’s af-
fected ears and the contralateral ears were evaluated when
assessing the perilymphatic enhancement of the cochlea
as it is included in the criteria. Still, it does not mean that
the contralateral ears were considered entirely healthy.
The contralateral ears in our patients were asymptomatic
and presented normal test results. However, it should be
kept in mind that endolymphatic hydrops can develop for
years in the contralateral ear in patients with unilateral
MD before clinical symptoms from that ear start [24,40].
Moreover, using a double dose of contrast media in healthy
volunteers might be ethically controversial, and there was
no Ethics Committee approval for that.

Conclusions

In patients with MD, endolymphatic hydrops can be stud-
ied on MRI using 3D-FLAIR delayed post-contrast images.
The qualitative Barath [11] grading system may be easily
used in EH assessment. Bernaerts et al. [13] recently de-
scribed new radiological signs of MD, such as increased
perilymphatic enhancement of the cochlea, and an extra
low-grade VH would be worth adding to the MRI assess-
ment of EH. It might increase the diagnosis sensitivity of
MD. MRI supports not only the clinical diagnosis of MD
but also helps to understand its pathophysiology.
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Abstract: The study aimed to compare the consistency of MRI interpretation of endolymphatic
hydrops qualitative assessment of inner ear structures performed by independent observers. MRI
with a delayed post-contrast 3D-FLAIR sequence was performed to visualize EH in patients sus-
pected of having or diagnosed with MD. The scans were analyzed independently by three observers.
In total, 220 ears were evaluated and, of these, 75 had definite MD, five probable MD, 67 with
other Menieriform symptoms, and 73 were asymptomatic. Significant differences in cochlear en-
dolymphatic hydrops (CoEH) grading between all observers were observed. On the Barath scale of
vestibular endolymphatic hydrops (VEH), differences were found between the radiologists and otorhi-
nolaryngologist in grading. No differences were noted in VEH on the Bernaerts scale and increased
perilymphatic enhancement. Our study showed that evaluation of vestibular endolymphatic hydrops
is repeatable between observers and easy to learn. It proved that Bernaerts” modification increased
the sensitivity of EH diagnosis. Both parameters, CoEH and VEH, may serve as a differentiation
method of EH from normal ears. The distinction between normal and hydropic ears is much easier to
perform than EH grading. Therefore, it may be used to diagnose MD rather than EH staging.

Keywords: endolymphatic hydrops; inner ear; magnetic resonance imaging; Méniére’s disease;
vertigo; 3D-FLAIR

1. Introduction

Méniere’s disease (MD) is a chronic disorder of the inner ear characterized by spontaneous
attacks of vertigo, fluctuating sensorineural hearing loss, tinnitus, and aural fullness [1,2].

The MD diagnosis depends on the patient’s symptoms, medical history, and functional
inner ear test results. Since the symptoms of MD are heterogenous and it takes time to
develop from monosymptomatic to fully symptomatic disease, diagnosing early stages of
MD or atypical forms of the disease is often complicated.

Therefore, scientists have been searching for a distinct characteristic of this disease.
Approximately 80 years ago, a hydropic enlargement of the endolymphatic structures
(cochlear duct within cochlea, utricle, and saccule of the vestibule) in temporal bone speci-
mens of patients with MD was observed [3]. Even though it was an important discovery,
its usefulness was limited, as it was impossible to visualize inner ear structures in vivo.
Consequently, the diagnosis of MD has been based on the patient’s symptoms, clinical
findings, and functional inner ear test results. The only role of radiology was to exclude
other pathologies with symptoms similar to MD [1,2]. With the breakthrough discovery of
Nakshima and Naganawa that, in magnetic resonance imaging (MRI) using the delayed
post-gadolinium contrast sequences, perilymphatic structures enhance and endolymphatic
structures do not, visualizing endolymphatic hydrops (EH) became possible [4]. Since
then, many studies have been performed to evaluate if an endolymphatic hydrops is a
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biomarker of MD or if there are any other imaging features characteristic of this disease. A
few imaging methods for the assessment of EH have been described in the literature, as
follows: semiquantitative scale [5], qualitative [6], comparison of the size of saccule and
utricle [7], and a modification of the qualitative scale by adding an extra-low vestibular
hydrops grade [8].

Furthermore, a more robust enhancement of the affected inner ear structures has been
reported in MD ears as a sign of blood-labyrinth barrier breakdown [8]. Many studies have
described the presence of EH and increased perilymphatic enhancement in MD patients.
However, a discrepancy in the reported frequency of EH exists, potentially due to the
radiological criteria used.

One of the critical features of imaging in medicine is its reliability concerning image
reading. It should be reliable regardless of the observers involved. In clinical settings,
usually, it is one expert observer who studies a large number of images (cases), rather
than multiple observers studying each case and comparing their results to determine the
final image result. In the outpatient department setting, an otolaryngologist takes patients’
history and examines and reads the MRI scans bought to the visit by the patient (sometimes
without a result written by a radiologist).

The described frequency of endolymphatic hydrops differs among studies, as men-
tioned above. Some authors described the presence of endolymphatic hydrops also in
healthy patients. It is not clear if endolymphatic hydrops is present only in Méniere’s
disease ears or might be present also in other inner ear diseases. This is similar to the
asymmetry of perilymphatic enhancement. The debate is still going on, as to whether
endolymphatic hydrops and increased perilymphatic enhancement can be biomarkers of
Méniere’s disease. From a clinical point of view, it is interesting and important to investi-
gate if the differences between studies presented in the literature might result from MRI
scan interpretation by different observers.

This study aimed to evaluate the qualitative assessment of inner ear hydrops to verify
if it is consistent between observers and easy to learn from a practical clinical point of
view for the needs of the daily work of a radiologist and otolaryngologist in clinical and
outpatient department settings. In addition, all the MRI-assessed endolymphatic hydrops
features were analyzed to calculate the sensitivity and specificity of the method.

In this study, we performed an MRI interpretation of endolymphatic hydrops qual-
itative assessment of inner ear structures by independent observers and compared the
consistency of their MRI interpretation. We wanted to perform this investigation mimicking
real clinical and outpatient department settings; that is, each of the observers interpreted
the MRI scan once, and their results were compared. For that reason, three observers
were engaged in this study, two radiologists and one otorhinolaryngologist. In addition,
engaging an otorhinolaryngologist aimed to check if the evaluated method of endolym-
phatic hydrops assessment was easy to learn after reasonably short training, so that an ENT
specialist (otorhinolaryngologist) in the outpatient department could read inner ear MRI
scans by themselves during a patient’s visit.

2. Materials and Methods
2.1. Ethical Consideration

This prospective study protocol was reviewed and approved by the Institutional Ethics
Committee, where the study was conducted (KB/110/2019). All patients gave their written
informed consent for participation in the study. The project conforms to The Code of Ethics
of the World Medical Association (Declaration of Helsinki).

2.2. Study Group Description

Between June 2018 and December 2020, 120 consecutive patients suspected of having
or diagnosed with MD according to AAO-HNS and Barany Society criteria [1,2] underwent
MRI with delayed post-gadolinium 3D-FLAIR sequence. Furthermore, out of this group,
ten patients were excluded due to insufficient clinical information (n = 4), insufficient MRI



J. Clin. Med. 2023, 12, 202

30f15

quality (n = 3), or previous inner ear surgery (n = 3). Eventually, 110 patients were enrolled
in this study and underwent a detailed analysis.

2.3. Magnetic Resonance Imaging Procedure and Analysis

The patients” MRI scans were performed using a 3 Tesla MR scanner (Signa Architect,
GE Healthcare, Milwaukee, WI, USA) with a 16-channel phased array flex coil (GEM Flex
Large coil, Neocoil, Pewaukee, WI, USA). This coil was used to minimize the distance
between the inner ear structures and the coil. The examination was carried out in a supine
position. A four hours delayed post-contrast axial 3D-FLAIR sequence was added to the
standard MRI protocol of the posterior cranial fossa to visualize the inner ear structures.
The following parameters characterized the sequence: 3D-FLAIR with a fat-suppression,
acquired on an axial plane, covering the posterior cranial fossa; time of repetition 7602 ms,
time of echo 170 ms, time of inversion 1897 ms, NEX 2.0, the field of view 18, slice thickness
0.8 mm, variable flip angle. A double dose (0.2 mL/kg) of intravenously injected gadobutrol
(Gadovist; Bayer Schering Pharma AG, Berlin, Germany; 1.0 mmol/mL) was used to
achieve optimal perilymphatic enhancement [4,6,9]. The posterior cranial fossa protocol
also consisted of a three-dimensional fast inflow steady-state acquisition (3D-FIESTA)
sequence to visualize the inner ear fluid space.

The MRI scans were analyzed independently by two (head and neck and neuro-)
radiologists—(Rad 1 and Rad 2) and an otorhinolaryngologist in training (Oto), who was
taught for a short time how to read the inner ear structures on MRI scans. All of them
interpreted MRIs independently from one another, and all were blinded to the patients’
clinical status and other diagnostics test results. The goal was to check if the method is
repeatable between the different observers and if it is easy to learn.

The following radiological features were assessed in four steps:

Cochlear endolymphatic hydrops (CoEH) in a three-stage grading system by Barath [6]
Vestibular endolymphatic hydrops (VEH) in a three-stage grading system by Barath [6]
VEH in a modified four-stage scale by Bernaerts [8]

Enhancement of the inner ear structures [8].

L

The assessment of the CoEH was performed at the mid-modiolar level, and the VEH
was evaluated at the level of the inferior part of the vestibule as described previously [6].
The signal intensity of perilymphatic structures enhancement (PE) was evaluated visually,
and any asymmetry between two inner ear structures was reported. Each of the four
radiological features was presented on an ordinal scale.

Cochlear endolymphatic hydrops in the three-stage grading system by Barath [6] was
defined as either 0 as normal, 1 or 2 as pathology (Figure 1). Normal indicates a situation
where the cochlear duct is faintly visible between the enhancing scala tympani and scala
vestibuli. Grade 1 is a moderate cochlear duct enlargement and narrowed scala vestibuli.
Grade 2 indicates a significantly enlarged cochlear duct that entirely obliterates scala
vestibuli (virtually obstructing scala vestibuli).

Vestibular endolymphatic hydrops on the Barath scale, like cochlear endolymphatic hy-
drops, have been defined with a three-point scale (Figure 2). Grade 0—normal—means
that the saccule and utricle are visible as nonenhanced structures within an enhanced
vestibule. Grade 1 means some enlargement of the saccule and utricle, meaning that those
structures are confluent and only the enhancing boundaries of the vestibule are still visible.
Grade 2 indicates a significant enlargement of the saccule and utricle, so that the vestibule
is obliterated.
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Figure 1. Delayed post-contrast 3D-FLAIR axial images of the left ears at the level of the cochlear
modiolus. Right side images on panels (A-C) show the same images as the left ones in respective
panels but in the form of companion scans with some line art applied to define specific anatomical
structures for easier identification of observed pathologies. Panel (A) presents normal cochlea—grade
0 according to Barath classification, where a non-enhancing cochlear duct is barely visible between
the enhancing scala vestibuli and scala tympani (arrow), and no signs of cochlear endolymphatic
hydrops are detectable. Panel (B) shows grade 1 cochlear endolymphatic hydrops with partial
obstruction of the scala vestibuli by a mildly dilated cochlear duct. The scan shows the nodular
non-enhancing regions visible at the margins of the cochlea (arrows). Panel (C) presents grade 2
cochlear endolymphatic hydrops where the cochlear duct is significantly enlarged and obstructs scala
vestibuli. The scan shows the non-enhancing stripes within the enhancing scala tympani (arrows).

In vestibular endolymphatic hydrops in Bernaerts’ modification of the Barath scale [8], a
new grade, 1, was added, making the scale a four-point, from 0 to 3 (Figure 2). In the
Bernaerts’ modification scale, grade 1 indicates small vestibular hydrops where the saccule
is larger than the utricle but is still visually separated. Adding the new grade 1 means that
grade 1 of the Barath scale becomes grade 2 and grade 2 becomes grade 3 in the modified
Bernaerts scale.

Perilymphatic enhancement describes the enhancement of the inner ear structures.
In MD, it has been observed that perilymphatic enhancement is more robust on the af-
fected side than on the healthy side [8-10] (Figure 3). The scale, in this case, consists of
2 stages, from 0 to 1, with 1 indicating a more robust enhancement, while 0 describes a
regular enhancement.
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Figure 2. Delayed post-contrast 3D-FLAIR axial images of left ears below the mid-modiolar level
(inferior part of the vestibule). The right side images on panel (A-D) show the same images as the
left ones in respective panels but in the form of companion scans with some line art applied to define
specific anatomical structures for easier identification of observed pathologies. Panel (A) presents a
normal vestibule—grade 0 where non-enhancing the saccule (thin arrow) and utricle (thick arrow)
are easily visible in the enhancing vestibule. The saccule is smaller than the utricle. Panel (B) presents
extra low-grade, that is, grade 1 vestibular endolymphatic hydrops on Bearnaerts scale (but still
grade 0 on Barath scale) where the saccule (thin arrow) and utricle (thick arrow) are well separated;
however, the saccule is larger than the utricle, and the enhancing vestibule is seen around them. Panel
(C) shows grade 2 vestibular endolymphatic hydrops on Bearnaerts scale (grade 1 on Barath scale)
where the saccule and utricle are enlarged and confluent (thick arrow); however, thin enhancing
boundaries of the vestibule are seen around them (long “empty” arrows). Panel (D) shows grade
3 vestibular endolymphatic hydrops on the Bearnaerts scale (grade 2 on the Barath scale), where
significant enlargement of the saccule and utricle is so pronounced that the vestibule is almost totally
obliterated (thin “empty” arrow). The saccule and utricle are enlarged and confluent (thick arrow);
however, thin enhancing boundaries of the vestibule are seen around them (thin “empty” arrows).
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Figure 3. Delayed post-contrast 3D-FLAIR axial image of both ears at the level of the basal turn
of the cochlea. In the top image, there is more robust enhancement of the basal cochlear turn on
the affected right side (thick arrow), compared with normal perilymphatic enhancement on the left
side (thin arrow). The bottom image is the same as the top one but in the form of a companion
scan with some line art applied to define specific anatomical structures for easier identification of
observed pathologies.

Furthermore, the four features were analyzed in detail. The sensitivity and specificity
of each feature to identify Méniere’s disease on MRI were calculated separately. Then
the features mentioned above were combined to calculate the method’s overall sensitivity
and specificity.

2.4. Statistical Analysis

Statistical analysis was carried out in STATISTICA software (StatSoft, Inc. 2017 analysis
software system, version 13.3). The data were tested for normality, parametric and non-
parametric criteria. Detailed statistical analysis was performed with the following tests:
Friedman analysis of variance (ANOVA), Kendall’s concordance coefficient (Kendall’'s W),
and Wilcoxon signed rank. The level of statistical significance was set at p = 0.05.

3. Results
3.1. Results
3.1.1. Patients” Characteristics

The mean age of the patients at the time of MRI evaluation was 47.65 years old
(range 20-84). There was a slight female predominance, with 64 females and 46 males.

Out of 110 patients, 72 were diagnosed with definite MD, 5 with probable MD, and
33 with other diseases and symptoms that do not fulfill the diagnostic criteria for MD. Of
the patients with definite MD, 69 presented unilateral disease, and three bilateral (which
equalled made 75 definite MD ears). Furthermore, among patients with unilateral definite
MD, 15 had unspecified symptoms from the contralateral ear that do not fulfill diagnostic
AAO-HNS criteria for MD. A total of 220 ears were evaluated in this study, of which 75 were
definite MD ears, five probable MD ears, 67 ears with other Menieriform symptoms, and
73 were asymptomatic ears (Table 1).
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Table 1. The frequency of endolymphatic hydrops and increased perilymphatic enhancement of
the inner ear structures in analyzed ears evaluated by three observers (two radiologists and an
otorhinolaryngologist in training).

CoEH VEH Barath VEH Bernaerts PE
Number of Ears Number of Ears Number of Ears Number of Ears
(Percentage) (Percentage) (Percentage) (Percentage)

df;g:s::s N“(‘::)‘glrg’zfo‘;“s Radl Rad2 Oto Radl Rad2 Oto Radl Rad2 Oto Radl Rad2  Oto
Definite MD 75 (7§§/0) (8(6)(0)/0) (723/0) (745;%) (816.;%) (82.27%) (6‘2L.77%) (6?.%%) (5;;47%)
Probable MD 5 (09/0) (201%)
Other diseases 67 ( 64‘%/0) ( 6%/0) ( 4;%) ( 4_2% ) (7;%) @ 3,94%)
Asymptomatic 73 (5@%) (8.2%) (2.?%) (2.5%) (1f%) (5;%) (2~§%>

CoEH—cochlear endolymphatic hydrops (grades 1, 2 together); VEH Barath—vestibular endolymphatic hydrops
in scale proposed by Barath; VEH Bernaerts—vestibular endolymphatic hydrops in Bernaerts” modification
of the Barath scale; PE—increased perilymphatic enhancement; MD—Méniere’s disease; Rad1—radiologist #1;
Rad2—radiologist #2; Oto—otorhinolaryngologist in training.

3.1.2. MRI Findings—Radiological Features Analysis

Cochlear endolymphatic hydrops. Within the group of definite MD ears, CoEH was
present in 76-80% of ears, depending on the observer (Table 1). The sensitivity and speci-
ficity for CoEH diagnosis ranged between 0.76-0.8 and 0.92-0.97, respectively. In probable
MD ears, CoEH was not observed. In patients with other Menieriform symptoms, CoEH
was observed in 4.5-6%. CoEH was reported in 2.7-8.2% of asymptomatic ears, depending
on the observer. The differences in CoEH grading are presented in Figure 4. The difference
in observations was 5% between the two radiologists and 8% and 13% between radiologists
(Rad1 and Rad2) and the otorhinolaryngologist, respectively. Multiple comparisons indi-
cated significant differences between all three observers, confirmed by the low agreement
value of Kendall’'s W test (Table 2). Pairs of observers’ comparison showed significant
differences, with a more considerable difference between the pairs of radiologists and
otorhinolaryngologist. The main inconsistency was in the proper grading of CoEH, not in
assessing the presence of any hydrops within the cochlea.

Vestibular endolymphatic hydrops on Barath scale. Using the qualitative Barath scale,
VEH was observed in 75% of definite MD ears for all observers (Table 1). In asymptomatic
ears, VEH was present in 2.7% of ears of patients with definite MD. The sensitivity for VEH
was good at 0.75, and the specificity was very high at 0.97. In probable MD ears, VEH was
not observed. In patients with other types of vertigo, EH was present in 4.5%. The differ-
ences in VEH grading are shown in Figure 4. The assessment of VEH on the Barath scale,
comparing both radiologists, was precisely the same, and the only statistically significant
differences were present between the pair of radiologists and the otorhinolaryngologist
(Table 2). The main inconsistency was in the proper grading of VEH, not in assessing the
presence of any hydrops within the vestibule.

Vestibular endolymphatic hydrops in Bernaerts” modification of Barath scale. Adding
one grade (extra-low VEH) to the Barath scale increased the frequency of VEH diagnosis
in MD ears to 81.3-82.7% and in asymptomatic ears to 11% (Table 1). Consequently, it
improved the sensitivity to 0.81-0.83 but slightly decreased the specificity to 0.89. In
probable MD ears, VEH was not observed. In patients with other types of vertigo, VEH
was present in 9% of ears. The differences in VEH grading are summarized in Figure 4 and
Table 2.
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Figure 4. Stacked bar chart presenting differences of cochlear endolymphatic hydrops grading,
vestibular endolymphatic hydrops grading on Barath scale, vestibular endolymphatic hydrops grad-
ing on Bernaerts modification, and perilymphatic enhancement assessment in each group of analyzed
ears (definite Méniere’s, probable Méniére’s, ears with Menieriform symptoms, asymptomatic ears)
performed by three observers (two radiologists and one otorhinolaryngologist in training; Rad1,
Rad2, and Oto, respectively).
Table 2. Statistical dependencies (p-values) of ANOVA Friedman test, Kendall’s concordance coeffi-
cient, and Wilcoxon signed-rank test—evaluation of each analyzed MRI hydrops feature differences
across three observers (two experienced radiologists and otorhinolaryngologist in training) to assess
inter-judge reliability.
Radiological Friedman Kendall’s Pairs of Number of Wilcoxon Test ANOVA Test
Fea tu%e ANOVA Concordance Observers Different Results Results
p-Value Coefficient Compared Observations p-Value p-Value
Rad1 vs. Rad2 11 0.0164 0.0067 *
CoEH 0.0000 * 0.0456 Rad1 vs. Oto 19 0.0269 0.0116 *
Rad2 vs. Oto 30 0.0014 0.0003 *
Rad1 vs. Rad2 0 - -
VEH Barath 0.0111 * 0.0205 Rad1 vs. Oto 8 0.0587 0.0339 *
Rad2 vs. Oto 8 0.0587 0.0339 *
Rad1 vs. Rad2 0 -
VEH Bernaerts 0.1030 0.0103 Rad1 vs. Oto 11 0.1823 0.1317
Rad2 vs. Oto 11 0.1823 0.1317
Rad1 vs. Rad2 7 0.3105 0.2568
PE 0.2053 0.0072 Radl1 vs. Oto 11 0.1823 0.1317
Rad2 vs. Oto 6 0.4631 0.4142

The asterisk (*) and bold font were used to mark statistically significant differences (p < 0.05). CoEH—cochlear
endolymphatic hydrops (grades 1, 2 together); VEH Barath—vestibular endolymphatic hydrops in scale
proposed by Barath; VEH Bernaerts—vestibular endolymphatic hydrops in Bernaerts’ modification of
the Barath scale; PE—increased perilymphatic enhancement; Radl—radiologist #1; Rad2—radiologist #2;
Oto—otorhinolaryngologist in training.
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Perilymphatic enhancement. An increased PE was observed in 58.7-62.7% of definite
MD ears, 20% of probable MD ears, 16.4% of ears with other Menieriform symptoms, and
2.7-5.5% of asymptomatic ears (Table 1). The differences in perilymphatic enhancement
assessment are shown in Figure 4. The ANOVA Friedman test showed no significant
differences for this parameter between the assessment of all three observers and between
the pairs of observers (Table 2).

The above-mentioned combined features to identify Méniere’s disease on MRI (en-
dolymphatic hydrops (both cochlear and vestibular) and increased perilymphatic enhance-
ment) gave a sensitivity ranging between 0.84 and 0.87 and specificity of 0.82-0.88.

4. Discussion

In the last few years many MRI studies have been performed on MD but, still, there is
a lack of a gold standard for MRI protocols and assessment methods. Different protocols
of examinations (both methods of contrast administration and sequences employed on
MRI), various scales, and biomarkers are used in radiological diagnosis. Some researchers
have used intratympanic [4,11-17], others intravenous administration of gadolinium-based
contrast-agent [6,8,18-21]. Yamazaki et al. [22] compared two methods of contrast injection
and suggested that the intratympanic contrast administration provides better perilymphatic
enhancement than intravenous and probably should be used in unilateral MD. However,
the intratympanic method is invasive, allows for unilateral examination only, is off-label
GBCA use, and requires 24-h waiting time [18,23], so the intravenous method is widely
used as more feasible and comfortable for the patient. Furthermore, this method of contrast
administration allows the assessment of EH and blood—perilymph barrier permeability.

The two principal sequences applied to EH imaging are 3D-FLAIR and 3D-REAL IR,
compared visually with the heavily T2 cisternography sequence for anatomical reference.
Furthermore, Naganawa et al. developed a series of subtraction sequences such as HY-
DROPS [23], HYDROPS2 [24], and Hydrops-Mi2 [25], but those techniques are still used as
clinical research methods and are not commonly available. Moreover, there are two main
EH grading methods, and each evaluates cochlear and vestibular EH separately. Some
researchers have used the semiquantitative scale proposed by Nakashima [5], while others
have used the qualitative scale described by Barath et al. [6]. In addition, the latter has
been recently modified by adding a grade to the VEH evaluation [8]. Each of the factors
mentioned above can affect image quality and final assessment.

Furthermore, in some studies, the diagnosis of EH was made by one author [26], or if
more observers were involved, the diagnosis of EH was made by consensus [4,23,27,28] or
there is a lack of information about the observers’ agreement [29-32]. Consequently, the
reported frequency of EH in MD and asymptomatic ears varies in the literature, and debate
still exists if the EH, especially CoEH, is a valuable biomarker of MD [7].

Our study aimed to evaluate if the discrepancy in the prevalence of EH in MD might
result from the radiological criteria used. We wanted to investigate if the criteria, such as
assessment of the presence of EH in the Barath scale and Bernaerts” modification of this
scale and increased perilymphatic enhancement, are repeatable and easy to evaluate. For
this purpose, the assessment of MRI examinations of all the ears in our group was made by
two experienced radiologists and one otorhinolaryngologist in training.

Our study showed that the frequency of cochlear endolymphatic hydrops in definite
MD ears was 76-80%. This type of endolymphatic hydrops was more often detected by
experienced observers (Rad 1 and 2) than by the observer in training (Oto). Our results can
be compared with other studies based on the same MRI sequence—delayed post-contrast
3D-FLAIR. In Barath et al.’s [6] study, this type of hydrops was described in 86.9% of
MD ears, van Steekelenburg et al. [21] reported the presence of CoEH in 85% of definite
MD ears, and Pai et al. [30] recognized CoEH in 100% of MD ears. In authors that used
other MRI sequences (most often three dimension inversion recovery sequence—3D-IR),
the frequency of CoEH in MD patients was 90% in Shi et al. [33], while Ito et al. [28]
reported this biomarker in 62% of MD ears, and Yoshida et al. [34] observed CoEH in
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87% of MD ears. Suarez Vega et al. [27] compared 3D-FLAIR and 3D-IR and found CoEH
in 75% of definite MD ears. In our study, in a group of ears without a diagnosis of
MD, CoEH was rare, ranging from 4.5 to 6% for ears with Menieriform symptoms and
2.7-8.2% for asymptomatic contralateral ears in MD patients. Similar results were described
by van Steekelenburg et al. [21]. They observed CoEH in 3.1% of ears with Menieriform
symptoms and 2% of asymptomatic ears MD patients. Ito et al. [28] observed this in 6.3%
of asymptomatic ears.

In our study;, all the observers detected vestibular endolymphatic hydrops using the
Barath scale in 74.7% of definite MD ears. Referring to other studies that used the 3D-FLAIR
sequence, our results are similar to those reported by Paskoniene et al. [29], who revealed
VEH in 76.4% of MD ears, and lower than results obtained in studies by Barath et al. [6]
(92%), van Steekelenburg [21] (89%) and by Pai et al. [30] (86%). Similar results were
obtained with other MRI sequences, as follows: Shi et al. [33] described VEH in 88% of MD
ears, Ito et al. [28] in 66%, and Yoshida et al. [34] in 94%. Sudrez Vega et al. [27] described
VEH in 92% of MD ears. In our study, for ears with other symptoms that do not fulfil
the criteria for MD but presented some symptoms, VEH was assessed only in 4.5%, and
similarly in asymptomatic contralateral ears in 2.7%.

In our study, adding one grade to Barath’s classification of vestibular endolymphatic
hydrops, as was described by Bernaerts, changed the frequency of VEH identification in
definite MD ears to 81-83%, depending on the observer. However, this criterion changed
the frequency of recognizing VEH in ears with Menieriform symptoms to 7.5% and 11% in
asymptomatic ears. Consequently, the sensitivity increased, but the specificity decreased.
Similarly, in Bernaerts et al.’s study [8], this feature increased the sensitivity of VEH
from 79.5% to 85%, and in the study of Jasinska et al. [10], from 82% to 92%. It is worth
emphasizing the extra low VEH in asymptomatic ears of six patients diagnosed with
unilateral definite MD and two with sudden deafness. This finding might be explained by
the fact that MD is often a bilateral disease with different onset in each ear, and dilation of
the saccule might be an early sign of MD before symptoms appear [10,35,36].

In the literature, increased perilymphatic enhancement of the inner ear structures as a
sign of blood-perilymph barrier impairment was described as the next probable biomarker
of MD [6,8,21,22,37-39]. Our study observed it in 59-63% of definite MD patients, in
the group of ears with other symptoms in 13%, and only 2.7% in asymptomatic ears. In
Bernaerts et al.’s [8] study, 67.9% of MD patients had increased PE on the affected side.
Van Steekelenburg et al. [21] observed increased PE in 82.6% of MD, 9.4% of Menieriform
symptoms, and 3.4% of asymptomatic ears. However, this parameter should probably be
combined with the EH because it may also be present in other ear diseases, such as sudden
sensorineural hearing loss or vestibular neuritis [21,40].

Méniére’s disease is a complex disease with heterogeneous symptoms. Moreover, it is
chronic and gradually progresses from monosymptomatic to fully symptomatic. The actual
diagnostic criteria (AAO-HNS) for diagnosing MD include patients with advanced-stage
disease. Therefore, the diagnosis of this disease is often difficult. According to the literature,
in 20% of patients, it takes more than five years to diagnose MD [41]. Additionally, it was
discovered that the presence of EH may precede symptoms in MD patients [8,41], can
progress with the disease duration, and is correlated with clinical symptoms [10,42-48].
Therefore, it can serve as a method of early detection and support the diagnosis in clini-
cally atypical cases, help to choose proper treatment, and potentially monitor therapeutic
effects [39,47,49,50].

In our study, when assessing the radiological features, the highest differences between
the observers occurred for the evaluation of cochlear endolymphatic hydrops. A significant
difference was found between all pairs of observers, with a more considerable difference
between the pairs of radiologists and otorhinolaryngologist. Earlier studies suggest that
the assessment of CoEH on delayed post-contrast 3D-FLAIR sequence might be interpreted
variably [27,51,52]. Our study confirmed this finding; however, it also showed 96% inter-
observer agreement for the differentiation of hydropic and normal ears. Consequently, it
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showed that it is much easier to classify ears as normal or hydropic than to choose the
proper grade of endolymphatic hydrops.

The assessment of vestibular endolymphatic hydrops in both Barath and Bernaerts
scales, comparing both radiologists, was precisely the same. The only differences were
present between radiologists and otorhinolaryngologist when assessing the VEH on the
Barath scale, not on the Bernaerts scale. However, like with CoEH, the main non-accordance
was in the proper grading of hydropic ears, not in assessing the presence of any hydrops. All
observers differentiated normal and hydropic ears almost the same way. When comparing
interobserver agreement, our results slightly differ from the literature. Most researchers
showed a higher concordance coefficient for CoEH than VEH recognition, as follows:
Barath et al. [6], 0.97 for CoEH and 0.94 for VEH grading, van Steekelenburg et al. [21],
0.93 for CoEH and 0.92 for VEH, Bernaerts et al. [8], 0.83 for CoEH and 0.81 for VEH.
However, Suarez Vega et al. [27] reported that degree of concordance was higher for VEH
(0.66) than for CoEH (0.39) using the 3D-FLAIR sequence. Moreover, they also found that
the concordance coefficient was higher (0.82) when diagnosing any EH than scoring it. The
latter is similar to our findings.

As for the perilymphatic enhancement of the inner ear structures, there were no
significant differences between the three observers and the pairs of observers for this
parameter, which is in line with the literature [8,21].

In our study, three observers evaluated MRI scans independently to evaluate if the
assessment method was repeatable. By engaging a less experienced MRI observer (otorhino-
laryngologist) who was trained with a few cases of MRI scans of inner ears, the study aimed
to evaluate if the method was easy to learn. It showed that the assessment of vestibular
endolymphatic hydrops is easy to learn and repeatable. For experienced radiologists, the
readings for 220 ears were the same, whereas, for the otolaryngologist, the number of
different observations was very low. Typically, the saccule and utricle are easily identified
in the vestibule’s inferior part as two “black dots” surrounded by a bright (enhancing) rim
of perilymph. Furthermore, the saccule is smaller than the utricle. Even for an untrained
observer, it is not difficult to find that this configuration is changed. That is probably the
reason for such high agreement in assessing this parameter.

Similarly, with the perilymphatic enhancement qualitative assessment, it is not difficult
to visually compare two sides and find an asymmetry.

When it comes to cochlear endolymphatic hydrops assessment using a 3D-FLAIR
MRI sequence, this is more complicated. In this sequence, differentiating endolymphatic
structures from surrounding bone is impossible because both have low signals [27]. First,
changes in the contours of the cochlea should be found and compared with the FIESTA
sequence as an anatomic reference. Second, how much outlines are changed should be eval-
uated, and then CoEH should be graded. Evaluation of this parameter is more complicated,
which is probably why it is so difficult to properly stage EH, even for experienced users.
According to existing literature, the solution to this problem might be using a post-contrast
3D-IR inversion recovery sequence [23,24,27,53]; however, this sequence is not widely
available, takes longer, and is more prone to motion artifacts. The repeatability of CoEH
assessment using different sequences needs to be confirmed in further studies.

5. Conclusions

Our study confirmed that endolymphatic hydrops and robust perilymphatic enhance-
ment are much more often present in MD ears than in other inner ear diseases. Both
cochlear and vestibular endolymphatic hydrops parameters may serve as a method of
differentiation of MD from normal ears. It showed that evaluation of vestibular endolym-
phatic hydrops is repeatable between observers and easy to learn. Furthermore, it proved
that Bernaerts’ modification increased the sensitivity of endolymphatic hydrops diagnosis.
It also confirmed the recent opinion that it is more challenging to assess cochlear than
vestibular endolymphatic hydrops using an MRI 3D-FLAIR sequence. The interpretation
of MRI is more consistent when evaluated by radiologists in the case of cochlear hydrops.
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In addition, when assessing cochlear hydrops, distinguishing between normal and hydropic
ears is much easier to perform than EH grading. Therefore, it may be used to diagnose MD
rather than EH staging. These observations could shed new light on the usefulness of MRI
3D-FLAIR in diagnosing cochlear endolymphatic hydrops.

The method of EH diagnosis using MRI scans described above is not difficult to
perform, and it may be included in the diagnostic protocol of MD to support the diagnosis
of MD in clinical settings.

In conclusion, the most important findings of this study for otolaryngologists are
as follows:

1. Visualization of endolymphatic structures is possible.

2. Endolymphatic hydrops is present more often in Méniere’s disease ears than in other
inner diseases and much more frequent than in asymptomatic ears, so it might be used
as a diagnostic criterion to support the diagnosis of Méniere’s disease for clinically
unclear cases.

3. Increased perilymphatic enhancement is not difficult to assess and is present more
often in Méniére’s disease than in other inner ear pathologies.

4. Quick diagnosis of endolymphatic hydrops on MRI is not difficult, even for quickly
trained observers, that is, otorhinolaryngologists after a short period of training.

In conclusion, the most important findings of this study for radiologists are as follows:

1.  The assessment of vestibular hydrops on the two scales mentioned above is easy
to learn. The modified scale increases the sensitivity and specificity of the method
to diagnose Méniere’s disease ears, so it can be used for diagnosing and staging
vestibular endolymphatic hydrops.

2. Evaluation of cochlear hydrops is more complicated than vestibular. However, the
main concern is not to diagnose pathology but to grade it properly (which means to
answer the question “is it 1st or 2nd grade endolymphatic hydrops?”) rather than to
diagnose it (“is it normal = 0 or abnormal = 1st or 2nd grade?”). Therefore, it should
be used for the diagnosis of endolymphatic hydrops, not for grading it.
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Podsumowanie i wnioski

Przedstawione prace stanowigce cykl rozprawy doktorskiej dowodza, ze:

1. Wizualizacia w MR struktur endolimfatycznych i perylimfatycznych ucha
wewnetrznego in Vivo jest mozliwa.

2. Opisane kryteria radiologiczne wskazujace na wodniaka endolimfatycznego wystepuja
znaczgco czgscie] w uszach objawowych pacjentow z MD, niz w uszach pacjentow
z innymi patologiami i uszach bezobjawowych. Kryteria te moglyby zatem by¢
biomarkerem choroby Méniére’a, wspierajgcym rozpoznanie tej choroby, zwlaszcza
w nietypowych i wczesnych jej przypadkach.

3. Ocena wodniaka endolimfatycznego przedsionka na obrazach uzyskanych w MR
za pomocg sekwencji 3D-FLAIR jest latwa do nauczenia i powtarzalna. Natomiast
dla oceny wodniaka endolimfatycznego $limaka tatwa i powtarzalna jest identyfikacja
patologii, ale ocena jej stopnia nasilenia jest trudniejsza, nawet dla doswiadczonych
badaczy. Wydaje sig, ze dla monitorowania stopnia nasilenia wodniaka $limaka nalezy

szuka¢ innej metody diagnostyki.

43



Publikacje poza cyklem dotyczace tematyki rozprawy doktorskiej

Dodatkowo, poza cyklem stanowigcym moja rozprawe doktorska, jestem wspotautorka
czterech prac na temat obrazowania MR zmian w uchu wewngtrznym u pacjentéw z chorobg

Ménigre'a powstatych w ramach projektu prowadzonych przeze mnie badan.

Pierwsza z nich (Jasiriska A, Lachowska M, Wnuk E,Niemczyk K. Magnetic resonance
imaging of the inner ear in the diagnostics of Méniere's disease. Otorynolaryngologia Polska
2021:75(2):1-8. DOI: 10.5604/01.3001.0014.6176) jest pierwszym w polskiej literaturze
doniesieniem o zastosowaniu MR w diagnostyce wodniaka endolimfatycznego u pacjentéw
z chorobg Méniére’a. Prezentuje sposob oceny wodniaka w MR, zilustrowana jest skanami MR

z naszych badan oraz zawiera przeglad aktualnej literatury.

Druga opublikowana praca (Jasinska A, Wnuk E, Pierchata K, Niemczyk K. Wodniak

srodchtonki potwierdzony przy uzyciu 3-teslowego skanera MR u pacjentow z obrazem
klinicznym choroby Méniére’a. Polski Przeglgd Otorynolaryngologiczny 2019,;8(3):20-23)
stanowi opis dwoch przypadkéw pacjentow zard6wno w zakresie obrazu klinicznego,
jak i radiologicznego. Zaprezentowani zostali pacjenci z chorobg M¢éniére'a z réznymi
objawami, o ré6znym czasie trwania choroby, u ktérych w MR zaobserwowano poszerzenie

struktur endolimfatycznych ucha wewngtrznego.

Trzecia praca (Jasinska A, Lachowska M, Wnuk E, Pierchata K, Rowinski O, Niemczyk

K. Correlation between magnetic resonance imaging classification of endolymphatic hydrops
and clinical manifestations and audiovestibular test results in patients with definite Méniere's
disease. Auris Nasus Larynx. DOI: 10.1016/j.anl.2021.03.027) to artykut oryginalny, bedacy
oceng korelacji zaawansowania wodniaka endolimfatycznego w MR z obrazem klinicznym
| wynikami badan diagnostycznych. W grupie 38 pacjentow ze zdefiniowana, jednostronng
chorobg M¢niere'a oceniony zostal zwigzek migdzy stopniem zaawansowania wodniaka
endolimfatycznego w MR (w skalach opisanej przez Barath i wsp. oraz jej modyfikacji
Bernaerts 1 wsp.) z wynikami badan audiologicznych, otoneurologicznych 1 nasileniem
objawow. Zaobserwowano, ze zaawansowanie wodniaka endolimfatycznego koreluje
z poziomem niedostuchu w audiometrii tonalnej. Dodatkowo zauwazono zwigzek miedzy
zaawansowaniem wodniaka przedsionka (VEH) a stosunkiem amplitudy potencjatu
czynnosciowego (SP/AP) w badaniu elektrokochleografii transtympanalnej. Te wyniki
przemawiaja za wplywem poszerzenia przestrzeni endolimfatycznych na stopien uszkodzenia
stuchu w chorobie Ménicre'a. Nie zaobserwowano natomiast korelacji z czasem trwania

choroby i stopniem nasilenia odczuwanych przez pacjentow objawow.
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Czwarta praca (Jasinska-Nowacka A, Lachowska M, Wnuk E, Niemczyk K. Changes
in endolymphatic hydrops after vestibular neurectomy observed in magnetic resonance
imaging - A pilot study. Auris Nasus Larynx. 2022: 49(4):584-592,
DOI: 10.1016/j.anl.2021.12.001) jest analizg stopnia nasilenia objawdw, wynikoéw testow
audiologicznych i otoneurologicznych oraz obrazu MR struktur ucha wewnetrznego czterech
pacjentow z chorobg Méniére'a. Badania MR wykonano w tej grupie przed oraz osiem miesigcy
po zabiegu neurektomii przedsionkowej. Zaobserwowano, ze klinicznie u wszystkich badanych
pacjentow wycofaly si¢ zawroty glowy 1 poprawito si¢ funkcjonowanie. W badaniu MR
U jednego pacjenta zaobserwowano zmniejszenie intensywnosci wzmocnienia kontrastowego
struktur ucha wewnetrznego po operacji, natomiast nie zaobserwowano wycofania wodniaka
endolimfatycznego. Prawdopodobnie obraz ten czeSciowo wynikal ze zbyt wczesnej kontroli

pooperacyjnej — nadal intensywnie kontynuujemy badania w tym zakresie.
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Oswiadczenia wszystkich wspolautorow cyklu publikacji stanowigcych

rozprawe doktorska, okreslajace ich indywidualny wklad

Oswiadczenia pierwszego autora publikacji stanowiacej rozprawe doktorska

Lek. Emilia Wnuk (II Zaklad Radiologii Klinicznej, Warszawski Uniwersytet Medyczny) —
stworzenie protokolu badawczego, projektu badan, opracowanie metodologii, wykonanie
badan, analiza i interpretacja wynikow, czeSciowo analiza statystyczna, przeglad literatury,
pisanie artykuldw stanowiacych cykl publikacji, pierwsza autorka publikacji stanowiacych

cykl.

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Rowinski O, Niemczyk K. Detailed
insight into magnetic resonance assessment of Méniére's disease — description of methodology

and imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354—e362.
DOI: 10.5114/pjr.2022.117971)

Moéj udziat procentowy w przygotowaniu publikacji okreslam jako 72%

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic

hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOI 10.3390/jem12010202)

Moéj udzial procentowy w przygotowaniu publikacji okreslam jako 64 %
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Oswiadczenia wspélautora publikacji stanowigcej rozprawe doktorska

Prof. dr hab. n. med. Magdalena Lachowska (Katedra i Klinika Otolaryngologii, Chirurgii

Glowy i Szyi, Warszawski Uniwersytet Medyczny) — nadzor merytoryczny nad prowadzeniem
badania i wyborem grupy badawczej, wspottworzenie projektu cyklu, wykonanie analiz
statystycznych, nadzor nad interpretacjg otrzymanych wynikéw badan, pisanie artykutow

stanowigcych cykl publikacji, autor korespondencyjny artykutéw stanowiacych cykl.

Wnuk E, Lachowska M, Jasitiska-Nowacka A, Maj E, Rowiriski O, Niemczyk K. Detailed insight

into magnetic resonance assessment of Méniére's disease — description of methodology and
imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354-e362.
DOLI 10.5114/pjr.2022.117971)

Moj udziat procentowy w przygotowaniu publikacji okrelam jako 20%.

Wnuk E, Lachowska M, Jasitiska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic

hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOI 10.3390/jem12010202)

Méj udziat procentowy w przygotowaniu publikacji okreslam Jjako 20%.

Wyrazam zgodg na wykorzystanie w/w prac jako cze$é rozprawy doktorskiej lek. Emilii Wnuk.

prof. dr hab. n. med.
MAGDALENA LACHOWSKA
jallsta audiolog foniatra
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Oswiadczenia wspélautora publikacji stanowiacej rozprawe doktorska.

Dr n. med. Edyta Maj (II Zaktad Radiologii Klinicznej, Warszawski Uniwersytet Medyczny)
— wsparcie w stworzeniu protokolu badawczego, udostepnienie miejsca i sprzetu do
przeprowadzenia badan, wykonanie analiz radiologicznych, interpretacja otrzymanych

wynikow badan, wspottworzenie projektu cyklu, przygotowanie manuskryptow.

Wnuk E, Lachowska M, Jasiniska-Nowacka A, Maj E, Rowiriski O, Niemczyk K. Detailed insight
into magnetic resonance assessment of Méniére's disease — description of methodology and

imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354-e362.
DOI: 10.5114/pjr.2022.117971)

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2%

Wnuk E, Lachowska M, Jasiniska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic
hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOLI 10.3390/jem12010202)

M6j udzial procentowy w przygotowaniu publikacji okreslam jako 7%

Wyrazam zgod¢ na wykorzystanie w/w prac jako cz¢$é rozprawy doktorskiej lek. Emilii Wnuk.
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Oswiadczenia wspélautora publikacji stanowigcej rozprawe doktorsks.

Dr n. med. i. n. o zdr. Agnieszka Jasinska-Nowacka (Katedra i Klinika Otolaryngologii,

Chirurgii Glowy i Szyi, Warszawski Uniwersytet Medyczny) — wspottworzenie projektu badan,

opieka nad grupa badawcza, interpretacja wynikéw badan, przygotowanie manuskryptow.

Wnuk E, Lachowska M, Jasiniska-Nowacka A, Maj E, Rowiriski O, Niemczyk K. Detailed insight

info magnetic resonance assessment of Méniére's disease — description of methodology and
imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354-e362.
DOI: 10.5114/pjr.2022.117971)

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 4%

Wnuk E, Lachowska M, Jasitiska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic

hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOI 10.3390/jem12010202)

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 7%

Wyrazam zgodg na wykorzystanie w/w prac jako cze$¢ rozprawy doktorskiej lek. Emilii Wnuk.
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Oswiadczenia wspolautora publikacji stanowiacej rozprawe doktorsky.

Prof. dr hab. n. med. Kazimierz Niemczyk (Katedra i Klinika Otolaryngologii, Chirurgii

Glowy i Szyi, Warszawski Uniwersytet Medyczny) — nadzor merytoryczny nad wyborem
grupy badawczej, udostepnienie miejsca i sprzetu do przeprowadzenia badan

otolaryngologicznych, nadzér nad pisaniem manuskryptow

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Rowinski O, Niemczyk K. Detailed insight
into magnetic resonance assessment of Méniére's disease — description of methodology and
imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354-e362.
DOI: 10.5114/pjr.2022.117971)

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 1%

Wnuk E, Lachowska M, Jasinska-Nowacka A, Maj E, Niemczyk K. Reliability of endolymphatic
hydrops qualitative assessment in magnetic resonance imaging. J. Clin. Med. 2023, 12(1), 202.
DOL 10.3390/jem12010202)

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 1%

Wyrazam zgode na wykorzystanie w/w prac jako cze$¢ rozprawy doktorskiej lek. Emilii Wnuk.
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Oswiadczenia wspolautora publikacji stanowiacej rozprawe doktorska.

Prof. dr hab. n. med. Olgierd Rowinski (II Zaklad Radiologii Klinicznej, Warszawski

Uniwersytet Medyczny) — udostepnienie miejsca i sprzetu do przeprowadzenia badan, nadzor

nad przygotowaniem manuskryptu.

Wnuk E, Lachowska M, Jasitiska-Nowacka A, Maj E, Rowiviski O, Niemczyk K. Detailed insight

into magnetic resonance assessment of Méniére's disease — description of methodology and
imaging findings in a case series. Polish Journal of Radiology. 2022; 87: e354—e362.
DOI: 10.5114/pjr.2022.117971)

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 1%

Wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy doktorskiej lek. Emilii
Wnuk.

Uniwersyteckie Centrum Kliniczne
Warszawskiego Uniwersytetu Medycznego
Centralny Szpital Kliniczny
Il Zaktad Radiologii Klinicznej
02-097 Warszawa, ul. S. Banacha 1a
NIP 522-00-02-529, REGON 000288975-00030
tel. 22 599 23 00, fax: 22 599 23 02

52



	Wnuk_Doktorat_20230110_EW4_ML2_cz1
	detailed art 1
	reliabilility art2
	Introduction 
	Materials and Methods 
	Ethical Consideration 
	Study Group Description 
	Magnetic Resonance Imaging Procedure and Analysis 
	Statistical Analysis 

	Results 
	Results 
	Patients’ Characteristics 
	MRI Findings—Radiological Features Analysis 


	Discussion 
	Conclusions 
	References

	Wnuk_Doktorat_20230110_EW4_ML2_cz2
	WNUK
	ML
	EM
	AJN
	KN
	OR



