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Dear Sirs,

The clinical differentiation between vestibular migraine 
(VM) and Menière’s disease (MD) can be difficult due to 
the lack of selectivity of the diagnostic processes [1] and the 
overlapping clinical criteria (see guidelines of the consensus 
committee, International Bárány Society for Neuro-Otol-
ogy; http://www.baran ysoci ety.nl). A new reasonable and 
dependable distinguishing criterion might be the proof of 
an endolymphatic hydrops (ELH) via gadolinium-enhanced 
magnetic resonance imaging of the inner ear (iMRI) [2, 3], 
since ELH is considered the pathophysiological correlate of 
MD [4, 5]. However, whereas ELH in healthy controls seems 
to be significantly rarer and of smaller volume [6, 7], so far 
studies on ELH in patients with VM remain inconclusive 
and sparse [8–10].

The volume of endolymphatic space (ELS) was docu-
mented in a 61-year-old female patient with a 40-year his-
tory of typical recurring VM attacks at three time points 

during 1 year: during an attack-free interval of 6 months 
(T1), shortly (5 days) after an VM attack (T2), and 3 months 
after an attack (T3). Her spontaneous rotational vertigo 
attacks lasted from a few hours to several days and occurred 
regularly 1–4 times in 6 months. Additional symptoms 
during the attacks were unsteadiness, a feeling of bilateral 
head-fullness, bilateral aural pressure, motion intolerance, 
photo- and phonophobia, without hearing being affected. 
Independent of VM, regular episodes of migraine headache 
without vertigo or aura 1–2 times per month [with min. > 5 
(T1) to 14 days (T2, T3) prior to MRI] were reported.

The aim of this study was to investigate both the struc-
tural inner ear and neurophysiological functional corre-
lates of ELH in VM depending on the VM activity using a 
bimodal approach. Institutional Review Board approval was 
obtained prior to measurement (no. 641-15). The patient pro-
vided her informed oral and written consent in accordance 
with the Declaration of Helsinki. MR imaging data of the 
brain (including 3D-FLAIR and CISS sequences) included 
delayed imaging of the ELS 4 h after the intravenous injec-
tion of a standard dose of gadobutrol as described earlier [3]. 
The ELH classification was performed independently by two 
experienced head and neck radiologists following prescribed 
criteria [11, 12], and included an extra grade between 0 and I 
(Fig. 1a). Volumetric assessment was performed using man-
ual segmentation in combination with machine learning and 
automated local thresholding algorithms [13].

Standardized diagnostic work-up including a neurologic 
and neuro-orthoptic assessment with measurements of the 
subjective visual vertical and fundus photography (for oto-
lith function), video-oculography during caloric stimulation 
and video head-impulse test (HIT) (for semicircular canal 
function), and audiometry, was mostly unremarkable at all 
three time points. It showed only a mild unspecific central 
oculomotor disturbance (saccadic pursuit vertical > horizon-
tal) as it can be regularly found in VM patients [14], and a 
known stable and clinically asymptomatic incomplete lower-
frequency bilateral vestibulopathy (T1: R = 1.5°/s, L = 1.6°/s; 
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T2: R = 4.0°/s, L = 2.8°/s; T3: R = 3.7°/s, L = 3.9°/s). iMRI 
revealed significant changes of the ELS bilaterally depend-
ing on the time interval to the last VM attack (Fig. 1b): 
In the attack-free interval iMRI indicated no evidence for 
ELH at all (grade 0; T1: R = 36  mm3, L = 31  mm3). How-
ever, shortly (5 days) after the attack relevant bilateral ELH 
(grade II) was evident (T2: R = 52  mm3, L = 48  mm3) that 
recovered partially to grade I 3 months later on both sides 
(T3: R = 43  mm3, L = 41  mm3). Please note, that in this case 
extent of ELH and peripheral vestibular (dys-)function did 
not correlate.

In conclusion, this is the first time that relevant changes 
of the ELS were monitored in VM by longitudinal iMRI 
dependent on the time interval after a VM attack. To date the 
pathophysiology of VM remains largely unknown; central 
as well peripheral vestibular processes are under discussion 
[14, 15]. Of course, an overlap syndrome can never com-
pletely be ruled out. However, in MD for the most part ELH 
fitted the clinical symptomatic ear/s, persistently progressed 

symptom-independent over time [16, 17] and without meas-
urable variations in short- and middle-term. Thus, the fact 
that the ELH in our patient diminished with time despite a 
history of recurring vertigo attacks over 40 years, in combi-
nation with complete lacking of hearing deficits, and being 
vestibular symptom-free in the interval [16, 17], make MD a 
very unlikely and VM the most probable cause of the ELH. 
This novel result of fluctuating ELH raises basic questions 
on the pathognomonic significance of the detection of an 
ELH for the diagnosis of MD and even more so for VM. 
As to yet, we do not know if the ELH is a bystander phe-
nomenon or pathophysiologically relevant in VM. Further 
longitudinal studies in larger patient groups with different 
pathologies over a longer period and therapy-dependent are 
needed to deepen our insights into the pathophysiology of 
ELH.

Acknowledgements Partially funded by the Society for the Advance-
ment of Science and Research at the Medical Faculty of the 

Fig. 1  Longitudinal view of the 
endolymphatic space (ELS) of 
the right inner ear following 
the classification (shown in a) 
of ELH in the vestibule and 
cochlea (grade 0–II) based on 
criteria previously described 
[11, 12]. These depend on 
the ratio of the endolym-
phatic space to the sum of the 
endolymphatic and perilym-
phatic space. We included an 
additional grade between 0 
and I, resulting in four grades 
from 0 to III. b iMRI in 2D 
and 3D revealed significant 
changes of the endolymphatic 
space (ELS) between grade 0 
(normal) and grade II (relevant/
medium hydrops) depending on 
the time interval to the last VM 
attack: at T1, after an attack-free 
interval of 6 months, the patient 
showed no ELH at all (T1: 
R = 36  mm3 = grade 0). Shortly 
(5 days) after an attack an ELH 
grade II was evident (T2: R = 52 
 mm3 = grade II) that regressed 
to grade I 3 months later (T3: 
R = 43  mm3 = grade I)
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