
Running head: DIFFERENTIAL DIAGNOSIS OF MD AND VM 1

The Differential Diagnosis of Ménière's Disease and Vestibular Migraine

A thesis submitted in partial fulfillment of the requirements for the degree of

Master of Audiology

Department of Communication Disorders, 

University of Canterbury

By 

Jonathan Robert Osborne

2017



DIFFERENTIAL DIAGNOSIS OF MD AND VM 2

Table of Contents

Acknowledgements ...................................................................................................... 6

Abstract ........................................................................................................................ 7

Abbreviations ............................................................................................................... 8

Glossary ...................................................................................................................... 10

1.0 Introduction ......................................................................................................... 11

1.1 The Human Vestibular System.................................................................. 12

1.1.1 Otolith Organs ............................................................................ 14

1.1.2 Semicircular Canals (SCCs) ....................................................... 16

1.1.3 Central Vestibular System.......................................................... 18

1.2 Ménière's Disease and Vestibular Migraine .............................................. 20

1.2.1 Ménière's Disease ....................................................................... 20

1.2.2 Pathophysiology of Ménière's Disease....................................... 25

1.2.3 Vestibular Migraine.................................................................... 27

1.2.4 Pathophysiology of Migraine ..................................................... 34

1.2.5 Pathophysiology of Vestibular Migraine.................................... 35

1.2.6 Differentiating Ménière's Disease and Vestibular Migraine ...... 37

1.2.7 MD and VM – A common pathophysiology? ............................ 39

1.3 Diagnostic Accuracy.................................................................................. 41



DIFFERENTIAL DIAGNOSIS OF MD AND VM 3

1.3.1 Importance of Diagnostic Accuracy........................................... 42

1.4 Systematic Reviews................................................................................... 43

1.4.1 Systematic Reviews of Diagnostic Accuracy............................. 44

1.4.2 Scoping Reviews ........................................................................ 45

1.4.3 Search Filters for Systematic Reviews ....................................... 45

1.5 Rationale and Objectives ........................................................................... 47

2.0 Methods ................................................................................................................ 48

2.1 Protocol and Registration .......................................................................... 49

2.2 Eligibility Criteria...................................................................................... 50

2.3 Information Sources .................................................................................. 50

2.4 Search Strategy.......................................................................................... 51

2.5 Study Selection and Data Collection Process............................................ 54

2.6 Data Items.................................................................................................. 54

2.7 Synthesis of Results................................................................................... 54

2.8 Software..................................................................................................... 56

3.0 Results of the Systematic Review – Differential Diagnosis of MD and VM... 57

3.1 Included Studies ........................................................................................ 58

3.2 Symptoms .................................................................................................. 65

3.3 Caloric Testing .......................................................................................... 66



DIFFERENTIAL DIAGNOSIS OF MD AND VM 4

3.5 Rotatory Chair Testing .............................................................................. 71

3.6 Video Head Impulse Test (vHIT).............................................................. 71

3.7 Head Shaking Nystagmus (HSN).............................................................. 72

3.8 Vibration Induced Nystagmus (VIN) ........................................................ 73

3.9 Cervical Vestibular Evoked Myogenic Potentials (cVEMPs)................... 74

3.10 Ocular Vestibular Evoked Myogenic Potentials (oVEMPs) ................... 75

3.11 Posturography.......................................................................................... 76

3.12 Linear Motion Perceptual Thresholds (LMPT)....................................... 77

3.13 Extratympanic click Electrocochleography............................................. 77

3.14 Multivariate Methods .............................................................................. 78

3.15 Summary of Evidence ............................................................................. 79

4.0 Results of the Scoping Review – Accurate tests for MD or VM...................... 81

4.1 Included Studies ........................................................................................ 82

4.2 Caloric Testing .......................................................................................... 84

4.10 Vibration Induced Nystagmus (VIN) ...................................................... 85

4.3 Gadolinium MRI ....................................................................................... 86

4.4 Three-Dimensional Cone Beam Computed Tomography......................... 88

4.5 Electrocochleography (ECoG) .................................................................. 88

4.5.1 Transtympanic click ECoG ........................................................ 89



DIFFERENTIAL DIAGNOSIS OF MD AND VM 5

4.5.2 Transtympanic tone burst ECoG ................................................ 90

4.5.3 Extratympanic click ECoG......................................................... 92

4.6 Electrovestibulography (EVestG).............................................................. 93

4.7 Cochlear Hydrops Analysis Masking Procedure (CHAMP)..................... 94

4.8 Distortion product optoacoustic emissions (DPOAE) phase shift............. 97

4.9 oVEMP and cVEMP 0.5/1 kHz frequency amplitude ratio (FAR)........... 97

5.0 Discussion ............................................................................................................. 99

5.1 Summary of findings for the Systematic Review.................................... 100

5.2 Sources of Bias ........................................................................................ 100

5.3 Summary of findings for the Scoping Review ........................................ 102

5.4 Inconsistencies between Histology and Gadolinium MRI ...................... 103

5.5 Lack of Diagnostic Accuracy Measures.................................................. 105

5.6 Limitations of the Present Study ............................................................. 105

5.7 Recommendations for Future Research................................................... 107

5.8 Recommendations for Clinical Practice .................................................. 108

5.9 Concluding Statements ............................................................................ 109

5.10 Funding.................................................................................................. 109

6.0 References........................................................................................................... 110

Appendix .................................................................................................................. 152



DIFFERENTIAL DIAGNOSIS OF MD AND VM 6

Acknowledgements

I would like to sincerely thank my supervisors Assoc Prof Greg O’Beirne and Mr Jeremy

Hornibrook for their support and guidance throughout the year.

Thank you Dr Rebecca Kelly-Campbell for your advice regarding systematic reviews.

Thank you Mum and Dad for being there for me through the whole thing.

Lastly, thank you Annie for being my rock.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 7

Abstract

The differential diagnosis of Ménière's disease (MD) and vestibular migraine (VM) is 

difficult, due to a reliance on symptom-based diagnosis despite frequently overlapping 

symptoms. A systematic review was conducted of studies investigating diagnostic features in 

patients with MD and VM that may assist differential diagnosis. A scoping review was also 

conducted of tests with high sensitivity and specificity for MD or VM. The systematic review 

identified that caloric testing was 54.6% sensitive and 78.9% specific for separating MD from 

VM (with MD as a positive result). Other potentially useful tests were identified, but more 

studies are needed. The scoping review identified several tests that not have yet been

evaluated for the differential diagnosis of MD and VM (primarily gadolinium magnetric 

resonance imaging and tone-burst electrocochleography). Several other promising tests were 

identified, but have not been sufficiently tested with appropriate control groups.

Keywords: Ménière's disease, vestibular migraine, diagnostic accuracy, systematic review, 

differential diagnosis
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Glossary

Dizziness – Sensation of disturbed or impaired spatial orientation without false sense of 

distorted motion. Distinct from vertigo (Bisdorff, Von Brevern, Lempert, Newman-Toker, & 

others, 2009).

Ictal – A physiological state or event.

Interictal – The period between physiological events.

Nystagmus – Non-voluntary rhythmic oscillation of the eyes. Nystagmus usually has a fast 

and slow component. The direction of nystagmus is defined by the fast component (Baloh, 

Honrubia, & Kerber, 2010)

Oscillopsia – False sensation that the visual surround is oscillating (Bisdorff et al., 2009).

Saccade – A rapid movement of the eye between fixation points.

Unsteadiness – The feeling of being unstable while seated, standing, or walking (Bisdorff et 

al., 2009).

Vertigo – The sensation of self-motion when no self-motion is occurring or the distorted self-

motion during otherwise normal head movement (Bisdorff et al., 2009).
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1.0 Introduction
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The differential diagnosis of Ménière's disease (MD) and vestibular migraine (VM) is 

difficult, due to a reliance on symptom-based diagnosis despite frequently overlapping 

symptoms. The intent of this thesis is to conduct a systematic review of the differential 

diagnosis of MD and VM and a scoping review of accurate diagnostic tests for MD or VM. 

The first section of the introduction will outline the vestibular system. The next section will 

summarise MD and VM and the current issues surrounding their differential diagnosis. The 

third section will briefly summarise the current theory and methodology behind diagnostic 

accuracy. The fourth section will briefly overview systematic review methodology. The final 

section of the introduction will summarise the aims of the present study.

1.1 The Human Vestibular System

The peripheral vestibular system is contained within the bony labyrinth in the inner 

ear (Figure 1). The bony labyrinth is filled with perilymph (having a similar composition to 

cerebrospinal fluid); (Wangemann & Schacht, 1996). The bony labyrinth includes three semi-

circular canals (SCCs), the vestibule and the cochlea. Inside the bony labyrinth is the 

membranous labyrinth. The membranous labyrinth is filled with endolymph (having a similar 

composition to intracellular fluid); (Wangemann & Schacht, 1996; Hain & Helminski, 2014). 

Primary afferent neurons from the utricle, anterior saccule, horizontal and superior SCCs

project along the superior vestibular nerve, while primary afferent neurons from the 

remaining saccule and, the horizontal SCC project along the inferior vestibular nerve 

(McRackan & Brackmann, 2015).



DIFFERENTIAL DIAGNOSIS OF MD AND VM 13

Figure 1. The membranous labyrinth is located within the cavities of the bony labyrinth. The 

cochlear duct is shown in deep blue, and the remainder of the membranous labyrinth is shown 

in a light green color. (Reproduced with permission from Siegel, Sapru, & Siegel, 2014).

The superior and inferior vestibular nerves then enter the brainstem at the junction of 

the pons and medulla, before projecting to the vestibular nuclei (in the brainstem) and the 

cerebellum. The vestibular nuclei then project to secondary vestibular afferent neurons

(McRackan & Brackmann, 2015). The central vestibular system coordinates with the visual 

and proprioceptive senses to provide stability to the eyes through the vestibulo-ocular reflex 

(VOR), stability to the head and neck via the vestibulo-collic reflex (VCR), and body posture 

via the vestibulo-spinal reflex (VSR); (Mudduwa, Kara, Whelan, & Banerjee, 2010).
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1.1.1 Otolith Organs

The otolith organs are located within the vestibule. There are two otolith organs, the 

utricle and the saccule. The utricle is most sensitive to horizontal linear acceleration, whereas 

the saccule is most sensitive to sagittal linear acceleration. The otoliths contain a sensory 

epithelium called the macula. The striola is a region that runs along the centre of the macula, 

and is surrounded by hair cells. Hair cells in the saccule orient away from the striola, whereas 

hair cells in the utricle orient towards the striola (Figure 2). 

There are two types of vestibular hair cells. Type I hair cells typically have bouton 

endings and are primarily located away from the striola. Type II hair cells have calyx endings 

and are mainly located close to the striola. Hair cells are embedded in the otolithic 

membrane, a gelatinous structure containing calcium carbonite crystals (otoconia). Due to 

inertia, head movement will result in an opposite movement of the otolithic membrane, and 

therefore hair cells. This causes a change in the firing rate of hair cells in the otoliths 

(McRackan & Brackmann, 2015). 
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Figure 2. The otilith organs. a.) Anatomy of the macule b.) Mechanism of hair cell activation 

c.) Orientation of the utricle and saccule. (Reproduced with permission from Baloh et al., 

2010).

Hair cells in the otoliths project to primary vestibular afferent neurons. Vestibular 

primary afferent neurons are categorised by their interspike interval. Regular afferent neurons

primarily connect to extrastriolar type II hair cells, whereas irregular afferent neurons

primarily connect to striolar type I hair cells (McRackan & Brackmann, 2015). Regular 

afferent neurons respond tonically to macula displacement/head position, whereas irregular 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 16

afferent neurons respond phasic-tonically to velocity of the macula displacement (Leigh & 

Zee, 2015). Because of this regular afferents give information regarding head position, while 

irregular afferents detect sudden movements of the head.

1.1.2 Semicircular Canals (SCCs)

Each labyrinth contains three SCCs, resembling rings, which terminate in the utricle.

The horizontal SCCs are positioned 30o from the horizontal plane, while the anterior and 

posterior SCCs are positioned 45o from the sagittal plane (Figure 3). Each SCC has a dilated 

compartment called the ampula. The ampula contains the crista ampularis, an assortment of 

hair cells. The stereocilia and kinocilia of the hair cells are embedded in a gelatinous fluid-

filled compartment called the cupula (McRackan & Brackmann, 2015). 
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Figure 3.The semicircular canals a.) Anatomy, b.) Mechanism of hair cell activation, and c.) 

Orientation of the semicircular canals. AC: anterior canal, PC: posterior canal, HC: horizontal 

canal (Reproduced with permission from Baloh et al., 2010).

Angular acceleration results in movement of the endolymph in the SCCs, which in 

turn moves the cupula and therefore the hair cells. Ampullopetal movement of endolymph 

(flow from the utricle to the ampule) is excitatory (in the direction of the kinocilium) in the 

horizontal SCC and inhibitory (away from the kinocilium) in the anterior and posterior SCCs.
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The opposite is true of ampullofugal endolymph movement (flow from the ampule towards 

the utricle); (McRackan & Brackmann, 2015).

1.1.3 Central Vestibular System

Figure 4 shows a simplified diagram of central vestibular connections. The vestibular 

nucleus is located in the medulla of the brainstem. The vestibular nucleus receives inputs 

from the visual, somatosensory, autonomic nervous systems, cerebellum, and both the 

contralateral and ipsilateral peripheral vestibular systems (McRackan & Brackmann, 2015).

From the vestibular nucleus, there are believed to be multiple ascending tracts. Several tracts 

have been implicated based on animal studies. These include the medial longitudinal 

fasciculi, the crossed and uncrossed ascending tract of Dieters, the crossed ventral tegmental 

tract, and the brachium conjuctivum. Projections are sent both ipsilaterally and contralaterally 

to the midbrain tegmentum, thalamus, and cortex (Dieterich & Brandt, 2015).
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Figure 4. Simplified pathways of the central vestibular system. Boxes with full lines are part 

of the central vestibular system.

The thalamus acts to process vestibular information and as a relay to and between the 

various cortical regions responsible for vestibular processing. The primary cortical region for 

vestibular processing is believed to be the parieto-insular vestibular cortex (PIVC). While the 

exact location of the PIVC is not known in humans, functional magnetic resonance imaging 

(fMRI) studies have indicated that it may be located at the posterior insula and tempero-

parietal junction (Lopez & Blanke, 2011). Neuroimaging studies have implicated several 
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other cortical regions that are involved in vestibular processing in humans. These regions 

include the superior temporal gyrus, inferior parietal lobule, somatosensory cortex, 

precuneus, cingulate gyrus, motor cortex, frontal eye field, and the hippocampus (Lopez & 

Blanke, 2011). Thalamic and cortical regions mediate the perception of vestibular inputs, 

while the brainstem mediates sensorimotor reflexes (VOR, VCR, and VSR); (Marianne 

Dieterich & Brandt, 2015).

1.2 Ménière's disease and Vestibular Migraine

This section will summarise the current understanding of symptomology, 

pathophysiology, and differential diagnosis of MD and VM.

1.2.1 Ménière's Disease

Ménière's Disease (MD) is characterised by repeated vestibular episodes, fluctuating 

hearing loss, aural fullness and tinnitus (Lopez-Escamez, Carey, Chung, Goebel, Magnusson, 

Mandalà, Newman-Toker, Strupp, Suzuki, Trabalzini, & others, 2015). The diagnosis of MD 

primarily relies on case history. Pure-tone audiometry (PTA) is also used to confirm hearing 

loss in MD (Gode et al., 2012). In most cases symptoms present unilaterally. However studies 

indicate that anywhere from 2 to 47% of patients with MD experience bilateral symptoms

(Huppert, Strupp, & Brandt, 2010). The reported prevalence of MD varies from 3.5 to 513 

per 100,000 (Wladislavosky-Waserman, Facer, Mokri, & Kurland, 1984; Alexander & 
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Harris, 2010) and accounts for approximately 8.3 to 10.1% of patients in dizziness clinics 

(Brandt & Strupp, 2006; Bunasuwan, Bunbanjerdsuk, & Nilsuwan, 2011).

Table 1. Current Clinical Definition of Definite MD (Lopez-Escamez, Carey, Chung, 

Goebel, Magnusson, Mandalà, Newman-Toker, Strupp, Suzuki, Trabalzini, & others, 2015).

A. Two or more spontaneous episodes of vertigo, each lasting 20 minutes to 12 hours. 

B. Audiometrically documented low to medium 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. 

C. Fluctuating aural symptoms (hearing, tinnitus or fullness) in the affected ear. 

D. Not better accounted for by another vestibular diagnosis.

Vestibular symptoms in MD are defined as disabling vertigo which is spontaneous or 

occurs during normal head movements. While not important for diagnosis, dizziness and 

unsteadiness are also frequently reported in patients with MD (Lopez-Escamez, Carey, 

Chung, Goebel, Magnusson, Mandalà, Newman-Toker, Strupp, Suzuki, Trabalzini, & others, 

2015). The course of hearing loss is also variable in MD. Most patients with MD show a 

progressive, sometimes fluctuating, hearing loss in the first 10 years of the condition. Hearing 

loss typically stabilises at an average level of 50-60 decibels hearing level (dB HL). The 

configuration of the audiogram is most commonly a flat configuration, but can also be can be 

rising, sloping, or peaked (Huppert et al., 2010).

Tinnitus in MD is most commonly unilateral (77%; Havia, Kentala, & Pyykkö, 2002). 

The tinnitus is commonly low in pitch, but its prevalence is reasonably evenly spread across 
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low, mid and high pitches (Herraiz, Tapia, & Plaza, 2006; Zagólski & Stręk, 2014; Zhang, 

Liu, Wang, Jia, & Gu, 2016), with an average perceived pitch at 3700 Hz (Zagólski & Stręk, 

2014). The perception of the tinnitus in MD is commonly described by patients as roaring, 

buzzing, ringing, or whistling (Vernon, Johnson, & Schleuning, 1980; Herraiz et al., 2006).

MD is a variable condition, particularly in its early stages. Only 38-40% of patients 

present with all symptoms necessary for a diagnosis, and symptoms can occur in any order

(Havia et al., 2002; Belinchon, Perez-garrigues, & Tenias, 2012; Pyykkö, Nakashima, 

Yoshida, Zou, & Naganawa, 2013). It may take several years for all symptoms to precipitate. 

Because of this, diagnosis can be difficult in the early stages of MD. It frequently takes years 

to reach an official diagnosis of MD (Belinchon et al., 2012; Pyykkö et al., 2013; Hietikko, 

Sorri, Männikkö, & Kotimäki, 2014).

Results from traditional bedside and oculomotor vestibular tests are also highly 

variable in MD (Table 2.). During the acute phase, 100% of patients present with 

spontaneous nystagmus. Spontaneous nystagmus occurs in the horizontal plane, towards or 

away from the affected ear (Meissner, 1981;McClure, Copp, & Lycett, 1981; Proctor, 2000;

Maire & van Melle, 2008; Marques & Perez-Fernandez, 2012; Hirai et al., 2017). The 

direction of nystagmus can also reverse (Meissner, 1981; Bance, Mai, Tomlinson, & Rutka, 

1991). Torsional nystagmus has also been reported in MD (Bance et al., 1991).

However patients with MD are typically seen in the interictal period. This is largely

due to the disabling nature of the attacks:- patients cannot typically visit a clinic until the 

attack is over (Hirai et al., 2017). One study found that 80% of patients with MD have at least

one abnormal finding in the interictal period (Shin, Kim, & Park, 2013). While abnormalities 

are common in these tests, no individual measure is highly sensitive, limiting their usefulness

in the diagnosis of MD.
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One finding, that has been repeatedly noted, is that caloric hypofunction is common in 

MD and increases in the early stages of MD (Huppert et al., 2010). This finding is rather 

unusual because the caloric test has historically been believed to test the horizontal SCC, and 

patients with MD tend to have a normal video head impulse test (vHIT) measures for the

horizontal SCC (Rambold, 2014; Zulueta-Santos, Lujan, Manrique-Huarte, & Perez-

Fernandez, 2014; McGarvie, Curthoys, MacDougall, & Halmagyi, 2015). It has been 

suggested that abnormal caloric results in MD may be due to endolymphatic hydrops of the 

horizontal semicircular canal (McGarvie et al., 2015).

Table 2. Results of bedside and oculomotor vestibular tests in MD during the interictal 

period. * = results of tests during ictal period.

Test
% Abnormal (SD; 

Range)
References

Spontaneous 

Nystagmus

23.0 (23.6; 0-47.2)

100 (0; 100-100)*

(Mateijsen et al., 2001; Chen & Young, 

2006; Marques & Perez-Fernandez, 2012;

Faralli, Lapenna, Mandalà, Trabalzini, & 

Ricci, 2014*; Zulueta-Santos et al., 2014;

Maire & van Melle, 2008*; Kumagami, 

Sainoo, Fujiyama, & Baba, 2009*; Faralli et 

al., 2014)*

Spontaneous + Gaze 

+ Static Positional 

Nystagmus

47 (Marques & Perez-Fernandez, 2012)

Vibration induced 

Nystagmus
64.1 (9.9; 53-75)

(Ohki, Matsuzaki, Sugasawa, & Murofushi, 

2002; Neff et al., 2012; Marques & Perez-

Fernandez, 2012; Shin et al., 2013; Xie et 

al., 2013)

Headshake 

Nystagmus

62.1 (20.6; 33.3-80)
(Neff et al., 2012; Shin et al., 2013; Faralli et 

al., 2014;  Marques & Perez-Fernandez, 

2012)

Random saccade test 2.5 (3.5; 0-5)
(Somefun, Giwa, Bamgboye, Okeke-

Igbokwe, & Azeez, 2010; Neff et al., 2012)

Saccadic pursuit 5 (Neff et al., 2012)
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Table 2 continued. Results of bedside and oculomotor vestibular tests in MD during the 

interictal period. * = results of tests during ictal period.

Test % Abnormal (SD; 

Range)
References

Caloric 

Hypofunction
60.0 (19.2; 33.3-100)

(Kingma, Meulenbroeks, & De Jong, 2000); 

Mateijsen et al., 2001; Park, Migliaccio, 

Della Santina, Minor, & Carey, 2005; Chen 

& Young, 2006; Kumagami et al., 2009; 

Somefun et al., 2010; Gode et al., 2012 Shin 

et al., 2013; Blödow et al., 2014; Faralli et 

al., 2014; Sharon & Hullar, 2014; Marques 

& Perez-Fernandez, 2012; Satar, Karahatay, 

Sen, Cekin, & Birkent, 2008; McGarvie et 

al., 2015; Palomar-Asenjo, Boleas-Aguirre, 

Sánchez-Ferrándiz, & Perez Fernandez, 

2006; Neff et al., 2012; Yetiser, Kertmen, & 

Yildirim, 2004)

Caloric Directional 

Prepoderance
29.6 (4.1; 25.8-34)

(Mateijsen et al., 2001; Palomar-Asenjo et 

al., 2006; Neff et al., 2012)

vHIT 37.2 (29.4; 8-66.7)
(Blödow et al., 2014; Rambold, 2014; 

Zulueta-Santos et al., 2014)

Rotatory Chair

(Sinusoidal harmonic 

acceleration)

39.3

(28.5; 22.7-72.2)

(Kingma et al., 2000; Palomar-Asenjo et al., 

2006; Park, Chen, & Westhofen, 2009)

Rotatory Chair (Step 

velocity test)
32.8 (Mateijsen et al., 2001)

Subjective vertical

19.1

(6.7; 14.3- 23.8)

69.9*

(8.8; 63.6 -76.1)*

(Kumagami et al., 2009*; Faralli et al., 

2014)*
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1.2.2 Pathophysiology of Ménière's Disease

Hallpike and Cairns (1938) noted a dilation of the endolymphatic space primarily in 

the cochlea and saccule in the temporal bones of two patients with MD. They suggested that 

this dilation may be due to an excess of endolymph. This dilation of the endolymphatic space 

is now referred to as endolymphatic hydrops, and is associated with MD (Lopez-Escamez, 

Carey, Chung, Goebel, Magnusson, Mandalà, Newman-Toker, Strupp, Suzuki, Trabalzini, & 

others, 2015). Endolymphatic hydrops is theorised to cause the symptoms seen in MD due to 

mechanical deformation of auditory and vestibular structures (Baloh et al., 2010). 

Post mortem temporal bone studies are the most accurate way to assess 

endolymphatic hydrops. A recent meta-analysis of 53 temporal bone studies found that the 

1995 criteria for MD had a sensitivity of 31.8%  and a specificity of 100% for endolymphatic 

hydrops (Foster & Breeze, 2013). This indicates that endolymphatic hydrops always occurs in 

patients that meet the 1995 criteria for MD. However the criteria miss many patients with 

endolymphatic hydrops, suggesting that the criteria are not sensitive enough for 

endolymphatic hydrops. One limitation of the study was that they did not clearly define what 

level of the criteria they considered to be MD.

Foster and Breeze (2013), based on personal experience, estimated that 6% of people 

have asymptomatic endolymphatic hydrops. In another temporal bone study, 26% of controls 

had endolymphatic hydrops (Merchant, Adams, & Nadol, 2005. Foster and Breeze (2013)

suggested that the existence of asymptomatic endolymphatic hydrops, along with extensive 

endolymphatic hydrops seen in case studies of patients recently diagnosed with MD (Hallpike 

& Cairns, 1938; Hallpike & Wright, 1939), supports a causative role of endolymphatic 

hydrops in MD.
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Another meta-analysis of 184 temporal bone specimens with endolymphatic hydrops 

(93 with MD, 91 without) looked at the location of the hydrops (Pender, 2014). They found 

endolymphatic hydrops most commonly in the cochlea (100% of cases), followed by the 

saccule (42%), followed by the utricle (28%), and lastly the SCCs (7%). The endolymphatic 

hydrops never occurred in the less common temporal bone regions, without simultaneous 

endolymphatic hydrops in the more common areas. Because of this, Pender (2014) suggested 

that endolymphatic hydrops starts in the cochlea before spreading to the saccule, the utricle, 

and lastly the semi-circular canals.

While evidence for the association between endolymphatic hydrops and MD is 

quite strong, the cause of endolymphatic hydrops is less clear. The classical model suggested

that endolymphatic hydrops is due a blockage of the flow of endolymph, causing a build-up 

of endolymph (Schuknecht & Rüther, 1991). Indeed, blockage of the endolymphatic duct 

produces endolymphatic hydrops in guinea pigs (Kimura & Schuknecht, 1965). There is also

evidence from imaging studies that the reuniting duct, saccular duct, and the endolymphatic 

sinus are harder to visualise in MD and therefore may be occluded (Yamane et al., 2010; 

Yamane et al., 2012; Takano, Iguchi, Sakamoto, Yamane, & Anniko, 2013). Yamane and 

colleagues (2010) have suggested that the blocking material could be detached saccular 

otoconia (similar to detached otoconia found in benign paroxysmal positional vertigo). It 

should be noted that studies suggest that there is very little longitudinal flow of endolymph 

(Salt, Thalmann, Marcus, & Bohne, 1986; Salt, 2001) and radial flow remains to be 

demonstrated experimentally (Salt & Plontke, 2010). This puts in doubt endolymphatic flow 

as a potential mechanism of injury.

A more recent, and potentially compatible, theory suggests that dysfunction of spiral 

fibrocytes could disrupt K+ levels (Nin et al., 2008; Hamid, 2009; Adachi et al., 2013). This 

change would theoretically result in expansion of the endolymph compartment due to osmotic 
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pressure, while also disrupting hair cell function. Consistent with this is the fact that in an 

guinea pig model of endolymphatic hydrops, spiral ligament fibrocytes are damaged prior to

the formation of endolymphatic hydrops (Shinomori, Kimura, & Adams, 2001; Momin, 

Melki, Alagramam, & Megerian, 2009). Other contributing factors to endolymphatic hydrops

have been suggested, including allergies, viruses, genetic abnormalities, diet, and vascular 

abnormalities. A “central” theory has been suggested by which multiple mechanisms can lead 

to the formation of endolymphatic hydrops (Merchant et al., 2005).

1.2.3 Vestibular Migraine

The primary differential diagnosis of MD is Vestibular Migraine (VM; previously 

referred to as migraine-associated vertigo/dizziness, migrainous vertigo and migraine-related 

vestibulopathy/dizziness). VM, after benign paroxysmal positional vertigo, is the most 

common form of episodic vertigo (Neuhauser, 2007). A large population-based study in 

Germany estimated the lifetime prevalence of VM at 0.98% (Neuhauser et al., 2006). VM

also represents between 7-11% of patients at dizziness clinics and 9% of migraine clinics

(Neuhauser, Leopold, von Brevern, Arnold, & Lempert, 2001; Brandt et al., 2005; Maione, 

2006; Ahn et al., 2009).

VM is also a highly variable condition. It is characterised by vestibular symptoms

which interfere with routine activities, lasting between seconds and days. Most vestibular 

episodes (>50%) are associated with features of migraine, such as headache, transient visual 

symptoms (visual aura) and sensitivity to light or sound (photophobia and phonophobia)

(Table 4); (Lempert et al., 2012; Headache Classification Committee of the International 

Headache Society, 2013). Migraine typically precedes vestibular symptoms by 8-19 years 
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(Neuhauser et al., 2001; Cohen, Bigal, & Newman, 2011; Boldingh, Ljøstad, Mygland, & 

Monstad, 2013).

Table 3. Current Clinical Definition of VM (Headache Classification Committee of the 

International Headache Society, 2013).

At least five episodes fulfilling criteria B and C

A. A current or past history of Migraine without aura or Migraine with aura.

B. Vestibular symptoms of moderate or severe intensity, lasting between 5 minutes and 

72 hours.

C. At least 50% of episodes are associated with at least one of the following three 

migrainous features:

1. headache with at least two of the following four characteristics:

a) unilateral location

b) pulsating quality

c) moderate or severe intensity

d) aggravation by routine physical activity

2. photophobia and phonophobia

3. visual aura

Not better accounted for by another ICHD-3 (The International Classification of Headache 

Disorders 3rd edition) diagnosis or by another vestibular disorder.

The vestibular symptoms are extremely varied and can include spontaneous, 

positional, visually-induced, and head motion-induced vertigo or dizziness with nausea

(Table 5); (Headache Classification Committee of the International Headache Society, 2013).
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These various forms of vestibular symptoms combined with the fact that migraine symptoms 

are also variable and are not associated with every vertigo episode (Table 4; Neuhauser et al., 

2001), can make the diagnosis of VM troublesome. The duration of attacks is also extremely 

variable, ranging from seconds to days (Neuhauser et al., 2001; Neuhauser et al., 2006; 

Maione, 2006; Celebisoy, Gokcay, Sirin, & Bicak, 2008; Ahn et al., 2009; Boldingh, Ljøstad, 

Mygland, & Monstad, 2011; Radtke et al., 2011; Radtke et al., 2012; Boldingh et al., 2013; 

Shin et al., 2013; Cho et al., 2016).

Table 4. Prevalence of vestibular symptoms in patients with VM.

Symptom % (SD; Range) References

Spinning vertigo 60.4 (17.6; 30-

81.6)

(Neuhauser & Lempert, 2004; Brevern, 

Zeise, Neuhauser, Clarke, & Lempert, 

2005; Neuhauser et al., 2006; Akdal, 

2008; Ahn et al., 2009; Hassan, El-

Raouf, & Awad, 2010; Cohen et al., 

2011; Radtke et al., 2011; Radtke et al., 

2012; Boldingh et al., 2013)

Unsteadiness
75.2 (15.0; 61-

92)

(Neuhauser et al., 2006; Cohen et al., 

2011; Eggers et al., 2011; Radtke et al., 

2011; Radtke et al., 2012)

Positional vertigo
33.0 (14.2;13.2-

60)

(Neuhauser & Lempert, 2004; Brevern 

et al., 2005; Neuhauser et al., 2006;

Akdal, 2008; Ahn et al., 2009; Hassan et 

al., 2010; Radtke et al., 2011; Radtke et 

al., 2012; Boldingh et al., 2013)

Head motion vertigo
44.7 (18.0; 13.3-

65.8)

(Neuhauser & Lempert, 2004; Brevern 

et al., 2005; Neuhauser et al., 2006;

Akdal, 2008; Ahn et al., 2009 Hassan et 

al., 2010; Radtke et al., 2012; Boldingh 

et al., 2013)

Oscillopsia 43 (9.9; 36-50) (Brevern et al., 2005; Neuhauser et al., 

2006)

Dizziness 39 (42.4; 9-69) (Neuhauser et al., 2006; Eggers et al., 

2011)
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Table 5. Migraine symptoms associated with vertigo in VM

Symptom % (SD; range) References

Migrainous headache
76.4 

(15.3; 48 - 94.7)

(Neuhauser et al., 2001;

Brevern et al., 2005; 

Neuhauser et al., 2006; 

Maione, 2006; Ahn et al., 

2009; Hassan et al., 2010;

Cohen et al., 2011; Radtke et 

al., 2011; Radtke et al., 2012; 

Boldingh et al., 2013; Lopez-

Escamez et al., 2014)

Aura
24.7 

(11.6; 7.5-39)

(Neuhauser et al., 2001;

Brevern et al., 2005;

Neuhauser et al., 2006; 

Maione, 2006; Ahn et al., 

2009; Radtke et al., 2011; 

Radtke et al., 2012; Lopez-

Escamez et al., 2014)

Photophobia
66.7 

(17.0; 36-89.5)

(Neuhauser et al., 2001; 

Brevern et al., 2005; 

Neuhauser et al., 2006; Ahn 

et al., 2009; Radtke et al., 

2012; Boldingh et al., 2013; 

Lopez-Escamez et al., 2014)

Phonophobia
53.1 

(21.7; 10-79.8)

(Neuhauser et al., 2001; 

Neuhauser et al., 2006; 

Brevern et al., 2005;Ahn et 

al., 2009; Radtke et al., 2012; 

Boldingh et al., 2013; Lopez-

Escamez et al., 2014)

Osmophobia 15 (Brevern et al., 2005)

The variability of diagnostic findings in vestibular migraine is further confounded by 

the fact that traditional bedside and oculomotor vestibular tests produce variable results in 

VM (Table 6). As for MD, diagnostic testing in VM typically is performed during the 

interictal period, presumably for the same reasons (patients are typically bedridden during the 

course of attacks, and there is typically a lengthy period before a patient can see a specialist). 
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Studies have shown rates of abnormal bedside and oculomotor test results in interictal VM 

anywhere between 15% and 78% (Dieterich & Brandt, 1999; Iwasaki et al., 2007; Celebisoy 

et al., 2008; Teggi et al., 2009; Radtke et al., 2012; Shin et al., 2013; Lee, Jung, Chung, & 

Suh, 2013; Neugebauer, Adrion, Glaser, & Strupp, 2013), and in ictal VM between 70-100% 

of patients (Brevern et al., 2005; Hassan et al., 2010; Polensek & Tusa, 2010). The difference 

in abnormal findings between studies may be partially explained by progression of the 

disease. Two longitudinal studies of patients with VM found increasing rates of oculomotor 

abnormalities with increasing duration of VM (Radtke et al., 2012; Neugebauer et al., 2013).

Both central oculomotor dysfunctions (in 9-63% of patients) and peripheral 

oculomotor dysfunctions are common during the interictal period (in 12-46% of patients;

Dieterich & Brandt, 1999; Celebisoy et al., 2008; Teggi et al., 2009; Hassan et al., 2010;

Radtke et al., 2012; Lee et al., 2013; Neugebauer et al., 2013). One of the most common 

findings in both ictal and interictal VM is static positional nystagmus (Hassan et al., 2010;

Polensek & Tusa, 2010; Radtke et al., 2012; Boldingh et al., 2013). Nystagmus in VM can 

be vertical, horizontal or torsional, and can be direction changing (Brevern et al., 2005;

Vitkovic, Paine, & Rance, 2008; Teggi et al., 2009; Hassan et al., 2010; Polensek & Tusa, 

2010; Boldingh et al., 2013).
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Table 6. Results of bedside and oculomotor vestibular tests in VM during the interictal 

period. * = during ictal period.

Test
% Abnormal (SD; 

Range)
References

Spontaneous 

Nystagmus

4.8

(5.5; 0-15)

45.2*

(38.8; 16.6-100)*

(Dieterich & Brandt, 1999*; Brevern et al., 

2005*; Furman, Sparto, Soso, & Marcus, 

2005; Maione, 2006; Iwasaki et al., 2007;

Vitkovic et al., 2008; Celebisoy et al., 2008;

Teggi et al., 2009; Hassan et al., 2010*;

Polensek & Tusa, 2010*; Nafie et al., 2011; 

Radtke et al., 2012; Boldingh et al., 2013; 

Neugebauer et al., 2013)

Gaze-evoked 

Nystagmus

7.3 (11.3; 0- 27)

23.8* (19.4; 10-37.5)*

(Dieterich & Brandt, 1999*;(Brevern et al., 

2005*; Furman et al., 2005; Celebisoy et al., 

2008; Radtke et al., 2012; Boldingh et al., 

2013; Neugebauer, Adrion, Glaser, & 

Strupp, 2013).

Static Positional 

Nystagmus

29.7 (12.1; 11-42.1)

64.4* (30.7; 37.5-100)*

(Dieterich & Brandt, 1999*; Brevern et al., 

2005*; Furman et al., 2005; Maione, 2006;

Hassan et al., 2010* Polensek & Tusa, 

2010*; Nafie et al., 2011; Radtke et al., 

2012; Boldingh et al., 2013)

Vibration induced 

nystagmus
22 (9.5; 14.1; 12 32) (Neff et al., 2012; Shin et al., 2013)

Headshake 

Nystagmus

20.9 (15.5;3-50)

30.5 (6.4; 26, 35)*

(Maione, 2006*; Iwasaki et al., 2007; Akdal, 

2008; Polensek & Tusa, 2010*; Nafie et al., 

2011; Radtke et al., 2012; Neff et al., 2012; 

Boldingh et al., 2013; Shin et al., 2013)

Caloric 

Hypofunction
21.9 (12.3;0-59)

(Cutrer & Baloh, 1992; Reploeg & Goebel, 

2002;  Furman et al., 2005; Radtke et al., 

2012; Iwasaki et al., 2007; Akdal, 2008; 

Celebisoy et al., 2008; Teggi et al., 2009; 

Wang et al., 2009; Dieterich & Brandt, 

1999; Vitkovic et al., 2008; Nafie et al., 

2011; Gode et al., 2012; Neff et al., 2012; 

Boldingh et al., 2013; Shin et al., 2013; 

Sharon & Hullar, 2014; Blödow et al., 2014; 

Chen, Chang, Chen, & Tseng, 2015; Kang et 

al., 2016; Morganti et al., 2016; Yoo et al., 

2016)
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Table 6 continued. Results of bedside and oculomotor vestibular tests in VM during the 

interictal period. * = during ictal period. 

Test
% Abnormal (SD; 

Range)

References

Caloric Directional 

Preponderance

15.7 (8.2; 8.1-31.3)

12.5*

(Dieterich & Brandt, 1999*; Vitkovic et al., 

2008; Teggi et al., 2009; Neff et al., 2012; 

Boldingh et al., 2013)

vHIT 12.2 (4.5-28.6)

(Blödow et al., 2014; Rambold, 2014; Kang 

et al., 2016; Yollu et al., 2016; Yoo et al., 

2016)

Rotatory Chair 

(SHA)
58 (Vitkovic et al., 2008)

Rotatory Chair 

(SVT)
25 (Vitkovic et al., 2008)

Romberg Test
14.6 (11.0; 3-25)

70*

(Brevern et al., 2005*; Iwasaki et al., 2007;  

Boldingh et al., 2013; Radtke et al., 2012)

Subjective vertical 1.3 (1.8; 0-2.6)
(Neugebauer et al., 2013; Boldingh et al., 

2013)

Random Saccade 

Test
8.6 (11.1; 0-27.8)

(Celebisoy et al., 2008; Teggi et al., 2009; 

Neff et al., 2012; Radtke et al., 2012; 

Boldingh et al., 2013; Chen, Chang, Chen, & 

Tseng, 2015)

Saccadic Pursuit
22.6 (13.8; 8-48)

25*

(Dieterich & Brandt, 1999*; Celebisoy et al., 

2008; Teggi et al., 2009; Radtke et al., 2012; 

Neff et al., 2012 Boldingh et al., 2013; 

Neugebauer, Adrion, Glaser, & Strupp, 

2013; Chen et al., 2015)

There have also been numerous case studies of hearing loss in patients with migraine 

(Lipkin, Jenkins, & Coker, 1987; Viirre & Baloh, 1996; Olsson, 1991; Parker, 1991; Lee, 

Lopez, Ishiyama, & Baloh, 2000; Lee, Whitman, & Lim, 2003; Piovesan, Kowacs, Werneck, 

& Siow, 2003; Evans & Ishiyama, 2009; Radtke et al., 2012; Chu et al., 2013). However it 

should be noted that, in VM, hearing loss is typically uncommon and non-fluctuating and

occurs primarily in the high frequencies (Brevern et al., 2005; Lempert & Neuhauser, 2009; 

Radtke et al., 2012).
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Because of the variability of findings in vestibular tests and the absence of an 

objective test for VM, the diagnosis of VM is currently one of exclusion and relies primarily 

on case history (Neuhauser & Lempert, 2004; Gode et al., 2012). The case history of VM is 

also subject to significant variability between individual patients and between studies.

1.2.4 Pathophysiology of Migraine

To understand the pathophysiology of vestibular migraine, it is useful to look at the 

current understanding of the pathophysiology of migraine. The sensation of migraine 

headache pain is believed to be due to the sensitisation of nociceptive trigeminal sensory 

afferents (Pietrobon & Moskowitz, 2013). Ascending trigeminal sensory afferents project

from the meninges to nuclei in the brainstem, hypothalamus, and the ventral posteromedial 

nucleus of thalamus. The thalamus is then believed to integrate and process nociceptive 

inputs, in conjunction with various cortical regions (Akerman, Holland, & Goadsby, 2011).

The cause of sensitization of the trigeminal pathway is currently unknown. However 

the prevalent theory is that migraine is caused by inflammation of the pia, dura mater, and the 

cranial blood vessels (Pietrobon & Moskowitz, 2013; Espinosa-Sanchez & Lopez-Escamez, 

2015). This would result in release of vasoactive proinflammatory peptides (including 

calcium gene-related protein, substance P, and neurokinin A) and activation and sensitization 

of the trigeminal afferents. The activation and sensitization would then spread to the 

brainstem, thalamus and cortical regions, producing the varied symptoms seen in migraine. It 

has been noted that due to the heterogeneity of the disorder there may be several mechanisms 

that induce migraine (Pietrobon & Moskowitz, 2013). 
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About 15% of patients with migraine will experience a transient focal neurological 

symptom known as aura (Diener, 2016). In 90% of patients with aura these symptoms are 

visual, but can also include disturbances to other sensory modalities and speech. Aura 

typically follows a different time course from other symptoms associated with migraine, in 

that it typically precedes migraine headache and is of a much shorter duration (5 to 60 

minutes for aura compared with 4 to 72 hours for migraine headache); (Headache 

Classification Committee of the International Headache Society, 2013). Cortical spreading 

depression is currently believed to be the physiological correlate of aura. Cortical spreading 

depression is a slowly expanding (2-6mm min-1) wave of glial and neuronal depolarisation 

across the cortex. Human studies indicate that it usually begins in the occipital lobe, 

consistent with visual aura being the most common form (Akerman et al., 2011). It has been 

suggested that cortical spreading depression may be a mechanism for inducing migraine

headache by sustained nociceptive sensitization (Levy, 2012).

1.2.5 Pathophysiology of Vestibular Migraine

In contrast to migraine, very little is known about vestibular migraine. Controversy 

continues to exist over whether VM is a central or peripheral condition (Millen, Schnurr, & 

Schnurr, 2011). VM is believed to be caused by interactions in the afferent circuitry of the 

vestibular system and nociceptive systems (Espinosa-Sanchez & Lopez-Escamez, 2015).

Potential central interactions have been suggested such as the thalamus and the brainstem at 

the parabrachial nucleus (which receives projections from both the vestibular nucleus and the 

trigeminal nucleus; Balaban, 2011). These central interactions may either facilitate the 

sensitization of the nociception system in response to vestibular stimulation or enable 
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migraine to produce vestibular symptoms by sensitizing the vestibular system (Espinosa-

Sanchez & Lopez-Escamez, 2015). Cortical spreading depression has also been offered as a 

potential central cause for vestibular symptoms (Dieterich & Brandt, 1999). This has been 

suggested as unlikely as vestibular symptoms typically last between seconds to days, which is 

not consistent with the duration of aura (Liu & Xu, 2016).

Another potential interaction between the vestibular and nociceptive systems is at the 

inner ear. The inner ear is innervated by the trigeminal nerve via the basilar artery and the 

anterior inferior cerebellar artery (Espinosa-Sanchez & Lopez-Escamez, 2015). Trigeminal 

nerve fibres project to the stria vascularis, dark cells in the vestibular labyrinth and the spiral 

modiolar blood vessels (Vass, Shore, Nuttall, & Miller, 1998). Electrical stimulation of the 

trigeminal nerve results in increased vascular permeability and leakage of plasma at the 

basilar and the anterior inferior cerebellar arteries (Vass et al., 2001). Intravenous serotonin 

(5-HT)-induced vascular permeability results in leakage of plasma into the apical spiral 

ganglion, the modiolus, and intralabyrinthine segments of the superior and inferior nerves

(Koo & Balaban, 2006). This leakage of plasma has been proposed to result in increased 

inner ear fluid pressure and altered ion homeostasis, therefore leading to peripheral vestibular 

symptoms in VM (Vass et al., 2004; Koo & Balaban, 2006). Figure 5 shows a current model 

of VM proposed by Furman, Marcus, and Balaban (2013).
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Figure 5. Proposed vestibular migraine pathways. Serotonin (5-HT), Noradrenaline (NA);

(Adapted from Furman, Marcus, & Balaban, 2013).

1.2.6 Differentiating MD from VM

As mentioned earlier, both MD and VM are currently diagnosed primarily on case 

history and exclusion of other conditions. This is not ideal for two reasons. Firstly, patients 

often find it difficult to articulate their symptoms (Stolte, Holle, Naegel, Diener, & 

Obermann, 2015). Secondly, there is a significant overlap in the symptoms of VM and MD, 

as patients with VM can present with auditory symptoms during episodes (Table 7), while 

migraine symptoms are frequently associated with vestibular symptoms in MD (Table 8).
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Table 7. Cochlear symptoms during VM episodes.

Symptom % (SD; Range) References

Hearing loss 23.5 (13.8; 0-44)

(Brevern et al., 2005;

Maione, 2006; Neuhauser et 

al., 2006; Eggers et al., 2011;

Radtke et al., 2011; Radtke et 

al., 2012; Neff et al., 2012

Lopez-Escamez et al., 2014; 

Lepcha, Tyagi, Ashish, 

Augustine, & Balraj, 2015; 

Morganti et al., 2016)

Tinnitus 31.0 (22.8; 0-69)

(Brevern et al., 2005;

Maione, 2006; Neuhauser et 

al., 2006; Iwasaki et al., 

2007; Eggers et al., 2011; 

Radtke et al., 2011; Radtke et 

al., 2012; Neff et al., 2012; 

Lopez-Escamez et al., 2014; 

Morganti et al., 2016)

Aural Fullness 32.6 (19.5; 11-70)

(Brevern et al., 2005; 

Neuhauser et al., 2006; 

Iwasaki et al., 2007; Radtke 

et al., 2011; Eggers et al., 

2011; Radtke et al., 2012;

Neff et al., 2012; Lopez-

Escamez et al., 2014; 

Morganti et al., 2016)
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Table 8. Migrainous symptoms during MD episodes.

Symptom % (SD; Range) References

Migrainous headache 42.5 (41.0; 8.4-88)

(Neff et al., 2012;

Shin et al., 2013; Lopez-

Escamez et al., 2014)

Photophobia 33.1 (13.1; 18-41.2)

(Neff et al., 2012; Shin et al., 

2013; Lopez-Escamez et al., 

2014)

Phonophobia 48.4 (24.6; 20-63)

(Neff et al., 2012; Shin et al., 

2013; Lopez-Escamez et al., 

2014)

Aura 12.3 (9.1; 4-22)

(Neff et al., 2012; Shin et al., 

2013; Lopez-Escamez et al., 

2014)

While it has been suggested that the issue of differential diagnosis is difficult in the 

early stages of MD and VM, evidence suggests that issues persist even after a diagnosis is 

made. 13% of patients of definite VM also fulfilled the criteria for bilateral MD (Radtke et 

al., 2011). Other studies have found 17-23% of patients with VM also meet the criteria for 

MD (Eggers et al., 2011; Neff et al., 2012) and 28-41% of patients with MD also meet the 

criteria for VM (Neff et al., 2012; Ghavami, Mahboubi, Yau, Maducdoc, & Djalilian, 2016). 

These findings suggest that there is a significant overlap of the diagnostic criteria for the two 

conditions, and therefore the diagnostic criteria alone are not sufficiently discriminative.

1.2.7 VM and MD – A common pathophysiology?

One attempt to explain the overlap between VM and MD is that they share a common 

pathophysiology. Several studies have found that the rate of migraine is higher in patients 
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with MD (Hinchcliffe, 1967; Morrison, 1981; Radtke et al., 2002; Sen, Georgalas, & 

Papesch, 2005; Ibekwe et al., 2008; Ghavami et al., 2016). However, another study found the 

rate of migraine was not different for patients with MD when compared with controls 

(Rassekh & Harker, 1992). Furthermore, a large population-based study found that the 

incidence of migraine in MD was similar to that of the general population (Gopen, Viirre, & 

Anderson, 2009). One explanation is that vertigo may act as a migraine trigger. Indeed, one 

study found that 49% of patients with migraine experienced a migraine within 24 hours of 

having caloric/rotatory chair testing (Murdin, Davies, & Bronstein, 2009).

One of the mechanisms first suggested for a shared pathology between VM and MD is

an ischemic event resulting from migraine-induced vasospasm (Atkinson, 1962 as cited by 

Evans & Ishiyama, 2009; Parker, 1991; Viirre & Baloh, 1996). Three cases of sudden 

sensori-neural hearing loss following migraine have been reported that are consistent with an 

ischemic insult (Lee et al., 2000; Lee et al., 2003).  However, the vasospasm theory of 

migraine has fallen out of favour due to a lack of evidence (Tfelt-Hansen, 2010).

It has been suggested that VM and MD may share a genetic cause (Baloh, 1997;  

Oliveira, Bezerra, Araujo, Almeida, & Messias, 1997; Oliveira, Messias, & Ferrari, 2002; 

Cha, Kane, & Baloh, 2008). Studies have identified families in which migraine and MD were 

highly associated, suggesting a shared heritability (Oliveira et al., 1997; Oliveira et al., 2002;

Cha et al., 2008). In particular, it has been suggested that both conditions may be 

channelopathies (Radtke et al., 2002). Multiple instances of ion channel mutations have been 

identified in families who show high instances of migraine and MD (Baloh, 1997). There is 

also a high rate of mutations in aquaporin 3, a water channel, in patients with MD (Candreia, 

Schmuziger, & Gürtler, 2010). Mutations in such channels could potentially result in both 

central and peripheral disorders (Baloh, 1997).
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Allergy has also been suggested as a common cause of VM and MD (Sen et al., 

2005). Several studies have noted higher rates of allergy in patients with MD (Banks, 

McGinness, Harvey, & Sacks, 2012) and patients with migraine (Mehle, 2012) when 

compared to healthy controls. Additionally patients with MD and migraine self-report higher 

rates of allergy than patients with MD but without migraine (Sen et al., 2005). 

Another explanation is vasoactive neuropeptide release from vascular trigeminal 

nerve fibres (Cutrer & Baloh, 1992; Vass et al., 2004; Koo & Balaban, 2006). There is 

evidence that trigeminal nerve fibres project to the stria vascularis, dark cells in the vestibular 

labyrinth and the spiral modiolar blood vessels (Vass et al., 1998). Electrical stimulation of 

the trigeminal nerve results in increased vascular permeability and leakage of plasma at the 

basilar and the anterior inferior cerebellar arteries (Vass et al., 2001). 5-HT induced vascular 

permeability results in leakage of plasma into the apical spiral ganglion, and the modiolus, 

and intralabyrinthine segments of the superior and inferior nerve (Koo & Balaban, 2006). 

This leakage of plasma has been proposed to result in increased inner ear fluid pressure, in 

the form of endolymphatic hydrops, and altered ion homeostasis. These changes could

produce the peripheral vestibular and auditory symptoms in vestibular migraine (Vass et al., 

2004; Koo & Balaban, 2006).

1.3 Diagnostic Accuracy

The main model for assessing the effectiveness of a diagnostic test is diagnostic 

accuracy. Diagnostic accuracy refers to the amount of agreement between the results of a 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 42

diagnostic test of interest (index test) and the results of the best available diagnostic 

procedure (reference standard). In studies of diagnostic accuracy, an index test is compared to 

the reference standard to determine the diagnostic accuracy of the index test (Linnet, Bossuyt, 

Moons, & Reitsma, 2012). Diagnostic accuracy studies operate on the assumption that 

differences between the index and reference test are due to errors in the index test (Van 

Rijkom & Verdonschot, 1995; Biesheuvel, Irwig, & Bossuyt, 2007).

There are several measures of diagnostic accuracy. The fundamental measures include 

sensitivity, specificity, and accuracy and are calculated using a 2 x 2 table (Figure 6). 

Sensitivity (TP/(FN+TP)) is the proportion of positive reference test results that the index test 

correctly classifies. Specificity (TN/(TN + FP)) is the proportion of negative reference test 

results that the index test correctly classifies. Accuracy ((TN+TP)/(TN+TP+FP+FN)) is the 

overall proportion of people that the index test correctly classifies (Linnet et al., 2012).

Reference Test

Test Result Positive Negative

Index Test

Positive True Positive (TP) False Positive (FP)

Negative False Negative (FN) True Negative (TN)

Figure 6. 2-by-2 table for estimating diagnostic accuracy.

1.3.1 Importance of Diagnostic Accuracy

Improved diagnostic accuracy is important as it can improve patient outcomes in 

several ways. These improvements of outcome can occur by way of earlier diagnosis, 
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reduced numbers of visits to health care professionals, improved prognostic information, 

better therapeutic decisions, and reassurance for the patient as to the presence or absence of a 

condition (Fineberg, 1977; Schünemann et al., 2008; Vassiliou, Vlastarakos, Maragoudakis, 

Candiloros, & Nikolopoulos, 2011; Bossuyt, Reitsma, Linnet, & Moons, 2012; Lin & 

Aligene, 2013). Additionally improved diagnostic accuracy would theoretically improve the 

quality of patient populations in clinical trials, giving a better indication of the efficacy of 

different therapeutics. While none of these benefits are guaranteed, the endeavour to improve 

the diagnostic accuracy of MD and VM has many potential advantages.

1.4 Systematic Reviews

Systematic reviews and are considered superior to traditional reviews (such as 

narrative or literature review) for synthesising evidence in health care. This is due to the 

innate bias associated with traditional reviews, as the methodology is not reported and is not 

systematic (McGowan, 2012). Several guidelines on recommended protocols for systematic 

reviews exist such as the preferred reporting items for systematic reviews and meta-analyses

(PRISMA; Moher, Liberati, Tetzlaff, Altman, & Group, 2009) , the Joanna Briggs Institute

Reviewers Manual (Campbell et al., 2015), and the Cochrane Handbook for Systematic 

Reviews of Interventions (Higgins & Green, 2011).

Systematic review methodologies, while having some differences, still approximately

follow the four steps outlined by Goldschmidt (1986): 1) Develop a well-defined research 

question and inclusion criteria. 2) Develop a systematic search strategy and collect relevant 

articles according to the inclusion criteria. 3) Assess the methodological validity (or bias) of 
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studies in a systematic way. 4) Present the process and the informational outcome of the 

systematic review.

1.4.1 Systematic Reviews of Diagnostic Accuracy

Systematic reviews of diagnostic accuracy provide a transparent overview of the 

literature for the accuracy of a diagnostic test or tests. They also enable the pooling of results

from several studies to provide a more statistically powerful analysis of diagnostic tests than 

individual studies (Reitsma, Moons, Bossuyt, & Linnet, 2012).

Special considerations arise when conducting systematic reviews of diagnostic 

accuracy. Studies of diagnostic accuracy are prone to different forms of bias than other 

studies (Whiting, Rutjes, Westwood, & Mallett, 2013). Recent initiatives have aimed to 

improve the quality of diagnostic studies. These include the Standards for Reporting of 

Diagnostic Accuracy (STARD) initiative, which guides diagnostic accuracy studies on how 

to report their findings so that sources of bias are better reported (Bossuyt et al., 2003; 

Ochodo & Bossuyt, 2013), and  Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS)-2 (Whiting et al., 2011), which was designed to be used as a tool for

systematically assessing bias in diagnostic accuracy studies. Both highlight common sources 

of bias in diagnostic accuracy studies, and therefore provide a valuable resource to 

researchers conducting systematic reviews and primary diagnostic studies.
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1.4.2 Scoping Reviews

A subtype of the systematic review methodology is the scoping review (also referred 

to as a mapping review). Scoping reviews typically follow the same methodology as 

systematic reviews. The primary distinction is that scoping reviews do not typically assess the 

methodological validity or bias of selected studies. Instead scoping reviews aim to give an 

overview of the current evidence in an area, regardless of quality (Peters et al., 2015). 

Because of this, scoping reviews have a limited scope for impacting on health care, but are 

useful for providing an overview of a large body of literature and for providing direction for 

future research (Arksey & O’Malley, 2005). There are several guidelines for conducting a 

scoping reviews (Arksey & O’Malley, 2005; Levac, Colquhoun, & O’Brien, 2010; Peters et 

al., 2015). 

1.4.3 Search Filters for Systematic Reviews

Search terms (in systematic reviews) can be described in terms of their sensitivity (the 

proportion of relevant articles retrieved by a search) and specificity (the proportion of 

irrelevant articles not retrieved by a search). A priority is placed on sensitivity when choosing 

search terms, as systematic reviews should endeavour to include as many relevant papers as 

possible (Higgins & Green, 2011). However specificity can also be important as search terms 

can often return an unmanageable number of irrelevant results. Search filters are a method of 

improving the specificity of a search.
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The use of search filters for diagnostic accuracy studies is controversial in systematic 

reviews. The Cochrane Handbook for Systematic Review of Diagnostic Test Accuracy 

recommends using terms for the index test only in combination with terms for the condition 

of interest (de Vet, Eisinga, Ripagen, Aertgeerts, & Pewsner, 2008).  Several studies also

indicate that search filters may lead to the omission of important studies (Doust, Pietrzak, 

Sanders, & Glasziou, 2005; Leeflang, Scholten, Rutjes, Reitsma, & Bossuyt, 2006; Ritchie, 

Glanville, & Lefebvre, 2007; Mann, Hewitt, & Gilbody, 2008; Whiting et al., 2011; Beynon 

et al., 2013). However the same is true of limiting a systematic review to certain databases 

(which is true of all systematic reviews; Whiting, Westwood, Burke, Sterne, & Glanville, 

2008).

The sensitive diagnostic clinical queries filters for MEDLINE (Haynes & Wilczynski, 

2004) and Embase (Wilczynski & Haynes, 2005) have been shown to maintain high 

sensitivity (90-100%) relative to unfiltered searches, while also dramatically improving 

specificity (70-74%; Haynes & Wilczynski, 2004; Wilczynski & Haynes, 2005; Leeflang et 

al., 2006; Kastner, Wilczynski, McKibbon, Garg, & Haynes, 2009; Whiting et al., 2011;

Wilczynski, McKibbon, Walter, Garg, & Haynes, 2013). It should be noted that one study 

found the MEDLINE sensitive clinical queries filter was only 69% sensitive (Ritchie et al., 

2007). However the study’s methodology was flawed, as the authors used studies that were 

not originally obtained using MEDLINE in their gold standard. Overall these studies indicate 

the filter will miss some relevant studies when compared to an unfiltered search. However, as 

long as the use of the filter and the limitations of using it are acknowledged, the sensitive 

clinical queries search filter offers a valuable method to make otherwise unmanageable 

searches possible.
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1.5 Rationale and Objectives

As mentioned earlier, the differential diagnosis of MD and VM is difficult, due to a 

reliance on symptom-based diagnosis. Despite the frequent occurrence of both conditions in 

clinics, a search of the literature identified only one non-systematic review on the topic of the 

differential diagnosis of MD and VM (Shepard, 2006), one systematic review on the topic of 

differential diagnosis in MD that did not mention VM (Vassiliou et al., 2011), and one 

systematic review on the topic of differential diagnosis in VM (Fasunla, Ibekwe, & Nwaorgu, 

2012). Fasunla and colleagues (2012) acknowledged the difficulty in differentiating VM and 

MD but did not provide any evidence base for diagnostic tests that might separate the two 

conditions.

The present study aimed to conduct a systematic review of the differential diagnosis 

of MD and VM, with a focus on diagnostic accuracy. For the purpose of this systematic 

review, any relevant diagnostic test that had been compared between MD and VM was

included. The diagnostic criteria for MD and VM were used as reference tests for the 

diagnostic tests to be compared to. This was done with the intention of establishing the 

evidence base for diagnostic separation of MD and VM.

A secondary scoping review was also conducted to examine any measures with high 

sensitivity and specificity for either MD or VM. This was conducted to identify any 

diagnostic tests that show high diagnostic accuracy but might be missed from the systematic 

review because the test was not compared in MD and VM simultaneously. The reasoning 

behind this scoping review was to identify tests that should theoretically separate MD and 

VM accurately. As will be described in section 2.4, clinical queries filters were used in the 

scoping review to make the number of search results manageable.
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2.0 Methods
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2.1 Protocol and registration 

A published review protocol exists (Osborne, 2017). The protocol was created 

according to the preferred reporting items for systematic reviews and meta-analyses

(PRISMA)-protocol guidelines (Moher et al., 2015).

2.2 Eligibility criteria

MD was defined as patients meeting either the 1995 (AAO-NHS, 1995) or 2015 

AAO-NHS diagnostic criteria (Lopez-Escamez et al., 2015; Goebel, 2016). VM was defined 

as patients meeting any of the original Neuhauser diagnostic criteria (Neuhauser, Leopold, 

von Brevern, Arnold, & Lempert, 2001; Neuhauser & Lempert, 2004; Radtke, Neuhauser, 

von Brevern, Hottenrott, & Lempert, 2011) or the diagnostic criteria defined by consensus of 

the Bárány Society and International Headache Society (Lempert et al., 2012; Headache 

Classification Committee of the International Headache Society, 2013).

Eligibility criteria for Systematic Review:

1. Article was a meta-analysis, systematic review, randomised control trial, cohort, or 

case control (prospective or retrospective).

2. Article contained patients with MD and patients with VM.

3. Article contained a measure that could be used to separate MD and VM.

4. Article was written in English.
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Eligibility criteria for Scoping Review:

1. Article was a meta-analysis, systematic review, randomised control trial, cohort, or 

case control (prospective or retrospective).

2. Article contained patients with MD and patients with VM.

3. Article contained a diagnostic test, for which sensitivity and specificity for MD or 

VM were available or could be calculated.

4. Article was written in English.

After studies meeting the above criteria for the scoping review were identified, 

diagnostic tests were identified that showed high sensitivity (>70%) and specificity (>70%) 

for MD or VM in at least one study. If a diagnostic test showed such high sensitivity and 

specificity in at least one study, all studies meeting the inclusion criteria for that diagnostic 

test with sensitivity and specificity were included. This is not a traditional PRISMA method, 

but is instead a novel approach we created to capture diagnostic tests that were accurate for 

MD, but without excluding studies that showed poorer accuracy in the identified diagnostic 

tests.

2.3 Information sources

Final searches were conducted on 27 November 2016. PubMed and Ovid (Embase) 

were used. PubMed was chosen as it provides access to MEDLINE, is updated more rapidly 

than other MEDLINE search engines, and can search article text for search terms (Kelly & St 

Pierre-Hansen, 2008). MEDLINE and Embase were chosen as they have been identified as 
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highly sensitive for diagnostic accuracy studies (Whiting, Westwood, Burke, Sterne, & 

Glanville, 2008; van Enst, Scholten, Whiting, Zwinderman, & Hooft, 2014). 

Grey/unpublished literature was not used in this study.

2.4 Search strategy

A search strategy was conducted according to the 2009 PRISMA statement (Moher et 

al., 2009). PubMed and Ovid (Embase) were searched until 27 November 2016. Filters for 

the English language, and articles after 1994 were used (as the relevant populations were 

defined by criteria set after this point). The sensitive diagnostic accuracy clinical queries 

filters were used (Haynes & Wilczynski, 2004; Wilczynski & Haynes, 2005). As mentioned 

in the introduction, the use of these filters reduces the sensitivity of a given search. However 

without the filter, 7563 studies were returned. This was considered to be an impractical 

amount and so the filters were used. The search strategy for the systematic review (Table 9)

and the scoping review (Table 10) are presented below.
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Table 9. Search strategy for the systematic review.

Search terms

PubMed (“meniere's” OR “meniere” OR 

“endolymphatic hydrops”) AND (“vestibular 

migraine” OR “migrainous vertigo” OR 

“migraine associated vertigo” OR “migraine 

associated dizziness” OR “migraine-related 

vestibulopathy” OR “migraine-related 

dizziness”)

Ovid (Embase) (‘meniere's’ OR ‘meniere’ OR 

‘endolymphatic hydrops’) AND (‘vestibular 

migraine’ OR ‘migrainous vertigo’ OR 

‘migraine associated vertigo’ OR ‘migraine 

associated dizziness’ OR ‘migraine-related 

vestibulopathy’ OR ‘migraine-related 

dizziness’)
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Table 10. Search strategy for the scoping review

Search terms

PubMed (“meniere's” OR “meniere” OR 

“endolymphatic hydrops” OR “vestibular 

migraine” OR “migrainous vertigo” OR 

“migraine associated vertigo” OR “migraine 

associated dizziness” OR “migraine-related 

vestibulopathy” OR “migraine-related 

dizziness”) AND (sensitiv* [Title/Abstract] 

OR sensitivity and specificity[MeSH Terms] 

OR diagnos*[Title/Abstract]OR 

diagnosis[MeSH:noexp] OR diagnostic *

[MeSH:noexp] OR 

diagnosis,differential[MeSH:noexp] OR 

diagnosis[Subheading:noexp])

Ovid (Embase) (‘meniere's’ OR ‘meniere’ OR 

‘endolymphatic hydrops’) OR (‘vestibular 

migraine’ OR ‘migrainous vertigo’ OR 

‘migraine associated vertigo’ OR ‘migraine 

associated dizziness’ OR ‘migraine-related 

vestibulopathy’ OR ‘migraine-related 

dizziness’) AND (di.fs. OR predict:.tw. OR 

specificity.tw.)



DIFFERENTIAL DIAGNOSIS OF MD AND VM 54

2.5 Study Selection and Data Collection Process

One author (JO) read abstracts from the initial search results to screen whether the 

studies were potentially relevant to the current systematic review. The articles of all selected 

abstracts were then read to determine whether the articles meet the eligibility criteria. Data 

from studies was tabulated using a Microsoft Excel spreadsheet. QUADAS-2 was used to 

assess bias in individual studies (Whiting et al., 2011).

2.6 Data Items

Measures included the country in which the articles were conducted, the diagnostic 

criteria used to diagnose MD and VM, the diagnostic tests used in each study, measures of 

diagnostic accuracy, cut-off values, and bias using the QUADAS-2 items (Whiting et al., 

2011). Where a measure of diagnostic accuracy was not available, a 2 x 2 table was 

constructed based on available information if possible. Where a 95% confidence interval (CI) 

of the control group was used to define the cut-off value, and specificity was not reported, the 

n value that gave the closest value to 95% specificity was used in the 2 x 2 table.

2.7 Synthesis of Results

For the systematic review and scoping review, forest plots of sensitivity and 

specificity were created. Forest plots show a point estimate (in the form of a square) for each 

study with a horizontal line which typically indicates the 95% CI (Lewis & Clarke, 2001). A 
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narrative summary was also produced. For the scoping review no further analysis was 

performed.

Heterogeneity was assessed using I2 (Higgins & Thompson, 2002; Higgins, 

Thompson, Deeks, & Altman, 2003). Hierarchical summary receiver operating characteristics

(HSROC); (Rutter & Gatsonis, 2001) were calculated for each test where appropriate. This is 

currently the recommended method for summary statistic for meta-analyses of diagnostic 

accuracy (over traditional summary receiver operating characteristics), as it takes into 

account the relationship between sensitivity and specificity, while also accounting for 

heterogeneity by using study- and patient-level covariates (Lee, Kim, Choi, Huh, & Park, 

2015; Dinnes, Mallett, Hopewell, Roderick, & Deeks, 2016). 

Meta-bias was intended to be assessed using the arcsine square-root transformed risk 

difference model including random effects (Rücker, Schwarzer, Carpenter, & Olkin, 2009), 

as this model was recommended for dichotomous outcome measures in a recent consensus 

document on funnel plot asymmetry (Sterne et al., 2011).

The quality of evidence was evaluated using the Grading of Recommendations 

Assessment, Development, and Evaluation (GRADE) system (Guyatt et al., 2011). Case-

control and cohort studies were considered to start as high quality evidence, before being 

modified, as recommended when reviewing diagnostic accuracy studies (Schünemann et al., 

2008).



DIFFERENTIAL DIAGNOSIS OF MD AND VM 56

2.8 Software

Microsoft Excel, R x64 3.3.2, Meta-DiSc version 1.4 and Revman 5.3.5 were used. 

Forest plots were produced using Revman. I2 was calculated using Meta-DiSc. HSROC 

figures were produced using the HSROC package for R (Schiller & Dendukuri, 2015). 

Funnel plots and bias measures were produced using the meta4diag package for R. These 

software were all freely available for non-commercial use (with the exception of Microsoft 

Excel).
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3.0 Results of the Systematic Review
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3.1 Included studies

Eighteen studies met the inclusion criteria and were included in the systematic review 

(Figure 7). Seven studies were prospective case-control in design, two were retrospective 

case-control, two were prospective cohort, and seven were retrospective cohort (Table 11). 

Measures that were covered by articles in the systematic review included symptoms, 

caloric testing, head shaking nystagmus (HSN), vibration-induced nystagmus (VIN), vHIT, 

cervical vestibular evoked myogenic potentials (cVEMPs), ocular vestibular evoked 

myogenic potentials (oVEMPs), posturography, linear motion perception thresholds (LMPT), 

rotatory chair testing, and extratympanic click electrocochleography (ECoG).

All papers contained multiple sources of bias (Table 12). Common sources of bias 

included inappropriate exclusions in the patient group (such as patients with migraine, 

bilateral symptoms or hearing loss), case-control design, lack of blinding, use of 

probable/possible diagnostic criteria (inappropriate reference standard), and use of cut-off 

points that were determined post-hoc.

One study met the inclusion criteria, but was excluded (Mahringer & Rambold, 2014). 

The excluded study was a retrospective cohort that looked at vHIT in MD and VM, among 

other conditions (Mahringer & Rambold, 2014). The study was excluded because only 

patients with abnormal caloric results were included in their analysis. 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 59

Figure 7. PRISMA flowchart for the systematic review.

Records identified from PubMed 

(n= 110) and Ovid (Embase) 

(n=216)

Records after duplicates removed

(n = 212)

Records screened

(n = 212)

Records excluded

(n = 127)

Full text articles assessed for 

eligibility (n = 85)

Studies included in qualitative 

analysis (n = 18)

Studies included in quantitative 

analysis

Caloric (n = 6)

Full text articles 

excluded, with 

reasons (n = 67)

26 = not relevant 

study design

23 = MD and VM 

not compared 

9 = no relevant 

outcome measures

9 = not relevant 

patients
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Table 12. QUADAS-2 assessment.

STUDY RISK OF BIAS
APPLICABILITY 

CONCERNS

Patient 

Selection

Index 

Test

Reference 

Standard

Flow 

and 

Timing

Patient 

Selection

Index 

Test

Reference 

Standard

Baier & 

Dieterich, 

2009

� � � ? � � �

Blödow et 

al., 2014)

� � � � � � �

Bremova et 

al., 2016

� � � � � � �

Chang & 

Hsu, 2014

� � � ? � � �

Heuberger et 

al., 2014

� � � � � � �

Hong et al., 

2013

� � � � � � �

Inoue et al., 

2016

� � � � � � �

Kim et al., 

2014

� � � � � � �

Lopez-

Escamez et 

al., 2014

� � � � � � �
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Table 12 continued. QUADAS-2 assessment continued.

STUDY
RISK OF BIAS

APPLICABILITY 
CONCERNS

Patient 

Selection

Index 

Test

Reference 

Standard

Flow 

and 

Timing

Patient 

Selection

Index 

Test

Reference 

Standard

Martin-Sanz 

et al., 2014) � � � � � � �

Neff et al., 

2012 � � � � � � �

Rambold, 

2015 � � � � � � �

Salviz et al., 

2016 � � � � � � �

Sharon & 

Hullar, 2014 � � � � � � �

Shin et al., 

2013 � � � � � � �

Taylor et al., 

2012 � � � � � � �

van Tilburg 
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3.2 Symptoms

Five of the identified studies compared symptoms between patients with MD 

and VM (Neff et al., 2012; Shin et al., 2013; Lopez-Escamez et al., 2014; Chang & Hsu, 

2014; Sharon & Hullar, 2014).

Features associated with the diagnostic criteria (auditory symptoms, migraine 

features, duration of attacks) were all significantly different between patients with MD and 

VM (Neff et al., 2012; Lopez-Escamez et al., 2014). Other studies also noted differences 

between groups with respect to these, but did not compare them statistically (Shin et al., 

2013). Despite differences, most symptoms showed a large degree of overlap, particularly 

between MD and probable VM (Lopez-Escamez et al., 2014) or when patients meeting the 

criteria for both definite MD and definite VM were factored in (Neff et al., 2012).

A history of progressive hearing loss (93% sensitive and 78% specific) and having a 

pure tone average greater than 25 dB HL (100% sensitive and 91% specific) were best for 

distinguishing patients with MD from patients with VM (Neff et al., 2012). However these 

measures did not separate patients with MD from patients with both VM and MD (Neff et al., 

2012). It is important to note that these differences are likely to be due to applying the 

diagnostic criteria, and therefore any association with the criteria is expected.

Demographic features are different between patients with MD and VM. 

Patients with MD tend to be older at disease onset than patients with VM (Neff et al., 2012; 

Lopez-Escamez et al., 2014), and are more likely to be male (Neff et al., 2012). Attacks were 

more frequent in VM (Neff et al., 2012).
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Car sickness and motion sickness appear to provide some separation. Car sickness 

was experienced by 78% of patients with VM in their lifetime, compared with only 18.2% of 

patients with MD (Chang & Hsu, 2014). Another study also found motion sickness was more 

common in patients with VM (51%) than in patients with MD (20%); (Neff et al., 2012). 

Sharon & Hullar (2014) found that scores on a motion sensitivity questionnaire were 

significantly higher for patients with definite VM when compared to patients with MD. 

However the scores did not differ significantly when patients with probable VM were 

included in the VM group.

Comorbidity of chronic subjective dizziness was more common in patients 

with VM (41%) than patients with MD (4%); (Neff et al., 2012). Interestingly family history 

was more common in patients who met the criteria for both MD and VM (Neff et al., 2012). 

This is consistent with the suggestion that the comorbid presentation of MD and VM may 

actually represent a genetic disorder distinct from the individual conditions (Cha & Baloh, 

2007).

3.3 Caloric testing

In caloric testing the ear is irrigated using warm and/or cold water or air, and the 

resulting nystagmus is recorded. Caloric nystagmus is believed to be due to temperature 

change of fluid in the lateral canal resulting in activation of the VOR (for a systematic review 

of caloric methodology see Gonçalves, Felipe, & Lima, 2008). Ten of the identified studies 

compared caloric results between patients with MD and VM (Neff et al., 2012; Taylor et al., 

2012); Hong et al., 2013; Shin et al., 2013; Blödow et al., 2014; Martin-Sanz et al., 2014; 

Kim et al., 2014; Sharon & Hullar, 2014; Rambold, 2015; Inoue et al., 2016). Kim and 
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colleagues (2014) used the same VM group as Shin and colleagues (2013), and were 

therefore excluded from the summary. The rate of caloric asymmetry was consistently higher 

in MD (43-75%) than VM (7-25%). Patients with MD had significantly higher asymmetry 

than patients with VM (Sharon & Hullar, 2014). Figure 8 shows the sensitivity and 

specificity of caloric asymmetry for MD when using VM as a control group. Neff and 

colleagues (2012) reported abnormal directional preponderance as having 29% sensitivity and 

85% specificity for MD, with VM as a control group; however they did not report a cut-off 

value.

As several studies using caloric in MD and VM were identified (Taylor et al., 2012); 

Hong et al., 2013; Shin et al., 2013; Blödow et al., 2014; Rambold, 2015; Inoue et al., 2016), 

an HSROC was produced (Figure 9). Three studies were excluded from further analysis due 

to lack of a cut-off point (Neff et al., 2012; Martin-Sanz et al., 2014), or lack of 2 x 2 data 

(Sharon & Hullar, 2014). There was a significant amount of heterogeneity between studies

for sensitivity (Chi2 = 16.89, df = 5, p = 0.005; I2 = 70.4 %), but not for specificity (Chi2 = 

4.00, df = 5, p = 0.549; I2 = 0.0 %). The point estimate of sensitivity was 54.6% (95% CI: 

38.7-69.0%) and point estimate of specificity 78.9% (95% CI: 70.7-87.4%), indicating that 

caloric testing would correctly identify about 55% of patients with MD and misclassify 21% 

of patients with VM.

A contour assisted funnel plot was also produced (Figure 10). The test for funnel plot 

asymmetry was negative (t = 0.4489, p = 0.6767). However funnel plot asymmetry tests 

typically have low power (Sterne et al., 2011). This combined with the fact that that no 

studies were identified in the white region (area of non-significance) indicates that

publication bias cannot be excluded as a possibility.
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Figure 8. Forest plot of sensitivities and specificities for caloric testing when treating MD as 

a positive result and VM as a negative result. 
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Figure 9. HSROC of caloric testing, when MD is treated as a positive result and VM 

is treated as a negative result. Open circles indicates studies. The size of the circle indicates 

weighting. The blue line indicates the 95% CI of sensitivity and specificity. The red circle 

indicates the point estimate of sensitivity and specificity. The red line indicates the 95% CI of 

the point estimate. 
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3.4 Rotatory chair testing

Rotatory chair testing involves recording eye movements in response to rotation, and 

is believed to measure the VOR of the horizontal SCC (Ahmed, Goebel, & Sinks, 2009). One 

study used rotatory chair testing (Neff et al., 2012). Neff and colleagues (2012) found that 

patients with MD had more abnormal results than patients with VM for rotatory chair testing. 

The rotatory chair summary measure was also identified as one of the few tests that could 

separate patients with MD from patients that met the criteria for both MD and VM. However 

Neff and colleagues (2012) did not adequately describe their methods or provide cut-off 

values.

3.5 Video head impulse test (vHIT)

The vHIT involves recording eye movements in response to sudden head impulses in 

the planes of the SCCs. vHIT enables individual testing of the six SCCs with high sensitivity 

and specificity for peripheral vestibular disorders (MacDougall, Weber, McGarvie, 

Halmagyi, & Curthoys, 2009). Three of the identified studies compared vHIT results in 

patients with MD and VM (Blödow et al., 2014; Rambold, 2015; Heuberger et al., 2014).

The sensitivities and specificities of horizontal vHIT are presented below (Figure 11). 

Blödow and colleagues (2014) found that abnormal horizontal vHIT gain was more common 

in patients with MD (37%) than VM (9%), resulting in a sensitivity of 37% and a specificity 

of 91%. Rambold (2015) found abnormal gains of 8% in of patients with MD and 4.5% of 

patients with VM. Heuberger and colleagues (2014) found that horizontal vHIT gain was not 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 72

significantly different between MD (17%) and VM (7%). Heuberger and colleagues (2014)

found that the presence of covert saccades was more common in MD (46%) than VM (18%).

Figure 11. Forest plot of sensitivities and specificities of horizontal vHIT when treating MD 

as a positive result and VM as a negative result. 

3.6 Head Shaking Nystagmus (HSN)

HSN is a latent nystagmus provoked by rapid passive head shaking. The nystagmus is 

believed to be due to asymmetry in the central velocity storage mechanism (Boniver, 2008).

Three papers looked at HSN; (Neff et al., 2012; Shin et al., 2013; Kim et al., 2014). Kim and 

colleagues (2014) had the same VM group as Shin and colleagues (2013). Because of this the 

duplicate data is not discussed.

The sensitivities and specificities of HSN are presented below (Figure 12). Neff and 

colleagues (2012) found abnormal HSN results in 62% of patients with definite/probable 

MD, and 15% of patients with definite/probable VM. Shin and colleagues (2013) found that 

74% of patients with definite unilateral MD and 50% of patients with definite VM had 

abnormal HSN. Kim and colleagues (2014) went on to characterise the direction of HSN in 

MD and VM. They found that the most common type was mixed (46% for MD, 57% for 
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VM), followed by horizontal (42% for MD, 30% for VM), and most rarely vertical 

nystagmus (5% for MD, 4% for VM).

Figure 12. Forest plot of sensitivities and specificities for caloric testing when treating MD as 

a positive result and VM as a negative result. 

3.7 Vibration-induced nystagmus testing (VIN)

VIN testing involves vibrating the skull of a patient, and recording the resultant 

nystagmus (for a summary of VIN methodology see Dumas, Perrin, Ouedraogo, & 

Schmerber, 2016). Two studies compared VIN in patients with VM and MD (Neff et al., 

2012; Shin et al., 2013). The sensitivities and specificities of HSN are presented below 

(Figure 13). Neff and colleagues (2012) found that 60% of patients with definite/probable 

MD had abnormal VIN, compared to 12% of patients with definite/probable VM.  Shin and 

colleagues (2013) found abnormal VIN results in 53% of patients with definite unilateral MD 

and 32% of patients with definite VM.

Figure 14. Forest plot of sensitivities and specificities of VIN when treating MD as a positive 

result and VM as a negative result.
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3.8 Cervical Vestibular Evoked Myogenic Potentials (cVEMP)

The cVEMP is a response from the sternocleidomastoid muscle of the neck produced

by loud sounds, vibration, or tap stimuli. The cVEMP is believed to reflect the VCR, and it is 

thought to originate from the saccule. (For reviews see: Rosengren, Welgampola, & 

Colebatch, 2010 or Murofushi, 2014). Seven studies compared cVEMP results between 

patients with MD and VM (Baier & Dieterich, 2009; Taylor et al., 2012; Zuniga et al., 2012; 

Bremova et al., 2016; van Tilburg et al., 2016). One study also used cVEMPs (Neff et al., 

2012). However they did not adequately describe their methods or the definition of an 

abnormal cVEMP, so their data was omitted.

Absent cVEMPs at 500 Hz TB are more common in MD (12.5-37%)  than in VM (0-

6%); (Baier & Dieterich, 2009; Taylor et al., 2012). Thresholds were significantly higher for 

the affected ear of patients with MD than for patients with VM (Taylor et al., 2012).

Latencies were not significantly different between patients with MD and VM (Baier & 

Dieterich, 2009; Zuniga et al., 2012; Bremova et al., 2016), but there was a trend for patients 

with VM to have shorter p13 latencies in one study (Bremova et al., 2016).

P13-n23 amplitudes were significantly different between MD and VM for cVEMPs in 

one study (Taylor et al., 2012), but were not significantly different in other studies (Baier & 

Dieterich, 2009; Zuniga et al., 2012; Bremova et al., 2016). Baier & Dieterich (2009)

reported a much lower sensitivity of 69% and specificity of 32% for cVEMP amplitudes, 

indicating that cVEMP amplitudes do not separate MD from VM.

Bremova and colleagues (2016) reported that p13-n23 amplitudes could separate MD 

and VM with 83% sensitivity and 80% specificity, despite being not significantly different. 

However, this appears to be an error as the mean amplitudes for MD and VM were within 
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one standard deviation of each other, indicating a large degree of overlap. Additionally the 

mean amplitude of the MD group was also above the cut-off value and it is highly unlikely 

that 80% of patients were below the mean.

Taylor and colleagues (2012) found the 0.5/1 kHz frequency amplitude ratio (FAR); 

(<-20.4%) separated patients with MD and VM with 35% sensitivity and 90% specificity. 

Murofushi, Ozeki, Inoue, and Sakata (2009) also compared the cVEMP 0.5/1 kHz FAR 

between patients with MD and VM but their definition of VM did not meet the inclusion 

criteria.

Taylor and colleagues (2012) found that the inter-aural asymmetry ratio (>29.2%) 

could separate patients with definite unilateral MD from patients with definite VM with 45% 

sensitivity and 85% specificity. Conversely Martin-Sanz and colleagues (2014) found a 

higher rate of inter-aural asymmetry in patients with VM than in patients with MD. This is 

likely because Martin-Sanz and colleagues (2014) performed testing before diagnosis, and 

bilateral MD, probable, and possible diagnoses were included. However it suggests that 

cVEMP inter-aural asymmetry may not be useful in the early stages of MD and VM.

Overall these findings support some ability of cVEMP asymmetry ratios and FAR 

may be useful in separating patients with MD and VM. However there are not currently 

enough studies to support this.

3.9 Ocular Vestibular Evoked Myogenic Potentials (oVEMP)

The oVEMP is a response from the inferior oblique muscle of the eyes caused by loud 

sounds, vibration, or tap stimuli. The oVEMP is believed to reflect the VOR, and its origin is 
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believed to be from the utricle (for a review see Rosengren et al., 2010). Three studies used 

oVEMPs in both patients with MD and VM (Taylor et al., 2012; Zuniga et al., 2012; 

Bremova et al., 2016). Zuniga and colleagues (2012) found that the click and 500 Hz TB 

oVEMP latency was longer for patients with MD than VM. However, Bremova and 

colleagues (2016) found that oVEMP latencies did not separate MD and VM.

Zuniga and colleagues (2012) found that, for 500 Hz oVEMPs, patients with MD had 

significantly smaller n10 amplitude than patients with VM and healthy controls. However 

there were no significant differences between groups for bone conducted or tap oVEMP n10 

amplitudes. Bremova and colleagues (2016) found that oVEMP amplitudes did not help to 

differentiate MD and VM.

Despite having oVEMP amplitude and latency data for MD and VM, Taylor and 

colleagues (2012) did not statistically compare these measures between MD and VM. They 

noted that oVEMPs showed a similar trend as cVEMPs in that healthy controls and patients 

with VM had largest oVEMPs at 0.5 and 1 kHz, while patients with MD had largest 

responses at 1 kHz. Taylor and colleagues (2012) were unable to analyse the 0.5/1 kHz 

frequency ratio for oVEMPs due to a large number of absent oVEMPs. Overall there is not 

sufficient evidence that oVEMPs can separate patients with MD and VM, but 500 Hz TB 

oVEMPs may be useful.

3.10 Posturography

Posturography involves measuring posture changes in response to experimentally 

induced balance perturbations. (For a review see Visser, Carpenter, van der Kooij, & Bloem, 
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2008). Two studies used posturography in patients with MD and VM (Neff et al., 2012; Hong 

et al., 2013). Neff and colleagues (2012) found no significant difference in the sensory 

organisation test composite score between patients with VM and MD. Hong and colleagues

(2013) found that patients with VM have a higher rate of abnormalities somatosensory score 

for the sensory organisation test (19%) than patients with MD (0%). However no other 

posturography measure was significantly different.

3.11 Linear Motion Perceptual Threshold (LMPT)

LMPTs are obtained by placing a patient in a seat. The seat then moves for 1 second 

in a linear direction, and the patient makes a judgement of the direction that they moved. One 

study used LMPT (Bremova et al., 2016). Bremova and colleagues (2016) found that patients 

with MD had elevated thresholds for naso-occipital and inter-aural movement relative to 

healthy controls and patients with VM. They also found that patients with VM had elevated 

thresholds for head-vertical movements relative to MD and controls. The sensitivities and 

specificities for separating MD from VM using LMPT were 84% and 70% for inter-aural, 

72% and 83% for naso-occipital and 88% and 63% for head-vertical movements. The study 

groups were not age-matched.

3.12 Extratympanic click Electrocochleography (ECoG)

Extratympanic click ECoG is a technique that involves recording bioelectrical 

responses from the cochlea, via the tympanic membrane or ear canal, in response to loud 
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clicks (for a review see: Wuyts, Van De Heyning, Van Spaendonck, & Molenberghs, 1997). 

One study used extratympanic click ECoG (Martin-Sanz et al., 2014). Martin-Sanz and 

colleagues (2014) found that 43% of patients with MD had abnormal ECoG (SP/AP > 50%), 

compared with 24% of patients with VM. While this is only one study, it indicates that 

extratympanic click ECoG is not particularly useful in separating the two conditions.

3.13 Multivariate Methods

Neff and colleagues (2012) found that moderate/severe headache, caloric (directional 

preponderance), rotatory chair test, and initial PTA results could separate MD, VM, and 

patients with both MD and VM (Area under curve = 0.996-1.00). However they did not 

adequately describe the diagnostic tests or provide cut-off values.

Taylor and colleagues (2012) found that a combination of 0.5/1 kHz TB cVEMP FAR

(< -20.4%), 0.5 kHz TB cVEMP amplitude asymmetry (> 29.2%) and caloric asymmetry 

(>25%) separated MD and VM with 90% sensitivity and 70% specificity. However their 

study only included unilateral MD (and not bilateral), and therefore asymmetry ratios are 

likely to overestimate sensitivity for MD.

It is important to note that, as with cut-off values for individual diagnostic tests, the 

use of combinations of individual diagnostic tests should ideally be set a priori. As all of 

these studies determined the best combination of test for separating MD and VM post-hoc, it 

is likely that these sensitivities and specificities are inflated. Despite this, these findings are 

promising and warrant further research.
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3.14 Summary of Evidence

A table summarising the evidence base is presented below (Table 13). There was a 

moderate level of evidence supporting that caloric testing will correctly diagnose MD in 

approximately 50% of patients, while misdiagnosing approximately 20% of patients with VM 

as MD (54.6% sensitivity and 78.9% specificity). This indicates that the caloric test does 

provide some diagnostic value in the differential diagnosis of MD and VM. However a 

caloric result is insufficient to either confirm, or exclude a diagnosis of MD or VM.

Several other diagnostic tests have been compared between patients with MD and 

VM, and show some potential for assisting the differential diagnosis of the two conditions. 

These tests included VIN, HSN, rotatory chair testing, cVEMP asymmetry, 0.5/1 kHz 

cVEMP FAR, and LMPT. However these diagnostic tests had sensitivity and specificity data 

for only one to three studies and therefore meta-analysis of these tests was not considered to 

be appropriate.
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4.0 Results of the Scoping Review
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4.1 Included Studies

Tests that had greater than 70% sensitivity and specificity in at least one study 

included: caloric, VIN, gadolinium magnetic resonance imaging (MRI), 3-dimensional cone 

beam computed tomography, extraympanic click ECoG, transtympanic click ECoG, 

transtympanic TB ECoG, electrovestibulography (EVestG), cochlear hydrops analysis 

masking procedure (CHAMP), and distortion product otoacoustic emission (DPOAE) phase 

shift. Sixty-five studies meeting the inclusion criteria were identified that used one of the 

above tests (Figure 15). Studies that could not able to be accessed can be found in the 

Appendix.
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Figure 15. PRISMA flowchart for the scoping review.
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4.2 Caloric testing

Twenty studies using caloric testing were identified that met the inclusion criteria for 

the scoping review (Jouko, Martti, & Arto, 2003; Yetiser et al., 2004; Furman et al., 2005;

Chen & Young, 2006; Celebisoy et al., 2008; Vitkovic et al., 2008; Baier & Dieterich, 2009; 

Teggi et al., 2009; Neff et al., 2012; Taylor et al., 2012; Hong et al., 2013; Shin et al., 2013; 

Blödow et al., 2014; Martin-Sanz et al., 2014; Kim et al., 2014; Sanyelbhaa Talaat & 

Sanyelbhaa Talaat, 2014; Sharon & Hullar, 2014;  Zhu et al., 2014; Rambold, 2015; Inoue et 

al., 2016).

Ten studies had data comparing MD and VM (Neff et al., 2012; Taylor et al., 2012; 

Hong et al., 2013; Shin et al., 2013; Blödow et al., 2014; Martin-Sanz et al., 2014; Kim et al., 

2014; Sharon & Hullar, 2014; Rambold, 2015; Inoue et al., 2016). However, as these were 

covered in the systematic review, they will not be covered here.

Only two studies compared caloric in patients with MD with a group of healthy 

controls (Yetiser et al., 2004; Sharon & Hullar, 2014). Due to the limited number of studies 

that met the inclusion criteria, not much can be said about the sensitivity and specificity of 

caloric testing for MD based on the studies that met the inclusion criteria (Figure 16). Overall 

these results indicate that there are large variations in the sensitivity of caloric for MD. 

Additionally caloric testing differentiates some patients VM from healthy controls (Figure 

17). As would be expected, specificity was poorer (36 - 79.1%) when MD and VM are 

compared with other vestibular conditions.

A meta-analysis of normative data in the caloric test indicated that the 95% 

CIs for healthy controls was below 25% canal paresis in all identified studies, with an 

average level of 22% (Wuyts & Boniver, 2008). Because of this it can be assumed that 
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caloric testing using 25% as a cut-off value is highly specific (Over 95% of healthy controls 

should have negative caloric results). This is consistent with studies that used caloric testing 

in patients with healthy controls (Figure 16 and 17).

Figure 16. Sensitivity and specificity of caloric testing from studies, when a positive result is 

treated as MD.

Figure 17. Sensitivity and specificity of caloric testing from studies, when a positive result is 

treated as VM.

4.3 Vibration Induced Nystagmus (VIN)

Four studies using VIN met the inclusion criteria for the scoping review (Ohki, 

Murofushi, Nakahara, & Sugasawa, 2003; Neff et al., 2012; Shin et al., 2013; Xie et al., 

2013). Data comparing MD and VM was covered in the systematic review and will not be 

covered here (Neff et al., 2012; Shin et al., 2013). The sensitivity and specificity of VIN is 

presented below (Figure 18). One study identified VIN as having 74% sensitivity and 100% 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 86

specificity when distinguishing definite MD from healthy controls (Xie et al., 2013). 

However as would be expected the specificity is much lower when compared with other 

vestibular conditions (Ohki et al., 2003; Xie et al., 2013). Interestingly, nystagmus towards 

the affected side appears to be pathognomonic to MD (Ohki et al., 2003; Xie et al., 2013).

Figure 18. Sensitivity and specificity of VIN when a positive result is considered to indicate 

MD.

4.4 Gadolinium MRI

Nine studies were identified that used gadolinium MRI (Fiorino, Pizzini, Beltramello, 

Mattellini, & Barbieri, 2011; Tanigawa et al., 2011; Grieve, Obholzer, Malitz, Gibson, & 

Parker, 2012; Baráth et al., 2014; Hagiwara et al., 2014; Homann et al., 2015; Hornibrook et 

al., 2015; Sepahdari et al., 2015; Ito et al., 2016). Typical MRI cannot clearly visualise the 

inner ear. However gadolinium, a contrast agent,  when injected intratympanically or 

intravenously, enters the inner ear and allows imaging of the perilymph (and therefore the 

endolymph in regions without perilymph); (Nakashima et al., 2007). This enables calculation 

of the relative endolymph and perilymph, and therefore allows visualisation of endolymphatic 

hydrops. (For a review see Naganawa & Nakashima, 2014).

One systematic review was identified on the topic of gadolinium MRI in MD (Ziylan, 

Smeeing, Stegeman, & Thomeer, 2016). However they limited their search to studies with 
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both gadolinium MRI and click ECoG, and therefore did not sufficiently cover the literature 

on gadolinium MRI. 

The sensitivity and specificity of gadolinium MRI for MD is presented below (Figure 

19). Most studies used the grading system that was proposed by Nakashima and colleagues 

(2009). Gadolinium MRI showed 45-64% sensitivity for MD in the vestibule or cochlea, with 

high specificity (Homann et al., 2015; Sepahdari et al., 2015). Sensitivity was higher in 

studies that defined a positive result as hydrops from either the cochlea or vestibule (64-

90%), while maintaining high specificity (Grieve et al., 2012; Baráth et al., 2014; Hornibrook 

et al., 2015; Ito et al., 2016). Several studies found that the vestibule had a higher rate of 

hydrops than the cochlea (Baráth et al., 2014; Homann et al., 2015; Ito et al., 2016). This 

contradicts histological studies that suggest a higher rate of cochlear hydrops (Pender, 2014).

Figure 19. Sensitivity and specificity of gadolinium MRI from studies, when a positive result 

is treated as MD.

One study was identified using gadolinium MRI in patients with MD and VM that 

met the inclusion criteria. Nakada and colleagues (2014) used the Nakashima grading system 

(Nakashima et al., 2009) in patients with VM and vestibular MD (Alford, 1972). While 

vestibular MD is not within the inclusion criteria, it can be treated as a group for comparison 

with VM. They found that significant hydrops in the vestibule was present in the vestibule of 
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100% (7/7) of patients with vestibular MD, whereas only 14% (1/7) patients with VM had 

hydrops in the vestibule.

One study using gadolinium MRI in patients with VM did not meet the inclusion 

criteria for the scoping review due to lack of a control group (Gürkov et al., 2014). However 

it will be summarised here due to its extreme relevance to the topic. Gürkov and colleagues

(2014) used the Nakashima grading system (Nakashima et al., 2009) in patients with VM 

who also had auditory symptoms. They found that gadolinium MRI identified hydrops in

only 21% of patients. This indicates that gadolinium MRI would have relatively high 

specificity for excluding patients with VM.

4.5 Three-Dimensional Cone Beam Computed Tomography (CT)

One study found that three-dimensional cone beam CT of the membranous labyrinth 

could separate patients with definite MD from healthy controls with 84% sensitivity and 

100% specificity (Yamane et al., 2014).

4.6 Electrocochleography (ECoG)

ECoG met the inclusion criteria for the scoping review. ECoG is a technique that 

involves recording bioelectrical responses from the cochlea in response to acoustic stimuli 

(loud clicks or tone bursts [TB]). The responses are recorded by placing an electrode through 

the tympanic membrane and onto the promontory of the cochlea (transtympanic) or in the ear 

canal or on the tympanic membrane (extratympanic); (For a review see Wuyts et al., 1997). 
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In healthy controls, ECoG results in a small summating potential (SP; a direct current 

shift due to cochlea hair cell function) and a large compound action potential (AP; an 

analogue current shift due to primary cochlea afferents of the auditory nerve (Ferraro & 

Durrant, 2006). Gibson, Moffat, and Ramsden (1977) found that 65% of patients with MD 

had enlarged SP in transtympanic click ECoG. Gibson and colleagues (1977) suggested that 

this enlarged SP could be due to displacement of the basilar membrane due to endolymphatic 

hydrops or a change in the ionic composition of endolymph.

One group conducted a general systematic review of ECoG (Lamounier, Gobbo, de 

Souza, de Oliveira, & Bahmad, 2014). They did not produce a meta-analysis, but they 

concluded that TB ECoG was more sensitive than click ECoG. Another group conducted a 

systematic review of click and TB ECoG (Qi & Nunez, 2013). They noted that click ECoG 

had a sensitivity of 53-70% and specificity of 80-90%, and that the combination of click and 

TB measures improved sensitivity to 84-92% and specificity to 85-90%. However this 

systematic review was a poster and was therefore excluded. The studies using ECoG from the 

scoping review were divided into transtympanic click ECoG, transtympanic TB ECoG and 

extratympanic ECoG and are presented below.

4.6.1 Transtympanic click ECoG

Ten studies using transtympanic click ECoG met the (Orchik, Ge, & Shea, 1998; 

Sass, 1998; Ikino & de Almeida, 2006; Gibson, 2009; Baba et al., 2009; Ohashi, Nishino, 

Arai, Hyodo, & Takatsu, 2009; Iseli & Gibson, 2010; Claes, De Valck, Van de Heyning, & 

Wuyts, 2011; de Carvalho Lopes, Munhoz, Santos, Moraes, & Chaves, 2011; Hornibrook et 

al., 2015). Transtympanic click ECoG showed varied sensitivities between studies (Figure 
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20). Various SP/AP ratio cut-off values have been used between different studies, ranging 

from 28-50%. There is a notable trend that transtympanic click ECoG had lower sensitivity in 

studies that used higher cut-off values. Problematically, Gibson (2009) found that 

transtympanic ECoG did not separate MD and controls, when they were matched for hearing 

loss. This indicates that transtympanic click ECoG does not have diagnostic value in MD.

Figure 20. Sensitivity and specificity of transtympanic click ECoG from studies, when a 

positive result is treated as MD.

4.6.2 Transtympanic TB ECoG

There were six studies that met the inclusion criteria using transtympanic TB ECoG

(Sass, 1998; Sass, Densert, Magnusson, & Whitaker, 1998; Gibson, 2009; Iseli & Gibson, 

2010; Claes et al., 2011; Hornibrook et al., 2015). Transtympanic TB ECoG consistently had 

high sensitivity for MD (61.7-91.2%)  and specificity (70.9-91.1%) for separating MD from 

patients with vestibular conditions (Iseli & Gibson, 2010; Claes et al., 2011) and patients with 

hearing loss (Gibson, 2009; Hornibrook et al., 2015); (Figure 21).
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Figure 21. Sensitivity and specificity of transtympanic TB ECoG from studies, when a 

positive result is treated as MD.

Using a 30 Hz tone to increase the size of the SP, Iseli and Gibson (2010) found that 

patients with MD had a reduced increase in SP. A bias ratio (between biased and unbiased SP 

amplitude) of < 1.4 could separate patients with MD from patients with hearing loss or 

vestibular conditions with 85% sensitivity and 80.6% specificity. When this bias measure was 

combined with the 1 kHz TB SP (<-6µV) the tests had 95% sensitivity and 79.1% specificity.

Combining click (>41% SP/AP) and 1 kHz TB ECoG measures (>3.1µV) improved 

sensitivity (82-83%) and specificity (95-100%) for separating patients from MD and patients 

with hearing loss (Sass, 1998; Sass et al., 1998). The addition of click action potential shift 

between rarefaction and condensation to click and TB measures further improved sensitivity 

to 87% while maintaining specificity at 100%. 

Claes and colleagues (2011) found that a combination of 4 kHz TB ECoG and air 

conduction pure-tone audiometry thresholds at 150 Hz, and 8 kHz could separate patients 

with MD from patients with vestibular conditions with 94% sensitivity and 98% specificity. 

While impressive, it is obviously expected that this measure would be much less effective if 

patients were matched for hearing loss.
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4.6.3 Extratympanic ECoG

Eleven studies using extratympanic click ECoG met the inclusion criteria (Chung, 

Cho, Choi, & Hong, 2004; Noguchi, Nishida, Kawashima, Tokano, & Kitamura, 2004;

Hwang, Ho, Hsu, Yang, & Liu, 2008; Satar et al., 2008; Vitkovic et al., 2008; Lee et al., 

2011; Oh et al., 2014; Lamounier et al., 2014; Martin-Sanz et al., 2014; Gerenton et al., 2015; 

Yollu et al., 2016). Data directly comparing MD and VM was covered in the systematic 

review, and will not be covered here (Martin-Sanz et al., 2014). The sensitivity of 

extratympanic click ECoG was highly variable between studies (Figure 22), and this 

heterogeneity did not appear to be consistent with differences in patient groups or cut-off 

values.

Figure 22. Sensitivity and specificity of extratympanic click ECoG from studies, when a 

positive result is treated as MD. Data from Oh and colleagues (2014) was estimated from a 

reciever operating characteristic, at the point which gave 95% specificity.

None of the studies used groups of patients with hearing loss. Noguchi and colleagues

(2004) found that 50% of patients with acute low-tone hearing loss had endolymphatic 

hydrops according to extratympanic click ECoG. They suggested that acute-low-tone hearing 

loss may represent a form of endolymphatic hydrops. It should be noted that only a minority 

of patients with acute low-tone hearing loss progress to MD (Yamasoba, Kikuchi, Sugasawa, 
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Yagi, & Harada, 1994). Because of this it is important to consider that the patients may have 

had positive ECoG results due to their hearing loss rather than endolymphatic hydrops, as 

was indicated for transtympanic click ECoG (Gibson, 2009).

One study found that a combination of the SP/AP ratio with the SP/AP area ratio was 

highly sensitive (90%) and specific (95%) for MD (Ferraro & Tibbils, 1999). However 

another study found no significant difference between MD and health controls using the 

SP/AP area ratio (Oh et al., 2014). Three other studies were identified that used the SP/AP 

area ratio, but were excluded as they did not meet the inclusion criteria (Devaiah, Dawson, 

Ferraro, & Ator, 2003; Al-momani, Ferraro, Gajewski, & Ator, 2009; Baba et al., 2009). 

Two studies meeting the inclusion criteria looked at extratympanic ECoG in VM. 

Vitkovic, Paine, & Rance, (2008) found that 0% of patients with definite VM had positive 

ECoG (SP/AP >50%). However using the same cut-off point, Yollu and colleagues (2016)

found that 38.1% of patients with definite VM had positive ECoGs. With a less conservative 

cut-off value (SP/AP >40%), Yollu and colleagues (2016) found that 71.4% of patients with 

definite VM had positive ECoGs. 

Overall there is a large amount of inconsistency between studies for extratympanic 

ECoG. It is possible that the inconsistencies are due to the higher noise floor of 

extratympanic ECoG.

4.7 Electrovestibulography (EVestG)

Two studies using EVestG met the inclusion criteria (Blakley, Dastgheib, Lithgow, & 

Moussavi, 2014; Dastgheib, Lithgow, Blakely, & Moussavi, 2016). EVestG uses 
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extratympanic ECoG, but tilts or rotations of the body are used as a stimulus, instead of an 

acoustic stimulus (Lithgow, Garrett, & Heibert, 2008; Dastgheib et al., 2016). EVestG using 

a sideways body tilt as the stimulus shows both high sensitivity and specificity (Figure 23). 

The specificity of EVestG using sideways tilt remains high when vestibular patients are 

included (94%). However unclassified responses were common in these patients (33%);

(Dastgheib et al., 2016). All studies using EVestG have been conducted by one research 

group with small sample sizes. It will be important for findings to be replicated by other labs, 

and in larger populations. It will also be important to determine whether hearing loss 

influences the EVestG.

Figure 23. Sensitivity and specificity for sideways body tilt EVestG in included studies, 

when a positive result is treated as MD.

4.8 Cochlear Hydrops Analysis Masking Procedure (CHAMP)

Seven studies using CHAMP met the inclusion criteria (Don, Kwong, & Tanaka, 

2005; De Valck, Claes, Wuyts, & Van de Heyning, 2007; Don, Kwong, & Tanaka, 2007;

Ordóñez-Ordóñez et al., 2009; Kingma & Wit, 2010; Lee et al., 2011; Shang et al., 2012). 

CHAMP involves measurement of auditory brainstem response (ABR) latencies in response 

to clicks and high-pass masking noise. CHAMP is performed by calculating the difference 

between latencies for wave Vs at clicks with high pass noise at 500 Hz and 8 kHz. This 

effectively calculates the time that sound takes to travel from the basal cochlear (8 kHz) to 
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the apical cochlear (500 Hz); (Don et al., 2005). When high pass masking noise is used to 

estimate the speed of sound along the basilar membrane, patients with MD have been shown 

to have higher travelling wave velocity than patients with noise-induced hearing loss 

(Thornton & Farrell, 1991; Donaldson & Ruth, 1996). A physiological explanation is that 

increased stiffness of the basilar membrane, from increased pressure in MD, would result in 

faster movement of sound along the basilar membrane, and therefore shorter latencies (Don et 

al., 2005).

CHAMP is performed by calculating the difference between latency and amplitude 

for wave Vs at 500 Hz TB and clicks. This effectively calculates the time that sound takes to 

travel from the basal cochlear (click) to the apical cochlear (500 TB). The sensitivity and 

specificity of CHAMP latency is presented below (Figure 24). When a standardised criteria is 

used such as <0.3 ms (Don et al., 2005), there is a huge variability of the sensitivity and 

specificity of CHAMP latency measures. Fewer studies have investigated CHAMP amplitude

(Figure 25), but these studies indicate that CHAMP amplitude is highly sensitive and specific 

for separating MD from healthy controls (Don et al., 2007; Shang et al., 2012) and patients 

with vestibular conditions (Lee et al., 2011). Shang and colleagues (2012) found that the 

sensitivity of CHAMP could be improved by combining amplitude and latency measures.

Figure 24. Sensitivity and specificity of CHAMP latency in response to sideways tilts for 

studies, when treating MD as a positive result.
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Figure 25. Sensitivity and specificity of CHAMP amplitude ratio in response to sideways tilts 

for studies, when MD is treated as a positive result.

An issue arises in the fact that all studies compared CHAMP in MD patients with 

significant hearing loss (mean pure tone average: 37.8-47.8 dB HL) to controls with mild to 

no hearing loss (mean pure tone average: < 10-28.3 dB HL). This is not ideal as the wave V 

latency and amplitude are influenced by hearing loss (Stapells & Oates, 1997; Maloff & 

Hood, 2014). An excluded study found that hearing loss had a significant influence on 

CHAMP results (Kim, Jung, Lee, Jung, and Suh, 2015). When they compared CHAMP 

results from patients with MD with controls who were matched for hearing loss they found 

that the means for latency difference were abnormal for both groups when using the <2 ms 

criteria proposed by Kingma and Wit (2010). Unfortunately the study did not contain 

sensitivity and specificity data and was therefore excluded. However the study highlights the 

need for more investigations of the influence of hearing loss on the diagnostic accuracy of 

CHAMP.

Additional problems occur with CHAMP, as 16-50% patients with MD do not have 

CHAMP latency responses (Ordóñez-Ordóñez et al., 2009; De Valck et al., 2007); Shang et 

al., 2012). This is usually due to an absent wave V at 500 Hz (De Valck et al., 2007). For 

instance CHAMP is not recordable in patients with ABR thresholds over 60 dB nHL as the 

wave V is not present in the ABR trace (Shang et al., 2012).
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4.9 Distortion product otoacoustic emissions (DPOAE) phase shift

Two studies using DPOAE phase shift met the inclusion criteria for the scoping

review (Avan, Giraudet, Chauveau, Gilain, & Mom, 2011; Gerenton et al., 2015). DPOAE 

phase in response to a body tilt enabled separation between patients with definite MD, who 

had experienced an attack in the past week, and healthy controls with high sensitivity and 

specificity (Figure 26). However, only 9-28% of patients with MD had abnormal results 

when tested in the interictal period. This indicates that DPOAE phase shift may be a sensitive 

test for acute MD.  However all studies looking at DPOAE phase shift have been conducted 

by one lab. It will be important for these findings to be replicated by other labs.

Figure 26. Sensitivity and specificity of DPOAE phase shift when a positive result is 

considered to indicate MD.

4.10 oVEMP and cVEMP 0.5/1 kHz frequency amplitude ratio (FAR)

The oVEMP and cVEMP 0.5/1 kHz FAR met the inclusion criteria. Three studies 

used cVEMP 0.5/1 kHz FARs (Kim-Lee, Ahn, Kim, & Yoon, 2009; Murofushi et al., 2009;

Taylor et al., 2012); (Figure 27). The specificity of the cVEMP FAR was consistently high 

(90-100%). However the sensitivity was inconsistent between studies, with one study 

showing 93% sensitivity (Kim-Lee et al., 2009), while other studies showed much lower 

sensitivities of 35-56% (Murofushi et al., 2009; Taylor et al., 2012). No clear methodological 
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reason for this discrepancy was identified, although several differences existed between the 

studies, such as stimulus properties and patient selection. Overall these findings support that 

cVEMP 0.5/1 kHz FAR has some diagnostic value for separating MD from healthy controls, 

but further studies are needed to determine its sensitivity for MD.

Figure 27. Sensitivity and specificity of 0.5/1 kHz cVEMP FAR when a positive result is 

considered to indicate MD.

One study found that oVEMP 0.5/1 and 0.5/0.75 kHz FARs separated definite 

unilateral MD from healthy controls with 88.9% sensitivity and 100% specificity (Singh & 

Barman, 2016).

Another study used a combination of cVEMP and oVEMP 0.5/1 kHz FAR and 

cVEMP asymmetry ratio (Maxwell, Jerin, & Gürkov, 2016). They found that the combination 

of the techniques only had had 64% sensitivity and 93% specificity. This suggests that the 

high sensitivities seen in studies using the individual measures (Kim-Lee et al., 2009; Singh 

& Barman, 2016) may not be representative.
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5.0 Discussion
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5.1 Summary of findings from the Systematic Review

Several diagnostic tests have been compared between patients with MD and VM, and 

show some potential for assisting the differential diagnosis of the two conditions. These tests 

included VIN, rotatory chair testing, vHIT, cVEMP asymmetry, 0.5/1 kHz cVEMP FAR, and

LMPT. However these diagnostic tests have only been compared in one or two studies and so 

meta-analysis of these tests was not considered to be appropriate.

There was a moderate level of evidence supporting that caloric testing will correctly

diagnose MD in 55% of patients, while misdiagnosing approximately 21% of patients with 

VM as MD (54.6% sensitivity and 78.9% specificity). This indicates that the caloric test has

some diagnostic value in the differential diagnosis of MD and VM. However a caloric result 

is insufficient to either confirm or exclude a diagnosis of MD or VM.

5.2 Sources of Bias

Notably all of the studies in the systematic review component of this thesis had 

multiple sources of bias. This is consistent with a previous study that identified that most 

diagnostic accuracy studies have at least one methodological flaw (Reid, Lachs, & Feinstein, 

1995). 

One of the primary sources of bias was due to the use of the “probable” and 

“possible” category of diagnosis as a reference test. Diagnostic accuracy studies operate on 

the assumption that the reference test is 100% accurate at diagnosing a condition, and that 

differences between the index and reference test are due to errors in the index test (Van 
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Rijkom & Verdonschot, 1995; Biesheuvel, Irwig, & Bossuyt, 2007). A “probable” or 

“possible” diagnosis is not highly accurate. This creates a problem when using these criteria 

to evaluate diagnostic tests.

Misclassification due to an inappropriate reference test (non-definite diagnosis) 

results in errors. In the diagnostic accuracy paradigm these errors are assumed to be due to 

the index test, resulting in an underestimation of the accuracy of the index test (Biesheuvel et 

al., 2007). Because of this, studies should ideally use pure groups of patients with definite 

MD and VM when evaluating diagnostic tests. Probable and possible diagnoses have value 

also, as these indicate earlier stages of the illness. However the data for these groups should 

be separate from the definite group, so as to minimise misclassification of the reference test.

Lack of blinding was another systemic problem. Only one study used blinding (van 

Tilburg et al., 2016). This is understandable as most studies used the index test to assist 

diagnosis in a clinical setting. However it introduces significant bias as a patient’s diagnosis 

or predicted diagnosis of MD or VM (reference test) may influence how a clinician conducts 

or interprets the index test. Alternatively the results of an index test may influence the 

diagnosis of MD or VM. For instance Bremova and colleagues (2016) excluded patients with 

VM if they had a positive caloric result. While other studies did not state doing this, it is very 

likely that a positive caloric result could lead a clinician to avoid making a diagnosis of VM. 

If either of these biases is present, the results of the index test and reference test are not truly 

independent. Because of this, blinding is an important factor in the quality of diagnostic 

accuracy studies.
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5.3 Summary of findings from the Scoping Review

Several tests with high accuracy for MD were identified. The most well 

established tests with high sensitivity and specificity were gadolinium MRI and 

transtympanic TB ECoG. TB ECoG is believed to detect hydrops of the cochlea, whereas 

gadolinium MRI is believed to be able to detect hydrops of both the cochlea and the 

vestibule. It is therefore understandable that these techniques were found to separate patients 

with MD from patients with hearing loss or other vestibular conditions. Both tests have 

limitations in that they require invasive procedures (transtympanic electrode or transtympanic 

or intravenous injection of gadolinium). Gadolinium MRI is further limited due to the cost of 

obtaining an MRI. MRI is standard procedure for unilateral/asymmetrical hearing loss (to 

exclude vestibular schwannoma). However this cost may not be justifiable in the earlier 

stages of MD where asymmetrical hearing loss may not be present.

The CHAMP and Click ECoG were also identified as sensitive and specific for MD. 

However Click ECoG is influenced by hearing levels, and does not sufficiently separate 

patients with MD from controls when matched for hearing loss (Gibson, 2009). Similar

concerns  have been raised regarding the diagnostic accuracy of CHAMP (Kim et al., 2015). 

No CHAMP studies that met the inclusion criteria for the scoping review matched controls 

for hearing loss. Studies evaluating the sensitivity and specificity of CHAMP under these 

conditions are needed before it is accepted as a diagnostic test for MD.

Other promising techniques for the diagnosis of MD included EVestG, VIN, 0.5/1 

kHz cVEMP/oVEMP FAR, and DPOAE phase shift. However more studies are needed 

before these techniques are established as diagnostic tests for MD. Additionally VIN and the 

0.5/1 kHz cVEMP FAR were compared between patients with MD and VM, and both 
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indicated some degree of separation of the two conditions, supporting that these techniques 

may be valuable in MD diagnostics. These techniques are also all non-invasive.

While DPOAE phase shift could only detect acute MD (within one week of an 

attack), it is still promising. This is because it is a non-invasive procedure and would be able 

to be performed by a trained individual in either private or public settings. If DPOAE phase 

shift is confirmed to be highly sensitive and specific by future studies, it would be possible to 

have patients tested close to an attack, as a specialist would not need to be involved. This 

would make seeing a patient close to attack more viable.

It is important to note that studies using a control group of healthy individuals tend to 

over-estimate diagnostic accuracy (Lijmer et al., 1999; Whiting et al., 2013). This is because 

we do not typically use diagnostic tests on healthy individuals. Studies evaluating diagnostic 

tools for MD ideally need to be evaluated against hearing loss matched individuals and 

patients with other vestibular conditions, as these are the patients that will likely undergo 

these diagnostic tests.

5.4 Inconsistencies between Gadolinium MRI and Histology

One interesting finding was that typically gadolinium MRI identifies hydrops of the 

vestibule more commonly than cochlear hydrops (Fiorino et al., 2011; Homann et al., 2015; 

Ito et al., 2016). This may be contrasted with the recent meta-analysis of  endolymphatic 

hydrops in temporal bones which indicated that saccular and utricular hydrops did not occur 

in the absence of cochlear hydrops (Pender, 2014).
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This may be for several reasons. Firstly the visualisation of the cochlea is more 

difficult with gadolinium MRI. This is particularly true with the apical cochlea (Tanigawa et 

al., 2011), which is responsible for low frequency hearing. This is problematic because the 

apical cochlea is believed to be the most affected part of the cochlea in MD. 

Secondly it may be due to a high rate of false positive results in gadolinium MRI 

(detection of hydrops in the vestibule when there is none). This is also possible as the current 

definition of mild hydrops in the vestibule is >33% which was the mean for normal patients 

(Nakashima et al., 2009). By this definition, approximately 50% of healthy controls are 

expected to have “mild hydrops” of the vestibule.

A third reason is that the criteria for hydrops in histological studies are typically 

qualitative. (For examples of qualitative criteria for endolymphatic hydrops see Rauch, 

Merchant, & Thedinger, 1989 or Lin et al., 2006). A recent temporal bone study constructed 

3D images of temporal bones (Morita et al., 2009). They found that saccular hydrops was 

100% sensitive in temporal bones of patients with MD (more sensitive than cochlear 

hydrops) when using the 95% CI of healthy controls as a cut-off value. It is possible that 

quantitative methods, that are now being utilised (Morita et al., 2009; Nakashima et al., 

2009), are more sensitive for detecting endolymphatic hydrops of the vestibule. If this is true, 

a significant re-evaluation of temporal bone studies for endolymphatic hydrops needs to be 

conducted.

Lastly this may due to processes that occur in active disease, that are not observable in 

temporal bone studies. Gadolinium MRI is the first technique that has enabled in vivo

measurement of vestibular hydrops, and therefore these inconsistencies may be simply due to 

processes that are unique to active disease.
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5.5 Lack of Diagnostic Accuracy Data

For studies systematic review using diagnostic tests with continuous variables (such 

as VEMPs), only a minority of studies (Taylor et al., 2012; Bremova et al., 2016) produced 

cut-off values and data to enable the calculation of sensitivity/specificity. This was also 

encountered in the scoping review. It appeared to be particularly common in studies where a 

significant difference was not found, but also occurred in many studies where findings were 

significantly different. This creates an issue as meta-analyses of diagnostic accuracy cannot 

account for these studies because they do not contain the necessary metrics. This effect would 

be expected to create a source of bias in meta-analyses by making diagnostic tests appear 

more accurate than they actually are. It is therefore important that if a diagnostic test has poor 

sensitivity and specificity in a study, that those aspects are reported. Good options for 

selecting a cut-off value exist in the form of a 95% CI of the control group, or Youden’s J 

statistic (Youden, 1950). Alternatively a receiver operating characteristic could be used.

5.6 Limitations of the Present Study

It should be noted that diagnostic accuracy alone is not sufficient when determining 

the value of a diagnostic test (Fineberg, 1977). The utility of improved accuracy should also 

be considered. The primary purpose of health care is to improve patient outcomes. A test may 

have an impressive diagnostic accuracy, but if it does not improve patient outcomes its value 

is limited (Schünemann et al., 2008). Unfortunately studies of these outcomes, while ideal, 

are often impractical (Bossuyt, Lijmer, & Mol, 2000; Bossuyt, Reitsma, Linnet, & Moons, 
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2012). Because of this, systematic reviews of diagnostic tests typically rely on diagnostic 

accuracy as a surrogate measure of patient outcome (Schünemann et al., 2008). 

The current study may have missed some relevant studies. Only two databases were 

searched, the search was limited to studies in English. Grey literature and unpublished 

literature were also not considered. Additionally the scoping review used diagnostic accuracy 

filters. It is likely that the sensitivity of the systematic and scoping reviews for relevant 

articles was reduced by these factors. One article meeting the criteria for the systematic 

review which was identified but was not available on PubMed or Embase that compared 

VEMPs between patients with MD and patients with VM (Utkur, Durankaya, Idiman, 

Serbetcioglu, & Guneri, 2013). Additionally, one significant paper was identified which was 

missed by the diagnostic accuracy filter, despite being available through PubMed (Pyykkö et 

al., 2013). While the study did not meet the inclusion criteria for the scoping review, it 

appears to be the largest published paper to date looking at gadolinium MRI and its 

sensitivity for MD. While these studies were identified effectively through a grey literature

search (not formally conducted in this study), it highlights the facts that the present study is 

likely to have missed some relevant studies due to methodological limitations.

The quality of studies was not assessed in the scoping review, and no meta-analysis 

was performed. While this limits conclusions from the scoping review, the intent of the 

scoping review was to briefly overview the literature, rather than to be a formal systematic 

review. It is likely that several of the measures identified in the scoping review would benefit 

from formal systematic reviews.
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5.7 Recommendations for Future Research

Gadolinium MRI and transtympanic TB ECoG were identified as highly sensitive and 

specific tests for MD. However neither test has been properly evaluated for the differential 

diagnosis of patients meeting the criteria for MD or VM (with the exception of Nakada and 

colleagues [2014] who compared patients with VM and auditory symptoms with patients with 

vestibular MD). For this reason studies are needed to evaluate the efficacy of these diagnostic 

tests for separating the two conditions. Because they are not proven to separate the two 

conditions yet (particularly because patients with VM may actually have endolymphatic 

hydrops) any use of these techniques for this purpose should be performed cautiously.

The value of diagnostic tests is not limited to diagnosis. Our current understanding of 

the endolymphatic hydrops in patients is primarily based on symptomology and cross-

sectional studies of post mortem histology. Gadolinium MRI and TB ECoG provide 

important tools to be able to monitor endolymphatic hydrops in a living patient, and 

longitudinal studies may give us important insights into the progression of endolymphatic 

hydrops. For instance a recent study has shown a reduction of endolymphatic space following 

acetazolamide treatment (a carbonic anhydrase inhibitor diuretic) in patients with MD. The 

reduction in endolymphatic space was correlated with an improvement of symptoms

(Sepahdari, Vorasubin, Ishiyama, & Ishiyama, 2016).

CHAMP was identified as an accurate test for MD. However future studies should 

attempt to compare CHAMP results between patients with MD and hearing loss matched 

patients. This will be needed to determine whether the test can separate MD from patients 

with patients that are matched for hearing loss.
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To determine whether there is an overlapping pathophysiology between MD and VM, 

post-mortem temporal bone studies of patients with definite VM will be needed to establish

the incidence of endolymphatic hydrops in these patients (and if possible) any association 

with vestibular and auditory symptoms. It is understandable that no studies of this nature 

were identified as VM is a relatively new entity. Because of this it may take some time before 

temporal bones in these patients become available. However studies of this nature will be 

critical to understanding the potential pathophysiological overlap of MD and VM.

5.8 Recommendations for Clinical Practice

The differential diagnosis of MD and VM should continue to be based on the current 

diagnostic criteria (IHS & others, 2013; Lopez-Escamez et al., 2015). There was not 

sufficient evidence supporting any measure that could separate the two conditions adequately. 

A moderate level of evidence supported some diagnostic value of caloric testing with an 

estimated sensitivity of 54.6% and specificity of 78.9%. However caloric testing neither 

confirms neither the presence nor absence of either condition.

Problematically both conditions rely on a diagnosis of exclusion. A reasonable 

approach in the absence of an objective method of differentiation may be to exclude a 

diagnosis of definite MD before attempting a diagnosis of VM. This is supported by the fact 

that systematic reviews show that endolymphatic hydrops occurs in 100% of patients with a 

diagnosis of MD, indicating that a diagnosis of MD is almost certain to have endolymphatic 

hydrops (Foster & Breeze, 2013; Pender, 2014). However, as it is not known with confidence 

whether endolymphatic hydrops occurs in VM, patients meeting the diagnostic criteria for 

both conditions may represent an overlap of the two conditions. 
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While not directly assessed in the systematic or scoping review, the literature (cited in 

the introduction) supports that spontaneous nystagmus is essential in the acute phase of MD 

but not VM. Confirmation of nystagmus can be incredibly difficult due to the transient nature 

of attacks. Our lab has had some success with requesting that patients record their eyes using 

their phones during attacks. This has provided definitive proof of spontaneous nystagmus on 

multiple occasions, and we suggest this as a valuable strategy for both specialists and 

supporting clinicians.

5.9 Concluding statements 

The differential diagnosis of MD and VM continues to be troublesome. There was a 

moderate level of evidence that caloric hypofunction is more common in MD. However 

caloric testing does not reliably confirm or exclude either diagnosis. Temporal bone studies 

are needed to determine whether endolymphatic hydrops occurs in VM. Additionally studies 

are needed to examine whether gadolinium MRI and TB ECoG can differentiate MD from 

VM, as these tests have been demonstrated to be sensitive and specific for MD. Several other 

promising techniques were identified but there was currently insufficient evidence for these.

Further research is needed to establish the value of these tests.

5.10 Funding

This project did not receive funding, and the author has no conflict of interest.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 110

6.0 References

AAO-NHS. (1995). Committee on Hearing and Equilibrium Guidelines for the Diagnosis and 

Evaluation of Therapy in Meniere’s Disease. Otolaryngology -- Head and Neck 

Surgery, 113(3), 181–185. https://doi.org/10.1016/S0194-5998(95)70102-8

Adachi, N., Yoshida, T., Nin, F., Ogata, G., Yamaguchi, S., Suzuki, T., … Kurachi, Y. 

(2013). The mechanism underlying maintenance of the endocochlear potential by the 

K+ transport system in fibrocytes of the inner ear. The Journal of Physiology, 591(Pt 

18), 4459–4472. https://doi.org/10.1113/jphysiol.2013.258046

Ahmed, M. F., Goebel, J. A., & Sinks, B. C. (2009). Caloric test versus rotational sinusoidal 

harmonic acceleration and step-velocity tests in patients with and without suspected 

peripheral vestibulopathy. Otology & Neurotology : Official Publication of the 

American Otological Society, American Neurotology Society [and] European 

Academy of Otology and Neurotology, 30(6), 800–805.

Ahn, S. K., Kang, K., Koo, J. W., Kim, K. S., Kim, B. G., Kim, B. K., … Goh, E. K. (2009). 

Clinical Features and Treatment Pattern of Migrainous Vertigo in Korea: A 

Nationwide Prospective Multicenter Study. Research in Vestibular Science, 8(2), 

122–131.

Akdal, G. (2008). Clinical features of migrainous vertigo. Journal of Neurological Sciences 

(Turkish), 25(2), 092–095.

Akerman, S., Holland, P. R., & Goadsby, P. J. (2011). Diencephalic and brainstem 

mechanisms in migraine. Nature Reviews. Neuroscience, 12(10), 570–84. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1038/nrn3057



DIFFERENTIAL DIAGNOSIS OF MD AND VM 111

Alexander, T. H., & Harris, J. P. (2010). Current Epidemiology of Meniere’s Syndrome. 

Otolaryngologic Clinics of North America, 43(5), 965–970. 

https://doi.org/10.1016/j.otc.2010.05.001

Alford, B. R. (1972). Committee on Hearing and Equilibrium: Report of subcommittee on 

equilibrium and its measurement. Meniere’s disease: criteria for diagnosis and 

evaluation of therapy for reporting. Trans Am Acad Ophthalmol Otolaryngol, 76(6), 

1462–4.

Al-momani, M. O., Ferraro, J. A., Gajewski, B. J., & Ator, G. (2009). Improved sensitivity of 

electrocochleography in the diagnosis of Meniere’s disease. International Journal of 

Audiology, 48(11), 811–819. https://doi.org/10.3109/14992020903019338

Arksey, H., & O’Malley, L. (2005). Scoping studies: towards a methodological framework. 

International Journal of Social Research Methodology, 8(1), 19–32. 

https://doi.org/10.1080/1364557032000119616

Atkinson, M. (1962). Migraine and Ménière’s Disease. Archives of Otolaryngology, 75(3), 

220–225. https://doi.org/10.1001/archotol.1962.00740040228008

Avan, P., Giraudet, F., Chauveau, B., Gilain, L., & Mom, T. (2011). Unstable distortion-

product otoacoustic emission phase in Menière’s disease. Hearing Research, 277(1–

2), 88–95. https://doi.org/10.1016/j.heares.2011.03.006

Baba, A., Takasaki, K., Tanaka, F., Tsukasaki, N., Kumagami, H., & Takahashi, H. (2009). 

Amplitude and area ratios of summating potential/action potential (SP/AP) in 

Meniere’s disease. Acta Oto-Laryngologica, 129(1), 25–29. 

https://doi.org/10.1080/00016480701724888

Baier, B., & Dieterich, M. (2009). Vestibular-Evoked Myogenic Potentials in “Vestibular 

Migraine” and Menière’s Disease. Annals of the New York Academy of Sciences, 

1164, 324–327. https://doi.org/10.1111/j.1749-6632.2009.03868.x



DIFFERENTIAL DIAGNOSIS OF MD AND VM 112

Balaban, C. D. (2011). Migraine, vertigo and migrainous vertigo: Links between vestibular 

and pain mechanisms. Journal of Vestibular Research: Equilibrium & Orientation, 

21(6), 315–321.

Baloh, R. W., Honrubia, V., & Kerber, K. A. (2010). In R. W. Baloh, V. Honrubia, & K. A. 

Kermer (Eds.), Baloh and Honrubia’s Clinical Neurophysiology of the Vestibular 

System (156). OUP USA.

Baloh, Robert W. (1997). Neurotology of Migraine. Headache: The Journal of Head and 

Face Pain, 37(10), 615–621. https://doi.org/10.1046/j.1526-4610.1997.3710615.x

Bance, M., Mai, M., Tomlinson, D., & Rutka, J. (1991). The changing direction of nystagmus 

in acute Meniere’s disease: Pathophysiological implications. The Laryngoscope, 

101(2), 197–201. https://doi.org/10.1288/00005537-199102000-00017

Banks, C., McGinness, S., Harvey, R., & Sacks, R. (2012). Is Allergy Related to Meniere’s 

Disease? Current Allergy and Asthma Reports, 12(3), 255–260. 

https://doi.org/10.1007/s11882-012-0258-3

Baráth, K., Schuknecht, B., Naldi, A. M., Schrepfer, T., Bockisch, C. J., & Hegemann, S. C. 

A. (2014). Detection and grading of endolymphatic hydrops in Menière disease using 

MR imaging. AJNR. American Journal of Neuroradiology, 35(7), 1387–1392. 

https://doi.org/10.3174/ajnr.A3856

Belinchon, A., Perez-garrigues, H., & Tenias, J. M. (2012). Evolution of Symptoms in 

Meniere’s Disease. Audiology & Neurotology, 17(2), 126–32. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1159/000331945

Beynon, R., Leeflang, M. M. G., McDonald, S., Eisinga, A., Mitchell, R. L., Whiting, P., & 

Glanville, J. M. (2013). Search strategies to identify diagnostic accuracy studies in 

MEDLINE and EMBASE. In Cochrane Database of Systematic Reviews. John Wiley 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 113

& Sons, Ltd. Retrieved from 

http://onlinelibrary.wiley.com/doi/10.1002/14651858.MR000022.pub3/abstract

Biesheuvel, C., Irwig, L., & Bossuyt, P. (2007). Observed Differences in Diagnostic Test 

Accuracy between Patient Subgroups: Is It Real or Due to Reference Standard 

Misclassification? Clinical Chemistry, 53(10), 1725–9.

Bisdorff, A., Von Brevern, M., Lempert, T., Newman-Toker, D. E., & others. (2009). 

Classification of vestibular symptoms: towards an international classification of 

vestibular disorders. J Vestib Res, 19(1–2), 1–13.

Blakley, B., Dastgheib, Z. A., Lithgow, B., & Moussavi, Z. (2014). Preliminary report: neural 

firing patterns specific for Menieres disease. Journal of Otolaryngology - Head & 

Neck Surgery, 43. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1186/s40463-014-0052-4

Blödow, A., Heinze, M., Bloching, M. B., Brevern, M. von, Radtke, A., & Lempert, T. 

(2014). Caloric stimulation and video-head impulse testing in Ménière’s disease and 

vestibular migraine. Acta Oto-Laryngologica, 134(12), 1239–1244. 

https://doi.org/10.3109/00016489.2014.939300

Blödow, A., Heinze, M., Bloching, M. B., von Brevern, M., Radtke, A., & Lempert, T. 

(2014). Caloric stimulation and video-head impulse testing in Ménière’s disease and 

vestibular migraine. Acta Oto-Laryngologica, 134(12), 1239–1244. 

https://doi.org/10.3109/00016489.2014.939300

Boldingh, M. I., Ljøstad, U., Mygland, Å., & Monstad, P. (2013). Comparison of Interictal 

Vestibular Function in Vestibular Migraine vs Migraine Without Vertigo. Headache: 

The Journal of Head and Face Pain, 53(7), 1123–1133. 

https://doi.org/10.1111/head.12129



DIFFERENTIAL DIAGNOSIS OF MD AND VM 114

Boldingh, M. I., Ljøstad, U., Mygland, \AAse, & Monstad, P. (2011). Vestibular sensitivity 

in vestibular migraine: VEMPs and motion sickness susceptibility. Cephalalgia, 

31(11), 1211–1219.

Boniver, R. (2008). Head-shaking nystagmus. B ENT, 3, 9–12.

Bossuyt, P. M. M., Lijmer, J. G., & Mol, B. W. J. (2000). Randomised comparisons of 

medical tests: Sometimes invalid, not always efficient. The Lancet, 356(9244), 1844–

7.

Bossuyt, P. M. M., Reitsma, J. B., Linnet, K., & Moons, K. G. M. (2012). Beyond Diagnostic 

Accuracy: The Clinical Utility of Diagnostic Tests. Clinical Chemistry, 58(12), 1636–

43.

Bossuyt, P. M., Reitsma, J. B., Bruns, D. E., Gatsonis, C. A., Glasziou, P. P., Irwig, L. M., … 

de Vet, H. C. W. (2003). Towards complete and accurate reporting of studies of 

diagnostic accuracy: the STARD initiative. BMJ : British Medical Journal, 

326(7379), 41–44.

Brandt, T., Dieterich, M., & Strupp, M. (2005). Vertigo and dizziness. Springer. Retrieved 

from http://link.springer.com/content/pdf/10.1007/978-0-85729-591-0.pdf

Brandt, T., & Strupp, M. (2006). Migraine and Vertigo: Classification, Clinical Features, and 

Special Treatment Considerations. Headache Currents, 3(1), 12–19. 

https://doi.org/10.1111/j.1743-5013.2006.00027.x

Bremova, T., Caushaj, A., Ertl, M., Strobl, R., Böttcher, N., Strupp, M., & MacNeilage, P. R. 

(2016). Comparison of linear motion perception thresholds in vestibular migraine and 

Menière’s disease. European Archives of Oto-Rhino-Laryngology, 273(10), 2931–

2939. https://doi.org/10.1007/s00405-015-3835-y



DIFFERENTIAL DIAGNOSIS OF MD AND VM 115

Brevern, M. von, Zeise, D., Neuhauser, H., Clarke, A. H., & Lempert, T. (2005). Acute 

migrainous vertigo: clinical and oculographic findings. Brain, 128(2), 365–374. 

https://doi.org/10.1093/brain/awh351

Bunasuwan, P., Bunbanjerdsuk, S., & Nilsuwan, A. (2011). Etiology of vertigo in Thai 

patients at Thammasat Hospital. Journal of the Medical Association of Thailand = 

Chotmaihet Thangphaet, 94 Suppl 7, S102-108.

Campbell, J. M., Klugar, M., Ding, S., Carmody, D. P., Harkonson, S., & Munn, Z. (2015). 

The Joanna Briggs Institute Reviewers’ Manual 2015 The systematic review of 

studies of diagnostic test accuracy. The Joanna Briggs Institute.

Candreia, C., Schmuziger, N., & Gürtler, N. (2010). Molecular analysis of aquaporin genes 1 

to 4 in patients with Meniere’s disease. Cellular Physiology and Biochemistry, 26(4–

5), 787–792.

Celebisoy, N., Gokcay, F., Sirin, H., & Bicak, N. (2008). Migrainous vertigo: clinical, 

oculographic and posturographic findings. Cephalalgia, 28(1), 72–77. 

https://doi.org/10.1111/j.1468-2982.2007.01474.x

Cha, Y.-H., & Baloh, R. W. (2007). Migraine Associated Vertigo. Journal of Clinical 

Neurology (Seoul, Korea), 3(3), 121–126. https://doi.org/10.3988/jcn.2007.3.3.121

Cha, Y.-H., Kane, M. J., & Baloh, R. W. (2008). Familial Clustering of Migraine, Episodic 

Vertigo, and Ménière’s Disease: Otology & Neurotology, 29(1), 93–96. 

https://doi.org/10.1097/mao.0b013e31815c2abb

Chang, T.-P., & Hsu, Y.-C. (2014). Vestibular migraine has higher correlation with 

carsickness than non-vestibular migraine and Meniere’s disease. Acta Neurologica 

Taiwanica, 23(1), 4–10.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 116

Chen, C.-N., & Young, Y.-H. (2006). Differentiating the cause of acute sensorineural hearing 

loss between Ménière’s disease and sudden deafness. Acta Oto-Laryngologica, 

126(1), 25–31. https://doi.org/10.1080/00016480510012363

Chen, J.-J., Chang, H.-F., Chen, D.-L., & Tseng, C.-H. (2015). Which vestibulopathy is 

vertebral artery hypoplasia related with in vestibular migraine? Acta Neurologica 

Taiwanica, 24(1), 1–10.

Cho, S.-J., Kim, B.-K., Kim, B.-S., Kim, J.-M., Kim, S.-K., Moon, H.-S., … Sohn, J.-H. 

(2016). Vestibular migraine in multicenter neurology clinics according to the 

appendix criteria in the third beta edition of the International Classification of 

Headache Disorders. Cephalalgia, 36(5), 454–462. 

https://doi.org/10.1177/0333102415597890

Chu, C.-H., Liu, C.-J., Fuh, J.-L., Shiao, A.-S., Chen, T.-J., & Wang, S.-J. (2013). Migraine is 

a risk factor for sudden sensorineural hearing loss: A nationwide population-based 

study. Cephalalgia, 33(2), 80–86. https://doi.org/10.1177/0333102412468671

Chung, W.-H., Cho, D.-Y., Choi, J.-Y., & Hong, S. H. (2004). Clinical usefulness of 

extratympanic electrocochleography in the diagnosis of Ménière’s disease. Otology & 

Neurotology: Official Publication of the American Otological Society, American 

Neurotology Society [and] European Academy of Otology and Neurotology, 25(2), 

144–149.

Claes, G. M. E., De Valck, C. F. J., Van de Heyning, P., & Wuyts, F. L. (2011). The 

Ménière’s Disease Index: An Objective Correlate of Ménière’s Disease, Based on 

Audiometric and Electrocochleographic Data. Otology & Neurotology, 32(5), 887–

892. https://doi.org/10.1097/MAO.0b013e318219ff9a

Cohen, J. M., Bigal, M. E., & Newman, L. C. (2011). Migraine and Vestibular Symptoms—

Identifying Clinical Features That Predict “Vestibular Migraine.” Headache: The 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 117

Journal of Head and Face Pain, 51(9), 1393–1397. https://doi.org/10.1111/j.1526-

4610.2011.01934.x

Cutrer, F. M., & Baloh, R. W. (1992). Migraine-associated dizziness. Headache, 32(6), 300–

304.

Dastgheib, Z. A., Lithgow, B., Blakely, B., & Moussavi, Z. (2016). Application of Vestibular 

Spontaneous Response as a Diagnostic Aid for Meniere’s Disease. Annals of 

Biomedical Engineering, 44(5), 1672–1684. https://doi.org/10.1007/s10439-015-

1441-1

de Carvalho Lopes, K., Munhoz, M. S. L., Santos, M. A. R., Moraes, M. F. D., & Chaves, A. 

G. (2011). Graphic angle measure as an electrocochleography evaluation parameter. 

Brazilian Journal of Otorhinolaryngology, 77(2), 214–220. 

https://doi.org/10.1590/S1808-86942011000200011

De Valck, C. F. J., Claes, G. M. E., Wuyts, F. L., & Van de Heyning, P. H. (2007). Lack of 

diagnostic value of high-pass noise masking of auditory brainstem responses in 

Ménière’s disease. Otology & Neurotology: Official Publication of the American 

Otological Society, American Neurotology Society [and] European Academy of 

Otology and Neurotology, 28(5), 700–707. 

https://doi.org/10.1097/01.mao.0000281806.82315.84

de Vet, H. C. W., Eisinga, A., Ripagen, I. I., Aertgeerts, B., & Pewsner, D. (2008). 7 

Searching for studies. In: Cochrane Handbook for Systematic Reviews of Diagnostic 

Test Accuracy Version 0.4 [updated September 2008]. The Cochrane Collaboration.

Devaiah, A. K., Dawson, K. L., Ferraro, J. A., & Ator, G. A. (2003). Utility of area curve 

ratio electrocochleography in early Meniere disease. Archives of Otolaryngology–

Head & Neck Surgery, 129(5), 547–551.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 118

Diener, H.-C. (2016). What triggers migraine aura? Cephalalgia, 36(6), 501–502. 

https://doi.org/10.1177/0333102415607177

Dieterich, M., & Brandt, T. (1999). Episodic vertigo related to migraine (90 cases): vestibular 

migraine? Journal of Neurology, 246(10), 883–892.

Dieterich, Marianne, & Brandt, T. (2015). The bilateral central vestibular system: its 

pathways, functions, and disorders: The bilateral central vestibular system. Annals of 

the New York Academy of Sciences, 1343(1), 10–26. 

https://doi.org/10.1111/nyas.12585

Dinnes, J., Mallett, S., Hopewell, S., Roderick, P. J., & Deeks, J. J. (2016). The Moses–

Littenberg meta-analytical method generates systematic differences in test accuracy 

compared to hierarchical meta-analytical models. Journal of Clinical Epidemiology, 

80, 77–87. https://doi.org/10.1016/j.jclinepi.2016.07.011

Don, M., Kwong, B., & Tanaka, C. (2005). A diagnostic test for Ménière’s Disease and 

Cochlear Hydrops: impaired high-pass noise masking of auditory brainstem 

responses. Otology & Neurotology: Official Publication of the American Otological 

Society, American Neurotology Society [and] European Academy of Otology and 

Neurotology, 26(4), 711–722.

Don, M., Kwong, B., & Tanaka, C. (2007). An Alternative Diagnostic Test for Active 

Ménière’s Disease and Cochlear Hydrops Using High-Pass Noise Masked Responses: 

The Complex Amplitude Ratio. Audiology & Neurotology, 12(6), 359–70.

Donaldson, G. S., & Ruth, R. A. (1996). Derived-Band Auditory Brain-Stem Response 

Estimates of Traveling Wave Velocity in Humans: II. Subjects With Noise-Induced 

Hearing Loss and Meniere’s Disease. Journal of Speech, Language, and Hearing 

Research, 39(3), 534–545. https://doi.org/10.1044/jshr.3903.534



DIFFERENTIAL DIAGNOSIS OF MD AND VM 119

Doust, J. A., Pietrzak, E., Sanders, S., & Glasziou, P. P. (2005). Identifying studies for 

systematic reviews of diagnostic tests was difficult due to the poor sensitivity and 

precision of methodologic filters and the lack of information in the abstract. Journal 

of Clinical Epidemiology, 58(5), 444–449. 

https://doi.org/10.1016/j.jclinepi.2004.09.011

Dumas, G., Perrin, P., Ouedraogo, E., & Schmerber, S. (2016). How to perform the skull 

vibration-induced nystagmus test (SVINT). European Annals of 

Otorhinolaryngology, Head and Neck Diseases, 133(5), 343–348. 

https://doi.org/10.1016/j.anorl.2016.04.002

Eggers, S. D. Z., Staab, J. P., Neff, B. A., Goulson, A. M., Carlson, M. L., & Shepard, N. T. 

(2011). Investigation of the Coherence of Definite and Probable Vestibular Migraine 

as Distinct Clinical Entities: Otology & Neurotology, 32(7), 1144–1151.

https://doi.org/10.1097/MAO.0b013e31822a1c67

Espinosa-Sanchez, J. M., & Lopez-Escamez, J. A. (2015). New insights into pathophysiology 

of vestibular migraine. Headache Medicine and Facial Pain, 6, 12. 

https://doi.org/10.3389/fneur.2015.00012

Evans, R. W., & Ishiyama, G. (2009). Migraine with transient unilateral hearing loss and 

tinnitus. Headache: The Journal of Head and Face Pain, 49(5), 756–758.

Faralli, M., Lapenna, R., Mandalà, M., Trabalzini, F., & Ricci, G. (2014). The first attack of 

Ménière’s disease: A study through SVV perception, clinical and pathogenetic 

implications. Journal of Vestibular Research: Equilibrium & Orientation, 24(5/6), 

335–342. https://doi.org/10.3233/VES-140533

Fasunla, A. J., Ibekwe, T. S., & Nwaorgu, O. G. (2012). Migraine-Associated Vertigo: A 

Review of the Pathophysiology and Differential Diagnosis. International Journal of 

Neuroscience, 122(3), 107–113. https://doi.org/10.3109/00207454.2011.631717



DIFFERENTIAL DIAGNOSIS OF MD AND VM 120

Ferraro, J. A., & Durrant, J. D. (2006). Electrocochleography in the evaluation of patients 

with Ménière’s disease/endolymphatic hydrops. Journal of the American Academy of 

Audiology, 17(1), 45–68.

Ferraro, J. A., & Tibbils, R. P. (1999). SP/AP area ration in the diagnosis of Meniere’s 

disease. American Journal of Audiology, 8(1), 21.

Fineberg, H. V. (1977). Computerized tomography: Dilemma of health care technology. 

Pediatrics, 59(2), 147.

Fiorino, F., Pizzini, F. B., Beltramello, A., Mattellini, B., & Barbieri, F. (2011). Reliability of 

Magnetic Resonance Imaging Performed After Intratympanic Administration of 

Gadolinium in the Identification of Endolymphatic Hydrops in Patients With 

Ménière’s Disease: Otology & Neurotology, 32(3), 472–477. 

https://doi.org/10.1097/MAO.0b013e31820e7614

Foster, C. A., & Breeze, R. E. (2013). Endolymphatic Hydrops in Ménière’s Disease: Cause, 

Consequence, or Epiphenomenon? Otology & Neurotology, 34(7), 1210–1214. 

https://doi.org/10.1097/MAO.0b013e31829e83df

Furman, J. M., Marcus, D. A., & Balaban, C. D. (2013). Vestibular migraine: clinical aspects 

and pathophysiology. The Lancet Neurology, 12(7), 706–15. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1016/S1474-

4422(13)70107-8

Furman, J. M., Sparto, P. J., Soso, M., & Marcus, D. (2005). Vestibular function in migraine-

related dizziness: A pilot study. Journal of Vestibular Research: Equilibrium & 

Orientation, 15(5/6), 327–332.

Gerenton, G., Giraudet, F., Djennaoui, I., Pavier, Y., Gilain, L., Mom, T., & Avan, P. (2015). 

Abnormal fast fluctuations of electrocochleography and otoacoustic emissions in 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 121

Menière’s disease. Hearing Research, 327, 199–208. 

https://doi.org/10.1016/j.heares.2015.07.016

Ghavami, Y., Mahboubi, H., Yau, A. Y., Maducdoc, M., & Djalilian, H. R. (2016). Migraine 

features in patients with Meniere’s disease. The Laryngoscope, 126(1), 163–168.

Gibson, W. P. R., Moffat, D. A., & Ramsden, R. T. (1977). Clinical electrocochleography in 

the diagnosis and management of Meniere’s disorders. Audiology, 16(5), 389–401.

Gibson, William P.R. (2009). A comparison of two methods of using transtympanic 

electrocochleography for the diagnosis of Meniere’s disease: click summating 

potential/action potential ratio measurements and tone burst summating potential 

measurements. Acta Oto-Laryngologica, 129(sup560), 38–42. 

https://doi.org/10.1080/00016480902729843

Gode, S., Kirazli, T., Celebisoy, N., Gokcay, F., Ozturk, K., & Bilgen, C. (2012). Systematic 

Evaluation of Diagnostic Tests Including Vestibular Evoked Myogenic Potentials and 

Multi-Frequency Tympanometry in the Differential Diagnosis of Episodic Vertigo. 

The Journal of International Advanced Otology, 8(3), 438–446.

Goebel, J. A. (2016). 2015 Equilibrium Committee Amendment to the 1995 AAO-HNS 

Guidelines for the Definition of Ménière’s Disease. Otolaryngology -- Head and Neck 

Surgery, 154(3), 403–404. https://doi.org/10.1177/0194599816628524

Goldschmidt, P. G. (1986). Information synthesis: a practical guide. Health Services 

Research, 21(2 Pt 1), 215–237.

Gonçalves, D. U., Felipe, L., & Lima, T. M. A. (2008). Interpretation and use of caloric 

testing. Revista Brasileira de Otorrinolaringologia, 74(3), 440–446.

Gopen, Q., Viirre, E., & Anderson, J. (2009). Epidemiologic study to explore links between 

Ménière syndrome and migraine headache. Ear, Nose & Throat Journal, 88(11), 

1200–4.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 122

Grieve, S. M., Obholzer, R., Malitz, N., Gibson, W. P., & Parker, G. D. (2012). Imaging of 

endolymphatic hydrops in Meniere’s disease at 1.5T using phase-sensitive inversion 

recovery: (1) Demonstration of feasibility and (2) overcoming the limitations of 

variable gadolinium absorption. European Journal of Radiology, 81(2), 331–338. 

https://doi.org/10.1016/j.ejrad.2011.01.073

Gürkov, R., Kantner, C., Strupp, M., Flatz, W., Krause, E., & Ertl-Wagner, B. (2014). 

Endolymphatic hydrops in patients with vestibular migraine and auditory symptoms. 

European Archives of Oto-Rhino-Laryngology, 271(10), 2661–2667. 

https://doi.org/10.1007/s00405-013-2751-2

Guyatt, G., Oxman, A. D., Akl, E. A., Kunz, R., Vist, G., Brozek, J., … Schünemann, H. J. 

(2011). GRADE guidelines: 1. Introduction—GRADE evidence profiles and 

summary of findings tables. Journal of Clinical Epidemiology, 64(4), 383–394. 

https://doi.org/10.1016/j.jclinepi.2010.04.026

Hagiwara, M., Roland, J. T., Wu, X., Nusbaum, A., Babb, J. S., Roehm, P. C., … Fatterpekar, 

G. (2014). Identification of Endolymphatic Hydrops in Ménière’s Disease Utilizing 

Delayed Postcontrast 3D FLAIR and Fused 3D FLAIR and CISS Color Maps: 

Otology & Neurotology, 35(10), e337–e342. 

https://doi.org/10.1097/MAO.0000000000000585

Hain, T. C., & Helminski, J. (2014). Chapter 1: Anatomy and Physiology of the Normal 

Vestibular System in Vestibular Rehabilitation. F.A. Davis.

Hallpike, C. S., & Cairns, H. (1938). Observations on the Pathology of Ménière’s Syndrome. 

Proceedings of the Royal Society of Medicine, 31(11), 1317–1336.

Hallpike, C. S., & Wright, A. J. (1939). On the Histological Changes in the Temporal Bones 

of a Case of Ménière’s Disease. Proceedings of the Royal Society of Medicine, 32(12), 

1646–1656.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 123

Hamid, M. A. (2009). Ménière’s disease. Practical Neurology, 9(3), 157. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1136/jnnp.2009.176602

Hassan, D. M., El-Raouf, M. H. A., & Awad, E. M. (2010). Neuro-otologic Findings in Acute

Migrainous Vertigo. ResearchGate, 47(4), 569–572.

Havia, M., Kentala, E., & Pyykkö, I. (2002). Hearing loss and tinnitus in Meniere’s disease. 

Auris Nasus Larynx, 29(2), 115–119. https://doi.org/10.1016/S0385-8146(01)00142-0

Haynes, R. B., & Wilczynski, N. L. (2004). Optimal search strategies for retrieving 

scientifically strong studies of diagnosis from Medline: analytical survey. Bmj, 

328(7447), 1040.

Headache Classification Committee of the International Headache Society. (2013). The 

international classification of headache disorders, (beta version). Cephalalgia, 33(9), 

629–808.

Herraiz, C., Tapia, M. C., & Plaza, G. (2006). Tinnitus and Ménière’s disease: characteristics 

and prognosis in a tinnitus clinic sample. European Archives of Oto-Rhino-

Laryngology, 263(6), 504–509. https://doi.org/10.1007/s00405-006-0019-9

Heuberger, M., Sağlam, M., Todd, N. S., Jahn, K., Schneider, E., & Lehnen, N. (2014). 

Covert Anti-Compensatory Quick Eye Movements during Head Impulses. PLoS 

ONE, 9(4), e93086. https://doi.org/10.1371/journal.pone.0093086

Hietikko, E., Sorri, M., Männikkö, M., & Kotimäki, J. (2014). Higher Prevalence of 

Autoimmune Diseases and Longer Spells of Vertigo in Patients Affected With 

Familial Ménière’s Disease: A Clinical Comparison of Familial and Sporadic 

Ménière’s Disease. American Journal of Audiology (Online), 23(2), 232–7.

Higgins, J. P. T., & Green, S. (2011). Cochrane Handbook for Systematic Reviews of 

Interventions Version 5.1.0 [updated March 2011]. The Cochrane Collaboration. 

Retrieved from www.handbook.cochrane.org



DIFFERENTIAL DIAGNOSIS OF MD AND VM 124

Higgins, J. P. T., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis. 

Statistics in Medicine, 21(11), 1539–1558. https://doi.org/10.1002/sim.1186

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring 

inconsistency in meta-analyses. BMJ : British Medical Journal, 327(7414), 557–560.

Hinchcliffe, R. (1967). Personal and Family Medical History in Menière’s Disease. The 

Journal of Laryngology & Otology, 81(06), 661–668. 

https://doi.org/10.1017/S0022215100067591

Hirai, C., Yamamoto, Y., Takeda, T., Tasaki, A., Inaba, Y., Kiyokawa, Y., … Tsutsumi, T. 

(2017). Nystagmus at the Onset of Vertiginous Attack in Ménièreʼs Disease: Otology 

& Neurotology, 38(1), 110–113. https://doi.org/10.1097/MAO.0000000000001255

Homann, G., Vieth, V., Weiss, D., Nikolaou, K., Heindel, W., Notohamiprodjo, M., & 

Böckenfeld, Y. (2015). Semi-Quantitative vs. Volumetric Determination of 

Endolymphatic Space in Menière’s Disease Using Endolymphatic Hydrops 3T-HR-

MRI after Intravenous Gadolinium Injection: e0120357. PLoS One, 10(3). 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1371/journal.pone.01203

57

Hong, H. R., Shim, D. B., Kim, T. S., Shim, B. S., Ahn, J. H., Chung, J. W., … Park, H. J.

(2013). Results of caloric and sensory organization testing of dynamic posturography 

in migrainous vertigo: comparison with Meniere’s disease and vestibular neuritis. 

Acta Oto-Laryngologica, 133(12), 1236–1241. 

https://doi.org/10.3109/00016489.2013.820343

Hornibrook, J., Flook, E., Greig, S., Babbage, M., Goh, T., Coates, M., … Bird, P. (2015). 

MRI Inner Ear Imaging and Tone Burst Electrocochleography in the Diagnosis of 

Ménière’s Disease. Otology & Neurotology: Official Publication of the American 

Otological Society, American Neurotology Society [and] European Academy of 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 125

Otology and Neurotology, 36(6), 1109–1114. 

https://doi.org/10.1097/MAO.0000000000000782

Huppert, D., Strupp, M., & Brandt, T. (2010). Long-term course of Menière’s disease 

revisited. Acta Oto-Laryngologica, 130(6), 644–651. 

https://doi.org/10.3109/00016480903382808

Hwang, J. H., Ho, H. C., Hsu, C. J., Yang, W. S., & Liu, T. C. (2008). Diagnostic Value of 

Combining Bilateral Electrocochleography Results for Unilateral Ménière’s Disease. 

Audiology & Neurotology, 13(6), 365–9.

Ibekwe, T. S., Fasunla, J. A., Ibekwe, P. U., Obasikene, G. C., Onakoya, P. A., & Nwaorgu, 

O. G. (2008). Migraine and Meniere’s disease: two different phenomena with 

frequently observed concomitant occurrences. Journal of the National Medical 

Association, 100(3), 334–338.

IHS, H. C. C. of the I. H. S., & others. (2013). The international classification of headache 

disorders, (beta version). Cephalalgia, 33(9), 629–808.

Ikino, C. M. Y., & de Almeida, E. R. (2006). Summating Potential-Action Potential 

Waveform Amplitude and Width in the Diagnosis of Meni??re???s Disease: The 

Laryngoscope, 116(10), 1766–1769. 

https://doi.org/10.1097/01.mlg.0000227976.43352.61

Inoue, A., Egami, N., Fujimoto, C., Kinoshita, M., Yamasoba, T., & Iwasaki, S. (2016). 

Vestibular Evoked Myogenic Potentials in Vestibular Migraine Do They Help 

Differentiating From Menière’s Disease? Annals of Otology, Rhinology & 

Laryngology, 125(11), 931–937. https://doi.org/10.1177/0003489416665192

Iseli, C., & Gibson, W. (2010). A comparison of three methods of using transtympanic 

electrocochleography for the diagnosis of Meniere’s disease: Click summating 

potential measurements, tone burst summating potential amplitude measurements, and 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 126

biasing of the summating potential using a low frequency tone. Acta Oto-

Laryngologica, 130(1), 95–101. https://doi.org/10.3109/00016480902858899

Ito, T., Kitahara, T., Inui, H., Miyasaka, T., Kichikawa, K., Ota, I., … Yamanaka, T. (2016). 

Endolymphatic space size in patients with Meniere’s disease and healthy controls. 

Acta Oto-Laryngologica, 136(9), 879–882. 

https://doi.org/10.3109/00016489.2016.1169556

Iwasaki, S., Ushio, M., Chihara, Y., Ito, K., Sugasawa, K., & Murofushi, T. (2007). 

Migraine-associated vertigo: clinical characteristics of Japanese patients and effect of 

lomerizine, a calcium channel antagonist. Acta Oto-Laryngologica, 127(sup559), 45–

49. https://doi.org/10.1080/03655230701596491

Jouko, K., Martti, S., & Arto, M. (2003). Diagnostic Policy to Confirm a Suspicion of 

Meniere’s Disease in Finland. A Retrospective Analysis. Audiological Medicine, 1(2), 

115–122.

Kang, W. S., Lee, S. H., Yang, C. J., Ahn, J. H., Chung, J. W., & Park, H. J. (2016). 

Vestibular Function Tests for Vestibular Migraine: Clinical Implication of Video

Head Impulse and Caloric Tests. Frontiers in Neurology, 7. 

https://doi.org/10.3389/fneur.2016.00166

Kastner, M., Wilczynski, N., McKibbon, K., Garg, A., & Haynes, R. (2009). Diagnostic Test 

Systematic Reviews: Bibliographic search filters (“Clinical Queries”) for diagnostic 

accuracy studies perform well. Journal of Clinical Epidemiology, 62(9), 974–981. 

https://doi.org/10.1016/j.jclinepi.2008.11.006

Kelly, L., & St Pierre-Hansen, N. (2008). So many databases, such little clarity. Canadian 

Family Physician, 54(11), 1572–1573.e5.

Kim, B. J., Jung, S.-D., Lee, H.-J., Jung, J. Y., & Suh, M.-W. (2015). Effect of Hearing Loss, 

Age, and Gender on the Outcome of the Cochlear Hydrops Analysis Masking 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 127

Procedure: Otology & Neurotology, 36(3), 472–475. 

https://doi.org/10.1097/MAO.0000000000000688

Kim, C. H., Shin, J. E., Song, C. I., Yoo, M. H., & Park, H. J. (2014). Vertical components of 

head-shaking nystagmus in vestibular neuritis, Meniere’s disease and migrainous 

vertigo. Clinical Otolaryngology, 39(5), 261–265. https://doi.org/10.1111/coa.12286

Kim-Lee, Y., Ahn, J. H., Kim, Y. K., & Yoon, T. H. (2009). Tone burst vestibular evoked 

myogenic potentials: diagnostic criteria in patients with Meniere’s disease. Acta Oto-

Laryngologica, 129(9), 924–928.

Kimura, R. S., & Schuknecht, H. F. (1965). Membranous hydrops in the inner ear of the 

guinea pig after obliteration of the endolymphatic sac. ORL, 27(6), 343–354.

Kingma, C. M., & Wit, H. P. (2010). Cochlear hydrops analysis masking procedure results in 

patients with unilateral Ménière’s disease. Otology & Neurotology: Official 

Publication of the American Otological Society, American Neurotology Society [and] 

European Academy of Otology and Neurotology, 31(6), 1004–1008.

Kingma, H., Meulenbroeks, A., & De Jong, I. (2000). Vestibular Ocular Reflexes in 

Ménière’s Disease Patients Evaluated by Passive High Frequency Head Rotation 

(Yaw) and Sidewards Acceleration. Acta Oto-Laryngologica (Supplement), 120, 19–

26. https://doi.org/10.1080/000164800750044443

Koo, J.-W., & Balaban, C. D. (2006). Serotonin-induced plasma extravasation in the murine 

inner ear: possible mechanism of migraine-associated inner ear dysfunction. 

Cephalalgia (Wiley-Blackwell), 26(11), 1310–1319. https://doi.org/10.1111/j.1468-

2982.2006.01208.x

Kumagami, H., Sainoo, Y., Fujiyama, D., & Baba, A. (2009). Subjective visual vertical in 

acute attacks of Ménière’s disease. Otology & Neurotology : Official Publication of 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 128

the American Otological Society, American Neurotology Society [and] European 

Academy of Otology and Neurotology, 30(2), 206–209.

Lamounier, P., Gobbo, D. A., de Souza, T. S. A., de Oliveira, C. A. C. P., & Bahmad, F. 

(2014). Electrocochleography for Ménière’s disease: is it reliable? Brazilian Journal 

of Otorhinolaryngology, 80(6), 527–532. https://doi.org/10.1016/j.bjorl.2014.08.010

Lee, H., Lopez, I., Ishiyama, A., & Baloh, R. W. (2000). Can migraine damage the inner ear? 

Archives of Neurology, 57(11), 1631–1634. 

https://doi.org/10.1001/archneur.57.11.1631

Lee, H., Whitman, G. T., & Lim, J. (2003). Hearing symptoms in migrainous infarction. 

Archives of Neurology, 60(1), 113–116. https://doi.org/10.1001/archneur.60.1.113

Lee, J. B., Choi, S. J., Park, K., Park, H. Y., Hong, J. J., Hwang, E., … Choung, Y.-H. 

(2011). Diagnostic Efficiency of the Cochlear Hydrops Analysis Masking Procedure 

in Ménière’s Disease: Otology & Neurotology, 32(9), 1486–1491. 

https://doi.org/10.1097/MAO.0b013e318235586c

Lee, J., Kim, K. W., Choi, S. H., Huh, J., & Park, S. H. (2015). Systematic Review and Meta-

Analysis of Studies Evaluating Diagnostic Test Accuracy: A Practical Review for 

Clinical Researchers-Part II. Statistical Methods of Meta-Analysis. Korean Journal of 

Radiology, 16(6), 1188–1196. https://doi.org/10.3348/kjr.2015.16.6.1188

Lee, J.-W., Jung, J. Y., Chung, Y. S., & Suh, M.-W. (2013). Clinical Manifestation and 

Prognosis of Vestibular Migraine According to the Vestibular Function Test Results. 

Korean Journal of Audiology, 17(1), 18–22. https://doi.org/10.7874/kja.2013.17.1.18

Leeflang, M. M. G., Scholten, R. J. P. M., Rutjes, A. W. S., Reitsma, J. B., & Bossuyt, P. M. 

M. (2006). Use of methodological search filters to identify diagnostic accuracy 

studies can lead to the omission of relevant studies. Journal of Clinical Epidemiology, 

59(3), 234–240. https://doi.org/10.1016/j.jclinepi.2005.07.014



DIFFERENTIAL DIAGNOSIS OF MD AND VM 129

Leigh, J. R., & Zee, D. S. (2015). The Neurology of Eye Movements. Oxford University 

Press.

Lempert, P. T., & Neuhauser, D. H. (2009). Epidemiology of vertigo, migraine and vestibular 

migraine. Journal of Neurology, 256(3), 333–338. https://doi.org/10.1007/s00415-

009-0149-2

Lempert, T., Olesen, J., Furman, J., Waterston, J., Seemungal, B., Carey, J., … Newman-

Toker, D. (2012). Vestibular migraine: diagnostic criteria. Journal of Vestibular 

Research: Equilibrium & Orientation, 22(4), 167–172. https://doi.org/10.3233/VES-

2012-0453

Lepcha, A., Tyagi, A. K., Ashish, G., Augustine, A. M., & Balraj, A. (2015). Audiovestibular 

and radiological findings in patients with migrainous vertigo. Neurology Asia, 20(4), 

367–373.

Levac, D., Colquhoun, H., & O’Brien, K. K. (2010). Scoping studies: advancing the 

methodology. Implementation Science, 5, 69. https://doi.org/10.1186/1748-5908-5-69

Levy, D. (2012). Endogenous mechanisms underlying the activation and sensitization of 

meningeal nociceptors: the role of immuno-vascular interactions and cortical 

spreading depression. Current Pain and Headache Reports, 16(3), 270–277. 

https://doi.org/10.1007/s11916-012-0255-1

Lewis, S., & Clarke, M. (2001). Forest plots: trying to see the wood and the trees. BMJ : 

British Medical Journal, 322(7300), 1479–1480.

Lijmer, J. G., Mol, B. W., Heisterkamp, S., Bonsel, G. J., Prins, M. H., Meulen, J. H. P. van 

der, & Bossuyt, P. M. M. (1999). Empirical Evidence of Design-Related Bias in 

Studies of Diagnostic Tests. JAMA, 282(11), 1061–1066. 

https://doi.org/10.1001/jama.282.11.1061



DIFFERENTIAL DIAGNOSIS OF MD AND VM 130

Lin, E., & Aligene, K. (2013). Pharmacology of balance and dizziness. NeuroRehabilitation, 

32(3), 529–542. https://doi.org/10.3233/NRE-130875

Lin, M.-Y., Timmer, F. C. A., Oriel, B. S., Zhou, G., Guinan, J. J., Kujawa, S. G., … Rauch, 

S. D. (2006). Vestibular Evoked Myogenic Potentials (VEMP) Can Detect 

Asymptomatic Saccular Hydrops. The Laryngoscope, 116(6), 987–992. 

https://doi.org/10.1097/01.mlg.0000216815.75512.03

Linnet, K., Bossuyt, P. M. M., Moons, K. G. M., & Reitsma, J. B. (2012). Quantifying the 

Accuracy of a Diagnostic Test or Marker. Clinical Chemistry, 58(9), 1408–17.

Lipkin, A. F., Jenkins, H. A., & Coker, N. J. (1987). Migraine and sudden sensorineural 

hearing loss. Archives of Otolaryngology–Head & Neck Surgery, 113(3), 325–326. 

https://doi.org/10.1001/archotol.1987.01860030101018

Lithgow, B. J., Garrett, A., & Heibert, D. (2008). EVestG #x2122;: A measure for Meniere’s 

Disease. In 2008 30th Annual International Conference of the IEEE Engineering in 

Medicine and Biology Society (pp. 4162–4165). 

https://doi.org/10.1109/IEMBS.2008.4650126

Liu, F., Huang, W., Meng, X., Wang, Z., Liu, X., & Chen, Q. (2012). Comparison of 

noninvasive evaluation of endolymphatic hydrops in Meniere’s disease and 

endolymphatic space in healthy volunteers using magnetic resonance imaging. Acta 

Oto-Laryngologica, 132(3), 234–240. https://doi.org/10.3109/00016489.2011.637232

Liu, Y. F., & Xu, H. (2016). The Intimate Relationship between Vestibular Migraine and 

Meniere Disease: A Review of Pathogenesis and Presentation. Behavioural 

Neurology. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1155/2016/3182735



DIFFERENTIAL DIAGNOSIS OF MD AND VM 131

Lopez, C., & Blanke, O. (2011). The thalamocortical vestibular system in animals and 

humans. Brain Research Reviews, 67(1–2), 119–146. 

https://doi.org/10.1016/j.brainresrev.2010.12.002

Lopez-Escamez, J. A., Carey, J., Chung, W.-H., Goebel, J. A., Magnusson, M. ans, Mandalà, 

M., … others. (2015). Diagnostic criteria for Menière’s disease. Journal of Vestibular 

Research, 25(1), 1–7.

Lopez-Escamez, J. A., Carey, J., Chung, W.-H., Goebel, J. A., Magnusson, M., Mandalà, M., 

… Bisdorff, A. (2015). Diagnostic criteria for Menière’s disease. Journal of 

Vestibular Research: Equilibrium & Orientation, 25(1), 1–7. 

https://doi.org/10.3233/VES-150549

Lopez-Escamez, J. A., Dlugaiczyk, J., Jacobs, J., Lempert, T., Teggi, R., von Brevern, M., & 

Bisdorff, A. (2014). Accompanying symptoms overlap during attacks in Menière’s 

disease and vestibular migraine. Headache Medicine and Facial Pain, 5, 265. 

https://doi.org/10.3389/fneur.2014.00265

MacDougall, H. G., Weber, K. P., McGarvie, L. A., Halmagyi, G. M., & Curthoys, I. S. 

(2009). The video head impulse test Diagnostic accuracy in peripheral vestibulopathy. 

Neurology, 73(14), 1134–1141. https://doi.org/10.1212/WNL.0b013e3181bacf85

Mahringer, A., & Rambold, H. A. (2014). Caloric test and video-head-impulse: a study of 

vertigo/dizziness patients in a community hospital. European Archives of Oto-Rhino-

Laryngology, 271(3), 463–472. https://doi.org/10.1007/s00405-013-2376-5

Maione, A. (2006). Migraine-Related Vertigo: Diagnostic Criteria and Prophylactic 

Treatment. The Laryngoscope, 116(10), 1782–1786. 

https://doi.org/10.1097/01.mlg.0000231302.77922.c5

Maire, R., & van Melle, G. (2008). Vestibulo-ocular reflex characteristics in patients with 

unilateral Ménière’s disease. Otology & Neurotology : Official Publication of the 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 132

American Otological Society, American Neurotology Society [and] European 

Academy of Otology and Neurotology, 29(5), 693–698.

Maloff, E. S., & Hood, L. J. (2014). A Comparison of Auditory Brain Stem Responses 

Elicited by Click and Chirp Stimuli in Adults With Normal Hearing and Sensory 

Hearing Loss: Ear and Hearing, 35(2), 271–282. 

https://doi.org/10.1097/AUD.0b013e3182a99cf2

Mann, R., Hewitt, C. E., & Gilbody, S. M. (2008). Assessing the quality of diagnostic studies 

using psychometric instruments: applying QUADAS. Social Psychiatry and 

Psychiatric Epidemiology, 44(4), 300. https://doi.org/10.1007/s00127-008-0440-z

Marques, P. S., & Perez-Fernandez, N. (2012). Bedside vestibular examination in patients 

with unilateral definite Ménière’s disease. Acta Oto-Laryngologica, 132(5), 498–504. 

https://doi.org/10.3109/00016489.2011.646357

Martin-Sanz, E., Vargas Salamanca, E., Marqués Cabrero, A., Esteban, J., Muerte, I., & 

Sanz-Fernández, R. (2014). Value of clinical data and vestibular testing in a 

population of 101 patients with recurrent vestibulopathy. Clinical Otolaryngology: 

Official Journal of ENT-UK ; Official Journal of Netherlands Society for Oto-Rhino-

Laryngology & Cervico-Facial Surgery, 39(5), 311–315. 

https://doi.org/10.1111/coa.12287

Mateijsen, D. J. M., Hengel, P. W. J., Kingma, H., Oreel, M. A., Wit, H. P., & Albers, F. W. 

J. (2001). Vertigo and Electronystagmography in Uni- and Bilateral Ménière’s 

Disease. ORL : Journal for Oto - Rhino - Laryngology and Its Related Specialties, 

63(6), 341–8.

Maxwell, R., Jerin, C., & Gürkov, R. (2016). Utilisation of multi-frequency VEMPs 

improves diagnostic accuracy for Meniere’s disease. European Archives of Oto-

Rhino-Laryngology. https://doi.org/10.1007/s00405-016-4206-z



DIFFERENTIAL DIAGNOSIS OF MD AND VM 133

McClure, J. A., Copp, J. C., & Lycett, P. (1981). Recovery nystagmus in Ménière’s disease. 

The Laryngoscope, 91(10), 1727.

McGarvie, L. A., Curthoys, I. S., MacDougall, H. G., & Halmagyi, G. M. (2015). What does 

the dissociation between the results of video head impulse versus caloric testing 

reveal about the vestibular dysfunction in Ménière’s disease? Acta Oto-

Laryngologica, 135(9), 859–865. https://doi.org/10.3109/00016489.2015.1015606

McGowan, L. (2012). Systematic reviews: the good, the not so good and the good again. 

British Journal of Midwifery, 20(8), 588–592.

McRackan, T. R., & Brackmann, D. E. (2015). Otology, Neurotology, and Skull Base 

Surgery: Clinical Reference Guide. Plural Publishing.

Mehle, M. E. (2012). Migraine and Allergy: A Review and Clinical Update. Current Allergy 

and Asthma Reports, 12(3), 240–245. https://doi.org/10.1007/s11882-012-0251-x

Meissner, R. (1981). Behavior of the nystagmus in Menière’s attack. Archives of Oto-Rhino-

Laryngology, 233(2), 173–177.

Merchant, S. N., Adams, J. C., & Nadol, J. B. (2005). Pathophysiology of Meniere’s 

syndrome: are symptoms caused by endolymphatic hydrops? Otology & Neurotology: 

Official Publication of the American Otological Society, American Neurotology 

Society [and] European Academy of Otology and Neurotology, 26(1), 74–81.

Millen, S. J., Schnurr, C. M., & Schnurr, B. B. (2011). Vestibular Migraine: Perspectives of 

Otology Versus Neurology. Otology & Neurotology, 32(2), 330–337. 

https://doi.org/10.1097/MAO.0b013e3182040b21

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, T. P. (2009). Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA 

Statement. PLOS Medicine, 6(7), e1000097. 

https://doi.org/10.1371/journal.pmed.1000097



DIFFERENTIAL DIAGNOSIS OF MD AND VM 134

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., … Stewart, L. 

A. (2015). Preferred reporting items for systematic review and meta-analysis 

protocols (PRISMA-P) 2015 statement. Systematic Reviews, 4, 1. 

https://doi.org/10.1186/2046-4053-4-1

Momin, S. R., Melki, S. J., Alagramam, K. N., & Megerian, C. A. (2009). Spiral ganglion 

loss outpaces inner hair cell loss in endolymphatic hydrops. The Laryngoscope, NA-

NA. https://doi.org/10.1002/lary.20673

Morganti, L. O. G., Salmito, M. C., Duarte, J. A., Sumi, K. C., Simões, J. C., & Ganança, F. 

F. (2016). Vestibular migraine: clinical and epidemiological aspects. Brazilian 

Journal of Otorhinolaryngology, 82(4), 397–402. 

https://doi.org/10.1016/j.bjorl.2015.06.003

Morita, N., Kariya, S., Deroee, A. F., Cureoglu, S., Nomiya, S., Nomiya, R., … Paparella, M. 

M. (2009). Membranous Labyrinth Volumes in Normal Ears and Ménière Disease: A 

Three-Dimensional Reconstruction Study. The Laryngoscope, 119(11), 2216–2220. 

https://doi.org/10.1002/lary.20723

Morrison, A. W. (1981). Ménière’s disease. Journal of the Royal Society of Medicine, 74(3), 

183–189.

Mudduwa, R., Kara, N., Whelan, D., & Banerjee, A. (2010). Vestibular evoked myogenic 

potentials: review. The Journal of Laryngology and Otology, 124(10), 1043–50. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1017/S002221511000123

4

Murdin, L., Davies, R. A., & Bronstein, A. M. (2009). Vertigo as a migraine trigger. 

Neurology, 73(8), 638–642.

Murofushi, T, Ozeki, H., Inoue, A., & Sakata, A. (2009). Does migraine-associated vertigo 

share a common pathophysiology with Meniere’s disease? Study with vestibular-



DIFFERENTIAL DIAGNOSIS OF MD AND VM 135

evoked myogenic potential. Cephalalgia (Wiley-Blackwell), 29(12), 1259–1266. 

https://doi.org/10.1111/j.1468-2982.2009.01860.x

Murofushi, Toshihisa. (2014). Vestibular evoked myogenic potential. World J 

Otorhinolaryngol, 4(2), 6–11.

Nafie, Y., Friedman, M., & Hamid, M. A. (2011). Auditory and vestibular findings in patients 

with vestibular migraine. Audiological Medicine, 9(3), 98–102. 

https://doi.org/10.3109/1651386X.2011.607248

Naganawa, S., & Nakashima, T. (2014). Visualization of endolymphatic hydrops with MR 

imaging in patients with Ménière’s disease and related pathologies: current status of 

its methods and clinical significance. Japanese Journal of Radiology, 32(4), 191–204. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1007/s11604-014-0290-4

Nakada, T., Yoshida, T., Suga, K., Kato, M., Otake, H., Kato, K., … Nakashima, T. (2014). 

Endolymphatic space size in patients with vestibular migraine and Ménière’s disease. 

Journal of Neurology, 261(11), 2079–2084. https://doi.org/10.1007/s00415-014-

7458-9

Nakashima, T., Naganawa, S., Pyykkö, I., Gibson, W. P. R., Sone, M., Nakata, S., & 

Teranishi, M. (2009). Grading of endolymphatic hydrops using magnetic resonance 

imaging. Acta Oto-Laryngologica, 129(sup560), 5–8. 

https://doi.org/10.1080/00016480902729827

Nakashima, T., Naganawa, S., Sugiura, M., Teranishi, M., Sone, M., Hayashi, H., … Ishida, 

I. M. (2007). Visualization of endolymphatic hydrops in patients with Meniere’s 

disease. The Laryngoscope, 117(3), 415–420.

Neff, B. A., Staab, J. P., Eggers, S. D., Carlson, M. L., Schmitt, W. R., Van Abel, K. M., … 

Shepard, N. T. (2012). Auditory and Vestibular Symptoms and Chronic Subjective 

Dizziness in Patients With Ménière’s Disease, Vestibular Migraine, and Ménière’s 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 136

Disease With Concomitant Vestibular Migraine: Otology & Neurotology, 33(7), 

1235–1244. https://doi.org/10.1097/MAO.0b013e31825d644a

Neugebauer, H., Adrion, C., Glaser, M., & Strupp, M. (2013). Long-Term Changes of 

Central Ocular Motor Signs in Patients with Vestibular Migraine. European 

Neurology, 69(2), 102–7. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1159/000343814

Neuhauser, H. K., Radtke, A., von Brevern, M., Feldmann, M., Lezius, F., Ziese, T., & 

Lempert, T. (2006). Migrainous vertigo: Prevalence and impact on quality of life. 

Neurology, 67(6), 1028–1033. https://doi.org/10.1212/01.wnl.0000237539.09942.06

Neuhauser, H., & Lempert, T. (2004). Vertigo and dizziness related to migraine: a diagnostic 

challenge. Cephalalgia: An International Journal of Headache, 24(2), 83–91.

Neuhauser, H., Leopold, M., von Brevern, M., Arnold, G., & Lempert, T. (2001). The 

interrelations of migraine, vertigo, and migrainous vertigo. Neurology, 56(4), 436–

441.

Neuhauser, Hannelore K. (2007). Epidemiology of vertigo: Current Opinion in Neurology, 

20(1), 40–46. https://doi.org/10.1097/WCO.0b013e328013f432

Neuhauser, Hannelore, & Lempert, T. (2009). Vestibular migraine. Neurologic Clinics, 27(2), 

379–391. https://doi.org/10.1016/j.ncl.2008.11.004

Nin, F., Hibino, H., Doi, K., Suzuki, T., Hisa, Y., & Kurachi, Y. (2008). The endocochlear 

potential depends on two K+ diffusion potentials and an electrical barrier in the stria 

vascularis of the inner ear. Proceedings of the National Academy of Sciences of the 

United States of America, 105(5), 1751–1756. 

https://doi.org/10.1073/pnas.0711463105

Noguchi, Y., Nishida, H., Kawashima, Y., Tokano, H., & Kitamura, K. (2004). Comparison 

of Acute Low-Tone Sensorineural Hearing Loss Versus Meniere’s Disease by 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 137

Electrocochleography. The Annals of Otology, Rhinology & Laryngology, 113(3), 

194–9.

Ochodo, E. A., & Bossuyt, P. M. (2013). Reporting the Accuracy of Diagnostic Tests: The 

STARD Initiative 10 Years On. Clinical Chemistry, 59(6), 917–9.

Oh, K. H., Kim, K.-W., Chang, J., Jun, H.-S., Kwon, E. H., Choi, J.-Y., … Choi, J. (2014). 

Can we use electrocochleography as a clinical tool in the diagnosis of Meniere’s 

disease during the early symptomatic period? Acta Oto-Laryngologica, 134(8), 771–

775. https://doi.org/10.3109/00016489.2014.907500

Ohashi, T., Nishino, H., Arai, Y., Hyodo, M., & Takatsu, M. (2009). Clinical Significance of 

the Summating Potential-Action Potential Ratio and the Action Potential Latency 

Difference for Condensation and Rarefaction Clicks in Meniere’s Disease. The Annals 

of Otology, Rhinology & Laryngology, 118(4), 307–12.

Ohki, M., Matsuzaki, M., Sugasawa, K., & Murofushi, T. (2002). Vestibular Evoked 

Myogenic Potentials in Ipsilateral Delayed Endolymphatic Hydrops. ORL : Journal 

for Oto - Rhino - Laryngology and Its Related Specialties, 64(6), 424–8.

Ohki, M., Murofushi, T., Nakahara, H., & Sugasawa, K. (2003). Vibration-Induced 

Nystagmus in Patients with Vestibular Disorders. Otolaryngology -- Head and Neck 

Surgery, 129(3), 255–258. https://doi.org/10.1016/S0194-5998(03)00529-1

Oliveira, C. A., Bezerra, R. L., Araujo, M. F., Almeida, V. F., & Messias, C. I. (1997). 

Meniere’s syndrome and migraine: Incidence in one family. The Annals of Otology, 

Rhinology & Laryngology, 106(10), 823–9.

Oliveira, C. A., Messias, C. I., & Ferrari, I. (2002). Occurrence of familial Meniere’s 

syndrome and migraine in Brasilia. The Annals of Otology, Rhinology & Laryngology, 

111(3), 229–36.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 138

Olsson, J. E. (1991). Neurotologic findings in basilar migraine. The Laryngoscope, 101(1 Pt 2 

Suppl 52), 1–41.

Orchik, D. J., Ge, N. N., & Shea, J. J. (1998). Action potential latency shift by rarefaction and 

condensation clicks in Meniere’s disease. JOURNAL-AMERICAN ACADEMY OF 

AUDIOLOGY, 9, 121–126.

Ordóñez-Ordóñez, L. E., Rojas-Roncancio, E., Hernández-Alarcón, V., Jaramillo-Safón, R., 

Prieto-Rivera, J., Guzmán-Durán, J., … Angulo-Martínez, E. S. (2009). Diagnostic 

Test Validation: Cochlear Hydrops Analysis Masking Procedure in Meniere’s 

Disease. ResearchGate, 30(6), 820–5. 

https://doi.org/10.1097/MAO.0b013e3181b11eb2

Osborne, J. R. (2017). The Differential Diagnosis of Meniere’s Disease and Vestibular 

Migraine.

Palomar-Asenjo, V., Boleas-Aguirre, M. S., Sánchez-Ferrándiz, N., & Perez Fernandez, N. 

(2006). Caloric and rotatory chair test results in patients with Ménière’s disease. 

Otology & Neurotology: Official Publication of the American Otological Society, 

American Neurotology Society [and] European Academy of Otology and 

Neurotology, 27(7), 945–950. https://doi.org/10.1097/01.mao.0000231593.03090.23

Park, H. J., Migliaccio, A. A., Della Santina, C. C., Minor, L. B., & Carey, J. P. (2005). 

Search-coil head-thrust and caloric tests in Ménière’s disease. Acta Oto-

Laryngologica, 125(8), 852–857. https://doi.org/10.1080/00016480510033667

Park, J. J.-H., Chen, Y.-S., & Westhofen, M. (2009). Meniere’s disease and middle ear 

pressure – vestibular function after transtympanic tube placement. Acta Oto-

Laryngologica, 129(12), 1408–1413. https://doi.org/10.3109/00016480902791678

Parker, W. M. D. (1991). Migraine and the Vestibular System in Adults. Journal of Otology, 

12(1), 25–34.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 139

Pender, D. J. (2014). Endolymphatic hydrops and Ménière’s disease: a lesion meta-analysis. 

The Journal of Laryngology and Otology, 128(10), 859–65. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1017/S002221511400197

2

Peters, M. D. J., Godfrey, C. M., McInerney, P., Soares, C. B., Khalil, H., & Parker, D. 

(2015). The Joanna Briggs Institute Reviewers’ Manual 2015 Methodology for JBI 

Scoping Reviews. Retrieved from 

http://joannabriggs.org/assets/docs/sumari/Reviewers-Manual_Methodology-for-JBI-

Scoping-Reviews_2015_v2.pdf

Pietrobon, D., & Moskowitz, M. A. (2013). Pathophysiology of Migraine. Annual Review of 

Physiology, 75(1), 365–391. https://doi.org/10.1146/annurev-physiol-030212-183717

Piovesan, E. J., Kowacs, P. A., Werneck, L. C., & Siow, C. (2003). Oscillucusis and sudden 

deafness in a migraine patient. Arquivos de Neuro-Psiquiatria, 61(3B), 848–850. 

https://doi.org/10.1590/S0004-282X2003000500026

Polensek, S. H., & Tusa, R. J. (2010). Nystagmus during Attacks of Vestibular Migraine: An 

Aid in Diagnosis. Audiology & Neurotology, 15(4), 241–6. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1159/000255440

Proctor, L. R. (2000). Results of serial vestibular testing in unilateral Ménière’s disease. The 

American Journal of Otology, 21(4), 552–558.

Pyykkö, I., Nakashima, T., Yoshida, T., Zou, J., & Naganawa, S. (2013). Ménière’s disease: a 

reappraisal supported by a variable latency of symptoms and the MRI visualisation of 

endolymphatic hydrops. BMJ Open, 3(2). 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1136/bmjopen-2012-

001555



DIFFERENTIAL DIAGNOSIS OF MD AND VM 140

Qi, L., & Nunez, D. A. (2013). A Systematic Review of Electrocochleography (ECochG) in 

Ménière’s Disease Diagnosis. Otolaryngology -- Head and Neck Surgery, 149(2 

suppl), P111–P111. https://doi.org/10.1177/0194599813495815a231

Radtke, A., Lempert, T., Gresty, M. A., Brookes, G. B., Bronstein, A. M., & Neuhauser, H. 

(2002). Migraine and Meniere’s disease: Is there a link? Neurology, 59(11), 1700–

1704. https://doi.org/10.1212/01.WNL.0000036903.22461.39

Radtke, A., von Brevern, M., Neuhauser, H., Hottenrott, T., & Lempert, T. (2012). Vestibular 

migraine: Long-term follow-up of clinical symptoms and vestibulo-cochlear findings. 

Neurology, 79(15), 1607–1614. https://doi.org/10.1212/WNL.0b013e31826e264f

Radtke, Andrea, Neuhauser, H., von Brevern, M., Hottenrott, T., & Lempert, T. (2011). 

Vestibular migraine--validity of clinical diagnostic criteria. Cephalalgia: An 

International Journal of Headache, 31(8), 906–913. 

https://doi.org/10.1177/0333102411405228

Rambold, H. A. (2014). Economic management of vertigo/dizziness disease in a county 

hospital: video-head-impulse test vs. caloric irrigation. European Archives of Oto-

Rhino-Laryngology, 272(10), 2621–2628. https://doi.org/10.1007/s00405-014-3205-1

Rambold, H. A. (2015). Economic management of vertigo/dizziness disease in a county 

hospital: video-head-impulse test vs. caloric irrigation. European Archives of Oto-

Rhino-Laryngology, 272(10), 2621–2628. https://doi.org/10.1007/s00405-014-3205-1

Rassekh, C. H., & Harker, L. A. (1992). The prevalence of migraine in Meniere’s disease. 

The Laryngoscope, 102(2), 135–138.

Rauch, S. D., Merchant, S. N., & Thedinger, B. A. (1989). Meniere’s syndrome and 

endolymphatic hydrops. Double-blind temporal bone study. The Annals of Otology, 

Rhinology, and Laryngology, 98(11), 873–883.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 141

Reid, M. C., Lachs, M. S., & Feinstein, A. R. (1995). Use of methodological standards in 

diagnostic test research. Getting better but still not good. JAMA, 274(8), 645–651.

Reitsma, J. B., Moons, K. G. M., Bossuyt, P. M. M., & Linnet, K. (2012). Systematic 

Reviews of Studies Quantifying the Accuracy of Diagnostic Tests and Markers. 

Clinical Chemistry, 58(11), 1534–45.

Reploeg, M. D., & Goebel, J. A. (2002). Migraine-associated dizziness: patient 

characteristics and management options. Otology & Neurotology: Official Publication 

of the American Otological Society, American Neurotology Society [and] European 

Academy of Otology and Neurotology, 23(3), 364–371.

Ritchie, G., Glanville, J., & Lefebvre, C. (2007). Do published search filters to identify 

diagnostic test accuracy studies perform adequately? Health Information and 

Libraries Journal, 24(3), 188–192. https://doi.org/10.1111/j.1471-1842.2007.00735.x

Rosengren, S. M., Welgampola, M. S., & Colebatch, J. G. (2010). Vestibular evoked 

myogenic potentials: past, present and future. Clinical Neurophysiology: Official 

Journal of the International Federation of Clinical Neurophysiology, 121(5), 636–

651. https://doi.org/10.1016/j.clinph.2009.10.016

Rücker, G., Schwarzer, G., Carpenter, J., & Olkin, I. (2009). Why add anything to nothing? 

The arcsine difference as a measure of treatment effect in meta-analysis with zero 

cells. Statistics in Medicine, 28(5), 721–738. https://doi.org/10.1002/sim.3511

Rutter, C. M., & Gatsonis, C. A. (2001). A hierarchical regression approach to meta-analysis 

of diagnostic test accuracy evaluations. Statistics in Medicine, 20(19), 2865–2884.

Salt, A. N. (2001). Regulation of Endolymphatic Fluid Volume. Annals of the New York 

Academy of Sciences, 942(1), 306–312. https://doi.org/10.1111/j.1749-

6632.2001.tb03755.x



DIFFERENTIAL DIAGNOSIS OF MD AND VM 142

Salt, A. N., & Plontke, S. K. (2010). Endolymphatic hydrops: pathophysiology and 

experimental models. Otolaryngologic Clinics of North America, 43(5), 971–983. 

https://doi.org/10.1016/j.otc.2010.05.007

Salt, A. N., Thalmann, R., Marcus, D. C., & Bohne, B. A. (1986). Direct measurement of 

longitudinal endolymph flow rate in the guinea pig cochlea. Hearing Research, 23(2), 

141–151. https://doi.org/10.1016/0378-5955(86)90011-0

Salviz, M., Yuce, T., Acar, H., Taylan, I., Yuceant, G. A., & Karatas, A. (2016). Diagnostic 

value of vestibular-evoked myogenic potentials in Ménière’s disease and vestibular 

migraine. Journal of Vestibular Research: Equilibrium & Orientation, 25(5–6), 261–

266. https://doi.org/10.3233/VES-160567

Sanyelbhaa Talaat, H., & Sanyelbhaa Talaat, A. (2014). Bithermal caloric test results and 

vestibular evoked myogenic potentials in patients with vestibular migraine. Hearing, 

Balance & Communication, 12(2), 78–83 6p. 

https://doi.org/10.3109/21695717.2014.902573

Sass, K. (1998). Sensitivity and Specificity of Transtympanic Electrocochleography in 

Meniere’s Disease. Acta Oto-Laryngologica, 118(2), 150–156. 

https://doi.org/10.1080/00016489850154838

Sass, K., Densert, B., Magnusson, M., & Whitaker, S. (1998). Electrocochleographic signal 

analysis: Condensation and rarefaction click stimulation contributes to diagnosis in 

Meniere’s disorder. Audiology, 37(4), 198–206.

Satar, B., Karahatay, S., Sen, D., Cekin, E., & Birkent, H. (2008). Analytic view to 

concordance between electrocochleography and caloric test in Meniere’s disease. 

European Archives of Oto-Rhino-Laryngology, 265(2), 159–165. 

https://doi.org/10.1007/s00405-007-0425-7



DIFFERENTIAL DIAGNOSIS OF MD AND VM 143

Schiller, I., & Dendukuri, N. (2015). HSROC : An R package for Bayesian meta-analysis of 

diagnostic test accuracy. Retrieved from https://cran.r-

project.org/web/packages/HSROC/vignettes/Tutorial.pdf

Schuknecht, H. F., & Rüther, A. (1991). Blockage of longitudinal flow in endolymphatic 

hydrops. European Archives of Oto-Rhino-Laryngology: Official Journal of the 

European Federation of Oto-Rhino-Laryngological Societies (EUFOS): Affiliated 

with the German Society for Oto-Rhino-Laryngology - Head and Neck Surgery, 

248(4), 209–217.

Schünemann, H. J., Oxman, A. D., Brozek, J., Glasziou, P., Jaeschke, R., Vist, G. E., … 

Guyatt, G. H. (2008). GRADE: Grading quality of evidence and strength of 

recommendations for diagnostic tests and strategies. BMJ : British Medical Journal, 

336(7653), 1106–1110. https://doi.org/10.1136/bmj.39500.677199.AE

Sen, P., Georgalas, C., & Papesch, M. (2005). Co-morbidity of migraine and Ménière’s 

disease - is allergy the link? The Journal of Laryngology and Otology, 119(6), 455–

60.

Sepahdari, A. R., Vorasubin, N., Ishiyama, G., & Ishiyama, A. (2016). Endolymphatic 

Hydrops Reversal following Acetazolamide Therapy: Demonstration with Delayed 

Intravenous Contrast-Enhanced 3D-FLAIR MRI. American Journal of 

Neuroradiology, 37(1), 151–154. https://doi.org/10.3174/ajnr.A4462

Sepahdari, Ali R., Ishiyama, G., Vorasubin, N., Peng, K. A., Linetsky, M., & Ishiyama, A. 

(2015). Delayed intravenous contrast-enhanced 3D FLAIR MRI in Meniere’s disease: 

correlation of quantitative measures of endolymphatic hydrops with hearing. Clinical 

Imaging, 39(1), 26–31. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1016/j.clinimag.2014.09.

014



DIFFERENTIAL DIAGNOSIS OF MD AND VM 144

Shang, Y., Diao, W., Ni, D., Gao, Z., Xu, C., & Li, F. (2012). Study of cochlear hydrops 

analysis masking procedure in patients with Meniere’s disease and otologically 

normal adults. Chinese Medical Journal, 125(24), 4449–4453.

Sharon, J. D., & Hullar, T. E. (2014). Motion sensitivity and caloric responsiveness in 

vestibular migraine and Meniere’s disease. The Laryngoscope, 124(4), 969–973. 

https://doi.org/10.1002/lary.24285

Shepard, N. T. (2006). Differentiation of Meniere’s disease and migraine-associated 

dizziness: a review. Journal of the American Academy of Audiology, 17(1), 69–80.

Shin, J. E., Kim, C.-H., & Park, H. J. (2013). Vestibular abnormality in patients with 

Meniere’s disease and migrainous vertigo. Acta Oto-Laryngologica, 133(2), 154–158. 

https://doi.org/10.3109/00016489.2012.727469

Shinomori, Y., Kimura, R. S., & Adams, J. C. (2001). Changes in immunostaining for Na+, 

K+, 2Cl-cotransporter 1, taurine and c-Jun N-terminal kinase in experimentally 

induced endolymphatic hydrops. In ARO Abstr (Vol. 24, p. b18).

Siegel, A., Sapru, H. N., & Siegel, H. (2014). Essential Neuroscience. Lippincott Williams & 

Wilkins.

Singh, N. K., & Barman, A. (2016). Frequency–Amplitude Ratio of Ocular Vestibular-

Evoked Myogenic Potentials for Detecting Meniere’s Disease: A Preliminary 

Investigation. Ear and Hearing, 37(3), 365–373. 

https://doi.org/10.1097/AUD.0000000000000263

Somefun, O. A., Giwa, O. S., Bamgboye, B. A., Okeke-Igbokwe, I. I., & Azeez, A. A. A. 

(2010). Vestibular disorders among adults in a tertiary hospital in Lagos, Nigeria. 

European Archives of Oto-Rhino-Laryngology, 267(10), 1515–1521. 

https://doi.org/10.1007/s00405-010-1272-5



DIFFERENTIAL DIAGNOSIS OF MD AND VM 145

Stapells, D. R., & Oates, P. (1997). Estimation of the Pure-Tone Audiogram by the Auditory 

Brainstem Response: A Review. Audiology and Neurotology, 2(5), 257–280. 

https://doi.org/10.1159/000259252

Sterne, J. A. C., Sutton, A. J., Ioannidis, J. P. A., Terrin, N., Jones, D. R., Lau, J., … Higgins, 

J. P. T. (2011). Recommendations for examining and interpreting funnel plot 

asymmetry in meta-analyses of randomised controlled trials. BMJ, 343, d4002. 

https://doi.org/10.1136/bmj.d4002

Stolte, B., Holle, D., Naegel, S., Diener, H.-C., & Obermann, M. (2015). Vestibular migraine. 

Cephalalgia, 35(3), 262–270. https://doi.org/10.1177/0333102414535113

Takano, S., Iguchi, H., Sakamoto, H., Yamane, H., & Anniko, M. (2013). Blockage pattern of 

longitudinal flow in Meniere’s disease. Acta Oto-Laryngologica, 133(7), 692–698. 

https://doi.org/10.3109/00016489.2013.771409

Tanigawa, T., Tamaki, T., Yamamuro, O., Tanaka, H., Nonoyama, H., Shiga, A., … Ueda, H. 

(2011). Visualization of endolymphatic hydrops after administration of a standard 

dose of an intravenous gadolinium-based contrast agent. Acta Oto-Laryngologica, 

131(6), 596–601. https://doi.org/10.3109/00016489.2010.548402

Taylor, R. L., Zagami, A. S., Gibson, W. P., Black, D. A., Watson, S. R., Halmagyi, M. G., & 

Welgampola, M. S. (2012). Vestibular evoked myogenic potentials to sound and 

vibration: characteristics in vestibular migraine that enable separation from Menière’s 

disease. Cephalalgia, 32(3), 213–225. https://doi.org/10.1177/0333102411434166

Teggi, R., Colombo, B., Bernasconi, L., Bellini, C., Comi, G., & Bussi, M. (2009). 

Migrainous Vertigo: Results of Caloric Testing and Stabilometric Findings. 

Headache: The Journal of Head and Face Pain, 49(3), 435–444. 

https://doi.org/10.1111/j.1526-4610.2009.01338.x



DIFFERENTIAL DIAGNOSIS OF MD AND VM 146

Tfelt-Hansen, P. C. (2010). History of migraine with aura and cortical spreading depression 

from 1941 and onwards. Cephalalgia, 30(7), 780–792. https://doi.org/10.1111/j.1468-

2982.2009.02015.x

Thornton, A. R. D., & Farrell, G. (1991). Apparent Travelling Wave Velocity Changes in 

Cases of Endolymphatic Hydrops. Scandinavian Audiology, 20(1), 13–18. 

https://doi.org/10.3109/01050399109070784

Utkur, B. Ç., Durankaya, S. M., Idiman, F., Serbetcioglu, M. B., & Guneri, A. (2013). 

Evaluation of VEMP Findings in Migrainous Vertigo, Migraine and Meniere’s 

Disease. The Journal of International Advanced Otology, 9(3), 359–367.

van Enst, W. A., Scholten, R. J., Whiting, P., Zwinderman, A. H., & Hooft, L. (2014). Meta-

epidemiologic analysis indicates that MEDLINE searches are sufficient for diagnostic 

test accuracy systematic reviews. Journal of Clinical Epidemiology, 67(11), 1192–

1199. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1016/j.jclinepi.2014.05.0

08

Van Rijkom, H. M., & Verdonschot, E. H. (1995). Factors involved in validity measurements 

of diagnostic tests for approximal caries–a meta-analysis. Caries Research, 29(5), 

364–370.

van Tilburg, M. J., Herrmann, B. S., Guinan, J. J., & Rauch, S. D. (2016). Serial cVEMP 

Testing is Sensitive to Disease Progression in Ménière Patients: Otology & 

Neurotology, 37(10), 1614–1619. https://doi.org/10.1097/MAO.0000000000001213

Vass, Z., Dai, C. F., Steyger, P. S., Jancsó, G., Trune, D. R., & Nuttall, A. L. (2004). Co-

localization of the vanilloid capsaicin receptor and substance P in sensory nerve fibers 

innervating cochlear and vertebro-basilar arteries. Neuroscience, 124(4), 919–927. 

https://doi.org/10.1016/j.neuroscience.2003.12.030



DIFFERENTIAL DIAGNOSIS OF MD AND VM 147

Vass, Z., Shore, S. E., Nuttall, A. L., & Miller, J. M. (1998). Direct evidence of trigeminal 

innervation of the cochlear blood vessels. Neuroscience, 84(2), 559–567. 

https://doi.org/10.1016/S0306-4522(97)00503-4

Vass, Z., Steyger, P. S., Hordichok, A. J., Trune, D. R., Jancsó, G., & Nuttall, A. L. (2001). 

Capsaicin stimulation of the cochlea and electric stimulation of the trigeminal 

ganglion mediate vascular permeability in cochlear and vertebro-basilar arteries: a 

potential cause of inner ear dysfunction in headache. Neuroscience, 103(1), 189–201. 

https://doi.org/10.1016/S0306-4522(00)00521-2

Vassiliou, A., Vlastarakos, P., Maragoudakis, P., Candiloros, D., & Nikolopoulos, T. (2011). 

Meniere’s disease: Still a mystery disease with difficult differential diagnosis. Annals 

of Indian Academy of Neurology, 14(1), 12–18. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.4103/0972-2327.78043

Vernon, J., Johnson, R., & Schleuning, A. (1980). The characteristics and natural history of 

tinnitus in Meniere’s disease. Otolaryngologic Clinics of North America, 13(4), 611–

619.

Viirre, E. S., & Baloh, R. W. (1996). Migraine as a cause of sudden hearing loss. Headache, 

36(1), 24–28.

Visser, J. E., Carpenter, M. G., van der Kooij, H., & Bloem, B. R. (2008). The clinical utility 

of posturography. Clinical Neurophysiology, 119(11), 2424–2436.

Vitkovic, J., Paine, M., & Rance, G. (2008). Neuro-Otological Findings in Patients with 

Migraine- and Nonmigraine-Related Dizziness. Audiology & Neurotology, 13(2), 

113–22.

Wang, C.-T., Lai, M.-S., & Young, Y.-H. (2009). Relationship Between Basilar-Type 

Migraine and Migrainous Vertigo. Headache: The Journal of Head and Face Pain, 

49(3), 426–434. https://doi.org/10.1111/j.1526-4610.2008.01283.x



DIFFERENTIAL DIAGNOSIS OF MD AND VM 148

Wangemann, P., & Schacht, J. (1996). Homeostatic Mechanisms in the Cochlea. In P. Dallos, 

A. N. Popper, & R. R. Fay (Eds.), The Cochlea (pp. 130–185). Springer New York. 

https://doi.org/10.1007/978-1-4612-0757-3_3

Whiting, P. F., Rutjes, A. W. S., Westwood, M. E., Mallett, S., Deeks, J. J., Reitsma, J. B., … 

QUADAS-2 Group. (2011). QUADAS-2: a revised tool for the quality assessment of 

diagnostic accuracy studies. Annals of Internal Medicine, 155(8), 529–536. 

https://doi.org/10.7326/0003-4819-155-8-201110180-00009

Whiting, P. F., Rutjes, A. W., Westwood, M. E., & Mallett, S. (2013). A systematic review 

classifies sources of bias and variation in diagnostic test accuracy studies. Journal of 

Clinical Epidemiology, 66(10), 1093–1104. 

https://doi.org/http://dx.doi.org.ezproxy.canterbury.ac.nz/10.1016/j.jclinepi.2013.05.0

14

Whiting, P., Westwood, M., Beynon, R., Burke, M., Sterne, J. A., & Glanville, J. (2011). 

Inclusion of methodological filters in searches for diagnostic test accuracy studies 

misses relevant studies. Journal of Clinical Epidemiology, 64(6), 602–607. 

https://doi.org/10.1016/j.jclinepi.2010.07.006

Whiting, P., Westwood, M., Burke, M., Sterne, J., & Glanville, J. (2008). Systematic reviews 

of test accuracy should search a range of databases to identify primary studies. 

Journal of Clinical Epidemiology, 61(4), 357.e1-357.e10. 

https://doi.org/10.1016/j.jclinepi.2007.05.013

Wilczynski, N. L., & Haynes, R. B. (2005). EMBASE search strategies for identifying 

methodologically sound diagnostic studies for use by clinicians and researchers. BMC 

Medicine, 3, 7. https://doi.org/10.1186/1741-7015-3-7

Wilczynski, N. L., McKibbon, K. A., Walter, S. D., Garg, A. X., & Haynes, R. B. (2013). 

MEDLINE clinical queries are robust when searching in recent publishing years. 



DIFFERENTIAL DIAGNOSIS OF MD AND VM 149

Journal of the American Medical Informatics Association, 20(2), 363–368. 

https://doi.org/10.1136/amiajnl-2012-001075

Wladislavosky-Waserman, P., Facer, G. W., Mokri, B., & Kurland, L. T. (1984). Meniere’s 

disease: A 30-Year epidemiologic and clinical study in rochester, mn, 1951-1980. The 

Laryngoscope, 94(8), 1098–1102. https://doi.org/10.1288/00005537-198408000-

00020

Wuyts, F., & Boniver, R. (2008). Normative data in ENG and VNG. B ENT, 3, 45–48.

Wuyts, F. L., Van De Heyning, P. H., Van Spaendonck, M. P., & Molenberghs, G. (1997). A 

Review of Electrocochleography: Instrumentation Settings and Meta-analysis of 

Criteria for Diagnosis of Endolymphatic Hydrops. Acta Oto-Laryngologica, 

117(sup526), 14–20. https://doi.org/10.3109/00016489709124014

Xie, S., Guo, J., Wu, Z., Qiang, D., Huang, J., Zheng, Y., … Tian, D. (2013). Vibration-

Induced Nystagmus in Patients with Unilateral Peripheral Vestibular Disorders. 

Indian Journal of Otolaryngology and Head & Neck Surgery, 65(4), 333–338. 

https://doi.org/10.1007/s12070-013-0638-6

Yamane, H., Iguchi, H., Konishi, K., Sakamaoto, H., Wada, T., Fujioka, T., … Imoto, T. 

(2014). Three-dimensional cone beam computed tomography imaging of the 

membranous labyrinth in patients with Meniere’s disease. Acta Oto-Laryngologica, 

134(10), 1016–1021. https://doi.org/10.3109/00016489.2014.913315

Yamane, H., Sunami, K., Iguchi, H., Sakamoto, H., Imoto, T., & Rask-Andersen, H. (2012). 

Assessment of Meniere’s disease from a radiological aspect – saccular otoconia as a 

cause of Meniere’s disease? Acta Oto-Laryngologica, 132(10), 1054–1060. 

https://doi.org/10.3109/00016489.2012.680980



DIFFERENTIAL DIAGNOSIS OF MD AND VM 150

Yamane, H., Takayama, M., Sunami, K., Sakamoto, H., Imoto, T., & Anniko, M. (2010). 

Blockage of reuniting duct in Meniere’s disease. Acta Oto-Laryngologica, 130(2), 

233–239. https://doi.org/10.3109/00016480903096648

Yamasoba, T., Kikuchi, S., Sugasawa, M., Yagi, M., & Harada, T. (1994). Acute low-tone 

sensorineural hearing loss without vertigo. Archives of Otolaryngology--Head & Neck 

Surgery, 120(5), 532–535.

Yetiser, S., Kertmen, M., & Yildirim, A. (2004). Vestibular diuresis in suspected Meniere 

patients. Acta Oto-Rhino-Laryngologica Belgica, 58(2), 119–123.

Yollu, U., Uluduz, D. U., Yilmaz, M., Yener, H. M., Akil, F., Kuzu, B., … Korkut, N. 

(2016). Vestibular migraine screening in a migraine-diagnosed patient population, and 

assessment of vestibulocochlear function. Clinical Otolaryngology, n/a-n/a. 

https://doi.org/10.1111/coa.12699

Yoo, M. H., Kim, S. H., Lee, J. Y., Yang, C. J., Lee, H. S., & Park, H. J. (2016). Results of 

video head impulse and caloric tests in 36 patients with vestibular migraine and 23 

patients with vestibular neuritis: a preliminary report. Clinical Otolaryngology, n/a-

n/a. https://doi.org/10.1111/coa.12556

Youden, W. J. (1950). Index for rating diagnostic tests. Cancer, 3(1), 32–35. 

https://doi.org/10.1002/1097-0142(1950)3:1<32::AID-CNCR2820030106>3.0.CO;2-

3

Zagólski, O., & Stręk, P. (2014). Tinnitus pitch and minimum masking levels in different 

etiologies. International Journal of Audiology, 53(7), 482–489. 

https://doi.org/10.3109/14992027.2014.893377

Zhang, Y., Liu, B., Wang, R., Jia, R., & Gu, X. (2016). Characteristics of the Cochlear 

Symptoms and Functions in Meniere’s Disease. Chinese Medical Journal, 129(20), 

2445–2450. https://doi.org/10.4103/0366-6999.191767



DIFFERENTIAL DIAGNOSIS OF MD AND VM 151

Zhu, Y., McPherson, J., Beatty, C., Driscoll, C., Neff, B., Eggers, S., & Shepard, N. T. 

(2014). Cervical VEMP threshold response curve in the identification of Ménière’s 

disease. Journal of the American Academy of Audiology, 25(3), 278-288; quiz 302-

303. https://doi.org/10.3766/jaaa.25.3.7

Ziylan, F., Smeeing, D. P. J., Stegeman, I., & Thomeer, H. G. X. M. (2016). Click Stimulus 

Electrocochleography Versus MRI With Intratympanic Contrast in Ménièreʼs 

Disease: A Systematic Review. Otology & Neurotology, 37(5), 421–427. 

https://doi.org/10.1097/MAO.0000000000001021

Zulueta-Santos, C., Lujan, B., Manrique-Huarte, R., & Perez-Fernandez, N. (2014). The 

vestibulo-ocular reflex assessment in patients with Ménière’s disease: examining all 

semicircular canals. Acta Oto-Laryngologica, 134(11), 1128–1133. 

https://doi.org/10.3109/00016489.2014.919405

Zuniga, M. G., Janky, K. L., Schubert, M. C., & Carey, J. P. (2012). Can Vestibular-Evoked 

Myogenic Potentials Help Differentiate Ménière Disease from Vestibular Migraine? 

Otolaryngology--Head and Neck Surgery : Official Journal of American Academy of 

Otolaryngology-Head and Neck Surgery, 146(5), 788–796. 

https://doi.org/10.1177/0194599811434073



DIFFERENTIAL DIAGNOSIS OF MD AND VM 152

APPENDIX

Papers that could not be accessed:

Arts, H. A., Kileny, P. R., & Telian, S. A. (1997). Diagnostic testing for endolymphatic

hydrops. Otolaryngologic Clinics of North America, 30(6), 987–1005.

Bayea, J. A., & Zeitouni, A. G. (2010). Vestibular evoked myogenic potential latencies in

meniere disease and vestibular schwannoma. Journal of Otolaryngology - Head and

Neck Surgery. https://doi.org/10.2310/7070.2010.090180

Boleas-Aguirre, M. S., Palomar-Asenjo, V., Sánchez-Ferrándiz, N., & Pérez, N. (2008).

Hearing loss and vestibular function correlation in Menière’s disease patients. Revue

De Laryngologie - Otologie - Rhinologie, 129(4–5), 255–258.

Gortan, D. (2000). Transcranial Doppler sonography in patients with Meniére’s disease. Acta

Medica Croatica: Casopis Hravatske Akademije Medicinskih Znanosti, 54(1), 11–14.

Lajtman, Z., Borcić, V., Markov, D., Popović-Kovacić, J., Vincelj, J., & Krpan, D. (1999).

Clinical interpretation of brainstem evoked response audiometry abnormalities in

cochlear pathology. Acta Medica Croatica: Casopis Hravatske Akademije

Medicinskih Znanosti, 53(3), 119–123.

Margolis, R. (1999). Electrocochleography. Seminars in Hearing, 20(01), 45–60.

https://doi.org/10.1055/s-0028-1089911

Michel, J., Dumas, G., Lavieille, J. P., & Charachon, R. (2001). Diagnostic value of

vibration-induced nystagmus obtained by combined vibratory stimulation applied to

the neck muscles and skull of 300 vertiginous patients. Revue De Laryngologie -

Otologie - Rhinologie, 122(2), 89–94.



DIFFERENTIAL DIAGNOSIS OF MD AND VM 153

Mrowinski, D., Scholz, G., Krompass, S., & Nubel, K. (1996). Diagnosis of endolymphatic

hydrops by low-frequency masking. Audiology & Neuro-Otology, 1(2), 125–134.

Naganawa, S., Yamakawa, K., Fukatsu, H., Ishigaki, T., Nakashima, T., Sugimoto, H., …

Takai, H. (1996). High-resolution T2-weighted MR imaging of the inner ear using a

long echo-train-length 3D fast spin-echo sequence. European Radiology, 6(3), 369-

374.

Parker, W. (1995). Meniere’s Disease: Etiologic Considerations. Archives of

Otolaryngology–Head & Neck Surgery, 121(4), 377–382.

https://doi.org/10.1001/archotol.1995.01890040005001

Requena, T., Espinosa-Sanchez, J. M., & Lopez-Escamez, J. A. (2014). Genetics of

dizziness: cerebellar and vestibular disorders. Current Opinion in Neurology, 27(1),

98–104. https://doi.org/10.1097/WCO.0000000000000053

Salvinelli, F., Trivelli, M., Greco, F., Casale, M., Miele, A., Lamanna, F., & Pallini, R.

(2002). Unilateral endolymphatic hydrops: what about the contralateral ear? Revue

De Laryngologie - Otologie - Rhinologie, 123(2), 71–75.

Sass, K., Densert, B., & Magnusson, M. (1997). Transtympanic Electro-cochleography in the

Assessment of Perilymphatic Fistulas. Audiology and Neurotology, 2(6), 391–402.

https://doi.org/10.1159/000259264

Schaaf, H., Kastellis, G., & Hesse, G. (2013). Utriculusfunktion. HNO, 61(8), 692–698.

https://doi.org/10.1007/s00106-013-2715-2


