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1. ABSTRACT	  
 
Background: This study aims to answer what structures are damaged in vestibular neuritis 
(VN) and to evaluate the role of video head impulse test (vHIT), cervical vestibular evoked 
myogenic potentials (cVEMP) and ocular vestibular evoked myogenic potentials (oVEMP) in 
vestibular diagnostics. 
Material and method: Seven patients with unilateral vestibular neuritis were included. vHIT, 
cVEMP and oVEMP were performed and compared with caloric irrigation during the acute 
phase of VN. 
Results: Of the seven patients, we found that four suffered from total VN and three from 
superior VN. The measurements were error-prone; vHIT pitfalls were goggle slippage and 
low velocity; cVEMP pitfalls were low EMG activity and all tests proved time-consuming 
and often fatiguing.  
Conclusion: This study identified different types of VN and added insight into the 
advantages, drawbacks and pitfalls of vHIT, cVEMP and oVEMP. Thus, these tests have 
proved that they can provide topologic information about the structures damaged in VN, but 
in order to avoid the pitfalls and increase the sensitivity of the tests, they need to be 
standardised and practiced often. Having achieved this, they are worthy to compete with 
caloric irrigation as gold standard tests in vestibular diagnostics.  
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2. SVENSK SAMMANFATTNING 
 
UTBREDNING AV SKADA VID VESTIBULARISNEURIT – EN 
PILOTSTUDIE OCH KRITISK ANALYS AV NYA DIAGNOSTISKA TEST  
 
2.1 Bakgrund 
 
Håll upp ditt finger framför dig och vifta med det fram och tillbaka. Ser du ett suddigt finger? 
Håll nu istället fingret stilla framför dig och skaka på huvudet. Ser du ett suddigt finger nu? 
Visst är det imponerande att när vi skakar på huvudet men håller fingret stilla så tycks hjärnan 
kompensera för detta. Som resultat ser vi tydligt och hade det inte varit så hade vi troligen inte 
rört på oss alls. Att tacka för detta har vi ett organ stort som en ärta – balansorganet. 
Balansorganet, som det finns ett av i varje öra, ligger insprängt i temporalbenet och utgörs av 
en central och en perifer del.  
 
Den perifera delen består av en labyrint samt den del av balansnerven som går från labyrinten 
till balanskärnorna i hjärnstammen. Labyrinten är ett samlingsnamn för tre båggångar och två 
otolitorgan. Båggångarna delas in i laterala, främre och bakre och är placerade i 90 graders 
vinkel i förhållande till varandra så att de på optimalt sätt känner av huvudets rörelser i alla 
riktningar. När vi rör oss registreras detta genom att vätska som finns inne i båggångarna sätts 
i gungning, vilket initierar nervsignalering som informerar hjärnan om den just utförda 
rörelsen. Otoliterna utgörs av små hinnsäckar som heter sacculus och utriculus. De förser oss 
med information om var huvudet befinner sig i förhållande till dragningskraften. Otoliterna 
har visat sig vara ljudkänsliga, vilket anses bero på att dessa organ fungerat som hörselorgan 
hos mer primitiva arter.  
 
Den centrala delen av balansorganet tar över där den perifera delen slutar. Centrala 
balansorganet utgörs därför av den del av balansnerven som kommer fram från balanskärnan 
och löper vidare till ögon-, hals- och hållningsmuskulatur, hjärnstam, lillhjärna och hjärnbark. 
Tillsammans underlättar det perifera och centrala balansorganet synskärpa, rumsorientering 
och stabilitet samtidigt som huvudet eller kroppen är i rörelse.  
 
Vestibularisneurit, också kallad “virus på balansnerven”, är den näst vanligaste orsaken till 
perifer yrsel men har trots sitt smeknamn okänt ursprung. Den vanligast förekommande teorin 
är att vestibularisneurit är virusorsakat. Vestibularisneurit startar ofta med tilltagande yrsel 
och tillkomst av illamående, blekhet, svettningar och kräkningar. Yrseln är kraftig i ett par 
dagar, men klingar därefter oftast av då hjärnan tröttas ut. Ett vanligt kliniskt fynd i den akuta 
fasen är nystagmus, så kallade upprepade ofrivilliga ögonrörelser, men dessa klingar också av 
efter ett par dagar. Behandling är läkemedel mot illamåendet, kortison mot den troliga 
inflammationen och att våga komma tillbaka till sitt vanliga rörelsemönster igen. Vanligtvis 
återhämtar sig patienten inom sex veckor, med det finns fall där ostadighetskänsla suttit i 
betydligt längre än så. 
 
Balansnerven har en viktig roll i diskussionen om vestibularisneurit. Följer vi balansnerven 
från där den börjar så finner vi flera mindre nerver som löper ut från båggångarna och 
otoliterna och därefter sammanstrålar i två grupperingar. Dessa benämns övre och nedre 
balansnerven. Den övre delen samlar information om utförda rörelser från den laterala och 
främre båggången samt utriculus och den nedre delen samlar information från den bakre 
båggången och sacculus. Därefter förenas de båda grenarna till en gemensam balansnerv som 
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löper in i hjärnstammen. Två reflexer som kan vara försämrade vid vestibularisneurit är den 
vestibulo-okulära reflexen (VOR) och den vestibulo-colliska reflexen (VCR).  
 
VOR startar från båggångarna och utriculus och förlöper in i hjärnstammen upp till 
ögonmuskulaturen. Denna reflex bidrar till en bevarad skarp bild på vår näthinna trots att vi 
rör oss. Det är alltså den som medverkar till att vi fortfarande ser vårt finger skarpt trots att vi 
skakar på huvudet genom att bägge ögon tittar åt motsatt håll från huvudvridningen. När VOR 
inte fungerar, förflyttas ögonen från fingret initialt, men tack vare att det sker en sackad, 
vilket är en ännu snabbare ögonrörelse än VOR, så når ögonen ifatt fingret inom kort.  
 
VCR startar från sacculus och förlöper in i hjärnstammen upp till nackmuskulaturen. Denna 
reflex stabiliserar huvudet under pågående kroppsrörelse, men när denna inte fungerar så 
försämras balansen avsevärt.  
 
Kaloriskt prov har länge varit det huvudsakliga test som utförs vid balanssjukdomar. Genom 
att spola vatten i olika temperaturer in i den yttre hörselgången kan man stimulera vätskan i 
båggångarna till att röra på sig. Denna rörelse uppfattar hjärnan som att huvudet rör på sig, 
vilket genererar nystagmus. Frekvensen av nystagmus mäts och jämförs mellan de båda 
öronen och utifrån svaret så kan man avgöra om någon sida är sjuk och i så fall till vilken 
grad. Det som är mindre bra med kaloriskt prov är att vatten i örat enbart stimulerar till rörelse 
i den laterala båggången och dessutom i låg frekvens, inte alls lik de vardagliga rörelser vi gör 
som har höga frekvenser. Man kan alltså missa patienter som är sjuka för att de inte klassas 
som sjuka på kaloriskt prov. Kaloriskt prov kan också inducera yrsel och illamående hos en 
redan sjuk patient. Under de senaste tio åren har nya tester utvecklats som undersöker dessa 
reflexer och som i större detalj än kaloriskt prov kan återge var skadan sitter och här följer en 
genomgång av dessa.  
 
Video Head Impulse Test 
 
VOR och därmed alla tre båggångar kan testas med hjälp av ett huvudvridningstest som 
benämns Video Head Impulse Test (vHIT). Det utförs på en sittande patient iförd 
videoglasögon som hela tiden tittar på en punkt på väggen. Testet går ut på att en undersökare 
utför slumpmässigt riktade huvudvridningar samtidigt som ögonrörelser filmas och 
huvudrörelser detekteras med hjälp av en sensor som sitter på glasögonen. Om båggångarna, 
eller den del av balansnerven som leder därifrån, är sjuka, så ser man på en datorskärm att 
ögonrörelserna inte följer huvudrörelsen samt att en sackad uppstår som svar på en försämrad 
VOR. 
 
Ocular Vestibular Evoked Myogenic Potentials 
 
VOR, och därmed utriculus, kan testas med hjälp av ett elektrodtest som benämns Ocular 
Vestibular Evoked Myogenic Potentials (oVEMP). Det utförs på en liggande patient med 
elektroder placerade under ögonen och i pannan. Patienten får lyssna på korta ljudtoner 
genom hörlurar samtidigt som den uppmanas titta uppåt bakåt. Som svar på ljudet startar 
VORs reflexbåge från utriculus till ögonmuskulaturen. Om utriculus, eller den del av 
balansnerven som leder därifrån, är sjuk så uppfattar elektroderna ingen eller endast en liten 
reflex.   
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Cervical Vestibular Evoked Myogenic Potentials 
 
VCR, och därmed sacculus, kan testas med hjälp av ett elektrodtest som benämns Cervical 
Vestibular Evoked Myogenic Potentials (cVEMP). Det utförs på en liggande patient med 
elektroder placerade över den sneda halsmuskeln, sternocleidomastoideus, och i pannan. 
Patienten får lyssna på korta ljudtoner genom hörlurar samtidigt som den uppmanas att vrida 
huvudet, vilket spänner den sneda halsmuskeln. Som svar på ljudet, startar VCRs reflexbåge 
från sacculus till den nämnda muskeln. Om sacculus, eller balansnerven som leder därifrån, är 
sjuk så uppfattar elektroderna ingen eller endast en liten reflex.    
 
De beskrivna testerna kan alltså mer specifikt berätta för oss vilka strukturer i balansorganet 
som har drabbats av vestibularisneurit. Detta kan leda oss närmare orsaken till sjukdomen. 
Min hypotes är därför att vHIT, cVEMP och oVEMP adderar viktig information till 
balansdiagnostiken och att de kan ersätta kaloriskt prov som första test i diagnostiken av 
balanssjukdomar. För att testa min hypotes har jag genomfört en diagnostisk studie på sju 
patienter med ensidig vestibularisneurit, vilket har möjliggjort för en kritisk analys av de 
diagnostiska hjälpmedlen vHIT, cVEMP and oVEMP.  
 
2.2 Material och metoder 
 
Sju patienter med akut ensidig vestibularisneurit inkluderades i vår studie. De valdes ut 
baserat på att de var sjuka på sitt kaloriska prov, vilket sedan jämfördes med vHIT, cVEMP 
och oVEMP. Alla tester utfördes under sjukdomens akuta stadie.      
 
2.3 Resultat och diskussion 
 
Video Head Impulse Test 
 
vHIT hittade som förväntat fler sjuka båggångar än vad kaloriskt prov gjorde. Tre patienter 
var sjuka i två eller fler båggångar och fyra i endast en båggång.  Den vanligast sjuka 
båggången var den laterala. Tyvärr var vHIT-mätningarna inte felfria och flera erhållna 
mätvärden lyckades inte peka ut vilken sida som var skadad. Dessa problem tror vi i huvudsak 
beror på att glasögonen rört sig under huvudvridningarna, vilket kan bero på att deras storlek 
varit fel i förhållande till patienten eller att patienten hade lös hud så att glasögonen inte fick 
ordentligt fäste. Det är också rimligt att tro att utövaren rört vid glasögonen under 
huvudvridningen, eftersom det kan vara svårt att få ett bra grepp om huvudet annars.  
 
Vestibular Evoked Myogenic Potentials 
 
cVEMP och oVEMP tillsammans hittade en sjuk sacculus och en sjuk utriculus. Andra studier 
har funnit betydligt högre frekvenser av sjuka otolitorgan. Utöver att vi hade ett litet 
patientmaterial som inte kan anses vara representativt för den sjuka befolkningen, så kan en 
annan orsak vara att VEMP-tester är nya och att en tydlig definition för var som anses sjukt 
inte finns tillgänglig. Vi hade tre patienter med testvärden som gränsade till det sjuka, som 
kanske också borde definierats som sjuka och därmed förändrat våra resultat.  
 
På grund av varierande fynd på de tre olika testerna, finns skäl att tro att vi inte funnit alla 
sjuka båggångar och otolitorgan. För att utöka våra fynd föreslår vi en del förbättringar. 
Standardisering av alla testerna är viktigt, dels för att under vHIT fokusera på att hålla högre 
hastighet på huvudvridningarna, dels för att under cVEMP öka muskelspänningen, vilken 
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skapas när patienten vrider på nacken. En manual för cVEMP och oVEMP tog sin form under 
studien (appendix 1). Det är också viktigt att utövaren tränar på alla testerna ofta i syfte att bli 
snabbare och skickligare på att utföra dem. Patienterna slipper då långa undersökningar och 
orkar delta bättre.      
 
Våra fynd pekade på att den vanligaste vestibularisneuriten påverkade hela balansnerven, tätt 
följd av övre delen av balansnerven. De vanligaste fynden i litteraturen är det motsatta. Ingen 
av våra patienter hade en påverkad nedre balansnerv, vilket också är det mest ovanliga i 
litteraturen. Troligen beror våra resultat på att vi hade en begränsad studiegrupp som inte kan 
sägas representera befolkningen. Resultaten i litteraturen kan förklaras av att den övre delen 
av balansnerven är sju gånger längre än den nedre och färdas i en tre gånger så lång bentunnel 
som dessutom har taggar som sticker ut från den. Den övre nerven är därför mer utsatt och 
skulle nerven svullna upp, så är den mer benägen att fastna i benkanalen och drabbas av 
syrebrist. Återhämtningstiden efter skada korrelerar logiskt nog med hur omfattande den är. 
Total vestibularisneurit läker långsammast, följt av övre och sist nedre.  
 
Varför är det intressant att veta hur vestibularisneurit drabbar balansnerven, båggångarna och 
otoliterna? Dels kan svaret på hur spridningsmönstret ser ut föra oss närmare orsaken till 
sjukdomen och läkningsprocessen. Dels kan vetskapen om vilken typ av vestibularisneurit 
patienten har göra att vi kan anpassa vård och behandling samt informera patienten om typiskt 
förlopp och eventuella restsymtom.  
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3. BACKGROUND 
 
3.1 Introduction  
 
Hold your finger in front of you and look at it while wiggling it back and forth. Do you see a 
blurry finger? Now hold your finger still in front of you and shake your head instead. Is the 
finger still blurry? How fortunate is it not that your brain seems to compensate for your head 
movements? If everything appeared blurry when we moved, we probably would not move at 
all. For this we thank an organ the size of a pea – the vestibular system (Angier, 2008). 
  
3.2 Incidence and aethiology 
 
Vestibular neuritis (VN), also known as vestibular neuronitis, labyrithitis, neurolabyrinthitis 
and unilateral vestibulopathy of unknown cause (Baloh, 2003), is the second most common 
cause of peripheral vertigo after benign paroxysmal positional vertigo with an incidence of 
3.5/100 000 (Granström, 2004). It most commonly affects the superior vestibular nerve. The 
ethiology remains unknown, but the most common theory is that VN has a viral origin. In 
animal models is has been shown that several viruses selectively affect the vestibular nerve 
and/or the labyrinth – in particular the herpes simplex virus. Post-mortem studies on humans 
with known VN also show that the vestibular nerve and vestibular sensory epithelium have a 
similar appearance as findings of known viral disorders in the inner ear, such as measles and 
mumps. It has also been observed that it often has a viral prodrome, e.g. an upper respiratory 
tract infection, occurs in epidemics, runs in families and is related to seasonal variation 
(Baloh, 2003). However, a study of seasonal variations made no such observation (Koors et 
al., 2013). As the name vestibular neuritis communicates, it was thought that damage was 
localised only to the vestibular nerve, but as new diagnostic tools are emerging, additional 
light is shed on the distribution patterns of VN.   
 
3.3 Symptoms and signs 
 
VN generates an imbalance of neural input similar to a head movement. The symptoms and 
signs that accompany VN can consequently be seen as a corrective response of a large head 
rotation (MacDougall et al., 2012). There is no clear definition of what symptoms are required 
to receive the vestibular neuritis diagnosis, but vertigo should exist and is most often 
rotational, experienced either inside or outside the patient’s head and is aggravated by motion. 
The hearing is unaffected, but autonomic symptoms such as malaise, pallor, sweating, nausea 
and vomiting almost always follow. The patient is often able to stand but has a tendency to 
veer towards the side of the lesion. On the contrary, a patient with central vertigo (vertigo 
resulting from disease in the CNS) is often unable to stand at all and often presents with 
additional neurological findings such as dysarthria, numbness, weakness and in-coordination 
as well. Unilateral VN presents with unidirectional spontaneous nystagmus, classically 
horizontal, with its quick-phase component directed toward the healthy ear. The nystagmus is 
enhanced with gaze in direction of the quick-phase component. On bithermal caloric 
irrigation, a paresis or an asymmetry is seen as no or inadequate nystagmus towards the ear 
irrigated with warm water and away from the ear irrigated with cold water. When performing 
a clinical head impulse test (cHIT), passive head turns result in visible saccades when the 
head is turned in the direction of the sick ear (Baloh, 2003).  
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3.4 Treatment 
  
Because there is no consensus about the underlying cause of VN, it is difficult to find the right 
treatment. Drugs used to reduce the acute symptoms are anti-histamines and other anti-
emetics such as 5-HT3-receptor antagonists. Because VN is assumed to have a viral origin, 
glucocorticoids have been widely used to suppress the suspected inflammation (Baloh, 2003). 
However, the evidence for administration of glucocorticoids is presently insufficient and 
further studies are required (Fishman et al., 2011). Studies on both animals and humans have 
indicated that balance training can accelerate the vestibular compensation, but it has not been 
shown that the final level of recovery is increased. The recovery is thought to reach its full 
potential if started as soon as the acute vertigo and nausea have subsided (Baloh, 2003). 
Balance training naturally occurs when the patient starts to live a normal life again, but to 
encourage patients who out of fear of vertigo limit their activities a Nintendo Wii Balance 
board or a SpaceCurl can be used. The latter is a 3D therapy system developed by NASA, 
used for balance training in the ENT department in Innsbruck. However, no results of its 
efficacy have been published before this report was printed. It is advised against using anti-
emetics during any balance training, because the vertigo is an important stimulus for the 
central compensation (Sparrer et al., 2013). 
 
3.5 Prognosis 
 
The natural course of vestibular neuritis and the recovery of balance depend on a) vestibular 
restoration, i.e. CNS plasticity and not functional recovery (Smith et al., 1989) and b) 
vestibular rehabilitation, i.e. central compensation of the damaged nerve. Due to observations 
of different saccadic patterns in different stages of VN, generation of saccades seems to be the 
most important rehabilitation mechanism (MacDougall et al., 2012). Normally, acute 
symptoms and clinical signs disappear after a few days and balance is back to normal within 
six weeks (Bartolomeo et al., 2013). For 20-30% of patients the compensation is poor, 
resulting in sequelae after these six weeks (MacDougall et al., 2012) and for a minority of 
patients the vertigo is recurrent (Kim et al., 2011).   
  
3.6 Anatomy recapitulation 
 
The vestibular system (figure 4) is divided 
into a peripheral and a central part. The 
peripheral part is contained within the size of 
a pea and consists mainly of the labyrinth: a 
mutual name for the three semicircular canals 
and the otolith organs (saccule and utricle), 
all located deep in the temporal bone. The 
part of the vestibular nerve that runs from the 
labyrinth to the vestibular nucleus in the 
medulla is also part of the peripheral 
vestibular system. The central part of the 
vestibular system takes over where the 
peripheral ends, thus consisting of the 
vestibular nerve that emerges from the 
vestibular nucleus and connects with extra-
ocular, cervical and postural muscles, 

 

 
Figure 4. The human inner ear. Copyright  
2014, Akademiska Sjukhuset.  



	  
	  

	   10	  

brainstem, cerebellum and cortex. The peripheral and central system together enable clear 
vision, awareness of direction and speed in relation to gravity and stability during head and 
body movement (Purves et al., 2008).  
 
The semicircular canals, here referred to as lateral, anterior and posterior, are positioned to 
receive maximum stimuli in all conceivable angles, with the lateral canal placed roughly 30 
degrees from the horizontal plane and the anterior and posterior canals roughly 45 degrees 
from the mid-sagittal axis. All canals lie in an approximately 90 degree’ angle to each other 
and the lateral canal lies closest to the tympanic membrane. This fact is used in caloric 
irrigation (Purves et al., 2008). Each canal has a widened base called the ampulla, containing 
a fragile membrane named the cupula. The cupula contains the hair cells and the surrounding 
potassium-rich glutinous endolymph. When we are still, the nerve cells fire a constant stream 
of one million action potentials per second to the brain. As we move, the endolymph is quick 
to follow but the cupula lags behind, just like the driver is pressed back against the driver’s 
seat as her car accelerates. A movement of the cupula towards the utricle is referred to as an 
utriculopetal movement, leading to a depolarisation and an increased firing of the primary 
afferent neurons gathering to form the vestibular nerve. In the opposite ear’s planar canal a 
mirrored event occurs, therefore referred to as an utriculofugal movement, resulting in a 
hyperpolarisation and a decreased activity in the vestibular nerve. The fact that one canal 
increases the signalling in one direction but decreases it in another, is encompassed in 
Ewald´s second law (Rauch et al., 1989).  
 
The otoliths lie almost planar, with the utricle placed closer to the semicircular canals and 
their ampullas while the saccule lies closer to the cochlea and directly beneath the footplate of 
the stapes (Rauch et al., 1989). Both otoliths are made up of macula, a sensory epithelium that 
consists of hair cells in a gelatinous layer and a fibrous otolithic membrane with otoconia 
(calcium carbonate crystals) to weigh it down. Running along the length of the saccule and 
the utricle is a landmark called the striola, made up of otoconia arranged linearly. On each 
side of the striola, hair cells are placed mirrored to each other, subsequently making the utricle 
most sensitive to horizontal motion (e.g. head tilts sideways or indirect head tilts when 
stepping to the side) while the saccule best responds to vertical motion (e.g. in an elevator). 
During linear motion, the otolithic membrane shifts in relation to the macula, either sideways 
or in a shearing fashion, causing the hair cells on one side of the striola to depolarize and on 
the other side repolarize (Purves et al., 2008). In addition, the saccule is also sensitive to 
sound due to striolar properties and its location close to the stapes. This is no coincidence – 
the saccule used to be the primary hearing organ in mammals before replaced with the 
cochlea. Also, the utricle is sensitive to sound. The otoconia’s sensitivity to sound has not 
gone past the scientists, leading to the development of clever devices to test their function. 
 
In figure 5, we see that the afferent neurons from the vestibular system organize their cell 
bodies into two clusters (the superior and the inferior portion of the vestibular nerve) referred 
to as Scarpa’s ganglion. The superior portion collects afferents from the anterior and lateral 
canal, the utricular macula and the small anterosuperior part of the saccular macula. The 
inferior portion collects afferents from the posterior canal and the majority of the saccular 
macula. The superior and inferior vestibular nerve then converge with the cochlear nerve into 
the vestibulo-cochlear nerve (CNVIII) (Lee et al., 2013), which travels through the internal 
auditory meatus (along with the facial nerve) and enters the brain stem between pons and 
medulla. The cochlear nerve ends up in the cochlear nucleus (located between pons and 
medulla) and the vestibular nerve in the vestibular nucleus (located on the floor of the fourth 
ventricle) (Swartz et al., 2009).    
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There are many reflexes involved in adjusting posture. Here, two reflexes that collect input 
from the vestibular system and thus can be affected in VN patients will be discussed: the 
vestibulo-ocular reflex (VOR) that stabilises gaze and the vestibulo-collic reflex (VCR) that 
stabilises head position. Thereafter, saccades produced by a non-vestibular neural circuit in 
order to compensate for a defect VOR, will be discussed. VOR (table 6) is a crossed reflex 
that stabilises the retinal picture during head movement. Because the sharpest vision is 
centred in the retinal fovea, a head movement of only two degrees would without this reflex 
result in a blurry image. This correcting eye movement is continuously slow, the same as the 
slow-phase component of nystagmus and is divided into a rotational (rVOR) and a 
translational (tVOR) component. rVOR responds to rotatory motion, registered by the 
semicircular canals as mentioned above (Amin, 2012). This reflex arc is activated during 
horizontal head movements (e.g. headshaking). A left head turn sets the hair cells in the ipsi-
lateral lateral semicircular canal in motion. The hair cell motion is converted into left 
vestibular nerve activity, which travels to the left medial nucleus in the rostral medulla. 
Exhibitory signals are sent from here to the right abducens nucleus in pons while inhibitory 
signals continue uncrossed to the left abducens nucleus. An excitatory signal is sent from the 
right abducens nucleus contracting the lateral rectus muscle in the right eye, while an 

 
Figure 5. Schematic picture of the inner ear illustrating from  
where the superior and the inferior vestibular nerve collect its  
afferents. Black represents utricular or saccular macula.  
Copyright Ian S. Curthoys, PhD, The Interpretation of Clinical  
Tests of Peripheral Vestibular Function, The Laryngoscope:  
Volume 122, Issue 6, pages 1342–1352, June 2012.  
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inhibitory signal is sent from the left abducens nucleus relaxing the lateral rectus muscle in 
the left eye. There is also an excitatory signal that travels from the right abducens nucleus, 
crosses over to the left oculomotor nucleus before reaching and contracting the left medial 
rectus muscle. Finally, there is an inhibitory signal that travels from the left abducens nucleus, 
crosses over to the right oculomotor nucleus and finally reaching and relaxing the right medial 
rectus muscle. Thus, a head turn to the left results in short-latency (about 10 ms) 
compensatory eye movement to the right (Purves et al., 2008). tVOR responds to translatory 
motion, registered by the otoconia as mentioned above. The tVOR pathway seems to project 
to the oculomotor nuclei via the vestibular nuclei in the same way as tVOR, but is less 
studied. Some movements obviously create both rVOR and tVOR (Amin, 2012). 
  
 
 

 
 
 

 
Figure 6. The VOR pathway. Copyright 2001, Sinauer 
Associates, Inc. 
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VCR (figure 7) is an uncrossed reflex that stabilises the head during trunk movement. The 
reflex pathway starts when the semicircular canals or otoconia on one side sense a head 
deviation opposite its normal vertical position. Information about this is passed along the ipsi-
lateral vestibular nerve, through the medial vestibular nucleus in the rostral medulla, 
bilaterally along the left medial longitudinal fasciculus to its final location, inhibiting the ipsi-
lateral sternocleidomastoid muscle (SCM), bringing the head back to vertical position. 
Cerebellum also influences our posture by its projections to the medial vestibular nucleus 
(Purves et al., 2008). 
 

 
Saccades are another type of corrective eye movement, fast and short in duration, just like the 
quick-phase-component of nystagmus. Saccades make up most of our voluntary eye 
movements, we are just not aware of all of them. Examples are reading a book, scanning the 
face of the person you are talking to or travelling by train and fixating the eyes on a new 
target as the previous target moved past. Saccades are otherwise considered pathologic and 
discussed here because they can compensate for a flawed VOR. When the eyes cannot 
maintain the velocity of the head movement, a catch-up saccade is performed (Purves et al., 
2008), but what triggers correcting saccades is still largely unknown (MacDougall et al., 
2012). Pathologic saccades are either covert (occur during head movement) or overt (occur 
after head movement stopped). For a horizontal saccade, the neural circuit takes it start in the 
frontal eye field in the prefrontal cortex. From here, signals either pass the superior colliculus 
or go straight to the contra-lateral paramedian pontine reticular formation (PPRF) or 

 
Figure 7. The VCR pathway. Copyright 2001, Sinauer  
Associates, Inc. 
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horizontal gaze centre. From PPRF, signals are either sent to the ipsi-lateral abducens nucleus 
and contracts the lateral rectus muscle on that side, or they travel via the medial longitudinal 
fasciculus to the contra-lateral oculomotor nucleus and contract the medial rectus muscle on 
that side (Purves et al., 2008).  
 
3.7 The history of video head impulse test 
 
In 1988, Halmagyi and Curthoys described the clinical head-impulse test (cHIT), enabling 
detection of a pathologic VOR. With only the bithermal caloric irrigation available for 
vestibular neuritis diagnosis, cHIT quickly gained recognition due to its ability to distinguish 
between cerebellar infarction and vestibular neuritis that otherwise present in similar ways. 
Because the vestibular nerve runs through the vestibular nucleus in the brainstem, a lesion in 
the brainstem can result in a pathologic cHIT, but it is rare and unlikely to not coincide with 
other neurologic symptoms (Karlberg, 2009). More precisely, cHIT detects damage in the 
lateral semicircular canal by the use of high-frequency stimuli similar to everyday activities, 
unlike caloric irrigation that only produces low-frequency stimuli. During cHIT, it is vital that 
the patient fixates her eyes on a fixed point in the distance. The clinician, facing the patient, 
holds the head of the patient with both hands and firmly turns it to the left and right 
unpredictably with an amplitude of +/- 20 degrees. In case of peripheral vestibular nerve 
damage, i.e. somewhere from the vestibular system along the vestibular nerve to the 
vestibular nuclei in the medulla oblongata, the eyes will not stay on the fixed point but instead 
initially follow the movement of the head and then perform a correcting saccade. When the 
clinician observes a saccade, the cHIT will fall out as pathologic (Wuyts, 2008). Saccades 
occur at around 10 ms, which is too early for any other compensatory eye movement that 
normally occur at 70 ms (MacDougall et al., 2012). With the development of scleral search 
coils, saccades could be detected objectively. Suddenly, patients who probably suffered from 
VN but were never diagnosed were now discovered. These patients were found for two 
reasons. Scleral coils are able to detect covert saccades not seen by the human eye because 
they occur during head movement. Scleral coils can also identify saccades in all three 
semicircular canals, not just the lateral, when performing head turns in their planes. Wearing 
scleral coils is however uncomfortable why Halmagyi et al.’s launched the video-head-
impulse test (vHIT) in 2004. vHIT uses goggles and a camera attached to them to record the 
eye movement more comfortably (MacDougall et al., 2009).  
 
3.8 The history of cervical vestibular evoked myogenic potentials     
 
In the 1950's, the digital averager was invented, enabling recording of electric signals from 
the scalp and translating them into pulses. Recordings of electric signals continued and in 
1964 Bickford et al. discovered that the largest response came from the sternocleidomastoid 
muscle (SCM) and that it was amplified with increased muscle tension.  This myogenic 
potential was still present in deaf subjects and was therefore concluded to be vestibular and 
not cochlear in origin. Five years later, Bickford et al. could specifically show that they 
originated from the saccule. However, due to inconsistent results, it would take another 30 
years before Colebatch, et al. had access to better technique and could reliably reproduce the 
previous results, launching the name cervical vestibular evoked myogenic potentials 
(cVEMP) and proving them to represent the VCR (Rosengren et al., 2010). What happens is 
that when sound is delivered to the ear on the same side as the SCM is located on, the VCR 
containing acoustically sensitive fibres is elicited, creating a relaxation response, i.e. cVEMP, 
in the tonically activated SCM. cVEMP is strongest in the ipsilateral SCM, proving that the 
VCR primarily is an uncrossed reflex (Nguyen et al., 2010).  
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The cVEMP waveform (figure 8) has its first distinctive positive peak, called p1 or p13, 
because it normally occurs at around 13 ms delay. It is followed by a second distinctive 
negative peak, called n1 or n23, because it occurs at around 23 ms delay. However, p34, n44 
and the next small waves to follow, seem to be associated with the cochlea and are not of 
importance in vestibular neuritis diagnosis (Nguyen et al., 2010).. cVEMP has shown to be 
present in 86% of healthy subjects in all age groups (Isaradisaikul et al., 2012), but if the 
saccule is diseased in VN, then the cVEMP can be either absent, decreased in amplitude or 
have a delayed p1 and/or n1 (Viciana et al., 2010). Since there is great variation especially in 
amplitude between subjects, it is of most interest to compare VEMPs between left and right 
ear within the same patient (Barker, 2009).  
     

 
3.9 The history of oVEMP  
 
A decade after discovering cVEMP, Rosengren et al. and Iwasaki et al. detected by 
coincidence another myogenic potential during cVEMP tone-bursts. When sound was put to 
one ear, a myogenic response came from the contralateral inferior eye muscles. The 
appropriate name ocular vestibular evoked myogenic potentials (oVEMP) were given. 
oVEMP has shown to be amplified during upward gaze, which has led to the conclusion that 
the reflex is measured in the contralateral inferior oblique muscle participating in this eye 
movement. A minor role in the increased amplitude can also be attributed to the inferior 
rectus muscle coming in close vicinity of the electrode during upward gaze. Just like cVEMP, 
oVEMP seems to be a relaxation response in the tonically activated inferior rectus muscle 
(and in the sometimes also argued inferior oblique muscle). Due to simultaneous 
measurements of oVEMP and VOR, it was concluded that oVEMP in fact measures VOR 
(Welgampola et al., 2009).  
 
The oVEMP (figure 9) has a first distinctive peak (positive if the active electrode is closest to 
the eye and negative if the reference electrode is closest to the eye), called n1 or n10, because 

 
Figure 8. Normal findings in cVEMP, due to similar 
waveforms. Top waveform = right ear, bottom waveform= 
left ear. 500 Hz tone-bursts result in the vestibular potentials 
p13 and n23 and the non-vestibular potentials n34 and p44. 
Copyright, Leif Erik Walther, Prof. Dr., Springer-Verlag, 
2010.  
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it normally occurs at around 10 ms. A second distinctive peak in the opposite direction 
follows, called p1 or p15, because it occurs at around 15 ms. Of the two, only n1 has been 
found absent in patients with vestibular dysfunction, indicating that the latter wave may 
represent non-vestibular functions (Nguyen et al., 2010). oVEMP have shown to be present in 
90 % of healthy subjects in all age groups (77 % for ≥50 years and 100 % <50 years) (Piker et 
al., 2011), but if the utricle is diseased in VN, then the oVEMP can be either absent, 
decreased in amplitude or have a delayed n1 and/or p1 (Lin et al., 2011). Since there is great 
variation especially in amplitude in between subjects, it is of most interest to compare VEMPs 
between left and right ear within the same patient (Barker, 2009). 
 

 
3.10 Why is there a need for this study? 
 
The cause of vestibular neuritis and its distribution remain unknown. Bithermal caloric 
irrigation has long been the gold standard to diagnose vestibular neuritis. However, caloric 
irrigation only detects damage in the lateral canal and the superior vestibular nerve’s course 
ending in the vestibular nucleus, which responds to low-frequency stimuli. Caloric response 
can therefore appear normal, though the inner ear is damaged. In addition, caloric irrigation 
often leads to nausea and at worst vomiting and is at times difficult to perform, especially in 
some elderly and children. Should the test for some reason be aborted after irrigation of only 
one ear, it is of less use, as comparison with the other side is valuable. The value of either 
adding vHIT or substitute caloric irrigation with it, is that damage in all three semicircular 
canals and along both the superior and inferior portion of the vestibular nerve to the vestibular 
nucleus can be detected, and in a much more comfortable way. As high-frequency stimuli are 
used, it is possible to detect a partly compensated, but not fully recovered VN, that can be 
missed during caloric irrigation. The value of adding cVEMP and oVEMP is that damage to 
the utricle and saccule, as well as the vestibular nerve fibres that exclusively lead from there 
to join the rest of the vestibular nerve, can be detected as well. If caloric irrigation and vHIT 
testing the lateral semicircular canals are abnormal, but the cVEMP and oVEMP are normal, 

 
Figure 9. Normal findings in oVEMP, due to similar 
waveforms. Left waveform = right ear, right waveform = 
left ear. 500 Hz tone-bursts result in the vestibular potential 
n10 and the non-vestibular potential p15. Copyright, Leif 
Erik Walther, Prof. Dr., Springer-Verlag, 2010.  
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then the damage is located in the ampulla or ampullary branch of the superior vestibular 
nerve, not involving the rest of the vestibular nerve (Lin et al., 2011).  
 
I hypothesize that vHIT and o- and cVEMP will add valuable information to vestibular 
diagnostics and believe that vHIT and o- and cVEMP can replace caloric irrigation as gold 
standard tests in VN patients. To test my hypothesis, a diagnostic pilot study on seven patients 
with unilateral VN was performed, enabling a critical analysis of the diagnostic tools vHIT, 
cVEMP and oVEMP.  
 
4. MATERIALS AND METHODS 
 
4.1 Study population 
 
During November 2013, seven patients (four females, three males, age 60 ±19 years (mean, 
range 27-82 years) were diagnosed with acute unilateral vestibular neuritis (three left-sided, 
four right-sided), defined as abnormal result on bithermal irrigation with none of the 
following: neck problems, conductive hearing loss or tinnitus, central nystagmus or other 
neurological findings.  After arriving in the hospital and being clinically examined, which was 
in the acute stage of VN (up to six days after symptom onset), a bithermal caloric irrigation 
was performed. vHIT, cVEMP and oVEMP were performed as soon as the patient could 
participate, which was most frequent on the day of arrival, but in three patients this was three 
to six days after seeking hospital.  

4.2 Experiment design and data analysis  

Caloric irrigation 
 
The patient was placed on the back on an examination table with the headrest raised 30 
degrees, allowing the lateral canals to lie almost vertical (figure 10). 150 ml of water of 
different temperatures (30 and 44°C) was applied in the external auditory canal in one ear for 
20 seconds. Eye movements were then monitored by the use of video goggles for 120 
seconds, followed by a 5 minute-break. This procedure was then repeated so that both ears 
were irrigated using both temperatures. The unilateral weakness (UW), i.e. the difference in 
nystagmus response between the sick and healthy ear, was measured using the Jongkees’ 
formula (Wagner et al., 2011), where e.g. R30°C was the slow phase velocity (the slow eye 
movement component of the nystagmus) during caloric irrigation in the right ear using 30°C 
water: 
 

Figure 10. Caloric irrigation and 
video goggles filming the acquired 
nystagmus. Copyright 2013,  
LKH, Innsbruck. 
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𝑈𝑛𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙  𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠   𝑈𝑊 =
𝑅30°𝐶 + 𝑅44°𝐶 − 𝐿30°𝐶 + 𝐿44°𝐶
𝑅30°𝐶 + 𝑅44°𝐶 + 𝐿30°𝐶 + 𝐿44°𝐶   𝑥100 

 
UW of ≥25 % was considered pathologic and the side that was unilaterally weak was used as 
a comparison to vHIT, cVEMP and oVEMP results. 
 
Video head impulse test 
 
The video head impulse test (vHIT) is produced by GN Otometrics and uses the software 
Otosuite to record head impulses. A pair of goggles was placed on the head. They were 
equipped with a camera that recorded the right eye and a sensor that detected head movement. 
It was important that the goggles fitted properly and that they stayed in place throughout the 
test. The patient was asked to fixate her eyes on a point one meter in front of her and 
thereafter calibration followed. The clinician then performed seven rapid head movements, 
so-called head impulses, in the planes of left lateral (LL), right lateral (RL), left anterior (LA), 
right posterior (RP), right anterior (RA) and left posterior (LP) semicircular canals (figure 11).  
For lateral impulses head was faced forward; for LARP impulses head was turned about 30-
45 degrees to the right and for RALP impulses head was turned about 30-45 degrees to the 
left. Head impulse amplitude used for laterals was 10-15 degrees and less for LARP and 
RALP. For easier comparison between the two curves (eye and head movement), the eye 
movement was inverted so that the curves were produced on top of each other.  
 

Table 12 shows the vHIT analysis delivered by the software after a completed test. 
Two different algorithms were used to collect and analyse the generated head impulse curves. 
All data was first run through a) a collection algorithm, which rejects curves with velocity and 
acceleration different to training curves and b) an analysis algorithm, where the curves are 
once again compared to training curves and the peak of the head velocity is detected. This is 
used to calculate vestibulo-ocular reflex gain (VOR gain).  
 
To be sure that the velocity we used was high enough to generate saccades, we decided to be 
even stricter than the computer. We therefore performed an additional selection of head 
impulses by disregarding all lateral head impulses with a velocity lower than 100 
degrees/second and all vertical head impulses with a velocity lower than 80 degrees/second. 
Lower accepted value for LARP and RALP was necessary because the head moves slower in 
the vertical plane than in the horizontal.  
 
Vestibulo-ocular reflex (VOR) gain is a quote that informs how well the VOR works in a 
specific canal, i.e. how well the eyes follow the head movement during a head impulse that 

 
Figure 11. Directions of vHIT. Copyright 2013 MacDougall et al. 



	  
	  

	   19	  

tests this specific canal. The VOR gain is calculated by measuring the area under curve 
(AUC) of both eye and head movements during a head impulse and the values are then 
inserted into the following equation:  

𝑉𝑂𝑅𝑔𝑎𝑖𝑛 =
𝐴𝑈𝐶𝑒𝑦𝑒
𝐴𝑈𝐶ℎ𝑒𝑎𝑑 

 
The software then calculates the mean VOR gain for each set of seven head impulses in one 
direction. An ideal VOR gain is equal to 1, indicating perfectly synchronized eye and head 
movements, enabling a stable retinal image throughout the head movement. However, healthy 
subjects are allowed lower values. According to Otosuite software a pathologic VOR gain is 
0.8 for lateral semicircular canals and 0.7 for LARP and RALP.   
  
While VOR gain tests a specific canal, another value called gain asymmetry (GA) instead 
makes a comparison of how well the VOR functions in two opposing canal couples (RL/LL, 
LA/RP or RA/LP). To calculate GA, the following formula analogous to Jongkees, is used:  
 

𝐺𝐴 =
𝑉𝑂𝑅𝑔𝑎𝑖𝑛𝑅𝑖𝑔ℎ𝑡 − 𝑉𝑂𝑅𝑔𝑎𝑖𝑛𝐿𝑒𝑓𝑡
(𝑉𝑂𝑅𝑔𝑎𝑖𝑛𝑅𝑖𝑔ℎ𝑡 + 𝑉𝑂𝑅𝑔𝑎𝑖𝑛𝐿𝑒𝑓𝑡)   𝑥100 

 
The received GA is considered abnormal if it is ≥ 10% (Hirvonen et al., 2007).  
 

  

 

 
Figure 12. vHIT analysis after completed test. VOR gain is shown for left (blue) and right (red) 
opposing canals (left column). Dots represent VOR gain in one head impulse and crosses represent 
mean VOR gains for all head impulses performed in one specific canal. A cross that ends up in the dark 
grey area equals a pathologic VOR gain. The head (blue or light grey) and eye (green or dark grey) 
movements during head impulses are shown for left (middle column) and right (right column) 
semicircular canals. In all left semicircular canals, pathologic saccades (orange) are shown both during 
head movement (covert) and after (overt). In both left lateral, left anterior and left posterior canals there 
are pathologic mean VOR gains as well (however not visual when using this grey scale) and abnormal 
saccades. This patient has a left-sided total vestibular neuritis (TVN). Copyright Wendy Crumley-
Welsh, product manager, GN Otometrics, 2013. 
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Pathologic saccade onset (figure 13) is defined as the point where the eye velocity exceeds the 
head velocity by at least 50°/s. This means that a saccade has to be at least 50°/s in amplitude, 
thus separating it from a physiological saccade that has lower amplitude. The appearance of a 
pathologic saccade is pointy and it does not go below the baseline, thus separating it from 
disturbance such as blinking and looking around. Covert saccades occur after head velocity 
has peaked but before head velocity reaches zero for the first time and overt saccades occur 
after this but within the window of 400 ms (Zellhuber et al., 2013) (Weber et al., 2008). 
Presence of saccades in four of seven head impulses was defined as pathologic. 
 

 
 
Cervical vestibular evoked myogenic potentials  
 
When performing cVEMP, settings are preinstalled (table 1). The patient is placed on her 
back on an examination table, wearing a set of earphones and holding a VEMP monitor. The 
skin underneath the electrode attachment is prepared with peeling gel, which is then removed. 
Six electrodes with Ag/Ag-chloride pre-gelled snappers are checked to be moist before placed 
on the skin, two over the middle 1/3 of each sternocleidomastoid muscle (SCM) and two 
either on the forehead or one on the forehead and one on the sternoclavicular notch. The top 
electrode on the forehead is ground. The patient then turns her head towards one side at a time 
while trying to press the jaw back to the midline with one palm, generating increased muscle 
tension in the SCM. A similar way of doing this is to lift the head up from the examination 
table. With the use of a VEMP monitor with a three-light display, objective measurements of 
the muscle tension is obtained, which on the VEMP monitor is shown as a blue, green or red 
light indicating too little, just right or too much muscle tension. Thereafter impedance is 
checked, representative for electrode attachment. The goal is to keep impedance under 5kΩ 
with less than 2kΩ differences in between electrodes. The measurement then starts by adding 
sound to one ear, while the patient again is asked to perform the head turn or head lift 

Figure 13. Saccades occuring during a head 
impulse test. Blue= head movement, grey= small 
(1) and large (2) covert saccades, red= early (3) 
and late (4) overt saccades, green= physiologic 
saccades. Copyright Med. Dr. Alexander Blödow, 
Springer-Verlag Berlin Heidelberg, 2013. 
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mentioned above. The program registers the evoked potentials coming from the SCM 
bilaterally, and is programmed to stop counting the number of accepted evoked potentials at 
150 hits. This test run is performed four times in total, two times for right and left side 
respectively, obtaining a total of eight curves.  
 

 
 
Ocular vestibular evoked myogenic potentials  
 
When performing oVEMP, the patient is placed on her back on an examination table, with the 
trunk at an angle of 30 degrees, wearing a set of earphones. The skin underneath the electrode 
attachment is prepared with peeling gel, which is then removed. Five electrodes with Ag/Ag-
chloride pre-gelled snappers are checked to be moist before placed on the skin; two of them 
directly under each eye and one on the forehead. The one in the forehead is ground. 
Thereafter impedance is checked, representative for electrode attachment. The goal is to keep 
impedance under 5kΩ with less than 2kΩ differences in between electrodes. The 
measurement then starts by adding sound to one ear, while the patient is asked to perform a 
30° elevation of gaze, fixing the eyes in the ceiling. The program registers evoked potentials 
coming from the inferior rectus and oblique muscles bilaterally and is programmed to stop 
counting the number of accepted evoked potentials at 150 hits. This test run is performed four 
times in total, two times for right and left side respectively, obtaining a total of eight curves.  
 
After obtaining the raw curves from cVEMP and oVEMP, contralateral oVEMP curves and 
ipsilateral cVEMP curves are saved. The four remaining curves are divided into right (red) 
and left (blue) curves on the working sheet. In right and left side’s best curve, P1 and N1 for 
oVEMP and N1 and P1 for cVEMP is marked. Based on these values, the asymmetry ratio 
(AR) for oVEMP can be calculated, using the following formula: 
 

𝐴𝑅 =
𝐴𝑚𝑝𝐿𝑒𝑓𝑡  –𝐴𝑚𝑝𝑅𝑖𝑔ℎ𝑡
𝐴𝑚𝑝𝐿𝑒𝑓𝑡 + 𝐴𝑚𝑝𝑅𝑖𝑔ℎ𝑡     𝑥100 

 
The asymmetry ratio for cVEMP is calculated in the same way. However, adjusting for EMG 
activity in the SCM allows for a better comparison between subjects. With the following 
formula, the normalized asymmetry ratio (Norm-AR) is therefore obtained, where EMG 
levels are measured during a 10 ms interval prior to stimulus onset: 
 

VEMP stimulation and recording parameters 
System ICS Chartr EP 200  
Software GN Otometrics 
Auditory stimulus 500 Hz tone-burst 
Auditory intensity 95dB nHL (normal hearing level) 
Stimulus rate 5,1/s 
Amplifier gain 5000x (cVEMP) 

100,000-150,000 (oVEMP) 
Recording time 150 sweeps 
Relaxing time 1 minute 

  
Table 1.   
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𝑁𝑜𝑟𝑚 − 𝐴𝑅 =

𝐴𝑚𝑝𝐿𝑒𝑓𝑡
𝐸𝑀𝐺𝐿𝑒𝑓𝑡 − 𝐴𝑚𝑝𝑅𝑖𝑔ℎ𝑡

𝐸𝑀𝐺𝑅𝑖𝑔ℎ𝑡
𝐴𝑚𝑝𝐿𝑒𝑓𝑡
𝐸𝑀𝐺𝐿𝑒𝑓𝑡 + 𝐴𝑚𝑝𝑅𝑖𝑔ℎ𝑡

𝐸𝑀𝐺𝑅𝑖𝑔ℎ𝑡

  ×100 

 
In both cVEMP and oVEMP, a partial lesion was defined as an asymmetry ratio of <100 % 
and a complete lesion was defined as an asymmetry ratio of 100 %. 
 
Abnormal cVEMPs were defined as unilateral absent responses or bilaterally present 
responses but with: 

• Norm-AR of ≥40 % (mean + 2SD) (Murnane et al., 2011) 
• p1 latency outside the interval of 10.0-14.0 ms unilaterally (Nguyen et al., 2010)  
• n1 latency outside the interval of 19.0-23.0 ms unilaterally (Nguyen et al., 2010) 
• p1-n1 interlatency outside the interval of 5.0-13.0 ms unilaterally (Nguyen et al., 2010) 

All these were taken into account when deciding which cVEMPs were abnormal. Not 
disclosed is p1-n1 amplitude, as it so largely depends upon produced muscle tension and 
already is contained within the Norm-AR calculations.  

Abnormal oVEMPs were defined as unilateral absent responses or bilaterally present 
responses but with: 

• AR of ≥41 % (mean + 2SD) in patients ≥ 50 years and AR of ≥ 34 % (mean + 2SD) in 
patients <50 years (Piker et al., 2011) 

• n1 outside the interval of 7.0-11.0 ms unilaterally (Nguyen et al., 2010) 
• p1 outside the interval of 12.0-16.0 ms unilaterally (Nguyen et al., 2010) 
• n1-p1 interlatency outside the interval of 1.0-9.0 ms unilaterally (Nguyen et al., 2010) 

All these values were taken into account when deciding which oVEMPs were abnormal. Not 
disclosed is p1-n1 amplitude, as it is contained within the calculation of Norm-AR.  

4.3 Statistical analysis 
 
Simple calculations of means ± SD were done in Microsoft Excel. Because of the limited 
study material, no further statistics were calculated.  
 
4.4 Ethical approval  
 
All patients gave their oral consent to participate in the investigations, which were performed 
according to the ethical rules and regulations of Austria.  
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5. RESULTS 
 
Among the seven studied patients (table 2), sex, age and diseased ear were evenly dispersed. 
Since all patients were diagnosed with caloric irrigation, they all had unilateral weaknesses, 
i.e. side difference in nystagmus response, ≥25 %. More precisely, the patients show a 
unilateral weakness of 55±16 % (mean ± SD). All but the youngest patient had nystagmus 
towards the healthy ear on arrival.     
 
 

 
 
 
 
When looking at the results from the video head impulse test (table 3) and recalling that 
pathologic canals were defined as having saccades in four out of seven head impulses, we see 
that three patients have two or three pathologic canals, while four patients have one 
pathologic canal. The lateral canal was pathologic in six patients.  
 
Looking at patient number 2, we see that there is no pathology in the left lateral canal. Instead 
the left anterior and left posterior canals are diseased. This contradicts the abnormal caloric 
result in the same patient, because caloric irrigation is supposed to indicate pathology only in 
the lateral canals.  
 
In addition to the pathologic canals that we expected to find on the damaged so-called 
ipsilateral side, four patients had a pathologic canal response on the contralateral side. This 
was always the left lateral semicircular canal. 
 
 
 
 

Study population 
 
Patient 
number 

 
Sex 

 
Age 

Diseased ear 
according to 
caloric 

Unilateral 
weakness 
(%) 

Direction of 
spontaneous 
nystagmus 

1 F 81 Left 51 Right 
2 F 82 Left 77 Right 
3 F 57 Right 44 Left 
4 M 27 Right 29 No 
5 F 42 Right 60 Left 
6 M 66 Left 71 Right 
7 M 66 Right 40 Left 
 

Table 2. Age, sex and sick ear are all represented in this study population. The cut-off value 
for the vestibular neuritis (VN) diagnosis is a unilateral weakness (UW) of ≥25 %, where 
UW is a comparison of the nystagmus response after caloric irrigation between the sick and 
healthy ear. 
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Table 4 shows what kind of saccades the patients produced in 
respect to age and days of vertigo. We observed that overt 
saccades occurred alone and often in the beginning of the 
acute phase. We also found covert and overt saccades to occur 
together and more frequently the longer the duration of vertigo 
was. The exception was our youngest patient, who developed 
all saccade types after only two days of vertigo. 
 
Vestibulo-ocular gain (VOR gain) and gain asymmetry (GA) 
is complementary information when deciding which head 
impulses are abnormal (table 3). VOR gain in healthy canals 
was 1.1±0.2 (mean ± SD) and in sick ipsilateral canals 0.8±0.2 
(mean ± SD). A difference between these mean values can be 
noted, however, it is small. In addition, individual VOR gains 
could in most cases not correctly identify pathologic canals. 
Finally, VOR gains were often >1.0. Abnormal GA could in 
most cases not correctly identify pathologic canals either. In addition, most of the VOR gains 
used to calculate abnormal GA were within or above reference interval and were therefore not 
credible.   
 
 
 
 
 
 

vHIT results compared to caloric result 

Patient 
number 

Diseased 
ear 
according 
to caloric  

Abnormal 
vHIT* in 
ipsilateral 
canal 

VOR gain in 
pathologic* 
ipsilateral 
canal* 

Abnormal* 
vHIT in 
contralateral 
canal 

VOR gain in 
pathologic* 
contralateral 
canal* 

Abnormal 
GA 

VOR gain 
used to 
calculate 
abnormal 
GA 

1 Left LL 1.3 - 
 

LARP 1.5+1.0 

    
- 

 
RALP 1.2+0.8 

2 Left LA, LP 1.0, 0.8 - 
 

RALP 1.0+0.8 
3 Right RL 0.7 LL 0.8 none - 
4 Right RL, RP 0.9, 1.0 LL 1.0 none - 
5 Right RL 1.1 LL 1.5 RLLL 1.6+1.1 

    
- 

 
RALP 1.0+1.2 

6 Left LL, LA, LP 0.4, 0.6, 0.9 - 
 

RLLL 0.9+0.4 

    
- 

 
LARP 0.9+0.6 

7 Right RL 0.9 LL 0.9 none - 
 

Saccadic pattern 

Age 

Days 
of 

vertigo 
Saccade 

type 
82 6 C, O, CO 
57 6 C, O, CO 
66 6 C+O 
42 4 O 
66 3 O 
27 2 C, O, CO 
81 2 O 

	  

Table 3. Seven patients and their HIT results are demonstrated. Side affected on caloric irrigation is compared to the 
canal/s in which saccades were present. The canals were both ipsilateral (where the damage occurred according to 
caloric result) but also contralateral. For each pathologic canal, VOR gain is shown. All abnormal GA and the VOR 
gains used to calculate these are then shown in order to evaluate how accurate they identify pathologic canals. 
Saccades are here shown to correctly identify pathologic canals and some additional contralateral canals as well. In 
opposite, GA and its related VOR gain show poor correlation with pathologic canals. Abbreviations: RL/ LL= right 
or left lateral; RA/LA==right or left anterior; RP/LP=right or left posterior. Black=abnormal value; grey=values over 
reference interval. 

Table 4. Abbreviations: O=overt; 
C=covert; CO=covert and overt in same 
impulse; C+O covert and overt but in 
different impulses.  



	  
	  

	   25	  

The cVEMP results (table 5) show the function of the saccule. We see that all patients had 
present cVEMPs and registered an EMG activity of 27±8 µV (mean ± SD), mostly from the 
sternocleidomastoid muscle tensed when turning the neck. We were able to say that one 
patient had a pathologic saccule according to its abnormal Norm-AR and one additional 
patient had a value that bordered abnormal (table 7). This patient was however not included in 
later tables. 
 
The mean + SD values of p1, n1 and p1-n1 inter-latency were insignificantly higher in sick 
than healthy ears (table 5). In addition, the individual values poorly located the diseased side. 
 
 

 

 
The oVEMP results (table 6) show the function of the utricle. We found that all patients had 
present oVEMPs and could establish that one patient had a pathologic utricle according to its 
abnormal AR and that two additional patients had values that bordered abnormal (table 7). 
These two patients were however not included in later tables. 
 
The mean + SD values of n1, p1 and n1-p1 inter-latency are higher in healthy than sick ears 
(table 6). Also, the individual values poorly located the diseased side. 
 

1

cVEMP parameters compared to caloric irrigation 

Patient 
no. 

Diseased 
ear 
according 
to caloric  

Norm- 
AR 

p1 healthy 
ear (ms) 

p1 sick 
ear (ms) 

n1 healthy 
ear (ms) 

n1 sick ear 
(ms) 

p1-n1 
healthy 
ear (ms) 

p1-n1 
sick ear 
(ms) 

1 Left 13 10.2 19.5 15.8 27.8 5.7 8.3 

2 Left 21 12.7 13.5 18.2 20.8 5.5 7.3 

3 Right 91 17.3 18.7 29.7 26.3 12.3 7.7 

4 Right 36 21.5 19.5 29.8 24.5 8.3 5.0 

5 Right 13 16.8 19.5 23.7 28.0 6.8 8.5 

6 Left 2 17.5 14.8 24 24.3 6.5 9.5 

7 Right 12 15.8 15 32.2 31.2 16.3 16.2 

 
Mean 27 16 17 25 26 9 9 

 
SD 28 3 2 6 3 4 3 

Table 5. All values, but Norm-AR, poorly correlate with the caloric result. Based on Norm-AR, patient no. 3 is the only one with a 
diseased saccule. Black=abnormal value; grey=border abnormal; italic= below reference interval.  

2
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When combining information from vHIT, cVEMP and oVEMP (table 8), but disregarding the 
patients with Norm-AR or AR that bordered abnormal, we see that four patients suffered from 
TVN, one from SVN and two from AVN. No patients had IVN. Additional information 
provided from cVEMP and oVEMP changed the type of vestibular neuritis in one patient. 
 
 

 

 

 

 
 

oVEMP parameters compared to caloric irrigation 
         
Patient 
no. 

Sick ear 
according 
to caloric  

Asymmetry 
ratio 

n1 
healthy 
ear (ms) 

n1 sick 
ear (ms) 

p1 
healthy 
ear (ms) 

p1 sick 
ear (ms) 

n1-p1 
healthy 
ear (ms) 

n1-p1 
sick 
ear (ms) 

1 Left 43 9.5 8.7 12.5 11.2 3 2.5 

2 Left 12 7.8 11.3 14.7 15.3 6.8 4.0 
3 Right 32 10.7 12.0 14.3 16.0 3.6 4.0 
4 Right 22 7.2 12.5 12.1 14.9 4.9 2.4 
5 Right 22 14.2 9.8 10.9 12.0 3.3 2.3 
6 Left 26 18.1 18.7 22.6 22.1 4.5 3.4 
7 Right 31 11 8.8 17.3 11.6 6.3 2.8 

 
Mean 27 11 12 15 15 5 3 

 
SD 9 4 3 4 4 1 1 

Damaged otolith based 
on AR/Norm-AR 

Patient 
no. 

Damaged 
utricle 

(oVEMP) 

Damaged 
saccule 

(cVEMP) 
1 Left -  
2 - 
3 (Right) Right 
4 - (Right) 
5 - - 
6 - - 
7 (Right) - 

 

Vestibular nerve involvement 
Patient 

no. 
c+oVEMP 

result 
vHIT 
result 

Combined 
result 

1 SVN SVN SVN 

2 - TVN TVN 
3 IVN SVN TVN 
4 - TVN TVN 
5 - SVN AVN  
6 - TVN TVN 
7 - SVN AVN  

 

Table 6. All values, but AR, poorly correlate with the caloric result. Based on AR, patient no. 1 is the only one with a 
diseased utricle. Black=abnormal value; grey=border abnormal; italic= below reference interval.  

Table 8. Total damage to both the superior and 
inferior vestibular nerve (TVN) was seen in four 
patients. Selective damage to the superior 
vestibular nerve (SVN) was seen in one patient. 
Selective damage to the ampullary branch of the 
superior vestibular nerve (AVN) was seen in two 
patients. AVN and SVN can both be counted as 
SVN. 

Table 7. Borderline values are shown 
in brackets. 
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6. DISCUSSION 
 
6.1 Main results 
 
The video head impulse test revealed that four patients were sick in one canal and three were 
sick in two or three canals. The most commonly affected canal was the lateral, but one patient 
had an abnormal caloric result without proving sick in the lateral canal. Four patients had a 
pathologic canal contralateral to the diseased side and this was always the left lateral canal. 
VOR gains were often >1 and both VOR gains and GA poorly identified pathologic canals. 
There was no correlation between saccadic pattern and age, but overt and covert saccades 
were more prevalent the longer the vertigo had lasted, except for the youngest patient.   
 
The cVEMPs were abnormal in the saccule of one patient and the oVEMPs were abnormal in 
the utricle of one patient. All other values for both cVEMP and oVEMP showed poor 
correlation with the diseased ear. The cVEMP results provided new information that changed 
the diagnosis in one patient, which was not the case for oVEMP. All in all, four patients 
suffered from entire vestibular neuritis and three from superior vestibular neuritis.  
 
6.2 Video head impulse test 
 
In line with previous reports, vHIT were able to detect more pathologic canals than caloric 
irrigation due to its ability to localise damage not only in the lateral canal but also in the 
anterior and posterior canals. Our study population was in most cases sick in the lateral canal, 
also this according to previous findings (Bartolomeo et al., 2013). However, the three 
following results were interesting.  
 
Firstly, since patients were selected based on having an abnormal caloric result, it was 
surprising that vHIT in one patient showed a pathologic anterior and posterior canal, while the 
lateral canal remained seemingly unaffected. It has to be considered that the result can be 
false. However, another explanation can be that the semicircular canals are not exactly placed 
in a 90 degree angle to each other but instead the anterior-posterior, anterior-lateral and 
lateral-posterior angles are 94±4°, 90.6±6.2° and 90.4±4.9° respectively (Della Santina et al., 
2005). Water that during caloric irrigation comes in contact with the tympanic membrane is 
supposed to affect the lateral semicircular canal because it is situated closest to the membrane. 
The water is also supposed to have maximum effect on the lateral canals because the patient 
during the test is tilted 30 degrees up from horizontal, making the lateral canals vertical. Since 
the anatomy apparently varies, the same may be true for our patient. It is reasonable to think 
that the water could affect more than just the lateral canals, and if these canals are sick, as in 
our case, it can lead to an abnormal caloric result.  
 
Secondly, finding saccades in canals contralateral to the diseased side was also surprising. In 
previous studies, a reduced VOR gain in canals contralateral to the diseased side has occurred 
in the early compensation phase, explained as cerebellar mechanisms suppressing the activity 
on the intact side (Schmid-Priscoveanu et.al., 1999) (Fetter et al.,1988). However, despite 
years of studying this cerebellar inhibition much is still unknown. Similar to these studies, our 
patients were also in the early compensation phase. Although our VOR gains were unreliable, 
the presence of saccades indicates that the VOR gain in our head impulses would have been 
low if measurements had been performed correctly. If the eye movements had followed the 
head movement perfectly, there would not have been a need for a catch-up saccade. 
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Therefore, I believe that the saccades generated by the contralateral canals in our study are a 
result of cerebellar inhibition. 
 
At last, the previously mentioned contralateral canals were always left lateral canals. 
Obtaining saccades specifically in the left lateral contralateral canals could be due to 
measurement error. Perhaps I performed faster head impulses to the left and therefore was not 
able to generate saccades in other contralateral canals. However, it does not seem to be 
associated with lack of strength in this case, as I am left-handed and weaker at performing e.g. 
horizontal head impulses to the left, thus pushing with the right hand. It could also be 
explained by anatomical variations, which have shown to affect the VOR gain so that it on 
average becomes 2.7% higher on the right than left side. The higher velocity that is used 
during head impulses, the bigger the difference becomes between left and right side’s VOR 
gain (GN Otometrics, 2012). Perhaps we used enough speed during our lateral head impulses, 
which is easier achieved than in LARP and RALP, to detect this difference, and therefore 
saccades (unfortunately not VOR gain in our case) were present only in left lateral canals. 
 
It is also of interest to see what went wrong when measuring VOR gain. The means ± SD 
pointed in the right direction, i.e. towards a VOR gain above 0.7 or 0.8 (LARP/RALP or 
lateral) for healthy canals or below this for sick canals. However, we often received individual 
VOR gains either within or above reference interval, despite knowing that the canals were 
sick based on saccade occurrence and abnormal caloric results. I believe that the main reason 
for our high VOR gains was goggle slippage, which is simply when the goggles move during 
the head impulse test. This error can also be found in previous studies (MacDougall et al., 
2013). Goggle slippage can be attributed to many factors. Either it is a measurement error due 
to the clinician touching the goggles when performing the head impulse or the goggles do not 
fit properly on the patient (wrong size, loose skin) and therefore move during the test. Both 
reasons lead to that the eye movements are perceived as faster than what they really are, 
generating a falsely high VOR gain. What previously was mentioned about the VOR gain 
being physiologically higher on the right side than on the left is not of importance here 
because in our study high VOR gains occurred on both left and right sides. Recalling that the 
formula for GA contains VOR gain, an inaccurate VOR gain leads to an inaccurate GA as 
well. Subsequently, an abnormal GA has the same error sources as do VOR gain. 
 
Looking at the saccadic pattern we propose that the longer duration of vertigo, the more types 
of saccades were generated, which also is confirmed by others (MacDougall et al., 2012). In 
our study we found that overt saccades occurred in early disease while covert appeared later. 
Our youngest patient differed from this by having all types of saccades in the early 
compensation phase. The reason for this is the ability in some patients, especially young 
adults, to produce quicker and better saccades due to a young, but well-developed nervous 
system (MacDougall et al., 2012) (Munoz et al., 1998). What we did not see in our study was 
covert saccades occurring alone, but I believe that if I had followed the patients for a longer 
period of time, I would have seen a shift to only covert saccades in several patients. In our 
study, older patients (>80 years) were consistent with the pattern that covert saccades were 
added the longer the duration of vertigo was. Because older healthy subjects have slower 
reaction times and are slower at producing saccades (Munoz et al., 1998), vHIT has a lower 
sensitivity among them. However, older healthy subjects, reporting low frequency of vertigo, 
show abnormal clinical head impulse tests in 40 % of cases, leading to a falsely high 
sensitivity among them (Davalos-Bichara et al., 2014). Both these aspects need to be 
considered when interpreting the results of old patients. 
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Even though we found at least one pathologic canal in every patient, we cannot be sure that 
there were not more pathologic canals. To improve performance, we suggest three measures.     
 
Firstly, higher velocity of the head impulses could have detected diseased canals that in lower 
frequencies seemed healthy. In this study, we increased the cut-off limit for velocity set by the 
software system in order to improve our chances of generating saccades, but this might not 
have been sufficient. Should the software’s training curves have a higher cut-off limit for 
velocity, the clinician would then be encouraged to perform better head impulses in order to 
receive sufficient head impulses.  
 
Secondly, improving performance is another thing. The computer provided feedback on the 
head impulses and did not approve of the inefficient ones. However, a more precise feedback 
system would improve performance further. The clinician also needs more practice. In 
addition, it is sometimes difficult to separate pathologic saccades from physiologic saccades 
and disturbance, i.e. when the patient’s eyes wander around and are not focusing on the fixed 
point on the wall. For this, a more systematic interpretation of saccades would be of use.  
 
Finally, there are abnormal values for VOR gain and GA that are easy to use as guidelines 
when defining abnormal head impulses. However, when it comes to saccades, there is no clear 
definition for an abnormal head impulse. The reason for this might be that if the head impulse 
is performed correctly, the outcome is reduced VOR gain and subsequently saccades. Then 
there is no need for a definition and that is why a definition cannot be found. Despite 
receiving help from clinicians who interpret vHIT in their clinical practice, many head 
impulses were difficult to interpret. We also found that clinicians sometimes disagree when 
interpreting saccades and from our own experience we learnt that it takes a lot of clinical 
practice to become good at it. The interpretation was even more difficult because VOR gain 
and GA were unreliable. We subsequently decided to call a head impulse abnormal when four 
of seven impulses contained obvious saccades, then being fairly certain that the saccades were 
not there by coincidence. We were however aware of the errors that this might lead to.    
 
6.3 Vestibular evoked myogenic potentials 
 
In this study of seven patients, we only found two damaged otoliths: one saccule and one 
utricle. Other studies have shown 22-25 % abnormal cVEMPs and 55-68 % abnormal 
oVEMPs in vestibular neuritis patients (Govender et al., 2011) (Lin et al., 2011), which is 
higher than what we received in our study, especially for oVEMP. Why were our results not 
in line with this research? Not as many patients as we had hoped for turned out to have VN 
within my six weeks in Innsbruck. Additional data for other vestibular diseases was collected 
but could not be used in this study. With a study sample this small, no statistical conclusions 
could be reached. Since the asymmetry ratio reference interval are given as means + 2SD, it is 
very likely that the reference values are individually abnormal values. Had we known that our 
three patients with borderline abnormal asymmetry ratios belonged to this group, our results 
would have been different.  
 
cVEMPs and oVEMPs provided us with many values to interpret. Many studies point in 
different directions as to which values are reliable in vestibular diagnostics. Agreed upon is 
that a delay in P1 or N1, a decrease in corrected amplitude, an abnormal asymmetry ratio as 
well as an absent response are all considered abnormal, but the reference values vary in 
clinics worldwide. We discarded p1, n1 and p1-n1 (cVEMP values) and n1, p1 and n1-p1 
(oVEMP values) because they poorly correlated with the side of disease in our study.   
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However, in our study latencies and interlatency showed no correlation with either age or 
EMG activity. This was in line with previous findings, one study pointing towards age not 
having an effect on latencies in subjects over 50 years (Nguyen et al., 2010) and another study 
concluding that the degree of sternocleidomastoid muscle contraction, which often is lower in 
elderly, does not affect VEMP latencies either (Janky et al., 2009).  
 
In total, cVEMPs and oVEMPs take about one hour to perform if everything runs smoothly. 
However, there are many pitfalls. During our study, the main reason for these was that VEMP 
measurements were not adequately standardised. A simple manual would have facilitated this 
and was also written, but unfortunately first at the end of the study (appendix 1). For both 
cVEMPs and oVEMPs, thorough rubbing of the skin before placing the electrodes seemed 
very important in order to receive reliable and fast measurements. For cVEMP, the EMG 
activity we registered from the sternocleidomastoid muscle was most likely too low. Studies 
have shown that EMG activity of at least 100uV is preferred (Barker, 2009) and our mean 
value was only one fourth of this. During our study, patients were allowed to both lift and turn 
their heads in order to produce muscle tension in the sternocleidomastoid muscle. Most 
patients chose to turn their heads, consequently not producing enough muscle tension. The 
reason for this is that it is incredibly tiring to lift the head from the headrest. oVEMPs can also 
be tiring, as eyes hurt after staring up into the ceiling for too long. Keeping in mind that some 
patients also have remaining vertigo symptoms during the VEMP tests, the process needs to 
be sped up, especially for older patients who get tired faster. Binaural testing for both 
cVEMPs and oVEMPs has been suggested, and demonstrates as satisfactory results as 
monaural stimulation (Wang et al., 2003) (Murofushi et al., 2005) (Kim et al., 2012).  
 
On reflection, it would have been advisable to compare our results to a control group. The 
reason for not having this was due to time limitations. Unfortunately, our clinic had not 
collected its own reference values. Second best was to find values from the literature that used 
similar stimulation and recording parameters, being aware of potential differences that may be 
unaccounted for. However, since asymmetry ratios were the only values used in our 
diagnostics, and since different asymmetry ratios did not vary to the extent that it affected the 
outcome of my patients, the error of not having a control group was reduced.     
 
As we now have discarded all other values but the asymmetry ratios for cVEMPs and 
oVEMPs, how can we be sure that the Norm-AR and AR are correct? Amplitudes in cVEMP 
has been seen to vary depending on EMG activity (Isaradisaikul et al., 2008), but since the 
Norm-AR is corrected for this, Norm-AR should be reliable. Both oVEMP and cVEMP 
asymmetry reliability for tone-bursts have shown fair to good reliability, which is not the 
highest level of reliability but still satisfactory (Nguyen et al., 2010).    
 
In our limited study sample, we saw no difference in asymmetry ratios when comparing older 
to younger VN patients. This is probably due to the asymmetry ratio being a value that 
compares two amplitudes in the same patient. Nguyen et al. found that subjects over 50 years 
experience a decrease in amplitude in both cVEMP and oVEMP in response to tone-bursts, 
but that age had no effect on asymmetry ratios (Nguyen et al., 2010). Janky et al. agreed, but 
argued that old age rarely posed difficulties in clinical practice (Janky et al., 2009). 
 
6.4 Combined results  
 
The most typical distribution of VN is degeneration of portions of the vestibular nerve and 
neuroepithelium of end organs, i.e. saccule, utricle and semicircular canals (Lin et al., 2011). 
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The reason for our study is to answer where exactly the damage is. In our study population, 
the most common was total vestibular neuritis followed by superior vestibular neuritis. In the 
literature, however, the most common diagnosis is superior vestibular neuritis followed by 
total vestibular neuritis (Govender et al., 2011). In our study, nobody had inferior vestibular 
neuritis and this is also least common in the literature (Govender et al., 2011). The reverse 
order of superior and total vestibular neuritis in our study is likely due to not having a large 
enough study sample to detect the interrelationship between superior and total vestibular 
neuritis. Others results can be explained by both the length of the superior nerve and of the 
bony channel that the nerve travels in. The superior vestibular nerve is seven times longer 
than the inferior vestibular nerve and travels in a three times as long bony channel. The 
channel of the superior vestibular nerve is also narrower and there are spike-like structures 
protruding from the bony wall. The superior vestibular nerve is therefore more vulnerable to 
pathogens. Should the nerve swell, the nerve is more inclined to get trapped in the narrow 
channel, leading to ischemia (Goebel et al., 2001) (Gianoli et al., 2005). The reason for having 
no IVN patients is simple. All patients were selected based on their abnormal caloric 
responses, which measures how the superior vestibular nerve functions.  
 
But why is so interesting to find where the damage is? Firstly, the cause of vestibular neuritis 
is not known. Identifying the distribution pattern brings us closer to finding that out. Our 
results were that four patients suffered from TVN and three from SVN (two AVN and one 
SVN). No patient had inferior vestibular neuritis. In all our patients the lesions were partial 
(Norm-AR or AR <100 %), thus not affecting the whole nerve in question. The most common 
lesions are however complete (Norm-AR or AR 100 %) (Walther et al., 2013). The reason 
why we could not show this may be due to a misdirected study sample or that recovery had 
started during the days prior to the measurements.  
 
Secondly, different recovery time can also be of interest when considering rehabilitation 
options. Total vestibular neuritis has shown to have the longest recovery time, followed by 
SVN and then IVN (the shorter nerve, the shorter recovery time). However, the symptom 
profile was not dependent on how much of the nerve that was affected. That the recovery time 
can be longer for some patients is interesting, as it in these cases is more relevant to be more 
aggressive with therapy (Chihara et al., 2012). If the lesion is partial, benign paroxysmal 
positional vertigo (BPPV) can occur after VN (Lin et al., 2011), which is good to inform the 
patients about.    
 
7. CONCLUSION 
 
vHIT and VEMP responses demonstrated the involvement of the whole vestibular nerve or 
just the superior portion of it. Both tests can thus provide more precise topologic information 
of the type of unilateral vestibular neuritis than caloric irrigation can. But vHIT and VEMP 
have pitfalls and in this study we experienced many of them. In order to master these, the tests 
need to be standardised and a clinician needs a lot of practice and a reference bank containing 
both healthy and vestibular neuritis patients. Binaural testing can facilitate for the patient, thus 
receiving better measurements. When vHIT and VEMP have become an integrated part of 
clinical practice, they can replace caloric irrigation as gold standard tests in vestibular 
diagnostics, while caloric irrigation instead could function as a complimentary investigation.   
 
It would be of interest in the future it to perform these tests on a larger scale and to perform 
two test runs, both in the acute phase and at follow-up six weeks later. An even better 
distribution pattern would then be obtained, which also facilitates in mapping the restoration 
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and rehabilitation progress. Resources can then be focused on those who heal the slowest and 
those inclined to develop sequelae. If the site of damage is known in more detail, new 
treatments can be established. 
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10. APPENDIX 1.  
 
VEMP data analysis – old system (for tests done on Nov 27 2013 and before) 
 
 For both cVEMP and oVEMP 
 

1. When performing the test, stop the measurement you for each side have two curves that have a 
distinct positive and negative peak (as many as 150 accepted hits are then not required!)  

2. Select only the ipsilateral curves and remove the contralateral. 
3. If preferred, place the right (red) curves to the left on the working sheet and the left (blue) curves to 

the right. 
4. Smoothen the curves for a more elegant look. 
5. Choose the right window settings for the curves. 40 µV is used for cVEMP and 2 µV for oVEMP. 

Scale one step down or one step up if needed, but more should not be required (you should already 
see the curves if the test was performed correctly). 

6. It is important that the curves remains in the form they are now, that is non-inverted, before 
proceeding with the following steps! 

 
Specific for cVEMP 
 

1. In right and left side’s best curve, mark the following: 
P1 or P13= the first distinctive positive peak, found around 13 ms (interval 10-14 ms). 
N1 or N23= the first distinctive negative peak thereafter, found around 23 ms (interval 19-23 ms).  

 
Because the upper electrode is the active one, the first peak will be positive.  
For a correctly performed test, the peaks should be obvious to the eye. Look in the suggested 
reference interval (Nguyen et al., 2010). 

 
2. Calculate the normalized asymmetry ratio (Norm-AR) by marking the two curves you have just 

marked with P1 and N1. Then press the “Norm-AR” symbol on the panel. The ratio (not a percent) 
appears in the box if correctly performed. The form used by the software is  

 
Norm-AR = ((AmpL/LeftEMG)-(AmpR/RightEMG))     x100 
                   (( AmpL/LeftEMG)+( AmpR/RightEMG))  

 
Specific for oVEMP  
 

1. In right and left side’s best curve, mark the following: 
N1 or N10= the first distinctive negative peak, found around 10 ms (interval 7-11 ms).  
P1 or P15= the first distinctive positive peak thereafter, found around 15 ms (interval 12-16 ms). 
 
Because the upper electrode is the reference one, the first peak will be negative.  
For a correctly performed test, the peaks should be obvious to the eye. Look in the suggested 
reference interval (Nguyen et al., 2010). 
 

2. Calculate the asymmetry ratio (AR) by marking the two curves you have just marked with P1 and 
N1. Then press the “AR” symbol on the panel. The ratio (not a percent) appears in the box if 
correctly performed. The form used by the software is  
 
AR = (AmpL –AmpR)      x100 
         (AmpL+AmpR)  
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10. APPENDIX 2.  
 
VEMP data analysis – new system (for tests done on Nov 28 2013 and after) 
 
For both cVEMP and oVEMP 
 

1. When performing the test, stop the measurement you for each side have two curves that have a 
distinct positive and negative peak (as many as 150 accepted hits are then not required!)  

2. Select only the ipsilateral curves and remove the contralateral. 
3. If preferred, place the right (red) curves to the left on the working sheet and the left (blue) curves to 

the right. 
4. Smoothen the curves for a more elegant look. 
5. Choose the right window settings for the curves. 40 µV is used for cVEMP and 2 µV for oVEMP. 

Scale one step down or one step up if needed, but more should not be required (you should already 
see the curves if the test was performed correctly). 

6. It is important that the curves remains in the form they are now, that is non-inverted, before 
proceeding with the following steps! 

 
Specific for cVEMP 
 

1. In right and left side’s best curve, mark the following: 
P1 or P13= the first distinctive positive peak, found around 13 ms (interval 10-14 ms). 
N1 or N23= the first distinctive negative peak thereafter, found around 23 ms (interval 19-23 ms).  

 
Because the upper electrode is the active one, the first peak will be positive.  
For a correctly performed test, the peaks should be obvious to the eye. Look in the suggested 
reference interval (Nguyen et al., 2010). 

 
2. Calculate the normalized asymmetry ratio (Norm-AR) by marking the two curves you have just 

marked with P1 and N1. Then press the “Norm-AR” symbol on the panel. The ratio (not a percent) 
appears in the box if correctly performed. The form used by the software is  

 
Norm-AR = ((AmpL/LeftEMG)-(AmpR/RightEMG))     x100 
                   (( AmpL/LeftEMG)+( AmpR/RightEMG))  

 
Specific for oVEMP  
 

1. In right and left side’s best curve, mark the following: 
N1 or N10= the first distinctive positive peak, found around 10 ms (interval 7-11 ms).  
P1 or P15= the first distinctive negative peak thereafter, found around 15 ms (interval 12-16 ms). 

 
Because the upper electrode is the active one, the first peak will be positive.  
For a correctly performed test, the peaks should be obvious to the eye. Look in the suggested 
reference interval (Nguyen et al., 2010). 

 
2. Calculate the asymmetry ratio (AR) by marking the two curves you have just marked with P1 and 

N1. Then press the “AR” symbol on the panel. The ratio (not a percent) appears in the box if 
correctly performed. The form used by the software is  

 
AR = (AmpL –AmpR)      x100 
(AmpL+AmpR)  

 
 


