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accurate diagnosis of peripheral vestibular pathology? 
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Introduction 

Traditionally, Caloric testing has been the most accepted method of measuring peripheral 

vestibular function to help diagnose peripheral or central vestibulopathy. Caloric testing has 

some known limitations, namely it only measures horizontal semi-circular canal function and 

only at a very low frequency, which is not representative of real head accelerations experienced 

in the real world. 

The Video Head Impulse test (vHIT) first described by Halamgyi et al in 2009 and then again in 

2013 [2,3] is an adaptation of the head thrust or Head impulse test which is a bedside 

examination. In recent years it has gained popularity in vestibular clinics around the world and 

has become a standard part of the vestibular test battery and is used to supplement Caloric 

testing and other vestibular tests such as rotatory chair, VEMPS and VNG. vHIT has several 

advantages over traditional Caloric testing, such as being able to test all six vestibular canals, 

as well as being more portable and easier to administer (once a clinician has gained some 

experience). Some clinicians have therefore questioned the need for Caloric testing and 

whether it is feasible to replace Caloric testing with vHIT altogether. In this paper I will be 

exploring this question by looking at the published evidence. 

I will start by describing the physiological basis for both the Caloric test and the vHIT and 

discuss the practical administration of the tests as well as the interpretation of the results. I will 

then discuss the advantages and disadvantages of each test and then discuss the clinical 

application of each test to patients with different vestibular pathologies. 

Overview of the Video Head Impulse Test (vHIT) 

As the vHIT is based upon the standard Head Impulse Test (HIT), it is useful to understand the 

physiological basis of the HIT and then describe the recording technique of vHIT which gives 

objective, quantitative measurement of the HIT results. 
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The standard Head Impulse Test (HIT) is a bedside test, used to determine if a patient has a 

peripheral vestibular weakness or asymmetry or total loss of peripheral vestibular function. The 

clinical utility of the test to identify patients with loss of labyrinthine function was described in 

1988 by Halmagyi and Curthoys [1]. 

The HIT is a measure of the patient’s ability to keep their gaze fixed on a target during brief, fast, 

unpredictable head turns (head impulses). To administer the HIT the clinician holds the head 

gently and asks the patient to fix on a target. The clinician then applies short, abrupt and 

unpredictable head movements in the plane of a Semi-circular canal (SCC) pair. The typical 

angular head acceleration delivered is 4000°/s2, which equates to 4Hz frequency of rotation. 

This level of acceleration is what occurs with typical head movements, for example when 

turning your head from side to side when driving. In healthy subjects a smooth compensatory 

eye movement is generated by the vestibular ocular reflex to keep the eyes fixed on the target. 

The eye movement must be equal and opposite to the head movement in order to maintain gaze 

on the target. In a patient with loss of vestibular function the compensatory eye movement lags 

the head movement because the VOR is impaired and the subject will have to make a corrective 

saccade in order to return the gaze to the fixed target. This “overt” catch up saccade is 

observable by the clinician and is a sign of canal paresis. In the case of horizontal head 

impulses, if a catch-up saccade is present, then the horizontal canal towards which the head 

impulse is being made has a canal paresis.  

The vHIT was developed as a way of recording and objectively quantifying the results of a HIT 

and measuring function in all six SCCs. For the vHIT the patient wears a set of lightweight 

googles which have high speed cameras mounted inside them to record eye movements. In 

addition, the googles have in built in inertial sensors mounted in the stimulus planes of the 

different SCCs (horizontal, Left Anterior – Right posterior (LARP) and Right Anterior – Left 

Posterior (RALP)). The high-speed cameras measure the eye velocity and the inertial sensors 

measure the head velocity. The output from the cameras and the inertial sensors are put into a 

computer program to accurately measure the VOR gain, which is the ratio of the eye velocity to 

the head velocity. At least 20 impulses are recorded for each plane of stimulation. In healthy 

subjects the VOR gain should be close to 1. Patients with peripheral vestibular loss have a gain 

of < 0.8.  In addition to accurately measuring VOR gain vHIT can also record the presence of 

catch up saccades.  

There are two types of catch up saccade, Overt and Covert. Overt saccades occur after the 

head movement has stopped. Covert saccades on the other hand occur while the patients head 
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is still moving. One of the major advantages of vHIT over the traditional HIT is that whilst Overt 

Saccades are usually visible by the examiner, Covert saccades are usually impossible to see 

with the naked eye and so video recording will reveal covert saccades that would have 

otherwise undetectable with the HIT.  

It is important to differentiate between covert and overt saccades as the they are thought to be 

an indicator of the time course of dynamic compensation. Early in the acute phase it is more 

likely that overt saccades will be seen. As compensation occurs in the non-acute phase, overt 

saccades diminish, and covert saccades increase. When compensation has fully occurred, and 

gain has been recovered covert saccades will also disappear. [4] 

The function of all six vestibular canals may be measured using vHIT, by performing impulses in 

the plane of the canal pairings RALP and LARP as well as the lateral canals. Therefore, by 

analysing the results the clinician can determine whether the entire vestibular nerve is affected 

or branches of it in cases of vestibular neuritis, which can be either classic superior vestibular 

neuritis or the less common inferior vestibular neuritis [3]. 

Overview of Caloric testing 

The Caloric test was first described by Robert Barany in 1907. It has been the most widely used, 

and some would say “gold standard” of measuring vestibular function for many years in 

vestibular clinics all around the world. To deliver the test, the patient lies in a supine position 

with their head tilted 30° to the horizontal. This is known as the caloric test position as it places 

the horizontal semi-circular canal (HSCC) in the vertical plane, aligning it with gravity. Next, a 

temperature gradient is introduced into the inner ear by irrigating the ear canal using warm or 

cold water or air. The temperatures used are 44°C and 30°C for warm and cool water and 50°C 

and 24°C for warm and cool air irrigation. [BSA recommended procedure 2010]. The ear should 

be irrigated for 30 sec for water irrigations and 60s for air irrigations [BSA recommended 

procedure 2010]. This causes a change in the specific gravity of the endolymph within the 

HSCC. The warm irrigation makes the endolymph slightly lighter and causes it to rise setting up 

a convection current that causes the cupula to deviate towards the utricle (ampullopetal flow) 

and therefore produces horizontal nystagmus with the fast phase beating towards the 

stimulated ear. Cool irrigations make the endolymph heavier and therefore sets up a 

convection current in the opposite direction, having the opposite effect on the cupula 

(ampullofugal flow) and the fast phase of the nystagmus beats away from the stimulated side. 
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The slow phase velocity (SPV) of the induced nystagmus is recorded and measured using either 

Electro Nystagmography (ENG) or more commonly in recent years by video nystagmography 

(VNG). During the test the patient must be alert and given a mental alerting task, otherwise the 

response can be supressed. The test must be performed in the dark to prevent visual fixation. A 

target can be introduced after the peak of the response to measure the visual fixation index. 

The maximum SPV’s from each ear and in each direction are compared with each other using 

Jongkees formula to calculate the Canal Paresis (CP) and the Directional Preponderance (DP) 

as follows: 

CP% = {[[RW + RC] – [LW + LC]] / [RW + RC + LW + LC]} * 100 

DP% = {[[RW + LC] – [LW + RC]] / [RW + RC + LW + LC]} * 100 

RW = Right ear warm irrigation 

LW = Left ear warm irrigation 

RC = Right ear cool irrigation 

LC = Left ear cool irrigation 

Normative data should be collected by each individual clinic, however a CP or DP of ≥ 20% can 

be seen as abnormal. If the bilateral slow phase velocity is ≤ 10°/s this indicates peripheral 

vestibular hypofunction. Different studies cited in this paper have used different criteria for 

abnormal CP. 

Advantages of the vHIT over the Caloric test 

• The first advantage of vHIT over the caloric test is that it can test all six SCC, whereas 

the caloric test is testing the horizontal SCC only. 

• The Caloric test is a non-physiological stimulus i.e. the response is induced by 

introducing a temperature gradient in the inner ear, which does not occur naturally, 

whereas head impulses for the vHIT are like the head movements that occurring in day 

to day life. 

• The caloric response is an extremely low frequency stimulus and has been estimated to 

be around 0.003Hz, whereas with vHIT canals are tested at a frequency range of 3 to 5 

Hz, which is within physiologic range of normally occurring head movements. 
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• The caloric response can be supressed; therefore, the patient is required to perform a 

mental alerting task and visual fixation must be removed. Conversely vHIT can be 

performed in a normally lit room with no mental alerting required. 

• vHIT is relatively easy to set up and can be performed anywhere, relatively quickly 

compared to the caloric, which will require either a water or air caloric irrigator and a 

dark room so that visual stimuli do not interfere. vHIT could be performed in non-

specialist clinic locations such as GP surgeries or in Hospital emergency rooms. 

• The caloric test induces a sensation of vertigo in the patient, which is not well tolerated 

by a lot of patients, especially if they are still in the acute phase of recovery.  

• Caloric testing cannot differentiate whether deficits are static, or in a state of active 

recovery. Whereas vHIT can track compensation by recording the presence of covert 

and overt saccades.[6] 

• Caloric testing is unable to detect the vestibular dysfunction in the case of vestibular 

neuritis affecting the inferior vestibular nerve.[5] 

 

Common pitfalls and possible artefacts in vHIT 

In order to accurately transduce the head stimulus, it is essential that the googles are fixed 

tightly to the head. If not slippage of the headset can introduce a false reading of head velocity 

compared to eye position. 

The plane of the stimulus must match the appropriate sensing transducer exactly. The larger 

any angle of error between the angle of the head and the angle of the head sensor in the plane 

of stimulation then the larger the error.  

The technique used by the examiner can play a large part in minimising artifacts. For example, 

holding the top of the head instead of the jaw has a lower risk of creating artifacts.[7] 

Another technique error which is very common is head ‘bounce’. This is where the examiner 

rotates the head back in the opposite direction at the end of an impulse instead of coming to a 

full stop.[7] 

Excessive eye blinks can introduce noise into the eye traces. Loss of pupil tracking can be 

another major source of artefact. This can be affected by environmental lighting conditions via 

miosis or reflected light of the cornea, both of which reduce pupil tracking efficiency. 
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Correlation of Caloric and vHIT results in common vestibular pathologies 

Caloric testing and vHIT have been studied extensively for peripheral vestibular disorders to 

compare their ability to diagnose and screen for conditions such as vestibular neuritis and 

Meniere’s disease.  

Redondo-Martinez et al [8] assessed the correlation between caloric test and vHIT results in 

patients with vestibular neuritis. They found that in the acute phase of vestibular neuritis an 

increase in canal paresis measured by caloric occurs with a decreased gain of VOR in the 

affected ear on vHIT. However, in the chronic phase the canal paresis starts to recover slowly 

but remains high, whereas the VOR gain on vHIT recovers at a greater velocity. They could not 

find a linear correlation between the tests and conclude that because vHIT and caloric 

stimulation explore different frequencies of VOR the tests should be considered to compliment 

each other and not be considered equivalent or as a substitute for one another. 

Park et al [9] evaluated caloric test and vHIT results from 92 dizzy patients and 19 healthy 

volunteers. Overall, they found a statistically significant correlation between VOR gain of a vHIT 

and ipsilateral SPV in a caloric test in dizzy patients. They found increased UW on caloric test 

correlated with decreased VOR gain on vHIT. There was no linear correlation in healthy 

volunteers. They found that 21% of patients had normal VOR gain on vHIT (>0.88) with an 

abnormal Canal paresis (> 25%), and 14.3% of patients had reduced VOR gain on vHIT (<0.88) 

but normal caloric results (CP<25%). All the patients showing significant CP on caloric with 

normal results on vHIT were diagnosed with Menieres Disease or recurrent vestibulopathy.  

Hanningan et al [10] performed a retrospective analysis of vHIT and caloric test results on 644 

patients who attended a neuro-otology outpatient facility, with a range of symptoms including 

spontaneous vertigo, imbalance or chronic subjective dizziness. They found that > 94% of the 

patients tested had results that were concordant between vHIT and Caloric test. The majority of 

subjects that showed a dissociation between the two tests had a diagnosis of Menieres 

Disease. Statistical analysis confirmed that vHIT caloric dissociation was significantly 

associated with Menieres disease. 

McCaslin and colleagues and McGarvie et al examined selected patients with clinically definite 

Menieres Disease and reported normal vHIT gain but abnormal caloric asymmetry in all 

subjects [11,12] 
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Dissociation between the two tests has also been reported during recovery from vestibular 

neuritis or sudden unilateral vestibular loss, where the vestibular dysfunction is most prevalent 

in end organs innervated by the superior vestibular nerve, which includes the HSCC. 

It has been proposed that the high frequency VOR has the capacity to recover more quickly 

through differing central adaptation [4]. Hence the high frequency vHIT might normalize while 

the low frequency caloric remains abnormal. 

McGarvie et al proposed that the reason for the dissociation between vHIT and caloric test 

results in Menieres patients is that the process of endolymphatic hydrops causes the HSCC 

duct to become distended, resulting in a smaller thermally induced pressure gradient across 

the cupula, without affecting responses to high frequency angular acceleration [12]. 

Physiological basis for difference between vHIT and Caloric results. 

Another possible explanation for the discrepancy between the results of vHIT and Caloric 

testing is the anatomical and physiological production of the VOR in the two tests. The crista 

contains the sensory cells that sense angular acceleration. There are two types, type I and type 

II. Type I cells are in the centre of the crista and decode high frequency and fast acceleration 

head movements. These cells are connected to irregular afferent fibres. Type II cells are found 

in the periphery of the crista an decode low frequency and low acceleration head movements. 

They are connected to regular afferent fibres. Therefore, although both the vHIT and Caloric 

tests are testing VOR, they are doing so at very different frequencies and therefor stimulating 

different pathways of sensory cells and neurones. The type II neuron pathways are responsible 

for velocity storage. This is a characteristic of the vestibular system that stores responses from 

the peripheral organ and releases them even after hair cell stimulation has ceased. The caloric 

response is an example of velocity storage. It produces nystagmus approximately 30 seconds 

after the beginning of stimulation, peaks after about one minute and decreases until it 

disappears after about 3 minutes. However, the vHIT response depends on the direct pathway 

of the type I neurones. The two tests are therefore testing different responses to crista 

stimulation. 

 

Summary and Conclusion 

Although vHIT has several advantages over traditional caloric testing, it cannot be considered a 

replacement for the caloric test. This is because the two tests are acting in different ways to 

stimulate the end organ and giving different information. In much in the same way as testing the 
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auditory system with different frequencies in audiometry it is necessary to evaluate the 

vestibular system with different frequencies of angular acceleration. The caloric is a low 

frequency stimulus (0.003Hz) and the vHIT is a high frequency stimulus (3-5Hz) and the two are 

stimulating different pathways (type II and type I respectively). 

Rather the two tests should be complementing each other in order to give a full picture of 

vestibular end organ function and therefore should be used as part of a comprehensive test 

battery including VNG, oculomotor tests, positional tests and VEMPS. It is particularly 

important to perform both tests in cases of suspected Menieres disease and indeed normal 

vHIT results with abnormal caloric results could be seen to support the diagnosis of MD. 

There is an argument that one could use vHIT as a sort of screening tool to determine if caloric 

testing was necessary. If the vHIT is abnormal, the literature suggests that it is highly likely that 

a CP will be found on the caloric test, which would not give any extra information than an 

abnormal vHIT. Given that the caloric test is time consuming and poorly tolerated by patients it 

is feasible to skip the caloric in cases where the vHIT is abnormal, defined as reduced VOR gain 

and the presence of overt and or covert saccades. 
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