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In the bithermal caloric test, each ear is irrigated twice—

once with cool water (or air) and once with warm water

(or air).  Each irrigation stimulates the horizontal

semicircular canal of the irrigated ear and provokes a

nystagmus response.  Cool stimulations provoke nystagmus

responses with slow phases toward the irrigated ear.  Warm

stimulations provoke nystagmus responses with slow

phases away from the irrigated ear.  

Caloric stimuli are uncalibrated.  Even though all patients

receive the same external stimulus, we know that some

patients receive stronger semicircular canal stimulation

than others, presumably because their external ear canals

are larger and straighter.  We do make the key assumption

that all four caloric stimulations of a given patient are

equally strong.  Thus we expect some patients to have

stronger caloric responses than others, but expect all four

caloric responses to be of equal strength in a patient with

normal vestibular function.  

An example of normal caloric responses is shown in Fig. 1.

Each response starts about 20 seconds after onset of the

irrigation, reaches peak intensity about 60 seconds later,

and then declines.  Responses to right cool and left warm

irrigations have rightward slow phases.  Responses to right

warm and left cool irrigations have leftward slow phases.

The intensities of all four responses are exactly equal.  

In real life, the intensities of all four caloric are rarely

exactly equal, because caloric stimuli are rarely exactly

equal and also because response intensity is affected by

extraneous factors, such as alertness, eye position, and

recording artifacts.  For clarity of presentation, the caloric

responses shown in Fig. 1 (as well as in the figures that

follow) are idealized responses generated by computer, not

actual responses recorded from patients.

UNILATERAL WEAKNESS

The primary purpose of the bithermal caloric test is to

detect a unilateral lesion of the horizontal semicircular

canal (or its afferent pathway).  We can say that such a

lesion exists when caloric responses of one ear are

significantly weaker than those of the other ear.

An example is shown in Fig. 2.  The responses of the right

ear are noticeably weaker than those of the left ear.  
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Figure 1. Normal caloric responses.  The two responses of the right
ear (RC and RW) are on the left side of the chart, and the two
responses of the left ear (LW and LC) are on the right side of the
chart.  Vertical axis: slow phase eye velocity (deg/sec).  Values
above zero denote rightward velocities, and values below zero
denote leftward velocities.  Horizontal axis: time (seconds) after
onset of irrigation. 
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Figure 2. Unilateral weakness.
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Is this weakness outside normal limits?  The preferred

measure of caloric response intensity is peak slow phase

velocity, that is, slow phase velocity of nystagmus at the

point of strongest response.  To calculate unilateral

weakness, we insert these peak slow phase velocity values

into a formula first proposed by Jongkees and Philipszoon

(1964).  First we find the difference between ears by

summing the peak slow phase velocities of the two

responses of the right ear and, from this sum, subtracting

the sum of the peak slow phase velocities of the two

responses of the left ear.  Then, because unilateral

weakness is proportional to caloric response strength and

caloric stimuli are uncalibrated, we normalize this

difference between ears, that is, we divide it by the sum of

the peak slow phase velocities of all four responses.

Finally we multiply the result by 100.  In other words, 

(RW + RC) – (LW + LC)

Eq. 1                                    X 100 = UW (in percent),

RW + RC + LW + LC

where RW is peak slow phase velocity of the right warm

response, RC is peak slow phase velocity of the right cool

response, LW is peak slow phase velocity of the left warm

response, LC is peak slow phase velocity of the left cool

response, and UW is unilateral weakness.  A positive UW

denotes a unilateral weakness in the left ear, and a

negative UW denotes a unilateral weakness in the right ear.

A UW greater than about 25 percent is generally considered

outside the normal limit.  

Inserting peak slow phase velocity values from Fig. 2 into

Eq. 1 yields

(20 + 20) – (40 + 40)

X 100 = -33 percent,

20 + 20 + 40 + 40

which is outside the normal limit.  This result is localizing.

It indicates a lesion of the right horizontal semicircular

canal or its afferent pathway. 

DIRECTIONAL PREPONDERANCE

If all caloric tests yielded responses like those shown in

Fig. 1 or Fig. 2, then we would not have to irrigate each

ear twice.  A single irrigation of each ear, either warm or

cool, would suffice.  Unfortunately, some patients have a

directional preponderance, that is, caloric responses in one

direction are weaker than those in the other direction.

When we provoke two responses from each ear—one in

each direction—and sum these two responses when

calculating unilateral weakness, then any directional

preponderance cancels out.  

Over the years, the phenomenon of directional

preponderance has been the source of much controversy

and confusion.  Originally, Fitzgerald and Hallpike (1942)

said that directional preponderance is a sign of central

nervous system dysfunction, but they were observing

caloric nystagmus with the patient’s eyes open and so

what they called directional preponderance was actually

asymmetric fixation suppression of caloric nystagmus.

Nevertheless this interpretation of directional

preponderance persisted for many years, despite the fact

that later investigators (for example, Stahle, 1958; Coats,

1965; Baloh et al., 1977) recorded caloric responses with

visual fixation denied and found directional preponderance

to be associated with a variety of vestibular disorders,

both peripheral and central.

To compound the confusion, it turns out that directional

preponderance is comprised of two different abnormalities.

The first is gain asymmetry, in which responses in one

direction are weaker than those in the other direction.

The second is bias, in which caloric responses are equally

strong in both directions, but the baseline of the responses

is shifted. 

GAIN ASYMMETRY

An example of gain asymmetry is shown in Fig. 3.

Responses with leftward slow phases are clearly weaker

than those with rightward slow phases.

Is this gain asymmetry outside normal limits?  To calculate

gain asymmetry, we use a formula that was also first

proposed by Jongkees and Philipszoon (1964).  First we
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Figure 3. Gain asymmetry.
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find the difference between the two directions of

nystagmus by summing the peak slow phase velocities of

the two responses with leftward slow phases and, from this

sum, subtracting the sum of the peak slow phase velocities

of the two responses with rightward slow phases.  Then

because gain asymmetry is proportional to caloric response

strength, we normalize this difference by dividing it by the

sum of the peak slow phase velocities of all four responses.

Then we multiply the result by 100.  In other words,

(RW + LC) – (LW + RC)

Eq. 2                                    X 100 = DP (in percent),

RW + LC + LW + RC

where RW, RC, LW, and LC are the same as in Eq. 1, and DP

is directional preponderance.  A DP greater than about 30

percent is generally considered to be outside the normal

limit.  A positive DP denotes a directional preponderance

to the right, and a negative DP denotes a directional

preponderance to the left.

A note on nomenclature:  It is customary to designate

directional preponderance according to the direction of

stronger fast phases.  Thus when it is said that there is a

directional preponderance to the left, it is meant that

responses with leftward fast phases are stronger than those

with rightward fast phases.  However we think it makes

more sense to designate directional preponderance

according to the direction of weaker slow phases, since

slow phases are being displayed in the chart.  Thus when

we say there is a directional preponderance to the left, we

mean that responses with leftward slow phases are weaker

than those with rightward slow phases.

Inserting peak slow phase velocity values from Fig. 3 into

Eq. 2 yields

(10 + 10) – (40 + 40)

X 100 = -60 percent,

10 + 10 + 40 + 40

which is outside the normal limit.  This result indicates

that the gain of responses with leftward slow phases is

significantly lower than the gain of responses with

rightward slow phases, which is a nonlocalizing

abnormality. 

Gain asymmetry is extremely rare.  In fact, for many years

we did not believe it even existed, but recently Halmagyi

et al. (2000) said they found this abnormality in 114 of

15,542 patients who underwent bithermal caloric testing.

All of these patients had DP’s of at least 40 percent and

none had significant unilateral weaknesses or significant

spontaneous nystagmus.  About half of them had Meniere’s

disease or benign paroxysmal positional vertigo, and most

of the others received no diagnosis.  Halmagyi et al. said

that gain asymmetry is generally a transient, benign

abnormality.  In a companion paper (Cartwright et al.,

2000), they postulated that it is due to an asymmetric

dynamic response of neurons in the medial vestibular

nuclei on either side of the brain.  We have never seen a

convincing case of gain asymmetry in our own laboratories

(Stockwell, 1987; Barin & Bahram, 2001), but the report of

Halmagyi et al. indicates that it does in fact exist.

BIAS

An example of bias is shown in Fig. 4.  There is no

unilateral weakness and no gain asymmetry, but the

baseline of all responses is shifted upward, that is, to the

right, by about 20 deg/sec.  This patient also has

spontaneous nystagmus with rightward slow phase

velocities of about 20 deg/sec with eyes closed.

Spontaneous nystagmus and bias are both due to a static

baseline shift in the horizontal vestibulo-ocular system,

and they always occur together.  Like gain asymmetry, bias

(and spontaneous nystagmus) occurs in patients with a

wide variety of vestibular disorders, both peripheral and

central.

Many normal individuals have a small amount of bias and

spontaneous nystagmus, so how much is outside the

normal limit?  It is generally agreed that the normal limit

is about 6 deg/sec, so the bias of 20 deg/sec seen in Fig.

4 is abnormal.

What happens when we calculate directional preponderance

in this patient?  Inserting peak slow phase velocity values

from Fig. 4 into Eq. 2 yields
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Figure 4. Bias.
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(20 + 20) – (60 + 60)

X 100 = -50 percent.

20 + 20 + 60 + 60

This is a mistake.  We cannot use Eq. 2 to calculate bias.

This formula normalizes the difference between the two

directions of nystagmus under the presumption that the

difference is proportional to response strength.  Bias is not

proportional to response strength, so the formula is

inappropriate when the difference is due to bias. 

Eq. 2 is appropriate for calculating gain asymmetry,

because gain asymmetry is proportional to response

strength.  However we must first eliminate the bias.  To do

this, we simply subtract the bias from the peak slow phase

velocities of caloric responses in the same direction and

add it to the peak slow phase velocities of responses in

the opposite direction and then calculate gain asymmetry

using the new values.  In other words,

(RW’ + LC’) – (LW’ + RC’)

Eq. 3                                     X 100 = GA (in percent),

RW’ + LC’ + LW’ + RC’

where GA is gain asymmetry and RW’, LC’, LW’, and RC’ are

RW, LC, LW, and RC, respectively, after eliminating any

bias.  

To illustrate, if we eliminate the bias from peak slow phase

velocity values in Fig. 4, we get

RW’ = 20 + 20 = 40

LC’ = 20 + 20 = 40

LW’ = 60 – 20 = 40

RC’ = 60 – 20 = 40

and when we insert these new values into Eq. 3, we get

(40 + 40) – (40 + 40)

X 100 = 0 percent.

40 + 40 + 40 + 40

This result indicates no gain asymmetry, which is correct. 

UNILATERAL WEAKNESS AND GAIN ASYMMETRY

The three abnormalities described above can exist alone or

in any combination.  Fig. 5 shows an example of two

coexisting abnormalities—unilateral weakness and gain

asymmetry.  First we calculate unilateral weakness using

Eq. 1,

(5 + 20) – (40 + 10)

X 100 = -33 percent.

5 + 20 + 40 + 10

Then we calculate gain asymmetry using Eq. 3,

(5 + 10) – (40 + 20)

X 100 = -60 percent.

5 + 10 + 40 + 20

Note that the presence of gain asymmetry has no effect

whatsoever on the value we get for unilateral weakness,

and vice versa.  Note also that since there was no bias, we

could have used either Eq. 2 or Eq. 3 to calculate gain

asymmetry.

UNILATERAL WEAKNESS AND BIAS

Fig 6. shows an example of two coexisting abnormalities—
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Figure 5. Unilateral weakness and gain asymmetry.
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Figure 6. Unilateral weakness and bias.
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unilateral weakness and bias.  The bias is about 20

deg/sec, and the patient has spontaneous nystagmus with

rightward slow phase velocities of about 20 deg/sec with

eyes closed.  We calculate unilateral weakness using Eq. 1,

(0 + 40) – (60 + 20)

X 100 = -33 percent.

0 + 40 + 60 + 20

Note that the presence of bias has no effect on the value

we get for unilateral weakness, so we do not have to

eliminate it first.

This combination of unilateral weakness and bias is

characteristic of a sudden and recent unilateral peripheral

vestibular lesion.  Over time, the bias (and the patient’s

spontaneous nystagmus) decline due to vestibular

compensation, although the unilateral weakness may

remain.

GAIN ASYMMETRY AND BIAS

Fig. 7 shows an example of two coexisting abnormalities—

gain asymmetry and bias.  The bias is about 20 deg/sec,

and the patient has spontaneous nystagmus with rightward

slow phase velocities of about 20 deg/sec with eyes

closed.  Note that the right warm and left cool caloric

responses failed to overcome the spontaneous nystagmus

completely, so RW and LC are opposite the expected

direction.  When this happens, their values are expressed

as negative numbers.

Before calculating gain asymmetry, we have to eliminate

the bias, 

RW’ = -10 + 20 = 10

LC’ = -10 + 20 = 10

LW’ = 60 – 20 = 40

RC’ = 60 – 20 = 40 

Then we use the new values to calculate gain asymmetry

using Eq. 3,

(10 + 10) – (40 + 40)

X 100 = -60 percent.

10 + 10 + 40 + 40

Note that the normal limit of 30 percent for directional

preponderance is based on studies that lumped together

gain asymmetry and bias.  We do not have a normal limit

for gain asymmetry by itself, but it is probably somewhat

less than 30 percent.  We need new normative studies to

establish a correct normal limit for gain asymmetry.

UNILATERAL WEAKNESS, GAIN ASYMMETRY, AND BIAS

Fig. 8 shows an example of three coexisting

abnormalities—unilateral weakness, gain asymmetry, and

bias.  The bias is about 20 deg/sec, and the patient has

spontaneous nystagmus with rightward slow phase

velocities of about 20 deg/sec with eyes closed.  The right

warm and left cool caloric responses failed to overcome the

patient’s spontaneous nystagmus, so RW and LC are

expressed as negative numbers.  First we calculate

unilateral weakness using Eq. 1,

(-15 + 40) – (60 - 10)

X 100 = -33 percent.

-15 + 40 + 60 – 10

We must eliminate the bias before calculating gain

asymmetry,

RW’ = -15 + 20 = 5

LC’  = -10 + 20 = 10

LW’ =  60 – 20 = 40

RC’ =  40 – 20 = 20

Then we calculate gain asymmetry by inserting the new

values into Eq. 3,

(5 + 10) – (40 + 20)

X 100 = -60 percent.

5 + 10 + 40 + 20
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Figure 7.  Gain asymmetry and bias.
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Figure 8. Unilateral weakness, gain asymmetry, and bias.
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SUMMARY

In the bithermal caloric test, each ear receives two

irrigations—a warm irrigation that provokes a response in

one direction and a cool irrigation that provokes a

response in the other direction.  From these four

responses, we can distinguish between unilateral weakness,

in which the responses of one ear are weaker than those of

the other ear, and directional preponderance, in which

responses in one direction are weaker than those in the

other direction.  Directional preponderance has two

components.  The first is gain asymmetry, which is

proportional to caloric response strength.  The second is

bias, which is independent of caloric response strength.

Before calculating gain asymmetry, it is first necessary to

eliminate bias from the responses. 

Unilateral weakness is highly localizing.  It denotes a

lesion of the horizontal semicircular canal or its afferents

on the side of the weaker response.   Gain asymmetry and

bias are nonlocalizing.  Both abnormalities denote a

vestibular lesion, either peripheral or central.
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A NOTE TO ICS MEDICAL CUSTOMERS

The elimination of bias described in this article cannot be

performed by current ICS Medical software and must be

done by hand.  This feature will be included in our next

software release.
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