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Summary

Caloric testing is an otoneurologic evaluation of the
status of the vestibular-ocular reflex; it allows an evaluation
of each labyrinth separately. The main aspects on the use
and interpretation of caloric testing are reviewed. Method:
A systematic review of papers published in the past one
hundred years on caloric testing was undertaken. The
inclusion criteria were: cross-sectional, longitudinal, original
articles, reviews and meta-analyses. Reviews of patient charts,
case reports and editorials were excluded. The key-words
were: caloric testing, nystagmus, vestibular system, directional
preponderance, labyrinth predominance, monothermal
caloric test, ice water caloric testing, Bell’s phenomenon.
The databases were: COCHRAINE, MEDLINE, LILACS, CAPES.
Results: Ninety-three of 818 abstracts fulfilled the inclusion
criteria. After reading these articles, 55 were selected for this
study. These papers discussed the basics of caloric testing, the
types of stimulation, the interpretation of results, variables,
artifacts, and the monothermal and ice water caloric test.
Final comments: Caloric testing reference values may vary
according to each unit; the the cutoff point is defined based
on local studies. Attention to the technique is essential to
maximize test sensitivity.
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INTRODUCTION

Caloric testing assesses and records the function
of each labyrinth separately, making it possible to define
which side is compromised."* The caloric response is
connected with the central nervous system, which is im-
portant in differentiating between central and peripheral
vestibular diseases.

Caloric testing deserves to be highlighted within the
context of otoneurological test batteries, which justifies this
review of the literature.

Peculiarities about the semiotechnique should be
well known when performing the test to avoid errors in
the interpretation of results.

Furthermore, controversies seem to exist in the
interpretation of caloric testing. For instance, directional
preponderance and labyrinthic predominance reference
values may vary among units, as may the clinical meaning
of directional predominance and the advantages/disadvan-
tages of air and water irrigation.

This systematic review aimed to describe the main
aspects about the method, the interpretation and the cli-
nical usefulness of caloric testing.

METHODS

The bibliographic search included a review of
strategic points for commanding the test technique, as
follows:

1) air or water stimulation caloric testing;

2) monothermal caloric testing;

3) ice water caloric testing;

4) directional preponderance and labyrinthic pre-
dominance: concepts, reference values and associated
diseases;

5) areflexia, hyporeflexia and hypereflexia: con-
cepts, reference values and associated diseases;

6) variables and artifacts that affect the caloric res-
ponse: lighting, temperature, habituation, anxiety, status
of the tympanic membrane, use of drugs, blinking of the
eyes, Bell’s phenomenon.

The databases that we investigated were: CENTRAL
(The Cochrane Controlled Trials Register), MEDLINE
(Medical Literature, Analysis and Retrieval System on
Line), LILACS (Latin American Health Science Literature
- Literatura Latino Americana de Ciéncias da Saide) and
periodicals CAPES (Coordination of Higher Level Staff
Training - Coordenacao de Aperfeicoamento de Pessoal de
Nivel Superior) for papers published between December
1905 and January 2006. The keywords used in the survey
were: caloric testing, nystagmus, vestibular system, direc-
tional preponderance, vestibular weakness, monothermal
caloric testing, abnormal reflex, ice water caloric test and
Bell’s phenomenon and their equivalents in Portuguese
or Spanish.

Cross-sectional studies, prospective and retrospecti-
ve longitudinal studies, review articles and meta-analyses
were included. Reviews of patient charts, case reports and
editorials were excluded.

RESULTS

In these databases, 818 abstracts were found using
the research keywords. Of these, 93 abstracts were se-
lected. Reading of the complete papers resulted in the
selection of 55 papers. In this phase, selection was based
on the alignment between the definition of the topic and
the aims of this paper. Those papers that did not deal
with the method and interpretation of caloric testing were
excluded from this review.

DISCUSSION

Basics of caloric testing

Caloric testing is based on the principle of genera-
ting thermal variation within the external auditory canal; by
changing the temperature of the middle ear, this thermal
variation changes the density of endolymph within the
lateral semicircular canal, producing convection currents
that stimulate the sensorial cells located in the ampullary
crest. The patient is placed in dorsal decubitus at 30°
relative to the horizontal plane. This position places the
lateral canal vertically, as a liquid column, and places the
ampullary crest superiorly."*?

An upward change in the middle ear temperature
above the bodily temperature causes the endolymph to
move upwards, generating an endolymphatic current
within the canal towards the ampulla. If the stimulus
temperature is lower than the bodily temperature, there
is the opposite movement, which generates an ampullary
current towards the canal, away from the ampulla. The
action of these convection currents on the ampullary
crest alters the action potential of this sensory receptor,
stimulating or inhibiting these currents. Stimulation initiates
the vestibuloocular reflex (VOR), a simple reflex arc from
the vestibular nucleus to the oculomotor nuclei, which
generates the vestibular nystagmus. The nystagmographic
response is evaluated and compared with a normal stan-
dard. Caloric testing does not assess the function of the
sacculus or the utricle of the vertical canals.

Caloric stimulation may be done with water or
air; it generates an endolymphatic current within the
stimulated lateral canal, analogous to a 0.003 Hz angular
movement.” Knowing that the semicircular canals respond
more efficiently to angular movements at 1 to 6Hz, it may
be concluded that caloric testing assess the labyrinth in a
non-physiological frequency.*
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Stimulation: water or air

Barany® described water caloric stimulation, and
Fitzgerald and Hallpike7 established its standard protocol.
The ear is water-irrigated for 40 seconds at temperatures
of 44°C and 30°C, 7°C over and 7°C below the bodily
temperature, which generates the endolymphatic current.?
Water stimulation induces more robust caloric responses
and causes less variability among individuals compared
to air stimulation.®® On the other hand, water stimulation
produces more frequent neurovegetative reactions com-
pared to air stimulation.'

In air stimulation, an 8 I/min air current at 50°C and
24°C (13°C above and 13°C below body temperature) is
applied for 60 seconds; this generates an endolymphatic
current similar to that generated by water at 44°C and
30°C.>" As air is not a good heat conductor, changes in
the stimulation depth within the external auditory canal
may reduce the slow phase of nystagmus by 20% to 40%.%
This technique, therefore, requires more technical expertise
compared to water caloric stimulation.®® Other stimulation
standards have been used, such as: 45.5°C and 27.5°C du-
ring 100 seconds at 13 I/min air flow,8 or 18°C and 42°C
during 80 seconds at 7 to 8 I/min air flow."?

Interpretation

The principle underlying caloric stimulation is that
normal labyrinths tend to respond symmetrically and
measurably within a previously known normal range.
An asymmetric response is related with current or past
conditions.? An absent or decreased response indicates
peripheral vestibular dysfunction.>* In this context, the
interpretation of caloric testing should compare both sides
as well as absolute values.

The comparative analysis seeks asymmetries in the
caloric response, and focuses on analyzing labyrinthic
paresis (LP) and directional predominance (DP).? The
analysis of absolute values evaluates whether those values
are above or below a normal range. This gains importance
if LP and DP are within normal limits but absolute values
are out of the normal range. In absolute values, hyperre-
flexia is defined as nystagmographic responses higher than
expected, hyporreflexia as responses lower than expected,
and arreflexia as the absence of a caloric response.’*3

Labyrinthic predominance

Jongkees' published a formula for calculating LP
(lost or decreased function of a labyrinth compared to
the contralateral labyrinth) when comparing peripheral
vestibular function. This author used water stimulation
(250 ml per minute flow at 30°C and 44°C) and established
that LP was a difference over 20% in the nystagmographic
response between both sides; the worse labyrinth was that
with the most deficient caloric response.'*"

Currently, the normal standard for defining vestibu-

lar paresis varies among different ENT units; values from
20% a 33%, which depend on internal normalization, have
been described.'*! In Brazil the terms labyrinthic paresis
or weakness are uncommon; there is a preference for
naming the best-responding labyrinth, using the deno-
mination labyrinthic predominance. The end result does
not logically change; rather, it depends only on how the
process is viewed.

The most common causes of unilateral vestibular
dysfunction are eighth cranial pair tumors,15 vestibular
neuronitis,'® and Méniere’s disease.'” Unilateral dysfunc-
tion may also occur in migraine and in cerebrovascular
diseases."

Directional preponderance

Jongkees?® first defined DP as a trend for an incre-
ased intensity of nystagmus towards a certain direction
compared with the other. As with LP, normal DP values
vary among ENT units, ranging from 22% to 33%.'*!4

The clinical meaning of DP is controversial. DP
is commonly seen in patients presenting spontaneous
nystagmus, occurring towards the same direction.20 It
may also be observed in central or peripheral vestibular
diseases or in injuries of the cortex.”** DP may also be
seen in normal subjects.”! Given such variability, DP does
not always correlate with disease of the vestibular system,
and has no value for locating the site of injuries.?*

Contralateral DP is frequently observed in unilateral
peripheral deficit syndromes.?* DP may persist towards
the opposite direction of the side involved, after the acu-
te phase has regressed and spontaneous nystagmus has
disappeared.?’ Young unilateral peripheral deficit syn-
drome patients, in whom vision and proprioception are
preserved, present temporary contralateral to the lesion
DP during the vestibular compensation process; in these
patients, DP tends to disappear as soon as compensation
is complete.?"** This does not occur in elderly patients or
those presenting limits for complete compensation; in these
groups, contralateral to the lesion DP may be permanent.*
DP has been reported in Méniere’s disease, although it has
no use for establishing the side of the lesion."”*

DP has been observed in central diseases, such
as involvement of eighth cranial nerve branches, of the
brainstem and the cortex.?

Hyperreflexia

Hyperreflexia may be associated with central or
peripheral vestibular diseases; it is the situation in which
caloric induced nystagmus exceeds the normal range.
Some researchers have established that hyperreflexia is a
nystagmographic response over 40%/seg to 80°/seg.”

In peripheral vestibular disease, hyperreflexia may
be seen in the contralateral labyrinth to that with a defi-
cient response.?%
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Bilateral hyperreflexia may be observed in central
vestibular diseases. In a state of normalcy, the cerebellar
flocculus inhibits vestibular nucleus neurons, thus inhibi-
ting the VOR.?% Injury to this region affects this inhibitory
function, increasing the excitatory state of the vestibular
nucleus, resulting in bilateral hyperreflexia. This mecha-
nisms explains bilateral hyperreflexia commonly seen in
multiple sclerosis patients.”** Bilateral hyperreflexia of
no apparent cause - such as in anxiety or upon ingesting
psychoactive drugs - added to fewer neurovegetative
symptoms than expected for the observed hyperreflexia,
may indicate central injury.??7:%

Otological alterations unrelated to the peripheral
or central labyrinthic lesion might generate hyperreflexia.
The most common are those that favor transference of the
caloric stimulus to the inner ear, such as mastoidectomy
or tympanic membrane perforation/atrophy/retraction.
Anxiety of patients is a further cause of hyperreflexia.??
In fact, fear of caloric testing appears to be one of the
most common causes of hyperreflexia.?®

Hyporreflexia

In defining bilateral vestibular function deficits,
some authors have suggested that patients should present
a combination of caloric responses under 11°/seg upon
bilateral warm irrigation, and 6°/seg for bilateral cold sti-
mulation.” In these cases, LP and DP would be normal, as
there is no functional asymmetry. It would not, however,
indicate normal vestibular function. Bilaterally decreased
caloric responses may be seen in patients using drugs
that depress labyrinthic function, such as cinnarizine and
flunarizine.® Causes of persistent hyporreflexia may be
associated with ototoxicity, in which the caloric response
ranges from hyporreflexia to arreflexia according to time
and exposure dose.** Other causes of hyporreflexia
are systemic infections, such as congenital or acquired
syphilis,® central nervous system diseases, such as supra-
tentorial tumors,*® benign intracranial hypertension,¥ and
Friedreich’s ataxia, a progressive hereditary neurodege-
nerative disease affecting mostly the spinal cord and the
cervicomedullar junction.®® Metabolic diseases that may
cause hyporreflexia include Wernicke-Korsakoff’s ence-
phalopathy, which is associated with thiamine deficiency
in chronic alcoholism.”” Cogan’s syndrome, a rare disease
that affects the cochlear spiral ligament, causing sensori-
neural hearing loss, tinnitus and interstitial keratitis, may
also cause bilateral hyporreflexia.®

Arreflexia

Absence of a response in caloric testing characteri-
zes arreflexia. Labyrinthic diseases causing arreflexia are
not necessarily related to full loss of function. Rotatory
tests are the standard for defining bilateral peripheral ves-
tibular failure.?® Bilateral post-caloric arreflexia with absent

rotatory test responses is associated with compromised
bodily balance, which is more intense in cases where there
is poor vision.’® Among the complaints that are reported,
oscillopsia - the perception in which objects within the
visual field appear to oscillate while walking - appears
to be the most distressing.” This condition results from
loss of the VOR, which is necessary for stabilizing vision
during movement.**

Ototoxic drugs, such as gentamicin, may cause
bilateral arreflexia.* No cause is found in about 20% of
bilateral arreflexia.?*

Impaired suppression of nystagmus

Neurological diseases that inhibit the suppression of
post-caloric nystagmus are commonly related with altered
oculomotor movements (saccadic, tracking and optokine-
tic movements).” If impaired suppression of nystagmus
is bilateral, there is the possibility that the brainstem or
the cerebellum is diffusely involved. In such cases, other
neurological signs should be investigated, to confirm the
diagnosis.®

Caloric inversion

A caloric response in the opposite direction to the
expected one is named caloric inversion."” It is rare, and
has been associated with brainstem disease.* Also, tech-
nical errors may also cause caloric inversion, and should
be investigated. The most common error is to place the
electrodes incorrectly. Other possibilities are the presence
of congenital nystagmus in the opposite direction to that
expected from stimulation, and the presence of tympanic
perforation when air stimulation is done.”

Caloric perversion

Vertical nystagmus during caloric testing has been
referred to as caloric perversion.* This is a rare finding,
associated with diseases that affect the floor of the four-
th ventricle in the brainstem.” An example is multiple
sclerosis.?%

Dysrhythmia of caloric nystagmus

This is defined as amplitude and frequency tracing
irregularities. This finding has been associated with mo-
tor neuron diseases.® Dysrhythmia of caloric nystagmus
may also be seen in anxious or fatigued patients.*® The
use of inadequate alert exercises or the presence of Bell’s
phenomenon may result in periodic loss of the caloric
response.?’

Variables and artifacts
Temperature

Temperature calibration should be as accurate as
possible. For instance, in water stimulation, a 1°C tempe-
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rature variation from the ideal 44°C or 33°C will result in
a 14% difference in the stimulation magnitude.'

Habituation

Repeated irrigation of the same ear with the same
caloric stimulus results in a gradual decrease of the caloric
response, leading to vestibular habituation.*

State of alertness

The pattern of nystagmus may vary according to the
state of alertness of a patient. Lack of attention or drow-
siness may result in absent or intermittent caloric respon-
ses, which may be erroneously interpreted as decreased
vestibular function.** Plain talk may be more effective
for keeping patients alert without inducing anxiety than
a series of questions on arithmetics.®

Anxiety and nervousness

Studies have shown that 10% of subjects presenting
hyperreflexia have no evidence of organic disease.?*
Anxiety about an unknown test is the commonly accepted
explanation. Thus, orientation about the steps in caloric
testing and the possibility of vertigo are important for
patients.*

Tympanic membrane alterations

Water stimulation is not indicated in patients with
tympanic perforation.” The alternative is air stimulation.
Tympanic perforation, however, is a confounding factor
when analyzing the results of air stimulation testing. The
issue in these cases is whether vestibular function is pre-
sent or absent. Vestibular system symmetry calculations
are of no use, as stimulation will differ when comparing
one side with the other. Furthermore, air irrigation in these
cases may result in nystagmus where the caloric response
is opposite the expected one.” Theoretically, warm air
would evaporate from the middle ear during stimulation,
and the resulting humidity would cause a cooling effect,
which might inhibit the caloric response instead of gene-
rating an excitatory response.”

Lighting

Caloric testing is usually performed in one of three
environmental situations:

1) eyes open in a completely darkened room;

2) eyes closed in a semi-darkened room; and

3) eyes open using Frenzel goggles in a semi-
darkened room or using a video Frenzel. These goggles
are connected to a video system, and exclude light com-
pletely while keeping the patient’s eyes open; nystagmus
is recorded by the video system.* The best ambience for
assessing vestibular function is a completely darkened
room in which patients keep their eyes open.>*

Caloric testing in a semi-darkened room with the

patient’s eyes closed is also valid. Bell’s phenomenon is
an artifact that may be seen, however, if post-caloric nys-
tagmus with the eyes closed is absent and if nystagmus
occurs when the patient is asked to open the eyes for
ocular fixation.”” Testing in this manner may be done if the
results of caloric testing done with the eyes closed with
those done with the eyes open in a completely darkened
room or using a video Frenzel are compared.>*!

Bell’s phenomenon

This is defined as ocular globe deviation and
adduction that occurs in certain subjects upon closing the
eyes, inhibiting post-caloric nystagmus. Consequently, the
post-caloric response is absent in these normal subjects
when their eyes are closed, and present when their eyes
are open. This condition may mimic the absence of the
inhibition effect of visual fixation, which is considered a
sign of central injury.>*>!

Drugs

Certain drugs that are used continuously may impair
the control of oculomotor movements, and may invalida-
te or impair the interpretation of caloric testing results.>
Examples are antipsychotic, antidepressant and anticon-
vulsant drugs.>* Tracking and saccadic movements may be
altered and spontaneous nystagmus may be present. Test
analysis should always take into account the interference
of drugs that patients may be using, as those alterations
are associated with central nervous system diseases, and
withholding the drug is not always possible prior to ves-
tibular testing.>%2>? Other conditions associated with drug
use are suppression of the caloric response or loss of the
ability to suppress post-caloric nystagmus by ocular fixa-
tion.” Therefore, drugs that inhibit vestibular functions and
that may be withheld abruptly with no harm to patients
should be stopped 48 hours before caloric testing.” These
drugs include cinnarizine, flunarizine, dimenhydrinate and
alcoholic beverages.>3!

Moderate intake of caffeine and its derivatives (not
more than 3 cups/24 hours) may be allowed, as long as
the last cup is taken at least six hours before testing;5 the
same applies to tea, chocolate and smoking. The reason
for not stopping these substances 48 hours before testing
is that sudden interruption could cause anxiety in patients,
which alters test results.?*%> Furthermore, the half life of
these substances is short, raging from 4 to 6 hours.”*%

In summary, drugs that are used continuously for
the treatment of neurological, psychiatric and cardiovas-
cular conditions should not be stopped.?*

If altered test results are possibly related to drugs
being taken, testing should be repeated after withholding
those drugs and informing the patient’s attending physi-
cian.?
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Position of the head / body

Coats and Smith (1967) carefully studied the relation
between the caloric response and body position across
360°. The maximum response occurred when placing the
head between 0° and 60° in the supine position for both
warm and cold-water irrigation. In this method, deviations
from the ideal inclination of the head have little effect on
the caloric response.>

Eye blinks

Eye blinks may interfere on the interpretation of
caloric responses. The biphasic eye movement generated
by blinking is shaped as an “acute peak” with no definition
of a slow or rapid phase. This finding helps differentiate
eye blinking from vestibular nystagmus.>!

Overlap of congenital nystagmus

Congenital nystagmus may influence the interpre-
tation of spontaneous, optokinetic, positional and positio-
ning nystagmus, which in turn may make the interpretation
of caloric testing more difficult.* Overlap of congenital
nystagmus should be algebraically added or subtracted
from evoked post-caloric nystagmus.*

Monothermal caloric testing
Barber et al. (1971) first investigated the efficiency of
using only warm caloric testing.” This technique is limited

ACKNOWLEDGEMENTS

We wish to acknowledge the speech therapists
Patricia Cotta Mancini, Andreza Baptista Cheloni Vieira
and Renata Jacques Batista for reading critically the first
draughts of this paper.

REFERENCES

1. Mehra YN. Eletronystagmography: A study of caloric tests in normal
subjects. J Laryngol Otol 1964; 78:520-9.

. Riesco-MacClure JS. Caloric tests: methods and interpretation. Ann
Otol Rhinol Laryngol 1964; 73:829-37.

. Katsarkas A, Smith H, Galiana H. Caloric and rotational testing: merits,
pitfalls and myths. ORL Nova 2001;11:59-67.

. Zajonk TP, Roland PS. Vertigo and motion sickness. Part I: vestibular
anatomy and physiology. Ear Nose Throat J 2005;84(9):581-4.

. Tomlinson RD, Saunders GE, Schwartz DWEF. Analysis of human
vestibulo-ocular reflex during active head movements. Acta Otola-
ryngol 1980;90:184-90.

. Barany R. Untersuchengen uber den vom vestibulapparat des ohres
reflectorish ausgelosten rhytmischen nystagmus und seine begleiters-
cheinungen. Monatschr Ohrenheilk 1906;40:193-297.

. Fitzgerald G, Hallpike CS. Studies in human vestibular function I:
observations on the directional preponderance of caloric nystagmus
resulting from cerebral lesions. Brain 1942;62:115-37.

. Coats AC, Herbert F, Atwood GR. The air caloric test. Arch Otolaryngol

1976;102:343-54.

Cooper JC, Mason RL. Variability of air calorics vs water: statistical

implications. Arch Otolaryngol 1979;105:113-5.

Karlsen E, Mikhall HH, Norris CW, Hassanein RS. Comparison of

responses to air, water and closed loop caloric irrigations. J Speech

Hear Res 1992;35:186-91.

9.

10.

by false-negative results.’® Using monothermal stimula- 11. Tole JR. A protocol for the air caloric test and comparison with
tion as a screening method may be indicated for patients standard water caloric test. Arch Otolaryngol 1979;105:314-9.
. - : 12. Souza JAC, Gananca CF, Segatin LA, Caovilla HH, Gananca MM.
presenting vague complaints, probably of non-vestibular o ) 5 S ; :
o . i A : ) ) Limites normais dos parimetros de avaliacio a vectonistagmografia
origin, and in children with possible unilateral vestibular digital Neurograff - Acta AWHO 2000;19(2):105.
deficits.” Monothermal caloric testing was developed only 13. Jongkees LBW. Value of the caloric test of the labyrinth. Arch Oto-
for these specific cases.> laryngol 1948;48:402-17.
14. Flores MR, Franco ES. Vectoeletronistagmografia computadorizada:
A . nistagmo pos-calorico a estimulagao com ar em individuos sem
Ice caloric testing queixa. Arq Otorrinolaringol 2003;7(4):302-8.
This technique historically has been reserved for 15. Baloh RW, Konrad HR, Dirks D, et al. Cerebellar-pontine angle
patients that do not respond to water caloric stimulation t1u91;1(0r;3 r;);ulltz of quantitative vestibular-ocular testing. Arch Neurol
. . . . . ;001 -la.
at30 a‘nd 44°C. A quahtatlve approximation is made when 16. Bergenius J, Borg E. Audio-vestibular findings in patients with ves-
assessing responses at lower temperatures; only the pre- tibular neuritis. Acta Otolaryngol 1983;96:389-95.
sence or absence of nystagmus and symmetry between 17. Hulshof JH, Baarsma EA. Vestibular investigations in Meniere’s dise-
irrigation of both sides are recorded.? Ice caloric testin ase. Acta Otoryngol 1981,92:75-81.
gation ol both side: ) O o ) o e .g 18. Toglia JU, Thomas D, Kuritzky A. Common migraine and vestibular
has been less used, as the definition of bilateral failure is function: electronystagmographic study and pathogenesis. Ann Otol
usually established by rotatory testing.** Rhinol Laryngol 1981;90:267-71.
19. Grad A, Baloh RW. Vertigo of vascular origin. Clinical and electronys-
tagmographic features in 84 cases. Arch Neurol 1989;46:281-4.
FINAL COMMENTS 20. Baloh RW, Sills AW, Honrubia V. Caloric testing: patients with pe-
ripheral and central vestibular lesions. Ann Otol Rhinol Laryngol
This review shows that this theme has been widely 1977;43:24-30.
investigated, and that there is Conformity about what to 21. McGee M. Electronystagmography in peripheral lesions. Ear Hear
xpect from caloric testing. After many years of use for 1986,7:167-75.
¢ peq © C,d oric test ,g te . 4 Y\ Yed © 1.166 © 22. Eviatar A, Wassertheil S. The clinical significance of directional pre-
assessing vestibular function, caloric testing remains the ponderance concluded by electronystagmography. J Laryngol Otol
main test for evaluating peripheral vestibular function. 1971;85:355-67.
Modern technology has improved the test accuracy and 23. Coats AC. Directional preponderance and unilateral weakness as ob-
sensitivity. It is thus important to be technicall recise served in the electronystagmographic examination. Ann Otol Rhinol
o Y- . p ) ] Y P Otolaryngol 1965;74:655-68.
when undertaking caloric testing, being always aware of 24. Thomas K, Harrison MS. Long-term follow-up of 610 cases of
possible sources of error. Meniere’s disease. Proc R Soc Med 1971;64(8):853-6.
—

BRrAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (3) Mav/June 2008
http://www.rborl.org.br / e-mail: revista@aborlccf.org.br

445



20.

27.

28.

29.
30.
31

32.

33.

34.

. Spector M. Electronystagmographic findings in central nervous system

disease. Ann Otol Rhinol Laryngol 1975;84:374-8.

Torok N. The hyperactive vestibular response. Acta Otolaryngol
1970;70:153-62.

Tomaz A, Borges FN, Gananca CF, Campos CA, Tilbery CP. Sinais
e sintomas associados a alteracdes otoneurologicas diagnosticadas
ao exame vestibular computadorizado em pacientes com esclerose
multipla. Arq Neuropsiquiatr 2005;63(3B):837-42.

Cipparrone L, Fratiglion L, Siracusa G, Amato MP, et al. Electronystag-
mography in the diagnosis of multiple sclerosis. Acta Neurol Scand
1989;80:193-200.

Barber H, Hardmand W, Money K. Air caloric stimulation with tym-
panic membrane perforation. Laryngoscope 1978;88:117-26.

Mehra YN. Electronystagmography: a study of caloric tests in normal
subjects. J Laryngol Otol 1964;78:520-29.

Simmons FB. Patients with bilateral loss of caloric response. Ann
Otol Rhinol Laryngol 1973; 82: 175-8.

Mangabeira-Albernaz PL, Gananca MM, Novo NF, de Paiva ER. Flu-
narizine and cinnarizine as vestibular depressants. A statistical study.
ORL J Otorhinolaryngol Relat Spec 1978;40(2):92-100.

Wagner N, Caye-Thomasen P, Laurell G, Bagger-Sjoback D, Thom-
sen J. Cochlear hair cell loss in single-dose versus continuous round
window administration of gentamicin. Acta Otolaryngol 2005;
125(4):340-5.

Ishivama G, Ishivama A, Kerber K, Baloh RW. Gentamicin ototoxicity:
clinical features and the effect on the human vestibulo-ocular reflex.
Acta Otolaryngol 2006;126(10):1057-01.

40.

41.

42.

43.

44.

45.

46.

47.
48.
49.

50.

McDonald TJ, Vollertsen RS, Young BR. Cogan’s syndrome: audio-
vestibular involvement and prognosis in 18 patients. Laryngoscope
1985;95:650-4.

Brandt T. Bilateral vestibulopathy revisited. Eur J Med Res
19906;1(8):361-8.

Sato Y, Kato I, Kawasaki T, Mizukoshi K, Hayano M. Failure of fixation
suppression of caloric nystagmus and ocular motor abnormalities.
Arch Neurol 1980;37(1):35-8.

Takemori S, Aiba R, Shizawa R. Visual suppression of caloric nystag-
mus in brain-stem lesions. Ann NY Acad Sci 1981;374:846-54.
Gabersek V Jobert F. Inversion of nystagmus during thermic la-
byrinthine reactions. Ann Otolaryngol Chir Cervicofac 1965;82(10)
807-18.

Baloh RW, Sponner JW. Downbeat nystagmus: a type of central
vestibular nystagmus. Neurology 1981;31:304-10.

Pialoux P, Fontelle P, Burgeat M. Electronystagmographic study of
vestibular apparatus in Parkinson’s disease before and after coagu-
lation of thalamus. Acta Otolaryngol 1969;68:215-23.

Humphriss RL, Morgan KF, Baguley DM. The effect of mental alerting
on gaze-evoked nystagmus. Clin Otolaryngol 2005;30(1):25-8.
Fluur E, Mendel L. Habituation, efference and vestibular interplay.
Acta Otolaryngol 1962;55:65-80.

Davis RI, Mann RC. The effects of alerting tasks on caloric induced
vestibular nystagmus. Ear Hear 1987;8(1):58-60.

Karlsen EA, Goetzinger CP, Hassanein R. Effects of six condi-
tions of ocular fixation on caloric nystagmus. Arch Otolaryngol
1980;106:474-6.

35. Wilson W, Zoller M. Electronystagmography in congenital and ac- 51. Bhansali SA, Honrubia V. Current status of electronystagmography
quired syphilitic otitis. Ann Otol Rhinol Laryngol 1981;90:21-4. testing. Otolaryngol Head Neck Surg 1999;120(3):419-26.
36. Rosenberg M, Sharpe J, Hoyt WF. Absent vestibulo-ocular reflexes 52. Scherer H. Side effects of drugs on the equilibrium. Laryngol Rhinol
and acute supratentorial lesions. J Neurol Neurosurg Psychiatry Otol (Stuttg) 1986;65(9):467-9.
1975;38:6-10. 53. Felipe L, Simoes LC, Mancini PC, Gongalves DU. Avaliacio do
37. Kaaber EG, Zilstorff K. Vestibular function in benign intracranial efeito da cafeina no teste vestibular. Rev Bras Otorrinolaringol
hypertension. Clin Otolaryngol 1978;3:183-8. 2005;71(6):758-62.
38. Monday LA, Lemieux B, St-Vicent H, et al. Clinical and electronys- 54. Coats AC, Smith SY. Body positions and the intensity of caloric nys-
tagmographic findings on Friedreich’s ataxia. Can J Neurol Sci tagmus. Acta Otolaryngol 1967;63:515-32.
1978;5:71-3. 55. Barber HO, Wright G, Demanuele F. The hot caloric test as a clinical
39. Furman JM, Becker JT. Vestibular responses in Wernicke’s encepha- screening device. Arch Otolaryngol 1971;94:335-7.
lopathy. Ann Neurol 1989;26:669-74.
—

BRrAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (3) Mav/June 2008
http://www.rborl.org.br / e-mail: revista@aborlccf.org.br

446



