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Two objections against Robert Bar4ny’s scientific contributions are reviewed. Firstly the
Medical Faculty in Vienna raised the question as to whether Barany really could be
credited with the initial discovery of the caloric reaction in man and whether therefore it
was justified to have awarded him the Nobel Prize in 1914. The second objection consists
in strong doubt as to the correctness of Barany’s theory that changes in the temperature of
the irrigation water result in density changes in the endolymph, permitting the fluid to be
acted upon by gravity, yielding convection currents. Four arguments against Barény’s
theory have been put forward: that (1) a caloric response can be elicited from *‘dead”’ ears,
(2) the two points of reversal of the caloric response from right- to left-beating do not lie
180° apart, (3) the duration of the caloric response, to both cold and warm stimuli, is
greater in the face-up than in the face-down position, and (4) caloric nystagmus can also be
evoked in a weightless environment. Conclusions based on results of caloric tests in
microgravity have been criticised. It is not possible today to dismiss Bérany’s theory as
incorrect on scientific grounds. On the contrary, there is evidence for the occurrence of
both thermal convective currents and a simultaneous non-convective thermal mechanism,
acting together in the caloric response. Key words: caloric response, nystagmus, Robert
Bdrdny.

INTRODUCTION

Controversial opinions have been expressed in two respects regarding Robert Barany’s
description of the caloric response. The first one concerned the question as to who should
be credited with the initial discovery of the caloric response in man and the physiological
mechanism underlying this response. This question was brought to a head by the Vienna
Medical Faculty after Bardny had been awarded the Nobel Prize for Physiology and
Medicine in 1914 for his discoveries (Fig. 1). In a written communication (1920) to the
Nobel Committee at the Karolinska Institute in Stockholm, the Vienna Faculty specified
their objections in four main points (1). The Nobel Prize Committee, in consultation with
Professor Gunnar Holmgren, among others, freed Bardny on all points and established that
the prior claim to the caloric response in the way it is used was Barany’s alone (2).

Bardny’s theory on the caloric response

The second controversy concerns Barany’s explanation that caloric nystagmus is caused
by endolymph movement due to convection currents. In a report on his basic investiga-
tions in 1906, Barany gives a description of calorically induced nystagmus in man and its
relation to the temperature of the irrigation water (3). He also reported for the first time
that the direction of caloric nystagmus was dependent on the position of the head, in
contrast to nystagmus induced by rotation, galvanic tests or pressure. Barany found that
nystagmus induced with the head upright became totally reversed if the patient’s head was
bent down to such an extent that the crown of the head pointed to the floor. At the
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Fig. 1. Robert Barany (1876-1936) as a
young physician. He received his education
in Vienna under the supervision of Adam
Politzer. He was awarded the Nobel Prize
in medicine and physiology in 1914. Barany
was a prisoner-of-war in Russia in
1914-1915. He was head of the Department
of Otolaryngology in Uppsala from 1917,
and was full professor at Uppsala Universi-
ty from 1926.

beginning Barany had no explanation for why the direction of the nystagmus was depend-
ent both on the temperature of the water and on the position of the head. In his Nobel
lecture in Stockholm in 1916 (4), which was delayed because of his captivity in Russia,
Bérany told how one day he suddenly understood the underlying mechanism. “‘I remem-
bered the stove for heating the bath water and my surprise as a child at finding that the
water immediately above the hearth felt cold, while higher up it was so hot that one burnt
one’s fingers. The labyrinth was like the stove, i.e. a fluid-filled vessel.”” In 1907 Bérany
presented his subsequently so controversial theory that caloric stimulation leads to move-
ments in the endolymph, which in turn induces nystagmus (5). In this report he also
explained why the nystagmic direction was dependent on the position of the head. Barany
considered that the reversal of the nystagmus indicated endolymphatic movements in the
opposite direction in the semicircular canals. He himself illustrated this concept with a
simple diagram (Fig. 2). This shows two vessels filled with water at 37°C. If one wall of the
vessel is cooled, this results in a downwardly directed movement of the water. When the
same vessel is then turned upside down and the wall is again cooled, a downward
movement of the water again occurs, which is equivalent to a reverse movement in the
vessel.

Barany’s theory has gained the support of several research workers. The occurrence of
thermally induced movements of fluid in capillary tubes mimicking a semicircular canal
was observed by Maier and Lion (6). In his classical experiments on pike, Steinhausen (7)
noted that after local heating, the Indian-ink-stained endolymph in a vertically positioned
semicircular canal flowed upwards. This resulted in a cupular deviation.

Objections to Bdrdny's theory

Over the years four principal objections have been raised against Bardny’s theory that
caloric stimulation causes convective currents in the endolymph. These consist in claims
that the following observations cannot be explained by this theory:
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_ Fig. 2. Bérany’s own illustration of convection currents caused
byp by cooling of one wall of a vessel. The lower part of the figure (B)’
¥ Kalt shoyvs Fhat if th_e vessel i's tumgd upside down the cooled water

again sinks. This means in reality a movement in the fluid in the
0 ‘ opposite direction to that in alternative A. Bardny considered
that the same situation arises in the lateral semicircular canal
when the head position is changed from supine to prone.

5
2

1. A caloric response can be elicited from ‘‘dead’” ears, i.e. ears in patients with no per- or
post-rotatory nystagmus. Such nystagmus is called paradoxical and is unaffected by the
position of the head, but its direction is influenced by the temperature of the water.

2. The two points of reversal of the caloric response from right- to left-beating do not lie
180° apart; rather, the face-up position constitutes more than 180° and the face-down
position less than 160° of the 360° circle.

3. The duration of the caloric response, to both cold and warm stimuli, is greater in the
face-up than in the face-down position.

4. Nystagmus of the same direction as on earth can also be evoked in a weightless
environment. This cannot be reconciled with the classified convection theory of the
caloric response.

In the following, brief information will be given on the most important studies underlying
the above criticism.

Paradoxical nystagmus

Without questioning Barany’s theory, Mygind (8) understood that there had to be an
additional factor that contributed to the caloric response. This hitherto unknown factor
differed from the convection current by provoking a nystagmus that could not be reversed
by changing the position of the head. Mygind based his view regarding this other factor on
his own and others’ observations of calorically induced nystagmus in patients who
exhibited no per- or post-rotatory nystagmus. A change in tone in the otolith organ
induced by a temperature alteration was considered to be the nystagmus-provoking factor.

Sectors for face-up and face-down nystagmus

Behrman, a pupil of Barany’s, made a clinical observation in 1934 which put him on the
track of the idea that a caloric response can be provoked in another way than through a
convection current (9). His patient had been afflicted by unilateral vestibular neuritis with
complete loss of the caloric response. After a few months the excitability returned. At a
caloric test it was now found that the nystagmus did not change its direction when the
position of the head was changed to a head-hanging one. This observation prompted
Behrman to undertake studies on normal subjects on a positional table. During stimula-
tion, with both cold and warm water, the test subject was slowly rotated first around a
binaural (9) and later (10) around a longitudinal axis. In both cases Behrman noted a
regular nystagmic response to both cold and warm water within a greater area in the face-
up than in the face-down position. This was a new observation. Between these two
nystagmic sectors, in most of the subjects there were minor areas of about 10° in which
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regular nystagmus could not be observed, but on the other hand there was a vertical
nystagmus directed towards the chin. The upper nystagmic area (face-up position) com-
prised an average of 200° of a 360° circle, and the lower nystagmic area—with nystagmus in
the opposite direction—an average sector of 140°. Behrman was unable to explain this
discrepancy, but he ascribed the position- and temperature-independent vertical nystag-
mus to otolith stimulation.

Coats and Smith (11) made careful studies, using a positional table, of the relationship
between body position and intensity of caloric nystagmus. Like Behrman, they demon-
strated convincingly that in all positions the face-up responses were increased and the
face-down responses decreased by a constant amount. Furthermore, close to the neutral
positions they observed a paradoxical nystagmus whose direction was just the opposite to
that which could be expected theoretically. They did not question the theory that nystag-
mus was induced by an endolymph flow mechanism, but claimed that this was modified by
some additional factor.

Like Behrman, Coats and Smith suggested the possibility of influence by the otoliths as
an explanation of the differences between face-up and face-down nystagmus. A direct
thermal effect on the ampullar end organs was proposed as a second and more probable
alternative. According to this theory, warm water might be expected to increase the neural
discharge and consequently elicit a nystagmus in the direction of the irrigated ear irrespec-
tive of the position of the head. Such a nystagmus would be added to the face-up response
and subtracted from the face-down response. Conversely, cold water would reduce the
neural discharge and induce a nystagmus which beats from the irrigated ear. This latter
response would be added to the face-up response and subtracted from the face-down
response. On the basis of the primary data of Coats and Smith, Hood (12) calculated that
the hot and cold components resulting from direct thermal action amounted to 42% and
34% of the responses obtained in the planes of maximum reactivity. In other words, a
considerable non-convective factor seems to be superimposed on the endolymph-flow
effect.

Differences in response to cold and hot stimuli

A further observation in conflict with the theory of convection currents was made by
McNally et al. (13). They clearly showed that on stimulation with both cold and warm
water, the duration of the response was longer in the face-up than in the face-down
position. They were unable to explain this discrepancy at that time, but an explanation was
provided later by Coats and Smith (11). McNally et al. noted, further, that stimulation with
cold water in the supine position resulted in a longer and stronger response than stimula-
tion with warm water. Stahle (14) was unable to confirm this latter observation and in an
electronystagmographic analysis found that the duration and intensity were the same after
cold as after warm stimulation.

Horizontal canal inactivation

Paige inactivated the horizontal semicircular canal by a plugging procedure to eliminate
the convection current component after calorization in squirrel monkeys (15). The caloric
response after plugging of the canal was found to be less than a third of normal when the
head was supine and it was not reversed when the head was shifted to the prone position.
Paige agrees with Coats and Smith in their opinion that besides the convective component
there is also a non-convective, direct thermal effect on the sensory apparatus of the semi-
circular canal.
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Test in microgravity

As convective currents cannot occur in microgravity, it has been of interest to test
Baéréany’s theory under such conditions. This has been done in parabolic flight (16) and in
space flight (17). The calculations in fictitious weightlessness made by Bergstedt should
also be added (18). Bergstedt exposed normal subjects to increased g loading in a large
centrifuge with a vertical axis. He considered that if Barany’s theory was correct, the
caloric response would show the relation between the intensity of nystagmus and the
strength of the gravitational field. His experiment clearly demonstrated that the intensity
of the nystagmus increased by the same amount with higher g loads irrespective of
whether hot or cold water stimulation was used. By extrapolation of the values for the
maximum intensity of the caloric response at 1, 1.25, 1.5 and 1.8 g, he found that 0.1 g was
the liminal g value for nystagmus in the caloric response. The results of Bergstedt’s
investigation thus support Barany’s hypothesis.

Like several other researchers, Oosterveld et al. (16) found that caloric nystagmus
completely disappeared during periods of weightlessness, whereas in periods with higher g
the nystagmus increased. This indicates that the convection current ceased during micro-
gravity. In addition, he noted a shift in the nystagmus direction, a secondary nystagmus, in
all experiments in weightlessness. This nystagmus may be analogous to that observed by
Behrman, Coats and Smith, and Paige (9, 10, 11, 15), and which has been assumed to
represent a non-convective, thermal action upon the vestibular end organs.

In a journey with Spacelab-1 in December 1983, two astronauts underwent repeated
caloric tests with air at 15° and 44°C (17). Both ears were stimulated simultaneously, one
ear with air above and the other with air below body temperature. On the first two days of
the mission one astronaut displayed no nystagmus and the other one very weak nystagmus
at calorization. On mission days 7 and 8 both had well-defined nystagmus with a slow-
phase velocity of 19° and 5° per second, respectively. These results indicate that other
mechanisms than thermoconvection are involved in the induction of the caloric response.
One gravity-independent mechanism (19) for provocation of a caloric response could be a
direct, temperature-change-induced alteration in the intralabyrinthine volume (the ‘‘direct
volume displacement’’ hypothesis). With this mechanism the endolymph would expand on
heating and contract on cooling, resulting in a minute displacement of the cupula.

The method of Scherer et al. (20) has been analysed critically by Hood (12), who has
pointed out that pre- and post-flight ground measurements in the two astronauts were
carried out with the subject’s head in an upright (90°) position. This would correspond to a
60° deviation from the optimum response position of 30°, and according to the experimen-
tal observations of Coats and Smith (11) this could result in a 50° reduction of the caloric
response. Hood therefore claims that the nystagmus that was elicited in microgravity ‘‘was
a direct thermally induced, neural response’.

On additional ground testings of the two astronauts (20), the caloric response decreased
by 40 and 25 % respectively when the test position was changed from 30° to 90°. On the
basis of these observations Scherer et al. concluded that both thermoconvective and
thermal non-convective mechanisms of comparable magnitude co-operated in eliciting the
caloric response.

CONCLUSION

The theory proposed by Bardny more than 80 years ago (21) that the caloric response is
caused by thermoconvective endolymph currents in the lateral semicircular canal is still
valid. Research, however, has shown the simultaneous occurrence of a non-thermocon-
vective mechanism, which theoretically could answer for about one-third of the total
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caloric response. It has been assumed that this latter mechanism underlies the caloric
nystagmus induced in microgravity. Direct thermal action upon the vestibular end organs
and a direct, thermally induced volume displacement of endolymph resulting in ampullar
stimulation are two conceivable explanations of the non-convective component,

In the light of the above, there is at present no reason to reassess the clinical importance
of the caloric test.
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