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ABSTRACT

The p%esent investigqtion which examined possible vestibutlar
involvement in impaired 'smooth pursui} tracking in psychiatric
patients was prompted by: (a) the history of suggested abnormal
vesfibu]ar functioning in’schizophrenia; (b) known vestibular
involvement in smooth pursuit and saccadic eye movement systems;

and, {c) the recent demonstration that neurological patients with

centré]-vestibular disorders, show significantly less suppression of

ca]oripa]fy’induced nysfégmus dﬁring smeoth pursuit tracking than
patients with peripheFa1=véstiEUIar storders or normals.

Forty psychiatric pat%ents (20-inpa£§ents-IP: psychotics
requiring intensive psychiatric ca%é} 20 outpatients-0P: psychotics
in remission) and 20.non—hospitaiized controls (C: no history of
psychiatric iliness) were subjectg. ﬂ]] gave informed consent
and werg free from organic disorders and ﬁkdication known to N
affect vestibuiar or 0cu10motor systems or tracking performance.
Ot05c6pit examinations ensured that external auditory canals
were uncbstructed and tympanic membranes were normal and intact.

Bipolar horizontal and vertical EOG activity were recorded
before (baseline) and during serial bilateral caloric irrigation
(250 m1; 30°C water) while subjects tracked a target light
OSCil]atingrat .45Hz for 30 secondst Subjects responded (button-

press) to random 200 msec target light interruptions as a monitor



of attenfiveness. Tracking trials were randomized across subjects.
Horizontal £OG recordings were electronically different{ated to
obtain the first derivative (eye velocity). Both slow phase
ve]ocity of the vestibular nystagmus--eye movements characterizgd
by a-slow deviation and fast reghrg and induced by'ca1oric
irrigation—-and deviant t ac@igg:;f%stances of eye velocity slowing
to ¢ éO/sec (velacity arrksis: VAs) were determined from these
tracings. : The fast phéig‘;;1ocity was determinedrby computer
digitization of EQG @EHtage. A17 other parameters of the vgstibu]ar
respoﬁ§e, 1nc1ud1ng‘fixafion suppression, were assessed by ‘
standardized procedures. Data were analyzed using univariate
procedures_with post-hoc tests where warranted.

The usual measures of vestibular reactivjty, including
bilateral comparisons, were norma1 for all groups,ref1ectiﬁ§ basic
integrity of the vestibular system. Those parameters which
reflected CNS input and control of the vestibular response--i.e.,
fast phase velocity, dysrhythmia and fixation suppression--however,
were within thé range of pathology for the inpatient group. The
outpatient group did not differ significantly from the normal control
group on these measures with the exception of the dysrhythmia
rating on the second_ irrigation.

Baseline eye tracking of controls was superior to that of the
inpatient group (C> IP, p ¢ .05). Outpatient tracking was less

accurate than that of normal controls, but the differences were



not significant. Vestibular activation increased VAs, but only
inpatients showed a significant increase in tracking deviations
from baseline to the second frrigafion. Significant order effects
were not found, and baseline VA scores were stable regardless of
order of presentation. ¢
The present results suggest that repeated activation of the
vestibular system selectively enhances tracking deviations in

actively i11 psychotics. Indices reflecting central, rather than

peripheral, nervous system functioning were found to account for

the differences between patients with active psychotic symptomatology

and patients with remitted symptomatology and normal controls. It
is suggested that the deficits in eye tracking znd vestibular
response noted in this study could-be transitory, and that the
CNS effects reflect the severity of the psychotic symptoms rather

than any psychotic diathesis.
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INTRODUCTION \

Visual perception reqdiring_fovea1 fixation of the target is
achieved by the 1nterac00f two different dcu]om‘oto‘r systems:
the saccadic and the smocth pursuit. The two systems differ in
many respects, the most obvious being in terms of their ve]ocﬁty-_
ampiitude characteristics. The v§1oc1ty of the saccade is related
to'the distance the eye has to travel, and during a large amplitude
eye movement the eye can reach 700°/sec (Baloh, 1975). Smooth
pursuit velocity approximates the speed of the target (Henfiksson,
1955i, provided that the Tatter is 1e:g than 30%/sec. The upper
limit of this system is 50°/sec {Robinson, 1975). Saccadic eye
movements are also ballistic and generally beyond voluntary control
once begun, whereas during smooth pursuit adjustments in angular
velocity are continuous (Rashbass, 1961)., The stimulus for saccades
is generally a retinal position error (Rashbass, 1961). For smooth
purguit tracking the stimulus is almost exc1g§1v91y a moving target;
though trackipg can occur in REM sleep {Fuchs & Ron, 1968), and
’?ﬁbjects can learn to make tracking eye movements in the absence of
a moving stimulus (Westheimer & Conover, 1954). Functionally, the
two systems also differ, (e.g.), during saccadic eye movements vision .
and the pupillary reflex are suppressed (Zuber & Stark, 1966), while

vision is continuously present during smooth pursuit.

.
o banl ke 0TS



Although saccades and smooth pursu1t eye movements may serye
different functions, they do not“occur 1ndependent1y -Recent‘.
sthﬁ1es indicate that the same ocu]omotor‘neurons_participate in
both types of eye moveMEnt, with tﬁe site of regulation for both
being in the géxgpe11um and the paramedian pontine reticylar -
formation (P%ﬁ?) {Robinson, 1975; Cohén, Komatsuzaki & Bender,

) 3968). Saccades control the onset, duration and location of fixathep
and tracking movements.s A regulated coordination and mutual dependence .
between the two systems is found during a rhythmical pattern of eye
mOve$ent-—nystégmus-—one type of which may be proauced by stimulation
of the vestibular system. The simple sequence of slow (bursuit)

and quick (saccadic) phases of vestibular nystagmus serveé as a
neuroﬁa] mode] for sequential regulation of tracking and saccades.
During vo]untéry fixations the coordination is more mp Mex,
irregular and selective, but saccadic, fixation and tr®ckjng éye
movements are nonetheless regulated in their sequential role for

the sensorimotor basis of visual information (Jung, 1972).

Standardized methods for the evaluation of pursuit and saccadic
eye movements are/ used as clinical tools in the diagnosis of
neurclogical disease. Accordingly, impairments in\pye movements
associated with central pathclogy are well documented. For example,
the pursu1t eye track1ng response achieved by fpf{;wing the pendular
movement of a visual stimulus is highly sen31t1ve to injury (Corvera,

Torres & Lopez, 1973), and deviant tracking is found in neurological

ey
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. patients, in a

the ag&d?*f/'

Deviant ey traq‘ing patterns have also been reported in

ohol and barbituate intoxication, and frequently in

psychiatric pa iepfs, and one of the first observations of this
. phencmenon Hg;/ﬁade by Diefendorf and Dodge (1908). The authors
noted”aberrations of smoqth pursuit tracking in their schizophrenic
patjents, and suggested that this representea a central nervous

Sys e;\heficit in processing perceptual data. An early replication
of('the original study (Couch & Fox; 1934) observed deviant tracking
in the most severely i1l psychiatri; patients, irrespective of =
diagnosis of schizophrenia, and related the aberrant tracking to
inattention. It was not until the early 1970s that the t;acking -
ahomé]ies noted in these early studies were reinvestigated

(Holzman, Proctor & Hughes, 1973; Holzman, Proctor & gevy, 1974,
Holzman, 1975). As in the first study, pursuit disorders were

found to be more frequent among schizophrenics than among other
psychiatric patients.

In subsequeht investigations (Holzman & Levy, 1977; Shagass,
Amadeo.& Overton, 1974; Pivik, 1979) there has been consensus that
hospité?ized schizophreni&s showed ‘deviant tracking relative to
normal controls. In an attempt to differentiate between good
trackers and poor trackers within the schizophrenic popu1ation,?f’

Holzman et al., (1974) focused upon a single component of the

schizophrenic process, i.e., thought disorder. A stronger



re]at10nsh1p between dev1ant tracking and thought disorder was
found than that wh1ch obtatned between deviant track1ng the
general category of schizophrenia. Tracking deficits have been
noted in patients with affective psychoses (Shagass et a]., 1974)
in major functional psychoses {Lipton, Levin, Holzman, 1980), and

have been correlated with scales measuring psychoticism (Iacono &

Lykken, 1979), which suggests that the tracking dysfunctioq is not
exclusive to schizophrenia. ¢

There is no evidence to suggest that neuroleptic drugs cause
these eye tracking anomalies. This has been adduced from studies
whiqh have shown that cobnitive tasks improved»tracking in normal

controls and in patients administered drugs known to produce s

g
sedative effects (Holzman, 1875). Furthermore, tracking abnormalities
were reported in psychiatric patients previous to the use of major
tranqui]iiers (Diefendorf & Dodge, 1908; Couch & Fox, 1934).
Nonpsychotic patients who had received neuroleptics did not show
the eye tracking aberrations (Holzman & Levy, 1977), and no
relationship, ifrespective of diagnostic category, was found between
medication ané tracking impairments (Shagass et al., 1974). These
findings have been propesed as indirect evidence that medication
effects do Het account fer the smooth pufsuit tracking deviations.

The basis for the deviant tracking in psychiatric patients has

not yet been determined. In-addition to the influence of medication

discussed above, other possibilities which have been proposed



dTRH%?an et al., 1973) include: 1) failure of cognitive centering
mechahfsms, i.e., an attentiona]‘deficit; 2) visual system pathology,
particularily of the retina or the extraocular muscles; and 3)
dysfunctioning of central nervous system control mechanisms
underlying accurate tracking. Of these, examination of attentional
factors has been most 1ntense,‘because of the importance of

attention in visual fixation and since attentional deficits have

been réported in schizophrenia.

Attempts to control for attentionaf'processes have consisted of
re-alerting subjects during tracking"lHoszan et al., 1973; 1974),
having subjects silently read numbers on the pendulum bob while
tracking (Shagass et al., 1976}, and having subjects respond to
variations in target characteristics during tracking (P{vik, 1979).
Re-alerting had no significant effect on the number of tracking
errors. Although silent number reading improved the performance
of both‘patients and controls, thg group differences still remained
(Holzman, Levy & Procotor; 1976). . The silent number reading task
normalized only certain types of eye tracking impairments, i.e.,
tracking where pursuit movements are replaced by saccades (Holzman &
Levy, 1977). In patténts who demonstféted tracking with small
amplitude saccadic movements superimposed on the general pursuit
tracking pattern only slight improvement was noted with the
additional cognitive demand {Holzman & Levy, 1977). Requiring

subjects to respond to periodic interruptions in the tracking

|



target--a manipulation designed to heigﬁten attention--resulted
in improved tracking in control subjects, buf further impafred
tracking in inpatients (Pivik, 1979). Generally, it appears
that témporary improvement in eye tracking may result from
directly controlling attention. The quality of the tracking of
schizophrenics, however, remains significantly impaired relative
tg normal controls regardless of aids to direct cognitive
attention. It has been suggested (Holzman et al., 1974) that
ianttention is involved in aéerrant tracking then it would
seem to represent a form of involuntary .and phasic interrupting
of centering of focus, i.e., a disorder of nonvoluntary attention.
To date, the investigations héve presented no evidence
regarding a further suggested locus for impaired eye tracking,
i.e., dysfunction of central nervous system control mechanisms.
The present study is focused upon central nervous system involvement
in deviant eye tracking in psychiatric patients. Specifically,
the involvement of the vestibular system in eye tracking
deviations is examined. The ﬁéjo; considerations upon which

-

the present study is based are the following:
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The vestibular system is intimately involved in mechanisms

- underlying control of both smooth pursuit and saccadic eye-

movements. , f/r ) -
Thé central pathway of the vesti_bub_system which is

directly involved in eye movement control involves a three neuron
arc comsisting of: the vestibular afferent fibers, the straight
tﬂ?ough fiber pathway from the premotor sjstem, and the cculomotor
neuron (Lorenté de No, 1933; Barber & STockwell, 1976). There
are no neurons originating in tﬁz—isg)circu1ar canals or in the _

tolith organs which project diFfectly to oculomotor nuclei.

tead, an intermediate synapse within this arc in the vestibular
nuchei or in-the cerebellum is the most direct 1ink between the
“ vestibular apparatus and the eye muscles (Lorenté de No, 1933).
Tﬁe vegtibular system projects into the paramedian portion of
the porkine reticﬁ]ar formation, where mechanisms which generate
gaze and horizontal eye movements reside {Gernandt, 1964, 1968;
Ladpli & Brodal, 1968), and to the cerebellum where these eye 7
mevement are regu]ated'(Carpenter et al., 1959; Carpenter, 1960).
Quantitatively, the most significant number of brain stem
projections to the nuclei of the extragcular muscles arise from

the vestibular nuclei (Cohen, 1971).
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The vestibulo-ocular reflex and the pursuit or f1xat1on \\
reflex are the two neural control systems used by man to
stabilize the foveal image. The pursuit reflex a]onégis unable
to preserve visual acuity when the head is moving, or when the
velocity of the target movement is too great, br when the frequency
bf a direction changing movement is too high (Benson & Barnes, 1978).
The vestibulo-ocular reflex, meanwhile, preserves visual acuity
in the frequency domain where the pursuit reflex is largely ineffective.
In situations where the pursuit and the vestibulo-ocular reflex
interact, the vestibular responses must be suppreésed if visual
acuity is not to be impaired. Therefore, it has been proposed
that the,pursuit and the vestibulo-ocular reflexes converge
before neural signals are transmitted to the motoneurons of the
extraocular muscles. It follows then that suppression of an
inappropriate vestibular response is dependent upon the generation
of an antagonistic signal by the pursuit system. The combination
of the two responses compensates for the limited working range
of either,

Experimental evidence (Stark, 1971) has shown that both
visual and vestibular systems share a common input to the
mechanisms of saccadic generation. Experiments on visual target
acquisition (Barnes, 1976) indicate the existence of a hierarchical
system for the control of saccadic eye movements in which the

vestibulo-ocular reflex acts in a subsidiary manner to retinal
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afferenihifforﬁation. saccades also occur in the absence 6{3visda?
stimuli, i.e., in the dark, and to audiEory and tactile stimuli.
This suggests that these eye movements are coded in the brain'm
Qithin a body or head co-ordinate system (Chun & Robinson, 1978),
and it is the vestibular system which specifies the’ location of any
eye movement in the head co-ordinate system. . |
The basis for the coordination of purggit and saccadic eye
movements with vestibular input has largely centered around the
concept of a neural integrator subserving these systems. Recently,
it was shown that quick phases of nystagmus and saccades shared
the same neural integrator (Ron, Robinson & Shavenski, 1972).
Although anatomical evidence is not available, it has been proposed
that the pursuit system also shares this same integrator, and that
all visual commands for eye movements descend to the level of the
vestibylar nucleus and are processed along with vestibular signals
(Chun & Robinson,_1978). The need for a common mechanism subserving
these systems is essential so that whatever system is being used,
the net eye movement response will be similar in form and will not

lead to difficuities in, for example, spatial orientation.

Standardized stimulation techniques and assessment methods'have

3

been developed to study the vestibular system.

Peripheral stimulation of the vestibular system by caloric

jrrigation or rotation induces movement of the endolymphatic
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fluid contained in tﬁe semicircular canals. Ca]orig unlike rotatory
\ stimulation offers the advantage‘of testing each labyrinth 5§Parate1y

and is the method of choige’in this investigation. Caloric stimulation
deviates -the cqpula through heat transfer, density changes in the
endolymph, and productipﬁ\of a convection current.  As calories are
transferred from inneraear f1uihs to the bone of the posterior-
superior annulus, the e%do]ymph_condenses and resulting change§ %n
specific gravity produce endoiymph flow. This endolymph flow beﬁﬂs
the cupula in the ampulia,, produc{ng a change in the impulsts to the
vestibular nuclei, which in turn induce nystagmys. Nystagmus is a
di%tinct and ﬁatterned deviation of the eyes (the slow phase) which
is periodically interrupted by a rapid movement in the opposite
direction (the fast phase).

The parameters'of nystagmus that are used herein and listed
below include both standard indicators of vestibular reactivity

(Kosoy, 1977; Barber & Stockwell, 1976), as well as those which

reflect central nervous system input.

f\\\ Latency: the time interval from onset of irrigation to the first
three beats of nystagmus occurring within three seconds.
Duration: the interval between the onset of irrigation and the

last beat of nystagmus.

Peak frequency: mean frequency of nystagmus beats per unit time

(10 secs) when the nystagmus is most intense.

k=

sy
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Maximum slow pﬁase velocity: average slow phase speed dgring the

most intense response interval.

Maximum fast phase velocity: average fast phase iz:zd during the
most intense response interval representing the quick saccadic return.

Fixation suppression: a measure of the effectiveness of visual

fixation in suppressing caloric nystagmus.
Dysrhythmia: a measure of the regularity of the nysfagmus response.
It is generally accepted that the slow phase speed of nystagmus
provides the most sensitive index of vestibular reactivity. The
slow component is a linear function of the difference between
the temperature of the stimulus and the body,.and so is the
parameter most closely related to the stimulus. BiTatera]
symmetry of the slow phase speed is preferred as a more reliable
measure of vestibular reactivity than Tatency, duration or
intensity since these Tlatter indices show considerable variability
in the normal population (Kosoy, 1977). The fast phase velocity,
fixation suppression and dysrhythmia represent central nervous
system input to the vestibular response,
Sakata and Umeda (1976} used a procedure {termed the Caforic
Eye Tracking Pattern Test ) which combined pursuit tracking and.
suppression of vestibular nystagmus to examine the suppression

_~ mechanism evoked by visual pursuit. The authors observed that
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“the suppression‘mechanism was evoked more strongly by a moving
target than a stationary one. The usual response in normal
subjects and patients with peripheral vestibular damage is a
suppression or disappearance of caloric nystagmusf In patients
with central vestibular abnormalities there was insufficient
suppression and vestibular nystagmus was superimposed om the
tracking pattern. With this procedure the authors were able to
detect patients with central vestibular Lysfunctioning with‘95%

acburacy (Sakata & Umeda, 1976).

Models of schizophrenia have long posited abnormal vestibular

functioning in the schizophrenic process.

The history of studies examining vestibular functioning in
schizophrenia and .related processes spans nearly six decades,
beginning with a study by Pekelsky in 1921 in which inconsistent
nystagmus responses to caloric and rotatory stimuli were observed.
A variety of abnormalities have since been observed, from
hyporeactivity in catatonia (Claude et al., 1927) through various
abnormalities in catatonic and noncatatonic patients (Angyal &
Blackman, 1940; Angyal & Sherman, 1942; Claude et al., 1932;
Fitzgerald & Stengel, 1945; Myers et al., 1973}, to normal
vestibular responses (Rosenblum & Friedhoff, 1961). Studies of

autistic children, while also indicating vestibular abnormality

(Ornitz, Brown, Mason et al., 1974; Pollack & Krieger, 1958;
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Ritvo, Ornitz, Eviatar et al., 1969; Ornitz, 1970), have showﬁ'_
the importance of arousal and visual fixatﬁon in defining
va;:ability in the vestibular resqonse. Levy, Ho1zmén & Proctor,
(1978) emphasized the importance 6% controiling thé;Vériables of
arousal and visual fixation in providing reliable measurement of
vestibular reactivity, and noted that not only has the majority
of studies examining’vestibu1§¥ reactiviu&jin schizophrenia not
employed clinically reliable proceduresbdt only one study ‘
(apart from their own) has controlled for fixation and none for
level of arodsa1. The results of their study--which followed
acceptable clinical procedure, used electrophysiologically

recorded eye movement activity, and controlied for arousal and
fixation--failed to replicate previous studies in finding

Tower response intensity, latency, culmination time or a prevalence
.of significént asymmetry. ﬁowever, significantly greater
dysrhythmic respdnses were observed in both chronic deteriorated
and recent schizophrenics. Dysrhythmia represents the interruption
of orderly nystagmus, and the degree of dysrhythmia has been
assessed using a four grade rating scale devised by Lidvall (1961).
Levy et al., (1978) could not determine whether the observed
dysrhythmia represented CNS malfunctioning, methodological artifact
or psychological factors in schizophrenia, but thought that

peripheral vestibular disease was unlikely. The authors

suggested, however, that the dysrhythmia might be related to
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the existence of a suspected core attentional dysfunction in

]
¥

schizophrenia.
The effects of drug therapy on vestibular responses of
psychiatric patients is uncertain. Shuster (1965) noted some
depressij?,in vestibular responses of patients on phenothiazines,
but the results in schizophrenics tested beforeJthe advent of
tranquilizers also ghowed this tendeffcy to hyporeactivity. A

later study (Myers et al., 1973) which emp]o}ed electrophysiclogical

ﬂ;easures of eye movement noted the same hyporeactive vestibular

responses in chronic schizophrenics who had been medication free
for over a year.

The fragmentary and often contradictory reports of the
existence of a vestibu)ar deficit in schizophrenics makes
interpretation of findings diffiFult. The study by Levy et al.,
(1978) which failed to find evidénce of vestibular dysfunctioning
other than dysrhythmia,.may reflect the emphasis placed on
peripheral indicators of vestibular reactivity. The integration
by the vestibular system of vi;ua] and other sensory input, and

the effect of afferent vestibular diséﬁarges on other oculo-

motor systems remain to be explored in these patients.
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. SYNOPSIS AND HYPOfHﬁSES
' The Eonsisteht1y reported observation of deviant eye tracking
" in ﬁsychbtic}yﬁtieqts has been interpreted (Holzman & Levy, 1977)
as reflecting a "disorder of non-voluntary attention" (page é2).
.The deviant tracking is expressed as disruption of visual focus
continuity. The fundaﬁen§a1 role of eye tracking }n visual
- perception, and its poténtial use as a diagnéstic tool, underscores
the importance of defining the specific.mechanism§ undef1ying
fmpaired tracking in psychoses. T ;

The involvement of the vestibular system in the control of
ﬁursuit and saccadic eye movements, together with the frequently:
reported vestibular abnormalities in schizophrenia, suggést
possible involvement of the vestibular system in the aberrant
tracking observed in psychoses, Standardized stimulation and
evaluation techniqués, Edmbined with the specialized technique
capable of differentiating between peripheral and central
vestibular dysfunctioning, make it possible to assess the nature
of vestibular 5nv01vement in t}acking aberrations in psychiatric
patients,

The present study investigates the vestibular responses of
psychiatric patients following véstibu1ér activation alone and
in conjunction with.smooth pursuit tracking, within the context
of a general standardized electronystagmographic examination.

It is expected that vestibular and smooth pursuit tracking ]

- 1
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aberrations will be related. More specifically it is hypothesized

that:

1. Psychiatric patients will evidence more general abnormal
vestibular responses than normal controls, and patients
with active psychotic symptomatology will show more
abnormal vestibular responses than patients with reﬁitted

tomatology or normal controls. The parameters of
vestibular reactivity to be examined for irregglﬁikties
will include: speed of g]ow phase, speed of fast phase,

peak nystagmus frequency, duration,latency and.dysrhythmia.

2a. On baseline recordings patients with activeliﬁychotic
symptomatology will show a higher frequency of tracking
aberrations than either a remitted group or nd?ﬁ@1 controls.
.‘r

This represents a replication of previous work.

b. These same patients will show an enhancement of tracking
aberrations during vestibular activation relative to
either comparison group. Aberrations in tracking will

be operationally defined as velocity arrests.

™~
3. In contrast to either patients with remitted psychotic
symptomatology or-to normal controis, patients with

active psychotic symptomatology will show evidence of
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a vestibular deficit indicative of central disorder, i.e.,
failure of suppression of vestibular nystagmus with visual

fixation.
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METHODOLOGY

-Subjects:
Forty psychiatric patients and twenty non-hospitalized

normal controls were studied. The patient population was
recruited from the Department of‘Psychiatr} Inpatient and
Outpatient Clinics of the Ottawa General Hoséital. Non-
hospitalized controls were recruited on a'v01untary basis from
among hospital staff and the local population,

The psychiatric population consisted of twenty hospitalized
patients and twenty patients receiving treatment on an outpatient
basis. The inpatients were individuals diagnosed actively
psychotic and in need of intensive psychiatric care. Diagnosis
of psychoses and psychotic symptomatology was based oﬁ two
independent psychiatric evaluations according to DSM III
criteria, hospital diagnosis and patient history charts. Information
regarding length of illness, medication history, prémorbid
precipitating factors and subtypes of schizophrenia were obtained
from the patient charts. Additionally, 34 of the patients
(six cod]d not be tested) were administered the Rorschach Ink
Blot test and the vocabulary subtest of the Weschsler Adult
Intelligence Scale {WAIS). Verbatim responses to the Roéschach
were used as a separate measure of psychotic symptomatology.

i . . > .
Schizophrenic thought disorder measured by this test was
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independently rated by two clinical psycho]ogisté employing
criteria outlined by Rappaport et al., (1968). The WAIS was
included to provide a further index of bizarre or inappropriate
thought.

Included in the inpatient group were four new patients with
no‘previous history of psychosis, ten patients with a p}equitating
onset and acute course, and six, patients with chronic conditions.
"None of the patients had been hospitalized for more than a year,
or was then currently hospitalized for longer than six months.

A1l patients were receiving medication, i.e., phenothiazines,
butyrophenones or Tithium carbonate. A1l patients in the outpatient
group had been previously diagnosed schizophrenic, and all were
receiving injections of the depot phenothiazine--fluphenazine
decaonate. This group contained five patients with the diagnosis

of rémitting nsychoses, five with chromic courses and ten patients
with an acute course of illness. Al1 outpatients were free from
acute psychotic symptomatology.

Control subjects were questioned in detail with respect to
medical history, medication, alcchol intake, and ﬁErsona] and
family history of mental illness. The Rorschach Ink Blot test
and the vocabulary subtest of the WAIS were administered to
the normal controls, and were scored according to procedures

described above for similar data from the patient popuiation.
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A11 subjects met the f911owing criteria for inclusion in the
study: 20-60 years of age, minimum I1.Q. of 80, and bilaterally
intact tympanic membranes. Individuals with a history of alcoholism,
audiological deficits, peripheral vestibular damage, and motor
abnormalities (e.g., tardive dyskinesia), were not included.
Individuals on medica&ion known to affect eye movements or
vestibular responses such as, barbituates, tranquilizers from the
benzodiazepine group, stimulants or antihistamines were not
included. An ad?itional requirement for patient selection was
a normal EEG, this was determined by examination of the neurcological
report available on each patient. The demographjc characteristics

of subjects in this study are listed in Table 1. There is no

difference in mean age or gender distribution across subject groups.

Procedure:

A variation of the widely accepted Fitzgerald-Hallpike
technique of caloric irrigation {1942) was used to assess the
integrity of the vestibular system. The deviations from that
method included: a) electrooculographic recaording of eye
movements; and,b) bilateral irrigation with cool (300C) water
only. Generally, warm (44°C) water irrigation is included as
well and results from the additidnal irrigations are employed
in deriving a measure of response symmetry. In view of the

absence of asymmetry in a recent large scale study of
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psychiatric patients (Levy et al., 1978), and considering the
additional discomfort engendered by the extended testing sequence
upon patients,-it was decided to irrigate with cool water only.
An index of response symmetry could still be ascertained from
bilateral comparisons of other test parameters.

Prior to recordings all subjects signed forms of informed
consent and details of the experimental procedure were related
and reviewed with special emphasis on probable behavioural effects
of caloric stimulation, (e.g., vertigo). An otoscopic examination
wa; conducted to ensure integrity of the tympanic membranes, and
excess cerumen was removed from the external auditory meatuses.
Beckman miniature silver-silver chloride electrodes were attached
ta the outer canthus of each eye for recording the horizontal
electrooculogram (HEQG), and placed above and below one eye for
monitoring vertical eye movements {VEQG) and blink artifact. A
ground electrode was placed in the mid-forehead region. All eye
movements were recorded on DC-35Hz amplifiers (Grass Model 7P122).
Electrodes were also attached for monopolar recording of
electroencephalographic (EEG: 02/A2) activity, and recording of
facial electromyographic (EMG) activity. A1l electrographic and
stimulus-response data were recorded on paper writb-out (Grass
Model 78D polygraph) (see Figure 1) and stored on magnetic tape

(Hewlett Packard 8868A tape recorder).
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FIGURE 1

CALORIC NYSTAGMUS & ASSOCIATED PROCEDURES:
ELECTROGRAPHIC RECORDINGS

A B .
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/R 5= '
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BBt ';m"" EMG y “'#’1%

- 1 SEC — 1 SEC
Figure 1: Electrographic recordings in association with calorically evoked

nystagmus. A) Onset of nystagmus--HEOG channel--vertical arrow,
B) Fixation suppression--subject opens eyes (vertical arrow) and
fixates on target light. Occasionally, light is interrupted (S)
to which the subject responds with a button press (R); C) Onset
of smooth pursuit tracking {vertical arrow). Horizontal line '
(VEOG channel) indicates blink; D) Termination of tracking

(vertical arrow) and persistence of nystagmus upon eye closure.
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Once electrodes were attached, the subject reclined on a'cot
with head elevated 30° to assume the proper ventroflexed position
for caloric (vestibular) testing. Following caljbration procgdures,
spontanéous,eye movements with eyes closed were recorded for a
period of 30 seconds. By the time caloric testing began, the
subjects had been in the lighted room for approximately 20 minutes.
Each irrigation extended over a 30 second period. Water cooled
and maintained at 30°C by a Grass Instruments Circulator was
delivered via a double-walled hose from the circulator to the
external auditory canal. “The total amount of water delivered for
each irrigation was 250 ml.

The primary experimental task required subjects to track a
Tight emitting diode (2 mm in diameter) attached to the arm of a
motorized pendulum. In the caloric testing position the tracking
target was viewed in a mirror positioned approximately 18 cm from
the subject's eyes, with a distance of 84 c¢m between the center
of the mirror and the pendulum. Effecfive]y, the target light
was situated at eye level one meter from the subject. The
pendulum was programmed to oscillate at the rate of one excursion
every 2.2 seconds (.45Hz). This frequency permits effective
tracking, and fixation of targets moving at < .5Hz effectively
suppresses vestibular nystagmus. During pendulum tracking the
subject's head was stabilized by head supports attached to the

side of the testing table.
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Subjects were instructed to depress a hand-held button ' 1
whenever the target 1ight was interrupted (off cycle, 200 msec). l
Six to ten interruptions were distributed throughout each eyes-
opened period. Since it has been demonstrated repeatedly that
the performance of mental tasks, especially mental arithmetic, : |
augments the ;estibular response {Collins, 1964; Barber.&

Stockwell, 1976), a mental alerting task was incorporated into

the vestibular tésting procedure. This procedure involved serial
subtraction by threes, Subjects were instructed to start performing
the mental alerting task at the beginning'of each period not
involving pendulum tracking, i.e., following irrigation, continuing
for 50 seconds, including a 20 second period of fixation on the
target, and continuing after traékfng until signalled by the

experimenter to stop. This point of cessation occurred. when .the

Tast nystagmus beat was detected. The tracking task was presented

at the point of maximum culmination of nystagmus (Torok, 1972),

appkoximate]y 60 seconds after irrigation. Thé total recording '
time required for one subject to complete all procedures was
approximately one hour.
Three experimental conditions.were presented in random order :
(Table 2). The conditions were: 1) baseline eye tracking;
2) caloric eye tracking; left ear irrigation; and 3) caloric

eye tracking; right ear irrigation. Each condition consisted of:
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Va) an initial 30 second period with eyes closed; b) a 30 second
period with eyes closed while performing the mental alerting task; i
c) a 20 second period of continued mental alert?ig while focusing
on the small target light and responding to periodic 1nterruptions
of fhis target light with a button press; d) engaging in pursuif
tracking of the same target Tight oscillating at .45Hz for a 30
second period; and>finally, e) closing the eyes at the end of the
tracking task and reinitiating mental alerting for 30 seconds or
until evidence of nystagmus was not present. A minimum of eight
and one half minutes elapsed from the onset of the first irrigation
to the onset of the second. This time period permits the system
to regain a resting state.

A third irrigation (referred to as Caloric III) was
administered to determine the effects of mental alerting on the
vestibular nystagmus. This condition was presented last, did not

include the tracking task, and the order of the mental alerting/

no mental alerting task was balanced within and across subjects.
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DATA ANALYSIS

The vestibular response to caloric irrigation was examined

Latency: the interval between the beginning of irrigation and
the onset of nystagmus. Criterion for the presence of response

was the first time three nystagmus beats were seen within a 3
Duration: the interval between the beginning of 1rrigatjoh and
the Tast beat of nystagmus. Criterion for the absence of response

was the last time two nystagmus beats were seen within a 5 second

Peak nystagmus frequency: the average frequency of nystagmus

beats during the 10 second interval (usually 50-60 seconds after

onset. of irrigation) in which the nystagmus was most intense.

A. Reduction of vestibular data
for the following parameters:
1.
second interval,
2'
interval,
3.
4,

Response strength: the maximum slow phase speed during the 10

second interval in which the response was most intense

(usually 50-60 seconds after onset of irrigation). The

procedure for calculating the slow phase speed by differentiation
was as follows (see Figure 2): the tape recorded calibration
signal of the corneo-retinal potential for each subject

for a 10° visual arc was adjusted to yield a sensitivity

of 10%cm. The Grass Model 7P21 differentiator (velocity)
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‘FIGURE 2
SLOW PHABE VELOCITY
DIFFERENTIATED
EC | FIXATION

HEOG

DIFF.

HEOG WJ“WMWL“LMMMM&

INT.

s Y Ll

TIME

Figure 2:

-M sec T

1

Measurement of nystagmus--slow phase ve]ocify——by differentiation.
HEOG--horizontal electrooculogram depicting_nystagmus in the eyes
closed (EC) condition and suppression in the eyes opeﬁed fixation
condition. ®iff. HEQG--differentiated nystagmus. The amplitude
of the trace represents the velocity of the slow component of
nystagmus. Int. HEOG--integrated nystagmus, the number of

resets reflects variations in amplitude of the HEOG trace.
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channel was calibrated for 10°/sec/cm. .The nystagmus
-reco}dings were input directly from the tape recorder into the
nystagmus differentiator, and the speed of the slow phase was
read directly from the velocity channel. The computational
procedure for calculating the slow phase speed is depicted

in Figure 3. This method was compared to the differentiator
output. The averaged slow phase velocity for the 10 second
period of maximum intensity was used as an indicator of

response strength.

5. Fast phase velocity: the maximum fast Phase speed was measured
during the 10 secona inteqva1 1T>wh1ch the response was most
intense (usually 50-60 seconds after beginning of inQiggtion).
This measure of saccadic velocity was analyzed using a PDP 11/34
minicomputer. The tape récorded horizontal EQOG voitage transient
corresponding to a 20° saccade initiated by the subject
transferring gaze from one point to another was used to calibrate
corneo-retinal potential. The EOG. data were digitized at the
rate of 200 points/second, and the computer generated a series
of digital values corresponding to number, amplitude, duration
and velocity of the EQG activity.

6. Fixation suppression: the measure of the effectiveness of visual

cfixation in suppressing nystagmus was calculated by the

following procedure: : N\
4
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FIGURE 3

MEASUREMENT OF NYSTAGNUS:
SLOW PHASE VELOCITY

MAXIMAL
NYSTAGMUS

~——41mm

Figure 3: Measurement of slow phase velocity of nystagmus response:

conventional determination of slow phase velocity.
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FS< slow phase eye speed (eyes closed) - (eyes °pe“e9)-x100
" slow phase eye speed (eyes closed)

The percent reduction is denoted as the fixation suppression
(ES) value. This value was obtained by subtracting the mean
slow phase velocity of 10 seconds of nystagmus occurring
while eyes were opened and fixated.from the mean slow phase
eye speed of 10 seconds of nystagmus occurring just before
the eyes were opened, and dividing by this same control
value. Fixation suppression was reported as a percentage.
7. Dysrhythmia: this measure of ﬁystagmus 1rregu1arity‘wés
assessed for a 30 second pericd beginning 30 seconds after
the beginning of irrigation. Two individuals naive with
respect to subjects' group membership rated coded recordings
of nystagmus according to the scale devised by Lidvall (1961)

(see Appendix A). Interrater agreement for this analysis was

96.5%.

B. Reduction of pursuit tracking data

Pursuit tracking patterns were.ana1yzed for the incidence of
velocity arrests (VAs) wusing a methodology commonly employed in
the analysis of smooth pursuit tracking patterns in psychiatric
patients (Holzman et al., 1973, 1974, 1978; Shagass et al., 1974,
1976; Pivik, 1979). In this procedure the tape recorded HEQOG
tracing was filtered (Jow pass filter, 5.5Hz; attenuated 21 db

at‘cutoff; 48 db rolloff/octave), amplified and differentiated
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(Grass 7P21A Differentiator) to obtain the first de}ivative
{velocity) of the sinusojda] tracking pattern (see Figure 4). The
differentiated output was ca]ipraéed at a sensitivity of 20°/sec/cm.
Half wave differentiator tracings-were scored according to
previously established criteria (Shagass et al., 1974; Pivik, 1979),
such that a VA constituted a slowing of eye velocity to & 2%/sec.
If eye velocity slowed to this level twice within 40 msec, only
‘the first slowing was scored. A return of the differentiator
tracing to this level for=90 msec was scored as two VYAs. Each
half wave differentiator tracing contained two obligatory VAs,
which occurred at the end points of the oscillation. Accordingly,
the half wave method of analysis artificially doubles the number
of obligatory arrests. These were included in the analysis.
The number of VAs present during perfect tracking of ten
oscillations would be 40 -"2 VAs for each of 20 half waves. Two
individuals naive with respect to subjects' group membership
independently scored coded records of the differentiated playbacks
after establishing a high level of interrater agreement (95.8%).
Interscorer agreement for the 3,600 comparisons was 94.5%, and
discrepancies in the scoring of the coded data were discussed
and resolved.

The differentiated recordings were also examined for the
presence of positive saccadic eye movements. Duringfsuch

movements, eye velocity exceeds the maximum target velocity and
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Figure 4: Determination of velocity arrests by half-wave differentiation

of the sinusoidal pursuit tracking pattern. A) HEOG--
horizontal electrooculogram. B) VEOG--vertical electrooculogram-
the underscored signal represents a blink. €) SIGNAL--the

arrows designate target 1ight interruptions (upward deflection),

and the subject's response (downward deflection). D and E)
DIFF. HEQOG--half-wave differentiated display of HEOG signal.
Each column represents one experimental group, and recordings

obtained during baseline, and following caloric irrigation.
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overshoots the tracking target. A positive saccade was scored

when tracking velocity exceeded maximum pendulum velocity by 33.3%.
Additionally, vertical EQGs were played back with the differentiated
horizontal EOG information to permit time related analysis of
blinking and VAs. Eye deviations in the vertical EOG recording;EPf
1 mm (50 uv) lasting 200-500 msec were scored as blinks. Blink
related VAs, and VAs which occurred during head movement (EMG

channel) were excluded from the data analysis.

C. Statistical Analysis

Unless otherwise indicated, data for the aependent variables
were analyzed using Analysis of Variance with Repeated Measures
(BMDP2V, 1977), with the Scheffé& post-hoc procedure for multiple
contrasts appliet if the F ratio was significant at the .05 Tevel.
A1l other statistical treatmeﬁt of data are specified in the text.
Leqé1 of statistical significance was based on two-tailed criterion.

Independent variables consisted of groupings according to
hospital and psychological test diagnosis, medication, performénce
on the attention monitor task, as well as the various conditions

of testing (e.g., order of irrigation, baseline, alerting condition).



. RESULTS
VESTIBULAR RESPONSES: GROUP COMPARISONS

Slow Phase Velocity

The mean group differences across testing conditions for the
slow phase velocity of the vestjbu1ar response are presented in
Figure 5. There were no significant aroup or condition effects
for this parameter. The values obtained for all subject groups
corresponde;/;O*norma1 values reported in earlier studies
(Henriksson', 1955: Sfahle, 1958; Brookler & Pulec, 1970). A1l
bilateral comparisons of the vestibular response were within the

normal range of variability (Barber & Stockwell, 1976).

Fast Phase Velocity

A significant overall main effect for group was found across
all conditions for the fast phase velocity (F(2,114) = 7.38, p< .N1,
Figure 6). Poggthoc procedures revealed that inpatients showed
a significant slowing of mean fast phase velocity relative to
normal controls for a]\ conditions: caloric I (p& .01); caioric II
(p €.005); caloric III (p< .005). OQutpatients showed a similar
reduction in fast phase velocity, but it was not sigrificantly
different from either comparison group. No significant differences
for condition effect were found. The slowing of the fast phase
velocity following caloric irrigation has been previously observed

(Ron et al., 1972) and was therefore expected. However, the
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FIGURE 5

-

SLOW PHASE VELOCITY

/
IP
: C
OoP
S SR | SR .
CAL I CAL I CAL I
CONDITION "

Mean slow phase velocity of nystagmus across caloric conditions.
The response was obtained for a 10 second period (50-60 seconds
after onset of irrigation) while subjects' eyes were closed and
they were engaged in mental arithmetic. The abbreviations IP, OP,
and C which appear in this and subsequent figures refers to

Inpatients, Outpatients and Controls, respectively.
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FIGURE 6

FAST PHASE VELOCITY

300 |
250 |
200 |
| OP
150 | IP
= « P01
1 , A P<.005
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Sy

CONDITION

6: Mean velocity measurement of the fast phase component of

nystagmus taken during caloric irrigation procedures.
The measure reflects the mean velocity §f the quick
component~for a 10 second period during the maximum
nystagmus response (50-60 seconds after onset of
irrigation) while subjects' eyes were closed and they

were engaged in mental aaithmetic.

o
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values reported for the inpatient group lie outside the limits

found for normal control subjects in this study.

Peak Frequency, Duration and Latency

No significant overall main effect for frequency (mean number
of beats in 10 seconds) was obtained for the nystagmus response
across conditions. Separate one-way analyses of variance (ANOVAS)
procedures performed for each condition revealed significant group
effects particular to each condition (see Figure 7); caleric I
(F (2, 57) = 8.96, p <.001); caloric II (F (2, 57) = 11.02,
p<.001}; and caloric III (F (2, 57) - 4.49, p<.025). Post-hoc
analyses revealed that outpatients had signifipanfly higher
frequeg;y of nystagmus beats than normal controls for all condjpions_
{caloric I and II, p<.001; caloric III, p<.002). Inpatients had
a significantly higher frequency of nystagmus beats than norma{
controls on caloric 1 and caloric II (p<.01). Nystagmus frequency
measurements of 1npatfents and outpatients did not differ
sﬁgnificantly. The values obtained for all subject groups for the
peak frequency response are within the normal limits (Barber &
Stockwell, 1976). The values obtained for latency and duration
of the nystagmus responée did not vary significantly across groups
or conditions, and were within the normal limits previously

reported (Stahle, 1958).
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FIGURE 7
FREQUENCY
30 |
,@/ oP
IP
25 — ® o8 2 o089 L J ]
. C
20 L .
P01
= - *=P<002
: eeePc.001
CAL | CAL Il CAL 1l
CONDITION

Group variations 1n frequency of nystagmus beats during
a 10 second period (50-60 seconds after onset of
irrigationl, while subjects' eyes were closed and they

were engaged in mental arithmetic.
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Dys rhythmia ~ o
Sixty-five percent (n = 39) of aT1-subjects showed some evidence

of dysrhythmié (grades 1 to 3). Only 16 percent (n = 10) had ratings

reflecting significant (grade 3) dysrhythmia. No significant

differences between groups were noted for thelf{rst irrigation, |

but t tests revealed significantly higher dysrhythmia ratings for

both patient groups than for normal controis for the second irrigation:

inpatients (t (38) = 2.60, p<.02)+ outpatients (t(38) = 3.61, p<.001}.

Dysrhythmia rating genera]ly,sﬁ;;z;’a linear félationship with fast

phase velocity (see Table 3), and subjects with ratings reflecting

grade 3 dysrhythmia had the slowest fast phase velocities across _

all three caloric conditions.

Mental Alerting

Reduction of the variability of -the vestibular response not due
directly to vestibular function by performance of simple tasks
requiring sustained mental activity is thought to refiect a
psychological state of alertness or concerted attending (Coliins, 1974},
The effect of the mental arithmetic task employed in this study
was evaluated by measuring its effect on slow phase velocity--the o
most accurate measure of nystagmus intensity (Henriksson et al., 1972).
A rise in the mean slow phase velocity while subjects. were engaged
in the mental arithmetic task as contrasted to performance during
the no mental alerting condition was noted for all subject groups

(Figure 8);’/22/51gnificant differences between conditions were found. |

—

¥
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TABLE 3 ( N
#  Mean Fast Phase Velocity all Subjects
Grouped by Dysrhytlmia—Rating '
' Fast Phase &ggocity
Degrees/second
Grade of n © Caloric I Caloric II Caloric III
Dysrhythmia . [
3 10 143.5 108 123.9
2 5 = 219 219 158.
1 23 218 200 189.6
0 © 22 243 227 206
-~ o
A
v - )
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FIGURE 8

MENTAL ALERTING
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Figure 8: The effects of mental alerting on slow phase velocity

following caloric irrigation.
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Of the five dependent variaéié§»ref1ecting vestibular reactivity,
inpatients differed significantly from normal controls on three:
fast phase velocity, frequency and dysrhythmia. Outpatients differed
from normal controls on two: frequency and dysrhythmia. There

were no significaht differences between inpatients and outpatients

-

~—

on any of these parameters.

FIXATION SUPPRESSION: GROUP COMPARISONS

The grﬁdps were compared with respect to the amount nystagmus
(slow phaée ;peed) was suppressed during the eyes-open-fixation
condition. Mean percent suppression for all groups is presented in
Figurg §. Separate Analyses of Variance for the two fixation
conditions revealed a significant group effect for caloric I (F (2,57);
3743;;){.OS),:and.ca1oric IT (F (2, 57) = 4.79, p<.025). Post-hoc
zﬁfoted&res revealéed that the mean differences between inpatients and
nofma]_Eontro]s were significant for both conditions (p.<.05). The
cutpatient group showed slightly less total suppression than normal
controls, but the differences were not significant. The mean percent
reduction reported in humaqs fol ing 30°C caloric irrigation ranges
from 84.2% (Kato, Kimura et al., 1977) to 50% (Takemori, 1977}. Others
report abnormal fixation suppression when thé mean percent reduction
is less than 60% (Kqto et al., 1977; Sato, Kato et al., 1980). Demanez |
and Ledoux (1970} found that normal human slow phase velocity Ocular

Fixation Indices (OFIs)--i.e., ratio of eyes open to eyes closed--
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Mean percent suppression of nystagmus-by fixation after
caloric irrigation. The percent reduction in the slow

phase velocity was determined by the following procedure:

slow phase speed (eyes closed) - (eyes Qpenedl)( 100
sTow phase speed (eyes closed)
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ranged between 8 and 25%, and were always less than 50%. The
inpatients in this study had OFIs which raﬁged between 23 and
100%, with an average mean of 53% (5.D. 20%)}. This might be
compared with normal cohtro]s with a range between 15 and 75%,

and an average mean OFI of 36% (S.D. 13%), and outpatients

with an OFI range between 17 and 80%, with an ‘average mean of

39% (S;D. 17%). t tests between the OFIs of inpatients and

normal controls revealed significant differences for both caloric
conditions (t (38) = 2.34, p¢.05; t (38) = 2.84, p<.01). P
Inpatients had significantly higher OFIs than outpatients for the
second caloric condition (t (38) = 2.39, p <.05). Additionally,
50% (p = 10) of inpatients had OFIs above 60%, whereas 15% (n = 3)
of outpatients, and 5% (p = 1) of normal controls were above that
level. Given the variability in the parameters defining normal/
abnormal fixation suppression, the mean percent reduction and the.
OFIs of normal control subjects observed in this study would
appear to be the most valid index against which to compare the

performance of the patient populations.

VELOCITY ARRESTS: GROUP COMPARISONS
Group differences in mean VAs for all conditions are presented
in Figure 10. A significant overall main effect for group was

found (F (2, 114) = 3.41, p<.05). Post-hoc procedures revealed
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FIGURE 10

VELOCITY ARRESTS
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Mean number of velocity arrests (VAs) a,s:'k&ss conditions
for patient groups and normail controls. The scores
represent the number of VAs for 10 complete oscillations,

or 20 half waves,and include obligatory arrests.
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that inpatients had a significantly higher frequency of mean VAs
relative to normal controls for baseline and caloric II conditions
{p <.05)., The outpatienf group tracked less accurately than normal
controls, but these differences were not significant; No
significant differences were found between inpatients and outpatients
for any of the conditions. Although there was no significant
overall condition effect, the increase in the number of meae VAs
for inpatients from baseline to caloric II (t (38) = 1.72)
was significant at the .05 level for the one-tailed test.

A separate Analysis of Variance was performed on baseline
measurements to determine whether, despite randomization of
conditions, VAs were associated with presentation order in a
systematic manher. This.eeparate analysis was intended to
provide information on the possibility that En increase in mean
VAs with repeated irrigation might have reflected tonic
excitability. The baseline condition, however, did not differ

in total number of VAs across testing positions, and there was

no group effect for presentation order.

BUTTON PRESS AND BLINKS: GROUP COMPARISONS 9
One measure of attention used in this study was the fumber

of times subjects failed to respond with a button press to

\

/
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interruptions of the target 1ight. The mean number of failures to
respond across all conditions was higher for inpatients (3.0 ¥ 1.86)
than for either outpatients (1.95 t 2.44), or normal controls

(0.5 0.83). Both patient groups made significantly more errors
than normal controls on caloric I and caloric II (I>C: p<¢.005,

p £.005% 0) C: p<.005, p<.01). There were no significant
differences between inpatients and outpatients.

To evaluate the effects of accuracy of button press response
on the dependent variables separate ANOVAs compared those subjects
from each group who responded with 100% accuracy to target light
interruptions. These procedures revealed no change in the relative
position of inpatients, who continued to show significant differences
from normai controls, i.e., slower fast phase velocities (p <.025,

p €.005), less fixation suppression (p ¢.01, p ¢.025), and more VAs

(p ¢.05, p¢.025, p ¢.025). Outpatients who made zero errors in
responding to target light interruptions performed 1ike normal controls
in number of VAs and fixation sﬁppression scores. No significant
within group differences were found.

For all groups b1ink1né increased, but not significantly during
caloric tracking relative to baseline levels. The mean rate (across
the three tracking conditions) for 1npatie:3: (9.45-{/40.33) Qas
higher than that for either normal controls {(5.80 + 7.20), or
outpatients (4.74 ¢ 8.60). OFf the total number of VAs, those

associated with blinks (i.e., occurring within 200 msec from blink
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onset) for the three groups were as follows: inpatients, 18.6%;
outpatients, 11.1%; controls, 21%. Positive saccades had a low

frequency across all groups and werenot significantly related to VAs.

SUBCATEGORIES OF SCHIZOPHRENIA

The comparison of hospitalized patients with nonhospitalized
patients and normal controls yielded an estimate of the relationship
between severe psychiatric illness and the various measures of
vestibular reactivity and VAs. Statistically significant differences
'between hospitalized patients and normal controls were found for fast
phase velocity, frequency, dysrhythmia, fixation suppression and VAs.
Of concern here is whether diagnostic category, as determined from
psychiatric evaluation and hospital charts (DSM III ériteria), affects
these measur?s. A series of statistical procedures (ANOVYAs and t
te§ts) was applied to determine the difference between normal controls
and each diagnostic group with respect to vestibular reactivity and VAs.

The results of the analyses produced general overall differences
between diagnostic categories and normal contro]sf but the degree of
these differences varied across dependent measures (see Table 4).
Of interest, was the high number of VAs associated with the schizo-
affective subgroup, and the abnormally low fixation suppression scores
for the manic-depressive subgroup. However, 80 percent of these

patient subgroups were hospitalized, while only 38 percent of the

paranoid schizophrenics, and 45 percent of the nonparanoid schizophrenics
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were hdSpitalized. This effect may thetefore be attributable to
severity of illness rather than diagnostic category.

A series of ANOVAs performed to determine whether diagnosis
by course of illness {acute, chronic, remitting) would provide a
stable and signifihant index of the relationship between psychiatric
il1ness and the various dependent measures revealed no significant
relationships. This finding possibly reflects the non-deteriorated
condition of the chronic patients, and the inclusion of hospitalized
and non-hospitalized patients in both the acute and chronic categories.

An analysis based on psychological test diagnosis was performed
in a further attempt to isolate characteristics of the patient
poputation contributing to the significant group differences. When
the patients were re-classified into éroups cgaracterized by active
or remitted symptomatology {(two records could not be classified in
either category) as assessed by the Rorschach, consistent differences
between the groups were found for fast phase velocity, fixation
suppression, and mean VAs. The only significant différence was
found on the baseline measure of mean VAs (p {.05) (Figure 1{3T\\\\\_h}
The group differences were in the expected direction, that is,
patients classified as actively psychotic had more respense variables
significantly different from normal controls than did the remitted
groub; Seventy-five percent of patients classified actively psychotic
by the Rorschach were in the hosp1taT1ged group, whereas only 31

percent of the hospitalized patlents were contained in the remitted
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Variations in mean number of velocity arrests across
conditions for patients regrouped by Rorschach
classification. The captions Active and Remitted refer

to the presence or absence of psychotic symptomatology

in the Rorschach record.
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group. The composition of the groups as classified by the Rorschach’
was generally similar to that of the original groupings of
hospitalized, nok—hoﬁPitalized and normal controls. None of the
normal control 5ubje¢ts was rated pSychot%ét General interrater

agreement was 96 percent.

NEUROLEPTIC MEDICATION

To evaluate the effects of neuroleptic medication on the
dependent measures, the patients were subdivided according to length
of time on medication. The results of the ANOVAs suggested that
this variable did not significantly differentiate among the groups.
However,.this re-classification which combined hospitalized and
non-hospitalized patients in each of the divisions confounded the
effects of severity of illness, and this may have influenced the
medication-related analysis.

A second serie§ of analyses correlated amount of medication
with the dependent variables. Dosage level across medications
(except for Jithium) was made equivalent to an approximate daily
dosage of chlorpromazine {Koda-Kimble, Catcher, Young, 1978). None
of the correlations was significant,suggesting that amount of
medic;;ion, per se, did not account for the differences observed.
Of the five patients receiving lithium carbonate three were also
receiving neﬁro1eptics. A comparison of the performance means

across the dependent variables between the 1ithium only and lithium

plus neuroleptic group revealed similar values. 1 tests performed
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to determine whether the performance of patients recgivin§ 1ithium
carbonate differed from patients receiving néﬁro1eptics did not
reveal significant differences.

A further-point with respect to medication effects is the
lack of significant differences between the outpatient group--all of
whom feceived a depot p@enothiaiine (Modecate)--amd normai controls
on number of VAs and fixation suppression. Inpatients who received
this same depot phenothiazine (n= 4) had consistently higher numbers
of VAs, slower fast phase velocities, and lower fixation suppression
scores than the outpatient modecate group. t tests revealed that
the inpatient modecate group had significantly more VAs for both
baseline (t {22) = 3.20, p <.01) and caloric II (t (22) = 2.68,
p £.02) conditions. In summary, it appears that neuroleptic
-medication alone did not account for the differences between patients
and normal controls, but some interaction between medication and

ciinical status (severity of psychiatric illness) appears possible.



DISCUSSION

Vestibular Responses

The present study provided an assessment of the vestibu1o—_
ocular response to caloric irrigation in psychiatric patients and
also focused upon the possible contribution of the vestibylar system
to deviant pursuit eye tracking. The usual measures of the response
to caloric irrigatien such as slow phase velocity, duration, latency,
frequency and bi]at:t;?x§§hmetry of the response; were found to be
within the normal limits for ail subject groups when compared with
values reported elsewhere (Stahle, 1956; Henriksson,'1972; Gulick &
Pfaltz, 1964). Additijonal }esponse méasures, however, revealed
significantly reduced fast phase velocities, anJ reduced suppression
of nystagmus with visual fixation for the hospifa]ized.psychotic
patients--findings which have not been previously reported for this
groyp of patients.

It is generally agreed that normal slow phase velocity,

1nc1ud1ng the absence of asymmetry or distortions of this measure,

reflects integrity of the vestibular-labyrinth system. It is

no}eworthy, however, that whefreas in this study and others

involving psychiatric patienfs (Levy et al., 1978) these measures
indicate normal vestibular funclioning,there have been consistent .

'reports of absent or diminishgd or dysrhythmic nystagmus wh1ch

have not been expTa1ned (Angyal & Blackman, 1940; Myers et al.,
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1973; Levy et al., 1978). In the present study, absent vestibular
_responses were not found, in fact, pat;énts showed a higher frequency
of nystagmus beats than normal controls. An increase'ih the frequency
of nystagmus beats coincided with lower amﬁ]ﬁtude slow eye deviations,
EEE\EBes not support reports of hyporeactivity in psychiatr;p patients

(Angyal & Blackman, 1940; Fitzgerald & Stengel, 1945; Ornitz, 1970;

Hyers et al., 1973). Coincident with higher frequency-lower amp1itudgf

sTow deﬁiations, the patient popu1ations had significantly more
dysrhythmia and s]owér'fast phase ve]ﬁcit?es.

In the vestibular response, the fast phase is the eye'movemgnt'"
which returns the eyes to the periPhery between the "slow deviations.
The fast phase takes the eyes into the direction in whicﬁ the
head is turning and occurs before the 510Q phase has brought the
eyes back to midline (Melvill Jones, 1964). The function of the
fast phase is to pet the visua}oapparatus into that-orientation
of the visual world inte which the head or body is turning. It
has been shown that 1“as_t phases, 1ike all rapid eye movements,
including saccades, refixation saccades, microsaccades are
regulated by the same neural mechanisms (Goto et al., 1968;

Ron et al., 1972; Sharpe et al., 1975). fﬁese eye movements are

thought to be generated by closed feedback loops in the pons

. \\thich compare jnstantaneous eye position to desired eye position

and drive the ekes .until they are equal (Robinson, 1975). Evidence

that quick phasés of njstagmus\are generated in the pops is mainly

—

.
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derived ffom lesion studies. The strongesf evidence that the
paramedian pontine reticuiar formation (PPRF) is the site of
origin of fast phases of nystagmus is that fast phases are
profoundly affected or abolished by lesions of this area (Cohen
et al., 1968; Lorents de No, -1933).

Slowing of saccadic eye movements has been related to
dysfunctioning of brain stem npc]ei, especia]iy of the pontine
reticular formation (Giesenberg & Robinson, 1977); as a result
”6; lesion or physi®iogical modulation of this region, In the
absence of other conspicuous CNS manifestationsy it is doubtful
that the slowing of the fast phase velocities in patients arises
from lesion or structural damagely, A number of other factors
affect the triggering and amplitude of rapid eye movements,
including the fast phase of nystagmus. Initial eye position,
ongoing éye movement, head position and level of alertness are
© the most striking (Goto et al., 1968). Many of the patients had
Tow amplitude-hiéh ¥requency slow phase nystagmus which would
'require a smaller amplitude (and slower velocity) return movement.
‘Saccadic eye movements and the fast phase are also differentially
sensitive to decreased alertness (Sharpe et al., 1975; Bahill &
Stark, 1575; Henriksson, 1972). During drowsiness the fast phase
can be markedly attenuated, while s}ow movements or toﬁic deviations

persist unchanged (Col1%hs, 1962; McCabe, 1965). The slowing of
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; the fast phase of nystagmus for the patient groups might then be
related to the amplitude-frequency characteristics of the nystagmus
response, or the level of alertness rather than to any defect in
the pontine system controlling eye movements.

A significant number of the patient poﬂhiation had dysrhythmic
nystagmus which coincided with periods when the fast comgonent
velocity was slowed. It is suggested that the same mechanisms
underlie the deficits in these response parameters, but fheir
presence seems inpompatible Qith peripheral .vestibular disease,
motivational issues or inattentiveness. A possible explanation
is that the dysrhythmia and the slowing of the fast phase velocity
represent a central attenuation of total eye displacement following
caloric irrigation. . Conspicuous attenuation of the vestibular
response has beeﬁ frequently: reported among catatonic patients, but
this response is transitory and disappears with clinical improvement.
This observation lends support to a stéte-reTated modulation, one

. associated with severity of psychiatric illness. -

Modulation of the 'vestibular response with visual fixation, i.e.,
the amount the slow component of nystagmus was suppressed with
visual fixation, provided evidence of abnormal controi of the vestibulo-
ocular reflex (VOR) among hospitalized patients. Failure of fixation
suppression reflects central dysfunctioning and has been found in
various neurological diseases (Coats, 1970; Alpert, 1974; Sate et
al., 1980). The explanation for its specificity to functional

psychosis could represent either, a failure of active visual
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fixation (Sato et al., 1980), or some internal dgficit in the
requlation of the VOR as a consequence of psychotic disorganization.
It is unlikely fhatafai1ure of active visual fixation can fully
explain the modulation, because controls for visual attention did
not discriminate good suppressors of caloric nystagmus from poor
suppressors. The exqct m&chanism responsible for the modulation

of caloric nystagmus remains unclear. Recent studies have shown

that modulation of the VOR with fixation involves the mediation of
cerebellar control by the vestibu%o—cerebe]]ar and oculomotor
pathways in the brainstem. Moréhnecently, Miles and Lisberger (1981)
have proposed a model of VOR functioning which suggests that ocular
instability occurs when the gain of the VOR deviates from unity.
Minor diseases, trauma, agi;g and distorting optical lenses all
affect changes in the gain of the VOR; therefore, it seems reasonable
that the biochemical and physiological changes reported in psychosis
may similarily affect the VOR.

The possibility that psychotropic medication may underlie the
deficits is of importance since all patients in this study were on
drug therapy.- The pharmacological tréatment of schizophrenia employs
chemical agents which modify, stimulate or inhibit the action of
neurochemical transmitters. It is possible, therefore, that these
medications in their generalized action on neural mediators may

have contributed to the deficits noted in this study. However,

antipsychatic medication has not been well investigated with
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respect to its effect on the vestibular system. \Chlorpromazine,

one of the major neurcleptics, has been reported-to roduce slowing

of the fast phase, but to leave the slow phase unaffected (McCabe, 1965).
None of the studies of the effects of neuroleptics has examined

either the fast component or fixation iuppression in the vestibular
response of psychiatric patients ﬁhd-received neuroleptics.

It is generally accepted that the drugs which are effective in
the treatment of the affective disorders or of schizophrenia exert
their principal therapeutic action on catecho1aminergic‘neuronal
systems. It seems ;easonab1e, then, to expect that medications
common to the patients in this study may have contributed to the
observed deficits., One difficulty in'accepting medication as the
cause of the deficits, however, is that the deficits seemed consistent
only among those patients who showed acute psychotic symptomatology.
Remitted schizophrenics (outpatients) receiving similar medication,
did not differ significantly from normal con@ro] subjects on most
of these measures--an observation which casts doubt on medication
as the sole basis for the observed deficits. If antipsychotic
medication affects vestibular responses and tracking patterns, then
either all individuals are not susceptible to its effects, or the
deficits represent some interaction between pharmacological and
clinical variables. . It is conceivable that the interaction of
psychoti; symptomatology and medication might reflect differences

in length of time on medication. A high proportion (68%) of patients
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with active symptomatology were either receiving medication for the
first time, or had only recently been placed back on medication,
which midht'sdggest that the drugs had not yet reached their peak
of clinical efficiency. It is then possible that the deficits
reflect psychotic disorganization, and that they attenuate with
remission of active symptomatology or the therapeutic action of
antipsychotic medication.

Pursuit Tracking

It is significant that the ‘observation of abnormalities in
the vestibular response in those patients with active psychotic
symptomato]og;hgéra11e1ed observations of smooth pursuit tracking
disorders in this same group. It would seem reasonable to expect
that poor fixation suppression would correlate well with defective
tracking since both require maintained fixation. Furthermore,
recent studies with neurological patients have established that the
inability to suppress caloric nystagmus with visual fixation
correlated well with the occurrence of smooth pursuit deficits
(Sato et al., 1980; Halmagyi & Gresty, 1979). It has been
hypothesized that the smooth pursuit system counteracts the
vestibulo-ocular reflex (VOR) during visual fixation, and is
involved in the modulation of this reflex (Benson & Barnes, 1978;
Zee, Yee, Cogan et al., 1976; Miles & Lisberger, 1981). Lisberger
and Fuchs (1978) have identified neurons that discharge in relation

to both suppression of the VOR and smooth pursuit eye movements.
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In this study, subjects who showed significantly reduced fixation
suppression had a correspondingly higher frequency of velocity
arrests (VAs), as well as significantly reduced fast phase velocity
gzd dysrhythmia, but there was no significant cne-to-one correlation
between individual measures of the vestibular response and number

of VAs. The explanation for the failure to find a one-to-one
correlation may reflect both limitations in the VA measure, and
characteristics of the task demands, i.e., fixation suppression
requires maintaining foveal fixation of a stationary target, while
VAs were measured during fove%tion of a moving target--a decidedly
more complex oculomotor task. The presence of significantiy higher
frgquency of VAs among subjects who showed reduced fixation
suppression suggests that common mechanisms may underiie the deficits.
| Further evidence of deviance in response was provided by the
significaﬁt increase in VAs for the hospitalized patients following
the second caloric irrigéf?ti;. This did not appear to reflect tonic
excitation of the vestibularsystem since there was no increase in
VAs for the baseline condition which was randomized across testing
positions. Both comparison groups showed a consistency in number of
VAs over the }wo irrigations, a finding which corresponds to
consistency in pendulum tracking previously noted in normal control
subjects (Shagass et al., 1974}. The continued increase in VAs for

the hospitalized patients was not correlated with a deterioration

in attention or. level of performance. Of some interest, however,

/
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is that the increase in VAs for the second irrigation was most
evident among schizo affective patients. A consideration with
respect to this finding is that the schizo affective subgroup,

like manic-depressives, contained disproportionately more patientss

with active psychotic symptomatology (70%), recent onset (60%),

and shorter time on mediégzidh'(ﬁoi) than any of the other subgroups.
This observation Tends support to the statement made earlier that
it is psychotic disorganization which disrupts the mechanisms
which underlie ocular stability.

It is noteworthy that the association between clinical status
and aberrant vestibular and tracking responses has been consistently

supported by the findings of this study. Psychological test

_ diagnosis also supported a difference between patients with active

and remitted psychotic symptomatology on these measures. There is

some evidence in the literature that clinical improvement is associated
with normalization of vestibular responses (Fitzgerald & Stengel,

1945; Rosenblum & Friedhoff, 1961; Rosenfeld, 1926). Furfhermore,
outpatient status, usually associated with a reduction in acute
psychotic symptomatology, was found to be ré]ated to a reduction in

VAs (Pivik, 1979)}--a finding supported in this study. It might

well be that the vestibular deficits and the tracking deviations

are transitory and reflect a psycho]ogica] state which corresponds

to CNS changes.

The question of specificity and continuity--whether eye tracking
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disorders are found only in schizophrenics and occur regardless of
functional state--has an obvious bearing on the genetic marker
hypothesis (Holzman et al., 1974, 1977). The observation of deviant
eye tracking patterns among nonschizophrenic functionally psychotic
patients in this study and preﬁious]y (Shagass et al., 1974),

and the absence of data which supports deviant eye tracking patterns
in outpatient schizophrenics noted in this study and previously
(Pivik, 1979), throws some doubt on this hypothesis.

The consequences of the observed deficits for psychiatric
patients are most obvious with respect to visual perception. It
has been shown that some alteration of the vestibular and oculomotor
response occurs with acute psychotic episodes, especially alterations
affecting maintained foveal fixation. Poor fixation or poor eye
stability would presumably affect visual information processing,
and would lead to errors in perceptual scanning strategies. It
seems reasonable ‘that many of the scanning or field articulation
dispositions which have been related to Kraepelinian categories
of schizophrenia and attributed to inattention (Silverman, 1964),
may reflect a more basic alteration of CNS activity.

The observation that severity of psychiatric illness, ratheﬁ\\
than diagnostic category, provides the most consistent correlation
with the deficits lends support to a physiological basis for the
deviant tracking behaviour. The findings of this study consistently

support a central, rather than a peripheral, basis for the poor



Ll st

65

ocular stability. One possible explanation of the findings is based
on a model of the functioning of the VOR (MiTes & Lisberger,.1981);
and was suggested earlier. This hypothesis'555umes that the deficits
noted in the fixation and tracking patterns of psychotic patients
represent retinal image s1ip. Retinal image slip is corrected by
visual feedback mechanisms, which rely on a fixed VOR calibration
of uniiy to protect the preexisting gaze velocity should the head
move. If for any reason the gain of the VOR deviates appreciably
from uﬁ%ty, ocular stability will be lost. Visual feedback mechanisms
could ameliorate the retinal image slip, but because of their long
latency never eradicate it. It seems lTogical that psychosis might
affect VOR calibration, and that VAs and poor fixation suppression
reflect a regulation deficit in the VOR which visual feedback
mechanisms cannot eradicate. The more obvious disturbance in
modulation among manic depressive patients, whose illness follows
an acute rather than a chronic course, supports a state-related
modulation. This interpretation is consistent with the observation
of relatively normal performances of patients with remitted
symptomatology. This hypothesis which speculates on a possible
physiological cause of poor fixation and tracking éaépnations among
psychotic patients requires validation. Examining patients while
actively psychotic and while in remission might resolve the issue
of the specificity of the deficits to psychotic disorganization.

A review of the findings of this study in relation to the

hypotheses will conclude this discussion.

K
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1. Partial support for_hypothes{s number 1--that psychiatric
patients would evidence more abnormal vestibular responses--was
obtained. Evidence of alteration of the vestibular response was
noted in the slowing of the fast phase velocity, and the presence
of dysrhythmia. The slowing of the fast component velocity had
not been previously reported for this group of patients, and

its occurrence cdincident with the presence of dysrhythmia was
considered as indifect evidence that the basis for both lay in
modulation of the same central mechanisms. There was some
indication of a slowing of the fast phase velocity for outpatients,
but the irregularities occurred'on1y in patients who showed symptoms
of schizophrenic thought disorder, irrespective of gfouping. The
reactivity of the vestibu]a; labyrinth system as measured through
the slow phase velocity, latency, duration, frequency and bilateral
symmetry was found to be within the normal expected range,\ d

this was taken as evidence of the infegrity of the vestibu]ar

systeﬁ for all groups.

2. Hypothesis number 2--that tracking deviations would be higher
for patients with active psychotic symptoms--was supported, and
the findings of this study with respect to VAs and severity of

psychotic disorganization corroborated observations previously

noted. As anticipated on the basis of previous reports, hospitalized -

-

patients had a higher frequency of VAs on baseline measures; however,

b
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the increase in VAs with vestibu]arlstimu]ation for this group

had not been previously reported. The pattern of VAs across

the three conditions also differentiated the hospitalized patients
from comparison groups, and the increase in VAs on the second

irrigation appears related to the effects of psychiatric illness.

3. The reduced suppression of nystagmus during visual fixation
among the actively psychotic patients, who also showed significantly
more VAs, supports hypothesis number 3. The failure to inhibit
caloric nystagmus with visual fixation had not been previously

- reported for psychiatric patientsv,and like other signs ?f .
central modulation noted in this s%udy, appears related tb-c1inica1
status. _

Improved clinical status seemed to be related to normalization
of the vestibular responses, and to reductions in tracking aberrations,
which suggests that the deficits are transitory. Further study
of vestibular and tracking responses in the same patients while
actively i11 and in remission is necessary to test this hypothesis.

A positive relationship between clinical status and tracking
performance would argue against acceptance of eye tracking deviations
as a genetic marker for schizophrenia. In this study, deviations

in tracking were not common to all schizophrenics, but appeared to

be related to severfty of psychiatric illness, a finding not

clearly articulated in the literature.

1
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The issue of the VA requires further descriptive clarification.
A detailed computerized analysis of what constitutes a VA seems
warranted, as this measure has been shown to éonsistent]y
differentiate between hospitalized psychotics and normal controis.
It also appears to have some value in differentiating psychiatric
patients with respect to severity of illness. The continued use
of fhis measure, however, will demand greater definition of its

o
nature.
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APPENDIX A

Djsrhythmia--this measure of nystagmus irregularity
assessed for a 30 second period {between 30 and 60 seconds §fter
the beginning of irrigatigp) using the four gradei.of dys ythmi?//a)
devised by Lidvall”™. Regularity referred to the nystangs\Ibytﬁh
and was .defined as the presence of continuous nystagmus beats in—
tﬁe appropriate direction which did not contajn sudden or pronounced
variability in the amplitude or the velocity 6 the slow phase
component. The duration of periodﬁ of distinct nystagmus which
alternated with periods of less distinct or jndiéce;nible beats

.

was used to determine the grade of dysrhythmia:

Grade 3--Alteration between shbrt periodé of distinct nystagmus
;nd considerably longer "nystagmus-free" intervals.

Grade 2--Alternation between about equally long periods of
distinct\hgptagmus and “nystagmus—frée" intervals.

Grade 1--Alternation between fong periods of distinct nystagmus and
considerably shorter "nystagmus-free" intervals.

. B *
Grade O--Regular or almost regular nystagmus.

\

- * Taken from Lidvall, H. F. Vertigo and nystagmus responses to

caloric stimuli repeated at short intervals. Acta Otolaryngologica,

1961, 53, p. 36.
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