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= s -, ABSTRACT ‘ '
~ .- This 1investigation "'attempted to’ replicate and extend
recent findings ‘regarding - abnormal . wvisual-vestibular
. . e P .

inferactions and pursuit tracking performance which have been

observed in psycﬁotic patients. The vestibular ocular response

.
- rd

to caloric irrigation and the'ef+e&£‘o§ vestibular activation

on’ eye movements w;ke examined during light (replication) and

- p——

dark (extension) adaptationr-the‘ latter t;\\assess these

H - N . % 4 -
measures under conditions @ attenuating cerebellar-wviestibular

~interaction present in the light-adapting condition.

o s
These assessments were conducted in psychiatric patients

.

‘
(23 actively-ill psychotic patients and 23 remitted psychotic

[patients) and normal controls (23 with no history of
- P b

& psychiatric illqﬁ;ﬁ). ‘Standardized clinical" electronys%ﬁgmg;

\

VN
it

graphic procedures were used, includiﬁg electrographic
recérdings of EEG, EOG and EMé together with control for, and
assessmenf of, visual fixation and arousal. A1l eye‘movement
data were subjected to electronic processing and computer

‘

analysis.

"

During light—adaptation previous findings of impaired

i smooth pursuit tracking, poor fixation of a stationary target
J |

) f o
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’

and.rédudéd fixation suppression in aétively psythotié patfents
were repligfted. These patients were also found to e&ﬁibit
hyﬁerrespon;iveuQestibuln—d;ular Fespanses., Remittéa patients’
performance on test measures was between that of contrels and
actively—-ill patients .Dn thé majority of response measuress-—
Remi tted pataents were, however, found to Have impaired 5Tooth

pursuit tracking and failure of fixation suppression relative

to controls.

- Dark adaptation effected a normalization of several’
»
measures of pgtient—control differences including smooth

.

. pursuit tracking, fixation of a stationary target and the
elimination of vestibular * hyperresponsiveness. Thig
constithtes an extension of previous findings of eye movem&nt
behaviour in psychotic patients.

In many respects’‘the present results paralleled finding;
of eye movement aberrations in cerebellar patients. These
similarities included aﬁ intact but hyperresponsive vestibular
system, the normalization of previously disordered pursuit
tracking during dark—adaﬁtatiqn, the Ffailure of fixation
suppression and the decrease in this measure during dark

N
conditions. These‘findings are interpreted as indicating that-

cerebellar dysfunction contributes significantly to the eye

movement dys+upction5 (smooth pursdﬁk tracking, fixation



suppression’ and fixation) foupd in psychotic patients. The

ation o;\\V§stibular—related deficits . in actively-ill

f)? invclvihg cerebellar mechanisms in these aberrant™”

- oculomotor behaviours argue strongly for subcortical

involvement 1in  the eye movement aberrations of psychotic

patients.

The results of this investigation are more supportive of a

state rather than trait interpretation for the basis of smooth
" pursuit tracking dysfunction, i.e., remitted patient% exhibited
fewer aberrations than actively-ill pétients. However, it will
remain for investigations specifically designed to investigate
- this issue to resolve the contrqversy regarding the state or

trait status of disordered tracking with respect to psychosis.

-

1

1
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SUMMARY OF BACKGROUND

P

The critical role played mby the vektibular system in
normal postural and visual-motor behgvior haé prompted
investigators to consider dysfunction of h?i system- a5 a
potential source of thg impaired processingjand integration of
sensory information characteristically associated "with
psychotic symptomatology {(6,63,80). -Stiil, alphough studies

investigating vestibular . reactivity in® psychotic " and

non—-psychotic patients spanmning a sixty year period bhave

pravided evidence of associated yestibulaHr dysfunction
(4,5,20,21,27,34,79), a recent and better controlled
investigation wutilizing standardized electronystagmographic

techniques failed to reveal major vestibular dysfunction,
redb???ﬁafzfggtead problems of a modulatory nature, i.e.,’
presence of dysrhythmic vestibular responses (67). These latter
findings attest to the functional integrity of the wvestibular

system in these patients and suggest . that if wvestibular

e

&

dysfunction does contribugegig psychotid symptomatolnqy, .this
tontribution must reside in the interaction between vestibular
and associated systéms. ansidering the reegéﬁed‘ presence of
eye movement aberrations in psychotic patients (45,84) and the

oculomotor involvement = of the . wvestibular system,

visualvestibular interaction should be examined as a possible

e
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contributing source of oculomotor dysfunction ) in these

patients.

‘
One index of visual-vestibular interacfion may be obtained
through measurement of Vestibulo—mculérﬂce+1ekes<VDRs). These

3
reflexes are fundamental to normal perceptual-motor behavior;

’

for exaﬁple, activation of these reflexes during head movement
generates éompensatory eyé movements —’thereby stabilizfng
retinal images and maintaining perceptual constancy. This
compensatory reaction is effected through numeroué.three neuron
arcs connecting the vestibﬁlar end organs to the extraocular

muscles. The main pathways involved in these interactions are

the medial 1ongitudinal fasciculus, the brachium conjunctivum

and the ascending tract of Deiters’ (28,41). In 'the absence of

tead movement, stabilization of retinal images -is dependent
upon the suppression of VORs. This suppression 1is effected'
through mechaaisms associated with visual fixation, and one way
of assessing the efficiency of this process is by measuring the
degree to which inducéd nystagmus tis suppréssed by viéual
fixation -- i.e., fixation suppression (3,16,62,70,102).
Although the central mechanisms responsible for the suppression
of caloric nystagmus by visual fixation have not been
specified, cerebellar and brainstem structures have been shown

to be important in this procé55 (31,59,78,102).
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1:§dequate VOR 5dppression has been associated gith
abnormalities of visual fpeﬁlexes and with de?iﬁits in smooth
pursuit tracking performancé (18, 346), and ;iinical studigs have
suggesﬁed that impairmen£ of this ability is.a-sign of CNS
disease (1,23, 93). Studies in which subjects were required to
read a display coupled to the head during sinusoidél
oscillation about the yaw axis found th;t the range of stimulus
frequeﬁcies in (?hich the ability . to suppress the vestibular
response breaks down is similar to that in which the pursuit
reflexT also becomes - ineffective (14). Ethyl alcohof has been
reported to degrade the effectiyveness of bofh pursuit and
sﬁppression in a similar mamher (14). Similarities in the
frequency characteristics -of Suppressfaq .and .pursuit eye
movements have led to suggestions that lesions which give gise
to deficits in pursuit should give rise to decrements in
suppression (94,18). The association between inadequate VOR
suppression . and impaired smooth pursuit tracking, taken
together with recent reports of disordered smooth pursuit
tracking performance in psychiatric patients (45,46,55,83,93)
and the krnown involvement of the vestibular system in the
generatign Df1b0th smpoth pursuit and saccadic eye movements

(13,16,100), make it appear increasingly likely that some

degree of vestibular dysfunction is associated with psychosis.

Recently, Jones and Pivik (3%9) examined the involvement of
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the wvestibular system in psychosis‘ by, using standardized

electronystagmographic techniques, including electro-
oculégraphic recordings of eye movements and compdter
analysis of eye movement data, to assess: {a) vestibular

-

reactivity, particularly suppression éf vestibular ﬁystagmus by

visual fixation (fixation suppression); and, (b) the influence
of vestibul ar activation on smooth pursuit tracking
performance. Vestibular nystagmus was induced by caloric

irrigation of the external auditory canals and the interaction
between ;mooth pursuit trackingwy performance and vestibular
activation was assessed using a teéhnique recently applieq_tc
neurological patients to examine the suppressiqp of wvestibular

nystagmus evoked by visual pursuit (?3). In that study it was

observed that the suppression of nystagmus was more strongly
effected by moving than stationary targets. Furthermore, in
patients with central vestibular disorders caloric nystagmus
evoked abnormalities 1in the eye tracking patterns despite’ the
presence of normal eye tracking patterns before caloric
irrigation . In normal subjects and patients with peripheral

vestibular disorders, caloric nystagmus had little influence on

v,

eye tracking patterns.

The main results of the Jones and Pivik study (58,59 were

)ﬁ

that: (a) indices of reactivity commonly considered to reflect

vestibular integrity , namely, slow phase velocity and

L
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bilateral symmetry of response, did not discriminiate patients
from controlsj; (b) response irrégularities in the form of
dysrhythmia and sl ower velocity of the nystagmus fast
(saccadic!) component were presenzlio a siénificant degree 1in
patients; {(c) wisual ;ixation effectively suppressed caloric
nystagmus in normal controls, but ndg\in psychiatric patients.
This failure of Ffixation suppression_ was most marked in
patients showing active symptomatology; and, (d)there was a
highér incidence cg'tracking aberrations during both baseline
and post—‘irrigation tracking in actively psychotic patients,
Sut not in coﬁparison groups of normal controls or
schizophrenic nutbatients with remitted symptomatology. These
data are' the first using well-contriol led gtandardized
procedures to indicate major vestibular-related éy5+unction in
adult psychiatric patients. Furthermore, the data indicate that
the degree of vestibular dysfunction= is severe, i.e., the
fixation suppression values in the more disturbed patients fell
\

within the range which could be considered pathological

(61,93,181).

b 1

rl L]

These results suggest the presence of a central Aegulatocy
dysfunction of visual- vestibular interaction in psychiatric.
patierits which wvaries with intensity of symptomatology.

Moreover, the +findings of impaired fixation suppression and

tracking performance in the same patients suggest that the
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central . vestibular deficit may contribute to pursuit tracking

d;ficits in psychosis. Obviously, these findings require

replication, ‘and it is the purpose of thisl}tudy not only to

reexamine this'issue of vestibular activation, psychosis and

pursuit tracking ferformance, but also to extend the assessment

with tests designedi-to more precisely define conditions undér

which impaired performance occurs. Specifically, in terms of
‘

replicating Jones and Pivik™s study, the present investigation

included: (a;\ ilateral assessment of parameters of wvestibular

o

T

activation, wit emphasis on those variables which proved

discriminating in the 1initial study, namely, velocity of the

nystagmus fast phase components and fixati@n suppression; and,
(b’ examination of pursuit tracking in conjunction with

vestibular activation.

In addition to these replication analyses, the present
study included manipulations designed 'to define factors or

processes contributing to the observed oculomotor dysfunction

by asseséing ocul omothe behaviour under light and dark-adapting
conditions. The rationale for including the latter conditions

is presented below.

e

Since the vestibular and tracking deficits reported have
>
been abserved in patients without other signs of vestibular or

—_—,, -

oculomotor organicity (e.g., spontaneous nystagmus), the -qigis

for these disorders is likely to be of an interactive or
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modul atory nature inVolving systems responsible for eye

T

movement control. Recent investigations have emphasized the

P

role of cerebellar and brainstem sgructures in- smooth pursuit
fracklng and in the suppression of caloric nystagmus by ocular
fixation (i,8,1@,22,57,78). It has also been shown that pursuit
eye movements are!strongly imba?ked in patients with cerebellar
lé;icns (103). in fact, several oculomotor abnormalities which
have been recorded in Psychotic patients have also been' recor-
ded in'patients with neurological signs of cerebellar dys(unc—
tion (Table 1}). " In this regard it is interesting to note that
the cerebellar influence on eye movement control i1s largely
inactive in darkness, a situation which normally prevents optic
fixation (48). Significant differences in the caloric response
as a functioﬁ of light-dark testing conditions ér with optic
fixation have been reported (48), i.e., in darkness the
nystagmus response of patients with central lesions approached
noﬁmal values, and the enhancement of nys?agmus in the presence

of optic fixation characteristic of central pathology was

not apparent, Ritvo et al. (8B8) abserved that in darkness

the nystagmus response of autistic children normalized and
suggested that 1interactions between viswual and wvestibular
inputs determine the abnormal suppression of nystagmus in

autistic children. Hood and Waniewski (49} found that whereas

in normal subjects optic +j target 1light on an

illumingted background by a factor nf two the

nystagmus induced by caloric irrigation relative to that when
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Table 1. Oculomotor abnormalities related to cerebellar
dysfunction. (111)

1. Impaired smooth pursuit and optokinetic nystagmus
2. Hyperactive vestibuloocular reéponses
3. Impaired suppression of caloric-induced nystagmus

4, Saccadic dysmetria, macrosaccadic oscillations

5. Square-wave jerks (saccadic fixation instability)

7A
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the same targ is viewed in total darkness, in cerebellar
patients the introduction of background‘illuminatioﬁ. does not
appreciéhly suppress further the nystggmus present during
fixation in the dark.' Dichgans (32) observed that pendularb
nystagmus present in a patientA with cerebellar damage
disappeared during fixation in the dark. Hood 'aﬁd .Naniewski

Y

“49) also noted, that patients with cerebellar lesions had

-Aaberrant pursuit eye movements and that these were worse in the

préséﬁté of background illumination. This light-dark recording
difference might account for tﬁe relatively normal vestibular
responses  in psychiatriEﬁ patients in the absence of optic
fixation (67). Also of potential relevancé to;these results are
recent reports of cerebellar damage in psychiatric patients

(3@, 37,72,1@8,9%,187). It is important to note that  the

vigual-vestibular abnormalities reported by Jones and Pivik

(58,59)were bagsed on recordings taken during continuous
illumination. in the present study _the contribution of
light—-dark conditions and opportunity for fixation wé?e

determined by assessing vesiibula? reactivity and tracking
performance under conditions of light and dark adaptation,
respectively. This differentiation wiil provwide new data
relative to considerations of cerebellar involvement in
oculomotor deficiﬁs,accompanyina psychoses.

e

Another way of assessing the effitiency of
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-

vestibul ar—-ocul ar reflex suppression is by  measuring the
accuracy of yisual fixation of a stationary target. The

cerébellum has also been reported to play a modulatory role in

this - process. and the presence of ’aberrant fixation in.

conjunction: with failure of fixation suppression and poor
pursuit tracking in the same subjects would provide even
stronger evidence for a central regulatory ' dysfunction
involving the cerebellum. Previous sﬁudiéé (74,75,77) which
have evaluated thé ab@lity of psychotic patients to fixaéé a
stationary target have reported i&consistent results. Although
Mather reports that psychotics did not have stagility problems
during fixation (74), she did nbote that poor premorbids had

-

more departures from fixation than good premorbids whose

v

performance was similar to that of controls. ﬁialet and Pichot
(Z7} found that échizophrenics'made significantly more fixation
saccades.thﬁgﬁnormal dontrol§ and Matsue et al. (73) anund
differences of a similar nature Qyt they did -not reach
statistical significance. Based on these findings and the
potential for providin%’ additional data regarding possible
cerebellar, inyclvement in oculemotor dysfunctioh-in psychotics,
this study examined the ébility of. peychotics to fixate a

~stationary target during both light and dark addﬁ%ﬁng coghition

in the absence of vestibular activation.
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. . .

Areas of Sp cial Concern

Inves?&gations of the type proposed are vulnerable\TEB\

multiple sources aof confounding influences. Four such areas of

.

particular concern in this study are: 1} paf?ént selection ,and
dragnosis; 2) attentional factors; 3) effedts of pedication;

and, 4) light-dark related variations in the neoretinal

potential (CRP). Each of these topics will be h%iefly discussed

below.

Patient Seleqfion and Diagnosis : . '

The correct diagnosis of psychosis is crucial to the
hypothesized resulté of this study and therefore was
15

stringently controlledﬁ In. order to 1insure the wvalidity and

reliability of the patiFnt diagnoses, classification was bassed
on the DSM III criteria and was independently determined by two
psychiatrists. The presencé of active psychotic symptomatology,

also crucial to this investigation, was determined through

3

1§:ient interviews and by referring toi hospital records,

i' uded ~ the presence of delusions, ha)ducinationé and
be“gz;;a?\'patterns inconsistent with reaiity testing. Since
relatives of psychotic patients haQe also been found to  have
aberrant pursuit tracking, tontrol subjects were screened for a
family as well as personal history of.psychiatric illness _ and

} 3
were requived to have a normal profile on the MMPI.

-

s
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To insure that the results are not‘éttributable to other

Y
obvious yariables, such as age, gender and intelligence level,

—-- even though these variables are not reported to be  related

to -eye movement aberration -- effoﬁts were made to match

subjects on these factors.

Attentional Factors
g\\ — .
The maintenance of sustained attention has been shown to

be important bﬁth in ' smooth ﬁﬁrsuit tracking performance

\‘-—._-“-—.-—/

(43‘63 ?6) as well as in the response to vest1bu1ar activat1on

(23, 24, 25, 26). Furthermore, an attent1mnal deficit has been

-

indicated in mental disorders, particulariy schizophrenia

(38,81,1046,110). Consequently, when assessing these ocufamotor
responses in a population with an indicated attentional deficit
-

it is essential that procedures bhe implemented which facilitate

attentivenéss yet do not compromise performance. Moreover,

there should he objective measures of such v

prpvide an index of attentiveness. It is partjcul difficult

+

in the smootg\buasgit tracking paradigm to-i{ntroduce measure
. e : \

| \
which monitors attention to the task witﬁout interferifng with

traéking per+ormance. Attempts to control for attantional

» , L )
ﬁfocesses during tracking have consf§ted of realerting the

%

subject to the‘ tracking task by giving verbal instructions
during testing (17,45,46,83,?5), and having subjects read

numbers presented on the tracking térget (43,96). In the verbal
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realerging :mnaition,'subjects, after an _initial series of
trials, were again instructed to carefully watch the targetti>
Subsequent to these instructions another series of trials was
administered. &his procedure has resulted_in slight.&l?) or no

‘ —
(46,83,95) improvement in tracking performance. In the number

reading. paradigm,~ subjeéts were instructed to read, either
silently or aloud, numbers presented mn. the trakking target
{pendulum bob}. Silent number reading bhas beem reported to
improve tracking per ormanceﬂ (43,24), and rthe degree of
improvepent has 2§§n> related tq the . accuracy -Df baseline

tracking peé'ormance, i.e., the poorer _the. baseline m%racking

{no number presentation), the greatef.the improvement (96&).

Another ".approach ta this problem of providing a measure of
attention during tracking Ras been to randomly interrupt power
to the target light for b(ief periols of time (200
msec.) (52,5%9,83,84) . In response to perception of the
target-light interruptiqn,‘the subject is required to press a
hand-held button. Usi;;Pthis proceaure, the continued presence
of tracking deficits has been ohserved despite close attention
to the targqet 1in more di;turbed patients (B3,84). This

procedure was employed in Jones and Pivik’s study (359) of

tracking performance and vestibular activation, and is included

[}

in this study.
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The wvestibular respénse to caloric grrigation is reduced.
by diminished arouéal, and conseqdeétly it_is recommended that
exercises designed to effect and maintain arousal and attention
.Be included when assessing the vestibular system‘usinéiggloric
irrigation. One’'simple manipulation commonly used whicﬁ? quite
effectively enhances vestibular reactivity is'engééément in
mental_arithmetic, i.e., counting backwards serially from a

given number by a constant (12,25,7@) This procedure--which was

utilized by Jones and Pivik (38) and resulted in an increased

vestibular response 1in both patients and contrpl subjects

during mental alerting relative to measures taken 1in the

absence ofH?his\procedure~~is'also used in the present study.

—

Medi c‘&t.ilén/-\ '

\

It is ‘virtually impossible lto avoid the potentially
confounding effects introduced by “sedication when studying
psychiatric populations, particularly ‘actively-ill patients.
This issue has been considered quite extensively with respect
to tracking performance in these patients, and the consensus is
that psychotropic medication at the dosage levels generally

prescribed in .these patients does not interfere with eye

tracking performance (44,53,83,95).

The influence of medication on vestibular reactivity in

©

psychiatric patients has not been widely investigated. Shuster
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{97) noted some depression in vestibular response in patients

e \
on phenothiazinég,' Put the results in schizophrenics tested

»

before the advent of'tranquilizers also shaowed this tendency
. :

toward hyporeagtivity. A more recent stddy (79) which employed
electkophysimlogical measures of eye movements also noted

hyporeactive vestibular responses in chronic schizophrenics who

had been medication free for over a vyear. Chlorpromazine, a

commonly used‘neurolgptic, reportedly produces a sléwing df the
fast phase of nystagmus (78). Hnwever,' a recent report of
normal saccadic velpocities in medicated psychotic patients
(46}, and cther recent studies of vestibul ar reactivity in such

patientsd (67); including the Jones and Pivik study (58},

suggest that while it is not possible to conclusively rule out
deleterious effects of medication on vestibular reactivity,

such effects, if present, either do not affect all individuals,

or interact in some complex manner with clinical variables to

effect the observed deficit. In the present investigation
medication parameters were closely monitored. For example, the
recent medication history of each patient was carefully
documented, with attention _paid to amount of, and time on,
medication, and subjects receiving medicaticns known to affect
eye movements Dr. vestibular responses (e.g., barbiturates,
tranquilizers from the benzodiazepine group, stimulants or

L

antihistamines) were not accepted into this study.
——
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Corneoretinal Potential
The amplitude of the corneoretinal potentiial has been
/

. reported to decrease in dark relative ;p/ light-adapted
conditions (4@). To evaluate possible effects of variations in
this measure on light—- and dark-adapting Dculbmotor measures,
‘calibration values were \thained in both conditions when

baseline and fixation measures were taken.

SYNOPSIS AND HYPDTHESES

The role of the vestibular system in the ‘generation of
bofh pursuit aﬁd saccadic eye movements makes it possible that
this system is involved in deviant smooth pursuit trackfng
observed in psychoses. Only three studies have used clinically
reliable assessments of vestibular _activation in psychiatric
patients (958,67,79), and Dﬁl& one has éxamined the interaction
between smooth pursuit trackiné and wvestibular activwation 1in
such patients (99). Futhermore, | only one of these
investigations (5B) examined the vestibular response parameters
pf Ffixation suppression and fast phase velocity. These studies

all agree that vestibular functioning is intact (as indicated

by normal slow phase velocﬁty —-— the measure commonly takén as
an index of vestibular integrity; 11) -- but evidence of a
visual-vestibular dysfunction has been provided by the

additianal analyses conducted in the study : cited above (58 1r
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The latter investigation also found evidence of "enhanced

tracking deficits following vestibular activat in the same

n
patients showing failure of ¥ixatinp suppression, thereby
qsuggesting a relationship between these two deviant responses
in psychotics. These findings, which" have important
ihplicationsﬁfor oﬁr understanding of the neurophysiological
<ccnrr‘elates of psychosislané which may be of eventual use in the
treatment of these disorders, require replication. A major
intent of this study is to reexamine the vestibular response to
caloric irrigation in psychiatric patients with pérticular
attention paid te  those variables which have proved
I

discriminating, including the relationship btetween | vestibular
) ‘

;eactivity and pursuit tracking performance.
Y

Jones and Pivik’s Findings (58,5%) of markedly atteﬁuated
fixation suppression and reduced fast phase velocity indicate
central dysfunction involving the vestibular system. Alfhough

"this dysfunction méy reside in the vesfibular system, it could
also involve the interactions between this system and other
cortical and/or subcertical oculomotar mechani ;. In this
regard cerebello-vestibular interactions should be / considered.
There 1is a confluence of data indicating cerebellar pathology

in psychosis (37,99) and in the mechanism of fixation

—_—

suppression (462,7B). Of particular interest with respect to the

findings regarding faillire of fixation suppression in ﬁsychotic

-y
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patients are the additional observations that: (i) the
cerebellar influence on -eye movement control is largely
inactive in darkness, a situatioé which normally prevents(Qé}ic
fixation'(4§); (ii) in darkness the‘ nystagmus response of
neurological patients with r‘central brainstem and cerebellar
le%ions is reported to approach normal levels, and the
enhancement of nystagmus in the presence of optic fikétion
charac?gristic of central pathology disappears (48}; tiii)
normalization ‘DF the nystagmus response of autistic children

occurs in darkness (BB); and, (iv) data indicating impairhént

of fi;atinn suppression in psychiatric patients were obtained

under conditfons of continuous illumination -- a situation
which would allow the expression of ~eerebello-vestibul ar
interactions (598). If there 1is a dysfunction in this

interaction, then the slow phase velocity of patients during
fixation suppression should net differ under comditions of

light and dark—adaptation, but that of normal subjectsﬂshould

be suppressed by a factor of two in the light relative to the

dark adapting measures. The dggree of fixation suppression in

psychotics; however, should /decline further in the dark-

e,
adapting condition. Hood and Korres (48) found that in

cerebellar patients suppression of the vestibulo-ocular reflex

was better executed against a background than when no
background was present. Therefore, vestibular reactivity
and fixation suppression will be examined under light-—-

and dark—-adapting conditions to test the narmality of
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1
i

cerebellp-vestibular interactions in this process.

Pursuit éracking performance and fixation of a stationary
target will also Ee examined under light— and dark—adapting
conditions siﬁce: (a? the  pursuit tracking performance of
neurological patients with cerebellar lesions is reported to
normalize in the dark (49); and, (b)) fixation of a ;tationary
target is also thought to be modulated by the cerebellar system
and-may, like pursuit tracking and fixation suppression, be

L4
affected qufr dark—-adapting conditions,.

——
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HYPOTHESES

Based o©on the preceding literature review, it

hypothesized that:

1. 'Subsequent to vestibulér activation by caloric
irrigation under conditions of caontinuous lighting,
patients with active psychotic
symptomatology will show: 1) impaired values of
fixation suppression; ii) reduced fast phase velocity;
and, 1iii) greater impairment of smooth pursuit tracking
than either normal controls or hatients with
remitted psychotic symptomatology. Cthis constitutes
a replication of Jones and Pivik’s study (58,3%9)1.3;

2. Under ccn&%tions o% continuous lighting, but independent
of wvestibular activation, patients with
active psychotic symptomatology will show: greater
impairment of both smooth pursuit tracking and -
fixation of a staticnary target than either normal
controls or patients with remitted psycthotic
symptomalogy. kthis constitutes.a replication of Mialé&
and Pitchot study (77)1.;

.

3. Redative to light—adapting values, the fixation

suppression scores, fast phase velocity measures

is
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——

and smooth pursuit tracking performance occurring
subsequent to vestibular activation will normalize
in actively—-ill psychotic patients when tested under
dark—adaﬁting conditions. The slow pbase velocity
of actively—ill patients during fixation
suppreassion will neot increase in the dark, but
fixation suppression will become less efficient.
(this is a test of the normality of
cerebello-vestibular interactions);

4. Relative to light-—adapting valdes and indepen@ent of
vestibular activation, the smooth pursuit tracking
and fixation values will normalize in aEtively—ill

psychotic patients when tested under dark—adapting

»

»

conditions.

METHODOLDGY
Subjects
1

Forty-six psychiatric patients [23 inpatients with active
psychotic symptomatology (A) and 23 outpatients who previously
showed psychotic éympyomatology but who were in remission (R)
at the time of the recordings]zfnd 23 nonhospitalized controlé
(C) were studied. The patient population was recruited from the

Department of Psychiatry Inpatient and Outpatient Clinics of

the Ottawa General Hogpital. Nonhospitalized controls were
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recruited from among hospital staff, the local university
populatioh and the population’at large. Uﬁon acceptance into
the investiéaticn, subjects signed forms ofxinformed consent
and were assigned a randomly determined identitf‘number 30 that
analyses would be conducted without Fnowledge of subjects’
name, group membership or clinical status. This code was broken
only after completion of data processing and analyses prior to

group analyses.

Diagnosis of psychosis and the p}esence of psychotic
symptomatology (including delusians, hallucinations and
behayiorrpatterns inconsistent with reality testing) were based
on APA DSM-II1l criteria and hospital‘diagnosis independently
determined by two péychiatrists. Included in these group were
patients with qiaénoses ot schizephrenia, paranoid type (A:
n=11, R: n=6) schizophrenia undifferentiated type (A: n=5, R:
n=%), .schizoaffective disorder .(A: n=4, R: n=2), and atypical
psychosis and affective d;sorders (A: ﬁ;s, R: n=95). The
operaiional definitiont-of remitted symptomatology consisted
of the absence of active signs of illness as determined
from psychiatric evaluations. An additional requirement
for patient selection was a normal electroencephalogram

. N : -
determined by examination of neurological records available on

each subject.

Control subjects were accepted into the the study Dnly if
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they did not have a family or personal history of psychiatric
illness, any personal history of head injury and had a normal
response profile on the Minnesota .Multiphasic Personality
Inventory. Control subjects were matched for ‘a8 with the

patient population.

L
Subjects included a = total of 40 males and 29

females ( C: m=9, f=14; R: ﬂfl4ﬁ =93 A: m=17, f=6). These
subjects-were between 20 and 680 years of age ( C: X = 2B +/- &
Years, .R: X = 32 +/- 10 years, A:; X = 31 +/- 11 years), had a
minimum IR of 9@, bilaterally intact tympanic membranes and
20/20 vision {(normally or after corfection).

Individuals with a histary of ordanic disease\\alcoholism,
_or motor abnormalities, e.g., tardive-dyskinesia, or who were
presently receiving medﬁ:ation known to affect eye movements or
vestibul ar responses (e.q., barbiturates, antfhistamines,

tranquilizers) were not accepted into the study.

Procedures

‘
A variation of the widely accepted Fitzgerald-Hallpike

technique of caloric irrigation (33} was used to assess the
:integrity of the vestibular system. The deviations from that
method included (a) electrooculaographic recording of eye
movements; and, (b) bilateral irrigation with cool (38 C) water

only. Generally, warm {44 C) water irrigation is include{d as"

well, and results from the additional irrigations are - employed
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in deriving a measure of'response symmetry. However, in view of
the absence of asymmetry in two recent studies in psychiatric
patients (5é?67) and the potential negative effects of an

4 .
extended testing sequence upon patients, it was decided +to

irrigate with cool water only. Moreover, bilateral comparisohs

' of other response parameters can provide an index of symmetry.

-

Prior to recordingé, details of the experimental procedtgg//

were related and reviewed with each subject with special

emphasis on probable behavioral effects of caloric stimulation,

e.q., vertigo. An otoscopic. examination .of the external

Y
audi tory meatuses and eardrums was conducted to remove excess

—_

cerumen and ensure integrity of the tympanic membranes. Each
irrigation extended over 3.3@ secnnd-period. Water conled andL_“m_
maintained at 30 C by a Grant ‘Instrqment Circulator waé
delivered via a double-walled hose from tHe circulator to tﬁ
- external audiﬁory canal. The total amount of water delivered
for each irrigation’was 250ml. Beckman miniature silver-silver
chloride electrodes werne attached to the outer canthus of each
eve to record the hqrizgntal electromculogram (HEQB*! Similar

electrodes’ placed above and below one eye monitored vertical

eyve movement (VEDG) and blink artifact, and a ground electrode

was situated mid- forehead. Eye movements were’recorded on
direct coupled amplifiers with high frequency response
characteristics (.83 to 300 Hz). Electrodes were also attached
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"

for monopolar recording of electroencephalographicA(EEG: RZI/AZ)
N .
activity and facial electromyographic (EMG; orbicularis oris) .

activity. A gener;? measure of level of arousal, 2.0,
increased alpha activity against 'a low amplitude, mixed

frequency EEG background indicating lower arousal, was obtained

from the EEG récordings, and EMG recordings w®e scrutinized

for changes in facial muscle tension and movement artifact. All
electrographic and stimulus—EespDnse data (to be specified)
a

were recorded on paper writeout (Grass Model 78D pnlygraph) and

stored on magnetic tape (Hewlett Packard B846BA tape recorder?.
[ 8

Once electrodes were attached, the subject reclined on a
cot with his/her head positioned 1 meter from é ligﬁt panel and
elevated at 3@ to assume the proper ventroflexed position ¥or
caloric testing. All subsequent tests were conducted while
subjects were in this position. TFhe light panel consisted of a
bank o©of red light emitting diodesy (LEDs; ‘n=128, 1mm wide,
spaced 1.9 mm apart)’ embedded /an a black background and
covered with clear plexiglass./ A microcomputer ﬁontroiling
target presentation was programmed to simulate .horizéﬁ}al
sinusoidal osciilation'of é single target light at ©.45 Hz

(2.2 second periods) subtending a 2@ arc (1@ on either side
—

of midline) through the subject’s visual -field. " The combined
[ 4

effect of close spact the LEDs, and brief on/off interval

between successive LED illumination effected the perception of

a continuous motion of singie oscillating target light.
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Following calibratiog procedures, spontansous eye movements
with eyes closed were recorded for.3m_seconds.-This procedure
permitted thé detectfcn 'Df. spontaneous nystagmus and
individuals showing- such activity were nothéacepted into_ the

study. By the time the remaining eye movement testing began,

3, : .
the subjects had Reen positioned for caloric testing for

approximately 20 minuté%.

. »
Each testing session was conducted under light and dark
_(liéht—tight roam}) adapting conditions (2>1i® minutes for each

condition). Each session consisted of 3 experimental conditions
aresented in‘ragggm'or ;r. The conditions were: 1) Baseline eye
tracking; 2y Caloric feye tracking, left ear irrigafion; and, 3)
Caloric eye trackig y right ear irrigation (Figure li. Each
caloric condition congsisted of:
(a) m—qu"é irrigation with eyes closed;
{b) a 40 second period (30"-70") with eyes closed
while per?orming a mental alerting task
(subtracéing serially by s’s). The importance
of the counting task was emphasizeq/and
during&mental alerting subjects were periodically
questioned as to wh;t numbef they were at and

R after each condition they were asked whether they

had continued counting throughout the procedure}

~
]

(c) a 20 second period (70"-90") of cdontinued mental
alerting while focussing on a small target light.
Investigations (e.g., 48) examining the postula-

1

ey
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ted inhibitory ef{ecthof'terebellar influences on
vestibufar nystagmus have demonstrated that
nystagmus is suppéessed in lighted cenditions
wiﬁh fixation, but not under dark conditioné. The

-

assumption has been that the dark condition does

. not allow for fixation and that this is critical

- . - - » - ) 2
since continuous visual feedback is considered

P .
essential to achieve optimal suppression (61).

However, these conditions confound light-dark and

fixation—no fixation variables. The present
-

‘procedure attempted to differentiate between

these factors by providing for fixation of a
small red tarqget light under dark adapting
conditions. .| \
engagﬁﬁg in pursuit tracking of the same target
light oscillating af/ 43 Hz for a 3P second
period (9@0"—120"). The subject had to depress
a pand held butten whenever the target light was
interrupted (off cycle 200ms)j;and finally,
closing the eyes at the end of the tracking task
and reinitiating mental erting for 30 seconds
mf until evidence of nysi:;;:;\kas no longer

: e
present.

L3

vi



PAGE 27

BASELINE

RIGHT EAR IRRIGATION

Ak K EBEAAEREEEERERLER NS

\

Figure 1! HFOG recording associated with baseline - and calo;ic
procedures. Both tracings include the final seconds of the 40
second period with eyes <closed while performing\ mental
alerting, a period C(only 10 seconds are shown) of conttnugd
mental alerting while focusing on a small. target light
{downward veffical arrow), followed by pursuit tracking of the
target‘liéht [waard vertical arrow). In the_ right irrigation
tracing filled dots indicate nystagmus beats amd the fixation

period shows fixation suppression.
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Data Analysis

A. Reductiﬁn and Analysis of Vestibular Data:
examined for the following paraﬁeters:
1) Latencly: Fhe time interval from onset of irrigation
to the first three beats of nystagmus occurring
within three seconds.
2) Duration: the inéerval between the beginnindg of irrigation
——-and the last beat of'nystagmus. Criteria for the absence
of response is the last time two nystagmus beats are
seen with%n a 19 second interwval.
3) Peak nystagmus freduency: the averag§\+requency of
nystagmus beats during a ten seconq interval in which
the nystagmus is most intipse;
4) Response strength: the maximum slow—-phase eye velocity
(Figure 2).
5) Fdst phase yelocity: a ;easure of velocity of rapid
return (sac; i) eye movements.
&) Fixaﬁion suppr ésion: the measure of effectiveness of
4 visual fixation in suppressing the nystagmus is
calculated by the follo;?;; formul a:
slow phase eye speed {(eyes closed — eyes opened)

FE = ———————— e —————————— e X 100
slow phase eye speed (eyes closed)
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where the numerator is the mean slow phase velocity of

1?0 seconds of nystagmus occurring just before eyes i
are open;d minus 1@ seconds of any nystagmus Dﬁqgrring
while eyes are opened and fixating, and the denominator

is the mean slow phase velocity of 108 seconds of nystagmus
occurring just before eyes are opened. &

Dysrhythmiat a measure of nystagmus irregularity,
assessed.for a 3P sec. period beqinning 30 sec. after

the onset of irrigation. Two individuals rated coded

recordings of nystagmus according to the scale devised by

Lidwvall (68).‘A.high interrater reliability.index « > .9

achieved on pilet recording data was maintained during

analvsis of the experimental data.
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ngure 2 Determination of nystagmus slow phase wvelocity in

degrees/sec. iIf the eyés moved 41 mm in 1 sec and 25 mm was

equivalent to a 20°eye movement, the calculation of slow

velocity would be as follows:

phase

In this study the maximum slow-phase eye speed; i.e., the

-average slow-phase velocity during the 10 sec interval in which

»

the response is most intense, was determined by computer

analysis. -
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B. Reduction and Analysis of Pursuit Tracking and Fixation

Data:

Pursuit tracking patterns were analyzed for the incidence
of véiacity arres?s (VAs}, as well as for global deviation of
tracking from target patterns (root-mean square error: RMS).
The former measure was determinéd by the follaowing methodology
which has been frequently wused in the apalysis of smooth
pursuit tracking patterns in psychiatric patients
(43,45,46,83,84,95,95): the tape recorded horizontal EOQG
tracing was +iltered (iow pass filter, 3.35Hz; attenuated 3 db
at cutnff; 48 db rolloff/octave), amplified and differ

'

(Grass 7P21-A differen’tiat‘or)I to obtain the first derjivative

tiated

(velocity)k of the sinusoidal tracking pattern The

differentiator output was calibrated at a sensitivity of 20
/sec/cm. Half—wéve differentiator tracings were scored for
according to previously established criteria (83,93). Thes
three channels o©of data (ie., filtered HEOG and two
differentiated HEOG signals) as well as the target motion
indicg&pr were simultaneously input jnto a PDP11/34 computer
yia A/D conversion at a sampling §%te of 20@ points / second /
channel and stered on hard disk; The computer scoréd the
differentiated channels for VAs. A VA constituted a slowing.of

=
eye velocity to less tHan 2 /second for greater than or equal

to 40 msec. If eye velocity slowed to this level twice within
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4@ msec only the first slowing was scored. A. return of the
differentiator tracing t; this level for 90 msec was scored as
two VAs. VAs detected within 200 msec of a blink or EMB
artifact were ddleted from further analysis. Mandatory VAs due
to the halfwave analysis and tardet turn around points were

L

eliminated from statistical analyses.

The measure of global deviation of tracking from ‘Earget
patterns (RMS) was determineg as follows: subsequent to
correction for phase lag, a point\?gbh point determination of
percent deviation of eye from target position was derived by
subtracting eye data valugs from target signal values and
dividiﬁa this differeéce by target signal wvalue to yield
percent deviation of e&e position from target position. This

provided global measures of percent deviation as a function of

target velocity.

A similar procedure was followed to obtain a measure of
global eye deviation during fixation of a stationary target,
ie., a point by point determination of percent devialion of eye
from fixation position was derived by subtracting eye data
values from the fixation point value and dividing this

difference by the fixation point wvalue to vyield percent

deviation of eye position from target position.

f
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Anal ogue EUOG nystagmus responses, pursuit eye movement
patterns, and tracking signal data were digitized at the rate
of 200 samples/second and analyzed by computer to determine: 1}

nystagmus slow and fast phase velocities; and, 2) phase lag

N

The amplitude (microvolts) of the calibration signal for a

between target and pursuit tracking patterns.

C. Corneoretinal Potential-

20 eye movement (averaged over 1@ oscillations) was used as a
reference measure of the corneoretinal potential. To obtain a
light~dark adapting difference score, the dark-adaptation value

was subt?acted " from that taken during the light-adapting
—~ . ’

—

condition.

RESULTS

Unless otherwise indicated, group and subject differentes
across conditions anq testing sessions were analyzed using
repeated measures analyses of variance (B2; UCLA Medical School
BMDP2V program), and indicated post-hoc analyses were conducted
using the Newman-Keuls procedure. Correlations were pérformed

using the Pearson Product Moment correlation coefficient.
VESTIBULAR RESPONSES: GROUP AND LIGHT-DARK COMPARISONS

No significant main effects were found between left and

L
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“\/right ear irrigations for any of the dependent variables except
fixation suppression.,Theré%ore, except for this variable, only
results from right - ear irrigations will be reported. Figqures

illustrating left ear responses can, however, be found 1in the

appendix.
Slow Phase Velocity

Mean group slow phase velocity values are presentgd in
Figure 3. There were no significant group differences fo} this
parameter, and the éverage‘ values foer the separate groups
correspond to those observed by Jones and Pivik (58) and to
normative values reported in the literature (11). When measured
under the dark—adapfing conditibn, between—group comparisions
of slow phase velocity values remained non—-significant.
However,relative to their light-adapting responses, the mean
slow phase velocity measures of hoth patient groups
decreased significantly in the dark (R:p<.@5, A:p<.m255.
Consistent with the literature  (11), the speed and
amplitude of the nystagmus slow phase response were
significantly|correlated across groups in both the light (r=.67

p<.@@1) and dakk (r=.75 p<.B01).
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SLOW PHASE VELOCITY

I
o 30 | ::g
U\) \
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. N
(D 20. B .
L _
O 15 — !

] L D

LIGHTING CONDITION
Figure 3: The maximum nystagmus slow phase velocity in

degrees/sec Tollowing right ear irrigation in both the light-
(L) and dark-adapted (D)} conditions. Values for both patient
groups decreased significantly in the dark {(p<.85). In this and
all subsequen¥ figures the symbols €, R and A refer to control,
actively-ill and remitted subjects, respectiJEiy, and the
symbols L and D +to Light and Dark~adapted conditioné,

respectively.
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Fast Phase Velocity

No significan£ between-group differences were found for
the fast phase velcciﬁy comparisons (Figqure 4). The values
reported here are slower tﬁan those reported by Jones and Pivik
{38), but do, however, conform with the 3.5 to 1 ratio found to
exist between fast and slow phase nystagmus velocity (76,91).
The fast phase values in the present study also agree with

those reported by Pyykko et al (B&) for nystagmus “beats of

‘similar amplitude (Table 2). These authors (84) also reported
. {

thaﬁ_the peak velocity increased with in:}eases in amplitude.
In [the present data,‘ épeed and amplitude of nystagmus fast
phake were significantly correlated across Qrouﬁs (light:
r=.72, p<..@mx, dark: r=.7%9, p<.@@1l}). The avérage fast phase
velﬁcity for each group decreased during dark adaptation, but
this decrease was significant only for the patient groups
R, p<.05; A,p<.001). és with slow phase wvelocity, the mean
group differences for this ﬁeasure remained naon-significant in

he dark. Fast an slow phase velocities are reported to

-

B

orrelate positively, (1), and the data from this investigation

corroborate that report, ie, these measures were significantly
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Figure 4. Average maximum fast phase velocity of nystagmus
(degrees/sec) by group across 1lighting conditions. The
frequency of nystagmus for both patient groups significantly

decreased in the dark-adapted condition (R p< @5 A,p<2001)-
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Table 2. Brodp means and standard deviations for velocxty and amplitude
‘ of vestxbular nystagmus.

Condition Group Slow phase Amplitude Fast phase Amplitude
: velocity (degrees) velocity . {degrees)
{degrees/sec (degrees/sec)
___________________________ e e e
» c 27.29 11,33 101.63 11.35
Y +/- 11.74"° +/~ 4,69 +/—- 34,10 * +/- 5.12
LIGHT R 28.39 8.96 *106.49 . B.688
. +/- 11.21 C /- 3.55 +/— 35.28 +/- 3.74 ..
A 31.29 2.50 112.62 7.34
+/— 14.23 +/~ 4.16 +/=- 46,26 +/— 4.26
C 26.92 ?.67 ' 91.24 ?.46
+/- 12.@1 +/— 3.89 +/—- 31.43 +/— 4.@9
DARK R 2@.42 7.16 90.74 5.83
+/- 9.71 +/— 2.148 +/- 31.62 +/—- 2.76
A 24.44 7.00 82.06 6.39
+/— 12.88 +/— 2.81 +/— 29.59 +/— 2.70
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‘torrelated across groups in both the light (r=.77, p<.@01) and
N

dark (r=.74, p<.@@1).

Peak Frequency, Duratiaon and Latency -/

-- The subjéct groups . did not ﬁiffer significantly with
regard to the peak freguency o the nystagmus response.
Al though patients had higher frequeﬁcies of nystagmus beats
,than %ormals (C: X=14, R:1X=18, A:X¥21), these differences did
.ﬁct reach statigtical significance (F;qure'S).

.

- - A lighting—cnndition by group intefacficn effect E‘?(2,65)

= 3.354 p<.B03446)] was obtained for nystaqmus frequency.

Post-hoc | analyses revealed that the ' actively-—-ill patients
peak frequency ‘was significantly (p<.@l}) decreased in
ﬁhe dark- compared to the light-adapting cohdition.
Despite this reduction, there were no 5igﬁi¥icant qroup

differences foar the dark—adapting‘data.

Significant main effects were not present for laten:y\ to
nystagmus onset or duration of nystagmus under either lighting
.condition. There was, however, a ¢trend in the light-adapting

data for nystagmus to begin later and end earlier in

actively—-ill patients relative to controls (Tabl® 3).
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NYSTAGMUS FREQUENCY
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Figure 5. Group nystagmus freque;%y, i.e., average maximum
" number of nystagmus beats, during eyes closed across lighting
conditions. Actively-ill patients had significantly lower

frequencies during dark-adaptation (p<.01]).
1

-
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Means and standard deviations obtained across groups tor
vestibular response measures.
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Condition Group

Frequency

(beats/1@0sec?

L.atency
(sec)

Duration

(sec)

LIGHT R

27.22
+/— 8.495

3I3.78
+/- 17.37

35.27°

+/— 15.78

188.13
+/—= 34.33

173,74 |
+/—- 23.04 '

171.1%9
+/- 18.27

DARK R

16.27
+/— 6.38

19.65
+/— B.28

16.91
+/-10.27

34.09
+/~ T.93

35.00
+/= 13.96

33.50
+/- B.34

182.95
+/- 34.06

170.33
+/- 19.26

175.23
+/= 19.04
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Dysrhythmia

No significant differences iﬁ dysrhythmia ratings were
found across groups in the light or dark adapting conditions
(analyses based on Kruskal Wallis non—parémetric procedures).

aﬁltﬁough there was a trend towards increasing dysrhyehmia

- across irrigations (Figure 6), analyses performed to test for
‘Seg possible influence of order on these results were non
significant. When order is .consideréd, there were still no
siéﬁi?icéﬁg é?oup differences. Howeveé, patientS'received.a
Hiqher percentage ofﬂg;éde‘Ziand 3 dysrhythmia ratings than
controlg (Figure 7).

Dyérhythmia ratings did show the same linear relationship
with fast phase wvelocity as reported by anES and Piyik.(SB)
i.e., the higher the &ysrhythmia rating the slower the fastl
phase velocity. However, in‘this study that relat;unship was
cbtained for slow phase velocity as well. The mean slow and

fast phase velocities were slowest when the nystagmus was rated

as most dysrhythmic (grade 3, Table 4).

‘Based on results from comparisons using the Wilcoxon
Matched~-Pairs ‘test, no significant within—group differences

were found for light-dark adaptation dysrhythmic values.



PAGE 43

' DYSRHYTHMIA RATINGS
81007 RATING
=
80, :
60 N

40

PERCENTAGE OF NYSTAG

s 3
ORDER

Figure‘G. f;e bar graph shows the percentage pf nystagmus
for all subjects following c¢aloric irrigation r;éeiving normal
(8 or 1) or abpormal (2 or 3) dysrhythmia ratings. The results
are dividea ;Ey order‘ of 1irrigation irrespective of side of
irrigation. Note the tendency for grade 2 and 3 ratings to

- *
increase across irrigations.

\.‘.. .
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DYSRHYTHMIA RATINGS
PERCENTAGE OF GRADE 2&3

o Ry e < /////// <
T M._.nnucm_ﬁwam n_O. m“(”ZmMMW_M&..I

%

T

Figure 7. The bar graphs illustrate'the percentage of subjects

with grade 2 -and 3 dysrhythmia ratings within each group for

the first, second, third and fourth irrigatigns;
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Y Table 4. Mean slow and fast phase valﬁes (degrees/sec) for
tsubjects grouped bty dysrhythmia ratings.

" — T o ko 2 o i P P ik Wi ST TR SO T} fp . e e g ey e . e o e . oy o e o oy e e} Y S PR T S —— ——— T ——f— —— ———

Measure Grade n t.ight Dark

3 4 14,62 12.18

SLOW 2 & 25.74 19.48
PHASE ' '

1 24 24,93 24.96

@ 29 26.61 35.28

3 4 58.47 57.%6

FAST ; 2 5 81.88 B83.47

PHASE .

- "1 21 ?2.62 B3. 44

IJ - o 28 127.83 97.62
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Fixation Suppression

N

Separate ANOVAs on the two  fixation suppression

conditions~~i.e., fallowing right and left ear irrigations—-

were performed since a ma@n effect for these cond}tions was
found (F(1,39)=7.9%9, p< .Q00%). Post—-hoc analyses performed on
data from light—-adapting conditions revealed no significant
lateralized effect ‘¥Dr controls, but remitted pétient; showed
significantly qreater suppression following left ear irrigation
(right—64.251, 1e¥t—7élsmz, p<.@1)y, while actively-ill patients
showed signi¥icanily higher suppfession following right ear
irrigation (right-67.15, left-60.15, p<.@l). Similar analyses
conducted on data from the dark—adapting condition revealed
significantly greater fixation suppression for all groups

following the left ear irrigation.(C,p<.83; R,p<.@81; A,p<L.01).

During the 1ight~adapting condition, ifrigaticn of either
ear was associated with siéni%icant group effects (right,
F(2,61)=12.465, p< .00Q1; left, F(2,61)=10@.50, p< . Q001).
Following right ear 1irrigation, controls had significantly
greate; fixation suppression than either remitted (p< .@1) or
actively—ill patients (p<.01). When the left ear was irrigated,
cantrols remained significantly different from actively-ill {p
.@1) but not from remitted patients —--—although the latter still

showed less suppression than controls. In these aﬁalyses,

ke
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however, remitted patients 'exhibited significantly greater

fixation suppression than actively-ill patients (p<.®5, Figure:

8).

Y

During the dark-adapting condition, be 'en—group analyses
indicated thgt controls had significantly higher mean percent
suppression than either patient group (C > "A: p<.@13; C > R: p<
.@1), and that the patient groups did not differ significantly

from each other.

Comparisons of +ixatign suppression values across
light~dark adapting conditions following right ear irrigation
re§ealed an across-~group consistency in demonstrating less

suppression in the dark (C, p<.@23; R, p<.05; A, p.0OL).

. -

Qlthoﬁéh rfhis treﬁd was malintained folleowing left ear irriga-
tion , only the remitted patients’ light-dark mean suppression
comparison attained statistical significance (p<.@5).
¢

To compare the present results with those of Hood® and
Waniewski {49) the speed of the slow phase velocity with eyes
open and fixating in the light-adapting condition were .compared
to that with eyes open and fixating in the dark-adapting
condition. It was found that in the light controls suppressed

the slow phase velocity of nystagmus by a factor of 1.6
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FIXATION SUPPRESSION
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++p{.01
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-

Figqure B. Mean ﬁerceng

fixation (see text

suppression

of caloric nystagmus by

for #fixation suppression calculation.

The decrease in fixation suppression was significant (C: p<.@§¢\

R: p<.@S, A: p<.@@D)

irrigation, but

.left ear irrigation.

- for

all groups following right ear

only for remitted patients (p<.01) ‘following
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4

relative to when the target was viewed in total darkness. For
this group slow phase.velocity in the dark was &6B% faster than
in the light. Actively-ill patients were virtually unaffected
by background 1illumination, suppressing by a factor of‘.97,
with their slow phase velocity actually being B%Z lower in the
dark. Patients 1in remission suppressed by a factor of 1.21,
with variable responses between irrigationgjincreasing 3% in

the dark following right ear irrigation and 42% following left

ear irrigation. (Figure 9) '

FIXATION : GROUP AND LIGHT-DARK ADAPTED COMPARISONS

A signifigant main effect for group was found
((F2,62)=4.10, p< .02) for percentage fixation RMS during
baseline. Post—hoc. anélyses reveal ed that during the
light-adapting condition actively—ill  patients were
significantly Lorse than éither controls (p< .@1) or remigted

patients (p<.01) at suppressing extraneous eye movements during

fixation of a stationary target. Following darkfadaptation

there was no longer any significant between—group differences

oh this measure. Actively—-ill patients maintained fixation
significantly better in the dark than in the light (p<.0801

Figure 1@). It should be noted that even though the

N N~
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Figure 8. Mean nystagmus slow phase velocity (degrees/sec])

during fixation for each group across lighting conditions.
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2
between—graup'differen:e was not significanmt, both controls and
remitted patients had higher RMS scores in the dark than in the
1ight—; indicating thét they had greater difficulty maintaining
fixation under the dark adap%ation condition.

v

To provide an estimate of the relationship between poor
tracking and poor fixation, fixation RMS was correlated with
VAs and pursuit RMS (PRMS). In both cases the correlations were
significant in both the light (VAs, r=.38; PRMS, r=,44; p<,.001,
respectively) and dark (VAs, F=.41, ps @813 PRMS, r=.32,

p<.00G6) .

TRACKING : GROUP AND LIGHT-DARK ADAPTED COMPARISDNS
: 8

Veloéity Arrests

A significant main effect for group - was found
(F(2,38)=14.55, p< .0@QL) for the average number of VAs for
baseline and vestibular irrigation conditions. Post—hoc
analyses revealed that.under 1ight~$dapting conditions baseline
recordings from actively—ill patients contained a significantly
higher frequencyl of VAs than those aof either controls (p<.@1)
or remitted patients (p< .@1). Furthermore, pgtients in

remission also had significantly more VAs than controls (p<.0@1)
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FIXATION
LIGHT . DARK i
| - ACTIVE |
HEO G~ rr e At 120 Y
' VEOG—,
CONTROL
VEOG | ~~ —
—{sec
B
“Group Light Dark
Control a5 5.3
+/-3.05 +/=3.40
Remitted 6.02 - 7.07
+/—3:98 /+5.41
Active lﬂ.gﬂ Z7.60
+/-7.95 /-6.74

Figure 10. A. Electregraphic tracings of 4ix tion during 1light
and dark adaptation taken from a ontrol and actively-#ll
patient. B. Mean and standard deviation percent Tfixation
root mean square for each group across lighting conditions.
Channel designations: HEOG: hoerizontal electrooculogram: VEOG:

vertical eiectroocdlogram.
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s, .
J&Her these conditiqns (Figure 11). Following dark-adaptation,
however, these between—group differences disappeared (Figﬁrg
11}, iJe., dark-adaptation_ reduced. VAs from lévels present
.during the light—adapting condition to the extent that group
values were statistically simiiar._ There was a 'sigﬁifiqant
light-by—groub interaction effect, and subsequent analyses
indicated that when comparing baseline tracking there whs no
significant light—dark difference in the mean number of VAs for

controls. Fcr\E:jh ﬁatient groups, however, the mean number of

VAs significantly decreased in the dark (p<.03; Figure 12).

—

Post~irrigation tracking in light—adapting active1y-i11
and remitted pétients was characterized by significaptlyymore
VAs than that of controls (p<.@1 and p<.@A3 respectivelty, Figure

p
13). In the dark, actively—ill patients still evidenced signifi-
cantly more VAs than controls (p<.®1), but also had a signifi-
cantly higher VA frequency than remitted patients (ﬁ( .17,
During the post-irrigation condition , however, the mean
number of Vhs did not change significantly as a function of j\
lighting condition for any group.. -
1 ' -
No overall main effect was evident in. baseline to

post-irrigation tracking comparisons.. However, there was

a light by condition effect [F{(1,58)=10.98 p<.001&]. Post Hoc
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VELOCITY ARRESTS
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-

Figure 11. The mean number of VAs is presented for each
group across lighting conditions. In addition to the indicated
:sign{ficant ﬂifferences‘the mean number of VAs for both patient
groups, but not- controls,, decreased siénificantly in the

dark-adapted condition (p<.05, respectively).

E
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LIGHT CONTROL™  PARK

ool MR, AN ke
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Figure 12. Electrographic tracings of pursuit +tracking during
light and dark-adaptation taken from a control and acti@ely~ill
patient. These +tracings i}lustrate the more regular and
accurate tracking exhibited by patients during dark adaptation.
Channel designations:  HEOG: horizontal electrooculogram,

Target: target light excursions.
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VELOCITY ARRESTS
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A"
Figure 13. Thg mean number of VAs for each group following

caloric.irrigatﬁon under both lighting conditions.
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-

comparisons revealed that in the dark activély-ill patients

evidenced significantly more VAs following irrigation

than during baseline fracking.

1

To determing whether deficits in baseline tracking were

,related‘ to failure of fixation suppression, correlation

coefficierfts between these variables were cbtained. Significant
negative qorrelations were found between the meanlnumber nf VAs
and fixation -suppréssion aeasﬁres (Table 3). Significant
negative éorrela;ions were also foﬁnd between the mean number
of VAs bost—irriéation and fixatign -suppression measurési In
other words, low . fixation scores were correlated with poor
traéking (Left,light: r=—-.47, p<.801; Right,light: r=-.23, p
.GZQ; Left,dark: r=-.49, p<.@01; Right,dark: r=-.44, p<.001).
These results suggest a relationship between disordered pursuit
tracking and failure of fixation suppression which has beeﬁ
péeviously reported in both neurological {18, 34) and

psychiatric patients (59).




.

¥

Table S.Correlation between baseline tracking and fixation
suppression measures [pocled across groupsl

t Fixation suppression

Condition Measure Right Left
LIGHT vAa - .161 - .273
p<.101 p<.013
PRMS = .@72 - .252

p<.281 * pl.020

DARK VA ~ .365 - .345
: p<.Q002 p<.@B3

PRMS - 261 - 276

PAGE 58
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Pursuit RMS

A significant main effect for group was found ( (F 2,348
=8. 46, p<.2005) forlpércentage pursuiﬁ RMS for both baseline and
post— irrigation conditipns. Post-hoc analyses indicated that
for light-—adapting data: 1) actively-ill patients® values were
significantly greater (p<.@1) than controls in both baseline
and post—-irrigation conditions, and significantly greater
than remitted pmatients (p<.@5) during baseline; | and,T 2)
remitted patients® wvalues were significantly greater . than

controls (p<.0@1) on ,/the post-irrigation condition. Following

dark—adaptation there were no significant between— group
differences for either baseline or post—irrigation
conditions. . Relative to their light—-adapting baseline

condition, actively-ill patients impru:gd (p< .03} in the

dark. Remitted patients showed improvement (p<.@3) in the dark

relative to light—adapti;é Eondition during post-—
; e

irrigation tracking. No signific;ﬁt between—-group differences

were found between the pursuit 'RMS scores obtained during

baseline tracking and those during post—irrigation tracking

(Figures 14, 139).

—2
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PURSUIT RMS
BASELINE
15- .
_1 -
EE ‘12- LR j .iq
L 9 o
O :s_
4o
3 ' - +» p{.05
++pd.01
0 ; :
L D
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Figure 14. Mean percent root mean square during baseline

tracking for each group across lighting conditions. In addition
to the irdicated significant differences noted in the figure,
the PRMS of actively-ill patients decreased significantly

ddring the dark-adapted condition (p<.02).
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PURSUIT RMS

post-irrigation y
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Figure 15. Mean percent root mean square during post irrigation
\ L L} . £) » .
tracking)for each group across lighting conditions. In addition

to the designated statistical differences, the PRMS wvalue for

remitted patients decreased significantly (p«<.01) during

dark-adaptation.
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The presence of aberrapt eye movements was reiated to the
presence or absence of psychotic symptomatology with
approximately twice as many actively-ill patients showing
‘abnormal tracking, fixation suppression and fixation than
remitted patients. ‘Similarly, twice as many remitted patients

showed aberrant eyve movements relative to controls (Table &).

To determine whether deficits 1in baseline tracking,
fixation and fixation suppression were present in the same
subjects, a descriptive breakdown of those subjects who showed
deficits on all these measures was obtained. Sixty—five percent
of actively-ill patients showed aberrations on both baseline
tracking and fixation suppression, ‘whereas only seventeen'
percent of remitted and /gour percent of controls showed
aberrations on both measures. Only actively-ill patients
exhibited aberrations on all three eye movement measures (Table

7).

Button Press: Group and light-dark comparisons

During the 1light-adapting condition, controls responded
more frequently than patients with a button-press response to

target light interruptions, but significantly so only relative
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Table &. Percentage of subjects (n in parentheses) in each
group who were at least one standard deviation from the
mean score ocbtained by the control group on VAs,PRMS,
firxation suppression and fixatien during light—adaptation.

Group ' VAs : PRMS - Fixation Fixation
suppression
R L
———————————————————————————————————————————————————————————————— I
C 84 (2) 26%(6, v 174(4) 1374(3) B7 (2)
R I 22%.(3) P24(12) 3L () 224(9) >N\
A . 70416} 74%4(17) 704(18) B2Z(19) 2074 (11)

—— —fr® T TR . T Y T T T TR W T T T TR TS T o ¥ ¥ T e ) e et . . T e . . . . =

Table 7. Percentage of subjects (n in parenthesis) in each group
who, during the light-adapting condition, were at least one
standard deviation from the mean on: a) both baseline
tracking and fixation suppression measuresj;and, b)) baseline
tracking, fixation suppression and fixation RMS5 measures.

(a) (b)
CONTROLS a7z (1) @7 (@
REMITTED 174 (4) av (@)

ACTIVE 65% (13) 43% (1)
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to aétively—ill patients (p<.@5; C = 95.@00 +/- B8.55%, A = 78. 20
+/~ 22.98%, R = B8.21 +/—.26.132; mean number of failures: C=
27 +/- .43, A= 1.09 +/- 1.19, R= .42 +/- 1.81). These group
differences vanished following dark-adaption when actively-ill
patients’ responding improved significantly (11% in&rease in

correct responses, p<.Dbl).

3

[
During post-irrigation tracking controls were signi-—

.ficantly more accurate in réspcnding (98.462 +/- 4.43%) than
either remitted (74.35 +/- 37.43, p<.0@1) or actively-ill (82.38
+/- 24.21, p< .@5) groups. In the dark during post-
irrigation tracking, significant . between-group differences
for this measure were no longer preseyt. Remitted patients’
button press éc:urécy_ increased significantly in the dark
cumpafed to their performance in the light (154 increase in

correct responses, p<.@1).

" To evaluate the relationship between button-press response
accuracy and the dependent wvariables found to significantly
differentiate the qroups ,ié., velocity arrests, fixation
suppressiaon and fixation RMS measures, a separate ANOVA was
parformed comparing only those subjects whose response aécuracy
was 10@% (C,n = Zﬁ,iR,n = 13, A,n = 11). This analysis revealed

that despite perfect detection of target 1light interruptions,

/
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actively—ill_ patients Eéntinued to exhibit éignificantly ma?g
tracking disruptions than’ compgrision groups during
light—~adapting conditions. The dark - adapﬁ}ng improvement
previously ﬁoted was also present in these‘ pajients. However,
the tracking .performance of remitted ‘&a&Zents with 1@@%

buttonnpréss accuracy was not significantly different from that

af controls under either light- or dark—adapting conditions.

buring-post—irrigation tracking this groﬁp of actively-ill
patients continued to exhibit significantly more VAs than-
controls in both ligﬁting conditions.‘ Whereas 1in Athe pocled
group data actively-ill patients had only been significantly
different +rom.remitted patients in the dark, the 1@Q%-accuracy
subgfcup was significantly d&fferent_from remitted pa?ﬁents in
both the{light and dark. The tracking performance of remitted
patients with 100% detection of target light interruptions was

not different from that of controls.

Analyses of the fixation suppression _measuqes for these
1087~ accuracy subgroups did not reveal any significant change
relative to the poaled data anglyses. In the 1light +following
right ear irrigation, controls showed significantly (p<.@3)
higher fixation suppression (?1.79%4) than either actively-ill
or remitted patients (61.63%, %1.27%, respectively). In the

dark, controls continued to be significantly different from

i
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both patient groups (C, 79.44%; R, 55.23%{ A, 48.18%) However,
in thé dark, patient groups were o longer significantly
different from one another.

The fixation RMS measure also continued to show
5L§n1+icant differences between controls and actively-ill
patients (p< .@5) during light—adaptation when only those
subjects with 1@0% accuracy on button press were compared.
Remitted patients, haowever, were no longer significantly
different .from eitﬁer controls or actively-ill patients. The
dark-adaptin; improvement previously noted was also present

'Y
in this subgroup of subjects.

Gender

Since'thera was a increased number of males in the patient
groups relative to the control group the eye movemeq;_QQEA were
re—analyzed wusing gender as an independent wvariable. No
‘'significant main effects were found between males and females

for any of the dependent variables.
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Neurcleptic medication _
. L

To evaluate.thg'éf€ects oi.neuroleptic medicétion on the
dépendenf measures, the ;dgily dosage of medicagibn lwas
correlated with these variables. Dosage lével across medication
was madé . equivalent Fo an approximate daily dosage of

chlorpromaziné (@) . None of the cbrrelations attained the .85

level of significance. - . . '

[

Corneoretinal potential

Peiative to values during light a&aptaticn, there was a
mean CRP decrease fochDntrol subjects during dark-—adaptation
(55. 26 uQ or 15%4). The CRP of remitted' and actively-ill
patienfg, however, increased in the dark (35.5%uv and 37.%23uv,
resﬁeétively—— representing a ?4 mean increase -for remitted ang
12% mean increase for active psychotics). Caorneoretinal

petential changes in the dark were not significaqthy_correléted

with VA differences (r = —-.18,ns).
DISCUSSION

The results of this investigation corroborate previous
reports of abnormal visual-vestibular interaction and abnormal
smooth pursuit in psychotics and indicate further that the

disordered tracking can be statistically normalized by dark

v

=%



adaptation. Hcrever, before discussing these findings it

.
+

important to identify and evaluate potential "sources

’

confounding wﬁfdh might bhave influenced .the outcome of th
present investigation. Obvious areas of concern in this respect
include arti*éct in the electrophysicological recordings,

o . . & . . \
- wvariatiens in level, of attention and arousal, .and medication

effects.

¢

: sﬁ! . In general, the present findiﬁgs cannot be attributed to
the selective presence of artifaét in the recordings since -
, - . \

these data were screened for thé\presence of both movement and

bli;k -related diéruptidns. Ferthermore, the® EOG data were

electronically processed to minimize EEG.influénceg. Variations
‘ in the CRP across lighting :nndition; -— which could influence
N i \eensitivity ‘with' which  tracking disrupti®ns  were
detected--can also be discounted as a sfgnificéht influence
since a consistant liqhting—condi%}on relé}ed variation in this
measure 'was not found in the patient gioups,‘and~the changes
that did occur were not correlated with imprévemehts in

tracking or fixation. ' : i

. , a N . r"}

- e I .
e

"y Variations in arousal and attention were also monitored

’“} . and no evidence was found indicating the systematic influence
i _ . .
A

of these variables on the observed lgroup effects. Finally,
.1 PR *

oy ——
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-

althnugh the patients participating in this study were _on drug
therapy, examination of the. relationship between medication
levels and the results provided no evidence for a
medication—dependent variable relationship..

[

Based on the above condiderations .j% is reasonable to

~conelude that the ophysiological results of the present

investigation  were not significantly influenced by these

methodological, procedural or pharmacologi; variables.

Vestibular.-Reactivity

The results of the present assessment of vestibulo—oculaff

et

functioning in psychotic patients is in agreement with pré%i%ds
reports indicating.thaf the vestibular apparatus is ingatt&"in
these patients (98,67). For all subject groups the maximdﬁlslow
phase velocity —- the response measure commonly accepted as a
gauge  of vestibular tintegrity -—- was within naormal limits
(7,11,3%2,60). The Dthef indexes of response strength, i.e,
du;ation and latencyl of nystagmus and the peak nystaémué
frequency, were also within normal limits (11) and--did not
dif+erentiq§e among groups. Patients did receive a higher
percentage D# ratings indicating increased dysrhfthmia, but
uniltijke previbus reports (67,58) their nystagmus was not judged.
tc be .5ignifiéantLy more .dysrhythmié than that of normal

*

controls,
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'with tiigher dysrhythmic scores.

PAGE 7@

The speed apd amﬁligude of the nystagmus during both - slow

and fast phase measures were highly related — a finding in
agreemen£ with prévious reports of a strong linear relationship
between :kESE two nystagmus measures (1%9). However, contrary to
the findingslreporFed by Jones and Pivik (S8), significant:
between group differences were not found for the fast pﬁase
velocity measure. This finding may not be surprising
considering that slow phase velcczty did not Hifferentiate
between groups in eitHer this or Jones and Pivik’s stﬁdy and
£hat fésf'"énaA slow phase wvelocities are thought to be
intimately réiated‘(9l). In Jones and- Pivik’sl study (S8),
slowing .of the fast component was assocliated with dysrhythmic
'nystagmus. The fact that patients were :inot significantly ‘more
dysrhythm;c than controls in the present investigatiof might be

related to - this between—study difference. in both

investigations, slower fast . phase responses were associated

Although the above discussed vestibular‘measﬁres did not
-statistically differentiate between groups, actively-ill
patienys did exhibit faster mean slbw (17% faster) and *a;t
(11%  faster) phase velocities than controls during the
light-adapting :ondi;icﬁ. Patients also showed a Highgr -p$ak

frequency of nystagmus beats relative to cpntrdls -~ a finding

J
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which replicatés in direction, but notl intensity, an
observation reported by Jdones and Pivik (5B). These findings
suggest the presence ‘of some degree of vestibular over
reactivity in these patients. Vestibular hyperresponsiveness —-—
geﬁerally guantified in terms of vestibular-ocular gain énd
total amplitude of cgaloric nystagmus which is highly correlated
with the velocity of the nystagmus (32,112) ——- 1is thought to
result frem a reduction of normal- cerebellar inhibition of

caloric activity (11).

S e .
. il . n R

During dark adaptation patients anp céntfols continued to
show signs of normal ves%ibular +unctibniné,i.e., slow and fast
phasé velocities, and nystagmus duration, latency, and .peak
freguency and dysrh?thmia measures were all witﬁiq normal
limits. The +trend towards hyperresponsiveness present ‘*Yq
actively—ill' patienis in tﬁe light—-adapting condition was no-
longer evident wﬁén these patient5 were dark-—-adapting, i.e.,
the slow and fast ﬁhase velocities and nystagmus freguency
of these patients significantly decreased in the dark-adapting

condition. However, velocity measures of control subjects

decreased , only  slightly in the dark and *ﬁ?stagmus frequency

actualkf/ increased. There 1is no published information
e '

regarding variations in these measures 1in dark—-adapting

’

cerebellar patients, but sipnce dark adaptation reduces the

cerebellar effects on eye movements, it is not unreasonable to

1

7
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suggest that cerebellar dysfunction may be associated with the

noted trend towards hyperresponsiveness in patients.
Fixation Suppression

A main focus of the present investigation was the
reexamination of the influence of optic fixation on nystagmus
suppression among patients with active psychotic
symptomatology. The failure of fixation suppression among’ these
patients, initially reported by Jones and Pivik (58),. was
replicated in this study. Furthermuréffthere are indications
that this abnormal response may characterize remitted patients
as well. -— but not as consistehtly. Both patient groups
continued te show failure of fikation‘suppression during dark

-
adaptation when compar ed to normals. However, fixation
suppression for éll roups was less efficient in the‘dark than
in the 'light, su%igsting that tafget backgréund information
gen;}ally aésists/jn the suﬁpression of caloficlnystagmus. The .
fact that fixatich suppréssion was affected similarly in all
. groups during dark—adaptation i.e., decrease% efficiency T% the
dark, underscores the lobseﬁVation that ihe mechanism for
¥ixaiion suppression 1is generally impaired in the. patient

groups.

t

The finding of significant levels of abnormal fixation
suppression in remitted patienté only following right ear

irrigafion » along with the fact that in the dark nystagmus

3 ' '

4

! !
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suppression was more efficient in ‘all groups when the léft ear
waé'ifriqéted;.gﬁggests the presence of lateralized influences
on this aspect of eye movement ﬁontrcl. Vestibulo—cerebellar
p;ojegtions to the brainstem are predominantly ipsilateral
(85), and purkinije cells project t; the ipsilateral medial
vestibular nucleus. Takemori and Cohen (£@4> report that after
unilateral lesions of the flocculus, visual suppression of slow
phase velocity was lost when the quick phases were directed to
the ipsilateral side and visual suppression o+r nystagmus
following caloric irrigation of both sides vanished after
bilaferal floccular lesions. It is conceivable, therefore, that
. the differences found between the fixation suppression measures
following right and left ear irrigations in this investigation
may have been influenced by hemispheric dominance., Since fast
phase eye movements are toward. the left following left ear
irrigation with cool water, then, basea on thé findings Qf
Takemori and Cohen (104) the efficiency of suppression should
be related to the 1left cerebellar hemisphere. Since_ ninety
percent of the subjects in this study were right-handed, left
cerebellar dominance might account for ‘the higher _level of

<
fixation suppression following left ear irrigation.

During the light—-adapting condition, however, actively-ill
patients had greater difficulty suppressing nystagmus folinwing

"left ear irrigation. This findiﬁg is compatible with reports of

4
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left hemispheric defecﬁs in psychotic, mainly schizophrenic;
patients. Several studies have advanced the notion that ' subtle
yariations in lateralization of brain orgaﬁizatinn may exist in
schizophrenia and other psychoses (97,103). This hypothesis has
been examined in studies using pneumoencephalographic, combuter
tomographic, cerebral bignd flow, EEG and sensory asymmetry
techniques. Although the results of such studies have often
been ambigquous and contradictory, the evidence qgenerally
supports a left hemisphere dysfunction in schizophrenics
(97,103). Accordingly, the higher fixation suppression
following left ear irrigation exhibited by actively i1l
patients’ during' dark—adéptation may reflect a réﬁucéd
influence of the cerebellum, i.e.,' an attenuafion ’Df the

postulated cerehbellar laterality dysfungtion.

When level of visual attention was maximized by cogsﬁring

only subjects with 10074 accuracy on the button press response,

L3

actively—ill, but not remitted, patients continued to show

signi+iEant1y‘ reduced +i£ation suppression relative to

controls. These.data suggest that although level of attéHtiDn'
may have been a contributing,.,factor for the remitted group,

this wvariable canrn::'t:ﬂr account “for the aberrant fixation

squressiDn of the active;ylill group.

With regards to slow phase velocity during eyes open, the
By
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controls in ‘this studyjbehéved in the same manner as did the
normal subjécts in Hnod: and Waniewski’s study (49), i.e.,
relative to tracking during darkness, in the lighf slow phase
velocity was suppressed by a factor of 1.68. The actively-ill
patients’ results were comparable to those of the cerebellar
patients, ie., the slow phase velocity was virtually unaffected
by background illumination. The remitted patients’ performance
was intermediate between that‘ of controls and actively-ill
patients. The similarities between the performance of

cerebellar and psychotic patients provides <further evidence

.suggestive of vestibulo-cerebellar dysfunction in these patient

groups.

Fixation

The difficulty experienced by light—adapting actively

ill-patients in fixating a stationary targeg\ in this
investigation has been  previouslly observed (74,795, ) .
However, the present study relates this finding o the

occurrence of aberrant pursuét tracking "and failure of fixation
suppression in these subjects. The high positive cor}elation
between the fixation RMS and pursuit tracking ﬁeasures is of
interest since in the pooled data fixation RMS did not
ca}relate with fixation suppression in either light- or

dark—-adapting conditians. This appareng inconsistency probably

reflects the fact that a relationship between aberrant
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tracking, fixation suppression and‘ fixation of a stationary
target during the baseline condition existed only in the
activeiy—ill graup. Fcrty—three percent of actively-ill
patients showed e#idence of dysfunction on all three measures
while none of the controls or remitted patients had aberrations

in all three areas.

The lack of significant bétween—group diftferences on the
fixation RMS me$sure dur;ng dark adaptation parallels the
smooth pursuit tracking'results. Controls and remitted patients
had”greater difficulty fixatipg a stationafy targét in thé dark
than inlthe light, suggesting that backgrouna' illumination
normally enhances this ability. Since background illumination
appears to be important in fixation, one would expect that the
per formance of actively-ill psychotics would deteriorate
further in the dark-adapting coﬁdition. The +indings to the
contrary are consonant with the idea that the attenuation of
the cerebellar influence must contribute significantly to this
improvement in actively—-ill patients. As with fixatiLn
suppression, maximizing htténtion (by comparing only subjects
with {B@Z accuracy on button-press response) does not change
the direction of the results, indicating that it is unlikely

that level of attention could account for these findings.

™

Tracking
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The findings of disordered smonthl pursuit trackiég in
actively-ill patients along with the significant correlation
between smooth pursuit performance and degree of fixation
suppressiﬁn in these patients replicates the Jones and Pivik
“findings (59) and strengthens the evidence indicating an
association Eetween dysfunction in these systems. Subjects who
showed significantly reduced fixation suppression had . a
correspondingly higher ¥requency of VAs and a higher percentage
pursuit RMS. Seventy percent of those subjects showing aberrant

“

pursuit tracking also demonstrated failure of +fixation
9

suppression.

With regard to the differential sensitivity of VAs and
PRMS measures, it would appear that VAs are more zensitive to

group differences than PRMS. Velocity arrests differentiated

between active, remitted and control groups during light

adaptation, whereii PRMS only differentiated between
. #

actively—-ill and control subjects and did not show a

significant differences between these two groups and remitted
patients. The PRMS measure gives a 'global measure of the
accuracy of smooth pursuit traéking whéreas a VA is a more
discrete measure of tracking aberration. The nature of the PRMS
measures allows positive and negative eye position deviations
from the target to_cancel each other out. In soO doiﬁg the PRMS

measure may be masking the presence of certain eye movements

- -
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which are apparently being picked up by VAs. Thus, there is a
need to assess the nature of eye movement behaviour during?)VAs
to more precisely determine the oculomotor correlates of

¢

psychosis.

As hypothesized, tﬁgcking patterns of pa%ients duriné dark
adaption ~were no longer significantly different Fromlthose of
controls. This normalization of aberraht pursuit tracking of.
psychaotic patients is ~ unprecedented and the role of
dark—adaptation in this finding should provide insights into
the basis for this dysfunciion. Hood and Korres (48) observed
that neurological patients with central vestibular lesions
suppresséd the Ves?ibulo~ocular reflex better when fixating a
target against a textjied (light),relative to uniform (dark}
background, They also found that the pursuit tracking iﬁ these
patients improved in tLe dark. These authors felt that since
execution of these oculomotor behaviors were not comparaﬁle in
tﬁe dark, disordered tracking could not be attributed +to the.
lack of vestibulo-ccular suppression. It is of interest to ndte
in this regard that in the present investigation even ‘éhough
fixation suppression worseﬁéd and tra&king improved in the
dark, the significant negative Eorrelation éxisting between
these variables in the 1light continued to be present in the

dark. This finding does not support the suggestion of Hood and

Korres (48) that tracking performance and fixation suppression

-
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are hot integrally related. Rather, the continued significant

correlation between the two measures in the dark rekindles the

idea that they are somehow related.

Caloric nystagmus has been reported to have little

influence on eye tracking in control subjects free of
vestibulo~cerebellar lesions (22). This observation is

corroborated by data from the preseht study showing that for
all groups duri&g the lightjadapti;g condition there’ was  no
significant differencg;wggtﬁeen the VA or PRMS scores during
béseiing and post—irrigation tracking. Not confirmed: by these
findings is the repeort of increased tracking deficit; following
vestibular agtivation in psychotic patieﬁts (59). Bt is
pcssibTe that the high lev?ls of aberrant pursuit tracking of
actively—-ill patients masked any effect caused by ve;:ibular
activation. Credence is given to this interpretation by the
fact that during dark—adaptation when patients’ baseline
fracking performance was essentially normai, caloric nystagmus
evoked abnormalities . iq the post-irrigation tracking of
actively—-ill patients. |

The initiation of trécking ;@ seconds after the start of
irrigation rather than 5@ seconds as in Sakata and Umeda’s

study (92) may also account in part for the lack of a

significant difference found between baseline and
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post—-irrigation trackizb in this in;estigatinn during -light
adaptation. The inteﬁsify of - vestibular act;vation may have
already been reduéed sufficiently s0 as not tb interfere with
tracking in the patient E;Dups. Since the accuracy of pursuit
tracking can be considered as a measure 5& “the ability to
suppress ‘nystagmus: via fixaiiong and since loﬁer fixation
suppressién is significantly correlated with increased \tra kiné
deficits occurring followingg vestibular activation, then the
fact that fixation suppfesssion was less efficient in tHe dark
may account in part Ffor the fgct that abnormalities in
post-irrigation tracking were present only at " this time. A
critical level of fixation suppression may be reguired before
tracking aberrations become apparent. This possibility i;
supperted by the observation that during the light~adapting
candition, when caloric nystagmus did not further impede the
tracking performénce of actively-ill patients, their percengade
of fixation suppression was in fact 1@ points higher than that
reported for actively-ill patiepts in Jones and Pivik’s study
~ .
(59), whereas during the dark-adaptation condition, when their
level of fixation had dropped to that reported by Jones and
Pivik, their tracking was adversely affected by calorie
nystagmus. Thus ;hen the degree of fixation 5uppres§ion is
considered there‘is agreement betwéen theée results and those

D? Jones and Pivik (59). This response, unmasked in this

investigation by the dark-adapting condition, is fo some extent
. N e



N ' o PAGE B1
~ N R

similar to that of_batienfs with central vestibular disorders
whose eye tracking patterns, relative"tq those of normal
controls, are affected by caloric nystagmus (92).

r -
THE CASE FOR CEREBELLAR DYSFUNCTION IN PSYCHOSIS

The performance of the patient groups, particularly the.

"actively-ill patients, during light-adaptation is comparable'to

that of cerebellar patients tested under similar conditions. In
the psychotic patiegﬁs éhere was abuﬁdant eviéence of a trend.

v towardsA-Jaegibulara‘hyperresponsiveness, i.e., {a%t nyétégmus,
sfow and ﬂast phase Qélocities, increased nys?agmus f?eﬁuency,

Failurg of fixation suppression, aberrant pursgit tracking‘and

impairéd . +ixatioh of a stationary target- during light-
adaptation. Iﬁ addition, these disorders, in eye movemgnt

control normalizeq during. the dark adaptéiigy condition. All -of.

these  findings are tcomparable with the ..eye; movément
behaviour  of cerebellar patieﬁﬁsllunden similar testing
conditions. The _reéults indicaté that psychopic patients have

an intact vestibular ?system with eJideHEe A oé vestibular’
hyperresponsiveness. Véstibular hyperresponsivess has been

related to cerebellar lesions (32,112). ‘éarber and Stockwell

11>, 'Qha- use slow phase velocity as_the measure for hyper-
 responsiveness, ‘attribute it to . a reduction of normal CNS--

-

mainly cerebellar——inhibition of calofic induced activity.
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The lack of significant groups differences far the fast phase
. ' : %

velocity measures is consonant with the cerebellar bhypothesis
since Dichgans amd Jung (32) have noted that fast . phase

. A
velogity appears normal in,pgtiﬁnts with cerebellar atroghy.

.

:
i (ﬁ‘the psychotic patienté’ failure of fixation suppression

during light adaptation i& cofysistant with a central

]

dysfuncﬁion . (29,48, 9@) implicating cerebellar -—~primarily
floccul ar (32,111)--and brainstem structures ,(61,78)., The

continued failure of fixatgpn suppression in the dark is also

consistent with the performance of patients with central

pathologies who show failure of fixation suppression when

réquired' to fixate on a 1light target in the dark (without
bac;grmund) {48) . Duriﬁg fixation suppression the effé&ts of
background on nystagmus slow phase velocity in the actively-ill
hatients were comparablé to those reported for cerebellar
patients, ié., the slow phase velocity diging fixation was

virtually unaffected. N

With respect to the cerebellar jmplications of these data,

*

it should ‘be noted that 2 active and 1 remitted subjects did
not exhibit any nystagmus when Ytheir eyeé were closed following
irrigation, but suddenly had verj)y prominent nygtagmus whep they
opened their eyes and fixated./The data from these subjects

b

could not be analyzed on all measures because of these results.
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Similar observations have been reported to occur uniguely in

some ° cerebellar patients (48) and _its presence in some

ps}chotic paﬁients proQides further evidénce suggestive'-6¥

»

cerebelilar involvement in the noted e%e movement dysfunctions
in psychosis. ED ' —

The inferior ability of the psychotic patients to fixate a

stationary target is also linked to cerebellar functioning
since instability of visual fixation 1s commonly associated

with defective cerebellar mechanisms (58). Hotsol (5@) states

the cerebellum-modulatesq?oth the saccadic and slow eve
. T - - .
movement generators, and functions during precise fixation in

that

A

normal subjects to reduce and miminize fluctuations—in these

systems.

The normalization of pursuit tracking during dark

-

adaptation mimicks the performance of Hood and Waniewski’s

cerehéllar patients {49). Since tracking normalized when the

cerebellar influence was attenuated during dark~adaptation and

~ .
“

since a similar normalization has been reported to occur 1in
cerebell-ar* patients, - cerebellar mechanisms would appear to be

implicated in the ‘aberrant tracking of psychotic ﬁatients,

i.e., the noted deviant tracking during light-adaptation may

+

reflect the failure of cerebellar mechanisms to inbhibit

saccadic eye(;;vements at this time.
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Potential sugdért for these findings comes from the study

.by Mather (73) in which. she reported that schiiéphrenics had

ocular phase lag——eyes lagged behind the target during pufsuit

~ tracking--with narmal  illumination. bdt' not in the dark.

Furthermore, in the present investigation the increased

aberrations during tracking in the dark following caloric
L - " ’ v
irrigation are similar to those of patients with central

v

vestibular. - disorders, including cerebellar patients, whose eye

tracking patterns, unlike those of normals, are affected by

]

caloric nystagmus (92}. -

A
P

-

The high correlation between fixation and smooth. pursuit
eye movemeant - measures and . the similar effects of
dark—adaptation on these measures in the patient group suggest
that whatever mechanism is‘ common to these functions may be
impairgd in psychosis—— aﬁé\‘ﬁhe precedind discussion offers

multiple arguments implicating cerebhellar dysfunction in these

behaviours.

Despite the prominence of arguments and data sﬁpportiye of
cerebellaé involvement in oculqmntor dysfunctions in psychosis,
-
other factors must be conéidered for %heir potential role in
eye ﬁovemeqt performanﬁe.during dark-adaptation. Maost obfious

among these ik the enhancement during dark-adaptation of target

saliénce . esulting from the reduction of - potentially

VAN
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distracting background stimuli. Hn@ever; the faq% that Fixatio%“
5uppressién deteriorated fuft%er in dark—adapting'adtively;ill
patients argues against fhié.nntion. Based en the éigﬁificant
negative correlation '0; fixation suppression with pursuit
tracking measures, an increase in fixation suppression measures
would have been expected i% target salience alone were

responsible for the improvement in pursuit tracking.

' v

Dark éﬂaptétion ané the Qsé of & puﬁctate light source as,
a tracking target 3lso effectively reduce "activation of
peripheral retin$1 processes which, through feedback
mechanigms, normally improve target fixation during during both
smooth pursujt“and during‘supregsion of wvestibular nygtagmus by
visual fixation 535,49). Based Dﬁ these considerations, a
deterioration in -+tracking and fixation <(as in the normal
cantrol group) would have  been expected if the results were
‘determined predominantly by peripheral retinal mechanisms.,
Increasing attention by removal of distracting stimuli might
also be suggested as an influential factor, but thé assessment
of measures controlling atten?inn, és previously mentioned, do
not support this hypnthesié.

\

Another argument‘édvanced against cerebellar involvement
in ab#?ﬁant eye movements in psychosis 1is tﬁe absence of

evidence of impairment in other oculomotor parameters under

'
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‘subcortical w«ontrol, e;gQ; .reaction  time and velocity of

DU

saccades are not .impaire l,;ﬁgﬁpvéf, these variables have

-not been found tqibe diﬁﬁdrbéd iagzergbellar.ﬁatiengs. Di:hgahs
hﬂand Jung (32) repnrt-thatlcerebéllar‘ieéions might result in
saccadic dys%‘tria and Balnh\et éi.‘(l@) found that although
the peak velocity and laténcy'measures for cerebellar patients
was normal; some bf these - patien£5 exhibited dysmetria of
horizontal saccades. Similarly Selhorst et al. (747" reported
that saccadic overshoot dysmetria occﬁrred in patients with
cerebellar disorders. Lesion experiments indicate that +the
cerebellum is not responsible for initiation and execution of

saccadgs, hut ;ontribufes to the precision with which a saccade
1D;alizes ‘a_ visual target wii;in a high acuity retinal regibn
(56). It is perhaps bncteworthy ?hat saccadic dysmetria in
cerebellar patients disappears in the dark (%4). Schiquhrenics
have been repoﬁﬁed to overshoot visula targets more often and
by greater amounts than normalg. (73,74). These findings' in
fact support, rather than. contradict, the hypothesis that

dysfunctions at the level of the cerebellum may be involved in

the aberrant eye movements found in psychotic patients.

_/ .
Cortical or Subcortical Basis for QOculomotor Disorder in

Psychosis?

Several.inveétigators‘(71,42,64) have ‘proposed that the-
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pursuit abnormalities -seen in psy;éptic patients Fepresenﬁs

cortical and not subcorticél'69é¥ﬁnction. Thié' conclqsion is

based on observatioas that eve movement behavior,gener;tea by
vestibular and brainstem mechanisms are normal in psychotics.
These authors, argquing from a- standpoint -of clinical
symptomatology‘énd distractability in these - patients, suggest
that the evye tfacking disorder is related to dysfunctioh in
frontal cortex. In the p;ese&t investigation, ‘the poorer
detection ‘By actively-ill  patients of target light
inggrruptions during light adaptiation’ and the: corresponding
significant increase in this ‘measure during dark adaptation
squests that their level of attention varied as a function of
lightipg condition.- 'Howeve;, sincé the f\light—rélated
signi?icapt_differenceﬁJOn the dependent variables and their
normalization, during‘ dark-adaptation persisted even in thase
subiects showing 10@% accuracy on button press response,
attention alégé cannot account for the preseﬁ% results . In
- !
additic;, the %indings thﬁt fixation supp;ession diq -not
improve and that fixationu of a stationary target, although
normalized, actually _gecreased in efficiency i during
dark—adaptation dolnot suppért an attentional hypothe;is. Both
measures were significantly' ‘cérrelated with tracking

performance and _woufd have been expected to improve if

attention alone were responsible for the aberrations.
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af importancé in this regard, asiweli, is the fact ‘that
. . . . . , KA
the arguments in sdbpbrt of an exclusive cortical- localization

for oculomotor dysfﬁnction have not ncorporated the, .presence

.

of dberrant fixation .suppression in these patients (58,59)-~a

[

o

finding which is replicated in this study along . with

observations of impafrmen#s of both smooth pursuit tracking arnd

fixation. The +indfng that @4 of the actively-ill patients who .

had aperranf tracking also had low fixation suppression scores
provides evidence for the idea that these aberrations result
from - a common or associated influence. Additional support for

this notion of an interrelatedness and’ subcortical invol vement

in oculomotor dysfunction comes froem the fact that even';hough'

"only S@Q% o+-actively-ill patients had aberrant fixation RMS,
0% of this subgroup also had high tracking errors and low

fixation suppression values while none of the control  or

~ remitted patients was abEﬁrant on all three of these eye

. forcibly for - _subcortical invol vement in eye tracking

dysfunction and draw attention to ﬁoséfbie vestibulo-cerebellar

: . .
involvement in this disorder. - ’

+

State-Trait Implications

Impaired pursuit tracking has been proposed as a trait

factor ® which may even serve as a genetic marker for

, schizophrenia (42,47,51). The bases for _this belief have

»

-

rvement control measures. Collectively, these findings argue -
. _
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included the high occu;reﬁce.. of aberrant 'tchking in
5chizophfnicppatients ( 50-80%; 47,48), tHe high concordance
rate between mcnozyggtic “twins fpr quality of trécking even
whén clin;cally discordant for 5:hiz$phrenia (42), and reports
of poor tracking in remitted schiszH?enics (35). The;stabiliéy
o¥ eye tracking _performénde taken tégether with the above
findings ‘makes it _tempttﬁg to accept this measure as a
- -

potential. genetic marker for wvunerability to schizophreriar
Strictly considered, a trait phenomenon should continue to Be
egpressed iH the .absence of active clinical symptomatology.
waever. reports }ndicating that the level o:“’tracking
impairment in remitéed schizophrenics is generallgp lower- than
that of actively-ill schizophrenics and often does not diffgr
from that ;Fcnormal coﬁtro;s (59,83,B4) are inconsistent with
the trait characterization of tracking.impairment. These latteé
observations ,in fact, suggest that tracking performance may
vary as a functioniof the clinical s?afé of the patienG.

, .

The results, of the -present investigation indicate that the
tracking performance aof both activef§1111 and remitted patients
were signifi;antly worse than controls on fixation suppression
and VAs during the 1light adapting condition—-- findings

consistent with a trait interpretation. However, active, but

not remitted, patients were significantly different from

--controls on the PRMS "measure. Furthermore, actively-ill
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patienté were éigni%icéntly worse thanp remitted patients on
fixation suppression, VAs and {ixagipn of a stationary target

and more than twice as many actively—-ill patients had abnormal

(one standard deviation from the mean score obtained by control

‘ﬁubjects) VAa, PRMS scores, fixation suppression and fixation

Rmshscéres relative to- remitted patients whose scores fell

ba&wEEn those of normal controls and actively-ill patients.

" These results indicate a deterioration of eye movement

-respcnses af actively-ill patienﬁs campared to remitted
pafients.‘The pfesence D% increasing évidence of d&ulomotor
ahnarqalities 'a;sociated with wor sening of clinical
symptomatology and the fact that only actively-ill patieﬁts had
abnormal respdnses onq all the discriminatiné dependent
varigbles y argues for a state--rather than trait--basis for

e

thése ocul omotor phenamena. State-trait differentiations

however, are difficult to support since they_ may reflect
fluctuations alang a continuum which may at times be
operationally indistinguishable. It is likely that the

state-trait &ontroversy will remain a point of contention in

this area for some time.
Conclusions R

The following statements summarize the results of this

.

investigation as they relate to the hypotheses.
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--~- A5 hypothesized, dgﬁﬁngléontinuous lighting patients

with ‘actiye psychotic éymptomafold&y showed greater impairment'
of smooth pursuit trééﬂig&w and ‘fixation thgn eiéﬁgr ncrmél

" céntrmls or patients with remitted psychotic 5ymptom?toloéy.
These findiqgs replicate previous findinés of such ‘aberrétions
“in psychotic patients (58,74) and their presence ig conjunction

with failure of fixation suppression indicatés a central

regulatory dysfunction.
¢ - .

Sy

~-— The hypothesis that the baseline smooth pursuit
tracking and fixation values of actively—-ill psychotic patignts

would normalized“quer dark—-adapting conditions was supported.

—

o N : -
: This normalization of pursuit tracking in psychotic

patients—-which is unprecédented in the litenaturet— cannot be
accounted for by methoéclogica}, procedural, or pharmacolfgical
variables. These findiﬁgs; in conjunction Qitp the presénce - of
reduced +fixation suppression in the same subjects , supports
‘

the argument for cerebellar involvement in the eye movement

—~ ahberrations of psychotic patients.

.

—-—— Visual-vestibular abnormalitieé previously reborted by
Jones and Pivik (59) were partfally replicated in  this
investigaticen. As prediéted, during light;adaptatinn psychotic
.patientS showefd failure of {ixatinﬁnéuppression. However, the

anticipated gréater impairment of .smooth pursuit tracking
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f ’ N
subsequent to vestibular activation. was not observed. The
. .
latter effect may have bheen related to the pverall higher level

-

of fixation suppression of the subjects in this study.

~—— Neither fixation suppression nor the smooth pursuit

.

L

tracking scores of actively-ill psychotic patients subEEQuént

to vestibular activation mnormalized during the dark-adapting

condition. These findings, though not in the predicted
direction, further support “the hypothesis of ?bnormal
visual-vestibul ar activation in psychotic patients. The

fiédings thgt the slow phase velocity of the actively-ill
patients during fixation supprESSiQp did not change with
background illumination, and that fixation suppression " became
less efficient in the dark, support the hypothesis that
cerebellar mechanisms are involveﬂ in these aberrant’ eye

v

movements.

In conclusion, striking parallels between results from

studies oFf neurological patients with cerebellar disea=ze- and

the results of the present strongly suggest that cerebellar
dysfunction may ccntrihute significantly to disordered pursuit
in psyé;iatric patients. These parallels include : a) an intact
veétibular system, “the presence of vestibular

hyperresponsivity, impaired fixation of a stationary target,

failure of Ffixation suppression and the presence of impaired



-

smooth pursuit tracking; b} the normalization of impaired

smoothhﬁpursuit following removal of target background by dark

adéptation (49)3; c) during post-—-irrigation fixation ‘the failure

of background illumination to further decrease the velocity of
the slow phase of nystagmus relative to that during',ffkatinn

-

wpbn no backgféund illumination 1is present (4%); d) the
normalization of fixation RMS in both péycb}at;ic and
cerebellar patiénts (3%); d) thé normalization duriné dark™
‘adaptation of the treﬁd tgwaFds hyperrésponsive i vestibular
responses Qenerall* reported in cerebellar ‘patients; Ksnd,

e) post-mortem and ., ;Dmputea_ tomoagraphy findings of

cerebellar damage in schizophrenics (30,108}. Deficiencies

"in cerebellar caontrol of saccadic eye movements have been

4 ] * i
suggested as a source of impaired tracking in

schizophrenics (65,5?), and the present results straongly

reinforce this notion.
[} B
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-Figure A. The maximum nystagmus slow phase velocity, in

\

degrees/sec, following: left -ear irrigation across lighting
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conditions. . F ]

Figure 8. The maximum nystagmus fast phase wvelocity, in

_degfees/sec, following left ear irrigation across lighting

conditions.
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Statistical Design

To determine whethér variations in the oculomotor
functioning df the three grpuﬁs' (i.e., controfs, remitted
psychotic patients and active-ill psychotic patients) varied
significantly across groups or testing situations, the
fmllﬁwing design was Qéed. Each.subject was tested and, his
performance on £he various independent wvariables examined under
both 1light and dark 'conditiong and for certain' variables
following bath right and left. ear irrigations. . The
statistical designs being used, therefore, are; 1. a two-
faétor design repeated over one factor (grouping x 1lighting
repéated over lighting}); and, 2. a three-factor desipn repeated
aover two fa:tgrs C{(grouping x lighting) x irrigation ,cepéated
over both lighting and irrigationl. Subsequently, unless other-—
wise indicated, group and subject differences across condi-
tions and testing sessions wefe analyzed..using repeated
measures analyses of variance (82; UCLA Medical School BMDP2V

program), and indicated post—-hoc analyses were conducted using

the Newman-~Keuls procedure. The Power of the Analysis of

: X
Variance F test was calculated for key variables and is

included in the ANOVA Tables (see Appendix C). Due to the
elevated number of analyses of variance being conducted a
Bonferonni test was performed. On the basis of results from the
lafter, the accepted significance level was decrea%ed from
p<.@3 to p<.022. Correlations were -performed using the

Pearson Product Moment correlation coefficient (see Appendix

D).
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}‘x‘\_ —
1 ANOVA TABLES
SLOW PHASE VELOCITY
-
1

SOURCE SUM OF DEGREES OF MEAN F TAIL

SRUARES FREEDOM SRUARE " PROB.
MEAN 89700.57711 ) 1 897@0.67711 454,38 0.2000
GROUP 229, 28862 2 114.64431 ?.58 D.5626
ERROR 11844. 89689 &0 197.41495
LIGHT 766.54673 1 766.54673 8.29 @.0055
.G 345, 56544 2 172.78272 1.87  0.1634
ERROR 5551, 26604 50 92.52110

. FAST PHASE VELOCITY .-
—_

SOURCE SUM OF DEGREES, DF MEAN, F TAIL

SGUARES FREEDOM SRUARE PROB.
MEAN 1082530. 35224 1 1082530, 35224 5375.84 2. 0000
GROUP 99. 96855 2 49,98427 @.03 @.9738
ERROR 103395, 64344 55 _ 1879.9207%
LIGHT 1@177.72431 1 10177.72431 18.88 ?.0001
LG 1948, 48493 2 974.242464 1.81 @.1737
ERROR 294652, 48357 55 . 539. 13606



SOURCE

MEAN
GROUP,
ERROR

LIGHT
LG
ERROR

SOURCE

MEAN
GROUP
ERROR

LIGHT
LG
ERROR

Sum OF
SQKARES

41757, 18394
131.86024
7726.63241

121.14265
252.95022
1733. 66008

SUM OF
SGUARES |

4126467. 61609
4944.18977
6£3920.39356

74.9904%
» 512.91347
18966.85168

FREQUENCY
, ™~
DEGREES OF MEAN
FREEDOM SQUARE |
1 41757. 18394
5 . 65.93012
65 118.87127
4
1 121.14265
2 126.47511
65  26.67169
DURAT ION
DEGREES OF MEAN
FREEDOM SRUARE
1 3126667 . 61609
2 2472, 09489
63 1014. 68879
1 74 %9049
2 254, 45673

63 S21.06114

351,28
.55

AD65.93

2.44
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TAIL

0.0000
2.5770

@. 0369
0.21720

TAIL

@.0060
-~2.0957

0.6195
@.4315



EDURCE

"MEAN
GROUP
ERROR

LIGHT
LG
ERROR

SOURCE

MEAN
GROUP
ERROR

LIGHT
LG

ERROR. .

EAR
EG
ERROR

LE
LEG
ERROR

SUM OF
SGQUARES

147960. 87957
353. 18934
15098. 18979

123.56219
3468.45664
5347.27470

SuUM OF
SRUARES

IL69231.32514
39953.84787
923%2.7@455

25351. 13636
385.87104
28873.713464

205%9.78182
 7B2.26166
15216.96818

802.57514
1283.34787

8449 .2B455-

!

LATENCY
DEGREES OF MEAN - F
FREEDOM SQUARE
1 14796@.07957  627.1%
2 176.59467 @.75
64 235.98912
1 123.56219 1.48
2 184.22832 ' 2.20

Y- S 83.55117

]

FIXATION SUPPRESSION

PQGE.}17

TAIL
PROB.

@.2000
@.4771

B.2284
@.1186

PGWER OF .29 AT p<.01

AND p<.@5
DEGREES OF MEAN F TAIL
FREEDDM SRUARE PROB.
1 , 1169231.32514  746.65 0.Q000
2 19976.92394 12.76 @. 0000
59 1565.97804
. ol
1 . 9551.13636  27.00 ?.0000
2 - 192. 93552 2.55 @.5825
59 353.79176 ‘
1 2059.78182 — 7.99 ?.0064
v 391.13083 1.52 @.2279
59 257.91471
1 8D2.57514 S.460 2.0212
2 - 641.673%4 4.48 0.0154

39 143, 20686



. SOURCE

MEAN
GROUP
ERROR

LIGHT
LG
ERROR

SOURCE

" MEAN
GROUP
ERROR

LIGHT
LG
ERROR

‘SUM OF
SQUARES

§£209.34862
3B9.59996
2743.99128

7.92623
123.78378
094.33552

SuUM OF
SRUARES

77052.@B2675
124468. 79227
42828. 650217

9679.11583
3055.17464%
244657, 69652

FIXATION RMS

DEGREES 0OF

FREEDOM

BASELINE

DEGREES OF
FREEDOM

PAGE 118

POWER OF .60 AT p<.01
.80 AT p<.0S

MEAN E TAIL
SQUARE PROB.
6209.54062  130.77 0. 0000
194.7999 4.10 0.0212

47.4837
7.92623 .89 B.3501
61.89189 6,92 @.0019
8.59409@

VELOBCITY ARRESTS )

POWER OF APPRDX. .99
AT p<.@1 AND p<.@S

MEAN F

TAIL
SQUARE PRDB.
77052.02675  107.94 2. 0000
6234.39614 8.73 9.0005
713.81087
9699.11583  23.60 0.0000
1527 . 58825. 3.72

@.0301
410.99494 ‘




SOURCE

MEAN
GROUP
ERROR

LIGHT
LG
ERROR

COND
oic]
ERROR

LC
LCG
ERROR

SOURCE

MEAN
GROUP
ERROR

LIGHT
LG
ERROR

¢

‘VELOCITY ARRESTS

(POST 1IRRIGATION AND BASELINE)

sum. OF
SQUARES

169361. 36894
25835. 95061
S5150@.46742

B88%77.38143
24649.31982
23312.462281

513.10%05
101.76482
20772.80@73

2260. 30034
773.71252
11982.70551

S5UM OF
SQUARES

11606.971860
410.01547
1993.2107%

151.22394
S52.14029
1241.72908

DEGREES OF
FREEDQM

MEAN
SQUARE

169361, 36894

12917.97531
B887.93%@%

88%7.3B8143
1324.65991
401.94177

513.102@5
-50.88241
358.13174

2260.30034
38&.85626
206.398B37

PURSUIT RMS

BASEL INE

DEGREES OF
‘FREEDOM -

PAGE 119

F TAIL

PROB.
191.04 0.00e0
14.55 2. 0000
22.14 0. 0000
3.30 @.0441
1.43 D.2362
@.14 @.B&679
10.94 2.0016
1.87 B.1629

POWER OF .74 AT p<.d1
POWER OF .8%9 AT p<.@3

MEAN
SQUARE

11606.91840@
.205.00774
32.148B56

151.22394
26.07014
20.02789

F TAIL
- PROB.
361.@4 @.2000
&.38 R @.B‘i?
7.53 @.0078
1.30 @.27%4



" SOURCE

MEAN
GROUP
ERROR

LIGHT
LG
ERROR

‘COND
CG’
ERROR

LC
LCG
ERROR

MEAN
GROUP
ERRCGR

LIGHT
LG
ERROR

~

PURSUIT RMS
(POST-IRRIGATION AND BASELINE)

i

SUM OF = DEGREES OF MEAN

SRUARES FREEDOM SQUARE
20204. 49972 1 20204 . 49972
567.84605 2 283, 92302
2885.58478 56 S1.52830
215. 66300 1 215. 66300
56.28044 2 28.14022
1428, 20319 56 25.50363
5.32602 1 | 5.32602
35.52491 o2 . 17.76246
465.90334 56 8.31970
4.41855 1 4.41855
&6.18089 2 3.09044
373.56680 56 6. 67804

1

BUTTON PRESS RESPONSE

R721B3.9664%9 1 Q72183.96644

44670@.52985 2 2335, 26493
44110.99474 58 . 76D.53439
\ ' |

643.55420 1 . 640.55420
472.87256 2 236, 03628

577@. 46842 <58 99.49083

PAGE 120
\.l
F EETST
PROB.
392.10 0. 0000
5.51 0. 0065
B.46 m.mms!i“’/
1.1@ . 3369
0.64  @.4270
2.13 0. 1278
0. 66 0.4192
B.46 | @.6316

1278.29 2.0000
3.@7‘//,)0.msaw

&.44 @0.013%9
2.37 @.1222

-
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CORRELATIONS BETWEEN ALL INDEPENDENT VARIABLES
DATA, POOLED ACROSS ALL GROUPS

P

CONDITION = BASELINE

PURSUIT FIXATION
RMS 4 RMS

VELOCT1Y 9.789 2.376 ’
ARREST P=0.00 P=0.80 %
PURSUIT . 2.383 \
RMS , P=0.00 »
CONDITION = Innlsnﬁ}ug

PURRMS FIXRMS LATENC DURAT DISRHYT  SLOW FAST FRE@  FIXSUP
VELOCITY ©0.616 2.508 005 .@87 -@.811 ©9.393  @.,271 ,0.228 -0.3b4
ARREST P=0.00 P=8.0@ P=0.446 fP=0.08 P=0.42 P=8.08 P=2.00 P=0.00 P=0.00

. .,
PURSULT @.431 0.048 Y@.871 @.089 ©.224 @.120 0.021 -8.253
RMS . P=0.88 P=@13 R=0.12 P=0.B6 P=0.00 P=0.83 P=2.38 P=2.00
) ‘

' 1( A
FIXATION -2.018— 8.874 -0.101 @.367 ©9.335 Q@.148 -2.276
RMS  P=0.38 P=8.11 P=0.85 P=0.00 FP=0.00 P=0.28 P=0.00
LATENCY . -0.258 ©8.519 -0.282 -@.201 -0.492 -@,281

P=2.08 P=2.88 P=0.00 P=0.00 P=0.00 P=02.020

DURATLON -3.243  0.149 . 0.141 ©0.179 @.062
K P=9.08 P=0.88 P=0.01 F=B.00 P=0.15

¢ |

DISRHYTHHMIA : -9.375 <-0.482 -0.597 -8.207
- P=p.2@ P=0.80 FP=0.80 P=0.00

SLOW PHASE VELOCITY ] 9.749 ©.595 -0.043
5 P=p.00 P=0.0@ P=9.24

FAST PHASE VELOCITY ' 'S @8.465 0.81t
- P=@.90 Pa@.42
.’ .

FREGUENCY 9.035

P=d.20




CORRELATIONS: . WITHIN GROUP
GROUP = CONTROL s
CONDITION = BASELINE
PURSULT FIXATION
RMS RMS
VELOCITY  @.407 a.349
ARREST P=0.00 P=9.81
"PURSULT 8.282
RMS P=0.083
rd
GROUP = CONTROL
CONDITION = IRRIGATION
PURRMS FIXRMS LATENC DURAT DISRHYT
L d
VELOCITY ©.344 ©8.156 @.020 0.227 -~0@.22é
ARRESTS P=3.80 P=0.87 P=2.42 P=p.01 P=0.01
PURSULT 0.37 8.218  0.192 -@8.144
RHS . P=@,9® PR=0.02 P=0.03 FP=0.08
FIXATION -a.258 -2.93 -o.140
RMS P=0.29 P=0.36 P=0.89
LATENCY -8.331 0.34@
P=0,@8@ P=@,80
DURATION -9.342
P=9.08
DISRHYTHMIA
SLDW PHASE VELOCITY

-

FAST PHASE VELOCITY
L]

FREQUENCY

SLOW

2.104
P=0.16

8.156@
P=0.04

p:a?;;

~-0.307
P=0.08

B.146
P=0.08

-8.3469
F=0.00

FAST  FREQ

'@.835 @.1084
P=08.37 P=8.164

2.298 ©@.285
P=@.18 P=0.02

2.1i9 0.127
P=08.13 P=0.12

-6.170 -B.44d3
P=3.84 P=08.08

B.164 0.227
P=0.86 P=0.81

-0.348 -8.501
F=0.080 P=0.00

0.689 0.474
P=2.008 P=2.00

2. 487
P=0,00

FIXSUP

-8.047
P=0.26

-0.1i4
F=08.14

-0.144

P=0.09

-8.283
P=0.082

2.082
P=8.21

Q.1686
P=8.05

0,277 “O

P=0.02

-3-219
P=8.081

-0.184
P=8.84



CORRELATIONS: WITHIN GROUP

GROUP = REMITTED
CONDITION = BASELINE

PURSUIT

FIXATION -
RMS RMS
VELOCITY  ©8.818 2.302
ARREST P=@,00 P=0.02
PURSULT 2. 186
RMS P=2.11
]
_ GROUP = REMITTED
CONDITION = IRRIGATION
PURRMS FIXRMS LATENC DURAT DISRHYT
VELOCITY\ @.664 0.360 @.863 @.156 0.123
ARREST  PxQ. P=0.00 P=0.27 P=8.07 P=@.12
" PURSUIT .235 B.289 -0.838  9.229
RMS P=8.01 P=0.P@8 P=0.36 P=0.01
FIXATION @.844 8.833 0.040
RMS P=8.33 P=0.37 P=8.35
LATENCY -0.293  @.6479
P=p.90 P=8.00
DURATION -0.139
P=0.09
DISRHYTHMIA

SLOW PHASE VELOCTIY

FAST PHASE VELOCITY T

FREQUENCY

-

SLOW

f8.329

F=0.09

p.ar79
P=0.24

@.0283
P=0,22

-2.398
F=0.08

0.177

"P=8.85

-2.341
P=0.00

FAST

B.161
P=8.87

-8.0838
F=0.34

e.a7e
P=0.26

-@.335
P=0.00

2.279
P=0.26

-0.447

P=0.080

0.8677
P=B.08

A,
ERR

LN
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FREQ FIXSUP

~0.017
P=0.42

-2.191
P=0.04

-0.228
P=8.01

-9.09%
F=8.18

-0.005
P=0.47

~-0.364
P=@.00

-0.645
F=0.00

-0.382
P=9.80

0,247
P=0.049

0.0a9
F=0.486 .

-@.782
F=@.00

-0.332
F=0.09

9.588
P=0.98

.114
Pz9.14

0.1456
P=0.09

0.418
P=2.080

@.359
P=0.08



CORRELATIONS: WITHIN GROUP

6ROUP = ACTIVE
CONDITION = BASELINE

PURSUILT

RHS
VELOCITY  @.76%
ARREST P=0.00
PURSUIT
RHS

GROUP = ACTIVE
CONDITION = IRRIGATION

PURRMS FIXRNS
VELOCITY @.453  0.476

ARREST P=0.0@ P=B.00

PURSUIT 8.471
RMS P=0. 02

FIXATION
" RHMS

t
LATENCY

DURATICN
DISRHYTHMIA

r |
SLOW PHASE VELOCITY

FAST PHASE VELOCITY

FREQUENCY

FIXATION
RMS
g.208
P=0.03
2.404
P=0.00
LATENC DURAT
-2.129 @.266
P=0.12 P=0.00
-2.185 0.243
P=0.17 P=2.01
-@.115 8.287
P=0.15 P=2.00
-9.083
P=0.22

DISRRVT

-@.164
P=0.06

-0.923
P=0.41

-0.259

P=0.00

087

P=0.08

-0,272
P=g.00

SLOW
2.49@
P=8.00

0.316
P=0.2Q

2.560
F=0.00

-0.218
P=0.Q2

2.218
P=0.82

-@.473
P=0.08

FAST
G.369
P=0.00

0.243
P=0.81

B 535
P=0. 00

-0.0893
f=0.21

2.331

P=0.08@

-@.443
P=@.00

@.B4@
P=8.00
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FREQ

2. 301
P=@. 00

2.08%
P=0.21

Q.175
P=8.835

-2.398
P=0.88

8.154
P=8.07

-2.4638
P=0.88@

0.52¢4
P=8.80

6.594
P=p.0@

FIXSUP

-@. 238
P=@.20

-@.208
P=0.02

—Bo 102
P=0.17

-@.251

P=0.01

-0.087
P=0.21

-0.179
P=0.09

0.146
P=8.17

08,129
P=0.12

9.066
P=0. 26





