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Eye Movement and Schizophrenia*

Chul Eung Kim, M.D.**

—— ABSTRACT

Eye movement dysfunction has been found in large numbers of schizophrenia patients and
their first-degree relatives and can be studied without the interference of deficits in attention,
motivation, clinical status and medication effects with relatively easy method.

Eye movement dysfunction has been proposed as a useful way of expanding the schizophrenia
phenotype in genetic studies.

I review the literature on eye movement dysfunction with respect to syndrome and familial
specificity and the quantitative assessment of eye tracking. I hope that the etiology and the
pathophysiology of schizophrenia can be clarified through this eye movement study.
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Table 1. Classification of saccades

1. Volitional saccades : elective saccades made as part of purposeful behavior

1. Predictive, anticipatory ; saccades generated in anticipation of or in search of the appearance of a target at a particular

location

2. To remembered target ; saccades generated to a location in which a target has been previously present

3. Antisaccades ; saccades generated in the opposite direction to the sudden appearance of a target(after being instructed

to do so)

4. To command : saccades generated on cue

1. Reflexive saccades : saccades generate to novel stimuli(visual, auditory, tactile) that unexpectedly occur within the en-

vironment

II. Spontaneous saccades : seemingly random saccades that occur when the subject is not required to perform any par-

ticular behavioral task

IV. Quick phases : quick phase of nystagmus generated during vestibular or optokinetic stimulation or as automatic reset-
ting movements in the presence of spontaneous drift of the eye
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Fig. 1. A block diagram of the major structures that par-
ticipate in the control of saccades. FEF : frontal eye
fields ; SEF : supplementary eye fields ; IML : in-
tramedullary lamina of thalamus ; LIP : lateral in-
traparietal area : SNPR : substantia nigra, pars re-
ticulata. Not shown here is the pulvinar because of
its uncertain role in saccade generation. The pul-
vinar does, however, have connnections with the
superior colliculus and both the frontal and parietal
lobes ; it may be important for directing visual at-
tention. Negative signs indicate inhibitory pro-
jections.

£ ¥4 Fig. 29 2.

718 & 279 HE 7154 (electrooculog-
raphy) & AHEEI9oU 2abdlE g o resS &
o A3 SAE A3 A7 AF-E (bioelectric ar-
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(infrared(IR) limbus tracking) 4 (Fig. 3)& &1
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Fig. 2. A hypothetical scheme for horizontal smooth pursuit. Primary visual cortex(area 17) projects to the homologue

of the middle temporal visual area(MT) that, in humans, lies at the temporaloccipital-parietal junction. MT pro-
jects to the homologue of the medial superior temporal visual area(MST) and also to the frontal eye fields(FEF).
MST also receives inputs from its contralateral counterpart. MST projects through the retrolenticular portion of
the internal capsule and posterior portion of the cerebral peduncle to the dorsolateral pontine nucleus(DLPN).
DLPN also receives inputs important for pursuit from the frontal eye fields, which descend in the medial por-
tion of the cerebral peduncle. DLPN projects, mainly contralaterally, to the flocculus, paraflocculus and ventral
uvula of the cerebellum ; projections also pass to the dorsal vermis. The flocculus projects to the ipsilateral ves-
tibular nuclei(VN), which in turn project to the contralateral abducens nucleus. Note that the sections of brain
stem are in different planes from those of the cerebral hemispheres.
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Fig. 3. Headband with sensor assembly and scene camera,
Applied science Lab(model 210).

Table 2. Common clinical methods for measuring EM

&
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stz AlA 0154 A9 (visuooptokinetic) F3FE A28
7] AsiAE A HeEE -7’—76*]74 w2e A9
FHAgs) o @t

QoA &3] AHEHE o8 7HA] HA 717189 A
94e 59 Table 29} 2t}

HAZEY Exlel ¢tr2s o4t

AAgdy Al d7oA T Folrt e o
o= F Aozt AR o] HejAe (pathophy-
siology)$t ¥XH = CNS activities$} circuitry® 1}
B3 FAEG | o] 85X oh §xte] 7E oA <t
TEF o7t EAE7) fEol) AR fAd B
3 olsfie] N2E AL Ve dhe A& E F
Ak

AAEEY gx19] 25 0] Diefendorf} Do-
dge(1)el 93] A& 2= Y3 Holzmans (2)9 23l
A 29 =0} 2ol A7t AlRE F o veelA

\':

Method Application

Characteristics Reference

Electrooculography
(EOQG)

Ocular dynamics

Limbus tracking Ocular dynamics
Point of gaze

Scan path meas.

Corneal reflex Ocular dynamics
Point of gaze

Scan path meas.

Point of gaze
Scan path meas.

Pupil to corneal
reflex vector

Double
purkinjie image

Ocular dynamics including
flicks and drifts

Image stabilizat. on retina
Point of gaze

Ocular dynamics

Miniature eye movements
(incl. flicks, drifts and tremor)

Contact lens

High bandwidth

Eyes can be closed
Inexpensive

Drigt problem

Very poor position accuracy
Obtrusive

High bandwidth
Inexpensive

Poor vertical acc.
Obtrusive
Headgear slip errors

High bandwidth(if not video based)
Very large headgear slip errors

Accurate

Minimal headgear slip error
Unobtrusive

Low bandwidth

Head

Headgear(as most
commonly
implemented)

Headgera(as most
commonly
implemented)

Headgear or room

Very high accuracy Room
High bandwidth

Very obtrusive

Complex to perate

Best avail. accuracy Head

High bandwidth
Invasive
Obtrusive
Uncomfortable
Limited range
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Fig. 4. Examples of abnormal uacking. The stimulus was a
laser spot moving at 5 degrees/sec in a uapezoidal
fashion over a range of +15 degrees. Eye move-
ments were recorded using infrared oculography(a
and b). Low gain pursuit and square wave jerks ob-
served in a schizophrenic patient(c). anticipatory
saccadesand a few SW) recorded in a bipolar af-
fective disorder patient(d, e, f), simulations of the
same defects. For all simulations, In(S/N)=4.66.

914 (intrusive) saccade® ™ Fig. 59} #}.
ARG 8o saccade’t A T H]AA
8 gale) wiE S7idol gltie BaEe] wARK(T-

11) 28 grhs Ba% 9rk(12).

FA9] £% (target velocity)®} saccade ¥1&ol] izl
He 549 £37) BE e AN2EH A sac-
cader} Ark= Rl 92(13) ¥3¢ £571 =9
= 22 saccadeE THETHE R1E QITH(13).

¥H9 &xd A% ¢7Y £E HZ HYHE

gaind W@ A57} Bed, ¥ gain(F., catch-up
saccade : CUS) EE =2 gain(%., back-up sac-
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. (Top) Sample of smooth pursuit tracking recorded
in a patient with schizophrenia. Both corrective
and anticipatory saccades occurred frequently dur-
ing this eye movement recording(Bottom). Sample
of ‘smooth pursuit tracking recorded in a normal
subject, consisting primarily of smooth pursuit eye
movement closely approximating target position
with few saccades present. Abscissa=time elapsed
in milliseconds. Ordinate=degrees of visual arc ; a=
anticipatory saccade : C=catch-up saccade ; i=in-
trusive saccae ; E=eye tracing : T=target tracing.

cade : BUS)E B/}3t7] 913 saccade W1% 9 F7h=
84 gain e 3olA e BEH 59 A (sa-
ccadic intrusion)®] 7%= ##2 a7t ot

Saccade?] =7|(amplitude)el HHME ZAFEZ .
U X k= 9o} & Mathers} Puchat(9)-$ sac-
cade®] 2717} F7tslo] vt B ke CegalisT(11)2
28 grin Bustn gt e T 2 gaccade?)
Wed] gig ZALE B1E 3 9o YXg 222 e
AAoth(14).

CegalisT(11)2 BAELY A7 A4 =
73"1‘“31 2 (non-psychotic patients)d] b))
A &% % saccade?] £=7t 9] QIA W21
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=
T

.__4
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717k

2. Ma™ EM(Precise quantitative charact-

erization)

- Fole e 5EAHE & A7) AT =¥
£ Levin 5(14)9 o3} AlRHA= ZALES 84
o} Aol wwdA oAl 744l 738 (pattern) S 47

ENI

1) gain®] Z2~(decreased gain)
B gaind F4-% (pursuit) T FNE AAKH
AT 8 A gainol ZAaHol Yo Hu
i3, 15-19).
Gain®} SHF % o449 44 Byt = 0.90~0.
989} APAAE Roltke A7 ARE 21HD Yt
(16, 20).

2l

.__o]

2) Gain2 oL} saccaded #IZE= Afo|7} &

L 2e
[—

o

Ross%(12)2 AAEEH &x17} A4 vl3f @&

gaing 2t Aol gA|9k A A (corrective) Ev 3
%A (intrusive) saccadesd) HlEdE xlol& E°]7‘
Setty Bwusta o aga 25 g FAR

ga}e] oF vkgolA] T3t ¥ 9H], &%, ’e}(phase)ﬁ
o] BYX)(mismatch)E ¥Wgslz ‘=8 A% %5

(slow oscillatory movement)” o] &} g,

ol
AT

3) Gaink %1 saccade Bl=7} 57t =of
Ao
1AL ¢HTEE & AR H (impaired) FHL BAF]

7] 93 A =5 AARLL Q= saccaded] AT (su-
btyping)2 ¢tet Aol olzie Y o) dL sac-
cadeg] 29 (disinhibition) 9+ 4212 F UEH olg
& vlEo]Fe] AEL AMEF Litmans (219 21t
ct.

F0 Solgt HH9 gaind] 48 CUSY HIE7L A
AEEY AN FrtE] gtk Bax Tk,
, 22). 18v} Friedman% (22)° 93 231¥ gain
2oWA CUSY Wl=rt 718 #7382 AbelF(18)
A= X o] Ao BUXE o] &4
F3 2] BokgA (instability) & 9v1& 4 A}

%710} 9121} gain AolE §

wE7) 4 ¢

[
-

(7

4) Saccade ¥I=&

= A9 XA H(corrective) saccadeE
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Fig. 6. Graphic representation of the three tasks in study | and the two tasks used in study Il In the NSMR and NSMR
133 tasks, subjects fixated on the target while the non-target provided the motion information prior to the target
jump. In all tasks, the target was blanked out(“masked”) 14 msec after the step and lasting for 253 msec.

79 $2) AR g WA (tolerence)o] R2-& AAL
3=t Oepens(23)el 2siAgr Rus 3 g},

5) YA saccade(saccadic intrusion)2| 7}

7t UE B2

Leving(14)2 FAEEY Sl SWIH fA1eH
93 saccaded BEAAOY T F FAM Bag
2} eFkri(16, 19). Sweeneys(23)2 AT G Az}
7} Bl vlsl 9318 SWJo] A velhdtin ¥ 3
a2 ik,

Tz} AAREY 8xle pEE Aol #3 g
< A7AE BT8R GFEEY 7)Ao B A
R oM 7HA gle Aot a2lu U9 d7A
< AFET oY 7AE W] s S ¢
T FA(task) & Mt Ao $-83tE AXT}
12 Zo At} A 7= Maryland Psychiatric
Research Centeroll A o]Eolo] die] EAlslm gl&
Thaker?] #< 27}4] taskd] =4€ 29 Fig. 63
23 Fig. 72 RSMRI133 task® target®} 9] o4
A EFSEYAA YT ok 283 24 W
ol M= AR AAvkg 21 4 & sA ol
ATEF FAE AEsEte] sl ATt Ay
3 ith(Fig. 8).

Ho i

N

¢

OIZ2E o]Ate] S0|A(Specificity)

ARG 8z} obEeE ) ojE HMJo]EX] o]4e]
Ao A o] &) A7} giE Aol
0}9] 9] FAME HpeF o4
o] gith= Ao} 7] A+HH HarE . gleh(25, 26).

AT ool EolAd dsiAe Diefendorfet
Dodge(1)ell 93 FA=HUEH 15L& FAREHE &
2ol AHHQ b 5 AxT LAY FAlA
Hol& 473 vavn P}

LT ool AAEEY EAAN Y= B
o) AZojetE A& FAEEY #xle}t A5 #A
7ke] zpolol| tht B7-(1, 2, 26, 27), HIAAH A A
s}e] zpolo] B A2, 28) Tl Y& AXHz v},
antel F=A Aol @Aje BRI E T o4
o AFel7} glehs |27, 29), B4 Fof gzl A
Aelzre zlol7} flrke A1, 29)% U3 Tacono &
(30)2 schizophreniform, T2 AFAH T A/dels X}
o7} itk B s 8w glr}.

QT ojio] ANREHE AT YR ol
3 A7do] opele A7 HuER tt & 25 #x)d
ME 3% ool BAHAY AAA SN A4
ol wis] fejuig ¥ AeE Btk Ba(24, 31,
32)9} $-859] A% B2K(18), 718 AAlY FAK15) T

30,
e
B
Y,
rlo ©
2
v
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Fig. 7. The record illustrated response of a normal subject
in the RSMR,s; task. Only the begining part of the

trial is shown.
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Fig. 8. Step-ramp task.
saccadic gain=As/Ad
A, B & C are beginnig, end & desired end of the
saccade, respectively.

AN E ITF oldo] Bgrh= RuEo] gt

os} -2 BUX|o} PolegME tsiate] 47} A
< A, DA Aol NZ 2 49 24, 2gn M2 o
E AR Y Y 55 B & U 48] Ags
H|28}7] f8iME H4 4% (minimum velocity) F=
7H 71%(acceleration criteria)sl 278 computer
algorithm& ARE3}4] saccade’} A¥HEE & A3
ATFLF gaind 7]E} U2 MUEL J4 E¥E B
o)X @goz v A B FAEAY (parame-
tric statistical analysis)Z A& EA471 vty 23

=

=2

33 ATH(33).

Ot 23 O|adol] nst J1F o
(Family studies)

LFEE o)) 715 ) 33 (familial aggregation)
< RAEEY #A9 T o) BolAo] Bt 7
g FAolth. Holzman%® (25)& U4ddos #s
AAEEE FADSM-IDY A= 7} (first-degree
relative) 5 45%9A AFEF olAg Hol nuhdd
HIAAE Y 8219 715 Folle 10.5%, B89 7}
ZqM 8.3%T0] FEF oS YL Rudn
Ach DSM-II Btk 924 % AY 71ES 448 3¢ 8
] b 5 o) T 2 7HEY] SHEeF oAzt
Fo 94F @A g Aolge AAE UTH20,
30). 23U T olde] AE 71Fe] glE AR
Y &3 Fok FEF o] Y= ALk Utk
BT 3ITh(3, 30, 34). ‘

FAEGY 2] AEFAQ JHE /R E
% o]49] familial aggregation®] & E@2Q 474
Alx 9] ko] FA|oA 1= 1 Urk(3, 30, 34). 18
ool 22 715 ) S A5 HRAHA &
Ao S e 2R Getha k25, 30, 35).

BAFEY #29) AEFHQ) 7MEN AN o= ¢t
TE&F o9 & FHEL AT o] A
o2 AfAn FAEEH s AAYE A2 23
(biological trait)g VIR = RET}, o]9} & A}
AL Aol AfoA FlHm Jrh(34). FAEL
FAhd HAZEH 0|3 HR] e 9 H5A B
ol ¢HTEF o3 AL 2l el TEF o
& BAEEY FAA4 (schizophrenia genotype)
o & d& gdolgty AZ4E 5 g}

Schwartzs (36) 754 ARG #A9} v)7lE
4 BAEEY #x} 71e] b2 vlmol A 71 EA A
E8Y B A 2 AFEF oS BnE

o
0z

o] oky M (Stability)
9] 7}EO|A Mol k7L
AT Alzke] Aol uhat

&
il
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3R Feths B FA7 A Bartfai(370) 3
ALY GAE Aoz slod 44 FA, H94], 2
Fo] FA ZAA otFEF 2olE oA ¢}
AL EY o}d (subtype)zt Aol7} g Had)
%1, Schlenker$} Cohen(1995)& 529 9] AArela}
6379 ALY BAL 24 34 2AE 23} Ay
H]l 97 % s} HHE HolA] Yot A
Y AAEE T Q3 FAHLE o4& ANEF A
4 %3 (psychomotor soft signs)®} %, 283 an-
tisaccade task® A& LHE Aol itk Ru
iR =

A2 E O|Atmt HAHE
(psychopathology)

FET o) A Fadate] A B A
= BA & Adeld Holzman$(25)2 H7E5 of
gl e AAEEY #A) Alx Fole] HE7h o}
T BIAE Ao 2ho] A4ldE HAHBPRS) A
T8 ATEF OPFHT o= Ho 3 ABAAN AT
= Ba% 9t(38). ¢HtE5 9 o)A 2454 ne
gative symptom)7te] @Alo] tig A7 HE vy
UXE AT BAFHE BolT U=d] KatsanisH(39)&
o TEEH ST FVBAE B
Sweeney$(23)2 $43743 anticipatory saccadic
frequency9= d&A4e] 2129 pursuit gaind catch-
up saccade sizedh= A % F(trends)°] = BPRS,
SAPS HA Aeoh= 4ol slicke g vk gl
.

UM AlE AE 5(40)9 ATFNHE Crow
9 type [, IRANEEY AN AFEF olAr&o]
Z}7} 51.8%, 58.8%= Ao|7) QIQa 71EE ] §5a
g Aol itk B0 g sl o}

™

ob

ATRE OlAtT NHARISHE ZA}

O

MEF o) AAA Y HAALE AANA AN
dxjol Wy Azle He EAF RYE AANAR
= x¥o] go) 9JAt}. o) F winy 2Rt A3E
AHBE Litmans(21)& FANELH 829 low

tlo 9. Mo

S

pursuit gain® Wisconsin Card sorting test9}. %<
Fa7lsTe 2SR Aok BIE Sy
WCST+ dorsolateral prefrontal dysfunction2 %
Fstn2(4l) BAEEH A A7 29 7% ¥4
A E AT o8 d A7ALS KatsanisF(39)
o M= AAHAoU T Fof FAGME FAE
78X £59(42), Friedman’s (38)2 o179 &
T AFele] BUx ddozA oFF gAY 181
Y3ged 7198 B4 JRAClFG= AARE AL
MITEF ool FAAY He W JFtts] Bt
= Avrzel YA (diffuse brain damage)E ghdsh
3 3t '

23A saccade® FAH3k= A R posterior
parietal cortex, frontal eye field, supplementary
eye flelds, dorsolateral prefrontal cortex°]a sub-
cortical $-¢1+= caudate nucleus, superior colliculus,
cerebellumelet FEAF A Wala ArH43).

[+

Kl

FAREY 3R}l A Bol= kg o] o] AREE}
© 3N e o] opdrtehs 9ol Ay He]
gtov} ofg] AFEoA B o] obdS ¥
th. Litman$(17)& F4AH okEo] ¢hres F
gainoll 3k g3kl Q= B E 3193 Rea’(44)
< PN FES AT F 4T3 BEN 2
saccaded) = Z43t3 &2 saccaded] FE F71H
Ron 2 saccaded] T} Aot FAHANW FE9) &
Zatolo = Quiglis GARBAZ Avhs B1E 3
o} a2la 459 FARIY Sl A AMSehE v
& gAY 22 clozapined BF4 W 4=
9] z}o]2 A3 Friedman%(45)& A3 A A4
oF2e bR E ojddl FFE XA ¥out clo-
zapined FA 5§ JAZItHE BRE g 5y
ggo] 984 AAEIYTE 281 Litman's (46)-2 oF
B8 AR §& AE o AAEEY &t E 1E
9] A3 saccaded HoH clozapined] g W&o
X GUths RuE FEAM AF9AY A7t clo-
zapined] W& H3AHE 4= & e AF/ Bk

= Rug gy
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Table 3. Effects of drugs on eye movements

Drugs

Reported effects

Benzodiazepines -

- impaired smooth pursuit

reduced velocity and increased duration of saccades

- decreased gain and increased time constant of VOR

Tricyclic AD. -
Phenytoin -

partial or total ophthalmoplegia, opsoclonus
impaired smooth pursuit and VOR suppression

- gaze evoked nystagmus total gaze paresis

Carbamazepine -
Barbiturates -
Phenothiazines -
Lithium Carbonate -
Alcohol -

oculogyric crisis

— impaired smooth pursuit

Tobacco -
Beta Blockers

decreased velocity of saccades, impaired smooth pursuit
reduced peak saccadic velocity, impaired smooth pursuit

saccadic dysmetria, impaired smooth pursuit
reduced peak velocity, increased latency and hypometric of saccade

square wave jerks, impaired horizontal and vertical pursuit

diplopia, internuclear ophthalmoplegia

R DECEE RE ST BT
of e Z2% B Table 33} 21},

Z g
FTFEE ol YUHY JARLY BAA A v}
AR B9 JFRHY AN £ NER &

As o] Qx F2)2 (attention), F7}{motivation), ¢
& e (clinical status), 2FE9] 9% Foll LA
23 A7 & de Had BESEAE A A =
NFS A F= AT wgeln

223 IFEF o HATEYY FH AT o]
£9 F% 9},

A AR

e

LV 14
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