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Abstract

We examinedwhetherlateralvisual field stimulation(LSTM) could activatecontralaterabxtrastriatecortical areas
aspredictedby a large experimentaliterature.We askedsevenunscreened;ontrol subjectsto wearglassesiesigned
to allow vision out of eitherthe left (LVF) or right lateralvisual field (RVF) dependinguponwhich sidethe subject
lookedtoward. Eachsubjectparticipatedin a block designfunctionalmagneticresonancémaging (fMRI) studywith
alternating30-s epochsin which he was askedto look to one side and thenthe other for a total of five epochs.On
eachside of the bore of the scannerwe tapeda photographfor the subjectto view in the LVF and RVF. The data
were analyzedwith SPM99using a fixed effect, box-cardesignwith contrastsfor the LVF andthe RVF conditions.
Both LVF and RVF conditions producedthe strongestfMRI activation in the contralateraloccipitotemporaland
posteriomparietalareasaswell asthe contralateratiorsolateraprefrontalcortex.LSTM appeargo increasecontralateral
fMRI activationin striateand extrastriatecortical areasas predictedby earlier studiesreportingdifferential cognitive
and/or emotionaleffectsfrom unilateralsensoryor motor stimulation.
© 2004 ElsevierlrelandLtd. All rightsreserved.
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1. Introduction

Unilateral sensoryor motor stimulationappears
to producea lateralizedactivationof the contralat
eral hemisphereand enhancementf certaincog
nitive abilities (Lempert and Kinsbourne, 1982;
Walker et al., 1982; Drake and Bingham, 1985;
Levick etal., 1993;Wittling and Schweiger1993;
Schiff et al., 1999, aswell asthe modulationof
affect (Dimond et al., 1976; Schiff and Lamon,
1989; Wittling and Roschmann;1993; Schiff and
Lamon,1994;Schiffer,1997;Schifferetal., 1999.
One form of unilateral stimulation, lateral visual
field stimulation (LSTM), hasbeenusedto eval
uate subjects’physiologicaland/or psychological
responsesvhenvision is limited primarily to one
lateral visual field (left or right) comparedto
stimulation of the other field. LSTM has been
reportedto induce clinically relevantchangesin
the psychologicaktateof patientswith psycholog
ical disorders (Witting and Schweiger, 1993;
Schiffer,1997,2000; Schifferetal., 2002, aswell
as alterations,in control subjects,in heart rate,
blood pressure,cortisol (Wittling and Pfluger,
1990; Wittling, 1995), autonomicnervoussystem
control (Wittling et al., 1998a,d and affect (Wit-
tling andRoschmann]1993;Wittling andSchweig
er, 1993; Schiffer et al., 1999; Morton, 2003).

This extensiveliterature suggestghat unilateral
sensoryor motor stimulation might alter the bal
ance of hemisphericactivity. However, questions
remain as to whether unilateral stimulation can
selectively enhancethe relative activity of the
contralaterahemispheresincethe corpuscallosum
allows for rapid transferof information between
the hemispheresnd since most lateralizedstimu
lation techniquesdo not limit stimuli entirely to
one hemisphere.

Although two studies (Levick et al., 1993;
Schiffer et al., 1999 have reported lateralized
frontal and temporaltheta EEG shifts suggesting
brain activation contralateralto LSTM, we use
blood oxygenlevel dependentBOLD (Ogawaet
al.,, 1990 fMRI to provide further insights into
the neurophysiologicalbasis for the behavioral
resultsoutlined above.

2. Methods
2.1. Subjects

Of the sevenvolunteersstudied,five workedin
a researctdepartmentt McLean Hospital. Six of
the volunteerswere right handedaccordingto the
Edinburgh Inventory (Oldfield, 1971); the left-
handerwas male as were three others.The mean
age of the subjectswas 47 years(range27-59.
All signeda consentform approvedoby the IRB at
McLean Hospital.

2.2. Paradigm

Subjectsunderwenta block-designfMRI study
with alternatingconditionsthatvariedthedirection
of gaze.Eachsubjecthadhis or herheadstabilized
in the mid-line with paddinganda foreheadstrap.
Subjectswore safety glassesmodified so as to
allow vision out of either the LVF or the RVF
dependingon whether the subject’s eyes were
turned to the left or right. See Fig. 1A,B. An
artistic photographwas tapedon eachside of the
bore of the scannerso that the subjectscould
attendto it whenthey lookedto the LVF or RVF.

The fMRI scansfor eachindividual were per
formed in one acquisitionin which the subject
wasaskedto look to onesideuntil anexperimenter
instructed him through a speakerto look in the
oppositedirection. Each subjectbeganby being
askedto look to the left for 30 s, thenright for 30
s, thenleft, thenright andthenleft, eachalsofor
a 30-s period. Thus, the scanrun was for 150 s
(Fig. 2).

The lastthreesubjectsn the studyrepeatedhis
protocola secondtime, in the exactsamemanner,
exceptthat the subjectswere instructedto keep
their eyesclosedbut to movethemasif theywere
looking at the photograph.This paradigm was
performedas a control for ocular motion-induced
artifacts(in additionto the motion-correctioralgo-
rithms describedbelow). The absenceof contra
lateral hemisphericactivation in the eyes-closed
replicationwould enhanceconfidencan theLSTM
results.
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Fig. 1. (A) Tapedsafetyglasseghat were usedin the experi
ment.(B) A diagramof how looking to the left allowedvision
primarily out of the LVF and looking to the right allowed
vision primarily out of the RVF. (1) Nasalretina; (2) optic
nerve; (3) optic chiasmand (4) occipital cortex. When the
subjectlooksto theright, hecanseethe*T,” whichis primarily
focusedon the right nasalretina. At this time the left eyeis
occluded,andthe ‘G’ is not seen.

2.3. Imaging parameters
Images were collected on a 1.5 T General

Electric SignalLX scannerGeneralElectric, Mil-
waukee, WI). Functional images were acquired

with a single-shot gradient-echo echo-planar
sequence:TE/TR=40 ms/3 s; flip angle 90°;
matrix=64 xX64 on 20-cm field of view. We col-
lected28 axial slices,eachwith a thicknessof 5.0
mm and a gap of 0. Eachepochconsistedof 10
repetitions.

2.4. Data analysis

DatawereanalyzedandprocessedisingSPM99
(Wellcome Departmentof Cognitive Neurology,
London, Great Britain, http://www.fil.ion.bpmf.
ac.uk. After realignment (no individual had
motion greaterthan 0.8 mm in any of the three
axe9 and normalization (Montreal Neurological
Institute template,size of the voxels=2x2x2),
dataweresmoothed full width athalf maximum=
8 mm?). For the statisticalanalysisa fixed-effect
(box can design, convolved with the canonical
hemodynamicresponsefunction was used. Low
frequencyconfoundswere removedwith a high-
passfilter specifiedat 120 s. The analysiscom
bined all scansfor the group of sevensubjects.
We applied a thresholdwith a P value of 0.05
correctedfor whole brain multiple comparisons
and a clustersize of 8 voxels.The LVF and RVF
conditions servedas contrasts.Thesesamepara
meterswere usedto evaluatethe group datafrom
the three subjectswho repeatedhe protocol with
their eyesclosed.

A hypothesis-driverstatisticalanalysis combin
ing all eyes-openscansfor the group of seven
subjects,was also performedusing the samepatr-

LVF | RVF | LVF | RVF | LVF

0 30 60 90 120
:=>

150 seconds
Time

Fig. 2. This figure depictsthe protocol of the study. At time
zero, the experimentemsksthe subjectto look to the left, and
the subjectdoesso until the experimenteat time 30 s asksthe
patientto look to the right, andthe subjectdoesso until time
60 s when the experimenteragainasksthe subjectto look to
the left. This protocolis repeateduntil the end of the scanat
150s.
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Tablel
Statisticsand coordinatedor the largestclustersof activation

Anatomical Left lateralvisual field

Right lateral visual field

area

Cluster-level Voxel-level x,y,2 MNI Cluster-level Voxel-level x,y,2 MNI
P Cluster (maximawithin coordinates P Cluster (maximawithin coordinates
corrected size clustep corrected size clustep
P t zZ x y P t z X y Z
corrected corrected
OoTP 0.000 9536 0.000 153 Inf 20 —74 8 0.000 8252 0.000 159 Inf —12 —-92 30
0.000 13.0 Inf 34 —-74 —-18 0.000 13.7 Inf —30 —-76 24
0.000 12.4 Inf 50 —54 30 0.000 13.3 Inf —42 -84 -2
DLPFC™  0.000 1964 0.000 125 Inf 46 38 —10 0.000 2764 0.000 108 Inf 40 40 O
0.000 115 Inf 50 42 10 0.000 10.0 Inf —46 4 2
0.000 9.9 Inf 44 48 2 0.000 8.9 Inf —50 12 14

Heightthreshold:T=4.76, P=0.000(0.050 corrected) Extentthreshold:k = 8 voxels.

Degreesof freedom=[1.0,315.Q.

The x coordinateof the 3 MNI coordinates(x, y and z) indicatesthe hemisphereand positive numbersindicate the right

hemisphere.
" OTP=Occipitotemporahnd posteriorparietalareas.
“ DLPFC =dorsolateraprefrontalcortex.

ametersxceptfor anuncorrectedhresholdof P <
0.05. This was done in order to better test the
hypothesisthat LSTM would tend to activate
extensiveareasof the contralaterahemispherdut
not the ipsilateralhemisphere.

3. Results

Statisticsand coordinatedor the largestclusters
of activationunderLVF and RVF are providedin
Table 1. From the table, the LVF activationwas
strongestin the occipitotemporaland posterior
parietal areas(OTP) and in the dorsolateralpre-
frontal cortex (DLPFC) in the right hemisphere.
Converselythe RVF activationwas highestin the
sameanatomicalareasin the left hemisphereFig.
3 presentghe correcteddata (P <0.05, k=8) for
the seven subjects superimposedon a standard
renderedbrain. Fig. 4a. showsthe correcteddata
(P<0.05, k=8) in an axial slice at z=2 (i.e. 2
mm abovethe level of the anteriorand posterior
commissure(AC/PQ), indicating voxel ¢ score
intensitiesfor the combineddata from the three
subjectsperforming the protocol with their eyes
closed but moving them asif they were looking
to the LVF and RVF. The figure illustratesthatin

the eyes-closedconditions, relatively few areas
achievedthe thresholdcriteria for activation.Fig.

4b showsthe correcteddata(P <0.05,k=8) in an
axial slice at z=2 mm for the group of seven
subjectswhenthe subjectslookedin the LVF and
the RVFE. By visual inspection of the statistical
results displayed on the axial slices, the major
areasof activationwere in the contralateralOTP
and DLPFC. The medial prefrontal cortex was
activatedbilaterally in the LVF condition. Fig. 4c

shows the hypothesis-driven,uncorrected data
(P<0.05, k=8) in an axial slice at z=2 mm
indicating voxel #-score intensitiesfor the group
when the sevensubjectslooked in the LVF and
the RVF. By inspection,at 2 mm abovethe AC/

PClevel, mostof the contralaterahemispherebut
not the ipsilateral hemisphere passedthis lower
thresholdof activationin both the LVF and RVF

conditions.

4, Discussion

Althoughthereis awealthof literatureon vision
and brain imaging (Paradiso,2000; Miki et al.,
2001) moststudiesinvolve lower level processing
and/or full visual fields, and so are not directly
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Fig. 3. The correcteddata(P < 0.05,k=8) for the sevensubjectssuperimposedn a standardenderedrain. Redindicatesclusters
activatedduring LVF stimulation,and greenindicatesclustersactivatedduring RVF stimulation.

comparableto the presentstudy (Senior et al.,
2000) A number of studies have used brain
imaging in visual hemifield attentionstudies,and
these have generally shown contralateralextra-
striate cortical activationin the superioroccipital

gyrus and the occipitotemporajunction (Mangun
et al., 1998; Macalusoand Frith, 2000, and the
posteriorlingual gyrus (Heinzeet al., 1994; Van-
denbergheet al., 1997). Vandenbergheand asse
ciates also found ipsilateral frontal activation
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Fig. 4. (a) The correcteddata(P <0.05,k=8) in an axial slice at z=2 mm (approximately2 mm abovethe level of the anterior
commissurg indicating voxel ¢ scoreintensitiesfor the three subjectsperformingthe protocol with their eyesclosed,but moving
their eyesasif they were looking to the LVF and RVF. (b) The correcteddata (P <0.05, k=8) in an axial slice at z7=2 mm,
indicating voxel ¢ scoreintensitiesfor the group of sevensubjectswhen the subjectslooked in the LVF andthe RVF. (¢) The
hypothesis-drivenyncorrecteddata(P < 0.05,k=8) in an axial slice at z=2 mm, indicating voxel ¢ scoreintensitiesfor the group

whenthe sevensubjectslookedin the LVF andthe RVF.
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(Vandenbergheet al., 1997). Left and right eye
monocular stimulation using alternating 40-s
epochgevealedobustcontralaterahctivationlim-
ited to the visual cortices(Toosyet al., 2001).

The presentstudy, to our knowledge,is the first
imaging study of LSTM. With hemifield attention
studies,the subjectfixates both eyesat a central
point andis askedto attendto a taskin eitherthe
left or right half of his full visual field, asimages
are presentedo both fields of both eyes.Monoc
ular stimulation could be expectedto activatethe
contralateral visual cortex since each retina is
connectedto both hemisphereswith abouta 3:2
preferencefor the contralateralhemisphere(see
Fig. 1b). With LSTM as usedin this study, we
believe the preferencefor the contralateralhemt
sphereis greaterthan with hemifield attentionor
with monocularstimulation becausethe imageis
presentedprimarily only to the nasal portion of
oneretina,the segmentonnectedo the contralat
eral hemisphereThe tapedsafety glassesusedin
this study are not capableof limiting vision to
only the nasalportion of the retina, but they can
be expectedo preferentiallyallow for stimulation
of that sectionof the retinaandthereforemight be
expectedio generatea strongerstimulationof the
contralateralhemispherethan hemifield attention
or monocular stimulation. Each subject was
instructedto look at the picture with half of his
eye, fixating on the edgeof the tape, but we did
not monitor the eye’s position, and it is possible
that somesubjectsmight have beenable to move
their eyesso that the fixation point was lateralto
the tape’s edge. To the extent to which that
occurred,the condition would have changedrom
LSTM to monocularvision, and this would have
lessenectontralaterahemisphericactivation.

We consideredalso that the corpus callosum
allows the transfer of information betweenthe
hemispheresNeverthelessan accumulatingbody
of evidence,as discussedn the introductionand
reviewed in detail elsewhere (Schiffer, 1998,
2000), has suggestedhat unsopbhisticatedynilat
eral sensoryor motor stimulation can influence
cognition and affect. All of these studieswere
predicatecbn the hypothesighatunilateralsensory
or motor stimulation producedcontralaterahemi
sphericactivationthat, in turn, influencedcogni

tion or affect. The presentresults are consistent
with this hypothesis.

4.1. Theoretical implications

Eventhoughthe aboveliterature had suggested
that unilateral sensoryor motor stimulation could
activate the contralateralhemisphereijt is, given
the fact of the corpuscallosum,unexpectedhat
suchstimulationwould not eventuallyactivatethe
entire brain more uniformly. Of course,our find-
ings do not indicate that only one hemispherds
functioning; ratherthey suggestthat, on average,
one hemisphere the contralateralhemispherejs
relatively moreactivethanthe ipsilateral.We must
addresshow it could be possiblethat unilateral
stimulation could relatively activate one hemk
spheremore thanthe other.

Thefirst possibility is thatthe resultsare dueto
an undetectedsystematicerror or are due to a
small populationthat may not, for someunknown
reason,be typical of the larger population. These
possibilities exist for all studiesand cannot be
ruledoutin this one,but our findingsareconsistent
with the hemifield attentionand monocularstim-
ulation studiescited above.Thesestudiesgenerally
found striate and often extrastriateactivation in
the contralaterahemispherealthoughnonefound
activationto the extentthat we did. After we saw
that the resultsof the first few subjectsindicated
a large degreeof lateralization,we felt we needed
evenmore stringentlyto rule out motion artifact,
gaze,or eye movementsas a significantcontribu
tion to our findings. We decidedto study the last
three subjectswith an additional condition: eyes
closed, but an otherwiseidentical protocol. That
condition did not producecomparablelateralized
activation(asindicatedin Fig. 4a), andwe believe
this suggestshatour findings are neitherthe result
largely of motion artifact, gaze, nor eye move
ments.

Ourfindingsareconsistentvith Wittling's (Wit-
tling and Pfluger, 1990; Wittling and Roschmann,
1993; Wittling and Schweiger, 1993; Wittling,
1995; Wittling et al., 1998a,b work, showingthat
videos presentedo one lateral visual field or the
otherin individualswith anintactcorpuscallosum,
could consistentlyevokedifferential physiological
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and emotionalresponsesThe resultsin this report
arealsoconsistentith anearlierfinding from our

laboratory that LSTM could predict which of

37 patientswith profound, refractory depression
would respondto a 2-weekcourseof rapid trans-
cranial magneticstimulation (rTMS) (Schiffer et

al., 2002. It is interestingthat rTMS is applied

over the dorsolateralprefrontal cortex, the same
frontal areathat showedthe most activation to

eachvisualfield in the presentstudy. Theseobser

vations could be coincidence,but they deserve
further study, especially with patients suffering

depression.

Onepossibleexplanatiorfor thefindingsreport
ed here is that the corpus callosum, in some
individuals, limits or inhibits the transferof inter
hemispheridnformation (Doty et al., 1994; Ringo
et al., 1994; Leavengoocand Weekes 2000; Reg
gia et al., 2001. Another factor could be that
LSTM might induce a high order (hemispherig
responsein some subjects.For example,a split-
brain study (Schiffer et al., 1998, reported a
patientbullied in childhoodwho appearedo still
be distressedaboutthoseeventsasan adultin his
right hemispheréout not his left.

Thus,this studyraisesquestionsaboutthe mech
anismsand significanceof the observedcontralat
eral activation, and we hope it will stimulate
further work from this perspectivanto the neure
physiologicalunderpinningsof psychologicalpro-
cesses.
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