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Effect of adjunctive treatment with repetitive transcranial
ma(Fnetic stimulation on exploratory eye movements
and negative symptoms in schizophrenic patients la
randomized -double blind 8ham controlled study

Hai Ying CHEN %hi Juan ZHANG Ti un WANG Mue Min CHEN ™

Zhi Qing XIANG Mhen Xun SHI fian Hua SHENG

Background The lefi dorsolateral prefrontal cortex @LPFC {lis one of the crucial areas in ocular control that may
be involved in the abnormal Fxploratory Fye Movements @EM { seen in schizophrenia. Repetitive Transcranial
Magnetic Stimulation &TMS{ to this same region of the brain is a promising adjunctive therapy for the negative
symptoms of schizophrenia.

Objective >Assess the effects of rTMS stimulation on FEM abnormalities in schizophrenia and the relationship of
changes in FEM to changes in the positive and negative symptoms of schizophrenia.

Methods 46 inpatients with schizophrenia at the Shanghai Mental Health Center between June 2009 and February
2010 were randomly divided into an rTMS group & =24{ and a sham TMS group & =22 {. Both groups received
standand antipsychotic medication. The *TMS group received five adjunctive rTMS treatments per week for four
weeks using intermittent theta burst stimulation to the left dorsolateral prefrontal cortex. Patients were evaluated
using blinded assessm ents of the Positive and Negative Syndrome Scale @ANSS{ and tests of EEM =mcluding num -
ber of eye fixations score @& [F{fresponsive search score @SS {fand the differentiation score @ {i=before and after
the course of treatment.

Results23 patients in the intervention group and 19 patients in the control gwup finished the study. Both groups
had significant decreases in symptoms after four weeks of treatm ent but at the end of the treatment period both the
total PANSS score and the PANSS negative symptom score were significantly lower in the group that received ad-
junctive rTMS. The NEF score increased significantly @) e. fimproved{ in the real rTMS group afier four weeks of
treatment but not in the sham rTMS group <either group had significant changes in the RSS or D scores. However
the median percent change in the NEF score for the real rTMS group &@10% { was not significantly greater than the
median percent change in the sham rTMS group &@19% {.

Conclusion >Com pared to standard antipsychotic therapy f four week couse of antipsychotic medication with ad-
junctive 'TMS was more effective in improving both the negative symptoms of schizophrenia and one component
of the abnormal EEM seen in schizophrenia. High individual variability in responsiveness of EEM m easures to treat-
ment will necessitate relatively large samples to determine whether or not particular treatm ents are effective.
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1 Introduction

Abnormal eye movements in schizophrenia is
<3 .

a well documented phenomenon =~ . Many studies
assess these abnormal eye movements by evalua-
ting Fxploratory Eye Movements &@EM {Mspecific
ocular movements seen when gazing at static ima-
ges. Abnormal EEM are common in persons with a
diagnosis of schizophrenia om Kojima and col-
leagues = compared EEM in 145 patients with
schizophrenia M 16 patients with depression and
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124 normal controls <they found that the sensitivity
and specificity of FEM to schizophrenia were both
higher than 80% and that the two components of
FEM —the Responsive Search Score “RSS —and the
Number of Eye Fixations “NEF—score —were signif-
icantly lower in schizophrenia than in the other two
groups. Moreover fand RSS was a very stable indi-
cator of a diagnosis of schizophrenia that was not
influenced by the administration of antipsychotic
medications or changes in patients’ symptoms >
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though some studies report that EEM measures may
. . 7,81

change with symptom improvement ~°. Other
studies that highlight the potential utility of FEM as
biological markers of schizophrenia include the
finding that parents of persons with schizophrenia
have low RSS scores and the finding of a correla-
tion of FEM with chromosome 22q11 — a heavily
investigated candidate gene for schizophrenia = .

Despite the fact that EEM abnormalities are
one of the most well documented physical abnor -
malities seen in schizophrenia few studies have as-
sessed the biological basis for these abnormalities
or the effect of treatment on FEM. Fye movements
such as FEM are managed and regulated by the pa-
rietal prefrontal and supplementary motor areas of
the cerebrum. The dorsolateral prefrontal cortex
@LPFC {lis one of the crucial areas in this ocular

*1=> . .. . . . e
control” "<njuries in this area can lead to signifi-
. +2= .
cant eye movement disorders” . Thus fone might
hypothesize that changes which affect the prefron -
tal cortex might influence EEM .

Repetitive transcranial magnetic stimulate @MS {!
is a relatively new treatment in psychiatry that ap -
plies magnets to produce highly focused electrical
currents that stimulate specific points in the

. 3
brain ™ " ¥TMS to the DLFPC has been used as an
adjunctive treatment for the cognitive deficits of
. . F> o .
schizophrenia™ and for the positive and negative
. . . F5=
symptoms in schizophrenia™ . To our knowledge
no study has yet assessed the effect of rTMS on ab -
normal EEM and the relationship of rTMS-nduced
changes in EEM to clinical improvement. The pres -
ent study aims to assess the effect of adjunctive
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treatment with '”TMS to the left DIPFC on abnormal
FEM in patients with schizophrenia who have
prominent negative symptoms. We choose such
subjects because of the relatively poor effective ness
of antipsychotic medications for negative symptoms
and because some reports suggest that changes in
the DLPFC are closely associated with the negative
symptoms of schizophrenia o

2 Methods

2.1 Subjects

Patients who took part in this study were all
hospitalized patients with a diagnosis of schizo-
phrenia at the Shanghai Mental Health Center of
the Shanghai Jiao Tong University School of Medi-
cine. Participants were recruited between June

2009 and February 2010.

Inclusion criteria X {l meets diagnostic criteria
for Schizophrenia using the Diagnostic and Statisti-
cal Manual for Mental Disorders M4th edition
®SM- {12{18 o 55 years of age 3 { negative
symptom factor score of the Positive and Negative
Syndrome Scale @ANSS { 2204 —on a stable
medication regimen [(and 5 —had not previously
partticipated in an EEM assessment. Fxclusion crite -
ria > { prior suicidal or violent behavior 2 { contra -
indications for rTMS treatment such as metal im-
plants in the body or medical history of migraine M
seizure ®r abnormal EEG 3 { diseases affecting eye
movements < { significant cardiac fpulmonary Mor
other serious illness 4 { mental retardation <6 {! co -
motbid substance abuse 4nd 7 { currently pregnant
or breast feeding. ®ee Figure 1 {l

Figure 1.Flowchart of enroliment and treatment of subjects

1670 patients with a diagnosis of schizophrenia hospitalized at the shanghai Mental
Health Center between June 2009 and February 2010

in the study

46 patients who satisfied inclusion and exclusion criteria and were willing to take part

Baseline assessment of EEM and PANSS, then patients receive standard
antipsychotic medication and adjunctive treatment with rTMS five
times a week for four weeks (n=24)

1 case discontinued rTMS
treatment due to headaches

23 patients reassessed using EEM test and PANSS

Baseline assessment of EEM and PANSS, then patients receive standard
antipsychotic medication and sham rTMS five times a week for four
weeks (n=22)

2 cases discharged by family and 1 case
discontinued due to exacerbation of
hallucinations and delusions

19 patients reassessed using EEM test and PANSS

EEM=Exploratory Eye Movements; PANSS=Positive and Negative Symptom Scale; rTMS=repetitive Transcranial Magnetic Stimulation
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Higible subjects were randomized to rTMS
therapy or sham rTMS therapy based on a comput-
erized algorithm <the result for each subject was
provided to the rTMS technician the first time the
patient entered the rTMS treatment room. The treat -
ment protocol was approved by the Fithics Commit -
tee of Shanghai Mental Health Center. All of the
subjects or their accompanying family members
signed informed consent for the treatment.

2.2 Research Methods
2.2.1

Repetitive transcranial magnetic stimula -
tion

The circular magnet version of the Magpro
X100 transcranial magnetic stimulator produced by
the Medtronic Company in Denmark was used in
the study. The treatment protocol was based on that
reported by Grossheinrich and colleaguesd4$>the
position for treatment was the left DLPFC <4 treat -
ment session involved administering a total of 2400
pulses over a 22 minute period using an intermit-
tent theta burst stimulation pattern with a stimulus
frequency of 50 Hz and strength of 80% of the
patient’s motor threshold Zone treatment session
was completed five days a week for four consecu -
tive weeks @ total of 20 sessions{l In the sham 1T -
MS treatment patients were placed in the rTMS ap -
paratus for 22 minutes and exposed to similar
sounds as those experienced by rTMS but the mag -
nets were not activated.

2.2.2 FEM test method

We assessed EEM using the DEM 2000 eye
movement detector produced by the Shanghai Di-
kang Biotechnology Company fvhich automatically
records the trajectory of eye movements and analy -
zes the data. Subjects sit comfortably in a chair and
gaze at a small screen in front of them. The dis-
tance between the subject’s eyes and the screen
was 25 ¢m in order to keep the angle for moving
the eyes from the left border to the right border at
33 degrees. The first S shaped figure &1 {lwas dis-
played on the screen for 15 s and subjects were
asked to carefully observe the figure. The instru -
ment automatically records the number of eye fixa-
tion & EF{ points in the 15 s. Subsequently two
slightly different S shaped figures @2 and S3 {l are
displayed on the screen for 15 s Tand the subject is
again asked to carefully observe the figures and re -
peatedly asked ‘is there any other difference be -
tween this figure and the first figure ” until the sub -
ject answers ‘no difference . The instrument di-
vides S2 or S3 into seven regions the number of re -
gions the subject fixes on over a 5 second interval
is recorded as the ° responsive search score’
ARSS—The highest RSS score for each image was
seven and the maximum score for the two figures is

14 %= Higher NEF and RSS scores indicate better
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eye movement functioning. A discriminant score —
the ‘D score’ — is also computed by combining
the NEF and RSS resulis

€ =10.265 - . 065 NEF +0.871 RSS-eoThe
technician who conducted the FEM tests was blind
to the treatment status of the patients.

2.2.3 Assessment of psychotic symptoms

The Chinese version of the PANSS was used to
assess patients’ psychotic symptoms at baseline and
after 4 weeks of treatment. This instrument is used
widely in China and has good intemal consistency
®ronbach a=0.87 " 1. The evaluating research-
ers were blind to the treatment status and EEM re -
sults of the subject they evaluated.

2.3 Statistical analysis
All data were analyzed using SPSS 15.0 soft-

ware. Demographic data for the groups were com -
pared using tdests and Chi Square tests. Paired t-
tests were used to compare the before versus after
changes in PANSS and the FEM test scores @ EFM
RSS and D scores {. Several of the before versusaf-
ter percent change scores had skewed distributions
so change scores were compared using median
tests.

3 Results

3.1 Subjects

In total 46 patients with schizophrenia satisfied
inclusion criteria and 42 patients completed the 4 -
week trial. Four subjects dropped out in the first
week of the trial 4 patient from the intervention
group refused to continue r'TMS because of transi-
ent headaches during the treatment sessions @ con-
trol group subjects were discharged from the hospi-
tal by their family members for reasons unrelated to
the r'TMS treatment faind one control group subject
stopped because of an exacerbation of hallucina-
tions and delusions that required changing his med-
ication regimen. The discontinuation rate in the two
groups was not significantly different @&. 1% vs.

13.6% 11X =0.38 M >0.05 L

The 23 subjects in the intervention group who
completed the trial included 16 males and 7 fe-
males <heir mean @D {lage was 37.4 @1 .8 {lyears
@inge 23 55 {I<their mean duration of education
was 12.0 @.2 { years <heir median @) R{ dura-
tion of illness was 17 @& 23 {l years @inge 134
years{l<and the median duration of their curent
hospitalization was 11 ®25{months @nge 0.5 -
68 months { Their primary medication treatment
was a follows 5 received a mean dose of 4.4 ®.6{
mg/d risperidone & received 20 mg/d olanzapine <
4 received a mean dose of 22.5 &®.0{mg/d aripi-
prazole 2 received a mean dose of 550.0 @&o0. 7 {l

mg/d quetiapine <and 7 received a mean dose of
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332.1 (23.1 )mg/d clozapine.

The 19 subjects in the control group who com -
pleted the trial included 11 males and 8 females <
their mean @D {l age was 39.7 @3. 3 { years
@inge 18 52 {I<their mean duration of education
was 11.0 ®@. 6 { years <heir median @QR{ dura-
tion of illness was 13 @ 22 {l years @ange 232
years {<and the median duration of their current
hospitalization was 12 @26 { months &nge 0.5 -
58.5 months {. Their medication treatment was a
follows 9 received a mean dose 0of4.0 &.0{mg/d
risperidone 2 received 20 mg/d olanzapine 3 re-
ceived a mean dose of 23.3 ®@1.6 { mg/d aripi-
prazole 2 received a mean dose of 550.0 &0.7 {!

mg/d quetiapine <and 4 received a mean dose of
312.5 @5.0{mg/d clozapine.

The differences in gender fage Wyears of educa -
tion Muration of illness Mength of hospital stay Meat -
egory of antipsychotics Tand calculated dosages of
antipsychotics @sing chlorpromazine equivalents {!
were not statistically different between the two
groups. Seven subjects in the real 'TMS group and
eight subjects in the sham 1TMS group also re-
ceived a second antipsychotic &ata provided on
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request {l All subjects remained on the same dose of
the same antipsychotic medication throughout the
4 week trial.

3.2 Assessment of rTMS therapeutic efficacy
As shown in Table 1 .the total PANSS scores

and the subscale scores in the real and sham rTMS
groups were not significantly different at baseline.
After four weeks of antipsychotic treatment with or
without adjunctive rTMS teatment -the total PANSS
scores and the positive symptoms score -negative
symptoms score and general pathology score all
de creased significantly in both groups. At the end of
treatment the total PANSS score and the PANSS
ne gative symptom score were significantly lower in
the r'TMS group than in the sham TMS group [(the
PANSS general pathology score and the PANSS
positive symptom score were also lower in the rTMS
group but the differences did not reach statistical
significance. The median percent change scores af-
ter the four weeks of treatment are shown in Table
2 <he median drop in negative symptoms score and
in the total PANSS score was significantly greater in
the real rTM S group.

Table 1.Mean @D{ PANSS subscale and total scores and Exploratory Eye Movement @&EM{ test scores before and after

adjunctive treatment with rTMS or sham rTMS

Baseline Assessment Assessment after four we eks of treatme nt Beforj[;‘;s ater B;'ﬁlr)l;nvi:lMagﬂ
TMS  Sham rIMS rTMS  Sham TMS Paired Pared
®@=23{ ®=19{ tvalue Pvalue & =231 ®&=19{ t-value P-value e P~alue ttest P-value
PANSS SCORES
f;’;iive sympto m };'8131 }23'94977 -0.65 0.052 4! '75]77 1;'71917 ~1.65 0.107 4.16 <0.001 331 0.004
Negative symp - 25.51 2095 116 0254 2 SN0 289 0.006 8.20 <0.001 5.85  <0.001
gy"‘;f;fi patholo= 3852 Moy 0.00 0.997 3881 3053 190 0.065 771 <0.001  6.64 <0.001
Total PANSS score 7;'86417 ,764'59657 0.18 0.861 6@23297 Oy —2.49 0.017 7.69 <0.001  7.84 <0.001
EEM SCORES
Number of eye ool 20 0050960 P X000 22400030 -233 0.0 0.58 0.5
e Ao 48 oo FE 28 0060090 0.8  0.417 -0.99 0337
E’]i)sf'i‘é‘oii‘jm (‘1‘2‘9‘) (‘1"12) ~0.37 0.714 é'g) (41"13%) 0.48 0.636 .37 0.183  0.70  0.492

PANSS =Positive and Negative Symplom Scale ; M =Exploratory Eye Movements ;r'TMS =repetitive Transcranial Magnetic Stimulation
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Table 2. Percent change in PANSS and EEM scores after four weeks of real or sham rTMS adjunctive treatment

real 1TMS (n=23)

sham TMS (n=19)

Chi square for

median QR median QR median test paalue
PANSS SCORES
Positive symptom score -18 (-25-~0) -11 (-16 ~0) 0.10 0.757
Negative sym ptom score -13 (-21~-8) -7 (=11~ -4) 7.79 0.005
General pathology score -16 (-24~-12) -12 (=15~ -6) 1.47 0.226
Total PANSS score -17 (-21~-8) -9 (=13~ -6) 4.71 0.030
EEM SCORES
Number of eye fixations 10 (-3~43) -19 (-44 ~50) 2.40 0.121
Responsive search score 0 (-20~50) 20 (-25~50) 1.47 0.226
Discrim inant (D) score -14 (-40~12) -6 (-40 ~33) 0.10 0.757

PANSS =Positive and Negative Symplom Scale ; FM =Exploratory Eye Movements ;r'TMS =repetitive Transcranial Magnetic Stimulation ;

1 R =interquartle range

3.3 EEM results

Table 1 also shows that the differences in base 2
line NEF, RSS, and D scores between the two
groups were not statistically significant. After four
weeks of treatment the number of eye fixations
(NEF) score increased (i.e. ,improved ) signifi2
cantly in the group that received adjunctive rTMS
but the RSS and D scores did not change signifi2
cantly and none of the three measures changed sig?2
nificantly in the group that received sham rTMS.
Table 2 shows that the real 'TMS group had a me?2
dian percent increase in the NFF score of 10% after
four weeks of adjunctive rTMS treatment and the
sham rTMS group had a median decrease of 19%
in the NFF score over the same period ;but this
difference was not statistically significant due to the
very wide range in the distribution of the percent
change scores for the FEEM measures.

4 Discussion
4.1 Main findings

Similar to our previous report on. adjunctive
treatment of schizophrenia with rTMS™ . this study
found that the addition of rTMS as an adjunctive
treatment to standard antipsychotic treatment signif 2
icantly improves the outcome for negative symp 2
toms (as assessed by PANSS) after four weeks of
treatment.

We also found that afier four weeks of adjunc 2
tive treatment with rTMS one of the measures of
abnormal FEM in schizophrenia — number of eye
fixations (NEF) ) had improved significantly. But
there was no improvement in the other measures of

FEM (BRRS and D scores) and the use of antipsy2

chotic medications without adjunctive rTMS did not
result in improvements in any of the measures of
FEM. This result is relevant to the debate about
whether or not abnormal FEM in schizophrenia can
improve with treatment NT: sug gests that NEF is a
state characteristic that can change over time while
RSS is a trait characteristic that does not change 02
ver time.

But our finding of improvement in NEF with
adjunctive r'TMS treatm ent needs to be replicated in
larger samples. Despite a 29 % difference in the be 2
fore Zersus Afier percent change scores between the
real and sham rITMS groups (+10% vs -19% ),
this difference was not statistically significant due to
the very wide range in the percent change scores
for the NEF measure. Thus the high individual vari2
ability in the responsiveness of these scores to treat2
ment necessitates large samples to determine
whether or not treatment is effective. This high vari2
ability in responsiveness may be one of the reasons
for conflicting results in previous studies about ab?2
normal FFM in schiz ophrenia.

4.2 Limitations

The major deficiency of the present study was
the relatively small sample size and the relatively
short duration of adjunctive rTMS treatment. Given
the wide number of potential confounding factors
simple randomization may not have adequately
balanced the two groups. To minimize the effect of
potentially imbalanced groups we also used the be 2
fore versus after change scores to compare the effi2
cacy of the two treatment modalities (antipsychotic
medication with or without adjunctive rTMS ). One
subject withdrew from the intervention group for
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reasons apparently related to the rTMS treatment
(reported headache during the treatment)and three
other subjects were dropped from the control group
for reasons unrelated to the 'TMS treatment ; given
the small proportion of dropouts (8. 7% ) we did
not include these treatment failure results in the
analysis. The drawings used for the EEM tests were
the same at baseline and at four weeks after starting
treatment ;this could have affected the second eval 2
uation but there is unlikely to be much camy Bver

learning effect over the 4 Jreek interval between
the two tests and the use of similar procedures in
both groups means that any leaming effect would
be similar in both groups and ,thus ,have litile effect
on the overall results about differences between the
two treatment conditions.

4.3 Implications

The 5 2ay Der & eek reatment schedule for rTMS
used in this study may make this impractical in rou 2
tine clinical care,but the importance of negative
symptoms to the social dysfunction experienced by
many patients with schizophrenia and the replica?2
ted effectiveness of r'TMS in treating these difficult
to treat symptoms justifies further research of this
new treatment modality. Among several other is2
sues ,the optimal duration of treatment and interval
between treatment sessions are yet to be deter?2
mined.

The fact that stimulation of the left dorsolateral
prefrontal region was associated with increased
NEF scores supports the notion that this region is
involved in the FEM abnormalities seen in schizo 2
phrenia. Nemolo and colleagues "lused fMRI to as?2
sess regional brain functioning during completion
of a visual exploration task similar to the EEM test
and detected a significant bilateral activation in the
prefrontal cortex and thalamus in normal subjects
that was deficient in patients with schizophrenia.
Our findings are consistent with this result. Whether
abnormal FEM is a byproduct of generalized dys?2
function of the prefrontal cortex in schizophrenia or
has a more specific etiologic relationship to schizo 2
phrenia remains to be determined.
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