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Schizophrenia and the Efficacy of
qEEG-Guided Neurofeedback Treatment:
A Clinical Case Series

Tanju Surmeli1, Ayben Ertem1, Emin Eralp1, and Ismet H. Kos1

Abstract
Schizophrenia is sometimes considered one of the most devastating of mental illnesses because its onset is early in a patient’s life
and its symptoms can be destructive to the patient, the family, and friends. Schizophrenia affects 1 in 100 people at some point
during their lives, and while there is no cure, it is treatable with antipsychotic medications. According to the Clinical Antipsychotic
Trials for Interventions Effectiveness (CATIE), about 74% of the patients who have discontinued the first medication prescribed
within a year will have a relapse afterward. This shows an enormous need for developing better treatment methods and better
ways to manage the disease, since current therapies do not have sufficient impact on negative symptoms, cognitive dysfunction,
and compliance to treatment. In this clinical case series, we investigate the efficacy of quantitative electroencephalography (qEEG)-
guided neurofeedback (NF) treatment in this population, and whether this method has an effect on concurrent medical treatment
and on the patients. Fifty-one participants (25 males and 26 females) ranging from 17 to 54 years of age (mean: 28.82 years and SD:
7.94 years) were included. Signed consent was received from all patients. Most of the participants were previously diagnosed with
chronic schizophrenia, and their symptoms did not improve with medication. All 51 patients were evaluated using qEEG, which
was recorded at baseline and following treatment. Before recording the qEEG, participants were washed out for up to 7 half-lives
of the medication. After Food and Drug Administration (FDA)-approved Nx-Link Neurometric analysis, qEEGs suggested a diag-
nosis of chronic schizophrenia for all participants. This was consistent with the clinical judgment of the authors. The participants’
symptoms were assessed by means of the Positive and Negative Syndrome Scale (PANSS). Besides the PANSS, 33 out of 51 par-
ticipants were also evaluated by the Minnesota Multiphasic Personality Inventory (MMPI) and the Test of Variables of Attention
(TOVA), both at baseline and following treatment. Each participant was prescribed an NF treatment protocol based on the results
of their qEEG neurometric analysis. Each session was 60 minutes in duration, with 1 to 2 sessions per day. When 2 sessions were
administered during a single day, a 30-minute rest was given between the sessions. Changes in the PANSS, MMPI, and TOVA were
analyzed to evaluate the effectiveness of NF treatment. The mean number of sessions completed by the participants was 58.5
sessions within 24 to 91 days. Three dropped out of treatment between 30 and 40 sessions of NF, and one did not show any
response. Of the remaining 48 participants 47 showed clinical improvement after NF treatment, based on changes in their PANSS
scores. The participants who were able to take the MMPI and the TOVA showed significant improvements in these measures as
well. Forty were followed up for more than 22 months, 2 for 1 year, 1 for 9 months, and 3 for between 1 and 3 months after
completion of NF. Overall NF was shown to be effective. This study provides the first evidence for positive effects of NF in
schizophrenia.

Keywords
biofeedback, electroencephalography, neurofeedback, neurometric analysis, schizophrenia

Received July 2, 2010; accepted May 27, 2011.

Introduction
Schizophrenia is a devastating mental illness that negatively

affects the health and well-being of the patients, their families,

and the resources of society. For the patient, it most often leads

to continued disability and a poor quality of life. The course can

be summarized as follows: about 45% recover after 1 or more

episodes, about 20% show unremitting symptoms and increasing

disability, and about 35% show a mixed pattern with varying

degrees of remission and exacerbations of different length.1
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The preferred treatment for schizophrenia is antipsychotic

medication. However, antipsychotic medications target symp-

toms, have side-effects when used long term, and are not always

effective. According to CATIE, about 74% of the patients who

discontinued the first medication will have a relapse within a

year.2 Another problem with antipsychotic treatment is that it

does not treat negative symptoms effectively. Antipsychotic

medication response is often defined as a 20% reduction in Pos-

itive and Negative Syndrome Scale (PANSS) scores; however,

this is difficult to translate into the real-world clinical setting.3

In real-life clinical practice, antidepressants, have a success

rate of only 40% to 50%. However, with quantitative electroen-

cephalography (qEEG)-guided NF which customizes the treat-

ment to the individual, this may increase to 80% to 90%.4

Patients with schizophrenia do not always comply with

treatment, and side effects make it hard to stay on medications

for a prolonged period of time. There is a great need for better

treatments to manage the disease.

EEG/qEEG in Schizophrenia

Evaluation of EEG and qEEG literature on schizophrenia is

complicated by heterogeneity of the illness and diversity of

medication and dosage levels. In spite of these differences,

there is considerable agreement. Abnormal EEG findings are

seen in 20% to 60% of patients.5–7 Most often EEGs have been

characterized by decreased alpha activity and/or increased beta

activity.6,8–16 Others have reported shifted alpha mean fre-

quency or reduced alpha responsiveness6,9,17 and increased

slow activities.14,18–21 Negative symptoms have been corre-

lated with delta waves, especially in temporal areas,22 coupled

with decreased alpha and increased beta. In studies conducted

by John et al 5 subtypes were detected by cluster analysis.

qEEG profiles were characterized by increased theta and

decreased alpha and beta in anterior regions; excessive beta

in anteriotemproal regions; increased theta and alpha with

decreased beta; increased alpha with a decrease in all other

activities especially delta; and theta in frontal areas, and exces-

sive theta and delta in posterior areas.23 Groups identified by

this cluster analysis have displayed different responses to treat-

ment with haloperidol24 or risperidone.25 Additional evidence

of heterogeneity has been provided in qEEG studies by other

groups.26,27 Other studies have shown greater coherence in

patients compared to healthy controls.28,29

Antipsychotic medications, especially neuroleptics, tend to

normalize qEEG deviations (ie, increase alpha power and

reduce beta power).21,30,31 Medication was associated with clini-

cal improvement and increases in spectral power but not with

changes in coherence values. This confirms earlier investigations,

suggesting that increased coherence reflects the presence of

anomalous cortical organization rather than medication effects

or transient states related to acute clinical disturbance.32,33

Other studies have shown that neuroleptics increase slow

activity and decrease beta activity.34–36 However, there are

reports of increased delta in patients off medication for several

weeks11,14,37 and reduction in delta or theta when medication

is resumed.30,38,39 The decrease in alpha power was associated

with patient’s psychotic symptoms40,41 and clinical improve-

ment in negative symptoms following clozapine treatment was

correlated with the degree of photically driven alpha EEG nor-

malization in the frontal cortex.42,43

NF in Schizophrenia

NF is an operant conditioning paradigm whereby patients are

given contingent audio/visual rewards for producing specific pat-

terns of brain wave activity. Since the 1960s, studies have shown

that through NF patients can be taught to promote normal func-

tioning of the brain by normalizing dysfunctional brainwave pat-

terns characterized by excessive slow wave activity.44,45 NF

presents the user with real-time feedback on brain wave activity,

typically in the form of a video display and sound. The aim is to

provide real-time information to the Central Nervous System

(CNS) as to its current activity. For instance, people are asked

to increase beta or sensorimotor rhythm (SMR) and decrease delta

and theta. When the desired paradigm is accomplished, the patient

is rewarded with a moving display and/or a sound. This is operant

conditioning. In this study, the participant had to keep an airplane

on the monitor above or below a set threshold. When the condition

was not met, the tone stopped. Rewards included the receipt of

points. Manual threshold setting was used since auto thresholding

made the threshold too easy to reach, and no learning takes place.

Eric Kandel won a Nobel Prize in 2000 for showing that

synaptic mechanisms of classical conditioning and operant

conditioning (including RNA/DNA mechanisms) are universal

throughout the animal kingdom, including humans. There is

sensitization and habituation which are also scientifically

understood but are not generally effective or long lasting and

do not involve the same plasticity mechanism as operant and

classical conditioning.46

NF can help attention-deficit hyperactivity disorder

(ADHD) and social skills of children with ADHD,47–49 seizure

disorder,50 learning disabilities (LD),51–54 substance abuse,55–57

depression,58–61 personality and mood instability,62,63 and in

significantly improving or redressing the symptoms of

post-concussion syndrome (PCS),64–68 as well as improving

similar symptoms in non-PCS patients.68

In a study of slow cortical potentials, NF showed an increase

in cognitive functions in patients with schizophrenia.69–71

Another controlled case study showed the benefit of NF for sleep

problems in chronic schizophrenia.72 Of 150 schizophrenic

patients, 143 were discharged after self-regulation galvanic skin

resistance (GSR) training. This group had an average hospitali-

zation of 9 years (maximum 45 years). After the biofeedback

(BF) treatment, they remained out of hospital for 3 years.73

There are reports of successful stress reduction with EMG BF

in patients with schizophrenia.74,75 Although these were BF

paradigms and not NF, they demonstrate the feasibility of oper-

ant conditioning with schizophrenia.70

Current available evidence does not provide enough infor-

mation to predict which antipsychotic will provide the best

treatment with the least side effects. Therefore, current drug

134 Clinical EEG and Neuroscience 43(2)



selection involves a trial and error approach.71 One-size-fits-all

treatment may not be beneficial and more personalized treat-

ments may be more helpful. Using low-frequency (1 Hz) stimu-

lation with repetitive transcranial magnetic stimulation (rTMS)

over the left temporal–parietal cortex, Hoffman et al,76 found

statistically significant decreases in auditory hallucinations in

schizophrenia as compared with sham stimulation. These results

have been replicated by d’Alfonso et al.77 Rollnik et al78 used

fast rTMS of 20 Hz at 80% motor threshold in schizophrenia,

and found that 2 weeks of daily treatment over the left dorsolat-

eral prefrontal cortex significantly reduced psychotic symp-

toms, whereas depressive and anxiety symptoms did not

change. These rTMS studies raise the possibility that NF could

be an alternative treatment for depression79 and schizophrenia.

While NF has been extensively studied in the treatment of

many disorders, there have been no published reports on its

clinical effects in the treatment oF schizophrenia besides its

utility in sleep.

Materials and Methods

The study included 51 participants (mean age 28.8 +7.9 years)

of whom 25 were male (mean age 27.8 +5.8 years) and 26

were female (mean age 29.8 + 9.6 years). Education levels

were: 1 elementary school graduate, 4 middle school graduates,

2 middle school dropouts, 17 high school graduates, 1 attending

high school, 1 high school dropout, 15 university graduates, 8

attending university, and 2 university dropouts. The average age

of onset of the illness was 20.5 years (+6.7 years), and the aver-

age duration of the illness was 8.8 years (+6.9 years). Of the 51

participants, 24 had a family history of schizophrenia. All used

medication prior to the treatment. The mean of the total number

of medications in the past was 3.4 (+ 2.1), and currently was 1.6

(+ 1.6). Eight of the 51 had been hospitalized previously, and

all had been treated as outpatients.

All patients met Diagnostic and Statistical Manual of Mental

Disorders (Fourth Edition [DSM-IV]) guidelines for schizophre-

nia, had received at least 1 ineffective treatment and had a total

PANSS score of 70 or above. Additionally, the participants had

no physical illness and laboratory tests (hemogram, B12, B6,

folic acid, thyroid stimulating hormone (TSH), and urine drug

screening for illicit drugs) were normal. Finally, the baseline

NxLink Database classification showed similarity with the schi-

zophrenia discriminant at the P < .01 level or better, confirmed

with the clinical judgment of the first author. Subjects with a

comorbid psychiatric disorder, a history of past or present drug

abuse, a head trauma with loss of consciousness, a risk of suicide

and/or abnormal blood test results were excluded from the study.

PANSS, MMPI and TOVA were administered to all partici-

pants. Data were not obtained from those whose cognitive state

invalidated the results. PANSS was obtained from all 51 parti-

cipants, and MMPI and TOVA from 33 participants.

To ensure that the baseline EEG was not contaminated by

any medication, all participants were washed out for 7 half-

lives of the medications (eg, if they were on risperidone, the

7 half-life of the medication is 6 days, so qEEG was recorded

on the seventh day). qEEGs were recorded with a FDA

approved Lexicor Neurosearch-24 qEEG system (software ver-

sion 3.10). Samples, at 128 samples per second, were analyzed

using the FDA approved Nx-Link database software (version

2.40). This neurometric approach is based on quantitative mea-

surements of electrophysiological data which reflect various

aspect of brain function and is based on the work of John et

al. It provides a precise, reproducible estimate of the deviation

of an individual record from normal.80 EEGs were compared

with the NxLink database before and after treatment, as well

as after every 20 sessions. Divergence of electrical activity

from norms, guided NF training of the areas that showed devia-

tions from normal. In neurometric qEEG analysis, variables are

Z scores (distance from the norm in standard deviation (SD)

units. The rationale was that the participants who normalized

their qEEG Z scores would benefit the most. After the qEEG,

and only if necessary to avoid a full-blown psychotic episode,

medication was reintroduced. Otherwise, the participants

remained medication free. Antipsychotic medications could

not then affect the EEG, especially by increasing coherence and

coherence abnormalities. All the NF training was by Lexicor

Biolex software. The mean number of sessions was 58.5 within

24 days to 91 days. Each session was 60 minutes long (30-min-

ute rest between 30 minutes of training).

Electrode sites were based on the qEEG location of the deviant

Z scores. A general rule is to link the patient’s symptoms to devi-

ant Z scores located in regions of the scalp related to functional

specialization in the brain.65 The electrode sites for training were

based on the International 10-20 system except for FPO2 site.81

Because of the lack of publications in the area of NF treat-

ment in schizophrenia, we have relied on our clinical experience

in determining the brain areas to be treated. We first treated

hypercoherence, and then concentrated on areas that showed

increased relative power. This was done for all brain areas. The

list given below is a general summary of training protocols used.

Hypercoherence can be considered as a lack of differentia-

tion of brain functions or as a decrease in ‘‘flexibility’’ of

functioning.

FP1-FP2, F3-F4: Alpha coherence inhibit, alpha inhibit, beta

(21-32) inhibit;

C3-C4, P3-P4, T3-T4: Beta coherence inhibit, beta (13-32)

inhibit, delta inhibit;

O1-O2: Theta coherence inhibit, theta inhibit, beta (13-32)

inhibit.

Based on qEEG analysis

Pz: Inhibit alpha, theta, and beta monopolar montage;

O1: Inhibit alpha and theta monopolar montage.

The frontal and frontotemporal electrode sites below

were selected according to the participants’ qEEG. Brod-

mann Area 10 is consistent with the previous schizophrenia

research, which implicates this area in deficits of working

memory, executive functioning, emotional regulation, and

underlying biological abnormalities in synaptic (glutamater-

gic) transmission.82
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Sites which are helpful in attention, motivation, and inhibi-

tion of emotions, are:

Fp1-Fp2: inhibit beta, delta, and theta bipolar montage.

In Brodmann area 46 (F3-F4), in a study conducted by

Keriakous et al,83genes that are expressed differently in schizo-

phrenics have been identified. The changes in the gene expres-

sion may be related to the changes in the symptom profile of

progressing schizophrenia in some patients.83

This site has been found to be helpful in judgment, plan,

sustain attention, working memory, inhibition of responses,

and verbal episodic memory retrieval:

F3-F4: inhibit alpha coherence, alpha, and beta bipolar

montage.

Neurobiological and behavioral data are beginning to show

that a common element in schizophrenia is the dysregulation of

emotional arousal (eg, the hyperarousal associated with paranoid

symptoms),84 hypoarousal associated with negative symptoms,41

and cognitive deficits secondary to both hyper- and hypoarou-

sal.85 Although a large body of publications suggests a prefrontal

deficit in schizophrenia, newer findings suggest an imbalance, or

dysregulation between the 2 primary components of a prefrontal–

limbic negative feedback loop.86,87 This can be related to the

excitatory component of the amygdala,88,89 and the inhibitory

component provided primarily by the prefrontal regions.90,91

The right frontal pole orbital (FPO2) site is helpful in fear

and anxiety problems. This site is off the standard 10-20 system

and sits at the juncture of the right brow bone and the top of the

nose, in the inner corner of the eye socket.81

FPO2: reward alpha or theta; inhibit theta or alpha monopo-

lar montage.

The sensory area is usually used for its calming effect:

Cz-C4: reward SMR up; inhibit alpha and theta bipolar

montage and helpful in sleep;

Cz-C4: inhibit delta and theta bipolar montage.

Paranoid schizophrenia tends to show differences in BA10

and 46 and the prefrontal–limbic circuit.82,83 The correspond-

ing NF training lead was found to be helpful in paranoia:

F7-T3: inhibit alpha, theta, and beta bipolar montage.

The following sites may be helpful for auditory hallucina-

tions. Functional magnetic resonance imaging showed that this

group shows significantly lower connectivity between left tem-

poral cortex and left dorsolateral prefrontal cortex.92,93

F7-T3, T3-T4: inhibit alpha and theta bipolar montage.

This site below may be helpful for visual hallucinations

(VHs).

O1-O2, P3-P4: inhibit theta and delta.

The criteria used to shift from one site to another were the Z

score values of the qEEG, complemented by the first author’s

clinical experience.

Results

Of the 48 participants, 47 showed clinical improvement

after NF treatment, based on PANSS scores. The partici-

pants who were able to take the MMPI and the TOVA

showed significant improvements on these measures as well.

Of the 51 patients, 3 dropped out of treatment between 20 and

40 sessions of NF treatment and 1 out of 51 did not show any

response. Forty of the participants in this study were followed

up for more than 22 months, 2 were followed for 1 year, 1 was

followed for 9 months, and 3 were followed for between 1 and

3 months after the completion of their NF treatment. The mean

number of sessions completed by the participants was 58.5

sessions within 24 days to 91 days.

Based on the PANSS, the group, as a whole, showed a sta-

tistically significant improvement. At baseline the PANSS total

score (mean + SD) was 110.24 + 21.62 (positive: 20.22 +
7.22; negative: 28.66 + 7.22; and global: 60.36 + 11.77)

(Figure 1 and Table 1). Posttreatment, the PANSS total score

was reduced to 19.56 + 26.78 (positive: 4.30 + 5.30; nega-

tive: 5.30 + 7.38; and global: 9.96 + 15.32). The total change

in the PANSS total score was�90.7 (positive:�16.9; negative:

�23.4; and global: �50.4) which was significant at the P < .01

level based on a repeated measures analysis of variance

(ANOVA), with accounting for intraparticipant effects (F1,100

¼ 370.61, Z2(1,100) ¼ .88). Overall, the mean percentage

change observed in this group was 82% (+ 23%).

Based on the PANSS, 47 of the 48 patients responded to

treatment, as defined by a 20% or higher decrease in the total

score, the criteria used in clinical trials.3 This result was in

agreement with clinical observations. All participants tolerated,

and were compliant with, the treatment.
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Figure 1. Positive and Negative Syndrome Scale (PANSS) changes.
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MMPI was administered before and after treatment; how-

ever, results were only available for 33 out of the 51 partici-

pants. Four scores were analyzed (Table 2 and Figure 2);

schizophrenia, paranoia, psychopathic deviation, and depres-

sion (Figure 2 ).

There was a trend toward normalization in all the MMPI.

Changes were statistically significant (except for masculinity/

femininity and mania scores) based on a repeated measures

ANOVA, taking into account intraparticipant interactions.

TOVA was conducted at baseline and after treatment.

Previous experience with this test shows that patients with schi-

zophrenia have a tendency to perform poorly on the auditory

portion of the test.94 Tables 3 and 4 and Figures 3 and 4 show

it was true for this group of patients. There is a difference both

with the norms and between the visual and auditory T-scores for

this group. Data were available for only 34 participants since,

due to their symptomatology at baseline, not all participants

were capable of taking this test.

In general NF normalizes the T scores. As expected, the

auditory scores are lower (less normal) than the visual scores.

Although all scores showed improvement, in the visual subtest

only Omission Errors and Reaction Time Variability shows statis-

tically significant improvement. In the auditory subtest, all scores

shows statistically significant increases (albeit the Reaction Time

showed significance at a lower level) based on repeated measures

ANOVA, accounting for intraparticipant variability.

qEEG results were compared against the NxLink diagnostic

database (Table 5).

Of the 51 participants, 19 responded to treatment and their

brain electrical activity changed to the point where they could

no longer be classified as schizophrenic, using the NxLink

database (P < .01 chi-square). The qEEG of 31 did not change

enough to exclude them from a schizophrenic classification,

and 1 participant’s post EEG could not be recorded. These elec-

trophysiological changes do not indicate that the ‘‘clinical’’

diagnosis of schizophrenia has changed; it only indicates that

the brain electrical activity is no longer similar to that of

Table 2. Changes in the Severity of Illness Based on the Minnesota Multiphasic Personality Inventory (MMPI)

Score

Schizophrenia Paranoia
Psychopathic

DepressionDeviation

Pre Post Pre Post Pre Post Pre Post

Mean 67.91 54.21 65.79 53.64 72.00 59.33 69.94 54.94
Std. Dev. 15.00 10.06 13.49 6.87 14.22 12.99 14.31 13.67

Change �13.70 �12.15 �12.67 �15.00
F1,64 25.77 25.37 26.01 20.74

Z2(1,64) .43 .44 .45 .39
Significance P < .01 P < .01 P < .01 P < .01

40

45

50

55

60

65

70

75

Hs D Hy Pd Mf Pa Pt Sc Ma Si

Sc
or

e

Pre - Post MMPI Changes

Pre

Post

= Pre-Post changes significant at p<0.01 level

Figure 2. Pre-post Minnesota Multiphasic Personality Inventory
(MMPI) changes.

Table 1. Changes in the Severity of Illness Based on the Positive and Negative Syndrome Scale (PANSS)

Score

Positive Negative Global Composite Total

Pre Post Pre Post Pre Post Pre Post Pre Post

Mean 21.22 4.30 28.66 5.30 60.36 9.96 �7.44 �1.00 110.24 19.56
Std. Dev. 7.17 5.30 7.22 7.38 11.77 15.32 8.50 4.07 21.62 26.78

Change �16.92 �23.36 �50.40 6.44 �90.68
F1,102 251.97 275.34 340.27 24.45 370.61

Z2(1,102) .84 .85 .87 .33 .88
Significance P < .01 P < .01 P < .01 P < .01 P < .01
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schizophrenics and does not make any inferences to the clinical

symptomatology. The qEEG deviations from normal of the pre-

study EEG are as follows (Tables 6 and 7).

As can be observed, 73% of the participants show

increased alpha and 20% show increased theta activity.

Hypercoherence was seen in 63% of the participants and

asymmetry in 43%. At the end of the study, hypercoherence

decreased to 58%.

The qEEG of each of the patients was correlated with the

schizophrenia subclassifications of John et al.23 (Table 8).

Table 3. Changes in Test of Variables of Attention (TOVA)

Visual Subtest

Score

Omission Errors Commission Errors Reaction Time RT Variability

Pre Post Pre Post Pre Post Pre Post

Mean 75.58 92.67 100.45 107.24 98.18 103.85 76.30 91.21

SD 30.08 23.04 17.10 14.34 24.61 16.08 28.36 25.09
Change 17.09 6.79 5.67 14.91

F1,68 9.30 2.34 2.98 7.18
Z2(1,68) .21 .06 .08 .17

Significance P < .01 NS NS P < .01

Table 4. Changes in Test of Variables of Attention (TOVA)

Auditory Subtest

Score:

Omission Errors Commission Errors Reaction Time RT Variability

Pre Post Pre Post Pre Post Pre Post

Mean 69.58 84.70 69.21 89.15 68.12 74.82 87.06 96.30
Std. Dev. 27.48 24.73 26.92 22.12 18.83 15.31 18.42 20.01

Change 15.12 19.94 6.70 9.24
F1,68 10.09 19.25 4.18 10.43

Z2(1,68) .23 .36 .11 .23
Significance P < .01 P < .01 P < .05 P < .01
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Figure 3. Pre-post visual changes.
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The majority was in subtype cluster 3 (47%). Nine

participants (18%) did not classify with any of the subgroups.

However, these 9 subjects’ qEEGs were classified as being

similar to schizophrenics by the the NxLink Database. Post-

treatment, 44% of the participants did not change

classification, 20% changed, and 18% did not fit any of the

subtypes. Of the 9 participants who did not fit any of subtypes

at baseline, 3 fitted into one of the groups after treatment

(Table 9).

Discussion

Currently the treatment of choice for schizophrenia is antipsy-

chotic medication. However, the effects of these medications

are not consistent and the side effects can be severe, especially

when used long term. Newer antipsychotics may be helpful in

relieving negative symptoms, but their therapeutic effect is still

lacking, especially when it comes to symptoms of mood and

cognitive impairment. Despite these problems antipsychotics

remain the treatment of choice. In the United States alone,

newer antipsychotics have a 90% market share.95

In this study, we explored the utility and efficacy of qEEG-

guided NF treatment in schizophrenia. Based on objective

clinical measures, NF did have an effect. The PANSS showed

a statistically significant improvement in all measures, and the

improvement was greater than the 20% seen in most antipsy-

chotic studies. The mean percentage change observed was

82% (+ 23%). It showed an effect on both positive and nega-

tive symptom scores, as well as on the global score. MMPI

scores, except for masculinity/femininity and mania (which

were not high initially), normalized at a statistically significant

level. The depression score was higher than the schizophrenia

score, which may lead to the question as to whether these were

schizophrenic or depressed patients with schizophrenia-like

symptoms. Previous experience with the MMPI shows that the

single schizophrenia score is not the highest, and other scores

can be higher. In a study conducted by Walters, it was observed

that the depression/schizophrenia (schizophrenia/depression)

high-point pair was the most frequent finding in a heteroge-

neous sample of inpatients with schizophrenia.96 Electrophy-

siologically, the NxLink database did not classify the qEEG

changes seen in any of the patients as similar to those seen in

depression, which is consistent to the findings in other stud-

ies.97 In a study conducted by Knott et al, the accuracy of

separation and the sensitivity/specificity for depression using

discriminant functions derived from qEEG was found to be

91.3% (for both), thus showing that electrophysiologically it

is possible to distinguish depression from other diagnostic

categories at a high level of accuracy and specificity.98

Another factor that may contribute to the high depression

score may be that these participants, due to the nature of their

illness, feel depressed (although they may not meet the

criteria of a major depression diagnosis), and therefore rate

the MMPI accordingly. Finally, since all of the patients were

subjected to a rigorous clinical interview by the first author,

Table 8. Quantitative EEG Classification With Schizophrenia Subtype
Discriminants

Cluster Pre % Post %

Cluster 1 8 16% 7 14%
Cluster 2 3 6% 4 8%

Cluster 3 22 43% 16 32%
Cluster 4 9 18% 7 14%

Cluster 5 0 0% 1 2%

Not classified 9 18% 15 30%

Abbreviation: EEG, electroencephalograph.

Table 9. Pre-Post Schizophrenia Subtype Changes

Change N %

Classified at pre, not classified at post 9 18%

Changed subtype classification 10 20%
No change 22 44%

Not classified pre and post 6 12%
Not classified at pre, classified at post 3 6%

Table 6. Characteristics of the Pre-qEEGs in Relative Power

Type of Deviation From Norm # of Participants Percent

Significantly increased alpha 14 27%

Increased alpha 23 45%
Increased alpha total 37 73%

Significantly increased theta 9 18%
Increased theta 1 2%

Increased theta total 10 20%
Increased beta/theta 1 2%

Increased alpha/theta 1 2%
Increased beta/alpha 1 2%

Increased coherence only 1 2%
Other total 4 8%

Increased coherence 32 63%
Increased asymmetry 22 43%

Abbreviation: qEEG, quantitative electroencephalograph.

Table 5. Pre-Post Comparisons of qEEG Classificationa

Pre – Post-qEEG Classification Change N %

Pre-schizophrenic, Post not schizophrenic 19 38%

Pre-schizophrenic, Post-schizophrenic 31 62%
Total (1 participant did not have a post recording) 50 100%

Abbreviation: qEEG, quantitative electroencephalograph.
a Significant at P < .01 level based on w2 analysis.

Table 7. Coherence Changes

Pre % Post %

32 63% 22 58%
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none of them was found to meet the criteria for an affective

disorder, whereas all of them met the DSM-IV criteria of

schizophrenia.

When the baseline qEEG results were analyzed, the NxLink

database was able to classify all of the patients as having a brain

electrical activity similar to chronic schizophrenics. After treat-

ment, 19 participants’ brain electrical activity could no longer be

classified as being similar to chronic schizophrenics.

Although it can be concluded that NF treatment was effec-

tive, it is important to translate these changes into how the

treatment affected the quality of life. The participants were fol-

lowed up for an average of 2 years after the completion of their

NF. The observations are presented here to add a human com-

ponent to the study:

Twenty-seven participants did not need any medication,

and one was able to complete medical school. In schizophre-

nia, noncompliance is quite high and 74% discontinue their

first medication. NF was an effective treatment; and since

none of these patients needed medication, the problem of non-

compliance was solved.

The remaining 24 participants required medication. One

attempted suicide 6 months after NF while he was on medica-

tion. His rationale was that if he could not be cured there was

no point in living. Fortunately, he did not succeed. One partici-

pant’s mother called our center periodically over a span of 4

years relaying a variety of minor somatic complaints by her son,

such as ‘‘There’s a pain in my heart.’’ These were managed eas-

ily by adjusting the participant’s medication. One female patient

remained medication free for 1 year, until she experienced a mild

psychosis. She was put back on 5 mg olanzapine and a second

course of NF treatment was prescribed. The patient responded

very well to treatment and was able to graduate from college.

One male participant called our center complaining that his mild

paranoia bothered him and that he was having concentration

problems at work. However, he was still able to go to work and

function at a high level. Another male participant decided to stop

taking medication after 2 years and experienced a mild psycho-

sis. He was put back on medication (low dose of Zyprexa 10 mg

1 � 1) and has been stable since that time.

Twelve (12) participants were put back on only 1 medica-

tion, and at half the recommended dose. For 6-36 months they

did they not experience any side effects such as restlessness,

sleepiness, tiredness, and EPS, and they are enjoying an

improved, independent life.

Most of the participants developed enough insight to

continue medication and keep their follow-up appointments.

Overall, compliance (68%) was very good in this group.

At admission, most of the participants and their parents com-

plained about the sedative side effects of medications but after

NF these complaints ceased. When followed up (mean: 24 m

+ 19 STD), 27 (53%) participants remained medication free.

Overall, less medication was required to achieve the same

treatment effect. At inclusion, the participants were taking an

average of 1.1 medications (+ 1.2). At the end of treatment,

this number was reduced to an average of 0.7 (+ 0.9)

(Table 10). After NF the number of participants not requiring

medication increased and the number of drugs needed

decreased.

Before treatment, polypharmacy was common and of the 31

patients on medication at the time of admission 52% of the

drugs were antipsychotics, 25% were antidepressants, 13%
were anticonvulsants, and fewer than 5% were anxiolytics,

antiparkinson medications, beta-blockers, lithium and cognitive

activators. In this group, multiple antipsychotics, or an antipsy-

chotic with an antidepressant and an anticonvulsant, were com-

mon. After NF, for the 24 patients who needed medication 91%
were treated with a single antipsychotic. One patient was pre-

scribed an additional cognitive activator, and 2 patients were

given an anticonvulsant.

Overall compliance, whether to NF or medication was quite

good. Most of the participants developed insight which enabled

them to comply with treatment, self-monitor, and most impor-

tantly seek help when their condition worsened. Therapeutic

compliance is important, but there are a variety of reasons why

people discontinue medications: side effects often contribute,

along with a lack of insight and cognitive dysfunction; therefore,

adding NF treatment to evidence-based medication treatment

seems to improve therapeutic compliance. An interesting feature

was the prevalence of hypercoherence (63% of the participants,

Table 7). A well-functioning brain is differentiated, and each

area does its work. From an electrophysiological point of view,

electrodes placed close to each other should be coherent,

whereas electrodes farther apart are less so.65 It may be that the

normal differentiation of the brain has been compromised by a

disease process whereby the whole brain’s network is working

in tandem with the illness, thus losing its differentiation and,

electrophysiologically, this is manifested as hypercoher-

ence.99,100 When this coherence is reduced by NF, the brain is

able to conduct its normal operations. Finally, reduced sedation

and stabilization with a single antipsychotic at half the therapeu-

tic dose may show that NF prepares brain for the antipsychotics,

potentiating their effects.

Dr Andrew Abarbanel, in discussing how NF is useful in

ADHD stated that neural networks controlling the attention

processes could be adjusted by neuromodulation, and in the

long term could be stabilized into a stable state, and that this

process yields longer lasting results compared to pharmacolo-

gical treatment. He further postulated that this form of neuro-

modulation would be useful in depression, obsessive

compulsive disorder (OCD), and schizophrenia, since different

Table 10. Number of Treatment Drugs Needed Before and After NF
Treatment

Number of Treatment Drugs Pre Post

Mean number of drugs 1.1 0.7
Standard deviation 1.15 0.9

0 Drugs 20 27
1 Drug 15 14

2 Drugs 9 8

3 or More drugs 7 2

Abbreviation: NF, neurofeedback.
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behavior processes are controlled by similar neuropsychologi-

cal mechanisms which can be self-modulated.101 In a study of

OCD, we found NF to be effective, where 33 (92%) out of 36

patients showed improvements in the Yale Brown Obsessive-

compulsive Scale and 19 of them (57%) remained symptom free

after 2-year follow-up.102 In another real-time functional mag-

netic resonance imagining study (rtfMRI) conducted by Ruiz

et al 9 schizophrenic patients were able to train the self activa-

tion of the right insula, resulting in improved performance on a

face recognition task.103

Finally, NF is not a one-size-fits-all treatment. Each treat-

ment must be personalized to each patient, and regularly mon-

itored and adjusted for optimum treatment effect. With the

growing importance of personalized medicine, these types of

treatments may become more common in the future. This issue

has recently been addressed by the Report of the National

Advisory Mental Health Council’s Workgroup in its August

2010 report. According to the report, its definition of personalized

is as follows:

‘‘Personalized’’ means that there is something known about the

individual that differentially predicts how he or she will respond

to a given treatment. Evidence-based treatment algorithms are

helpful, but too general, with little tailoring based on individual

differences (eg, genomic variations), and supported by very little

actual evidence beyond acute treatment’’.104

qEEG-guided NF fits this description since the NF is tailored to

the individual qEEG results of the patient.

One area which we will be investigating in a follow-up

analysis of the data is the role of the schizophrenia subtype

cluster correlations. The questions that will be explored are the

role of the subtype classification in the diagnosis and treatment

of the patient. In the original article of John et al23 on which the

classification strategy was based, the author was not able to

infer any relationship between initial cluster membership and

response to treatment. However, since qEEG-guided NF is

tailored to the individual’s electrophysiological profile (Z score

deviations from normals), by default its different electrophy-

siological subtypes are treated differently. Our current strategy

was to normalize hypercoherent areas in order to foster better

differentiation of brain areas.

The goal of this study was to investigate the utility of NF as

a treatment for schizophrenia. Seventy-four per cent of patients

with schizophrenia do not comply with treatment. In our study

not only did all but 3 patients comply with the NF regimen

(94%), but of those that needed medication 68% complied

when followed up to 2 years. NF may be effective in the long

term as well as in the short term. In the CATIE study where $40

million was spent, the efficacy of the pharmacological treat-

ment on the primary measure, staying in the study until com-

pletion, was only 26%.2,3

Although the results were positive, it would be appropriate

to investigate whether these results are replicable with better,

more controlled study designs. It is our hope that these results

will spur research in double-blind controlled trials, since

currently an effective, long-term treatment for this group of

patients does not exist.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,

and/or publication of this article.

References

1. Nations for Mental Health Schizophrenia and Public Health.

Division of Mental Health and Prevention of Substance Abuse

World Health Organization, Geneva. WHO/MSA/NAM/97.6.

1998;3–9.

2. Kane JM. Pharmacologic advances in the treatment of schizo-

phrenia post-CATIE: an expert interview. Med Psychiatry Ment

Health. 2006;11(1).

3. Janicak PG. The CATIE study and its implications for antipsycho-

tic drug use. Essent Psychopharmacol. 2006;7(1):53–63.

4. Gordon E. Genomics and neuromarkers are both required for the

era of brain-related ‘‘Personalized Medicine’’. Brain Resource

Company and The Brain Resource International Database NSW

2007, Australia. The Brain Dynamics Centre, Westmead Millen-

nium Institute, Westmead Hospital and Western Clinical School,

University of Sydney. Scientific American Reports, Special Edi-

tion on Child Development: The Early Years, 2007;17(2):76–81.

5. Small JG. Psychiatric disorders and EEG. In Niedermeyer E,

Lopes da Silva F, (Eds.), Electroencephalography: Basic Princi-

ples Clinical Applications, and Related Fields. Baltimore, MD:

Williams and Wilkins; 1993:581–596.

6. Small JG, Milstein V, Sharpley PH, et al. Electroecephalographic

findings in relation to diagnostic constructs in psychiatry. Biol

Psychiatry. 1984(19): 471–487.

7. Ellingson RJ. The incidence of EEG abnormality among patients

with mental disorders of apparently nonorganic origin: a critical

review. Am J Psychiatry. 1954 (111):263–275.

8. Shagass C. Twisted thoughts, twisted brain waves? In: Shagass C,

Gershon S, Friedhoff AJ, (Eds). Psychopathology and Brain

Dysfunction. New York: Raven; 1977:353–378.

9. Itil TM. Qualitative and quantitative EEG findings in schizophre-

nia. Schizophr Bull. 1977;3(1):61–79. Review.

10. John ER, Prichep LS, Fridman J, Easton P. Neurometrics:

Computer assisted differential diagnosis of brain dysfunctions.

Science. 1988;239(4836):162–169.

11. Fenton GW, Fenwick PBC, Dollimore J, et al. EEG spectral

analysis in schizophrenia. Br J Psychiatry. 1980;136:445–455.

12. Koukkou M. EEG states of the brain, information processing and

schizophrenic primary symptoms. Psychiatry Res. 1982;6(2):

235–244.

13. Stevens JR, Livermore A. Telemetered EEG in schizophrenia:

spectral analysis during abnormal behavior episodes. J Neurol

Neurosurg Psychiatry. 1982;45:385–395.

Surmeli et al. 141

https://www.researchgate.net/publication/19819094_Neurometrics_Computer-Assisted_Differential_Diagnosis_of_Brain_Dysfunctions?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/19819094_Neurometrics_Computer-Assisted_Differential_Diagnosis_of_Brain_Dysfunctions?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/19819094_Neurometrics_Computer-Assisted_Differential_Diagnosis_of_Brain_Dysfunctions?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/10343670_The_incidence_of_EEG_abnormality_among_patients_with_mental_disorders_of_apparently_nonorganic_origin_a_critical_review?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/10343670_The_incidence_of_EEG_abnormality_among_patients_with_mental_disorders_of_apparently_nonorganic_origin_a_critical_review?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/10343670_The_incidence_of_EEG_abnormality_among_patients_with_mental_disorders_of_apparently_nonorganic_origin_a_critical_review?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16113502_Telemetered_EEG_in_schizophrenia_Spectral_analysis_during_abnormal_behaviour_episodes?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16113502_Telemetered_EEG_in_schizophrenia_Spectral_analysis_during_abnormal_behaviour_episodes?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16113502_Telemetered_EEG_in_schizophrenia_Spectral_analysis_during_abnormal_behaviour_episodes?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/22811398_Qualitative_and_Quantitative_EEG_Findings_in_Schizophrenia?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/22811398_Qualitative_and_Quantitative_EEG_Findings_in_Schizophrenia?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/15811350_EEG_spectral_analysis_in_schizophrenia?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/15811350_EEG_spectral_analysis_in_schizophrenia?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16244496_EEG_states_of_the_brain_information_processing_and_schizophrenic_primary_symptoms?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16244496_EEG_states_of_the_brain_information_processing_and_schizophrenic_primary_symptoms?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16244496_EEG_states_of_the_brain_information_processing_and_schizophrenic_primary_symptoms?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16466156_Electroencephalographic_findings_in_relation_to_diagnostic_constructs_in_psychiatry?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16466156_Electroencephalographic_findings_in_relation_to_diagnostic_constructs_in_psychiatry?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/16466156_Electroencephalographic_findings_in_relation_to_diagnostic_constructs_in_psychiatry?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/6805724_The_CATIE_study_and_its_implications_for_antipsychotic_drug_use?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==
https://www.researchgate.net/publication/6805724_The_CATIE_study_and_its_implications_for_antipsychotic_drug_use?el=1_x_8&enrichId=rgreq-9034d0741eec4b69bf19e12dc3a74984-XXX&enrichSource=Y292ZXJQYWdlOzIyNzQwMTg3MjtBUzoxMDM0MjgwMTM0Mjg3NDFAMTQwMTY3MDU2ODMwNA==


14. Morihisa JM, Duffy FH, Wyatt RJ. Brain electrical activity map-

ping (BEAM) in schizophrenic patients. Arch Gen Psychiatry.

1983;40:719–728.

15. Dierks T, Maurer K, Ihl R, et al. Evaluation and interpretation of

topographic EEG data in schizophrenic patients. In: Mauer K, ed.

Topographic Brain Mapping of EEG and Evoked Potentials.

Berlin, Heidelberg: Springer-Verlag; 1989:507–517.

16. Merrin EL, Floyd TC. Negative symptoms and EEG alpha activity

in schizophrenic patients. Schizophr Res. 1992;8(1):11–20.

17. Colombo C, Gambini O, Macciardi F, et al. Alpha reactivity in

schizophrenia and in schizophrenic spectrum disorders: demo-

graphic, clinical and hemispheric assessment. Int J Psychophy-

siol. 1989;7:47–54.

18. Laurian S, Bryois C, Gaillard JM, et al. Some aspects of brain

electrical activity in schizophrenia. Adv Biol Psychiatry. 1984;

15:60–68.

19. Kemali D, Maj M, Galderisi S. Clinical, biological, and neuropsy-

chological features associated with lateral ventricular enlarge-

ment in DSM III schizophrenic disorder. Psychiatry Res. 1986;

21(2):137–149.

20. Karson CN, Coppola R, Daniel DG. Alpha frequency in schizo-

phrenia: an association with enlarged cerebral ventricles. Am J

Psychiatry. 1988;145:861–864.

21. Galderisi S, Maj M, Mucci A, et al. QEEG alpha1 changes after a

single dose of high-potency neuroleptics as a predictor of

short-term response to treatment in schizophrenia patients. Biol

Psychiatry. 1994;35:367–374.

22. Gattaz WF, Mayer S, Ziegler P, et al. Hypofrontality on topo-

graphic EEG in schizophrenia: correlations with neuropsycholo-

gical and psychopathological parameters. Eur Arch Psychiatry

Clin Neurosci. 1992;241:328–332.

23. John ER, Prichep LS, Alper KR, et al. Quantitative electrophysio-

logical characteristics and subtyping of schizophrenia. Biol Psy-

chiatry. 1994;36:801–826.

24. Czobor P, Volovka J. Pretreatment EEG Predicts short-term

response to haloperidol treatment. Biol Psychiatry. 1991;30:

927–942.

25. Czobor P, Volovka J. Quantitative EEG electroencephalogram

effect of Risperidone in schizophrenic patients. J Clin Pharmacol.

1993;13:332–342.

26. Gunther W, Breitline D. Predominant sensorimotor area left

hemisphere dysfunction in schizophrenia measured by brain elec-

trical activity mapping. Biol Psychiatry. 1985;20:515–532.

27. Shagass C, Roemer R. Evoked potential topography in unmedi-

cated and medicated schizophrenics. Int J Psychophysiol. 1991;

10:213–224.

28. Nagase Y, Okubo Y, Matsuura M, Kojima T, Toru M. EEG coher-

ence in unmedicated schizophrenic patients: topographical study

of predominantly never medicated cases. Biol Psychiatry. 1992;

32:1028–1034.

29. Weller M, Montagu JD. EEG coherence in schizophrenia: a pre-

liminary study. Electroencephalogr Clin Neurophysiol. 1980;49:

100–101.
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