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EDITORIAL

Cerebral laterality and psychopathology: fact and fiction1

The plethora of reports on lateralization and psychopathology is part of the Zeitgeist that spawned
' neuroscience', and in psychology the concern with brain behaviour relations. The underpinning of
abnormal behaviour with a disturbance in lateralization has long been a source of speculation
(Zangwill, 1960) and more recently gained impetus from the association of schizophreniform psycho-
ses with left-sided temporal lobe dysfunction and affective psychoses with a corresponding right
hemisphere disturbance (Flor-Henry, 1969, 1974). After a decade of intensive research what can be
concluded ?

For those who acknowledge terra firma when morphological deficits are proven, Luchins et al.
(1979) found with computer tomography that normally occurring lateral asymmetries in the width of
frontal and occipital lobes were reversed more often in schizophrenia than in controls. The coinci-
dence between the two asymmetries was not given, but frontal asymmetries were reversed in 13 % of
controls and 33 % of patients, with 9 % and 25 % the corresponding percentages for occipital
reversals. If reversals of function follow, they may confound comparisons between patients and
controls so that in schizophrenia, and to a lesser extent in controls, group distributions of laterality
scores will show asymmetries in both directions.

This serves to introduce the complex methodological problems that laterality research faces. One
may construe a lateralized disorder in patients not only if the normal asymmetry is absent, or
reversed, but also in the presence of the normal asymmetry, provided that performance is reduced
below the level of controls. It is essential, therefore, to equate the patient and comparison groups for
task difficulty. Nevertheless, quite apart from the results of Luchins et al., it is not entirely satisfactory
that all three possible outcomes may be considered evidence of a lateralized deficit to a single
hemisphere.

Fortunately, not all approaches are prone to this qualification. If a deficit is defined in terms of the
nature of the psychological processing measured, instead of laterality, a conclusion may run that
verbal processing compared with spatial processing was deficient, in which case the question ' to
which hemisphere do verbal functions belong?' is of secondary importance. With this strategy an
experiment should include tasks specific to each hemisphere which in themselves are of equal diffi-
culty. When such requirements are met they also circumvent a major criticism that bedevils psycho-
logical studies: namely, the intrusion of factors such as motivation, test anxiety, institutionalism,
etc.; such issues will usually affect both hemispheres, and the nature of a lateralized deficit is likely to
be neurophysiological. Furthermore, as a global hemispheric deficit is not an issue in current theories,
a matter sometimes overlooked, the tests specific to each hemisphere should possess a neuro-anato-
mical equivalence. This requirement is more easily met when measuring the earlier stages of
processing or in tasks processed by either hemisphere. The transmission of information between the
hemispheres may also be examined by comparing material transmitted directly to the specialized
hemisphere with that directed via the non-specialized one.

Returning to the review of evidence, an association between abnormal lateralization and schizo-
phrenia has been found in the handedness of twins, one or both of whom have psychosis (Boklage,
1977; Luchins et al. 1980). Concordance for schizophrenia was 93 % when both twins were dextral,
but merely 23 % when one was sinistral. Left-handed cases also showed milder forms of the disorder.
Surveys of handedness in psychotic populations are contradictory, with evidence of more siriistrality
(Dvirskii, 1976; Gur, 1977; Lishman & McMeekan, 1976; Flor-Henry, 1979 a), and dextrality
(Taylor et al 1980), or no difference from controls (Oddy & Lobstein, 1972; Wahl, 1976). Neverthe-
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less, given that when distributions of handedness in psychotic patients differ from control distribu-
tions the differences are marginal, data from this source are of peripheral interest in elucidating the
mechanisms of dysfunction. Left and mixed handedness have also been associated with non-psycho-
tic psychopathology (Bakan, 1973; Fitzhugh, 1973; Orme, 1970; Zangwill, 1960).

Attempts to lateralize dysfunction with neuropsychological tests have had limited success. While
some have found evidence of a disturbance to the speech dominant hemisphere in schizophrenia, or
the opposite hemisphere in mania and depression (Klonoff et al. 1970; Gruzelier & Hammond,
1976; Flor-Henry & Yeudall, 1979; Abrams & Taylor, 1979), this is a far from universal finding
(Malek, 1978). Undoubtedly problems of sampling, inappropriate comparison groups, difficulty in
controlling drugs, Parkinsonian side-effects and fatiguability of patients when faced with large
batteries of tests contribute to the confusion. Also, such tests were designed to measure brain damage
and there is little evidence that brain damage in a gross form, even when detected (e.g. Johnstone
et al. 1978), is necessary for the primary schizophrenic disturbance.

In their attempts to measure more discrete processes experimental psychologists have devoted most
attention to the schizophrenic psychoses. In the case of visual processing there are eight studies using
a tachistoscope, a device which enables stimuli to be transmitted to one hemisphere before the
other. In the first (Beaumont & Dimond, 1973) a deficiency was revealed in the integration of
information between the hemispheres as well as a left hemisphere deficit. Others have revealed a
deficiency when information is projected directly to the left hemisphere, rather than indirectly via the
transcallosal pathway. Gur (1978) found for both paranoid and non-paranoid patients that accuracy
in recalling letters was poorer when projected over the direct pathway. This contrasted with adequate
performance on a right hemisphere task irrespective of input channel. Connolly et al. (1979) found
similar results insofar as schizophrenic and hypomanic patients took longer to process verbal material
when presented directly to the left hemisphere - accuracy was not affected. While the same pheno-
menon was not reproduced by Eaton (1979), who examined patients both on and off drugs, her
mean results suggest that the effect may have existed on drugs but not before. As the patients of
Gur and Connolly et al. were medicated, the possibility of a drug explanation should be investigated.
Eaton found a left hemisphere advantage in processing verbal material in both schizophrenic patients
and controls; but the performance of schizophrenic patients was poorer, indicating a verbal deficit,
particularly as both groups showed a similar ability on tasks involving the right hemisphere. Hillsberg
(1979) also found in schizophrenics poorer left than right hemisphere processing in deciding whether
pairs of arrows pointed in the same or opposite directions. There was no interhemispheric transfer
deficit. In a study of symptomatic schizophrenic out-patients, maintained on drugs, male patients
failed to show the normal advantage in processing verbal material in the left hemisphere (Colbourn
&Lishman, 1979).

Unlike the above studies which found no evidence of right hemisphere deficits in detecting spatial
information, Pic'l et al. (1979) report a verbal deficit in schizophrenia coupled with a spatial deficit
in non-paranoid patients. The latter was attributed to a problem in integrating information between
the hemispheres because normals and paranoid patients counted dots in a serial fashion, thereby
requiring analytic processes of the left hemisphere integrated with spatial abilities of the right
hemisphere. Non-paranoids utilized the right hemisphere only. An alternative explanation might be
that non-paranoid patients were restricted to right hemisphere processing because the analytic
ability of their left hemisphere was deficient. The authors explained away the verbal deficit found in
both types of schizophrenia because it correlated with years spent at school. However, in the case of
paranoids, this explanation is unconvincing - their education was no different from that of controls.
Furthermore, paranoids showed a deficit on a similarities test, which is indicative of a left hemisphere
deficit (McFie, 1975) and one previously found in chronic schizophrenia (Gruzelier & Hammond,
1976). Turning to the non-paranoid group, even if a deficit does correlate with years of schooling this
does not exclude the possibility that the left hemisphere disability predisposes a vulnerability to
schizophrenia and limits educational progress. A similar deficiency in children with a schizophrenic
parent (Gruzelier et al. 1979) supports this supposition. Thus a left-sided deficit could account for
their results.
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This is not to exclude the possibility of a dysfunctional right hemisphere in schizophrenia. Gur
(1979) required paranoid and non-paranoid patients with unrestricted vision to detect the difference
between pairs of pictures placed side by side or seen successively. While all groups were less accurate
with successive presentation, and schizophrenic patients were poorer overall, patients of both
categories were slower when pictures were presented side by side. This was likened to the results of
an unpublished study of neurological patients with right hemisphere brain damage which, on the face
of it, would appear to support a right hemisphere deficit in schizophrenia. Instead, this was inter-
preted as evidence of an over-reliance on a dysfunctional left hemisphere. Perhaps in the service of
parsimony a right hemisphere explanation should be preferred or be an alternative.

Returning to the divided field tachistoscope studies, Clooney & Murray (1977) required patients
to identify an array of letters as the same or different. While no lateral asymmetries in processing
were found in schizophrenic patients or controls, patients were slower overall than controls, and
paranoid patients were progressively slower as the size of the array increased. This anomaly in para-
noids was interpreted as arising from their dependence on serial (left hemisphere) rather than parallel
(right hemisphere) processing.

When we turn to studies of auditory function, the plot thickens further, though the auditory
symptoms that accompany psychosis, auditory functions of the temporal lobe, and psychotic-like
states that accompany temporal lobe dysfunction (Davison & Bagley, 1969) led us to suppose a
more coherent outcome. The functional neuroanatomy of the auditory system is such that each ear
projects to both hemispheres but the contralateral pathways are dominant. Ipsilateral input may be
suppressed by requiring the immediate recall of competing input presented to both ears simul-
taneously. This was verified in patients with sections of the transcallosal pathway (Sparks & Gesch-
wind, 1968). Recall of verbal material from the right ear was normal, whereas from the left ear it was
substantially reduced. Presumably right ear input was processed by the contralateral pathway and
left ear input depended on the transcallosal pathway from the right to left hemisphere. Using a
closely similar procedure, three studies (Lerner et al. 1977; Lishman et al. 1978; Gruzelier &
Hammond, 1979, 1980) have shown a larger lateral asymmetry in favour of the right ear in many
schizophrenic patients compared with controls. Two of the studies found that this characterized
paranoid schizophrenia (Gruzelier & Hammond, 1979, 1980; Lerner et al. 1977, as reanalysed by
Nachshon, 1980). This might imply a deficit in transferring information between the hemispheres
but, by controlling attentional bias to either side, the asymmetry could be explained as an over-
reliance on direct right ear input to the left hemisphere rather than as a defective transcallosal
pathway (Gruzelier & Hammond, 1979); levels of performance did not differ between patients and
controls. The dependence on left hemisphere processing in paranoid schizophrenia is consistent
with evidence in the visual modality (Clooney & Murray, 1977; Pic'l et al. 1979).

Green and colleagues (Green et al. 1979; Green & Kotenko, 1980) report a larger than normal
right ear preference in the speech comprehension of schizophrenic patients. The level of performance
with which the lateral difference was correlated was below that of controls. These results are open to
a number of interpretations: for example, a left hemisphere verbal deficit coupled with an attentional
bias to the right ear, or an atlentional bias coupled with a lack of motivation which lowered perfor-
mance. However, poorer comprehension when speech was heard binaurally rather than monaurally
suggests a problem in integrating information between the hemispheres, as does evidence of longer
reaction times to binaural than to monaural stimuli in schizophrenic patients (Gruzelier & Hammond,
1979). The locus of dysfunction might be lateralized or reside in interhemispheric pathways. Dichotic
listening studies have shown a left hemisphere inhibitory deficit through the inability of schizo-
phrenic patients to withhold recall of words in the right ear in favour of the left ear when right ear
words were twenty decibels louder than left ear words (Bull, 1972; Gruzelier & Hammond, 1980).
Performance of a corresponding condition which required suppression of left ear words was no
worse than controls. By examining serial position effects the latter authors conclude that there were a
number of left hemisphere deficits of higher order processing, which involved semantic encoding,
retrieval.and response organization. These could include the reception of information transmitted
from the right hemisphere.
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Other studies, while showing the normal right ear advantage in processing language-related tasks,
found a poorer level of performance in schizophrenic patients than controls, consistent with a left
hemisphere deficit in patients (Bruder & Yozawitz, 1979; Caudrey & Kirk, 1979). In fact, Caudrey &
Kirk showed in schizophrenia impairments in a left hemisphere task coexisting with normal perfor-
mance on a right hemisphere task, whereas in depression there was the reverse asymmetry. In two other
studies the expected right ear preference was absent in schizophrenia. This was shown by Colbourn &
Lishman (1979) in a subgroup of male patients, and by Wexler & Heninger (1979) who examined
patients repeatedly before and during treatment and found the normal asymmetry reinstated with
improvement of symptoms on drugs. The magnitude of the asymmetries was within normal limits.

A systematic reversal of asymmetries in auditory processing with the withdrawal and later
reinstatement of drug was reported by Hammond & Gruzelier (1978). The effect was related to dose
level. Phenothiazines appeared to increase the arousability of the left hemisphere relative to the right,
an effect which may facilitate or impair performance depending on existing arousal levels and
intensity of input (Gruzelier, 1979 a). Alterations of lateralized differences on drug have also been
found in the electroencephalogram (Goldstein et al. 1965; Serafetinides, 1972, 1973), palmar
electrodermal activity (Gruzelier & Yorkston, 1978), visual processing (Eaton, 1979) and reaction
times (Gruzelier & Hammond, 1979).

Studies of the tactile modality have provided the main evidence of Dimond and his colleagues
for a disorder of interhemispheric communication in schizophrenia (Green, 1978; Dimond, 1979;
Dimond et al. 1979; Carr, 1980). Other workers (Kugler & Henley, 1979; Weller & Kugler, 1979),
as reviewed elsewhere (Gruzelier, 1979 a), have not found conclusive support for the theory, though
they have obtained evidence of left hemisphere dysfunction. In a more recent report of 24 middle-
aged, institutionalized schizophrenic patients a third were found to exhibit errors in naming objects
with eyes closed, particularly when placed in the left hand, a condition which required callosal trans-
mission to the language processors of the left hemisphere (Dimond et al. 1979). However, on one of the
four test occasions no errors were made in either hand. The study would appear to substantiate the
impression that the callosal deficit when manifested in schizophrenia is an elusive one and often
coexists with left hemisphere dysfunction. The problem may be spasmodic and has been attributed
to one of impaired transmission (Beaumont & Dimond, 1973), a noisy channel (Butler, 1979;
Dimond et al. 1979), a loss of contralateral inhibition (Gruzelier, 1978; Wexler & Heninger, 1979)
and a dominance of transcallosal influences (Tress et al. 1979).

A variety of psychophysiological indices have provided evidence of an abnormal balance of
activity between the hemispheres in psychosis. Under controlled conditions the majority of studies
show that schizophrenic patients direct their eyes rightwards more often than patients with affective
disorders or controls (Gur, 1978; Schweitzer et al. 1978; Myslobodsky et al. 1979; Schweitzer, 1979).
This was attributed to an over-activation of the left hemisphere. However, Sandel & Alcorn (1980)
found more leftward movements in non-paranoid schizophrenia, as well as in depression and
alcoholism, with movements in both directions in manic-depression, schizo-affective disorders and
psychopathy. No normal controls were tested. Measures of activation with electro-encephalographic
techniques obtained in the resting state or during cognitive activity have produced complex results
implicating both hemispheres in psychosis and providing evidence of activation inappropriate to the
nature of the task (Flor-Henry et al. 1979; Perris & Monakhov, 1979; Goldstein, 1979; Shaw et al.
1979; Weller & Montague, 1979; and see Gruzelier, 1979 a for a review). These studies, together with
those which average discrete changes to trains of identical stimuli (Buchsbaum et al. 1979; Shagass
et al. 1979; Tress et al. 1979), suggest that topographic analysis may prove rewarding in differen-
tiating between psychiatric groups (e.g. Shagass et al. 1980). Greater clarity may also arise in correla-
ting symptoms rather than diagnostic categories with EEG topography and coherence between
recording sites within and between the hemispheres (Perris & Monakhov, 1979). The recording of
phasic changes in experimental tasks will assist in localizing and defining processing deficits.

An abnormal balance in hemispheric influences has also been shown in the electrical conductivity
of the skin recorded from palmar surfaces. Schizophrenic patients, particularly chronic ones, tend to
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have larger orienting and non-specific responses on the right hand, with the opposite asymmetry
shown in some depressives (Fisher & Cleveland, 1959; Gruzelier, 1973, 19796; Gruzelier & Ham-
mond, 1977; Gruzelier & Venables, 1974; Myslobodsky & Horesh, 1978; Uherik, 1975). On the
whole normal subjects have symmetrical responses or small deviations in either direction. The limbic
influence on these asymmetries is reinforced by recent evidence suggesting that it is predominantly
an emotional component that determines the direction of the electrodermal asymmetry. By relating
them to syndromes from the Present State Examination (Wing et al. 1974) and ratings on the Brief
Psychiatric Rating Scale (Overall & Gorham, 1962) it was found that hypomania, depressive delusions
and pressure of speech were among the characteristics of admissions for schizophrenia with larger
left-sided responses, whereas blunted affect, emotional withdrawal, slowness, catatonia, motor
retardation and conceptual disorganization characterized the schizophrenic patients with larger
right-sided responses (Gruzelier et al. 1981).

Regarding the affective disorders and lateralization, essentially there have been two rival notions.
One is that mania and depression are a result of right hemisphere dysfunction, and are thereby
distinguished from schizophrenia. The second is that emotional polarity differs between the hemis-
pheres, with positive emotions and mania on the left side and negative emotions and depression on
the right side. Certainly there is a growing body of experimental data with normal subjects indicating
that mood is controlled by the right hemisphere (see Gainotti, 1979). Furthermore, in patients,
schizophrenia and affective disorders have been distinguished by lateral differences in facets of
auditory processing, neuropsychological tests, and measures of muscle activity, electrodermal
responses, conjugate eye movements and EEG, most of which implicate the right hemisphere in
affective disorders (Abrams & Taylor, 1979; Caudrey & Kirk, 1979; Flor-Henry & Yeudall, 1979;
Flor-Henry et al. 1979; Gruzelier & Venables, 1974; Myslobodsky & Horesh, 1978; Bruder &
Yozawitz, 1979). Equally there is support for an association of euphoria and depression, and
corresponding psychopathology, with the left and right hemispheres respectively (see Gainotti, 1979).
This has led Flor-Henry (1979 a, b) to conceive a complex model of how mood is organized by both
hemispheres, with transcallosal influences posited to explain hemispheric differences in thepolarity of
mood and with distinctions made between the syndromes of mania and depression, on the one hand,
and normal reactions of euphoria and depression, on the other. While some of the evidence is
compelling, it is also true that there is evidence of the opposite relation: namely, euphoric reactions
deriving from the right hemisphere and depressive reactions from the left hemisphere. Evidence with
normals indicates reciprocal influences between the hemispheres in the control of arousal and
habituation (Gruzelier et al. 1980) and offers a means whereby each hemisphere has the potential to
evoke euphoria or depression, depending on the state of imbalance between excitatory and inhibitory
subsystems with contralateral projections. Divergent findings on the lateralization of the emotions
may be reconciled through elucidating mechanisms of this type.

Psychopathy and various neurotic disorders have also been associated with a disturbance of lateral-
ization (Zangwill, 1960). Yeudall & Fromm-Auch (1979) amassed evidence largely from neuro-
psychological tests of a dominant hemisphere deficit in various groups of children and adults with
behaviour disturbances. Hare (1979) was unable to support this in a tachistoscope study with
psychopaths. The lateralization of some neurotic disorders, such as conversion hysteria and psycho-
genie pain to the left side of the body, has been explained as a mode of expression for the non-verbal,
right hemisphere (Galin, 1974; Fleminger et al. 1980). However, not all reports indicate a prepon-
derance of left-sided sympto ms.

The simple notions that have generated much of the research reviewed above have now given way
to more complex models (e.g. Flor-Henry, 1979a, b). Schizophrenia is unlikely to be a disorder of
strictly one hemisphere or a disconnection syndrome in the conventional sense (cf. Geschwind, 1965).
This review of evidence suggests a new working model as follows. In schizophrenia the moment
to moment allocation'of capacity between the hemispheres is often at odds with hemispheric specializ-
ation. In paranoid schizophrenia and schizo-affective cases with hypomania there is an over-reliance
on the left or speech dominant hemisphere. In non-paranoid schizophrenia and schizo-affective cases
with depression reliance is on the right hemisphere. Such a distinction between paranoid and
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non-paranoid schizophrenia, invoked because of the differences revealed in many reports above,
may need qualifying and be replaced by partially overlapping syndromes, perhaps incorporating
an arousal/motility dimension (cf. Gruzelier & Hammond, 1979, 1980). Primary delusions, as
well as flat incongruous affect and catatonic features, all correlated with left hemisphere lesions in
the survey by Davison & Bagley (1969) of schizophrenic-like psychoses associated with organic dis-
orders. Therefore it is likely that the primary disturbance in schizophrenia is in the left hemisphere
and affects the right hemisphere through transcallosal influences. It would be parisimonous, though
too good to be true, if the affective disorders involved corresponding right hemisphere dysfunction
with mania showing a dependence on the left hemisphere and depression a dependence on the right
hemisphere.

It has been suggested (Weller & Montague, 1979; Venables, 1980) that in schizophrenia the distur-
bance develops in the right hemisphere and spreads to the left with chronicity. There is scant evidence
in support of this and it should be noted that the evidence called upon of Itil et al. (1974), whereby
there was an accentuation of EEG abnormalities in the right hemisphere in children with a schizo-
phrenic parent, coexisted with evidence of verbal deficits and in some children superior spatial-
perceptual ability (Gruzelier et al. 1979).

From this review it is clear that, while the neuropsychology of psychopathological states is in its
infancy, it is a new and promising line of enquiry which provides some integration of hitherto
numerous and unrelated reports of patient-control differences. Apart from its scientific interest, it
may have clinical applications. Evidence of objective, biological differences between patients will
assist with diagnosis. The likelihood of hemispheric asymmetries in neurotransmitter systems (Glick
et al. 1977; Oke et al. 1978), and the evidence of alterations in lateralized processes on neuroleptics,
may elucidate the therapeutic actions of drugs in psychiatric practice. Whatever the outcome, the fact
of the matter is that the study of the abnormal brain has already led to insights about the workings
of the normal brain.

JOHN H. GRUZELIER
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