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Abstract

Mechanisms determining temporal lobe structural asymmetries may be involved in the
pathogenesis of schizophrenia. To investigate the temporal lobes in familial schizophrenia,
computed tomographic scans were obtained from 51 subjects (seven families). Enlargement of
sylvian fissures and temporal lobe sulcal spaces was observed in family members with
schizophrenia. The posterior one-third of the sylvian fissure was larger on the left side in subjects
with schizophrenia, and larger on the right side in unaffected individuals. This disturbed pattern of
posterior sylvian fissure asymmetry suggests that adjacent language regions may be affected in
schizophrenia. An intermediate degree of disturbance in subjects who had schizophrenia-related
illnesses or were obligate carriers suggests that genetic factors may be important determinants of
temporal lobe asymmetries in familial schizophrenia.
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Introduction

Schizophrenia is a common, severe mental illness characterized by hallucinations, delusions,
disordered thought processes and seriously compromised ability to function in everyday life.
Schizophrenia appears to be unique to humans and has a significant genetic component.1 In
this context, Crow2 proposed that processes involved in the development of cerebral
lateralization (most highly evolved in language areas) might hold the key to understanding
the genetics of schizophrenia. Based on neuropathological and brain imaging studies,3 the
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normal asymmetry of temporal lobe structures was hypothesized to be disturbed in
schizophrenia. These structures include the planum temporale, located on the inferior bank
of the posterior portion of the sylvian fissure, a region which is larger on the left than the
right in normal individuals.4 The provocative hypothesis2 that disturbed temporal lobe
asymmetries represent the structural expression of an abnormal cerebral dominance gene in
schizophrenia has not yet been directly tested in families with the illness.

We previously used a quantitative rating scale to assess regional brain structure in
multigenerational families with schizophrenia.5 Enlargement of cerebrospinal fluid (CSF)
spaces adjacent to the temporal lobe was observed in psychotic individuals, relative to
unaffected family members. Regional enlargement of CSF spaces is likely to reflect
relatively smaller amounts of underlying brain tissue.6 We now report an extended sample,
including additional families and allowing assignment of subjects to genetic risk classes.
Quantitative image analysis techniques allowed us to test the hypothesis that as well as
having enlarged temporal CSF spaces, individuals with schizophrenia in these multiply
affected families would exhibit abnormal asymmetry of the portion of the sylvian fissure
overlying the language regions.

Subjects and Methods

Fifty-one individuals were recruited from seven families in which schizophrenia was
inherited in a pattern consistent with autosomal dominant transmission.7 All gave written,
informed conset. Each subject was diagnosed using RDC and DSM-I11-R criteria. For
analyses, subjects were classified into three genetic risk-level groups based on family studies
of schizophrenia and related ‘schizophrenia spectrum’ conditions.1 The first group
comprised schizophrenia (1 = 18) or schizoaffective disorder (7= 7); the second group
(spectrum, n = 8) comprised subjects with conditions probably indicating increased genetic
risk for schizophrenia: non-affective functional psychosis (77 = 2), depression and psychosis
(n=1) and schizotypal personality disorder (x7=1). Four additional subjects in this group
did not have schizophrenia spectrum illnesses, but were obligate carriers based on pedigree
analysis. The final group (7= 18) comprised members from the affected side of each family,
but with no schizophrenia spectrum-related condition. No subjects had substance abuse or
dependence. There were 27 men and 24 women; distribution of the sexes between risk-level
groups did not differ. The mean age was 45 years (s.d. 15, range 19-82). Mean age did not
differ between groups.

Computerized tomographic (CT) scans were obtained using a standardized protocol for a
GE9800 scanner, with 5 mm slices.5 While higher resolution magnetic resonance imaging
(MRI) would be preferred, the medium to large pedigrees required for the present study
were drawn largely from rural areas, and considerations of compliance, distance and cost
rendered MRI impractical. Scans were imaged using a constant light source (Northern Light
illuminator) and a Sony CCD video camera connected via a Quickcapture video interface
board to a Macintosh Quadra 700 computer. Images were analysed blind to subject identity
and risk status, using NIH Image software.8 Regions of interest (sylvian fissures, temporal
lobe sulci, and temporal horns) were outlined on original scans using atlases.9,10
Proceeding from the skull base, the slice on which the frontal horns were seen first was
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identified. The two slices inferior to this were included, as were all superior slices to the
rostral limit of the thalamus (Fig. 1). A thresholding procedure was applied to separate
sulcal and ventricular spaces from parenchyma. These thresholded regions were used as
guides for manually outlining regions of interest, and the linear scale on the scans used to
adjust measurements of area to square millimetres. Intracranial volume was also measured
within the limits defined above. Volumes in cubic millimetres were calculated by
multiplying areas by slice thickness. During the study period, 10 scans were remeasured
independently. Intraclass correlations for the two operators’ measurements (CC and WGH)
were: sylvian fissure 0.96, temporal lobe sulci 0.91, and temporal horn 0.89.

Volumetric measurements were normalized to intracranial volume for analysis of covariance
(ANCOVA). Putative effects of genetic risk level, family of origin, and sex on regional CSF
volumes were analysed using age as a covariate, since CSF spaces are known to increase in
volume with age. The risk level by sex interaction was also included. Temporal sulcal
measures were transformed by calculating the square root prior to ANCOVA, in order to
normalize the distribution. To analyse the asymmetry hypothesis, sylvian fissure volumes
from slices 1 and 2 were combined to form left and right anterior segments, volumes from
slices 3 and 4 to form left and right middle segments, and volumes from slices 5 to 6 to form
left and right posterior segments. The latter segment overlies the planum temporale region.
11 The asymmetry index for each segment was calculated as (left — right)/((left + right)/2).
12 Repeated measures analysis of variance was carried out on the asymmetry index using
risk level, family, sex, and risk level by sex as between subjects factors, age as a covariate
and segment as a within-subject repeated measure. Interaction effects with segment were
also calculated, and the Greenhouse-Geiser correction applied in reporting the significance
level of the F-statistics.

Absolute volumes of regions of interest appear in Table 1. From reported MRI studies,13,14
the left sylvian fissure was expected to be larger than the right, and the right temporal horn
larger than the left. No prediction was possible regarding the temporal lobe sulci.
Observation of the expected asymmetries on CT images in the overall sample supported the
accuracy of the measurement techniques. The first series of comparisons concerned overall
volumes of the sylvian fissures, temporal lobe sulci and temporal horns. Results are
illustrated in Figure 2 according to risk level and age. Analysis of sylvian fissure data
indicated significant effects of risk level (F = 4.34, p=0.02), family (F = 3.66, p=0.006),
and age (F = 61.37, p=0.0001), but not sex or risk level by sex interaction. Sylvian fissure
volume was larger in both schizophrenic/schizoaffective and intermediate risk schizophrenia
spectrum individuals, compared with unaffected family members (Tukey compromise test, p
< 0.05). Temporal sulcal volumes also differed according to risk level (F = 8.39, p=0.001),
and a significant age effect (F = 50.59, p= 0.0001) was noted. Family and sex effects were
not significant. Sulcal volumes were highest in the schizophrenia/schizoaffective group,
which differed significantly from the unaffected group (Tukey’s compromise test, o < 0.05).
The spectrum group was intermediate between the other two groups and did not differ
significantly from either one. In contrast to lateral temporal measures, no effect of risk level
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was detected for temporal horns, however the family effect (F = 2.48, p=0.04) was
significant. Age and sex effects were not significant.

Sylvian fissure asymmetry assessments were carried out on anterior, middle and posterior
segments. The results are presented in Figure 3 and indicate a significant effect of risk level
(F=5.18, p=10.01) and a risk by segment interaction (F = 3.99, p=0.007). In
schizophrenic/schizoaffective subjects, the asymmetry of the sylvian fissure posterior
segment observed in unaffected family members (left smaller than right) was reversed.
Segment by sex, and segment by risk level by sex interactions were not significant. No
significant family effects were observed.

Discussion

The primary findings were increased sylvian fissure and temporal sulcal volumes in
schizophrenic and schizoaffective members of multiply affected families, and disturbed
patterns of posterior sylvian fissure asymmetry in the same subjects. Regarding overall
sylvian fissure and sulcal changes, these results confirm previous findings using samples of
schizophrenic patients unselected for familial forms of the illness.13 In one study of adult
offspring of schizophrenic women (“high-risk’ individuals), overall brain sulcal CSF was
increased in subjects with schizophrenia and in those with schizophrenia spectrum
conditions, compared with unaffected but at-risk subjects.15 The present finding of
increased sylvian fissure volume in schizophrenic/schizoaffective subjects, as well as
subjects with schizophrenia spectrum conditions or obligate carriers, supports the
relationship between genetic risk for schizophrenia and sulcal enlargement. The temporal
sulcal measure was increased only in the schizophrenia/schizoaffective group compared with
the unaffected group. This measure may be less sensitive as a genetic risk indicator, or these
sulcal changes may be associated with illness-related factors such as age of onset, duration
or severity. The absence of an effect of risk level on temporal horn volume may indicate that
the medial temporal lobe is less affected in familial schizophrenia. The finding of significant
family effects on both sylvian fissure and temporal horn volumes suggest that considerable
variability in studies of unrelated subjects could be attributed to undetected interfamilial
differences, as predicted by studies of lateral ventricle size in monozygotic twins.16,17

The observation of altered asymmetry of the posterior segment of the sylvian fissure in
schizophrenic and schizoaffective family members replicates a previous finding in unrelated
schizophrenics and controls.18 A disturbed pattern of sylvian fissure volume asymmetry
related to genetic risk supports Crow’s hypothesis2,3 that a gene or genes related to the
lateralization of temporal lobe development may contribute to schizophrenia. However, an
investigation of monozygotic twins discordant for schizophrenia failed to demonstrate
disturbed asymmetry of sylvian fissure length or angle.19 The latter measures may be
related to developmental features different from those indicated by measures of volume.
Alternatively, the genetic component of schizophrenia in these twin pairs may be different
than the families studied here. The findings of abnormal asymmetry in posterior rather than
anterior portions of the sylvian fissure may support studies indicating planum temporale
abnormalities in schizophrenia.20,21 However, because our measurements were of CSF
spaces, changes located in the parietal operculum forming the superior and posterior aspects
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of the sylvian fissure cannot be excluded. It is also possible that posterior asymmetry reflects
a difference in fissure orientation, since the in-plane resolution of CT exceeds the slice
thickness. A range of sylvian fissure anatomical patterns is present in normal individuals,
11,22 and is proposed to reflect different patterns of temporal and parietal lobe development.
Differences in sylvian fissure length and decreased left/right ratio in schizophrenia were
reported in a postmortem study.23 The overall temporal gyral pattern was also reported to be
abnormal in schizophrenia.24

Conclusion

The present findings indicate that sylvian fissure and temporal sulcal spaces are increased in
familial schizophrenia, and increased genetic risk for schizophrenia predisposes to
enlargement of the sylvian fissure. A disturbance of the normal pattern of sylvian fissure
asymmetry is observed in schizophrenia and also appears to be related to genetic risk level.
Localization of this abnormality to the posterior one-third of the sylvian fissure suggests that
adjacent temporal regions related to language function could be affected by a gene or genes
predisposing to schizophrenia.
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FIG. 1.
Slices used and anatomy of the sylvian fissure and lateral temporal sulci. Slices used to form

anterior (1, 2), middle (3, 4) and posterior (5, 6) segments of the sylvian fissure are
indicated. The posterior segment is bounded on the inferior aspect by the planum temporale.
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FIG. 2.
Raster plot indicating sylvian fissure (left) and temporal sulcal (right) volume/intracranial

volume according to risk class (1 = unaffected family members, 2 = schizophrenia spectrum/
obligate carrier, 3 = schizophrenia/schizoaffective) and age. Original data values were
retained by the weighted fill procedure used in creating the image. Larger volume at a given
age is indicated by a darker grey scale level.
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FIG. 3.
Sylvian fissure volume asymmetry index (mean + s.e.) plotted according to segment of

fissure and risk class. Disturbed asymmetry was observed in posterior regions in
schizophrenia/schizoaffective cases.
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Table 1

Mean absolute volumes (s.d.; mm3) of sulcal, ventricular and cisternal spaces in subjects grouped according
to risk for schizophrenia/schizoaffective disorder (S/SA)

Region Side Risk level
Unaffected (n=18) Spectrum (n=8) S/SA (n=25)
Sylvian fissure  Left 4734 + 3452 7689 + 4604 7652 + 3462
Right 4409 + 2533 6282 + 3688 6582 + 3575
Total * 9143 + 5840 13971 + 8214 14 235 + 6813
Temporal sulci  Left 341 + 834 593 + 767 954 + 976
Right 402 + 540 539 £ 500 883 + 981
Total ** 743 £ 1359 1132+ 1018 1836 + 1906
Temporal horn  Left 297 + 154 530 + 430 465 + 395
Right 415 + 249 647 £ 612 472 + 440
Total 712 £ 780 1178 + 1029 937 £ 780

Spectrum individuals are at increased risk compared to unaffected. Significant differences between risk level groups:

*
p=0.02

Ak
p=0.001, with volumes normalized to intracranial volume and controlled for effects of family of origin, sex and age.
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