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ABNORMALITIES OF THE LEFT TEMPORAL LOBE AND THOUGHT DISORDER IN
SCHIZOPHRENIA

A Quantitative Magnetic Resonance Imaging Study

MarTHa E. SHENTON, PH.D., RoNn Kikinis, M.D., FERENC A. JoLEsz, M.D., SETH D. PoLLak, M.A.,
Magrjorie LEMay, M.D., CynthIA G. WiBLE, PH.D., HirRoTO HOKAMA, M.D., Jou~n MarTIN, B.S.|
Dave MEetcaLr, B.S., MicHAEL CoLEMAN, M.A., AND RoBERT W, McCAaRLEY, M.D.

Abstract Background. Data from postmortem, CT,
and magnetic resonance imaging (MRI) studies indicate
that patients with schizophrenia may have anatomical ab-
normalities of the left temporal lobe, but it is unclear
whether these abnormalities are related to the thought
disorder characteristic of schizophrenia.

Methods. We used new MRI neuroimaging tech-
niques to derive (without knowledge of the diagnosis) vol-
ume measurements and three-dimensional reconstruc-
tions of temporal-lobe structures in vivo in 15 right-handed
men with chronic schizophrenia and 15 matched controls.

Results. As compared with the controls, the patients
had significant reductions in the volume of gray matter in
the left anterior hippocampus—amygdala (by 19 percent
[95 percent confidence interval, 3 to 36 percent]), the left
parahippocampal gyrus (by 13 percent [95 percent confi-

CHIZOPHRENIA is a disabling major mental
disorder that is characterized by disordered think-

ing and hallucinations and that affects 1 percent of the
population. Although its underlying pathologic proc-
ess is still not clearly understood, recent postmortem
investigations'® have revealed reductions in the vol-
ume of the medial limbic structures of the temporal
lobe as well as abnormalities in the pattern of tem-
poral-lobe gyri.*® Studies using magnetic resonance
imaging (MRI) have also reported temporal-lobe ab-
normalities that have been localized in separate stud-
ies to volume reductions in the neocortical superior
temporal gyrus and to limbic-system structures, in-
cluding the amygdala, hippocampus, and parahippo-
campal gyrus.'®!® The volume reductions observed
in both postmortem and MRI investigations have
been most prominent on the left, and a similar later-
alization of abnormalities has been reported in neu-
rophysiologic,'®'® positron-emission tomographic,'®*
and attentional-processing studies,?’ suggesting that
abnormalities due to asymmetry are part of schizo-
phrenia.???* However, the specific regional brain site
(or sites) associated with the hallmark clinical symp-
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dence interval, 3 to 23 percent], vs. 8 percent on the right),
and the left superior temporal gyrus (by 15 percent [95
percent confidence interval, 5 to 25 percent]). The volume
of the left posterior superior temporal gyrus correlated
with the score on the thought-disorder index in the 13
patients evaluated (r = —0.81, P = 0.001). None of these
regional volume decreases were accompanied by a de-
crease in the volume of the overall brain or temporal lobe.
The volume of gray matter in a control region (the superior
frontal gyrus) was essentially the same in the patients
and controls.

Conclusions. Schizophrenia involves localized reduc-
tions in the gray matter of the left temporal lobe. The de-
gree of thought disorder is related to the size of the reduc-
tion in volume of the left posterior superior temporal gyrus.
(N Engl J Med 1992;327:604-12.)

tom of thought disorder” has remained undefined,
although speculation has been plentiful.

Recently, a new generation of MRI techniques has
made it possible to quantify the volume of both whole
brain and small brain structures with an enhanced
precision,? allowing a more accurate and detailed as-
sessment of limbic and neocortical anomalies. This
development is particularly relevant to schizophrenia,
in which abnormalities are more subtle than in other
brain disorders and the imprecision of measurement ¥
may have contributed to the lack of uniformity of re-
sults in previous studies.

In this study we used computerized image-proc-
essing techniques to analyze thin-slice (1.5 mm and
3 mm) MRI scans with high spatial resolution in order
to test our hypothesis that there is a specific link be-
tween the thought disorder present in schizophrenia
and pathologic sites in the left temporal lobe, a hy-
pothesis based on our earlier research? that related
positive symptoms to enlargement of the left sylvian
fissure.

METHODS
Subjects

We studied 15 right-handed men with chronic schizophrenia who
were receiving neuroleptic medication equivalent to a mean of 881
mg of chlorpromazine per day; they were recruited from among
patients at the Brockton Veterans Affairs Medical Center. Informa-
tion from the Schedule for Affective Disorders and Schizophrenia®® and
from chart reviews was used to determine their diagnoses according
to the Diagnostic and Statistical Manual of Mental Disorders.*® Patients
selected for study had to be 20 to 55 years old, have never undergone
electroconvulsive shock treatment, have no history of neurologic
illness, have no major alcohol or drug abuse in the previous five
years, and have not been receiving medications known to aflect the
results of MRI of the brain, such as steroids.

The mean (+SD) age of the patients at the time of testing was
3719 years, and the duration of their illness was 189+ 106 months.
Since the onset of schizophrenia they had been hospitalized 4829
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percent of the time. Their mean score on the information subtest
of the Wechsler Adult Intelligence Scale—Revised (WAIS-R)?' was
9.9+2.41, and their score for the socioeconomic status of family of
origin was 3.4%0.1 (3 denotes a skilled craftsman or a clerical or
sales worker).*

Fifteen men were recruited through newspaper advertisements to
serve as controls; they were matched with the patients for age and
handedness. These subjects were screened for disease factors that
could affect brain function, including alcohol abuse, and none had a
history of psychiatric or neurologic illness themselves, nor did their
first-degree relatives. There were no statistically significant differ-
ences between the two groups in height, weight, head circumfer-
ence, socioeconomic status of family of origin, or scores on
the WAIS-R information subscale.®' All 30 subjects gave informed
consent.

Clinical Measures

The patients were evaluated for both behavioral excesses, such as
hallucinations, delusions, and formal thought disorder (positive
symptoms), and behavioral deficits, such as anhedonia, alogia, and
flat affect (negative symptoms). The Scale for the Assessment of
Positive Symptoms® and the Scale for the Assessment of Negative
Symptoms* were used to categorize their symptoms as mainly posi-
tive (11 patients), mainly negative (none of the patients), or mixed
(4 patients). In addition, the Thought-Disorder Index3>3¢ was used
to assess formal thought disorders in the patients; their mean score
was 60.4£61.8 (range, 1.7 to 214), whereas the average score of
normal subjects® is less than 5 (the controls were not tested). The
reliability of these measures between raters has been shown to be
quite high.'836.57

Image Acquisition

MRI scanning was performed with a 1.5-tesla General Electric
Signa System (GE Medical Systems, Milwaukee). Sagittal localizer
images were obtained first, followed by double-echo spin—echo axial
slices of whole brain. The repetition time was 3000 msec, the echo
time 30 and 80 msec, the slice thickness 3 mm, the field of view 24
cm, and the acquisition matrix 256 by 256 (192 phase-encoding
steps, with zero filling); conjugate synthesis was used in combina-
tion with an interleaved acquisition that resulted in 108 contiguous
double-echo slices (54 levels). The voxel (volume of pixel) dimen-
sions were 0.975 by 0.975 by 3 mm.

For manual and semiautomated measurement of the temporal
lobe, three-dimensional Fourier-transform (3DFT) spoiled-gradi-
ent-recalled acquisition was used because it affords excellent con-
trast between gray and white matter for the evaluation of temporal-
lobe structures. The repetition time was 35 msec, the echo time
5 msec with one repetition, the nutation angle 45 degrees, the field
of view 24 cm, and the matrix 256 by 256 (again, 192 phase-encod-
ing steps) by 124. Voxel dimensions were 0.975 by 0.975 by 1.5 mm.
The data were stored and analyzed as 124 coronal slices, each
1.5 mm thick. To reduce flow-related artifacts (due to cerebrospinal
fluid and blood), gradient moment nulling and presaturation of a
slab inferior to the head were performed during both the axial and
3DFT acquisitions. A clinical neuroradiologist evaluated the MRI
scans and found no gross abnormalities in any subject.

Image Processing
Whole Brain (Axial Acquisition)

Image processing was carried out on workstations (Sun Micro-
systems, Mountain View, Calif.) with newly developed multistep
algorithms,*** including a preprocessing filter to reduce noise with-
out blurring fine morphologic details*'*; a segmentation algorithm
to assign voxels to distinct classes (i.e., voxels representing cerebro-
spinal fluid, gray matter, white matter, and connective tissue or
vessels) % a connectivity algorithm3®* to define subsets of a par-
ticular class, such as cerebrospinal fluid in intraventricular, suba-
rachnoidal, left and right lateral ventricular spaces, and in left and
right temporal and occipital horns; a dividing-cubes algorithm to
visualize different classes of tissue in three-dimensional space*’; and
a final summing of voxels for each tissue class to compute volumes

(as described in detail elsewhere!?*+46). Preliminary data on seg-
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Table 1. Anterior and Posterior Extent of Regions of Interest.

REGION MosT ANTERIOR SLICE MosT POSTERIOR SLICE

Amygdala-anterior White-matter tract (tempo- Last slice before the appear-

hippocampus ral stem) linking tempo- ance of the mammillary
ral lobe with rest bodies
of brain
Posterior hippo- First appearance of the Last appearance of fibers
campus mammillary bodies of the crux of the fornix
Superior temporal Landmarks for anterior and posterior hippocampus
gyrus
Anterior region Landmarks for amygdala—anterior hippocampus
Posterior region Landmarks for posterior hippocampus
Parahippocampal Landmarks for superior temporal gyrus
gyrus
Temporal lobe
Anterior and Landmarks for superior temporal gyrus
posterior
portions
Anterior pole Second slice showing Slice immediately anterior to
temporal lobe start of superior temporal
gyrus and amygdala
Superior frontal First appearance of First slice showing complete
gyrus superior frontal gyrus crossing of anterior

commissure fibers

mentation of a phantom of a brain slice with these techniques
showed that the error of measurement ranged from 4 to 6 percent.*®

Temporal Lobe (3DFT Acquisition)

Table 1 defines the landmarks used to assess the regions of inter-
est. The atlas of Daniels et al.*” was used as the primary anatomical
guide for MRI. Neuroanatomical structures were outlined manually
on a workstation display screen (Fig. 1), and volumes were calculat-
ed by summing voxels over all slices containing these structures.
(More complete information on the definitions of the neuroanatom-
ical regions of interest and on volumetric data for nonsignificant
results is available through the National Auxiliary Publications
Service.*)

One rater blinded to the patient’s diagnosis measured the regions
of interest. To evaluate the reliability of measurement, a second
rater, also blinded to the diagnosis, measured the temporal-lobe
regions of three controls and three patients randomly selected from
each group. In addition, four raters blinded to the diagnosis as-
sessed the superior frontal gyrus of one patient selected at random,
after this region had been segmented into four parts (12 slices each).
The average intraclass correlation (r;) was 0.86.

Statistical Analysis

Volumetric analyses were corrected for intracranial volume to
control for variations in head size. All statistical analyses were per-
formed on corrected (relative) volumes, although for comparative
purposes we present absolute values for volume. Statistical analyses
of automated measurements of whole brain were performed with
t-tests (two-tailed). The effects of laterality and region on the
volumes of temporal-lobe structures were examined by a mixed-
model analysis of variance, with one “between factor” — group
(patients vs. controls) — and two “within factors” — laterality (left
vs. right) and region (anterior hippocampus or amygdala, posteri-
or hippocampus, parahippocampal gyrus, and superior temporal
gyrus). This analysis was followed by planned comparisons in
which the P value indicating statistical significance was set at
=0.02. A Wilcoxon matched-pairs signed-rank test was used to
assess asymmetry between left and right volumes (significance level
set at P<0.02).

*See NAPS document no. 04964 for seven pages of supplementary material.
Order from NAPS c/o Microfiche Publications, P.O. Box 3513, Grand Central
Station, New York, NY 10163-3513. Remit in advance (in U.S. funds only)
$7.75 for photocopies or $4 for microfiche. Outside the U.S. and Canada, add
postage of $4.50 ($1.75 for microfiche postage). There is a $15 invoicing charge
for all orders filled before payment.
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For Pearson correlations among neuroanatomical measurements
within the study groups, two-tailed tests of significance were also
used (the significance level was conservatively set at P<0.01). Be-
cause age can affect volumetric measurement, even when the age
range is restricted,”® an analysis of covariance for age was per-
formed. This did not influence the results (no P values <0.05);
consequently, statistical analyses are presented without covariance
for age.

REsuLTS

Automated Segmentation of Whole Brain and Ventricular

Spaces

There were no significant mean differences between
the two study groups in any measurements of whole-
brain volumes (Table 2). Figure 2 shows the results of
automated segmentation of the face, gray matter, and
white matter as three-dimensional reconstructions
viewed from different perspectives.

An assessment of homogeneity of variance with an
F maximum-minimum test, in which the largest vari-
ance for a population is divided by the minimal vari-
ance for a population, revealed that the variance in the

Aug. 27, 1992

Figure 1. Coronal Slice (1.5 mm) of the Temporal Lobe of a Con-
trol (Panel A) and a Patient with Schizophrenia (Panel B).

In Panel A the regions of interest used to evaluate the temporal
lobe (see text) have been outlined: the neocortical gray matter of
the superior temporal gyrus is on the subject’s left (the viewer's
right); more medially, the amygdala—hippocampal complex is
shown as an almond-like shape, with the parahippocampal gyrus
underneath. The temporal lobe is outlined on the subject’s right.

In Panel B, the amount of cerebrospinal fluid (black area) sur-

rounding the left superior temporal gyrus (sylvian fissure) is in-

creased as compared with the amount in the control. Note also

the tissue loss in the parahippocampal gyrus and the increase in

the size of the temporal horn surrounding the amygdala—hippo-
campal complex (arrow).

volume of the lateral ventricles was greater among
the patients than the controls (F = 6.87, df = 1, 28,
P<0.001); this difference was localized to the left later-
al ventricles (F = 14.8, df = 1, 28; P<<0.001), but not
the right (F = 2.53, df = 1, 28; P=0.1). Moreover, the
volume of the left temporal horn was 180 percent
larger in the patients than in the controls, and the
right temporal horn was 74 percent larger (P = 0.04
for the left and right horns; P = 0.004 for both com-
bined).

Manually Guided Segmentation of Limbic-System
Structures and Neocortical Superior Temporal Gyrus

Analysis of variance revealed a significant three-
way interaction among the factors of study group, lat-
erality, and temporal-lobe region (F = 3.94, df = 3,
84; P = 0.01). Follow-up planned t-tests indicated
that the volume of the left anterior hippocampus, left
parahippocampal gyrus (also the right), and left supe-
rior temporal gyrus was significantly smaller in the
patients than in the controls (Table 2 and Fig. 3).
When the difference in volume was expressed as a
percentage, the patients had a 19 percent reduction
in the left anterior hippocampal-amygdala complex
(95 percent confidence interval, 3 to 36 percent), a 13
percent reduction in the left parahippocampal gyrus
(95 percent confidence interval, 3 to 23 percent) (8
percent on the right), and a 15 percent reduction in
the left superior temporal gyrus (95 percent confi-
dence interval, 5 to 25 percent). An example of the
extent of tissue loss can be seen in Figure 1. No such
differences were apparent in the volume of the left or
right posterior hippocampus, right superior temporal
gyrus, or right anterior hippocampus. When the di-
mensions of the anterior or posterior areas of these
structures were examined, significant differences in
the size of the amygdala—hippocampal complex and
the superior temporal gyrus were noted (Table 2).* As
compared with the controls, the patients had a signifi-
cant reduction in the volume of the left anterior para-
hippocampal gyrus (P=0.002), but not in the volume
of the posterior portion of this gyrus (P<<0.09). How-
ever, because the volume of the anterior segment was

*See NAPS document no. 04964 for seven pages of supplementary material.
Order from NAPS c/o Microfiche Publications, P.O. Box 3513, Grand Central
Station, New York, NY 10163-3513. Remit in advance (in U.S. funds only)
$7.75 for photocopies or $4 for microfiche. Outside the U.S. and Canada, add
postage of $4.50 ($1.75 for microfiche postage). There is a $15 invoicing charge
for all orders filled before payment.
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so small (<1 ml in all subjects), the anterior and pos-
terior segments were not analyzed further.

Figure 2 shows a three-dimensional reconstruction
of the amygdala—hippocampal complex and the tem-
poral lobe. Heschl’s gyrus (primary auditory cortex)
appears as a ridge bounded laterally by the more flat-
tened planum temporale.

Asymmetry and the Hippocampus, Parahippocampal Gyrus,
and Superior Temporal Gyrus

No left-right asymmetry was found among any of
the temporal-lobe structures of the controls. In con-
trast, the patients had significant asymmetry, with re-
duced volume on the left side of the parahippocampal
gyrus (P = 0.012), anterior hippocampus—amygdala
(P = 0.001), and superior temporal gyrus (P<<0.001).
No such asymmetry was evident in the posterior
hippocampus.

Temporal Lobe

There was no significant difference between the pa-
tients and controls when the volumes of the left and
right temporal lobes or the volumes of the temporal-
lobe subdivisions (i.e., the temporal pole and the ante-
rior and posterior segments [Fig. 2]) were compared.
Within each group of subjects, there was no significant
difference between the left and right temporal lobes
and their subdivisions.*

Correlations among Temporal-Lobe Abnormalities

In the patients, the volume of the left temporal horn
correlated significantly and negatively with that of the
left parahippocampal gyrus (r = —0.70, P=<0.001,
two-tailed), and there was a trend (P = 0.02) toward
a negative correlation between the volumes of the
left temporal horn and left posterior hippocampus
(r = —0.61). In addition, the volume of the left
parahippocampal gyrus positively and significantly
correlated with that of the left posterior hippocam-
pus (r = 0.65, P=<0.01). The volume of the left an-
terior superior temporal gyrus correlated positively
and significantly with that of the left anterior hip-
pocampus—amygdala complex (r = 0.82, P=<0.001).
There was also a trend toward a positive correlation
between the volumes of the left posterior superior
temporal gyrus and the left parahippocampal gyrus
(r = 0.52, P=0.05). In contrast, no significant correla-
tions were found among these temporal-lobe regions
in the controls.

Thought-Disorder Scores and Temporal-Lobe Volumes

As shown in Figure 4, there was a strong negative
correlation in the patients between the total thought-
disorder score and the absolute volume of the left pos-
terior superior temporal gyrus (r = —0.81, P = 0.001;
r = —0.78, P = 0.002 for relative volume), indicating
that 66 percent of the variance among the scores
was explained by this relation. This association was
best fit by a semilogarithmic plot, indicating that
the total thought-disorder score increased exponen-
tially as a function of the decrease in the volume
of the left posterior superior temporal gyrus. Fig-

ABNORMALITIES OF THE LEFT TEMPORAL LLOBE IN SCHIZOPHRENIA
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Table 2. Absolute Volumes of Automatically Segmented Regions
of the Whole Brain and Manually Segmented Regions of the
Temporal Lobe in 15 Patients with Schizophrenia and 15
Matched Controls.*

REGION VOLUME (95% CI) P VaLugt
mi

Whole brain
Total intracranial cavity

Controls 1562.1+104.5

Patients 1621.5+109.9 o
Gray matter

Controls 759.2+101.7% 0.68

Patients 772.8+93.5 ’
White matter

Controls 681.6*112.3% 0.48

Patients 730.4+102.7 :
Subarachnoidal CSF

Controls 104.5+29.2 0.32

Patients 96.8+39.4 N
Third ventricle

Controls 2.1+0.89

Patients 2.0+0.62 0.63
Fourth ventricle

Controls 1.6+0.50 0.13

Patients 1.4*0.55 ’
Lateral ventricles

Controls 13.1x4.1§

Patients 17.1x10.6 026
Ventricle:brain ratio

Controls 9.2+3.0

Patients 11.3£6.4 0.27
Temporal lobe
Left anterior hippocampus

Controls 2.420.60Y (2.0-2.7) 0.010

Patients 1.9x0.61 (1.6-2.3) ’
Left parahippocampal gyrus

Controls 2.2+0.26 (2.1-2.4) 0.008

Patients 1.9+0.38 (1.7-2.1) ’
Right parahippocampal gyrus

Controls 2.2+0.28 (2.1-2.4) 0.018

Patients 2.0x0.31 (1.8-2.2) ’
Left superior temporal gyrus

Controls 7.3+0.97 (6.8-7.9) 0.002

Patients 6.2+x1.2 (5.5-6.9) .
Left anterior superior

temporal gyrus

Controls 1.5+20.37 (1.2-1.7) 0.001

Patients 1.0x0.39 (0.80-1.2) :
Left posterior superior

temporal gyrus
Controls 5.9x0.86 (5.4-6.3)
Patients 51211 (4.6-5.8) 0.020

*Cl denotes confidence interval, and CSF cerebrospinal fluid. Plus—minus values are means
+SD. Only data on the temporal-lobe regions in which there were significant differences
between the study groups arc shown.

1The P values reflect comparisons of relative {not absolute) volumes.

$The mean total brain volume (volume of gray and white matter, 1440.8 ml) reported here is
consistent with the mean postmortem volume of 1430 ml observed in males by Boyd.*

§The mean volume for the lateral ventricles is consistent with the range of 9 to 35 ml reported
in the literature. 3052

fiThe mean length of the amygdala~hippocampal complex (the value for the volume of the
anterior portion is shown here) was calculated from manually segmented slices; the mean was
44 mm on the right and 41 mm on the left in the controls — values consistent with the range of
40 to 45 mm found in 60 adults post mortemn.>?

ure 2 shows that this region includes the planum tem-
porale.

The specificity of the relation between the total
thought-disorder score and the volume of the left pos-
terior superior temporal gyrus was indicated by the
absence of statistically significant correlations with
other regions on both linear and semilogarithmic fits.
A trend was observed for a linear correlation between
the thought-disorder score and the volume of the right
temporal horn (r = 0.65, P = 0.017). There were
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no significant correlations with the 8.0 .
volume of the control area — the . * ‘
gray matter of the .superior fron- 5 = . 5 = 20
tal gyrus — in which there also t E . ‘ 5 E . s
was no significant difference be- u% S 6.0 . ‘ (% g % i
tween the controls ar.ld patients (con- 53 o 5 & A 12
trols, 22.7%+3.7 ml in the left gyrus 8 ® e 0 8 ®10{ — 2
and 23.0x3.1 ml in the right; pa- 38 < g8 . .
tients, 21.7%£3.9 ml in the left gyrus ;‘: £ 0] £ g e
and 22.4+3.8 ml in the right). gr- : -

DiscussioN . ' 001 .

Our study of schizophrenia with Patients Controls Patients Controls

a new generation of neuroimaging
techniques and quantitative MRI 3.0 - 40-
measurement of volume yielded . ' .
three major findings. First, there
was a lateralized (left sided) de- g . . =30, .
crease in the volume of gray mat- E - Ay 5 E” s "
ter in the anterior hippocampus— § N = s k5 é . :
amygdala, parahippocampal gyrus, 8 E 201 o T S €20/ o
and superior temporal gyrus and a g ‘e = g - :
concomitant increase in the volume o s - & o
of the temporal horn of the later- § T 104 ‘. .
al ventricles. Second, there was a ' .
strong correlation between the de- 1.0 1 .
gree of thought disorder — a cardi- Patients Controls Patients Controls
nal neurobehavioral symptom of .
schizophrenia — and the decrease Figure 3. Volumes of the Regions of Interest in the Patients and Controls.

The regions shown are those for which the means for the study groups (horizontal

in th f the left teri
in the volume o e teft posterior lines) differed most.

superior temporal gyrus, a region
long considered important as a neu-

roanatomical substrate of language.>*"® Third, in the These findings confirm previous reports suggesting
patients there were statistically significant correlations an association between temporal-lobe abnormalities
among volume reductions in neuroanatomically inter- and schizophrenia, and extend our knowledge by pro-
connected temporal-lobe regions that may be impor- viding evidence of an absence of global brain atrophy,
tant in forming auditory associative memory links. the presence of specific limbic—neocortical loci of the
The patients and controls did not differ in total tem- pathologic process, and a key clinicopathological cor-
poral-lobe volume or in automated volumetric meas- relation — that between the thought-disorder score
urements of the whole brain (gray and white mat- and the reduction in the volume of the left posterior
ter), total cerebrospinal fluid, or ventricle:brain ratio superior temporal gyrus. However, before any gener-
([lateral ventricle volume/total intracranial volume] alizations are drawn from these findings in a subgroup
X 100). The findings of local but not global differ- of 15 patients, some caveats are necessary. We do not
ences in the volumes can be explained by the variation yet know whether similar features are present in pa-
among subjects in the volumes of large structures tients with other diagnoses, such as mood disorders
(e.g., a standard deviation of 7.4 ml in the volume of with psychosis, or in patients with a first episode of
the left temporal lobe in the controls). Such variation schizophrenia, in whom the potential confounding ef-
obscures the differences between the groups in the fects of chronicity and medication may not have oc-
comparisons of the volumes of small local regions curred.

such as the left superior temporal gyrus, for which the As compared with manual scgmentation, automat-
absolute difference in volume between the patients ed techniques for processing MRI scans increase reli-
and controls was only 1.1 ml. | ability and reproducibility and greatly reduce analysis

Figure 2. Three-Dimensional Reconstructions and Rotations of Tissue Classes Defined by Automated Segmentation (Classification)
Algorithms.
The tissue of the face (Panel A) is visualized with a (virtual) opening to the brain, where gray matter is displayed as gray. Left lateral,
frontal, and left lateral views of the brain (Panels B, C, and D, respectively) are shown with varying degrees of gray matter removed to
reveal white matter (yellow). The amygdala—hippocampal complex (Panel E) is shown viewed from above, with its anterior portion at the
bottom of the panel (it is clear why this structure is named after the sea horse). The temporal lobe (Panel F) is shown in an anterior and
slightly superior view; the posterior region is shown here as gray, the anterior region as yellow (anterior and posterior boundaries as
defined for the superior temporai gyrus), and the temporal pole as red. The prominent ridge on the superior surface is Heschl's gyrus; the
flat region posterior and lateral to it is the planum temporaie (PT).
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Figure 4. Volume of the Left Posterior Superior Temporal Gyrus in
Relation to the Total Score for the Thought-Disorder index>53 in
13 Patients with Schizophrenia.

The thought-disorder score was not obtained for 2 of the 15 pa-
tients in the study.

time; both these improvements increase the likelihood
of future clinical use. The precision of measurement is
also excellent as judged by the agreement between
our values and those in the literature (see Table 2
and other sources****). Since segmentation algorithms
cannot currently be reliably applied to images ob-
tained by spoiled-gradient—recalled acquisition, we
sought to maximize the precision of manual measure-
ment by using thin, 1.5-mm slices, thus reducing error
in measurement, and by objectively defining the re-
gions of interest, allowing good interrater reliability.
Our findings suggest that quantitative techniques to
measure volume are essential to define the subtle ab-
normalities of schizophrenia.

The absence of any reduction in the volume of the
entire brain or the temporal lobe is consistent with the
results of our previous study, which examined the vol-
ume of a large part of the brain although not all of
it,**> and with the results of Barta et al.,'® who used
manual segmentation and who also found no decrease
in overall brain volume but localized reduction in the
volume of the hippocampus and superior temporal
gyrus. That some studies have reported reductions in
the volume of the left temporal lobe'*!>*%8 whereas
others have not'®**6! suggests that the differences
may be due to differences between subjects (e.g., in
their sex or duration of illness)'**® or between meas-
urement techniques, especially if noncontiguous or
thick slices were measured.

Although many studies using CT have reported en-
larged lateral ventricles and an increased ventricle:
brain ratio in patients with schizophrenia,®> we did
not find any mean differences. Differences between
study populations®® probably account for the findings
of studies using CT or MRI that, like our present
study with MRI, found no increases.**4>3%6063 Qur
study did, however, find evidence of more localized
ventricular abnormality as manifested by enlargement
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of the left temporal horn, confirming previous studies
using both MRI'***¢'% and postmortem examina-
tion.>?? This enlargement was associated with local-
ized reduction in the volume of the structures of the
medial temporal lobe that surround the temporal
horn, suggesting replacement of brain tissue by cere-
brospinal fluid.

Reductions in the volume of the left segments of the
anterior amygdala—hippocampal complex, superior
temporal gyrus, and parahippocampal gyrus are com-
patible with MRI cross-sectional (area) measure-
ments of the anterior amygdala—hippocampal com-
plex'®!1215 and parahippocampal gyrus' and with
postmortem studies reporting reductions in tissue in
the hippocampus and parahippocampal gyrus'*’#
and cellular disarray in the left amygdala®® and ento-
rhinal cortex.®®® These specific, localized volume re-
ductions were not accompanied by reductions in the
volume of overall brain or temporal-lobe tissue, sug-
gesting further that schizophrenia, at least in the pop-
ulation that we studied, is associated with strategically
localized rather than global volume reductions.

Thought disorder is a hallmark symptom of schizo-

phrenia,” and its characteristics in schizophrenia dif-
fer from its characteristics in other psychoses.” Itis a
symptom that Bleuler® originally proposed as the pri-
mary feature of schizophrenia:
In this malady the associations lose their continuity. Of the thou-
sands of associative threads which guide our thinking, this disease
seems to interrupt, quite haphazardly, sometimes such single
threads, sometimes a whole group, and sometimes even large seg-
ments of them. In this way, thinking becomes illogical and often
bizarre. Furthermore, the associations tend to proceed along new
lines . . . two ideas, fortuitously encountered, are combined into
one thought, the logical form being determined by incidental cir-
cumstances.

The response of one of our patients to a Rorschach
card illustrates the marked disturbance of associations
and other forms of formal thought disorder:

in my mind to be someone, but . . . it just has a clear view, view-

pointon . . . when you stabilize, holding it with your thumbs and

move your fingers, and blink your eyes, maybe. The K-complex of

kindness, porphyria . . . the fine first . . . firm, fine, fast, fasting
. cilia on the paramecium. . . .

We found that the degree of formal thought dis-
order correlated with the reduction in volume of the
left superior temporal gyrus, thus confirming and ex-
tending our previous study using CT,?® which showed
an association between an increase in the left sylvian
fissure and the presence of positive symptoms (hallu-
cinations, delusions, and thought disorder), and the
important documentation by Barta et al.'” of an asso-
ciation between auditory hallucinations and the vol-
ume of the superior temporal gyrus measured with
MRI. Overall, these data are in agreement with our
hypothesis? that (right-handed) patients with schizo-
phrenia have damage in the left temporal lobe, evident
structurally as tissue loss and clinically as positive
symptoms.'8?

This correlation accounted for 66 percent of the
variance and may reflect damage to a zone (especially
the planum temporale component) of great impor-
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tance to the semantic structure of language.>*?867.68

Moreover, it seems to confirm Bleuler’s prediction
that thought disorder would ultimately be linked to a
brain abnormality. We caution, however, that this
zone may not be solely responsible for thought dis-
order; it may be a final common pathway. Further-
more, brain regions that we did not examine may also
be important, although we note that the volume of our
control region — the gray matter of the superior fron-
tal gyrus — was not significantly different in our study
groups, nor did it correlate with the degree of thought
disorder (preliminary data from measurement of the
gray matter of the cingulate gyrus show the same neg-
ative findings: the mean [=SD] volume in controls
was 7.4%x1.2 ml in the left gyrus and 7.8x1.4 ml in the
right gyrus; in the patients it was 7.2+ 1.7 ml in the left
gyrus and 7.3=1.5 mli in the right gyrus (P = 0.67 and
P =0.19).

We hypothesize that the strong correlations among
volume reductions of neuroanatomically intercon-
nected structures such as the amygdala—hippocam-
pal complex, parahippocampal gyrus, and superior
temporal gyrus reflect damage to an interconnected
neural network® 7 that is functionally important for
associative links in memory.®3¢%7%7> Many lines of evi-
dence suggest that the hippocampus is important to
storage and retrieval of memory and that memory is
probably stored at neocortical sites in response to in-
put arising from the hippocampus,” with the superior
temporal gyrus being especially important for audi-
tory associative memory. Damage to this intercon-
nected network could therefore result in difficulties in
the storage and retrieval of auditory or language
memory, particularly in the language-related domain
in which the left posterior superior temporal gyrus,
especially the planum temporale, is important.®®”
This difficulty may be manifested as an inability to
maintain a proper gradient of strength of associa-
tional linkages, leading to thought disorder and, as
described by Bleuler,” “incidental” linkages.

The pattern of focal volume reductions on the left
side of the brain does not support the dopamine hy-
pothesis of schizophrenia,’®’” since dopamine projec-
tions are diffuse and their abnormalities have not been
linked with localized reductions in tissue volume. As
one alternative, we have proposed a model of dysregu-
lation of neurotransmission regulated by the excitato-
ry amino acid receptors identified by N-methyl-b-
aspartic acid (NMDA).!” This could account for the
irritative, positive symptoms such as thought disorder
and hallucinations that result from neural overactiva-
tion. Loss of brain tissue may result from neuronal
death due to excessive activation (excitotoxicity) or
from developmental abnormalities that accompany
disruption of the formation of NMDA-receptor—guid-
ed neural pathways.

In conclusion, we view the finding of a specific asso-
ciation between schizophrenic thought disorder and
loss of tissue from the left posterior superior temporal
gyrus as a hopeful sign for research into this severely
disabling disorder. It suggests that similar approaches

ABNORMALITIES OF THE LEFT TEMPORAL LOBE IN SCHIZOPHRENIA — SHENTON ET AL.  6il

will be able to uncover the roots of other clinical mani-
festations of this disease.
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Hall for photography; to Paul Nestor and Christine Waternaux for
suggestions about statistical analysis; and to Brian O’Donnell,
Dorothy Holinger, Philip Holzman, Deborah Levy, and Jennifer
Haimson for editorial comments and suggestions.
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