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Background: The importance of neuronal interac-
tions in development, the cortical dependence of many
thalamic nuclei, and the phenomenon of transsynaptic
degeneration suggest possible abnormalities in tha-
lamic nuclei with connections to other brain regions im-
plicated in schizophrenia. Because frontal and temporal
lobe volumes are diminished in schizophrenia, volume
loss could characterize their primary thalamic relay nu-
clei (mediodorsal nucleus [MDN] and pulvinar).

Methods: Tracers delineated the thalamus, MDN, and
pulvinar on contiguous 1.2-mm magnetic resonance im-
ages in 12 schizophrenic patients, 12 with schizotypal
personality disorder (SPD), and 12 normal control sub-
jects. The MDN and pulvinar were rendered visible by
means of a Sobel intensity-gradient filter.

Results: Pixel overlap for delineation of all structures
by independent tracers was at least 80%; intraclass cor-
relations were r=0.78 for MDN and r=0.83 for pulvi-

nar. Pulvinar volume was smaller in schizophrenic
(1.22±0.24 cm3) and SPD (1.20±0.23 cm3) patients than
controls (1.37±0.25 cm3). Differences for MDN were not
statistically significant; however, when expressed as per-
centage of total brain volume, pulvinar and MDN to-
gether were reduced in SPD (0.14%) and schizophrenic
(0.15%) patients vs controls (0.16%). Reductions were
more prominent in the left hemisphere, with MDN re-
duced only in the schizophrenic group, and pulvinar in
both patient groups. Total thalamic volume did not dif-
fer among the 3 groups.

Conclusions: Measurement of MDN and pulvinar in
magnetic resonance images is feasible and reproduc-
ible. Schizophrenic and SPD patients have volume re-
duction in the pulvinar, but only schizophrenic patients
show reduction relative to brain volume in MDN.
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S CHIZOPHRENIA involves im-
pairments in multiple brain
circuits that synaptically gate
or relay information through
the thalamus. Consequently,

the thalamus is being scrutinized as a site
of schizophrenia-related abnormalities.
Postmortem studies of schizophrenia have
revealed synaptic degeneration and volu-
metric loss in thalamic subdivisions.1-4

Neuroimaging studies have also detected
schizophrenia-associated thalamic abnor-
malities5-9 but have not localized changes
to anatomically defined thalamic subdi-
visions. Instead, they have described
changes in size, shape, or function of
broadly delimited thalamic regions or
within the entire thalamus.

Because each thalamic subdivision has
a unique set of efferent and afferent projec-
tions, localization of schizophrenia-
associated changes could advance under-
standing of neuronal-circuitry impairments.
The importance of neuronal interactions in

brain development,10 the phenomenon of
transsynaptic degeneration,11 and activity-
related neuronal plasticity12,13 suggest
mechanisms by which an abnormality in
one brain region could induce abnormali-
ties in others. Volume loss or other abnor-
malities in thalamic subdivisions may re-
late to abnormalities in their efferent and
afferent fields. The fact that some thalamic
nuclei remain cortically dependent (ie, ex-
hibit degenerative changes when their cor-
tical fields are damaged) into adulthood14

suggests that this expectation would hold
whether the primary lesion occurred in early
development or much later. Two macro-
scopically visible thalamic nuclei, the me-
diodorsal nucleus (MDN) and the pulvi-
nar, are seenonmagnetic resonance imaging
(MRI) and appear salient to schizophrenia
because of their connections with 2 re-
gions implicated by neuroanatomical theo-
ries, ie, prefrontal and temporal cortex.

Prefrontal cortex (PFC), regionally
defined by some researchers on the basis
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of MDN projections,15 may have volumetric and func-
tional loss in schizophrenia.16-20 Volume loss in PFC could
cause MDN shrinkage; alternatively, volume loss in MDN
could cause volume loss in PFC.

Attentional disturbances in schizophrenia have been
linked to sensory-perceptual dysfunction by theories pos-
tulating disturbed stimulus selection or filtering. Some
researchers, emphasizing strategic planning, future ori-
entation, and executive function deficits, have posited PFC

dysfunction21-24 or failure of thalamofrontal connectiv-
ity.25 Others, influenced by sensory hyperactivity in schizo-
phrenia, have invoked the temporal lobe as a site of ce-
rebral failure. Studies have found frontal and temporal
size reductions on MRI,16,26 gray matter heterotopias in
frontal and temporal white matter,27 and frontal and tem-
poral deficits on functional imaging.17,19 Complex defi-
cits in sensory and perceptual processing in schizophre-
nia could suggest disturbances in frontal and temporal

SUBJECTS AND METHODS

SUBJECTS

Schizotypal Personality Disorder

TwelveSPDpatients(11men;1woman;meanage,42.7years;
SD,14.1years;11right-handed)metDSM-IV39 diagnosticcri-
teria based on interviews using the Schedule for Schizophre-
niaandAffectiveDisorders40 and theStructured Interviewfor
DSM-III Personality Disorders.41 Their mean Brief Psychiat-
ricRatingScale42 scorewas37.5 (SD,6.20; range,28-46).Ten
patientswere recruited fromclinicsatMtSinaiHospital,New
York,NY,andBronxVeteransAffairsHospital,Bronx,NY,and
from community psychiatrists; 2, from newspaper advertise-
mentsforpeoplewithlonelinessandtroublewithrelationships.
Seven of the 12 patients had never received neuroleptics, and
all were free of medication for at least 2 weeks. Interrater re-
liability forSPDdiagnosiswasassessedon56individualswith
4raters (2 foreachsubject); kvalues foreachcriterionranged
from0.86 formagical thinking to0.60 for suspiciousness (av-
erage,k=0.73).ForSPDvsotherpersonalitydisorders,k=0.90.
Medianeducationallevelwas14years.Illnessonsetwasgradual
and not precisely determined.

Schizophrenia

Twelve schizophrenic patients (11 men; 1 woman; mean
age, 43.7 years; SD, 13.2 years; 11 right-handed), all re-
cruited from the clinics at Mt Sinai Hospital and Bronx Vet-
erans Affairs Hospital, underwent evaluation using the Com-
prehensive Assessment of Symptoms and History43 and
diagnosis according to DSM-IV.39 Patients were neurolep-
tic naive (n=9) or neuroleptic free (median, 3 weeks; short-
est washout, 12 days; next shortest, 14 days; longest, 3 years);
none had taken depot neuroleptics. Medians for educa-
tional level, age at onset of illness, and illness duration were
14 years, 23 years, and 20 years, respectively. Total Brief
Psychiatric Rating Scale scores were obtained at the time
of PET and MRI studies (mean, 55.2; SD, 14.2; minimum
possible rating, 18).

Subjects with SPD underwent assessment using the
Schedule for Affective Disorders and Schizophrenia be-
cause it extensively covers depressive symptoms, the most
common comorbidity in SPD, whereas the Comprehen-
sive Assessment of Symptoms and History was adminis-
tered to schizophrenic patients because it is oriented to-
ward a detailed evaluation of psychotic symptoms.

Controls

Twelve normal controls (11 men; 1 woman; mean age,
42.2 years; SD, 12.4 years) received the Comprehensive

Assessment of Symptoms and History to exclude psychiat-
ric illness in themselves or first-degree relatives and the Struc-
tured Interview for DSM-III Personality Disorders, modi-
fied for administration to normal controls, to screen out
personality disorders. The controls, recruited from commu-
nity newspaper advertisements and bulletin-board post-
ings, underwent screening as described elsewhere, and were
age- and sex-matched to the experimental subjects.44 Me-
dian educational level was 16 years. Median socioeconomic
status level in controls was 3, the same as in the patient groups.

Subjects described herein are a subsample of those de-
scribed in an earlier, less anatomically detailed PET and MRI
report.8 After complete description of the study, subjects
provided written informed consent.

MRI ACQUISITION

The same 1.5-T MRI scanner (LX Horizon; GE, Milwaukee,
Wis) was used throughout (repetition time, 24 milliseconds;
echo time,5milliseconds; flipangle,40°; contiguous1.2-mm
thick axial slices; pixel matrix, 256 3 256; field of view, 23
cm). Images were coded, intermixed, and screened by neu-
roradiologists for white matter hyperintensities or other evi-
denceofvascularorneoplasticabnormality. Inhomogeneities
of the field main magnetic field were monitored monthly and
compensated forwithshims in thehardware.Radiofrequency
fieldinhomogeneitiesweremonitoredusingacylindricalwater-
filled phantom; after a 1-pass gaussian filter was applied, the
histogram was less than 10 U wide, and differences in signal-
intensityvaluesonthex-andy-axis5cmfromthecenterwould
not be expected to exceed 1 U in 256. Image geometric lin-
earity was monitored with a 100-mm square-cross phantom;
current data showed a 1.6% difference between the vertical
andhorizontal scales,wellwithinmeasurementerror.Details
of imageacquisitionwerekeptuniformthroughout thestudy,
and regularly obtained phantoms ensured consistency. Brain
volume was determined by visual placement of points on the
cortical rim and fitting a spline curve45 through the points on
16 to 20 planes spaced 6.5 mm apart from the highest plane
withgraymatter to the lowestplane inwhich frontal andtem-
poral lobeswerecontiguoustomatchpreviouslyreportedPET
data.8 The intraclass correlation coefficient (ICC) for 2 rat-
ers, 10 brains, was 0.98.

REGIONAL ASSESSMENT AND MORPHOMETRY

The MDN and pulvinar were delineated in serial slices pro-
ceeding dorsally and then ventrally (typically 8-11 slices),
beginning with the level at which the structure was most
clearly demarcated (see Figure 1 for approximate level).
For MDN and pulvinar, spline points were placed on lines
of demarcation established by a Sobel intensity-gradient
filter. A 3 3 3 maximizing function (ie, local search in the
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lobe linkages with other brain areas, eg, the thalamus.28

Volume and neuronal loss in MDN, as described in post-
mortem studies,2-4,29,30 might account for decreased tha-
lamic metabolism in schizophrenia detected in positron
emission tomographic (PET) studies,6-9 as well as for the
functional19-22 and anatomical changes31 that have been
described in its terminal fields in PFC.32 Schizophrenia-
associated neuronal loss has also been described in the
pulvinar.33

The schizophrenia-associated abnormalities of MDN
and pulvinar found in postmortem studies2-4,33 have yet to
be demonstrated in vivo. They have not been examined
in schizotypal personality disorder (SPD), which has ge-
netic-phenomenological links to schizophrenia34-37 (2 MRI
studies reported thalamic volume reductions in relatives
of schizophrenic patients7,38). Shared brain abnormalities
might account for the common deficits that characterize
schizophrenia-spectrum disorders, whereas differences

3 3 3 pixel vicinity for maximum value) was applied to
pull the spline line to the contour of maximal contrast.8

Mediodorsal Nucleus

The medial border is defined by the interface of brain mat-
ter with cerebrospinal fluid; lateral and posterior borders,
by the internal medullary lamina. Anteriorly, the lamina
is heavily myelinated, in sharp contrast with surrounding
gray matter. More posteriorly, the lamina appears less
heavily myelinated, and contrast to surrounding thalamus
is partly based on the extremely rich vascular supply run-
ning within the lamina. Multiple Sobel filter lines were
sometimes seen in this region. Fortunately, a conspicuous
anatomical feature allows a reliable caudomedial border
to be established. The pulvinar (derived from pulvinus,
Latin for “cushion”) forms a cushionlike eminence that
protrudes into the ventricle. The point at which the ven-
tricular wall abruptly deviates medially to form that emi-
nence establishes the pulvinar’s rostromedial extent (Fig-
ure 1). This point (usually lying on the line established by
the Sobel filter) defined the border between the MDN and
the pulvinar on the medial aspect of the thalamus. The
dorsal extent of the nucleus was taken as the most dorsal
level at which the Sobel filter circumscribed an ovoid
structure situated medially within the thalamus and lying
primarily posterior to the level of the mammillothalamic
tract. The MDN’s ventral extent was taken as the most
ventral level at which the Sobel filter circumscribed an
ovoid structure that appeared to be continuous with the
MDN as delineated in the more dorsal sections. This gen-
erally corresponded to 1 MRI slice above the plane in
which the superior colliculus appeared, in agreement
with our observations of the ventral extent of the nucleus
in histological sections.

Pulvinar

Medial and posterior borders were unambiguously de-
fined by their interface with cerebrospinal fluid. The lat-
eral border was established by the internal capsule. Medi-
ally, the anterior border was defined by the posterior border
of the MDN. More laterally, the anterior border was de-
fined by the corticotectal tract, a myelinated band of fibers
extending from the lateral extent of the thalamus to join
the internal medullary lamina at the MDN’s posterome-
dial edge. The ventral extent of the pulvinar merges im-
perceptibly with the pretectum and was taken as the most
ventral level at which the Sobel filter circumscribed a struc-
ture that appeared continuous with that identified as the
pulvinar in more dorsal sections. This usually occurred at
or slightly above the level of the superior colliculus. The
dorsal extreme of the pulvinar coincides approximately with

the dorsal extreme of the MDN. It was defined as the most
dorsal level at which the Sobel filter circumscribed a struc-
ture extending to the posterior extent of the thalamus and
continuous with profiles identified as pulvinar in more ven-
tral sections (Figure 2). Figure 3 shows the entire thala-
mus reconstructed in 1 subject.

RELIABILITY

Two tracers independently outlined the whole thalamus
(W.B. and E.K.), the MDN (W.B. and E.K.), and the pul-
vinar (W.B. and A.S.) on 8 subjects. The ICC48 and the pro-
portion of overlapping pixels between the tracers (pixels
common to traced outlines divided by number of pixels in-
cluded by either tracer) were computed. The ICC for whole
thalamus volume between 2 tracers was 0.90; percentage
of pixel overlap between tracers 1 and 2 was 95.2%, and
that between tracers 2 and 1 was 93.8%. Tracing of indi-
vidual nuclei had acceptable reliability (79.6% and 90.4%
pixel overlap for the MDN; 90.6% and 90.1% for the
pulvinar). The ICCs for the MDN and the pulvinar were
r=0.78 and r=0.83, respectively.

STATISTICAL ANALYSIS

Data were expressed in cubic centimeters for each region
of interest (ROI). Variance of the diagnostic groups for
both nuclei did not differ significantly (Levene F test for
variability). Volumes of the nuclei were normally distrib-
uted, and the Kolmogorov-Smirnov test for both nuclei
did not reject a nonnormal distribution (P=.29). Multi-
variate analysis of variance for volume used a 3-group
(controls and schizophrenic and SPD patients)32-nuclei
(MDN and pulvinar)32-hemispheres (right and left)
mixed-factorial design. A 332 mixed-factorial design was
used for the whole-thalamus volume analysis. The first
variable consisted of the 3 groups; the second, the 2 hemi-
spheres. Separate analyses of variance (ANOVAs) were
performed for each ROI (including total thalamus), ROI/
(thalamic volume−ROI), and ROI/brain volume. Our sta-
tistical approach allowed (1) specific a priori hypothesis
testing with a single F (main effect of group indicating
bilateral nuclear effects) to moderate type I error within
the MRI-based outline of the thalamus and (2) assessment
of the specificity of findings for an individual ROI
(group3structure3hemisphere). Follow-up 2-tailed t
tests (a level, P,.05) examined specific contrasts sug-
gested by the literature. Strictly speaking, it could be
argued that we should use 1-tailed tests for smaller
schizophrenic MDN, since that was our hypothesis based
on findings in postmortem material in several studies.
However, specification of the number of tails and exact P
value permits the reader to interpret the findings.
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might explain the diminished severity of psychosis that
distinguishes SPD from schizophrenia. Our objective was
to compare the size of the MDN and pulvinar in patients
with schizophrenia and SPD with findings in normal con-
trol subjects. Our hypothesis was as follows: (1) schizo-
phrenic patients would have a smaller volume of the MDN
than controls, and (2) both major association nuclei of the
thalamus (MDN and pulvinar) would show smaller vol-
umes in schizophrenic than SPD patients, who in turn
would show smaller volumes than controls.

RESULTS

BRAIN AND THALAMIC VOLUME

Mean total brain volume was not significantly different in
the schizophrenic (1272 cm3; SD, 134 cm3) or SPD (1392
cm3; SD, 210 cm3) group compared with controls (1341
cm3; SD, 68 cm3). Average thalamic volume across right
and left hemispheres did not significantly differ in the
schizophrenic (4.43 cm3; SD, 0.35 cm3) and SPD (4.58 cm3;
SD, 0.42 cm3) groups vs controls (4.68 cm3; SD, 0.40 cm3;
F2,33=1.39; P=.26), and follow-up group differences were
not statistically significant when tested 2-tailed (control
vs schizophrenic groups, t22=2.06; P=.05). At the ob-
served effect size of 0.67 for thalamic volume, 45 subjects
per group would be required to detect a significant con-
trol vs schizophrenic group difference with power of 0.90.

THALAMIC NUCLEI

When pulvinar and MDN were analyzed together in a
3-way ANOVA, there was a significant main effect of pa-
tient group for nuclear size relative to brain volume
(F2,33=3.35; P=.047), but the effect of patient group for
nuclear size ((F2,33=3.09; P=.06) and a group3nuclear
size interaction did not reach statistical significance
(F2,33=2.94; P=.07).

PULVINAR

Volume of the pulvinar was significantly smaller in the
SPD and schizophrenic groups than in controls (Table1).
With correction for brain size, the relative volume of the
pulvinar was also significantly reduced (Table 1). For vol-
ume and relative volume, there was no significant
group3hemisphere interaction. However, because the
size difference across groups was so marked (14.9% across
all groups; main effect of hemisphere, F1,33=29.7; P,.001),
right and left hemispheres were examined separately
(Table 2), revealing that the major size reductions were
in the left thalamus. The t tests examining right minus
left difference scores for volume data revealed signifi-
cant asymmetry (right.left) in schizophrenic and SPD
patients (t11=3.09 and t11=3.65, respectively; P,.01) but
not controls (t11=2.01; P,.10). There were no signifi-
cant differences in asymmetry when difference scores for
schizophrenic and SPD groups were compared sepa-
rately with control scores (t22=−0.45 vs t22=−0.77; P=.65;
the effect size of 0.18 for control vs schizophrenic group
is small, and the effect size of 0.32 for control vs SPD group
would require n=150 for 80% power).

MEDIODORSAL NUCLEUS

Volume of the MDN was smaller in the SPD and schizo-
phrenic groups than in controls, but in the same statis-
tical contrasts as performed for the pulvinar, group dif-
ferences were not statistically significant (n=52 needed
for 80% power). There were no significant group or
group3hemisphere effects. Compared with normal val-
ues, the only statistically significant MDN volume loss
was for the schizophrenic group, only in the left hemi-
sphere (Table 2 and Figure 4). The t tests examining
right minus left difference scores revealed significant
asymmetry (right.left) in the schizophrenic (t11=2.89;
P,.01) but not control (t=0.24; P=.58) groups, whereas

A B C D E
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Figure 1. A, Gross specimen of the thalamus viewed from top looking down, showing surface contour of nuclei. Arrow indicates lateral inflection. B, Microscopic
atlas14 showing MDN and internal medullary lamina (IML) in axial section (arrowhead). C, Typical axial magnetic resonance image (MRI) at this level of normal
control with nuclear regions visible. D, Application of gradient filter to MRI enhances IML markedly. CCT indicates corticotectal tract. E, The MDN traced as
described in text. Before delineation of regions of interest using a spline function, serial slices through the entire dorsal-to-ventral extent of the thalamus were
viewed on a 53-cm workstation. The region of the thalamus was enlarged (original magnification 34). An identical enlarged image was displayed in an adjacent
window of the same dimensions. The Sobel gradient filter was applied 6 to this second window. A gray scale window range and axial position were chosen in
which the IML was most distinct in the original enlarged image and in which lines defined by the Sobel filter most completely circumscribed the MDN and the
PUL. In all cases, this level corresponded closely to the following brain atlas levels: Talairach and Tournoux 46 for z=8-12; level 8 of Matsui and Hirano.47
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the greater asymmetry in patient groups than in con-
trols was not significant (t22=1.75; P=.10; effect size, 0.71;
n=30 in each group for 80% power).

COMMENT

Previous studies of anatomically delineated thalamic di-
visions in schizophrenia have relied on postmortem ma-
terial and have been mainly restricted to the MDN.2-3 Our
study examined the MDN and the pulvinar in living sub-
jects. Evidence was obtained of a reduction in the vol-
ume and relative size of the pulvinar in both schizophre-
nia and SPD. The MDN was also reduced in volume, but
this reduction was statistically significant only for the left
hemisphere and only in schizophrenia. Since the vol-
ume of the whole thalamus or whole brain was not sig-
nificantly reduced in schizophrenia or SPD, the reduc-

tions observed in the nuclei cannot be attributed to
generalized brain-size reduction. Failure to detect sig-
nificant volume loss in the whole thalamus is consistent
with most8,49-52 but not all7 studies.

An interesting implication of the present study is that
of a common neurologic substrate (pulvinar volume loss)
in 2 schizophrenia-spectrum disorders (schizophrenia and
SPD). In contrast, MDN volume loss appears specific to
schizophrenia. The widespread connections of the pul-
vinar with temporal association and sensory cortices53 sug-
gest that associational and perceptual disturbances may
be linked to abnormalities in the pulvinar. On the other
hand, although patients with SPD manifest some pecu-
liarities of thinking and associations, they do not show
the severe formal thought disorder (eg, frequent derail-
ment or incoherence) of schizophrenia. The MDN, via
its projection from the dentate of the cerebellum, has been

A

B

C

D

MDN

PUL

Figure 2. Four typical subjects with tracing of mediodorsal nucleus (MDN) and pulvinar (PUL). Rows show unprocessed magnetic resonance imaging with
midline (A), gradient-filtered image (B), MDN tracing (C), and PUL tracing (D). First column is at smaller magnification for orientation. B, Arrows point to internal
medullary lamina.
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proposed as a potential substrate for schizophrenic
thought disorder.5 That proposal is based on analogy to
the motor system in which complex movements are con-
ceptualized as being built up from simple movements (ie,
modules) that are assembled into meaningful sequences
by the cerebellum.54-56 Complex thoughts may be simi-
larly constructed from modules (ie, partial thoughts) that
are sequenced by the cerebellum. Work based on the
transsynaptic transport of herpesvirus in monkeys has
demonstrated that MDN neurons that receive cerebellar
input project to the PFC.57,58 In addition to the assembly
of complex thoughts from modules, communication
among MDN, PFC, and cerebellum may play a role in
working memory and the integration of complete
thoughts. Abnormality of the MDN might result in the
assembly of partial thoughts that are not only inappro-
priately sequenced (ie, incoherence) but out of context
(ie, loosening of associations).

Consistent with our hypothesis of abnormalities in ef-
ferent and afferent fields of abnormal thalamic divisions,
schizophrenia-associated anatomical anomalies have been
described for the following 2 projection fields of the MDN:
the PFC and the cerebellar dentate.59 The abnormalities of
the PFC have been hypothesized to be atrophic changes
due to a loss of excitatory glutamatergic input, such as that
supplied by the MDN. Loss of volume and cells within the
MDN could reflect a loss of excitatory input to the PFC. If
there is indeed an etiologic link between the schizophrenia-
associated changes described for MDN and PFC, one might
propose a corresponding link between PFC abnormalities
and volume loss in the pulvinar, since the medial pulvinar
and the MDN have similar connections with the PFC.60 We
are examining postmortem histological sections to deter-
mine whether the MRI-detected volume loss is distrib-
uted throughout all divisions of the pulvinar or restricted
to its medial division.

Changes in the MDN might instead be secondary to
abnormalities that have been described in its cortical fields.
Although auditory, visual, and somatosensory pathways pri-
marily pass through the ventral posterior and geniculate
nuclei, the complex associational thalamocorticothalamic
loop of the lateral orbitofrontal and dorsolateral PFC in-
dependently involves anterior and mediodorsal regions of
the thalamus. The sensory information processed in the PFC
is probably derived primarily from corticocortical connec-
tions. The proposal61,62 that schizophrenia involves faulty
filtering of sensory signals from input to the cortex via the
thalamus is consistent with our observation of a loss of the
normal correlation between glucose metabolism in the thala-
mus and PFC in PET studies.25

Temporothalamic interactions also merit consider-
ation for their potential role in schizophrenia-related dis-
turbances. The important interactions between the pulvi-
nar and the occipital and temporal lobes53—areas of visual
and auditory processing—suggest the pulvinar as another
site for interregional communication failure. The pulvi-
nar, which is absent in rodents, increases in size and com-
plexity from monkeys to apes to humans, in which it is the
largest thalamic nucleus.63 Lateral regions of the pulvinar
have widespread projections, including connections to tem-
poral association and visual and auditory cortices.53 These
connections suggest a potential role for the pulvinar in the
unusual associations and sensory disturbances of schizo-
phrenia. Moreover, the role of the left pulvinar in lan-
guage and the association of dominant left-lateral pulvinar
lesions with “semantic paraphasias sometimes deteriorat-
ing into jargon”64,65 suggest the pulvinar’s potential impor-
tance in schizophrenic speech disturbance. The pulvinar
(especiallymedial regions)alsohas reciprocal connections
with the PFC,24 suggesting a possible link between the pul-
vinar and prefrontal abnormalities of schizophrenia.

Although loss of excitatory projection neurons to the
PFC might account for schizophrenia-associated volume
loss in MDN and pulvinar, a loss of interneurons must also
be considered. Both nuclei are believed to contain some neu-
rons of telencephalic origin.63 Because these neurons mi-
grate into the diencephalon through the gangliothalamic
body after most thalamocortical connections have been es-
tablished, they are likely to be interneurons.63 Disruption
of the telencephalic germinal zone or of the migration of

Figure 3. Volume rendering in 3 dimensions of thalamus viewed looking
down from the top with mediodorsal nucleus in red and pulvinar in blue.
Orientation is the same as in Figure 1.

Table 1. Volume and Relative Size of Thalamic Mediodorsal
Nucleus and Pulvinar in Schizophrenia and Schizotypal
Personality Disorder*

Group

Mean (SD)

MDN Pulvinar Combined

Volume, cm3†
Normal control (n = 12) 0.79 (0.12) 1.37 (0.25) 2.16 (0.71)
Schizophrenic (n = 12) 0.73 (0.12) 1.22 (0.24) 1.94 (0.62)
SPD (n = 12) 0.78 (0.15) 1.20 (0.23) 1.98 (0.57)

Relative size (volume/whole
brain volume) 3 100‡

Normal control (n = 12) 0.06 (0.01) 0.10 (0.02) 0.16 (0.05)
Schizophrenic (n = 12) 0.06 (0.01) 0.10 (0.02) 0.15 (0.50)
SPD (n = 12) 0.06 (0.01) 0.09 (0.02) 0.14 (0.40)

*MDN indicates mediodorsal nucleus; SPD, schizotypal personality
disorder; and ANOVA, analysis of variance.

†For 2-way ANOVA on each structure, main effect of group for pulvinar,
F2,33 = 3.82, P = .03; main effect of group for MDN, F2,33 = 1.55, P = .23. For
3-way ANOVA on both structures, main effect of group, F2,33 = 3.09, P = .06.

‡ For 2-way ANOVA on each structure, main effect of group for pulvinar,
F2,33 = 4.21, P = .02; main effect for MDN, P = NS. For 3-way ANOVA on both
structures, main effect of group, F2,33 = 3.35, P = .047.
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neurons into the diencephalon might produce cell and vol-
ume loss in both MDN and pulvinar. One study described
a schizophrenia-associated loss in the pulvinar of small neu-
rons that were hypothesized to be interneurons.33

Our study is limited by several considerations. First,
the sample size of 36 (12 in each group) limited power to
detectsmall total thalamicvolumedecreases.Indeed,ameta-
analysis of 14 MRI studies that measured the thalamus in
schizophrenia suggested “a statistically significant, small-
to-moderateeffectsize for thalamicsizereductioninschizo-
phrenia.”66 Second, the extent to which structures identi-
fied as MDN and pulvinar on MRI overlap with those iden-
tifiedinhistologicalsections isunknown;however, the lines
establishedonMRIscansby the intensity-gradient filter are
consistent from one brain to the next and allow subregions
of the thalamus to be identified reliably. Nevertheless, cur-
rent MRI resolution did not permit assessment of thalamic
nuclei in addition to the MDN and pulvinar. Thus, it is not
yetpossible todeterminewhether thalamicvolumechanges
in schizophrenia and SPD are restricted to those nuclei or
involve additional nuclei. Finally, in the absence of signifi-
cant clinical correlations, the functional significance of the
observed volume changes remains speculative.

Postmortem histological work is necessary to deter-
mine the exact units of thalamic cytoarchitecture and the
neuronal phenotypes affected in schizophrenia, but such
studies are extremely laborious and can only be per-
formed on relatively small samples of brains, typically from
older individuals. Moreover, diagnostic information, post-
mortem intervals, and tissue fixation are often less than
optimal for autopsy specimens. Partly for these reasons,
the specificity of thalamic abnormalities to schizophre-
nia as opposed to other chronic psychiatric conditions has
been explored inadequately. Although neuroimaging lacks
the fine-grained resolution of histological work, and the
exact correspondence between histologically defined nu-
clei and gradient-filter MRI borders remains to be estab-
lished, in vivo studies allow many more subjects to be ex-
amined, provide greater diagnostic precision, allow both
hemispheres of the brain to be assessed, and avoid uncer-
tainties introduced by artifacts of tissue fixation and other
histological procedures. In addition to providing infor-
mation on brain function in living subjects, neuroimag-
ing studies promise to increase the efficiency of labor-
intensive postmortem studies by identifying thalamic
regions that are most affected in schizophrenia and the
schizophrenic subgroups that exhibit the greatest struc-

tural abnormalities. Postmortem studies then may be able
to target specific brain regions and patient populations to
clarify the precise units of cytoarchitecture that are af-
fected and to characterize the nature of the abnormalities
at cellular and molecular levels.
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Figure 4. Scatterplot of left mediodorsal nucleus (MDN) volume in control,
schizophrenic, and schizotypal personality disorder (SPD) groups. Frequency
histogram and fitted normal distribution are shown to the right with number
of subjects (0-8) on the x-axis.

Table 2. Hemispheric Asymmetry in Thalamic Volume*

Group

Volume, Mean (SD), cm3

MDN Pulvinar

Right Hemisphere Left Hemisphere Right Hemisphere Left Hemisphere

Normal control (n = 12) 0.79 (0.13) 0.78 (0.11) 1.46 (0.19) 1.28 (0.29)
Schizophrenic (n = 12) 0.78 (0.12) 0.67 (0.09)† 1.33 (0.20) 1.10 (0.23)‡
SPD (n = 12) 0.82 (0.14) 0.75 (0.17) 1.34 (0.22) 1.07 (0.14)§

*MDN indicates mediodorsal nucleus; SPD, schizotypal personality disorder. Main effect of group for left hemisphere, F2,33 = 3.74, P = .03.
†Compared with normal control group, t22 = 2.66, P = .01.
‡Compared with normal control group, t = 2.62, P = .01.
§Compared with normal control group, t = 2.29, P = .04.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 58, FEB 2001 WWW.ARCHGENPSYCHIATRY.COM
139

©2001 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 05/22/2023



REFERENCES

1. Danos P, Bauman B, Bernstein H-G, Franz M, Stauch R, Northoff G, Krell D, Falkai
P, Bogerts B. Schizophrenia and anteroventral thalamic nucleus. Psychiatry Res
Neuroimaging. 1998;82:1-10.

2. Pakkenberg B. Pronounced reduction of total neuron number in mediodorsal tha-
lamic nucleus and nucleus accumbens in schizophrenics. Arch Gen Psychiatry.
1990;47:1023-1028.

3. Pakkenberg B. The volume of the mediodorsal thalamic nucleus in treated and
untreated schizophrenics. Schizophr Res. 1992;7:95-100.

4. Pakkenberg B. Leucotomized schizophrenics lose neurons in the mediodorsal
thalamic nucleus. Neuropathol Appl Neurobiol. 1993;19:373-380.

5. Andreasen NC, Arndt S, Swayze V II, Cizadlo T, Flaum M, O’Leary D, Ehrhardt
JC, Yuh WT. Thalamic abnormalities in schizophrenia visualized through mag-
netic resonance image averaging. Science. 1994;266:294-298.

6. Buchsbaum MS, Someya T, Teng CY, Abel L, Chin S, Najafi A, Haier RJ, Wu J,
Bunney WE Jr. PET and MRI of the thalamus in never-medicated patients with
schizophrenia. Am J Psychiatry. 1996;153:191-199.

7. Staal WG, Hulshoff Pol HE, Schnack H, van der Schot AC, Kahn RS. Partial vol-
ume decrease of the thalamus in relatives of patients with schizophrenia. Am
J Psychiatry. 1998;155:1784-1786.

8. Hazlett EA, Buchsbaum MS, Byne W, Wei TC, Spiegel-Cohen J, Geneve C, Kinder-
lehrer R, Haznedar MM, Shihabuddin L, Siever LJ. Three-dimensional analysis
with MRI and PET of the size, shape, and function of the thalamus in the schizo-
phrenia spectrum. Am J Psychiatry. 1999;156:1190-1199.

9. Dasari M, Friedman L, Jesberger J, Stuve TA, Findling RL, Swales TP, Schulz
SC. A magnetic resonance imaging study of thalamic area in adolescent patients
with either schizophrenia or bipolar disorder as compared to healthy controls.
Psychiatry Res Neuroimaging. 1999;91:155-162.

10. Parks TN, Gill SS, Jackson H. Experience-independent development of dendritic
organization in the avian nucleus laminaris. J Comp Neurol. 1987;260:312-319.

11. Bleier R. Retrograde transsynaptic cellular degeneration in mammillary and ven-
tral tegmental nuclei following limbic decortication in rabbits of various ages.
Brain Res. 1969;15:365-393.

12. Hickmott PW, Merzenich MM. Dendritic bias of neurons in rat somatosensory cor-
tex associated with a functional boundary. J Comp Neurol. 1999;409:385-399.

13. Zucker RS. Calcium- and activity-dependent synaptic plasticity. Curr Opin Neu-
robiol. 1999;9:305-313.

14. Van Buren JM, Borke RC. Variations and Cerebral Connections of the Thalamus:
The Nuclei and Cerebral Connections of the Human Thalamus. Vol 1. New York,
NY: Springer-Verlag NY Inc; 1972.

15. Rose JE, Woolsey CN. The orbitofrontal cortex and its connections with the me-
diodorsal nucleus in rabbit, sheep, and cat. Assoc Res Nerv Ment Dis Proc. 1948;
27:210-282.

16. Buchanan RW, Vladar K, Barta PE, Pearlson GD. Structural evaluation of the pre-
frontal cortex in schizophrenia. Arch Gen Psychiatry. 1998;55:1049-1055.

17. Andreasen NC, O’Leary DS, Flaum M, Nopoulos P, Watkins GL, Boles Ponto LL,
Hichwa RD. Hypofrontality in schizophrenia. Lancet. 1997;349:1730-1734.

18. Andreasen NC, O’Leary DS, Cizadlo T, Arndt S, Rezai K, Ponto LL, Watkins GL,
Hichwa RD. Schizophrenia and cognitive dymetria. Proc Natl Acad Sci U S A.
1996;93:9985-9990.

19. Buchsbaum MS, Hazlett EA. Positron emission tomography studies of abnor-
mal glucose metabolism in schizophrenia. Schizophr Bull. 1998;24:343-364.

20. Weinberger DR, Berman KF, Zec RF. Physiologic dysfunction of dorsolateral pre-
frontal cortex in schizophrenia, I: regional cerebral blood flow evidence. Arch Gen
Psychiatry. 1986;43:114-124.

21. Ingvar DH, Franzén G. Abnormalities of cerebral blood flow distribution in pa-
tients with chronic schizophrenia. Acta Psychiatr Scand. 1974;50:425-462.

22. Buchsbaum MS, Ingvar DH, Kessler R, Waters RN, Cappelletti J, van Kammen
DP, King AC, Johnson JL, Manning RG, Flynn RW, Mann LS, Bunney WE Jr,
Sokoloff L. Cerebral glucography with positron tomography: use in normal
subjects and in patients with schizophrenia. Arch Gen Psychiatry. 1982;39:
251-259.

23. Nuechterlein KH, Buchsbaum MS, Dawson ME. The Neuropsychology of Schizo-
phrenia. Hillsdale, NJ: Lawrence A Erlbaum Associates; 1994.

24. Goldman-Rakic P, Selemon L. Functional and anatomical aspects of prefrontal
pathology in schizophrenia. Schizophr Bull. 1997;23:437-458.

25. Katz M, Buchsbaum MS, Siegel BV Jr, Wu J, Haier RJ, Bunney WE Jr. Correla-
tional patterns of cerebral glucose metabolism in never-medicated schizophren-
ics. Neuropsychobiology. 1996;33:1-11.

26. Nopoulos P, Torres I, Flaum M, Andreasen NC, Ehrhardt JC, Yuh WT. Brain mor-
phology in first-episode schizophrenia. Am J Psychiatry. 1995;152:1721-1723.

27. Nopoulos PC, Flaum M, Andreasen NC, Swayze VW. Gray matter heterotopias in
schizophrenia. Psychiatry Res Neuroimaging. 1995;61:11-14.

28. Jones E. Cortical development and thalamic pathology in schizophrenia. Schizophr
Bull. 1997;23:483-501.

29. Young K, Manaye KF, Liang C, Hicks PB, German DC. Reduced number of me-
diodorsal and anterior thalamic neurons in schizophrenia. Biol Psychiatry. 2000;
47:944-953.

30. Popken GJ, Bunney WE Jr, Potkin SG, Jones EG. Subnucleus-specific loss of
neurons in medial thalamus of schizophrenics. Proc Natl Acad Sci U S A. 2000;
97:9276-9280.

31. Benes FM, McSparren J, Bird ED, SanGiovanni JP, Vincent SL. Deficits in small

interneurons in prefrontal and cingulate cortices of schizophrenic and schizoaf-
fective patients. Arch Gen Psychiatry. 1991;48:996-1001.

32. Rajkowska G, Selemon LD, Goldman-Rakic PS. Neuronal and glial somal size in
the prefrontal cortex. Arch Gen Psychiatry. 1998;55:215-224.

33. Dom R, de Saedeler J, Bogerts, B, Hopf A. Quantitative Cytometric Analysis of Basal
Ganglia in Catatonic Schizophrenics. New York, NY: Elsevier Science Inc; 1981.

34. Siever LJ, Kalus O, Keefe R. The boundaries of schizophrenia. Psychiatr Clin North
Am. 1993;15:217-244.

35. Kendler KS, Diehl SR. The genetics of schizophrenia: a current, genetic-
epidemiologic perspective. Schizophr Bull. 1993;19:261-285.

36. Kety SS, Rosenthal D, Wender PH, Schulsinger F. Mental illness in the biologi-
cal and adoptive families of adopted schizophrenics. Am J Psychiatry. 1971;128:
302-306.

37. Rosenthal D, Wender PH, Kety SS, Welner J, Schulsinger F. The adopted-away
offspring of schizophrenics. Am J Psychiatry. 1971;128:307-311.

38. Seidman LJ, Faraone SV, Goldstein JM, Goodman JM, Kremen WS, Toomey R,
Tourville J,KennedyD,MakrisN,CavinessVS,TsuangMT.Thalamicandamygdala-
hippocampal volume reductions in first-degree relatives of patients with schizo-
phrenia: an MRI-based morphometric analysis.Biol Psychiatry. 1999;46:941-954.

39. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition. Washington, DC: American Psychiatric Association; 1994.

40. Endicott J, Spitzer RL. A diagnostic interview: the Schedule for Affective Disor-
ders and Schizophrenia. Arch Gen Psychiatry. 1978;35:837-844.

41. Stangl D, Pfohl B, Zimmerman M, Bowers W, Corenthal C. A structured inter-
view for DSM-III personality disorders. Arch Gen Psychiatry. 1985;42:591-596.

42. Overall J, Gorham D. The Brief Psychiatric Rating Scale. Psychol Rep. 1962;10:
799-812.

43. Andreasen NC, Flaum M, Arndt S. The Comprehensive Assessment of Symptoms
and History (CASH): an instrument for assessing diagnosis and psychopathol-
ogy. Arch Gen Psychiatry. 1992;49:615-623.

44. Shihabuddin L, Buchsbaum MS, Hazlett EA, Haznedar MM, Harvey PD, Newman
A, Schnur DB, Spiegel-Cohen J, Wei T, Machac J, Knesaurek K, Vallabhajsula S,
Biren MA, Ciaravolo TM, Luu-Hsia C. Dorsal striatal size, shape, and metabolic rate
in never-medicated and previously medicated schizophrenics performing a verbal
learning task. Arch Gen Psychiatry. 1998;55:235-243.

45. Foley JD, van Dam A, Feiner SK, Hughes JF. Computer Graphics: Principles and
Practice. 2nd ed. New York, NY: Addison-Wesley Longman Inc; 1990:chap 11,
section 11.2.4.

46. Talairach J, Tournoux P. Co-planar Stereotaxic Atlas of the Human Brain. Stutt-
gart, Germany: Georg Thieme Verlag; 1988.

47. Matsui T, Hirano A. An Atlas of the Human Brain for Computerized Tomography.
New York, NY: Igaku-Shoin Medical Publishers; 1978.

48. Bartko J. On various intraclass correlation reliability coefficients. Psychol Bull.
1976;83:762-765.

49. Portas CM, Goldstein JM, Shenton ME, Hokama HH, Wible CG, Fischer I, Kikinis
R, Donnino R, Jolesz FA, McCarley RW. Volumetric evaluation of the thalamus
in schizophrenic male patients using magnetic resonance imaging. Biol Psychia-
try. 1998;43:649-659.

50. Jernigan T, Zisook S, Heaton R, Moranville J, Hesselink J, Braff D. Magnetic reso-
nance imaging abnormalities in lenticular nuclei and cerebral cortex in schizo-
phrenia. Arch Gen Psychiatry. 1991;48:881-890.

51. Gur RE, Maany V, Mozley PD, Swanson C, Bilker W, Gur RC. Subcortical MRI
volumes in neuroleptic-naive and treated patients with schizophrenia. Am J Psy-
chiatry. 1998;155:1711-1717.

52. Arciniegas D, Rojas DC, Teale P, Sheeder J, Sandberg E, Reite M. The thalamus
and the schizophrenia phenotype. Biol Psychiatry. 1999;45:1329-1335.

53. Jones E. The Thalamus. New York, NY: Plenum Publishing Corp; 1985.
54. Houk JC, Wise SP. Distributed modular architectures linking basal ganglia, cer-

ebellum, and cerebral cortex. Cereb Cortex. 1995;5:95-111.
55. Houk JC. On the role of the cerebellum and basal ganglia in cognitive signal pro-

cessing. Prog Brain Res. 1997;114:541-552.
56. Middleton F, Strick P. Dentate output channels: motor and cognitive compo-

nents. Prog Brain Res. 1997;114:553-566.
57. Middleton FA, Strick PL. Cerebellar output channels. Int Rev Neurobiol. 1997;

41:61-82.
58. Middleton FA, Strick PL. Dentate output channels: motor and cognitive compo-

nents. Prog Brain Res. 1997;114:553-566.
59. Selemon LD, Rajkowska G, Goldman-Rakic PS. Abnormally high neuronal den-

sity in the schizophrenic cortex. Arch Gen Psychiatry. 1995;52:805-820.
60. Goldman-Rakic PS, Porrino L. The primate mediodorsal nucleus and its projec-

tion to the frontal lobe. J Comp Neurol. 1985;242:535-560.
61. Carlsson M, Carlsson A. Interactions between glutamatergic and monoaminer-

gic systems within the basal ganglia. Trends Neurosci. 1990;13:272-276.
62. Carlsson A, Hansson LO, Waters N, Carlsson ML. Neurotransmitter aberrations

in schizophrenia. Life Sci. 1997;61:75-94.
63. Letinic K, Kostovic I. Transient fetal structure, the gangliothalamic body, con-

nects telencephalic germinal zone with all thalamic regions in the developing hu-
man brain. J Comp Neurol. 1997;384:373-395.

64. Crosson B, Hughes C. Role of the thalamus in language. Schizophr Bull. 1987;
13:605-621.

65. Crosson B. Subcortical mechanisms in language: lexical-semantic mechanisms
and the thalamus. Brain Cogn. 1999;40:414-438.

66. Konick LC, Friedman L. Meta-analysis of thalamic size in schizophrenia. Biol Psy-
chiatry. In press.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 58, FEB 2001 WWW.ARCHGENPSYCHIATRY.COM
140

©2001 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 05/22/2023


