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Abstract  Nearly a century after the seminal contribu- 
tions of Emil Kraepelin, the search for neuropathologic 
correlates of schizophrenic psychoses continues. A multi- 
tude of neuroanatomic and neurochemical findings has 
emerged in recent years, but many of these findings are 
not replicated or are difficult to interpret in light of 
methodologic problems. In this review replicated neu~ 
ropathologic and neuroimaging studies are discussed. The 
hypothesis that emerges from these studies is that schizo- 
phrenia is a developmental abnormality affecting the con- 
nectivity of the prefrontal and medial temporal cortices. 

Key words Schizophrenia - Psychosis �9 Neuropathology �9 
Neuroimaging 

Introduction 

Emil Kraepelin's writings were among the most substan- 
tial arguments of his time for the consideration of psy- 
chotic disorders as brain diseases. In Dementia Praecox 
(1919) Kraepelin reasoned from careful, longitudinal, 
clinical observations that schizophrenic symptoms re- 
sulted from pathology of the nervous system, particularly 
the frontal and temporal lobes of the brain. Kraepelin's 
approach to behavioral neuropathology was characteristic 
of his era of cerebral localizationists. His thinking had 
been strongly influenced by neurologists such as Broca 
(1863), Wemicke (1874), and Lichtheim (1885), who had 
correlated the presence of focal cerebral lesions with 
deficits in language function. It was logical then that 
Kraepelin's neuropathologic investigations searched for the 
presence of a focal, if not a pathognomonic, brain lesion. 

Kraepelin's thinking was also in accord with contem- 
poraries, such as Alzheimer, who had recently attributed 

senile mental changes to degenerative neuropathologic 
findings. Kraepelin's clinical concept of schizophrenia as 
an early-onset and often progressive dementia was logi- 
cally attributable to a degenerative condition of the brain, 
and indeed, degenerative neuronal pathology had been re- 
ported in some of the earliest neuropathologic observa- 
tions about schizophrenia. 

Kraepelin reviewed the neuropathologic literature that 
preceded him in his textbook and offered neuropathologic 
studies of his own. His brain specimens from patients with 
dementia praecox were found to have swollen neuronal 
nuclei, shrunken neuronal cell bodies, neuronal lipoid de- 
posits, neuronal loss, and hyperplasia of glial elements in 
multiple areas of cerebral cortex. While other authors of 
his time reported similar findings, the neuropathologic lit- 
erature of the 19th and early 20th century is most notable 
for its inconsistencies and general lack of adequate con- 
trols for the artifacts of normal aging, agonal state, post- 
mortem interval, and tissue processing (For review of the 
older neuropathologic literature see Weinberger et al. 1983). 

While Kraepelin's notion of schizophrenia as a brain 
disease prevails presently, modem research has moved 
away from his assumption that a localized or specific de- 
generative brain lesion would be discovered. Increasingly, 
schizophrenia is seen as a developmental abnormality of 
cerebral cortex that is associated with aberrant interac- 
tions of functionally related cortical areas. Interestingly, 
Kraeplin also believed that some cases of schizophrenia 
were the result of congenital brain damage, but he re- 
garded these cases as exceptions. It is increasingly be- 
lieved presently that the cerebral dysfunction in most 
cases of schizophrenia is congenitally predetermined. Op- 
portunities to test these propositions have improved with 
the development of new neuroimaging and neuropatho- 
logic techniques, which are reviewed herein. 
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Macroscopic brain abnormalities in schizophrenia 

Enlarged cerebral ventricles and dilatation of cortical 
sulci in schizophrenia, observations from neuropathologic 



literature that predated even Kraepelin, have been sup- 
ported by a large number of recent studies. Ewald Hecker, 
who influenced Kraepelin with his concept of hebephre- 
nia, described enlarged cerebral ventricles in postmortem 
specimens from psychotic patients in 1871. A number of 
pneumoencephatographic (PEG) studies followed, which 
not only described enlargement of the cerebral ventricles 
(Jacobi and Winkler 1927; Asano 1967), but also found 
stability of ventricular size in a longitudinal study (Lemke 
1935), and a correlation between ventricular size and clin- 
ical symptoms (Huber 1957; Hang 1962). Perhaps be- 
cause of the inconsistencies in the neuropathologic litera- 
ture and the negative PEG study of Storey (1966), the 
PEG literature was not widely appreciated until the advent 
of computed tomography (CT) and magnetic resonance 
imaging (MRI). 

In 1976 Johnstone et al. published the first controlled 
CT study of cerebral ventricular enlargement in chronic 
schizophrenia, which confirmed the results of earlier PEG 
work. The majority of subsequent CT studies (for review 
see Zigun and Weinberger 1992) have replicated this find- 
ing, despite the methodologic problems of CT measure- 
ments for between-group comparisons (Cleghom et al. 
1991). No consistent relationship has been found between 
ventricular size and age, duration of neuroleptic exposure, 
electroconvulsive therapy, or duration of illness. How- 
ever, enlarged ventricles do con'elate in some studies with 
poor premorbid social and educational adjustment, cogni- 
tive impairment, more negative symptoms, diminished re- 
sponse to neuroleptic treatment, and a greater frequency 
of drug-induced extrapyramidal movement disorders. Fur- 
ther evidence against ventriculomegaly as an epiphenom- 
enon is the observation of ventriculomegaly in "first- 
break" patients with schizophrenia (Nyback et al. 1982; 
Schulz et al. 1983; Weinberger et al. 1982; Iacono et al. 
1988) and in affected members of discordant sibships in- 
cluding monozygotic twins (Weinberger et al. 1981; 
Revely et al. 1982; DeLisi et al. 1986; Suddath et al. 
1990). Ventricular enlargement also appears to be a stable 
finding in follow-up CT studies (Illowsky et al. 1988; 
Sponheim et al. 1991), implying that the underlying 
pathology is not progressive or degenerative. A number of 
MRI studies have replicated the PEG and CT studies 
(Kelsoe et al. 1988; Suddath et al. 1990; Gur et al. 1991; 
Young et al. 1991; DeLisi et al. 1991; Degreef et al. 1992; 
Zipursky et al. 1992). 

Postmortem studies in which modem diagnostic crite- 
ria, adequate control groups, and quantitative measure- 
ment techniques have been applied have also confirmed 
the CT and MRI scan literature. Brown et al. (1986) com- 
pared schizophrenics to affective-disorder controls and 
found that schizophrenic brain samples were 6% lighter 
and had lateral ventriculomegaly that was prominent in 
the temporal horns. Pakkenberg (1987) found her schizo- 
phrenic brain sample to have reduced volume of the total 
brain, the hemispheres, and the gray matter of the cerebral 
cortex. Volumes of the lateral ventricles were larger in the 
schizophrenic group particularly if patients had suffered 
from prominent deficit symptoms. Pakkenberg's study is 
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also of interest in that once again ventricular size did not 
correlate with length of illness; it did correlate, however, 
with deficit symptoms that were present at illness onset, 
but not those present near death. The latter finding further 
suggests that the cause of ventriculomegaly is present at 
least at the onset of illness and is not progressive. 

Schizophrenia and the medial temporal lobe 

If patients with schizophrenia are found to have enlarged 
cerebral ventricles and reductions in the volume of cere- 
bral cortex, one may next logically wonder if these find- 
ings are secondary to a generalized process affecting the 
entire cerebral gray matter or could be explained by re- 
duced volume of one or several brain areas. While the 
weight of the neuropathologic evidence favors a nonfocal, 
generalized process, there is considerably more data about 
the involvement of certain areas. Medial-temporal-lobe 
structures have particularly been the subject of active 
study in recent years, because many patients with neuro- 
logic lesions of the medial temporal lobe have psychotic 
symptoms (Davison and Bagley 1969) and because many 
patients with schizophrenia manifest memory deficits on 
neuropsychologic testing (Goldberg et al. 1991). Krae- 
pelin himself argued that temporal lobes were a likely site 
of disease in schizophrenia. 

Scheibel and Kovelman (1981) studied brain tissue of 
eight chronically hospitalized schizophrenic subjects with 
a qualitative Golgi technique and found profound distur- 
bances in orientation of hippocampal pyramidal cells and 
their dendritic arborizations. In a quantitative study using 
Nissl and Golgi techniques these authors (Kovelman and 
Scheibel 1984) found pyramidal cell disarray in the left 
hippocampi of 10 chronic schizophrenics. Pyramidal neu- 
rons from the schizophrenic sample were significantly 
more deviated from an axis drawn perpendicularly to the 
ventricular surface. This finding was most pronounced in 
the anterior and middle hippocampus at the cornu ammo- 
nis (CA)l-prosubiculum and the CA1/CA2 interfaces. 
Pyramidal cell disarray was observed, despite normal neu- 
ronal cell density. Abnormalities in pyramidal cell orien- 
tation, in the absence of cell loss or gliosis, were inter- 
preted by the authors to represent a disruption of neuronal 
migration or segreation during development of the hip- 
pocampal cortex. A subsequent report of identical find- 
ings in the right hemisphere led the authors to conclude 
that hippocampal cell disarray was a bilateral phenome- 
non (Conrad et al. 1991). Unfortunately, three groups 
have been unable to replicate these results. Altshuler et al. 
(1987) and Christison et al. (1989) were unable to identify 
pyramidal cell disarray in samples from the Yakovlev col- 
lection. Benes et al. (1991) were also unable to identify 
pyramidal cell disan'ay in a subjective assessment of sam- 
ples in their collection. The lack of independent replica- 
tion of hippocampal pyramidal cell disarray leaves the va- 
lidity of this finding in doubt. 

Jakob and Beckmann (1986) have described another 
abnormality in the medial temporal lobe of schizophrenic 
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patients that is thought to represent a defect in cortical de- 
velopment. They examined the entorhinal and insular cor- 
tices in 64 cases of schizophrenia and in 10 nonschizo- 
phrenic controls with Nissl staining. Approximately one- 
third of their cases had definite cytoarchitectural abnor- 
malities, one-third had equivocal findings, and one-third 
had no abnormalities. Specifically, the abnormalities con- 
sisted of heterotopic groups of neurons that extended from 
the pre-cz to the pre-~ cortical layer, pre-o~ neurons that 
lied in a laminar rather than in a glomerular pattern of or- 
ganization, and a reduction in cell numbers in the ventral 
insular area. These findings were especially prominent in 
rostral, medial, and central areas of the entorhinal cortex, 
were present in both hemispheres, but were more conspi- 
cuous on the left, and were more likely present in cases 
with the hebephrenic subtype. The temporal neocortex did 
not exhibit histoopathologic abnormalities. The investiga- 
tors in this study were not blinded to diagnosis, their pa- 
tients may have been somewhat atypical (e.g., the mean 
age of illness onset was 36 years), and their control group 
may not have been large enough to define the normal 
range of variability in entorhinal cortical anatomy. Never- 
theless, Jakob and Beckmann's results are supported by 
similar findings seen in six cases of schizophrenia from 
the Yakovlev collection (Arnold et al. 1991). 

Several other groups studying postmortem tissue have 
reported abnornaalities of the medial temporal lobe, al- 
though the results are less clearly supportive of develop- 
mental pathology. Reduced volume of the amygdala, hip- 
pocampus, parahippocampal gyrus, and entorhinal cortex 
have been reported (Bogerts et al. 1985; Brown et al. 
1986; Colter et al. 1987; Falkai et al. 1988; Jeste and Lohr 
1989; Bogerts et al. 1990a). Neuronal loss in entorhinal or 
hippocampal cortices (Falkai et al. 1988; Jeste and Lohr 
1989; Benes et al. 1991) has also been described, but neg- 
ative studies have also appeared (Heckers et al. 1991). 
One report of reduced size of hippocampal neurons has 
not been independently replicated (Benes et al. 1991). 
Stevens (1982) observed fibrillary gliosis in the hip- 
pocampus and in other limbic areas in schizophrenic brain 
samples, but this finding has not been independently 
replicated, and negative reports have appeared (Roberts et 
al. 1986). A lack of gliosis in the cortical areas that con- 
tain neuropathologic abnormalities may indicate that dis- 
ruption of cortical architecture in schizophrenia is sec- 
ondary to a prenatal insult. 

In support of the postmortem findings in the medial 
temporal lobe of patients with schizophrenia, a comple- 
mentary MRI literature has accumulated in recent years. 
A number of groups have found bilateral reductions in 
amygdala-hippocampal volume (Delisi et al. 1988; Sud- 
dath et al. 1989; Suddath et al. 1990; Breier et al. 1992; 
Marsh et al. 1993). Others have found reduced volume of 
these structures primarily in the left hemisphere (Barta et 
al. 1990; Bogerts et al. 1990b, Shenton et al. 1992). Of 
note are studies that have described reduced volume of the 
hippocampal complex in the affected members of 
monozygotic twin pairs discordant for schizophrenia 
(Suddath et al. 1990) and in first-break patients (Bogerts 

et al. 1990b). Young et al. (1991) found reduced volume 
of the parahippocampal gyrus in a group of schizophrenic 
patients, but DeLisi et al. (1991) were not able to replicate 
this findings. Reports of normal hippocampal complex 
volume also exist (Kelsoe et al. 1988; DeLisi et al. 1991), 
but these tended to employ less precise MRI methods. In- 
terestingly, and consistent with the data concerning lack 
of progression of ventriculomegaly, hippocampal volume 
does not appear to correlate with length of illness (Sud- 
dath et al. 1991; Marsh et al. 1993). 

The development of techniques for mapping in vivo 
physiological activity in the form of regional cerebral 
blood flow (rCBF) and glucose metabolism has made it 
possible to examine regional function brain activity in pa- 
tients. Single photon emission computerized tomography 
(SPECT) and positron emission tomography (PET) are the 
principal tools for examining brain function in vivo. The 
advantages and disadvantages of the two techniques have 
been reviewed recently (Berman and Weinberger 1991). 
Few functional neuroimaging studies have focused on an- 
teromedial temporal structures in schizophrenia. One 
would expect this area to be hypometabolic in schizophre- 
nia, because few brain disorders, other than epileptic loci, 
cause hypermetabolism. Wiesel et al. (1987) found slightly 
reduced glucose metabolism in the right amygdala of med- 
ication-free patients, and Tamminga et al. (1988) reported a 
similar finding in the left amygdala and left posterior hip- 
pocampus. However, DeLisi et al. (1989) found increased 
glucose metabolic rates in hippocampal areas of medica- 
tion-free patients that accompanied increased metabolic 
rates in lateral temporal cortical structures. Liddle et al. 
(1992) reported similar increases in left parahippocampal 
gyrus blood flow in a subgroup of patients. The reasons for 
the discrepancies are unclear and leave the temporal lobe 
physiologic data in a beclouded state. 

Abnormalities of prefrontal cortex in schizophrenia 

The neuropathologic and neuroimaging studies reviewed 
herein have tended to implicate parahippocampal and hip- 
pocampal cortex in schizophrenia. However, there are im- 
portant problems inherent in attempting to explain schizo- 
phrenic symptoms by isolated medial temporal pathology. 
While patients with lesions of this area occasionally be- 
come psychotic, they typically recognize psychotic mate- 
rial as alien, they do not become socially withdrawn, their 
affect is rarely blunted, and they rarely exhibit thought 
disorder. Electrical stimulation of medial-temporal-lobe 
structures produces psychotic symptoms that are very dif- 
ferent clinically from those seen in schizophrenia (Pen- 
field and Rasmussen 1950). Patients with schizophrenia, 
although they do have memory problems, do not exhibit 
the amnesic syndrome typical of bilateral hippocampal 
area lesions. 

Patients with lesions of prefrontal cortex also exhibit 
symptomatology that bears some resemblance to the 
schizophrenic syndrome. The "negative symptoms" of 
schizophrenia - poor motivation and drive, social with- 



drawal, flat affect, impaired insight and judgment - rarely 
accompany damage to the temporal lobe, but are often 
seen in patients with frontal lobe lesions. For this reason, 
Kraepelin also favored the frontal lobes as a site of patho- 
logic involvement in schizophrenia. Neuropathologic and 
neuroimaging studies that have reported generalized re- 
ductions in the volume of cerebral cortex, dilatation of 
frontal horus of lateral ventricles, and of the third ventricle 
in schizophrenia strongly suggest that neuronal tissue out- 
side of the temporal lobe is also affected. If the neu- 
ropathologic process in schizophrenia occurs during corti- 
cal development, it is likely to affect at least several corti- 
cal areas simultaneously. Alternatively, a primary defect 
in limbic temporal cortical maturation may affect frontal 
and temporal neocortical development by not providing 
normal afferent input into these areas. 

The SPECT and PET studies have not revealed consis- 
tent abnormalities in global cerebral metabolism or in lat- 
erization of brain function in schizophrenic patients. 
Greater consistency has emerged, however, from studies 
of  regional physiologic activity of  the prefrontal cortex. 
The original reports of Ingvar and Frantzen (1974a, b) of 
decreased frontal lobe metabolic activity ("hypofrontal- 
ity") at rest have been confirmed by a number of investi- 
gators, although negative reports have also appeared (for 
review see Berman and Weinberger 1991). 

Recently, the concept that "hypofrontality" may exist 
as a state-dependent phenomenon has been proposed. 
When measurements of regional cerebral blood flow dur- 
ing cognitive tasks that require intact function of  pre- 
frontal cortex are performed, schizophrenic patients are 
consistently hypofrontal. Weinberger et al. (1986) demon- 
strated a lack of activation of dorsolateral prefrontal cor- 
tex in schizophrenic patients given an automated version 
of the Wisconsin Card Sorting Test (WCST) during 
xenon- 133 rCBF measurement. Similar prefrontal cortical 
dysfunction was not observed during performance of 
Raven's Progressive Matrices (RPM; Berman et al. 1988). 
The WCST requires that patients make decisions based on 
past experience and change their behavior based on error 
information. The RPM is an abstract reasoning task that 
requires as much concentration, attention, and mental ef- 
fort as the WCST, but it does not require working memory 
in the same manner as the WCST. In studies of monozy- 
gotic twins discordant for schizophrenia, diminished acti- 
vation of the dorsolateral prefrontal cortex during the 
WCST is invariably associated with the illness, is not pre- 
sent in unaffected co-twins, and is not affected by long- 
term neuroleptic exposure (Berman et al. 1992). Further- 
more, the severity of diminished dorsolateral-prefrontal- 
cortex activation is correlated with diminished hippocam- 
pal volume in the affected twins, suggesting that in schiz- 
ophrenia there may be a disruption of the normal commu- 
nication between medial temporal and prefrontal cortical 
areas (Weinberger et al. 1992). 

The cellular basis for the reduced prefrontal activity 
seen in schizophrenia is as yet unknown. Benes et al. us- 
ing the Nissl technique, have described decreased neu- 
ronal density in layer VI (1986) and decreased density of 
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small interneurons in layer II of prefrontal cortex (1991) 
that were not accompanied by changes in neuronal size, 
neuronglia ratio, or gliosis. These findings were inter- 
preted to be the result of a developmental abnormality, be- 
cause degenerative processes in the cerebral cortex typi- 
cally do not affect neuronal density and are accompanied 
by increased glial density and neuronal shrinkage. Re- 
cently, the dorsolateral prefrontal area of five subjects 
with schizophrenia was found to have reduced numbers of 
neurons stained with nicotinamide-adenine dinucleotide 
phosphate-diaphorase (NADPH-d; Akbarian et al. 1993a). 
In white matter greater than 3 mm deep to cerebral cortex 
there were increased numbers of NADPH-d neurons. Sim- 
ilar findings were also present in the hippocampal forma- 
tion and in lateral temporal neocortex (Akbarian et al. 
1993b). The NADPH-d stains neurons but not glia, and 
substantial numbers of NADPH-d neurons are present in 
adult gray and white matter. These findings may be con- 
sistent with a disturbance of neuronal migration, which 
prevents normal development of the subplate and subse- 
quent segregation of neurons into cortical layers. How- 
ever, the relationship of any of these observations to the 
findings from functional neuroimaging is unclear. It 
should also be noted that several neurochemical abnor- 
malities, particularly of glutamate and serotonin, have 
been reported in the prefrontal cortex (for review see 
Hyde et al. 1991). 

Schizophrenia as a developmental abnormality 
of cerebral cortex 

Because schizophrenia typically presents in the second or 
third decade of life and often pogresses with clinical dete- 
rioration, an adult-onset degenerative condition of the ner- 
vous system was proposed by Kraepetin and many other 
investigators since his time. However, recent neuropatho- 
logic studies as noted herein are not consistent with this 
possibility and suggest instead a developmental disordel: 
The stability of structural abnormalities in schizophrenia 
detected with in vivo neuroimaging and their presence in 
first-break patients implicates pathology that is nonpro- 
gressive and probably predates the appearance of diagnos- 
tic symptoms. Reductions in the volume of medial-tem- 
poral-lobe structures and in neuronal density per se, hip- 
pocampal cell disarray, abnormal lamination of the en- 
torhinal cortex, and absent gliosis are more consistent 
with a developmental and arrested abnormality than with 
a degenerative disorder. Degenerative conditions of the 
brain are often associated with reactive gliosis, neuronal 
cell shrinkage, and markers of cellular degeneration (i.e., 
Lewy bodies, neurofibrillary tangles, Pick bodies). These 
also are not observed in schizophrenia. Finally, reduced 
numbers of  NADPH-d stained neurons in frontal and tem- 
poral neocortex are accompanied by increased numbers of 
stained neurons in the subcortical white matter, suggest- 
ing aberrant migration of neurons into neocortical layers. 
Such subtle anomalies of cortical cytoarchitecture are ap- 
pealing as a possible neuropathologic substrate of schizo- 
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phrenia for another reason. They might easily have been 
overlooked by early neuropathologists, including Krae- 
pelin, who were searching for pathognomonic, degenera- 
tive changes. 

If  the hypothesis that schizophrenia results from anom- 
alous cortical development can be confirmed, then one 
must next consider what the nature of  the developmental 
defect might be. It seems unlikely that there is a general 
disruption of the earliest events in cortical maturation. 
Generalized cortical malformations that result from in- 
sults before the sixth fetal week are characterized by re- 
duced cortical surface area, normal or enlarged cortical 
thickness, and massive neuronal ectopia (Rakic 1988). 
These findings are not associated with schizophrenia. 

Cortical malformations that arise from pathogenetic in- 
sults occurring after the sixth fetal week, when the normal 
number of proliferative units at the ventricular surface is 
established, are characterized by reduced cortical thick- 
ness, ectopic neurons, and in extreme caseS, polymicro- 
gyria (Rakic 1988). Cortical pathology in schizophrenia is 
consistent with an insult during this period of embryogen- 
esis, 

Scientific support for structural pathology of medial- 
temporal-lobe structures (though certainly not conclusive) 
is currently more substantial than that for prefrontal cor- 
tex. However, this may be an artifact of the frequency of 
studies focusing on the temporal cortex. Nevertheless, a 
functional abnormality of  prefrontal cortex in schizophre- 
nia is supported by a particularly large literature. This 
combination of findings suggests that the schizophrenic 
syndrome may be the result of aberrant, horizontal, intra- 
cortical connections or synaptogenesis. Considerable 
pathology of this type could occur before any gross struc- 
tural, or even microscopic, abnormality would be evident. 
Anteromedial temporal lobe areas are richly connected to 
the prefrontal cortex via direct reciprocal connections and 
via indirect connections through the thalamus (Nauta and 
Domesick 1982; Weinberger 1993). It may be that tempo- 
ral and frontal cortex must come "on line" together and 
process shared information as a neural network, in order 
that working memory  and past experience can be used to 
guide voluntary behavior (Weinberger 1993). I f  schizo- 
phrenia is a deficit of frontal-temporal neuronal connec- 
tivity, it remains for future research to determine if this 
deficit is truly restricted to a fronto-temporal network, 
whether selective vulnerability of  these cortical areas ex- 
ists, or whether the syndrome per se reflects dysfunction 
in this selected network in the context of  widespread cor- 
tical maldevelopment. 

I f  a developmental abnormality of the brain in schizo- 
phrenia is present in early childhood, then the mecha- 
nisms that determine the onset of  symptomatology in 
early adulthood also remain to be elucidated. Several pos- 
sibilities have been proposed including that a mild devel- 
opmental anomaly of cerebral cortex may interact with 
another abnormality involving perhaps synaptic pruning, 
sprouting, or myelinization. However, there does not ap- 
pear to be much scientific support for this possibility. An 
alternative explanation is that functional compensation for 

abnormalities in frontal and temporal cerebral cortex may 
be possible in early life, but not in later adolescence and 
adulthood. It may be that the expression of dysfunction of 
highly evolved prefrontal and limbic cortical areas is not 
evident until these structures are called upon to cope with 
the demands of adult social and cognitive functioning, 
This scenario is also highly speculative, but at least it of- 
fers a model by which developmental abnormality of 
cerebral cortex might account for a clinical illness that un- 
til recently did not seem compatible with the neuropatho- 
logic data base (for a review see Weinberger t994). 

Emil Kraepelin's clear thinking about a very complex 
disorder set the stage for the resurgence of research into 
the neuropathologic accompaniments of schizophrenia. 
Although current research has proposed a more complex 
model than the degenerative and localized pathology sus- 
pected in Kraepelin's time, we are obliged to recognize 
Kraepelin's work as the pioneering effort in this field. 
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