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Abstract
In spite of significant advances in treatment of patients with schizophrenia and continued efforts
towards their deinstitutionalization, a considerable group of patients remain chronically hospitalized
or otherwise dependent on others for basic necessities of life. It has been proposed that these patients
belong to a distinct etiopathological subgroup, termed Kraepelinian, whose course of illness may be
progressive and resistant to treatment. Indeed, longitudinal studies appear to show that elderly
Kraepelinian patients follow a course of rapid cognitive and functional deterioration, commensurate
with a dementing process, and that their poor functional status is closely correlated with the cognitive
deterioration. Recent neuroimaging studies described a pattern of posteriorization of grey and white
matter deficits with poor outcome in schizophrenia, and produced a constellation of findings
implicating primary processing of visual and auditory information as central to the impaired
functional status in this patient group. These studies are summarized in detail in this review and future
directions for neuroimaging assessment of very poor outcome patients with schizophrenia are
suggested.

Introduction
In spite of considerable and increasingly concerted scientific effort, the nature of genetic
susceptibility to schizophrenia remains elusive. One of the main strategies to overcome this
quandary may be identification of endophenotypes aimed at reducing the likely heterogeneity
of the illness thus rendering it more amenable to genetic analysis (Jablensky, 2006). This may
include a clinical and neuromorphological isolation of more homogeneous schizophrenia
subtypes (Buchsbaum & Haier, 1978), based on the predominance of certain clinical
descriptors, severity or functional outcome of its course (Roy, Merette, & Maziade, 2001). This
latter strategy of identifying a very poor outcome subgroup on the basis of the longitudinal
course of the illness was employed by Richard Keefe and colleagues (originally at Bronx
Veterans’ Affairs Medical Center) and may hold a special promise (Keefe et al., 1987, 1988,
1990, 1991).
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It has long been suggested that there may be a subgroup of patients with schizophrenia, who
follow a progressively deteriorating course conforming to the original views of Emil Kraepelin
on the natural course of dementia praecox. Beginning from the 1950s, these patients were
colloquially referred to as ‘Kraepelinian’. The longitudinal criteria, proposed by Keefe and
colleagues in 1987 were aimed at a valid isolation of this very poor outcome subgroup of
patients with schizophrenia, which have been incapable of independent living and followed an
unremitting clinical course for at least a five-year period. In order to fulfil the inclusion criteria
for the poor-outcome, or Kraepelinian, schizophrenia subtype, patients must display for
preceding 5 years: (1) continuous hospitalization or complete dependence on others for
obtaining basic necessities of life, including food, clothing, and shelter; (2) no evidence of
useful employment; and (3) no evidence for symptomatic remission. Societal and scientific
significance of this classification lies in the fact that these criteria by definition incorporate
into the Kraepelinian schizophrenia subtype the vast majority of chronically institutionalized
patients that linger in state psychiatric facilities despite a continuous three-decade effort at their
deinstitutionalization.

From the first clinical description of the Kraepelinian schizophrenia subtype (Keefe et al.,
1987), several groups in the United States, Canada, France, and Japan have published clinical,
neuro-psychological and neuroimaging assessments of such patients. These assessments
include clinical validations of the classificatory criteria on independent samples by the original
group of Keefe et al. (1996) and by Roy et al. (2001), and on a cohort of French patients with
Kraepelinian schizophrenia by Bralet, Loas, Yon and Marechal (2002). More recently, a
clinical study in Japan (Nakaya & Ohmori, 2006) found that although there may be a significant
overlap between the Kraepelinian/non-Kraepelinian classification, based on the longitudinal
course, and deficit/nondeficit schizophrenia classification, based on the prominence of the
negative symptoms of the illness (Carpenter, Heinrichs, & Wagman, 1988), the two
classificatory schemes select distinctly differing subgroups of patients: despite the overlap,
there are Kraepelinian patients with and without deficit syndrome and the same holds true for
the non-Kraepelinian group.

Clinical and neuropsychological characteristics
The clinical picture and course of the poor-outcome (Kraepelinian) schizophrenia is
characterized by severe dysfunctions in self-care (Keefe et al., 1987, 1996), disturbance in
premorbid sociosexual functioning (Keefe et al., 1989, 1990), more severe negative symptoms
and formal thought disorder (Bralet et al., 2002; Brickman et al., 2004; Keefe et al., 1989;
Stephens, 1978), presence of delusional passivity phenomena (Keks et al., 1992), lower
association with affective symptomatology (Kilzieh, Wood, Erdmann, Raskind, & Tapp,
2003; Rieckmann et al., 2005), excessive summertime (July) clustering of birthdates and
association with morbid polydypsia (Bralet et al., 2002, Bralet, Ton, & Falissard, 2007), and
more extensive family history of schizophrenia spectrum disorders (Keefe et al., 1996). Some
of these poor-outcome characteristics are known to be interrelated, e.g. nonresponsiveness to
antipsychotic treatment and increased familiality of the illness (Joober et al., 2005) or poor
premorbid sociosexual functioning and severity of the negative symptoms (Salokangas,
2003). Some (but not all) authors report more severe positive symptoms in the Kraepelinian
subgroup as well (Brickman et al., 2004; Roy et al., 2001). Finally, patients with Kraepelinian
schizophrenia may also exhibit resistance to antipsychotic (haloperidol) treatment (Keefe et
al., 1987) with no changes in symptomatology upon discontinuation of treatment (Harvey et
al., 1991) and blunted prolactin response to haloperidol challenge (Keks et al., 1992).
Neuropsychological studies suggest rather significant and apparently multilobar impairments
in this group of patients, including impaired performance on visual-motor processing,
abstraction/flexibility (Albus et al., 1996), fine motor dexterity, and executive functioning tests
(Roy et al., 2003).
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Some of these poor-outcome characteristics are shared by patients with deficit schizophrenia
subtype, e.g. higher severity of negative and disorganization symptoms, poorer premorbid
adjustment and social functioning, high degree of temporal stability of subgrouping diagnosis,
lower prevalence of depressive symptomatology, and excess of summertime births (see Roy
et al., 2001 for review). Other characteristics, like poor response to antipsychotic treatment
(Harvey et al., 1991; Keefe et al., 1987), possibly more severe positive symptoms (Brickman
et al., 2004, but not in somewhat smaller samples of Keefe et al., 1987, 1996 and Bralet et al.,
2002) and earlier age of onset (Brickman et al., 2004; Roy et al., 2001, 2003), may only be
peculiar to the Kraepelinian subtype.

Longitudinal course of the illness
The course of the illness in poor-outcome, chronically institutionalized patients with
schizophrenia has over the last decade been evaluated in both cross-sectional and longitudinal
studies. These studies indicate that unlike schizophrenia with favourable outcome, there may
be a progressive process and continued clinical deterioration in the poor-outcome
institutionalized subgroup of patients (Arnold et al., 1995a; Davidson et al., 1995; Harvey et
al., 1999a, 1999b). Elderly institutionalized patients with poor outcomes, regardless of gender
(Moriarty et al., 2001) or treatment location (Harvey, Leff, Trieman, Anderson, & Davidson,
1997a; Harvey et al., 1998), display an array of severe adaptive and cognitive deficits (e.g. in
Mini-Mental State examination, clock-drawing test as a nonspecific measure of global
cognitive and visual-analytic functioning, as well as on the phonemic tests of verbal fluency)
that are not grossly dissimilar to those seen in Alzheimer’s disease (Arnold et al., 1995a;
Bozikas et al., 2002; Gabrovska-Johnson et al., 2003; Heinik, Lahav, Drummer, Vainer-
Benaiah, & Lin, 2000; Kosmidis et al., 2005; Lowery et al., 2003; McBride et al., 2002; Owens
& Johnstone, 1980). Recognition memory has been reported a single most impaired domain
of cognitive functioning in this patient group (Harvey et al., 2000a). Some authors do in fact
talk of a true dementia complicating the course of chronic schizophrenia in a considerable
subgroup of institutionalized patients (de Vries, Honer, Kemp, & McKenna, 2001; Goldberg,
Weinberger, Berman, Pliskin, & Podd, 1987; Johnstone et al., 1978; Marsden, 1976). Indeed,
age disorientation, generally associated with (and predictive of) global intellectual impairment
(Harvey et al., 1995; Liddle & Crow, 1984), may be seen in approximately a quarter of
chronically hospitalized patients (Goldberg et al., 1988; Manschreck et al., 2000; Stevens,
Crow, Bowman, & Coles, 1978; Tapp, Tandon, Scholten, & Dudley, 1993) and may be not
related to premorbid intellectual functioning or prior treatment (Buhrich, Crow, Johnstone, &
Owens, 1988). Yet, unlike patients with Alzheimer’s disease and most other known dementias,
who show consistent and linear longitudinal decline in cognitive functions, patients with poor-
outcome schizophrenia show a pattern whereby the rate of their cognitive deficits accelerates
with age (Friedman et al., 2001; Waddington & Youssef, 1996). Thus, their cognitive
functioning appears to be fairly stable until late life (about 65 years of age), followed by rapid
deterioration at a rate of approximately 15% a year (Friedman et al., 2001; Harvey et al.,
1999a). The risk for this cognitive and functional decline does not appear to be associated with
gender, severity of the negative symptoms, or even vicissitudes of contemporaneous
neuroleptic treatment (Harvey et al., 1999a).

This pattern of differential age-related decline in cognitive functioning suggests that
chronically hospitalized patients with poor-outcome schizophrenia may represent a diagnostic
group, distinct from both the better-outcome schizophrenia and known types of dementing
disorders. In the longitudinal studies, the cognitive declines in these patients do not appear to
be strongly related to the baseline cognitive and functional status, or to the baseline clinical,
medical and demographic variables (Friedman et al., 2002; Harvey et al., 2003), but may be
associated with orofacial tardive dyskinesia (Byne et al., 1998; Waddington & Youssef,
1996). Declines in the adaptive functioning, on the other hand, may be predicted by the course
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of the cognitive decline and, independently, by the baseline severity of the negative symptoms
(Harvey, Sukhodolsky, Parrella, White, & Davidson, 1997c, Harvey et al., 1999b, 2003).
Overall, functional (social and adaptive life skills) outcome in elderly poor-outcome patients
is strongly correlated with cognitive status and the negative syndrome, regardless of its severity
(McGurk et al., 2000). Still, even within this severely impaired group of patients, affective
symptomatology (depressed mood) may be associated with somewhat better outcome
(Rieckmann et al., 2005).

In the clinical domain, these patients display longitudinal deterioration in the negative
syndrome, especially in the deficit symptomatology (alogia, poverty of speech); positive
symptoms and disturbances in the train of thought, on the other hand, appear to display a modest
improvement with age (Bowie et al., 2005; Davidson et al., 1995; Harvey et al., 1997b;
Mancevski et al., 2007a; Putnam et al., 1996). At the same time, the structure and inter-
relatedness of the psychopathology, if not the relative severity of the individual symptoms,
remain longitudinally stable (Reichenberg, Rieckmann, & Harvey, 2005). Similarly,
neurological soft signs in these patients appear to be stable over time (Smith, Hussain,
Chowdhury, & Stearns, 1999), but their relationship to poor outcome remains inconclusive
(Kolakowska, Williams, Jambor, & Ardern, 1985b)

It has been suggested that the very chronic hospitalization and the resistance of these patients
to repeated drives at de-institutionalization may be related to the cognitive and functional
deficits, unremitting and severe illness, volitional and especially activating symptomatology,
which includes agitation and aggressive behaviours (Arnold et al., 1995a; Bowie et al., 2001;
Johnstone, Owens, Gold, Crow, & MacMillan, 1981; Krasik & Logvinovich, 1977; Perlick,
Mattis, Stastny, & Teresi, 1992; White et al., 1997, White, Opler, Harvey, Parrella, & Friedman,
2004). Accordingly, it had been shown that progression of the patients’ self-care abilities and
cognitive deficits was not related to the severity of positive symptoms, but that the course of
cognitive decline and to a lesser degree the severity and course of the negative syndrome were
predictive of the decline in the patients’ abilities for self-care. Similarly, in a less impaired,
outpatient group of elderly schizophrenia patients severity of the negative symptoms and
cognitive functioning were the main determinants of the likelihood of independent living and
gainful employment (Hofer et al., 2005a, 2005b). Visual vigilance (ability to sustain selective
attention) was associated with independent living whereas visual and working memory was
associated with employment status. This is in line with several prior studies placing more
emphasis on cognitive deficits, rather than clinical semiotics of the illness, in its social and
functional outcome (reviewed in Green, 1996, Green, Kern, Braff, & Mintz, 2000, and Stip,
2006; see also Velligan et al., 1997, 2000), as well as reports of improvements in the clinical
symptomatology but not in adaptive functioning in the aftermath of typical antipsychotic
treatment (Velligan, Mahurin, True, Lefton, & Flores, 1996; Velligan & Miller, 1999).
Negative symptoms have also been shown to be associated with adaptive functioning, both
concurrent and longitudinal, but to a much lesser degree than with the cognitive functioning
(Ho, Nopoulos, Flaum, Arndt, & Andreasen, 1998; Herbener & Harrow, 2004). Although there
have been reports that atypical antipsychotic agents may have a more favourable effect on
certain domains of cognitive performance of outpatients with schizophrenia (Harvey & Keefe,
2001; Velligan et al., 2002, 2003), these agents do not appear to have a differential impact on
their concurrent adaptive functioning (Velligan et al., 2003) or eventual symptomatic, cognitive
and functional outcome of the chronically hospitalized schizophrenia patients (White et al.,
2006).
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Neuroimaging findings in poor-outcome schizophrenia
Ventricular system

Several lines of earlier neuroimaging evidence alluded to a relationship between posterior
cortical regions (in particular temporal and parietal cortices) and clinical outcome in
schizophrenia, starting with the pneumoencephalographic study by Matthew T. Moore and
colleagues (1933) of the Temple University School of Medicine in Philadelphia, which noted
an association between cognitive deterioration and degree of parietal lobe and insular atrophy
in a sample of 60 schizophrenia patients. Further pneumoencephalographic studies similarly
reported strong correlations among cognitive/clinical deterioration in schizophrenia patients
and degree (Asano, 1967; Nagy, 1963) or frequency (Haug, 1982; Huber, 1957) of ventricular
enlargement, especially in the third ventricles in both hemispheres, thus indirectly implicating
temporal lobes in the cognitive and clinical deterioration seen in a subgroup of patients with
schizophrenia.

Tomographic imaging techniques introduced a quantitative and three-dimensional
morphometric approach which strengthened these findings. Over the last three decades, earlier
computerized tomography and then MRI studies found that in comparison to patients with good
outcomes, poor outcome was associated with relatively larger ventricular asymmetry
(Losonczy et al., 1986), as well as size (Galderisi et al., 2000; Johnstone, Crow, Frith, Husband,
& Kreel, 1976; Johnstone et al., 1989; Katsanis, Iacono, & Beiser, 1991; Kolakowska et al.,
1985a; Owens et al., 1985; Pearlson, Garbacz, Breakey, Ahn, & DePaulo, 1984; Rossi et al.,
2000; Staal et al., 2001). Ventricular size was predictive of poor outcome (DeLisi et al.,
1992) and continued to show progressive enlargement in these patients over an up to five-year
follow-up period (Davis et al., 1998; Ho et al., 2003; Lieberman et al., 1996, 2001). DeLisi,
Sakuma, Maurizio, Relja and Hoff (2004) found that the rate of change in ventricular volume
over time was significantly correlated with total time spent in hospital. Temporal lobe volume
at onset was predictive of unremitting positive symptomatology as an outcome measure at five-
year follow-up (Milev et al., 2003) while cerebellar, but not temporal or ventricular, volumes
were predictive of psychosocial and clinical outcome at seven-year follow-up (Wassink,
Andreasen, Nopoulos, & Flaum, 1999). Some of the findings were suggestive of a relationship
between the larger lateral ventricular size and cognitive impairment in institutionalized
(Gabrovska-Johnson et al., 2003; Johnstone et al., 1976; Owens et al., 1985) and
noninstitutionalized chronic patients (Goldberg et al., 1988; Keilp et al., 1988; Lawson,
Waldman, & Weinberger, 1988; Roccatagliatta, Gandolfo, Ruffinengo, Scotto, & Bacigalupo,
1986). Longitudinal outcome measures were employed only in some of these studies that
assessed the overtly Kraepelinian schizophrenia subtype (Davis et al., 1998; Johnstone et al.,
1976, 1989; Losonczy et al., 1986; Owens et al., 1985; Staal et al., 2001). While not all shared
identical clinical assessments, the thread of ventricular abnormalities and associated poorer
outcome measures is clearly discernable. Search for morphometric predictors of outcome in
two other, prospective MRI studies, however, proved more inconclusive, with one report
finding no such predictors on two-year follow-up (van Haren et al., 2003) and another reporting
no relationship between clinical characteristics and rate of longitudinal progression of
ventricular size or grey matter volume on 2-to-4-year follow-up (Whitworth et al., 2005). This
may be explained by the relatively short periods to follow-up in the samples consisting of
patients close to their first psychotic outbreak, whereas cognitive and functional deterioration
tend to occur much later into the course of the illness (Friedman et al., 2001).

Cerebral grey matter
The first MRI study to specifically evaluate poor-outcome, institutionalized patients with
schizophrenia (Marsh et al., 1997) found grey matter reductions in the temporal lobe, superior
temporal gyrus, and frontoparietal regions in comparison to healthy comparison subjects; good-
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outcome comparison group was not included in the analyses. Analogously, Staal et al.
(2001), who did include a better-outcome comparison group, found smaller total grey matter
volumes, especially in the frontal lobe, in chronically hospitalized and not in good-outcome
schizophrenia patients in comparison to healthy subjects, but differences between the two
schizophrenia groups did not reach statistical significance. Our group has over the past several
years completed several neuroimaging assessments on a large cohort of middle-aged poor-
outcome (Kraepelinian, N=54), good-outcome (non-Kraepelinian, N=52), and healthy
comparison (N=42) subjects, the former two patient groups recruited primarily from the Pilgrim
State Psychiatric Center and Bronx Veterans’ Affairs Hospital of the Mount Sinai School of
Medicine in New York. A study, comparing clinical, cognitive, and functional characteristics
of long-stay schizophrenia patients between these two facilities (Harvey et al., 2000b) found
that Pilgrim State Medical Center patients had more severe functional deficits, negative and
cognitive symptoms than similarly institutionalized patients at the Bronx VA Hospital, but that
relationship between the different variables of the illness was similar amongst the two groups.
The primary discriminator between these patient groups was deficits in self-care, significantly
more severe in the state hospital patients, and this is precisely the criterion that we used in
selecting our poor-outcome (Kraepelinian) patient group, therefore ensuring its homogeneity.
These two long-term care facilities were also the primary patient recruitment centers for the
original researches by Richard Keefe and colleagues (1987, 1996), wherein the concept of
Kraepelinian schizophrenia was operationalized and validated.

The main finding from a subsample of 37 patients with schizophrenia and 37 healthy
comparison subjects (Mitelman, Shihabuddin, Brickman, Hazlett, & Buchsbaum, 2003), more
recently confirmed in the whole cohort (Mitelman et al., 2007b), was the posteriorization, or
more posterior distribution, of cortical grey matter deficits in patients with poor outcomes. That
is, while all patients with schizophrenia regardless of outcome had dorsolateral prefrontal and
temporal grey matter deficits, it was more posterior – parietal, but particularly temporal and
occipital – changes in grey matter volumes that differentiated between patients with varying
outcomes (Figure 1). A similar pattern of posteriorization was observed in the anteroposterior
arch of the cingulate gyrus, where too the main intergroup differences were registered in the
posterior cingulate (including retrosplenial) regions (Mitelman, Shihabuddin, Brickman,
Hazlett, & Buchsbaum, 2005a; Mitelman et al., 2007b).

In the temporal lobes, differential grey matter reductions in association with poor outcome
were noted in the lateral (Brodmann’s areas 21 and 22, i.e. superior and middle temporal gyri),
medial (Brodmann’s areas 27, 28, and 36), and polar (Brodmann’s area 38) cortices, and at the
temporal-occipital junction (Brodmann’s area 37). Unlike the temporal deficits, which were
seen in all schizophrenia patients and were only more pronounced in those with poor outcomes,
grey matter reductions in the occipital (Brodmann’s areas 17, 18, and 18) and – to a lesser
extent – parietal (areas 7b, 31, 39, 40, 43) and posterior frontal (motor-premotor) cortical
regions were unique to the poor-outcome, Kraepelinian schizophrenia subtype. In concert with
this posteriorized pattern of structural deficits, a PET study in a subsample of these same
participants found that poor-outcome patients have lower frontal/occipital ratios and metabolic
rates in the temporal lobe and cingulate gyrus, as well as striatum, than patients with non-
Kraepelinian schizophrenia (Buchsbaum et al., 2002). Overall, the areas with preferential grey
matter reductions in those with poor outcomes tended to involve predominantly visual
unimodal association and paralimbic cortices, in the left hemisphere showing predilection for
the agranular cortex. Finally, similar to the findings of Staal and coworkers (2001), whole-
brain volume in patients with poor outcomes was found to be significantly lower than in normal
comparison subjects, but did not differ significantly from that in the good-outcome
schizophrenia group (Mitelman et al., 2007b).
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Selective assessment of several subcortical structures revealed that regional volumes in the
ventral thalamus (occupied primarily by the pulvinar complex) were decreased more
significantly in the poor-outcome rather than good-outcome patient group (Brickman et al.,
2004). Interestingly, volumes of the putamen, especially dorsal and in the right hemisphere,
showed increases in non-Kraepelinian patients with better outcomes, whereas putamen
volumes in the Kraepelinian patients did not differ from those in healthy comparison subjects
(Buchsbaum et al., 2003). Expansion of the putamen is known to occur as a result of
antipsychotic treatment, so that failure to expand in patients with poor outcome may be related
to their well-documented resistance to treatment.

Correlational analyses for regional grey matter volumes uncovered a pattern of abnormal
thalamocortical intercorrelations in patients with poor outcome, which was not seen not only
in the good-outcome group, but also in healthy comparison subjects (Mitelman et al., 2005b).
This abnormal correlational network comprised dorsal thalamus (occupied predominantly by
the dorsomedial nucleus) and the orbital cortex in the right hemisphere and somewhat more
dorsal prefrontal areas 8, 9, 10, 45 and 47 in the left hemisphere. Given that dorsal thalamic
and prefrontal volumes were not differentially decreased in the poor-outcome group (thus
excluding a possibility of a correlated volume loss in these regions), this finding of abnormal
regional intercorrelatedness was interpreted as reflecting a pathological thalamocortical
network, whose sustained and consistent recruitment is somehow associated with poor
functional outcome to the illness. The network itself may not be pathological, yet pathologically
mobilized in, say, a compensatory effort. Considering the role of the dorsomedial nucleus and
ventrolateral prefrontal cortex in the processes of selective attention and visual information
encoding, the pathologically excessive reliance on this prefrontothalamic network may
represent an alternative strategy for visual information-processing.

Analogous correlational analyses for the cortical surface parcellated into the individual
Brodmann’s areas (see Mitelman, Buchsbaum, Brickman, & Shihabuddin, 2005c and
Mitelman, Shihabuddin, Brickman, & Buchsbaum, 2005d for detailed review) revealed
specific frontotemporal dissociations (lack of normal interregional correlatedness) between
grey matter volumes in Brodmann’s area 9 and both medial and lateral temporal cortex in
patients with poor outcome. Negative regional intercorrelations, interpreted as excessive
reliance on one region (increased volume) to compensate for malfunction in the other
(decreased volume), were seen in the good-outcome, but not poor-outcome group between the
primary auditory (temporal areas 41 and 42) and prefrontal (areas 10 and 46) cortices in the
left hemisphere, thus potentially indicating an alternative strategy to compensate for impaired
auditory information processing in those with good outcomes but not in those with poor
outcomes. Abnormally tight intercorrelations were noted in the poor-outcome group between
the primary visual (occipital) versus prefrontal and medial temporal cortical regions,
conceivably pertinent to primary visual information processing. Therefore, a common thread
to these correlational findings is a possible disturbance in networks subserving various aspects
of visual and auditory information processing in patients with poor functional outcomes.

Cerebral white matter
Volumetric analysis of white matter volumes, partitioned by their association with overlying
cortical Brodmann’s areas (Mitelman et al., 2007b), revealed that whereas patients with good
outcomes exhibited frontoparietal white matter expansion, Kraepelinian, poor-outcome
subjects failed to evidence such expansion, at least in the right hemisphere, and may even
display white matter shrinkage. White matter volumes in the latter group were smaller than in
patients with good outcomes in the right temporal, parietal, and occipital lobes, as well as –
more localized – in the node underlying lateral prefrontal areas 45, 46, and 47. That is, similar
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to the pattern of posteriorized grey matter deficits in the poor-outcome group, white matter
deficits likewise follow a posteriorized distribution, largely sparing the frontal lobe.

Analyses of overall differences in patterns of interareal correlations within a lobe, utilizing the
Kullback test for correlation matrices (Mitelman et al., 2005c, 2005d), also provide support
for right hemispheric abnormalities in the poor-outcome group, with significant intergroup
differences between patients with different outcomes found for both grey and white matter
intercorrelations within the right temporal lobe, and only for white matter intercorrelations
within the right frontal lobe. Follow-up correlational analyses for individual Brodmann’s areas
provided more details for these differences: intratemporal positive correlations of white matter
volumes were significantly weaker in patients with poor outcomes, implying disordered
volumetric interrelationships within the temporal lobe in this patient group. Frontotemporal
white matter intercorrelations in Kraepelinian patients were stronger in the right hemisphere
and weaker in the left hemisphere, than in the good-outcome group, perhaps reflecting a more
severe frontotem-poral dissociation.

Diffusion tensor imaging in the same cohort of patients and healthy subjects (Mitelman et al.,
2006) found that like white matter volumes, fractional anisotropy values averaged across
identically parcel-lated overlying Brodmann’s areas were lower in patients with poor outcome
than in the non-Kraepelinian group. In the right hemisphere, these reductions in fractional
anisotropy followed the topography of co-occurring differences in white matter volumes, i.e.
were seen in the temporal, parietal, and occipital lobes, and in the node underlying lateral
prefrontal cortex. Interestingly, both patient groups had lower anisotropy in these regions than
healthy comparison subjects. In contrast, in the left hemisphere decreases in anisotropy values
were more extensive in patients with poor outcomes than in the good-outcome group, involving
almost symmetrical temporal, parietal, occipital and prefrontal regions as seen in the right
hemisphere. The conclusion that can be drawn from these two (volumetric and diffusion tensor
imaging) studies is that patients with poor outcome display more severe and more extensive
reductions in anisotropy (i.e. structural white matter disturbance) than patients with good
outcomes, and that they fail to invoke compensatory expansion in co-territorial white matter
volumes which in the right hemisphere is seen in the good-outcome group and may thus be
instrumental in better outcome. The latter claim may also be supported by the inverse
relationship between white matter volumes and anisotropy values (lower anisotropy correlated
with larger volumes), seen in the good-outcome but not in the poor-outcome patient group
(Mitelman et al., 2006). Further separation between the good and poor-outcome patient groups
in this study was evident from the significantly different patterns of intercorrelations amongst
regional fractional anisotropy values in each lobe, as analyzed with the Kullback test for
correlation matrices.

A survey of anisotropy values in an array of white matter fibre tracts (Mitelman et al.,
2007a) showed that poor outcome in patients with schizophrenia was primarily associated with
reduced anisotropy in the whole extent of the corpus callosum (unlike only genual decreases
seen in patients with good outcome), as well as in the bilateral occipitofrontal fasciculus, left
internal capsule and left optic radiation (Figure 2). Corpus callosum has previously been
associated with poor outcome as reflected by its lower density in those with longer cumulative
periods of hospitalization by anamnesis (Hulshoff Pol et al., 2004) and by association of its
length with global prognosis (Uematsu & Kaiya, 1988) and GAF score severity (Colombo,
Bonfanti, & Scarone, 1994). Anterior limbs of the internal capsules in this very cohort were
also evaluated in a morphometric study (Brickman et al., 2006) and found smaller in absolute
volume in poor-outcome patients in comparison to healthy subjects and the good-outcome
group (the latter two groups showing no differences in volumes). Analysis of relative (to total
brain) volumes recorded intergroup differences in shape, whereby anterior limbs in poor-
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outcome patients had smaller volumes dorsally and larger volumes ventrally, again these
differences not seen between non-Kraepelinian patients and healthy subjects.

Finally, several groups reported abnormalities in distribution of interstitial white matter
neurons, suggestive of disturbance in the second trimester neuronal migration, hence inferring
neuro-developmental basis of hypothesized dysconnectivity in patients with schizophrenia.
For methodological reasons, many, if not most, of these studies used post-mortem tissue
collected from aged, institutionalized patients (as acknowledged in Arnold, Lee, Gur, &
Trojanowski, 1991 and Rioux, Nissanov, Lauber, Bilker, & Arnold, 2003), still others found
the abnormalities only in those with prominent negative symptoms (Eastwood & Harrison,
2003; Kirkpatrick, Conley, Kakoyannis, Reep, & Roberts, 1999; Kirkpatrick, Messias, Conley,
& Roberts, 2003). These abnormalities may in fact be characteristic only of those with poor
outcomes and at present it is not clear whether they are generalizable to schizophrenia in
toto; there have indeed been negative studies as well (Beasley, Cotter, & Everall, 2002).

Summary
• Kraepelinian patients represent a very poor outcome, treatment resistant subgroup of

patients with schizophrenia, which follows a rapid, progressively deteriorating
clinical, cognitive, and functional course late in life, resembling that of a dementing
illness.

• Adaptive self-care deficits (i.e. the very Kraepelinian status) in these patients are
strongly associated with cognitive deficits and to a much lesser degree with the
severity of negative symptoms.

• Expansion of the ventricular system (lateral and third ventricles) is either more
pronounced in patients with poor outcome or is specific to this patient group, may be
associated with cognitive deficits and may be progressive.

• Poor outcome is associated with posteriorization of grey matter deficits, uniquely
involving occipital cortex.

• Expansion of right hemispheric white matter volumes may be associated with better
outcome, may be important in successful compensation for diffusely reduced
anisotropy, and fails to occur in the Kraepelinian patient group; moreover, these
patients appear to display reductions in white matter volume, as well as more
widespread and more severe decreases in white matter anisotropy in both
hemispheres.

• Interhemispheric disconnectivity in posterior brain regions, as inferred from the
observed reductions in the callosal body and splenium, may play a role in poor
outcome in these patients.

• Several observations appear to point to disordered processing of primary sensory
information as central to poor functional outcome in this group of patients; these
include grey matter volume loss in the pulvinar complex, unimodal auditory and
particularly visual cortices, dyscorrelations involving thalamocortical and
corticocortical networks that may be subservient to audiovisual information
processing, and uniquely reduced anisotropy in the optic radiation.

Conclusions and future directions
Two fundamental, if related, questions on nature of the very poor outcome schizophrenia
remain to be answered:
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Is it continuous with schizophrenic illness of better outcome, i.e. occupies an extreme position
along a certain outcome or some other functional dimension? If indeed so and Kraepelinian
is simply an extreme course variant of the illness, what factors then mediate or incur such a
dire outcome? The alternative would be a dichotomous view, whereby Kraepelinian
schizophrenia would represent a distinct pathogenetic (or even etiological) patient group with
distinctive longitudinal trajectory. At present, there appears to have been accumulating enough
evidence to buttress the latter view: complete inability to support one’s own independent
existence, peculiar clinical course leading to rapid cognitive deterioration in old age, and
distinct pattern of posteriorized cerebral deficits way in advance of the cognitive decline, – all
seem to sway toward a dichotomous view on the Kraepelinian/ non-Kraepelinian division.

What is the nature of late-life dementia in institutionalized Kraepelinian patients? This
question is all the more baffling given that post-mortem investigations of clearly demented and
prospectively identified schizophrenic patients have failed to yield any specific results (Arnold
et al., 1995a; Golier et al., 1995; Martin-Ruiz et al., 2003), with a possible exception of reactive
astrocytosis (Arnold et al., 1996b) and abnormal myelination (Mancevski et al., 2007b), both
as yet unreplicated. Nonetheless, there are four conceivable views on this issue.

1. First, dementia in these patients may be epiphenomenal (superimposed and
coincidental) and pathogenetically unrelated to schizophrenia proper, as concluded
by Harrison (1995) in his decade-old review of a century of neuropathological studies
of the illness.

2. More plausible (and having won more subscribers – cf., inter alia, de Vries et al.,
2001; Goldberg et al., 1987; Johnstone et al., 1978; Marsden, 1976) is the view that
dementia in these patients is a complication of the very illness in question, that occurs
in a vulnerable subgroup of patients. This view is in fact indistinguishable from the
classical concept of vesanic dementia (Gombault, 1900) as an end-product of
pernicious chronic psychosis.

3. Some authors (Harvey et al., 2003; Mitelman et al., 2005a) with equal plausibility
appear to envisage dementia in these patients as inherent in the very Kraepelinian
subtype of the illness, an invariable part of its natural clinical course.

4. As a more radical form of the previous view, we would like to propose here a fourth
possibility that may be deserving of closer scrutiny, namely that the very Kraepelinian
subtype may in fact be a variant of a progressive dementing illness. Thus, the
clinicopathological process in these patients may be a type of biphasically progressive
dementia that begins early in life, manifests itself first with frontotemporal
schizophrenia-like clinical and morphological features, which are then superseded by
insidious posteriorization of cortical grey matter deficits, concurrent failure to evoke
compensatory white matter changes, functional decline, and eventual rapid cognitive
deterioration late in life. That this may be an as yet uncharacterized form of dementia
and inaccuracies in early-life diagnosis may be in part to blame for the atypical (for
schizophrenia) course of the illness in these patients has been previously suggested
(Arnold & Trojanowski, 1996). Psychotic symptomatology, resembling that of
schizophrenia, has indeed been described in both Pick’s and non-Pick’s variants of
frontotemporal dementia with early onset (Lamote, Tan, & Verhoeven, 1998; Stone,
Griffiths, Rastogi, Perry, & Cleland, 2003; Vanderveyzen et al., 2003; Waddington,
Youssef, Farrell, & Toland, 1995) and with late onset (Kerssens, Pijnenburg,
Schouws, Eikelenboom, & van Tilburg, 2006; Reischle, Sturm, Schuierer, & Ibach,
2003). In all of these case reports, retrospective diagnosis was made possible only
because of the progression of frontotemporal atrophy and associated identifiable
cognitive impairments. It could be speculated that if the frontal impairments remained
static, with pathological progression in the more posterior regions of the brain, the
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longitudinal clinical presentation would not be dissimilar to the one described in the
chronically institutionalized Kraepelinian schizophrenics.

At any measure, the latter two views (3 and 4) may be best supported by available evidence,
since the late-life dementing process clearly seems to occur in an early identifiable group of
patients with severe deficits in self-care, semiotics marked by prominent deficit syndrome and
progressive cognitive abnormalities, rather distinct neuroimaging presentation, reactive
astrocytosis, and very similar natural course. To differentiate among these plausible scenarios,
future neuroimaging studies should concentrate on longitudinal course of the illness, include
elderly institutionalized patients, good-outcome controls, prospective follow-up of first-
outbreak cohorts, and correlate neuroimaging findings with specific neuropsychological
impairments in this very poor outcome group of patients with schizophrenia.
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Figure 1.
Temporal lobe volume loss and lateral ventricular enlargement in a schizophrenia patient with
poor outcome (right) in comparison to a patient with good outcome (left).
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Figure 2.
Lower fractional anisotropy in the posterior callosal regions in a patient with poor outcome
(right) in comparison to a patient with good outcome (left).
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