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Abbreviations

AD Alzheimer’s disease

ADL Activity of daily living

CT Computerized tomography

DLB Dementia with Lewy bodies

DLBD Diffuse Lewy body disease

EEG Electroencephalogram

FILD Frontal lobe degeneration

FID Frontotemporal dementia

IS Ischemic score

LB(s) Lewy body(ies)

LBD Lewy body dementia

LBV The Lewy body variant of Alzheimer’s disease
1C Locus coeruleus

MABP Mean arterial blood pressure

MID Multi infarct dementia

MRI Magnetic resonance imaging

nbM Nucleus basalis Meynert

NFT Neurofibrillary tangles

PaD Parkinson’s disease

PSVE Progressive subcortical vascular encephalopathy
rCBF Regional cerebral blood flow

SDLT Senile dementia of Lewy body type

SIWI Selective incomplete white matter infarction
SPECT Single photon emission computerized tomography
SN Substantia nigra

VaD Vascular dementia






Introduction

Organic dementias

Dementia is a descriptive term derived from the latin “de mens” -without mind-
indicating a decline in mental abilities. Dementia is characterized as a “global
deterioration of mental functioning in its intellectual, emotional and cognitive
aspects” (Mayer-Gross et al., 1969). In ICD-10, dementia is defined as a chronic
or progressive syndrome lasting at least 6 months and based on brain disease.
Higher mental functions such as memory, learning, judgement, thinking, aware-
ness of the environment, emotional control and motivation are impaired but
this impairment occurs in the absence of clouding of consciousness. The diag-
nosis is further supported by evidence of damage to other higher cortical func-
tions such as dysphasia, dyspraxia and dysgnosia (ICD-10). This deterioration
was earlier considered progressive and irreversible. However, clinical experi-
ence has changed our views so that it is now accepted that different types of
dementia have different clinical courses and prognoses. Dementing disorders
may be stationary as well as progressive. It may be possible to prevent, arrest
and even to cure some forms (Gustafson, 1985).

However, no mental symptoms are in themselves pathognomonic of any type
of dementia. It is the symptom constellation, the timing of their appearance
and the clinical course that are important (Gustafson and Passant, 2000). There
is usually a mixture of symptoms of which some can be interpreted as primary,
related to the organic brain damage and dysfunction, while some may be re-
garded as secondary, adaptive or insufficiency reactions to the brain disease
(Gustafson and Hagberg, 1975). Therefore, a symptom may be interpreted dif-
ferently in different contexts and the diagnosis of dementia should rely on a
broad assessment of both psychiatric and neurological features.

Dementia syndromes may be classified on the basis of the predominant distri-
bution of pathology in the brain, that will also be reflected in the symptomatol-
ogy. Some disorders mainly involve cortical structures in predominantly one
or the other region, some have a more subcortical predominance while others
affect both cortical and subcortical structures. Alzheimer’s disease (AD) and
fronto temporal dementia (FTD) are the major cortical dementias while pro-
gressive supranuclar palsy, Huntington’s disease, Parkinson’s disease (PaD) and
Binswanger’s disease are mainly subcortical (Gustafson, 1992).

Several authors have suggested that there is an association between dementia
and Lewy bodies as a pathological marker (see below) and the term Dementia
with Lewy bodies (DLB) was recommended by a consensus group (McKeith et
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al.,) in 1996. DLB has been classified as a mixed cortical-subcortical degenera-
tive dementia (Hansen et al., 1990, Neary, 1999).

Dementia diagnosis is traditionally based on cognitive, conative and neurologi-
cal deficits. The DLB consensus presents a different approach where psychotic
symptoms, neurologic disturbances and pharmacological reactions are taken
into account and regarded as clinical characteristics. The clinical picture is
complex and offers differential diagnostic difficulties. The neuropathological
diagnosis has also been debated since different pathological entities overlap.

The Lund longitudinal dementia study

The department of Psychogeriatrics at Lund University Hospital has a long
tradition of research in dementia. More than 30 years ago a prospective and
longitudinal dementia study started in Lund (Gustafson and Hagberg, 1975,
Brun and Gustafson, 1993). The project, still in progress, is based on multi and
interdisciplinary co-operation between departments with an interest in differ-
ent aspects of the neuroscientific field such as old age psychiatry, neuropsy-
chology, neurophysiology, neurochemistry and neuropathology. The initial aim
of the longitudinal dementia study was to select patients at an early stage of a
dementing illness, to follow these patients prospectively and finally to perform
post mortem neuropathological examinations. The purpose was to develop
clinical criteria for early recognition and differential diagnosis of specific types
of dementia. Over the years the longitudinal project has led to the recognition
of the importance of different types of dementia such as frontal lobe degenera-
tion of non Alzheimer type (FLD) (Brun, 1987, Gustafson, 1987), the role of
ischemic white matter lesions (Brun and Englund, 1986, Englund et al., 1989)
and hemodynamic factors in both degenerative and vascular dementias (VaD)
(Passant et al., 1996). The results of the project have contributed to the descrip-
tion of the degenerative and clinical pattern in dementia of Alzheimer type
(Brun and Gustafson, 1976, Brun and Gustafson, 1978, Brun and Englund,
1981) and new classifications for degenerative and vascular dementias (Brun
and Gustafson, 1988, Gustafson et al., 1990) have been put forward. The longi-
tudinal dementia study has contributed greatly to the development and avail-
ability of diagnostic techniques such as regional cerebral blood flow (rCBF)
measurements and neuropsychological testing in dementia. It has also shown
the importance of clinical diagnosis for the design of treatment and care of
patients with dementia (Gustafson et al., 1995).

The neuropathological panorama of the first 400 dementia cases in the project
which came to autopsy is depicted below (Brun and Gustafson, 1993) (Fig 1).
AD was found in 42%, VaD in 26%, Mixed VaD and AD in 12%, FTD in 9%,
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encephalitis in 3% and other more or less specified diseases including brain
tumours in 8%.

Fig 1. Neuropathological diagnoses in
consecutive dementia cases (n=400) Others
Brun et al., 1993 8%
Encephalitis
3%

FID
9%
42%

Mixed AD+VaD
12%

VaD
26%

Compared to neuropathological findings in consecutive dementia cases from
Jellinger et al., 1996 (Fig 2) and Perry et al., 1991 (Fig 3), the prevalence of AD
and other pathologies are similar while FTD and VaD are more prevalent in
our study. DLB is not specified in the Lund study. The differences may depend
on the varied selection of patients, the age of the patients, the neuropathologi-
cal technique or genetic factors.

Fig 2. Neuropathological diagnoses in

AD+oth
dementia (n=540) patl:;lto ge;
Jellinger, 1997 (modified) Oltilojrs 1%

43%

8%
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Fig 3. Neuropathological diagnoses
in dementia (n=89)
Perry et al., 1991 (modified)

Others
10%

DLB
23%
AD
54%

Mixed AD+VaD
6%

VaD
7%

Epidemiology of dementia

The prevalence of dementia increases exponentially with age doubling every 5
years from 1% at 65 years to over 20% at 85 (Jorm et al., 1987). The prevalence
of AD is 1-2% in persons aged 65-74 years, 4-5 % in persons aged 75-84 years,
and 10-13% in persons over the age of 85 (Fratiglioni, 1996). The prevalence of
VaD rises less sharply with age than that of AD. The proportion of VaD among
demented varies in different studies between 11 and 45% (Skoog and Aevarsson,
2000). VaD seems to be more prevalent and even more common than AD in
Asia and Eastern Europe than in Western countries (Jorm, 2000, Homma and
Hasegawa, 2000). The prevalence of FTD is not known. The ratio of FTD com-
pared to AD thus ranges from 1:5 to 1:30 in neuropathological materials (Brun,
1987, Jellinger et al., 1990). In a prospective population based study of FTD,
the incidence rates were 1.2/10° (age group 30-40 years), 3.4/10° (age group 40-
50 years), 10.7/10° (age group 50-60 years) and 28.0/10° (age group 60-70 years)
(Stevens et al., 1995).

PaD affects about 1 in 1000 individuals and the prevalence increases with age
(Mutch et al., 1986). Metaanalyses have shown a 35-40% prevalence of demen-
tia in PaD (Brown and Marsden, 1984, Cummings, 1988).

In a community based population in England and Wales the prevalence of
DLB, or rather Lewy bodies in demented individuals, was 12% (Esiri, 2001).
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The following description of different dementia disorders is aimed at enlight-
ening the various aspects of these diseases that share features with DLB.

Alzheimert’s disease

In a lecture in 1906, Alois Alzheimer described a form of dementia which was
later to bear his name, Alzheimer’s disease. He described a 51-year-old patient,
Auguste D, who had shown progressive cognitive impairment with memory
disturbance, aphasia, apraxia, disorientation and unpredictable behaviour, hal-
lucinations, delusions and psychosocial incompetence. At necropsy there was
cortical atrophy with senile plaques and neurofibrillary tangles (NFT) (Alzheimer,
1907, Maurer et al., 1997).

Historically there has been a distinction between this presenile dementia (onset
before 65 years) and late onset, senile dementia of Alzheimer type (SDAT),
starting after 65. Today the two forms are mostly grouped together since the
important pathological features are the same. There are, however, some patho-
logical (Terry et al.,, 1981, Hansen et al., 1988) and neurochemical differences
(Rossor et al., 1984) as well as differences in symptomathology (Lauter, 1970,
Gustafson, 1985, Blennow and Wallin, 1992) between early and late onset AD.
The clinical heterogeneity of AD is also reflected in the classification systems
DSM and ICD. It has been suggested that a Lewy body variant of AD is to be
found among other subgroups (Hansen et al., 1990, Forstl et al., 1993).

Clintcal findings

AD is the most common of dementias occuring in 50-60% of all dementing
disorders (Tomlinson et al., 1970). This often stated figure must, however, be
considered with caution since mixed pathologies are common and the propor-
tion of pathologically confirmed AD is unknown in representative community
dwelling samples (Lovestone, 2000). Studies on the symptomatology of AD
agree upon a common pattern of cognitive, emotional and neurological symp-
toms (Sjogren, 1952, Delay and Brion, 1962, Lauter, 1970, Brun and Gustafson,
1976) although this does not exclude an important individual variation con-
cerning both symptoms and the course of the disease. The onset is insidious
with a gradual progression of the disease. The characteristic clinical features are
cognitive deterioration of temporoparietal type such as memory impairment
for recent and remote events, expressive and impressive dysphasia, dyspraxia,
dysgnosia and spatial disorientation. Under optimal conditions the personality
and social competence are, comparatively spared. As the disease progresses epi-
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sodic confusion, psychotic symptoms (Wragg et al., 1989, Cummings and
Victoroff, 1990, Burns et al., 1990a,b, Gustafson and Risberg, 1993) extrapy-
ramidal symptoms (EPS) such as increased muscular tension and bradykinesia
(Perusini, 1910, Pearce, 1974, Molsi et al., 1984, Michell, 1995) and neurologi-
cal signs such as myoclonia and tonic-clonic epileptic seizures (Perusini, 1910,
Sourander and Sjégren 1970, Gustafson, 1987) also appear.

For the clinical diagnosis there are several sets of criteria that can be used
depending on tradition and purpose (Gustafson and Nilsson, 1982, NINCDS-
ADRDA McKhann, 1984, ICD 10, 1993, DSM 1V, 1994). In the diagnostic
process, neuropsychological testing and brain imaging techniques support the
clinical criteria. EEG shows general slowing with increased delta and theta
activity (Johannesson et al., 1977, Petit et al., 1996). The typical rCBF pattern is
temporoparietal blood flow decrease (Ingvar and Gustafson, 1970, Gustafson
and Risberg, 1979, Friedland et al., 1983, Jagust et al., 1995) especially eatly in
the course and sometimes structural brain imaging, computerized tomograpy
(CT) and magnetic resonans tomography (MRI), may show general atrophy
and atrophy of the hippocampus and the medial temporal lobe (Wilson et al.,
1982, Soininen et al., 1982, LeMay et al., 1986, Jobst et al., 1992). White matter
changes on MRI are common in AD probably indicating white matter changes
of ischemic vascular origin (Englund et al., 1987).

Nenropathology

Macroscopically the brain is atrophic with reduced brain weight and secondary
enlargement of the ventricles. The classical Alzheimer changes associated with
the dementia are a degeneration of neurones and especially synapses and
dendrites, NFT, neuritic plaques, neuronal loss and granulovacuolar degenera-
tion. A topographic pattern of NFT accumulation has been identified (Hirano
and Zimmerman, 1962, Brun and Gustafson, 1976, Brun and Englund, 1981,
Braak and Braak, 1991). Pathological changes are most severe in the temporal
and parietal cortices and in later stages also in the frontal cortex (Lauter, 1970,
Brun and Gustafson, 1976, Brun and Englund, 1981, Brun, 1985).

Amyloid angiopathy is often seen in the cerebral vessel walls (Scholz, 1938) and
consists of the same protein as that in the senile plaques, BA4-protein (Glenner
and Wong, 19806).

On a light microscopical level diffuse white matter changes of the hypoperfusive
type, called selective incomplete white matter infarctions (SIWI) are found in
over 50% of Alzheimer cases (Brun and Englund, 1986). The white matter
pathology is more common in late onset compared to eatly onset AD. This has
been demonstrated both post mortem (Brun and Gustafson, 1976) and in vivo
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with CT (Wallin et al., 1989, Blennow et al., 1991). These subcortical white
matter lesions have been suggested to relate to hemodynamic factors (Englund
et al., 1989).

The neuropathological diagnosis of AD can be based on different diagnostic
systems using different basic neuropathological approaches. The grading sys-
tem described by Brun and Englund (1981), using the semiserial whole brain
sectioning technique, is based on the combined effects of semiquantitative grad-
ing of plaques, tangles and other histological variables such as gliosis,
microvacuolation, and cortical atrophy. The Khachaturian criteria (1985) em-
phasize the number of neocortical plaques per unit area and CERAD (Mirra et
al., 1991) is based on semiquantitative plaque counts. Neither of the last two
approaches requires the presence of NFT for the diagnosis of AD. According to
the grading system by Braak and Braak (1991), 6 different topographic stages
are discernable. In stages I-II, NFT involve the entorhinal-perirhinal cortex, in
ITI-1V the hippocampus and other limbic areas, in stage V the association corti-
ces and in stage VI NFT also occur in the primary sensory cortex. The NIA-
Reagan guidelines (1997) combine a semiquantitative assessment of both neu-
ritic plaques and NFT using CERAD and topographic staging and assess the
likelihood that the dementia is due to AD as “high, intermediate and low”. An
assessment of major coexisting lesions to Alzheimer changes is recommended.
According to Newell et al., (1999) the NIA-Reagan criteria “provides a nomen-
clature framework to begin to understand overlap syndromes and differentiate
these from pure AD” since “the relative degree to which Alzheimer neuropatho-
logical changes and other present pathologies each contribute to dementia can-
not be determined with certainty”.

Several neurotransmitters are reduced in AD. One consistent finding is the
failure of cholinergic funcion (Bowen et al.,, 1976) both in the cortex (Davies
and Maloney, 1976, Perry et al., 1977) and in the nucleus basalis Meynert (nbM)
(Davies, 1979, Rossor et al., 1982). The cholinergic neurotransmission is strongly
dependent on the function of nbM. Cholinergic neurons from nbM project to
the cortex and hippocampus, suggesting an important role of this system in
memory, learning (Barthus et al., 1982) and attention (Muir et al., 1992, Levy et
al., 2000). Cell numbers are reduced in nbM in AD (Whitehouse et al., 1981).
The noradrenergic system in part originating in the locus ceruleus (LC) and
located in the dorsolateral pontine tegmentum, seems to play a role in behav-
ioural symptoms and depression in AD (Zweig et al., 1988, Zubenko et al.,
1990). Cell loss and pathological changes of LC (Ishii, 1966, Forno, 1978,
Bondareff et al., 1982, Mann et al., 1983) are common in AD. The loss of cells
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and presence of NFT in serotoninergic nuclei have also been reported in AD
(Yamamoto and Hirano, 1985, Zweig et al., 1988) with lowered brain serotonin
content (D"Amato et al.,, 1987). The serotoninergic neurons originate in nu-
cleus raphe and adjacent nuclear groups and have been linked to emotional
disturbances, increased frequency of depressive symptoms and psychosis in AD
(Zweig et al., 1988). The substantia nigra (SN) is the principal source of
dopaminergic neurons projecting primarily to the striatum. The SN is abnor-
mal in 44-86% of AD cases, (Ditter and Mirra, 1987, Gibb et al., 1989a, Kazee
et al., 1995a) with cell loss (Rinne et al., 1986), NFT (Liu et al., 1997) and Lewy
bodies (Reyes et al., 1996). Metabolites and other markers of dopamine are
reduced in AD, both in postmortem material and living humans (Bowen et al.,
1974, Gottfries et al., 1983, Allard et al., 1990). In the cerebrospinal fluid in
living AD patients, HVA concentrations were related to the impairment of
motor performance and to intellectual disturbances (Brane et al.,, 1989). It is
generally suggested that dopamine deficiency in different locations correlates
to bradyphrenia and bradykinesia (Gaspar et al., 1991) and to cognitive decline
(Decker and McGaugh, 1991).

Vascular dementias (VaD)

At the end of the 19" century Alzheimer and Binswanger studied the clinical
and pathological heterogeneity of vascular dementia. Kraepelin, in his text-
book of 1910, considered cerebral arteriosclerosis to be the major cause of
organic dementia. Binswanger (1894) pointed out the relationship between a
slowly progressive, subcortical vascular encephalopathy (PSVE), with focal neu-
rological deficits and vascular white matter lesions and Alzheimer further de-
veloped the subclassification of VaD into arteriosclerotic brain atrophy, PSVE,
dementia apoplectica and perivascular gliosis (Gustafson, 2000). In 1975,
Hachinski et al., introduced the term “multi-infarct dementia” (MID) to em-
phasize the relationship between dementia and multiple cerebral infarcts.

Clinical picture

Dementia is caused by several different cerebrovascular disorders but is cur-
rently grouped under the term VaD.

The clinical manifestations of VaD relate to different vascular mechanisms and
changes in the brain and have different causes. The patient often has a medical
history of cardio-vascular disease and vascular risk factors such as hyperten-
sion, diabetes, hyperlipidemia and smoking are common. Focal lesions may

18



often be confirmed by CT/MRI (Roman et al., 1993). Even more prevalent in
the eldetly patients is diffuse white matter pathology on CT/MRI, which when
widespread or focal, although sometimes discrete, speaks in favour of a vascu-
lar origin (Englund, 2000). However, this can also be found in non-demented
cases (Scheltens et al.,, 1995), possibly indicating a subclinical condition since
the longer the patients are followed the more cerebrovascular lesions are likely
to be found (Skoog and Aevarsson, 2000). When several areas of the brain are
affected the interpretation of and interplay between symptoms and their rela-
tion to brain damage becomes more complex. The clinical features in MID are
classically lateralized sensimotor impairment, cognitive impairment and apha-
sia. The disease onset is often abrupt with a stepwise progression (Hachinski et
al., 1975). Small vessel disease, such as Binswanger’s disease and lacunar states,
on the other hand, often has a slowly progressive clinical picture dominated by
motor and cognitive bradykinesia, bulbar signs, incontinence, dysartria, de-
pression and emotional lability (Babikian and Ropper, 1987, Fischer, 1989,
Fredriksson et al., 1992). Often there is also mental slowing, impaired atten-
tion, impaired executive functions and memory failure. Neurological status
may reveal gait problems with a shuffling small stepped gait and primitive
reflexes (Babikian and Ropper, 1987, Fischer, 1989, Wallin et al., 1993, Gustafson
and Passant, 2000).

Cerebrovascular diseases in general may also give rise to a wide spectrum of
psychiatric manifestations such as delirium (Lipowski, 1990, Gustafson Y et al.,
1991, Hénon et al., 1999), dementia, personality change (Bogousslavsky et al.,
1988), mood disorders, vascular depression- with greater overall cognitive dis-
ability and impairment- (Alexopoulos et al., 1997) and paranoid reactions. Fluc-
tuations with confusional episodes and clouding of consciousness are often
seen in VaD and other types of cerebrovascular disease (Mayer-Gross Slater and
Roth, 1969, Roth, 1981). Agitated delirium accompanied by visual hallucinosis
has been reported in patients with right sided or bilateral temporal vascular
lesions and basilar infarcts (Mesulam et al.,, 1976, Caplan, 1980). The symp-
toms are related to the localisation and severity of the ischemic lesions but are
also dependent on the age of the patient. The parietal lobe symptoms typical
for AD, such as dyspraxia, dyscalculia, and dysgraphia may also result from
vascular lesions (Benson et al., 1982).

The frontal and fronto-subcortical syndromes may be caused by frontal cortical
infarcts, bithalamic infarcts, bilateral caudate infarcts, Binswangers disease and
incomplete white matter infarcts in the frontal lobes (Brun, 1987, Pasquier et
al., 1995, Riechfield et al., 1987, Jellinger et al., 1964, Brun and Gustafson,
1991a). The fronto-subcortical syndrome is characterized by mental slowness,
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which is difficult to differentiate from hypokinesia. In addition it is also char-
acterized by apathy, basal neurological signs such as bilaterally increased reflex
activity, pseudobulbar signs and EPS (Wallin et al., 1996).

Clinical PaD may also be due to vascular lesions, “vascular pseudoparkinsonism”
or “arterosclerotic parkinsonism”, which is seen in 4-5% of PaD cases (Chang
et al., 1992, Jellinger., 1997). Common features in vascular parkinsonism are
gait disturbances, absence of tremor and impaired balance with falling ten-
dency. CT and MRI frequently show white matter lesions in these patients
(Trenkwalder et al., 1995).

The prevalence of neuropathological white matter pathology in VaD is high
(Brun, 1992, Roman et al., 1993). Englund et al., (1989) compared the clinical
symptoms in neuropathologically defined cases of AD with and without white
matter pathology (SIWI). They found that the cases with combined AD and
SIWI had a higher prevalence of fluctuations, confusion, vertigo and fainting
as well as hallucinosis and frontal signs in general, while temporo-parietal symp-
toms and tonus increase were less prevalent, compared to what was found in
pure AD. Cases with SIWI, alone or in combination with AD also had more
cardiovascular signs such as atrial fibrillation, myocardiac infarcts, angina pec-
toris and previous hypertension (Englund et al., 1989) that later in the course
of the illness turned into hypotension (Passant, 1990).

Several clinical criteria for VaD have been developed. The most commonly
used are the DSM-IV (which do not specity subtypes), the ICD-10 (which presents
six subtypes: “acute onset, multi infarct, subcortical, mixed cortical and subcor-
tical, other and unspecified”) and the NINCDS-AIREN criteria (which include
cortical VaD, subcortical VaD, Binswanger’s disease and thalamic dementia).
The DSM-1V criteria are less restrictive compared to the others (Erkinjuntti,
2000). The commonly used ischemic score (IS) (Hachinski et al.,, 1975) was
originally developed to differentiate between MID and AD.

Neuropatophysiologic classification

The classification of VaD may have different approaches and can be based on
the primary vascular aetiology (large, small artery disease, haemorrhages etc),
the type of ischemic brain lesion (complete, incomplete, lacunar infarcts etc),
the location of brain lesions (cortical, subcortical, both, strategic) or the clini-
cal syndrome (cortical, subcortical, prefrontal-subcortical etc) (Erkinjuntti, 2000).
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The subdivision of vascular dementia diseases below was developed in the Lund
longitudinal project (Brun and Gustafson, 1988, Brun, 1994a) and forms the
basis for the Swedish consensus of dementia diseases (Wallin et al., 1994). The
subforms may be pure but are more often mixed (Brun, 1994b).

MID (large vessel dementia) is caused mainly by thromboembolism originat-

ing from atherosclerotic lesions in the large vessels resulting in large infarcts
involving the cortex, the white matter and central grey and brainstem struc-
tures. Complete infarcts are surrounded by wide areas of white matter incom-
plete infarcts. Tomlinson and colleagues (1970) considered a total infarct vol-
ume of about 100 ml as the limit beyond which dementia is a regular sequel.
However, much smaller volumes have been reported in VaD, especially when

the lesions are bilateral or strategically positioned (strategic infarct dementia,
Brun and Gustafson, 1988). Dementia is also more common when infarcts are
leftsided, bilateral and involving temporoparietal regions (Ladurner et al., 1982).
Small vessel dementia results from obstruction or rather occlusion of vessels of
arteriolar size, sometimes due to microembolies from the heart and large ves-
sels but more often due to hypertensive angiopathy. A purely subcortical type is
called Binswanger’s disease of which lacunar state is a milder variant. It is
characterized neuropathologically by lacunar infarcts located in the brain stem
and central grey nuclei but also in the frontal white matter, which may give rise
to an extensive cortical undermining. To a large extent the white matter change
has the character of an incomplete white matter infarct, which can be assumed
to evolve due to repeated episodes of ischemia in a penumbra zone around the
lacunes. According to Englund et al., (1988) the incomplete white matter infarcts,
surround the complete white matter infarcts. This white matter pathology gen-
erally covers an area several times larger than the complete infarct. These changes
are found in large vessel as well as in small vessel diseases.

Ischaemic-hypoxic dementia is a variant of the same disease as subcortical small
vessel dementia. It is caused by disturbances of the systemic circulation eg
arrhythmias and hypotension, or hypoxia, often combined with arteriolar nar-
rowing rather than occlusion, and it sometimes emerges in the borderzone
between the major cerebral arteries in the cortex (Brun, 1994b).

White matter disease is common in both vascular and degenerative dementias.
Sixty per cent of all AD cases (Brun and Englund, 1986) also show white matter
ischemic lesions often as selective incomplete white matter infarctions (SIWI).
SIWI consist of diffuse white matter attenuation, but not cavitation, with a
reduction of both myelin and oligodendroglial cells. It is thought to be due to
stenosing small vessel disease confined to the white matter in combination
with episodic systemic hypotension.
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In the vascular dementias several types of neurotransmitter failure are reported.
Gottfries et al., (1994) showed severely reduced serotonin metabolism and ac-
tivity of cholinacetyltransferase. Dopamine levels are decreased and the number
of dopamine uptake sites is reduced in the caudate nucleus in VaD with an
increased risk of EPS side effects of dopamine blocking agents (Allard et al.,
1999).

Frontotemporal dementia

Arnold Pick described dementia in frontal and frontotemporal atrophy in 1892,
later called Pick’s disease (Onati and Spatz., 1926). Far more common however,
is the frontal lobe degeneration of non-Alzheimer type (FLD) described much
later by Brun (1987), Gustafson (1987) and Neary et al., (1988). It is defined
pathoanatomically as a presenile cortical, frontal, and often anterior temporal
lobe disease of a progressive degenerative nature. Frontotemporal dementia
(FTD) is an overriding concept for a group of disorders with a basic degenera-
tive pattern in the frontal lobes such as FLD, progressive aphasia and motor
neuron disease with dementia. Pick’s disease is also included in the FTD com-
plex although it has additional neuropathological changes of a partly different
distribution (Brun et al., 1994). The cause is unknown but a genetic aetiology
has been suggested, with a linkage to chromosome 17 and parkinsonism
(Wilhelmsen et al., 1994, Lynch et al., 1994, Foster et al., 1997).

Clinical features

FTD constitutes about 9% of organic dementia cases of all ages (Brun and
Gustafson, 1993). Males and females are equally affected. Passant et al., (2000)
describe FLD as follows: FLD, the most common form, has an insidious onset
and a slow progressive course. Deterioration in personality with behavioural
affective symptoms such as levelling of emotions, social neglect, apathy, lack of
concentration and lack of judgement are typical findings. Speech disturbances,
described as a progressive reduction of verbal output ending in late mutism are
typical. Memory impairment appears later in the disease and is usually less
prominent than in AD. Psychotic features are rather prevalent in FLD and
hallucinations and delusions have been reported in 20% (Brun et al., 1994,
Brun and Gustafson, 1999). The neurological status examination could reveal
primitive reflexes and late in the disease EPS such as akinesia, rigidity and
tremor. Hypomimia is common. When a connection to motor neuron diseases
exists, symptoms like fasciculation, muscular wasting, dysartria and dysphagia
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could appear (Mitsuyama and Takamiya, 1979, Mitsuyama, 1993).

For a clinical diagnosis of FTD the guidelines for clinical and neuropathologi-
cal diagnosis developed by the Lund and Manchester groups should be used
(Brun et al., 1994).

EEG is usually normal. However with a longer duration of the disease and
increased severity patients may develop moderately abnormal EEG (Johannesson
et al., 1977). Structural brain imaging may reveal atrophy in the frontal regions
(Gustafson and Brun, 1989, Larsson et al., 2000). The rCBF pathology is local-
ized in frontal or frontotemporal cortex bilaterally with better preserved
perfusion in posterior areas (Neary et al., 1987, Risberg et al., 1993). Neuropsy-
chology is a useful tool for early recognition of FTD with a test profile charac-
terized by slow verbal production and relatively intact reasoning and memorty,
while intellectual and motor speed are reduced (Johanson and Hagberg, 1989,
Elfgren et al., 1993). Picks disease, part of the FID group, cannot be clinically
distinguished from FLD although the neuropathological findings are more
severe. The clinical differences between FTD and AD are usually more obvious
at an early and especially at a mid stage of the disease compared to later stages
where both diseases tend to extend to a more global involvement of the brain.
However, in 5-7% of AD cases, the frontal lobes become prominently involved
at an early stage (Brun and Gustafson, 1991b). Vascular brain damage may also
sometimes mimic FTD. Patients with frontal SIWI or PSVE often display psy-
chiatric features of frontal lobe type (Brun and Gustafson, 1999).

Nenropathology

According to the description of FLD by Brun (1987), the brain may appear
normal macroscopically although some cases show frontal atrophy with widen-
ing of the sulci and of the frontal horns of the lateral ventricles. Under the
microscope the degenerative process is usually expressed as gliosis in the mo-
lecular layer and microvacuolation and reduction of neurons and synapse loss
in the cortical lamina II and III (Liu et al., 1999). The areas involved are the
frontal convexity cortex anterior to the prefrontal fissure, the anterior gyrus
cingulum, the anterior insular cortex and in one third of the cases also the
anterior one-third of the temporal lobe. In advanced cases postcentral parietal
areas could also be involved. The white matter adjacent to the involved cortical
areas shows attenuation of myelin density and gliosis. There is often a mild to
moderate affection of the SN (Brun and Gustafson, 1999).
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Little is known about the neurochemistry and transmitter pathology in FTD.
Normal cholinacetyltransferase activities have been reported (Francis et al., 1993).
Nigrostriatal dopamine decrease has been described in Pick’s disease and de-
creased monoamine metabolites in FTD (Kanazawa et al., 1988, Sjogren et al.,
1998). There are however differences between FTD and AD in peptide expres-
sions (Minthon et al., 1991, Edvinsson et al., 1993).

Dementia in Parkinson’s disease

In 1817, James Parkinson, published a monography “An essay on the shaking
palsy”. He stated that the patients showed “involuntary tremulous motion with
lessened muscular power, in parts not in action and even when supported: with
a propensity to bend the trunk forward and to pass from a walking to a run-
ning pace: the senses and intellects being uninjured”. However, in 1923, Lewy
stated that, “the psyche is seldom spared in the course of the shaking palsy”
(Forstl, 1999).

Clinical features

The diagnosis PaD, is clinical and based on the presence of two of the three
major clinical features: bradykinesia, rigidity and resting tremor. Postural insta-
bility is sometimes included as a fourth major manifestation (Rajput, 1994). A
positive L-Dopa response supports the PaD diagnosis. In one metaanalysis of
2530 Parkinson patients the prevalence of dementia was 35.1% although the
range was wide (0% to 81%) (Brown and Marsden, 1984), and in another
metaanalysis of 27 studies representing 4336 PaD patients, the prevalence of
dementia was 39.9% (4-93%) (Cummings, 1988). Neuropsychological investi-
gations reveal that PaD patients manifest impairment of memory, visuospatial
skills, and changes suggestive of frontal lobe dysfunction (Gotham et al., 1988).
The language function is largely spared (Cummings, 1988). With the passage of
time inertia and bradyphrenia appear and may further progress into a more
pronounced frontal lobe syndrome. Mild mental changes are most commonly
seen and a severe dementia syndrome occurs in 7-15% of PaD patients (Lees,
1985, Oyebode et al., 1986). For a clinical diagnosis of Dementia in PaD one
criterion in the DSM is that the decline in occupational or social functioning
should be caused by the cognitive deficits, even though it may be difficult to
determine to what extent the functional impairment in PaD reflects motor
disability or a cognitive decline (Troster et al., 2000).

rCBF studies in PaD with dementia, have shown reduced perfusion in the
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temporoparietal lobes (Pizzolato et al., 1988, Spampinato et al., 1991, Liu et al,,
1992) and in additional areas, like the frontal and occipital cortices (Miller et
al,, 1990).

Neunropathology

The neuropathological hallmark of PaD is the Lewy body (Duvoisin and Golbe,
1989), invariably found in pigmented brain stem nuclei including SN, and in
the nbM, the dorsal vagal nucleus, autonomic ganglia and hypothalamus. Neu-
ronal loss has been seen in most of the locations in which Lewy bodies are
found (Gibb, 1989b). Cortical Lewy bodies of differing density have been de-
scribed in 100% of parkinsonian patients (Hughes et al., 1993, De Vos et al.,
1996) and in almost 100% of AD combined with PaD and AD with incidental
Lewy bodies (Joachim et al., 1988).

The dementias of PaD are a heterogenous group of disorders and could be
caused by a variety of central nervous system lesions. The molecular and patho-
genic causes are pootly understood but probably include: (I) degeneration of
subcortical ascending systems with neuronal losses in dopaminergic,
noradrenergic, serotoninergic, cholinergic systems, (II) limbic and neocortical
Alzheimer and Lewy body pathologies, (III) combinations of these lesions or
(IV) additional CNS pathologies (eg infarcts in basal ganglia and in the white
matter) (Jellinger, 1997, de Vos, 19906). In a consecutive autopsy seties of 610
patients with parkinsonism, 34.6% had dementia (Jellinger, 1997). In that study
dementia was seen in 30.2% in PaD of the Lewy body type. This was, however,
mostly associated with other brain lesions, mainly Alzheimer pathology. Only
3.5% of the “pure” PaD cases (without additional brain pathologies) were de-
mented. In the 100 Parkinson patients described by Hughes et al., (1993), 17%
had coexisting Alzheimer pathology and 34% had vascular striatal abnormali-
ties. Dementia was present in 44 cases of which 29% had Alzheimer pathology,
6% had vascular pathology and 10% had increased amounts of cortical Lewy
bodies. In 55% no obvious pathological cause of the dementia was found.
The incidence of neuropathological Alzheimer changes is higher than the mere
coincidence of two common degenerative diseases. This has been interpreted as
AD being a risk factor for PaD (Kazee et al., 1995a)

“The intellectual decline in PaD is based on both pathologic and neurochemi-
cal changes. The subcortical dementia syndrome may be related to the
dopaminergic deficit. Loss of dopaminergic projections from the ventral teg-
mental area to the mesocortical regions and disruption of fronto-striatal inter-
actions may account for similarities between PaD and frontal lobe syndromes®
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(Cummings, 1988). The majority of patients with marked dementia have evi-
dence of cholinergic as well as dopaminergic deficits although alterations in
norepinephrine, serotonin, and a variety of neruropeptides and neuromodulators
may contribute to the intellectual dysfunction in some patients (Cummings,
1988).

The most well known neurotransmitter deficit of PaD involves dopamine or its
metabolites which are reduced in putamen, caudate nuclei, SN, lateral
hypothalamus, nucleus accumbens, hippocampus, the frontal lobe, cingulate
gyrus, entorhinal cortex and para olfactory gyrus (Price et al., 1978, Scatton et
al., 1982). Both the nigro-striatal and ventral segmental mesolimbic and
mesocortical dopamine systems are affected in PaD (Cummings, 1988). Esti-
mated with ["*F] dopa PET technique clinical signs of PaD seem to appear when
75% of the dopamine content in putamen is lost (Morrish et al., 1998). A
correlation between decreased cerebral dopamine and dementia is supported by
observations in parkinsonism induced by 1-metyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) where a SN lesion produces neuropsychological
dysfunction similar to that observed in PaD (Stern and Langston, 1985). Nore-
pinephrine is also decreased in PaD with the involvement of several subcortical
nuclei, including LC, as well as the cortex (Riederer et al., 1977). A metabolite
of norepinephrine has been related to MMSE scores and frontal fuctions (Stern
et al., 1984) and also in combination with dopamine related to memory func-
tion (Mann et al., 1983).

Markers of acetylcholine, such as choline acetyltransferase are decreased in PaD
with dementia even when neuropathological Alzheimer changes are not present
(Perry et al., 1983).

A decrease in other neurotransmittors such as serotonin (Perry et al., 1984) and
somatostatin has also been found in PaD patients with dementia (Stern et al.,
1984).

Dementia with Lewy bodies

Historical note

Friedrich Heinrich Lewy (1885-1950) was a German neuroscientist whose ca-
reer extended over the entire neurological, neuropathological, neurophysiological
and neurosurgery field. He made major contributions to the description of
PaD both neuropathologically and clinically. In 1912, he described the neural
inclusion in the dorsal vagal nucleus and nbM of parkinsonian patients that
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was later to bear his name “Lewy body” (Trétiakoff, 1919). In ”die Lehre vom
tonus und der bewegung® 1923, Lewy described paralytis agitans and made
solid clinico-pathological interpretations. In the clinical description of the psy-
chiatric features of his parkinsonian patients, Lewy concluded: ”Die Psyche ist
im weiteren Verlauf der Erkrankung nur selten ganz frei. Je nach dem Zeitpunkt
der ersten psychischen Symptome haben sie eine unterschiedliche Firbung,
gehoren aber alle dem Formenkreis der senilen Demenz an. In den frihen
Fallen tberwiegen die Affektanomalien teils euphorischer, teils depressiver Natur,
vielfach verkniipft mit Halluzinationen und daraus abgeleiteten paranoiden
Wahnideen. In den spiteren Jahren tritt die Storung der Merkfihigkeit und des
Gedichtnisschatzes mehr in den Vordergrund, um bei einer kleinen Anzahl
von Kranken zu schwersten Verblodungszustinden zu fithren®.

“The psyche is seldom totally spared during the further conrse of the disease. Depending on
the time of the debut of psychiatric symptoms they have a different colouring, all, how-
ever, belonging to the type seen in the senile dementia. In the early cases, emotional
disturbances dominate, sometimes euphoric, sometimes depressive affects, often associated
with hallucinations and secondary to these paranoid delusions. Later in the course dis-
turbances of attention and memory predominate and in a small proportion of cases leads
to severe cognitive deterioration.”

The number of publications on DLB has increased exponentially since the first
reports in the 1970s (Fig 4).

Fig 4. Number of publications on “dementia with Lewy bodies” or
Lewy body disease” on MEDLINE 1976-2000
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In a MEDLINE search (1976-1999) 703 papers on “Dementia with Lewy bod-
ies* or “Diffuse Lewy body disease” was found. A substantial part of the early
work came from Japan. Initially single-case studies were reported and later
larger studies presented mainly a neuropathological perspective. Thirty-one stud-
ies in the search comprised more than 200 cases (the size of the present study)
and only 10 studies included more than 50 DLB cases diagnosed either clini-
cally or neuropathologically. From the late 80s an increasing number of immu-
nohistochemical studies have been performed, their goals being to define and
understand the Lewy body as a pathological phenomenon and to establish its
relations to other pathological structures in the brain. Neurochemical studies
although fewer have also increased since the eatly 1990s. Before 1995 only 39
clinical studies were found but after 1995 the number increased to 145.

What is a Lewy body?
A Lewy body is a rounded pathological structure, an inclusion body, which lies
within the cytoplasm of nerve cells or in nerve cell processes (Fig 5).

Fig 5. Microscopical picture of Lewy body in Hematoxylin Eosin staining

i

It is recognised by its characteristic eosinophilic staining and surrounding halo
(Gibb, 1989c). This classical description is typical of a Lewy body located in the
brainstem. Cortical Lewy bodies are more variable at light microscopical level
(Kosaka, 1978) and biochemically (Fukuda et al., 1993). Cortical Lewy bodies
are found in pyramidal cells (Wakabayashi et al., 1995).

Lewy bodies in the SN, LC and nbM are, together with the degeneration of SN,
the pathological hallmarks of PaD (Greenfield and Bosanquet, 1953, Bethlem
and Den Hartog Jager, 1960).

The Lewy body consists of neurofilaments (Duffy and Tennyson, 1965) and
proteins such as ubiquitin, crystallin and O-synuclein (Pollanen et al., 1993).
Cortical Lewy bodies are shown either with ubiquitin immunocytochemistry
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(Lennox et al., 1989a), or lately also with O-synuclein antibodies (Spillantini et
al., 1997). a-synuclein has gained increasing interest lately partly as a possible
link between common neurological disorders (Higuchi et al., 1998). O-synuclein
is a presynaptic protein, identical with the precursor of the non AP component
of amyloid in AD (Jakes et al., 1994). It also forms the major component of the
abnormal filaments that form Lewy bodies and Lewy neuritis in PaD and DLB
(Jakes et al., 1999). A mutation in the O-synuclein gene in eatly onset familiar
PaD has been discovered (Polymeropoulos et al., 1997) and a genetic associa-
tion between AD and the O-synuclein gene have recently been proposed
(Matsubara et al., 2001). There is hope that the efforts to clarify the composi-
tion of Lewy bodies will yield insight in the role of the Lewy bodies for the
degeneration of affected neurons (Galvin et al., 1997).

What is the role of Lewy bodies in the nervous system?

Although the precise role of Lewy bodies in the brain is still unknown the
appearance of Lewy bodies seems to be associated with neuronal injury and
death (Pollanen et al., 1992, Kremeer and Bots, 1993). The involvement of the
ubiquitin system and enzymes associated with cytosolic proteolysis suggests
that the Lewy body phenomenon may be a reflection of the cell becoming
reorganized to remove abnormal or unwanted proteins (Lowe, 1994). The in-
ability of the SN to handle damaged or mutant (eg, O-synuclein) proteins may
lead to their aggregation and deposition and to the formation of Lewy bodies
(Jenner and Olanow, 1998).

It has also been suggested that Lewy bodies are a morphological sign of a more
widespread undetlying disease process (Woodard, 1962, Perry et al., 1997). The
synucleins (O-, B- and Y-) may play a role by transformation into insoluble
pathological proteins, forming aggregates (e.g. Lewy bodies), which compro-
mise the function of synaptic transmission and viability of neurones (Galvin et
al.,1999). The role of O-synuclein is unknown although involvement in synaptic
function, integration of presynaptic signalling, plasticity and protection of or
restoration of surviving neurons have been hypothesised (Clayton and George,
1998, Clayton and George, 1999, Kholodilov et al., 1999). It has been suggested
that oxidative stress and impairment of mitochondrial function as well as
apoptosis play a role in the degenerative processes (Jenner et al., 1992, Dexter et
al., 1994, Tompkins et al., 1997).

An aged nervous system seems to be required for the appearance of Lewy body
like inclusions in animal models with MPTP-induced parkinsonism (Forno et
al., 1988).
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Where are Lewy bodies located?

Lewy bodies have a specific and consistent distribution in the nervous system
with the principal locations being SN, LC, raphé nuclei, thalamus, nbM, cet-
ebral cortex and the entire autonomic system including the hypothalamus,
dorsal vagal nucleus, intermediolateral columns, sympathetic ganglia and
parasympathetic myenteric plexi (Gibb, 1989c). The distribution of cortical
Lewy bodies correlates with the site of cortical monoaminergic neurons and in
the cortical neurons that express a key enzyme in the catecholamine biosynthe-
sis, suggesting that monoaminergic neurons may be selectively vulnerable to
the stimulus causing Lewy body formation (Wakabayashi et al., 1989, Kuljis et
al,, 1989, Lowe, 1994). A regular periodicity of Lewy body clusters in the cortex
and hippocampus also suggests that Lewy bodies develop in relation to the cells
of origin of specific cortico-cortical and cortico-hippocampal projections
(Armstrong et al., 1997). Lewy body density is highest in SN > entorhinal cortex
> cingulate gyrus > insula > frontal cortex > hippocampus > occipital cortex
(Gomez-Tortosa et al., 1999). The predilection areas of Lewy bodies are brainstem,
subcortical nuclei, limbic structures, amygdala, and neocortex (temporal > frontal
= parietal) (McKeith et al., 1996), which are the sites recommended for sam-

pling.

Who has Lewy bodies?

By definition patients with idiopathic PaD have Lewy bodies while patients
with postencephalitic parkinsonism (Greenfield and Bosanquet, 1953, Rovéti,
1956) and MPTP induced parkinsonism do not exhibit Lewy bodies (Langston
et al.,, 1999). It is also a common phenomenon in AD which can be seen in

Table 1.

Table 1. Frequency of cases with Lewy bodies in confirmed post mortem

Alzheimer’s disease (AD)
Study Neuropathologically verified Cases with concomitant
AD cases (n) Lewy bodies

Joachim ct al., 1988 131 18%
Gibb and Lees., 1989 121 14%
Bergeron and Pollanen, 1989 150 25%
Hansen et al., 1990 36 33%
Hansen et al., 1993 147 28%
Forstl et al., 1993 65 12%
Galasko et al., 1994a 123 24%
Hulette et al,, 1995 78 20%
Victoroff et al., 1995 108 7%
Kazee and Han, 1995 48 71%
Ince et al., 1995 62 21%
Reyes et al., 1996 17 35%
Mirra, 1997 176 23%
Present study 99 15%
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Lewy bodies have also been identified in a variety of more rare diseases such as
Hallervorden-Spatz disease (Helfand, 1935), idiopathic cerebellar atrophy
(Sigwald et al., 1964), amyotrophic lateral sclerosis (Hirano et al., 1967), ataxia-
telangiectasia (Agamanolis et al., 1979), pure autonomic failure (van Ingelghem
et al., 1994, Hishikawa et al., 2000) and multisystem atrophy (Pakiam et al.,
1999). Lewy bodies are also detected in 50% of cases with Down’s syndrome
with AD (Lippa et al., 1999a).

Lewy bodies in non-demented

The prevalence of Lewy bodies in the brainstem has been found to increase
with age and appears most commonly after the age of 65 when also substantial
loss and reduction of neuronal volume of the SN also appears (Mann et al.,
1984). By combining data from different reported series the prevalence of inci-
dental Lewy body disease was 1.8% among persons <60, 10.7% in 60-69, 12.5%
in 70-79, 18.2% in 80-89 and 16.7% in >90 years (Gibb and Lees., 1988). Of 92
neuropathologically investigated eldetly in Norway, 69 were demented and 23
non-demented. Four of the non-demented (17%) had Lewy bodies (their mean
age was 88 years) (Ince et al., 1995) confirming the higher prevalence with
increased age. Lindboe et al., (1998), investigated 248 cases (50-94 years), in an
autopsy series to determine the frequency of Lewy bodies. In 22 (7.7%) cases
Lewy bodies were found and 9 (3.6%) of the cases had cortical Lewy bodies.
None of these 9 cases were demented. Cases with Lewy bodies were significantly
older than those without.

In a recent large unselected community-based multicenter study of pathologi-
cal correlates to late-onset dementia, Lewy bodies were equally common in
demented and non-demented individuals, 12 respectively 9% (Esiti et al., 2001).

Lewy bodies in psychiatric disorders

It is often claimed that Lewy bodies are more prevalent in psychiatric patients.
Woodard (1962), investigated 400 consecutive neuropathological cases with men-
tal disease, and found that 6.7% cases exhibited Lewy body formation. In an-
other study the Lewy body prevalence was 2.3% in an aged population and
increased to 9% in cases with psychiatric illness (Perry et al., 1990a). Birkett et
al,, (1992) found Lewy bodies in 7% of 212 autopsied mental hospital patients
(their mean age at death was, however, 86 years). When the psychiatric histories
were compared between cases with and without Lewy bodies, a clinical diagno-
sis of PaD and admission with a paranoid diagnosis was most commonly asso-
ciated with Lewy bodies.
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Clinical picture in nenropathological cases with Lewy bodies

In 1961 Okazaki presented 2 remarkable cases with a rapid disease progression
including dementia and a clinical picture of paraplegia in flexion. The autopsy
revealed widely spread Lewy bodies in the brain. The characteristic clinical
features of 400 neuropathologically investigated consecutive cases with mental
disease and Lewy body formation were paranoid delusions, episodes of physi-
cally violent behaviour and delirious episodes, affective disturbances and often
only mild and late intellectual deterioration (Woodard, 1962). Many of these
cases could however, not be differentiated from AD on clinical grounds and
one third showed superimposed Alzheimer pathology. In a reveiw of the clini-
cal presentations of 30 reported neuropathological DLB cases, Burkhardt et al.,
(1988), found that symptoms such as dementia, psychosis, parkinsonism (rigid-
ity), involuntary movements, myoclonus, quadriparesis in flexion, orthostatic
hypotension and dysphagia were common.

In 43 of Lewy’s original PaD patients, reanalysed by Forstl and Levy in 1991,
the complex picture with parkinsonism, dementia and psychosis was already
recognised, although no connection between Lewy bodies and the psyche was
described. Twenty-one (49%) of Lewy’s patients were demented and 6 (14%)
had psychotic features such as paranoid ideas and hallucinations. Only 12
(28%) cases were judged to be mentally healthy.

Nomenclature

Many different diagnostic labels have been applied to clinico pathological en-
tities involving Lewy bodies and dementia.

From a neuropathological standpoint Kosaka (1984) divided the Lewy body
diseases into 4 groups depending on the presentation of the lesions in the
brain. Type A, the brainstem type, is equivalent to classical PaD. Type B is
called transitional or limbic type. Type C is diffuse Lewy body disease (DLBD),
which consists of a common form, mostly affecting older individuals and patho-
logically characterized by the coexistence of AD, and a pure form preferentially
affecting younger individuals and where no Alzheimer changes are seen
neuropathologically. Type D is called the cortical form.

In England, Perry et al., (1989) described “senile dementia of Lewy body type”
(SDLT) a disease entity on its own, constituting about 20% of all organic
dementias. SDLT was equivalent to Kosakas DLBD common form, in other
wotds Alzheimer pathological changes were also present. In San Diego, USA,
Hansen and co-workers described a high frequency (33%) of Lewy body pathol-
ogy in cases with pathological AD (1990) and therefore called this as a “Lewy
body variant of AD (LBV)”. Forstl in Germany also used the name Lewy body
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variant of AD (1993).

Criteria for Dementia with Lewy bodies (DLB)

The dementia cases with Lewy bodies seem to share several clinical features. In
1991 and 1992 two different sets of clinical criteria were published. The Not-
tingham research group (Byrne et al.,, 1991) emphasised the presence of EPS

(“Dementia associated with cortical Lewy bodies”) while the group in Newcas-
tle (McKeith et al., 1992a) pointed out the fluctuating course in this type of
dementia (SDLT). In 1995 a consensus agreed on the clinical criteria of DLB

(Fig 6).

Fig 6. Consensus criteria for the clinical diagnosis of dementia with Lewy
bodies (DLB)

1.

The central feature required for a diagnosis of DLB is progressive cognitive de-

cline of sufficient magnitude to interfere with normal social or occupational

function. Prominent or persistent memory impairment may not necessarily oc-

cur in the early stages, but is usually evident with progression. Deficits on tests

of attention and of fronto-subcortical skills and visuospatial ability may be espe-

cially prominent.

Two of the following core features are essential for a diagnosis of probable DLB,

one is essential for possible DLB.

(@) Fluctuating cognition with pronounced variations in attention and alert-
ness.

(b)  Recurrent visual hallucinations which are typically well formed and de-
tailed.

(© Spontaneous motor features of parkinsonism.

Features supportive for the diagnosis

(@) Repeated falls

(b) Syncope

(c) Transient loss of consciousness

(d) Neuroleptic sensitivity

()  Systematised delusions

(f) Hallucinations in other modalities

A diagnosis of DLB is less likely in the presence of

(a) Stroke disease evident as focal neurological signs or on brain imaging

(b) Evidence on physical examination and investigation of any clinical illness,
or other brain disorder, sufficient to account for the clinical picture

(McKeith et al., 1996)
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The first criterion comprises a dementia syndrome with progressive decline in
cognition. Deficiencies in neuropsychological tests of attention, fronto-subcor-
tical skills (such as measured by verbal fluency test, the Wisconsin Card Sorting
Test, the Trail Making Test) and visuospatial ability may be prominent. Core
features are EPS, cognitive fluctuations and visual hallucinations and support-
ing features are repeated falls, syncope, transient loss of consciousness, delu-
sions and hallucinations of other modalities. Dementia caused by stroke or
underlying physical illness or brain disorder, should be excluded.

In 1999, in a report from the second DLB workshop (McKeith et al., 1999) two
additional clinical features were discussed: depressive symptoms, reported in
33-50% of DLB cases (Klatka et al., 1996, Ballard et al., 1999a), and REM sleep
disorder (Uchiyama et al., 1995, Negro and Farber, 1996).

How common is DILB?

It has been claimed that DLB represents 10-20% of all organic dementias in the
elderly (Lennox et al., 1989a, Hansen et al., 1990, Perry et al., 1990c). In a study
by Ala et al., (1997), 90 of 426 (21%) dementia cases had cortical Lewy bodies
with or without other pathology and an additional 4 had Lewy bodies in SN
without cortical Lewy bodies. These figures are, however, based on the occur-
rence of Lewy bodies in dementia cases from a neuropathological perspective.
The clinical prevalence of DLB among patients referred to a district general
hospital, with a diagnosis of dementia, varied depending on the set of clinical
criteria used: 26% with the Newcastle SDLT criteria and 7-17% with the Not-
tingham (Byrne) criteria (Shergill et al.,, 1994). The actual occurrence of Lewy
bodies was, however, not investigated here.

Neuropathological features of DI.B

According to the consensus guidelines the pathological features associated with
DLB are Lewy bodies, both cortical and subcortical, Lewy-related neurites,
Alzheimer pathology, spongiform change (Hansen et al., 1989, Iseki et al., 1997)
and synapse loss (Brown et al., 1998, Hansen et al., 1998). The spongiform
changes in DLB were not related to prion disease (Hansen et al.,, 1989) and in
an investigation of different movement disorders, including DLBD, no prion
proteins were found (Jendroska et al., 1994).

Lesions in basal forebrain cholinergic system have been most consistent and
severe in DLB (Clark et al., 1986) with loss of neurons in nbM and also in SN
(Forstl et al., 1993, Perry et al., 1993).

Prominent frontal atrophy has been associated with DLB (Forstl et al., 1993,
Cotdato et al., 2000). Others, however, interpret the patterns of atrophy to be

34



similar in AD and in cases with AD/cortical Lewy bodies (Mann and Snowden,
1995). The tissue loss paralleled the AD pathological changes and the Lewy
bodies in the cortex or subcortical sites were considered to contribute little if
anything to the degree of atrophy.

The Alzheimer pathology in DLB cases has been discussed and debated. Re-
searchers agree that cases with Lewy bodies have less intense or a lower degree
of AD changes (Forstl et al., 1993, Hansen et al., 1993, Hulette et al., 1995). The
tangles and plaques counts are reported to be lower in the hippocampus, tem-
poral and frontal cortices in Lewy body cases with AD compared to pure AD
(Gibb et al., 1989b) but higher than in PaD and controls (Ince et al., 1991). The
NFT are few and sometimes absent giving the appearance of a ”’plaque-only
AD” (Dickson et al., 1987, Hansen et al., 1993). Depending on the pathological
definition of AD these cases are categorized differently. With pathological cri-
teria demanding NFT for a diagnosis of AD, fewer DLB cases are categorized as
mixed AD/Lewy body while the cases with Lewy bodies stand out as more of a
disease on its own. When pathological AD criteria are wider, and include plaques,
a majority of the DLB cases will also have pathological Alzheimer and could
therefore be viewed as a variant within the AD spectrum (Hansen and Samuel,
1997).

The medial temporal lobe, which is commonly affected in AD, is less affected
in DLB (Lewy body/AD) cases and normal in pure Lewy body disease (Lippa et
al., 1998) and is an expression of the AD degree in this location.

The nosological debate in dementia and Lewy bodies also includes different
immunohistochemical and genetic aspects of similarities and differences be-
tween AD, PaD and DLB. These include APOE epsilon 4 allele frequency which
is elevated in AD and in cases with AD/Lewy bodies (LBV) (Galasko et al.,
1994b, Betard et al., 1994, Gearing et al., 1995, Martolini et al., 1995) but not in
cases with Lewy bodies without Alzheimer changes (=DLBD, pure). APOE is
known to be a major risk factor for AD, alone or in conjunction with other
pathologies (Betard et al., 1994). The CYP2DG0B allele is overrepresented in PaD
and LBV but not in AD (Saitoh et al., 1995).

The precise significance of vascular lesions is not discussed in the DLB consen-
sus guidelines, except for signs of infarcts, which are believed to make the DLB
diagnosis less likely. Recognition of a potential overlap between other condi-
tions causing dementia such as AD and VaD is thus noted. In a prospective
study 31% of the DLB cases also had significant vascular pathology (McKeith
et al., 2000a).

The consensus group recommended the term DLB as a generic term for cases
fulfilling the criteria to “acknowledge the presence of Lewy bodies without
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specifying their relative importance in symptom formation with respect to
other degenerative or vascular pathology that is simultaneously present”. As
pointed out by Samuels et al., (1997), the consensus does not separate the larger
group of patients with Lewy bodies and AD pathology from the smaller group
with Lewy bodies without AD pathology.

Clinical diagnosis

There are as yet, no reliable diagnostic tools apart from the clinical diagnostic
criteria for DLB. The morphologic brain imaging adds no significant features
although it has been suggested that medial temporal lobe atrophy on MRI is
less pronounced in DLB compared to AD (Barber et al., 1999). EEG does not
distinguish DLB from AD (Briel et al., 1999). rCBF in DLB is, in some studies,
identical with the temporoparietal flow pattern seen in AD (Donnemiller et al.,
1997, Turjanski et al., 1997, Varma et al., 1997) while other studies report an
additional occipital blood flow decrease (Albin et al., 1996, Ishii et al., 1999).
CSF-tau levels do not distinguish DLB from AD (Arai et al., 1997).

Neurochemistry and DI.B

There are many articles focusing on the neurochemical deficits in relation to
DLB. Both dopaminergic and cholinergic abnormalities in DLB are described
and correlated to neuronal loss in SN and nbM (Eggertson and Sima, 1986,
Dickson et al., 1987, Lippa et al.,, 1999b). Perry et al., (1994) stated that the
cerebral cholinergic defect in DLB is even more consistent than in AD. The
cholineacetyltransferase activity parallels the nbM pathology (Lippa et al., 1999b).
The dopaminergic degeneration in DLB has also been demonstrated in vivo
(Walker et al., 1999a) where clinically diagnosed DLB cases have shown changes
in striatal postsynaptic D2 receptors in single photon emission tomography
(SPET) (Walker et al., 1997).

The core symptoms of DLB have also been correlated to the neurochemical
deficiencies. The EPS are related to striatal levels of dopamine. Cognitive im-
pairment is associated with cholinergic deficits in the temporal cortex. Halluci-
nations are related to extensive cholinergic deficits in the temporal cortex and
the resulting imbalance between acetylcholine and serotonin (Perry et al., 1991).

Validation of the clinical DLB criteria

Twelve studies investigating the accuracy of clinical DLB criteria are shown in
Table 2. In 9 studies the consensus criteria for probable DLB were used. In 4
studies the Newcastle and/or Nottingham criteria alone or combined with the
consensus criteria were used. The present study has been added for comparison.
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The sample selection, the investigated population and the diagnosis is also
shown. The specificity and sensitivity of the investigated criteria are denoted.
Sensitivity refers to the probability of receiving a clinical diagnosis of a disease
given its neuropathological evidence (proportion of true cases identified).
Specificity refers to the probability of not obtaining the clinical diagnosis of a
disease given its neuropathological absence (proportion of true “non-cases”
identified as such).

Table 2. Validations studies in Dementia with Lewy bodies

Study Population Sample |Diagnoses DLB Criteria |Spec Sens
selection
1 McKeith | Psychogeriatric | NP SDLT 20 Newcastle 97% 75-85%
et al.,, 1994a) | patients AD 21 Nottingham 90-100% |35-50%
MID 9
2 McKeith | Psychogeriatric | NP 20 SDLT Newcastle 90-97% | 74%
et al,, 1994b) | patients 21 AD
9 MID
3 (Megaet | Neurobehaviour | Clin 24 AD Consensus 79% 75%
al., 1996) clinic patients 5PaD
1 PSP
4 (Papka et |{Neuropath NP 18 1LBD Newcastle 95% 17%
al., 1998) database 21 AD Consensus 29% 89%
5 (Litvan et | Movement NP 14 DLB 6 neurologists | 99% DLB | 18% DLB
al,, 1998) disorder clinic 15 PaD diagnoses 86% PaD | 73% PaD
76 others
6 (Holmes et | Dementia Clin 80 cases: Consensus 100% 22%
al., 1999) register, referrals 2DLB
from psychiat, 38 AD
medical and soc 7 VaD
services
7 (Lopez et | Prospective NP 10 AD Consensus 94% 34%
al., 1999) longitudinal 8 DLB
dementia 22 others
8 (McRitchie | Longitudinal Prospect |3 DLB Consensus 100%
etal, 1999) |dementastady |clin
9 (Verghese |Demenda in NP 18 DLB Consensus
etal, 1999) |nursinghome 760others (possible) 28% 89%
(probable) 84% 61%
10 (Luis et | Brain Bank NP 23 DLBD Newcastle 100% 49%
al,, 1999) 12AD+DLBD | Consensus 90% 57%
21AD
11 (Hohl et |Dementia study |Prospect |10 DLB Consensus 50%
al., 2000) clin 32DLB
12 (McKeith | Prospective Prospect |50 cases: Consensus 95% 83%
et al., 2000b) | dementia study | clin 26DLB,
19AD, 5VaD
Present Prospective clin 200 cases: Consensus (60%) 38%
study longitudinal 48 DLB
dementia 45 AD
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The author’s comments on the studies:

Study (1): Many SDLT patients “erroneously” met the criteria for MID or AD.
(2): The specificity of the diagnosis was greater when evaluated by experienced
raters. (3): Reformulated criteria that require EPS signs increased specificity to
100%. (4): There was a high false negative rate, in that 15 of 18 cases with Lewy
bodies did not meet the clinical criteria. The specificity was low because many
AD cases met the DLB criteria. (5): Features separating DLB from PaD were
presence of hallucinations, absence of tremor, bradykinesia and dystonia. Dif-
ferences in the seniority of the raters were not significant. (6): Mixed pathologies
were common. (7): There was low interrater reliability in DLB. (8): Two cases
exhibited cortical Lewy bodies and 1 case had AD/limbic Lewy bodies. The
pathology was heterogeneous with a variety of neuropathologies in addition to
Lewy bodies. (9): Criteria that excluded almost three-fourths of cases with DLB
were needed to define a group with high rates of DLB. (10): Sensitivity im-
proved when mixed AD/DLBD cases were eliminated. (11) Greater emphasis
on hallucinations may improve the distinction between DLB and AD. (12):
Thirty one percent of the DLB cases had additional vascular pathology.

The sensitivity for DLB varied in the studies, while the specificity was generally
high. There was no consistency in the diagnostic accuracy that could be ex-
plained by the selection procedure based on clinical or neuropathological pa-
rameters. The prevalence of mixed pathologies was commented on in studies 06,
8 and 12. Some studies commented on the difficulties in reaching agreeable
sensitivity and specificity, others suggested modifications of the criteria to im-
prove diagnostic precision.

Explanations of symtomatology by location of LB pathology

Even if “subjective judgements are almost unavoidable in assessing the cause of
organic dementia” (Ulrich et al., 19806) attempts to explain symptoms in DLB
by the location of Lewy bodies have been made.

EPS have been attributed to the presence of Lewy bodies in SN (Perry et al.,
1991), dysphagia to Lewy bodies in the dorsal vagus nucleus and myenteric
plexus involvement (Qualman et al., 1984) and weight loss to Lewy bodies in
the lateral hypothalamus (Langston and Forno, 1978). Autonomic dysfunction
may be the result of Lewy bodies in the lateral hypothalamus or in the interme-
diolateral nucleus of the thoracic spinal cord and sympathetic ganglia (Rajput
and Rozdilsky, 1976, Goetz et al., 1986, Wakabayashi et al., 1997). Hallucina-
tions have indirectly, through reduction of cortical choline acetyltransferase
been associated to SDLT and Lewy bodies (Perry et al., 1990). Forstl et al.,
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(1994) however, did not find any association between psychotic phenomena
and the presence of Lewy bodies in the brainstem and neocortex.

Depending on whether the neuropathological picture is of a pure Lewy body
disease type or of a mixed Lewy body/AD type the dementia has been attrib-
uted to different correlates. In DLBD the cortical lesions were considered to be
responsible for the cognitive deterioration and in brainstem DLB cases the
cognitive decline was attributed to the Alzheimer changes or to degeneration of
the subcortical nuclei eg nbM (Kosaka et al., 1988). Cholinergic neurons in the
nbM, projecting to the cortex, might be directly affected by Lewy bodies (Gaspar
and Gray, 1984) or the cortical Lewy body burden itself could result in demen-
tia (Lennox et al., 1989b, Samuel et al., 1996). According to Perry et al., (1990b)
“low densities or occasional Lewy bodies in the cortex are unlikely to correlate
directly with dementia in SDLT, since cortical Lewy bodies are found in many
elderly, non-demented PaD cases”. However, Lewy body density correlated only
weakly with the clinical symptoms and duration of disease correlated with neo-
cortical global Lewy body burden (Gomez-Tortosa et al., 1999). It has also been
proposed that other subcortical lesions (except in nbM) such as in SN and LC
contribute (Ulrich et al., 1980).

Explanations of DLB symtomatology by other pathologies

Psychotic symptoms

Hallucinations are mental phenomena with many different factors contribut-
ing to their release such as organic brain disease, sensory impairment and the
premorbide personality traits. Visual hallucinations are overrepresented among
patients with reduced vision (Cooper and Porter, 1976) while deafness has proved
to be an important factor in late life psychosis (Cooper et al., 1974). In patients
with AD poor eyesight contributed to the severity of the hallucinations (McShane,
1995). Hallucinations may also be caused by drug treatment.

Structural brain abnormalities were common (42%) in a group of patients with
late life psychosis (Miller et al., 1991). Silent vascular disease (cortical and
white matter infarctions, especially located temporally) was present in 25% of
these patients. Cognitive impairment and psychosis have also been attributed
to cell loss in the ventral tegmental area causing altered mesocortical
dopaminergic innervation (Burkhardt et al.,, 1988, Eggertson and Sima, 1980).
Diminution of the volume of periventricular, limbic structures, hippocampal
and parahippocampal gyrus have been reported in psychotic patients (Bogerts,
1989). The findings of tumours in cases suffering from visual hallucinations
were located in the temporal, occipital and frontal lobes as well as mesen-
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diencephalon and subtentorially (Ey, 1973).

Vascular thalamic lesions (De Morsier, 1969) and high rostral basilar infarcts
(Caplan, 1980) may also cause visual hallucinations. Hallucinations might on
the other hand, depend on the presence of intact cerebral tissue (Cummings,
1985, Forstl et al.,, 1993) or may be related to the combination of impaired
visuoperception and fluctuating attention (Calderon et al., 2001).

Systematised delusions in dementia seem to require a relatively intact cerebral
cortex as shown by rCBF and CT (Gustafson and Risberg, 1974, Jacoby and
Levy, 1980) but have also been associated with basal ganglia calcification (Burns
et al., 1990c, Forstl et al., 1994). In the study by Forstl et al., (1994) delusions
and hallucinations were also observed in patients with less severe cell loss in the
parahippocampal gyrus and with lower cell counts in the dorsal raphe nucleus.
Misidentifications were associated with lower neurone counts in the area CA1
of the hippocampus.

Neuroleptic sensitivity

Neuroleptic sensitivity is common in the elderly population and parkinsonism
is a well-known and common side effect of antipsychotic drugs. These side-
effects occur in 75% of elderly patients (Dubovsky and Buzan., 2000). Patients
with severe neuroleptic sensitivity had significantly reduced SN neurone den-
sity (Piggott et al., 1994). It has also been proposed that a critical factor respon-
sible for neuroleptic sensitivity is the failure to up regulate D2 receptors in
response to neuroleptic blockade and reduced DA innervation (Piggott et al.,
1998).

Cognitive fluctuations

Fluctuations of the clinical state, including cognition and especially motor
performance, are a part of PaD where the autonomic dysfunction also contrib-
utes to alterations in consciousness and, thereby, cognition. The neurochemi-
cal basis for variability in attention and alertness is related to deficits in both
noradrenaline, acetylcholine and dopamine (Downes et al., 1989, Perry et al,,
1999, Reikkinen et al., 1999). Traditionally fluctuations have been regarded as
a part of vascular diseases (Mayer-Gross et al., 1969, Roth, 1981) with episodi-
cally compromised blood circulation as a physiological basis. Several commonly
used drugs such as antihypertensives, diuretics, antidepressants, antianginal,
neuroleptics and antiparkinson agents are known to yield hypotension and
orthostatic hypotension as a primary therapeutic effect or as an adverse effect
(Schoenberger, 1991, McCarthy and Cameron, 1992, Mets, 1995), which may
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also contribute to the fluctuating state.

There are substantial difficulties in defining and quantifying fluctuations of
cognition and differential diagnosis may include conditions such as delirium
due to medication toxicity or intercurrent illness (McKeith et al., 1990).

Falling
Falling has multifactorial reasons and does not depend on specific brain le-

sions. Falls are common in the elderly (Tinetti et al., 1988, Downton and An-
drews, 1991). Factors associated with falls are female sex, older age, drugs, poor
postural control, and cognitive function. Patients with frequent falls have in
general been found to have a higher prevalence of cognitive impairment com-
pared to those that do not fall (Prudham and Evans, 1981). Subjects with AD
are as much as three times more likely to fall (36%) than non-demented con-
trols (11%) (Mortis et al.,, 1987). Diseases associated with falls are orthostatic
hypotension, epilepsy, PaD, cerebrovascular disease and dementia. Patients with
PaD often experience falls depending on the extent of their gait disturbance.
Other important factors are the impairment of postural reflexes and orthos-
tatic hypotension, reported in 58% of PaD patients (Senard, 1997). Older
patients with disequilibrium of unknown cause had more subcortical white
matter lesions on MRI (Baloh et al., 1995) compared to controls.

Syncope

Syncope is defined as a sudden, brief loss of consciousness due to the transient
global impairment of cerebral circulation, usually occurring in the absence of
organic brain disease or cerebrovascular disease (Ormerod, 1984). It has a number
of synonyms including “fainting”, loss of consciousness, seizure, collapse, black-
out, unresponsiveness, passing out etc. These terms might not mean the same
to different doctors or to their patients a fact, which makes investigations diffi-
cult. The frequency of syncope and loss of consiousness increases with age
(Hale et al., 1986). There are limited “final common pathways” by which loss of
consciousness can be produced: impaired circulation of blood to the brain,
impaired cerebral metabolism and alteration in electric activity within the brain
(Downton, 1993). There is also a clear overlap of factors such as hypotension
and other cardiovascular factors, hypoglycemia and epilepsy, which give rise to
syncope/loss of consciousness, especially in the eldetly.

Treatment in Dementia with Lewy bodies (DLB)

Treatment in DLB starts with a tentative diagnosis and identification of the
problem symptoms — cognitive, motor and/or psychiatric. Non-pharmacologi-
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cal treatment involves information, optimisation of vision and hearing, blood
pressure control and assistance at a proper care level. The only drug treatment
of DLB patients is so far symptomatic and may often be complicated since
disease smptoms and adverse reactions to medications are sometimes identical.
(Table 3). (Liberini et al., 1996).

Table 3. Drug treatment in Dementia with Lewy bodies, benefits, adverse

reactions and management.

Drug actions Drug classes Potential benefits | Adverse reactions | Management
Enhancement of | Acetylcholine Memory Worsening of EPS | L-dopa or
the cholinergic agonists and improvement dopamine

memory deficit

system cholinesterase agonists at low
inhibitors doses

Agonism of the Tricyclic Mood elevation Worsening of Atypical

cholinergic system | antidepressants attention and antidepressants or

SSRI

system

Enhancement of |L-dopa and ergot | Relief from EPS Induction or Low/

the dopaminergic | alkaloids worsening of fractionated doses
system hallucinations

Antagonism of the | Neuroleptics Relief from Worsening of EPS | Preferably atypical
dopaminergic hallucinations neuroleptics

(Liberini et al., 1996)

The studies of DLB and neuroleptics indicate that neuroleptic sensitivity is an
important feature in this group. Table 4 shows 7 studies of neuroleptic treat-
ment in DLB found in a MEDLINE search; the number of patients treated, the
diagnostic methods, substance and comments on the primary outcome are out-
lined.

Table 4. Studies of neuroleptic (NL) treatment of DLB

Study N DLB Substance Outcome
Diagnosis
McKeith et AD 21 NP Traditional NL sens:
al,, 1992b LBD 20 NL 13 (81%) LBD, 4 (29%) AD
Chacko etal,, |1 Clinical Clozapine Improvement of psychotic symptoms.
1993
Allen et al,, 3 Clinical Rispetidone | Improvement of psychotic and |
1995 behavioural symptoms :
McKeith et 3 Clinical Risperidone Worsening or EPS and cognition
al, 1995
Ballard et al,, |40 NP NL: Severe NL sensitivity only occurred in
1998 (2INL (haloperidol, | DLB and was seen in 6 (29%). All
treated) risperidone, reactions occurred within 2 weeks
sulpiride,
thioridazine)
Burkeetal, |2 NP1 Clozapine “unequivocal decrement in the patients
1998 Clinical 1 well-being”
Walker et al,, |8 Clinical Olanzapine 3/8 showed increases in confusion and
1999b hallucinations and worsening of
parkinsonian symptoms.
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The studies performed so far are few (Table 4) and most lack neuropathological
confirmation. Single cases show a positive effect on psychotic symptoms while
others report a worsening of parkinsonism, confusion and cognition.

There is an increased interest in the possibilities of the cholinesterase inhibi-
tors regarding treatment and their effects in DLB. Table 5 shows studies of
treatment with cholinesteraseinhibitors in DLB; the number of patients treated,
the diagnostic methods, substance and comments on the primary outcome are
outlined.

Table 5. Studies of treatment with cholinesteraseinhibitors of DLB

Study N |DLB Substance Outcome
Diagnose
Tevyetal, |3 NP: Tacrine “possible association between presence of LB and
1994 cortical a favourable response to the drug”.
LB+AD
Wilcock and | 2 NP: cortical | Tacrine Responders: 1 cortical LB and 3 AD.
Scott, 1994 LB @)
AD (8
Lebert et al,, |19 | Clinical: Tactine 11/19 DLB and 11/20 AD werc responders. DLB
1998 DI.B 19 cases improved in digit span and verbal
AD 20 initiation, AD cases improved conceptualisation.
Sheaetal, {9 Clinical Donezepil Improved/maintained hallucinations (sometimes
1998 cognition) in 6/9, worsening of EPS in 3/9.
Geizer and |1 Clinical Donezepil Free from psychosis, improvement of sleep,
Ancill, 1998 (and expressive aphasia and constructal apraxia.
Risperidone) | Avoidance of nursing home placement.
Aarsland et |1 Clinical Donezepil Improvements of orientation, hallucinations,
al.,, 1999 personal ADL,
Lanctot and |7 Clinical Donezepil 5/7 showed at least minimally improved in
Herrmann, behaviour. Adverse effects/non response in 3/7.
2000
McKeith et |11 | Clinical Rivastigmine |Reduction in delusions, hallucinations, agitation,
al., 2000c apathy. Carers reporting: more alert and
responsive. Reduced EPS.
Fergusson, |2 Clinical Donezepil “Improvement in behaviour and cognitive
2000 function and disappearance of psychotic
symptoms”.
Querfurth et |6 Clinical: Tacrine “The data support a beneficial effect in a subset
al., 2000 DLB 6 of DLB responders (n=3) who have baseline
AD 6 mild-moderate disease. Improvement in memory
and fluency. Acceleration of parkinsonism
occurred in all DLB subjects”.
McKeith et (120 {Clinical Rivastigmine | Randomised, double-blind, placebo-controlled
al., 2000d DLB international study. Patients on active substance
were less apathetic and anxious, suffered fewer
delusions and hallucinations, and were better on
tests of attention.

As can be seen in Table 5, the investigated cases are rather few, except in the
study by Lebert et al., (1998), the McKeith et al., (2000c) (preliminary results of
the McKeith et al 2000d study) and the McKeith et al., (2000d) study. The lack
of neuropathological confirmation is obvious. Several studies show an improve-
ment of psychotic symptoms, apathy, ADL and frontal functions, which in
turn could relate to improved attention.
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Cholinesteraseinhibitors are theoretically attractive for the amelioration of symp-
toms caused by the deficiency and imbalance in the neurochemical systems
involved in DLB, regardless of pathogenesis.

Diagnostic reflections

A diagnosis of dementia assumes organic factors behind the symptomatology.
The term “dementia with Lewy bodies” implies a strong connection to an un-
derlying pathology and not just an important symptom constellation. A simi-
lar diagnostic dilemma concerns Picks disease where the core pathological struc-
tures, Pick bodies and Pick cells, are present only in a minority of cases with the
clinical syndrome of frontotemporal dementia.

Essen-Moller & Wohlfahrt in 1947, however, first suggested a dual system of
diagnostic nomenclature where a descriptive term, the psychopathological syn-
drome, should be separated from the known or tentative aetiology. Martin
Roth (1971) also emphasized that “clinical descriptive terms should, at any
rate, be kept apart from statements of organic, psychogenic or genetic factors
whose association may be fortuitous or aetiologically important to a greater or
lesser degree”. The principle of a combined clinico-aetiological classification
has also been futher recommended by Gustafson (1996) and Mathuranath et
al., (2000). The rationale behind such reasoning is apparent in several of our
common dementia diagnoses where eg AD clinically depicts a certain symptom
constellation but the neuropathological picture might differ and sometimes
even show vascular changes in strategic locations. Another example is PaD
meaning a clinical syndrome, which in only 75% of the cases has the assumed
neuropathological basis of brainstem Lewy bodies (Rajput et al., 1991, Hughes
et al., 1992). It would be an advantage to find a more descriptive clinical term
without an immediate link to a specific aetiopathogenesis for the combination
of symptoms in clinical DLB; a fronto-subcortical dementia profile with EPS,
cognitive fluctuations and psychotic symptoms. A tentative aetiology could be
added to the clinical diagnosis; degenerative; AD or Lewy body based, vascular
or othet.

The complexity of the functional systems involved contributes to the fact that
a clinico-morphological relationship is not always conclusive. Therefore, an-
other suggested approach is to think of neurodegenerative disease as the conse-
quences of sequentional biochemical processes, and that some of these proc-
esses appear to operate in more than one disease entity (Hardy and Gwinn-
Hardy, 1999). The aetiology could in that perspective be described as a eg
“cholinergic/dopaminergic” syndrome.

44



Symptoms and signs in a case of dementia may not necessarily relate to the
disease process per se, but also to the setting, the situation, the demands, the
drug treatment or rather provocation, motivational state or secondary disease.
Brain lesions, depending on site, may also unmask inherent weaknesses, not
related to the disease itself. The interpretation of symptoms also depends on
the clinicians’ theoretical background, training, speciality and interest. A clini-
cal diagnosis could therefore be looked upon as a good theory. In psychosocial
sciences theories are regarded as “tools for orientation”. Most formations of
theory try to overcome dualistic positions by specifying ways of understanding
connections and their mutual interference. In DLB this (1) dualistic postion
could be the question of whether DLB is a variant of AD or a disease on its
own, their (2) connection; the Alzheimer pathology and the (3) mutual interfer-
ence; the cholinergic deficiency. It is therefore essential to pay respect to differ-
ent approaches (neurochemical, immunohistochemical, clinical, neuropatho-
logical).

Martin Stevens (1998) stated “once revealed, no more to be concealed” which
makes it our duty to try to understand the suggested clinical criteria without
misinterpretations.

This study could be an example of an attempt to find different perspectives on
DLB and recognize the “larger complex situation” in which nature has put us.
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Aims of the thesis

Paper I

To study the prevalence of patients fulfilling the clinical consensus criteria of
Dementia with Lewy bodies in a dementia population followed up with post
mortem examination. To compare the clinical and neuropathological findings
in the clinical Lewy body dementia group with findings in a clinically defined
group with Alzheimer’s disease.

Paper I1

To investigate arterial blood pressure and the use of pharmacological treatment
in patients with Lewy body dementia and Alzheimer’s disease diagnosed on
clinical grounds.

Paper I11

To analyse the neuropathological changes behind clinically defined dementia
with Lewy bodies compared with clinically diagnosed Alzheimer’s disease and
to investigate how the use of O-synuclein staining could improve the neu-
ropathological detection of Lewy bodies.

Paper IV

To compare regional cerebral blood flow and EEG findings in patients with
clinically diagnosed dementia with Lewy bodies and Alzheimer’s disease Fur-
thermore, within the clinical DLB group compare cases with and without
neuropathologically verified Lewy bodies.

PaperV

To describe and critically compare the clinical and neuropathological data in
clinically diagnosed DLB cases with (n=6) and without (n=10) Lewy bodies and
to evaluate the clinical expression of the different brain pathologies in these
cases.
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Material and methods

Patient sample

The patients were all part of the Lund longitudinal dementia study. The mate-
rial in the longitudinal study was designed for early differential diagnosis, the
evaluation of diagnostic tools and finally to make the clinico-pathological com-
parisons rather than finding specific diseases. This implies a broad diagnostic
base. In the present study 200 consecutive neuropathologically investigated
cases were selected. The patients died between 1985 and 1994. They had all been
investigated as suspected dementia cases. About 90% were examined and cared
for at the Psychogeriatric or Psychiatric departments at Lund University hospi-
tal. The remaining cases came from other departments in Lund (medicine and
neurology) or psychiatric departments and nursing homes, mostly in the nearby
region.

The patients went through a diagnostic procedure with neuropsychiatric and
neuropsychological assessment, neurological status evaluation, laboratory test-
ing, CT, EEG, rCBF and an investigation of ECG and blood pressure. The
patients were followed clinically with fairly regular visits and were finally inves-
tigated post mortem. The observational time ranged from less than 1 month to
107 months.

Representativity of the material
A schedule of the compared groups is shown in Fig 7.

Fig7.
Psychogeriatric clinic patients n=581
A A
Deceased cases Yes (n=341)  No (n=240)
Neuropathologically investigated Yes (n=161) No (n=180)
Diagnosis Clinical Neuropathological

During the time period 1985-1992, 341 patients died. Of these 161 (47%) were
neuropathologically investigated. Comparisons of the clinical diagnoses of those
with and without autopsy are shown in Fig 8a and b.
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Fig 8a. Clinical diagnoses in 161 autopsied

patients within Lund longitudinal dementia

study 1985-1992 Other
10%

PaD+AD
PaD 3%

23%

Fig 8b. Clinical diagnoses in 180 not
autopsied patients 1985-1992

VaD
38%

We can conclude that a higher number of cases with a clinical diagnosis of
mixed dementia and fewer cases with a clinical diagnosis of VaD went to au-
topsy. The cases that were neuropathologically investigated (and partly included
in this study) (Fig 9), were considered to be faitly representative of the total
number of patients (n=581) cared for at the Psychogeriatric clinic and investi-
gated for any psychogeriatric disturbance during the actual time period (Fig
10). However, mixed cases were overrepresented in the autopsy group while
cases belonging to the “other” category (eg non-dementia cases) were more
common in the non-autopsied group. The difference in the prevalence of the
neuropathological diagnoses of the autopsied cases in this study, compared to
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the 400 cases in Brun et al., (1993) (see introduction), is explained by the AD-
SIWTI cases. In the present study these were classified separately as a combined
type (in accordance with Englund, 2000) while in the Brun study they were
contained within the AD group.

Fig 9. Neuropathological diagnoses in 161
cases 1985-1992 Other

pap 14%
PaD+AD 1%

AD+SIWI
19%

VaD
19%
Fig 10. Clinical diagnoses in 581
psychogeriatric patients 1985-1992

Other
30%

VaD

Dementia NS 239,

12%
PaD+AD PaD FrD AD+VaD
0% 3% 7% 2%

Data collection procedure
Initially a protocol was set up with the clinical variables of interest, covering
issues such as heredity, social situation, medical history, symptoms, medica-
tion, laboratory results, blood pressure measurements, results of dementia in-
vestigation, physical examination including neurological findings and clinical
rating scales. All available information contained in the patients” medical records
was studied, including the often detailed observations noted by the different
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staff. If information was too sparse, the cases were excluded (n=12). To test if
there was a difference in the collected data over time, information from 5 of
the first analysed cases were gathered a second time. The number of items that
differed from the first to the second time was less than 1% of the total and in
no cases did the dementia classification differ.

The detailed neuropathological data were derived from the autopsy reports.

The process of data analysis

The presence of clinical features was registered dichotomously. Knowing that
different clinicians describe and interpret the same phenomenon differently
(eg loss of consiousness) we however decided that a symptom was to be consid-
ered present only when explicitly noted in the records. The interpretation of
the items in the different dementia classification systems was thoroughly dis-
cussed before use. Furthermore, available explanatory literature was used in the
interpretation of the DLB criteria.

Clinical criteria

188 cases were diagnosed according to three sets of clinical criteria for DLB
(McKeith et al.,, 1992, Byrne et al.,, 1991, McKeith et al., 1996) although the
consensus criteria were used in the present papers. The criteria differ somewhat
with a stronger emphasis on parkinsonism in the Nottingham criteria (Byrne)
and on the fluctuating course in the Newcastle criteria. Of our 48 cases identi-
fied as probable DLB by the consensus criteria, only 15 fulfilled the Newcastle
criteria while 27 fulfilled the Nottingham probable and 4 the Nottingham
possible criteria.

Furthermore clinical criteria for AD (DSM IV and NINCDS-ADRDA; McKann
et al.,, 1984), The Lund- Manchester criteria (Brun et al., 1994) for the diagnosis
of frontotemporal dementia and the DSM IV criteria for vascular dementia
were applied.

Differential diagnostic rating scales

Differential diagnostic rating scales “AD-score”(Gustafson and Nilsson, 1982,
Brun and Gustafson, 1993), “FTD-score”(Gustafson and Nilsson, 1982) and
“Ischemic score” (Hachinski et al., 1975) were also applied to improve the
clinical differentiation (Fig 11). The clinical usefulness of the scoring profile of
these diagnostic rating scales has been validated against neuropathology and
brain imaging (Brun and Gustafson, 1993, Risberg and Gustafson, 1983,
Moroney et al., 1997).
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Fig 11. Rating Scales for Differential Diagnosis of Dementia

AD score FID scote Ischemic score (IS)
(Gustafson, Nilsson,1982; Brun, Gustafson, 1993) g‘;’;;)‘ﬂfw"» Nilsson, 1982; Brun, Gustafson, I (tychinski ec al,1975)
Symptom Score || Symptom Score | Symptom Score
Slow progression 1 Slow progression 1 Abrupt onsct 2
Early loss of insight 1 Harly loss of insight 2 Stepwise progression 1
Larly amnesia for remote events 2 || Early signs of disinhibition 2 | Flucruating course 2
Farly sparial disorientation Iritability, dysphotia 1 Nocturnal confusion 1
(impaired sense of Jocality) 2 Confabulation, (spontaneoss) 1 Relative preservation of person 1
Dyspraxia, dysphasia, dysgnosia Logorthoea, (solsbi speech 1 Depression 1
(all symiptoms present to some exctens) 2 Progrcssive reduction (and stereoppy) Somatic complaints 1
Logocloni ke specch di 2 | ofspeech 1(2 | Emotional incontinence 1
Logotthoea, (zoluble speech) 1 | Echolalia, latc mutism, amimia History of hypertension i
Progressive reduction of speech 1 (2 or more symptoms present during History of strokes 2
Lipileptic seizute of late onset 1 the conrse of the disease) 2 Evidence of associated athetosclerosis 1
Increased muscular tension 2 | Klaver-Bucy syndrome: (hypervrality, Focal neurological symptoms 2
Myoclonic twitchings 1 N usization bearvionr) 1 Focal neurological signs 2
Kliiver-Bucy syndrome:
(hyperorality, utilizution beabviout) 1

Total score Total score Total score
Max scores 17 Max score 12 (13) Max score 18

INSTRUCTIONS: The diagnostic scoring requires reliable information and a detailed clinical examination. The diagnosis is based on the scoring

profile.
AD-scote > 5-6 indicates dementia of Alzhcimer type, FTD-scorc 2 5 indicates frontal lobe dysfunction. Tschemic-score > 7-8 indicates vasculac

ctologi.
Mixed AD and vascular dementia is common with increasing age.

Ratings of ADL and dementia - The Katz and Berger indices

The Berger scale (Berger, 1980) was used as a global measurement of the sever-
ity of dementia and the Katz index of independence in ADL (Katz et al., 1963)
was chosen as a complementary measure of the severity of impairment (Fig 12).

Fig 12.

The Katz Index of ADL (Katz et al., 1963)

A= Independent in feeding, continence, transferring, going to the toilet, dressing and bathing.
B= Independent in all but one of these functions.

C= Independent in all but bathing and one additional function.

D= Independent in all but bathing, dressing and one additional function.

E= Independent in all but bathing, dressing, going to the toilet and one additional function.
F= Independent in all but bathing, dressing, going to the toilet, transferring and one additional
function.

G= Dependent in all six functions.

Other= Dependent in at least two functions, but not classifiable as C, D, E or F.

The Berget’s scale — a system for rating the severity of dementia (Berger, 1980)

Class I: Can function in any surroundings, but forgetfulness is often disruptive of daily activities.
Class II: Can function without direction only in familiar surroundings.

Class III: Needs direction to function even in familiar surroundings but can respond appropriately
to instruction.

Class IV: Needs assistance to function, cannot respond to direction only.

Class V: Remains ambulatory, needs assistance to function, but cannot communicate verbally in a
meaningful fashion.

Class VI: Bedridden or confined to chair and responds only to tactile stimuli.
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These rating scales have proved to be clinically useful and easy to apply in our
care system (Annerstedt et al., 1996). The ratings were based on standardised
assessments including reports from social workers and staff responsible for the
care of the patients. Each patient was assessed 1-3 times. The first and the last
assessment for each patient were chosen to describe the progress of the demen-
tia.

The patient characteristics in study I-V are shown in table 0.

Table 6. Patient characteristics in paper I-V

Paper |Clinical diagnosis Number Sex m/f Mean age |Range
»
1 Consecutive dementia 188 82/106 77 3997
cases
DLB 48 20/28 78 5894
AD 45 18/27 79 61-97
VaD 20 10/10 78 66-91
AD+VaD 13 9/4 77 6891
FID 12 6/6 60 40-85
other 50 19/31 77 39-94
II DLB 47-45
AD 45-36
III DLB 48 (o-sy:106) 20/28 (7/9) 78 (19 5894 (60-94)
AD 45 (o-sy:10) 18/27 (4/6) 79 (78) 61-97 (62-88)
v DLB 34 (EEG) 15/19 77 60-94
26 (tCBEF) 14/11 77 60-94
AD 28 (EEG) 11/17 81 61-91
25 (tCBE) 9/16 79 73-88
\4 DI.B 16 (o-sy:16) 8/8 79 60-94

o-sy=a-synuclein

Regional cerebral blood flow

The regional cerebral blood flow (tCBF) was assessed with the xenon-133 inha-
lation method, developed by Obrist et al., (1975) and modified by Risberg
(Risberg et al., 1975, Risberg, 1980), using the Initial Slope Indez (ISI) as an
indicator of cortical blood flow. rCBF was measured without premedication, in
a resting situation with the eyes closed. The inert Y-radiating tracer xenon-133
(90 MBq/]) was inhaled for 1 min through a facemask, followed by 10 min
breathing of ordinary air. Up to 1986 the rCBF was assessed with 32-detector
equipment, which was then replaced by a high-resolution recording devise with
254 scintillation detectors (Cortexplorer 256 HR; Ceretronix Inc, Randers,
Denmark), which gave a spatial resolution of about one cm for the superficial
cortex. Absolute values of the blood flow were obtained for each region. For
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technical reasons only group results based on rCBF registrations with 254 chan-
nels will be presented here (IV). The individual rCBF results (IV, V) are dis-
played as interpolated flow maps with a colour coding of the regional values as
a percentage of the individual mean flow (Risberg, 1980).

Examples of rCBF findings in normals, AD, FTD and VaD are shown in Fig
13.

Fig 13. Regional cerebral blood flow in normals, Alzheimer’s disease,
Frontotemporal dementia and Vascular dementia. Regions of
interest are shown on the normals.

Normal
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Electroencephalogram
Electroencephalogram (EEG) was recorded with 16 or 24 channel
electrocephalographs (Siemens Elema or Nihon Kodhen, time constant 0.3 s;
low pass filter 70 Hz) with electrode positions according to the 10-20 system.
Bipolar and common reference montages were used. Periods of drowsiness
were counteracted by sound stimuli.
The EEG records were reanalysed visually regarding dominant activity frequency,
presence of focal abnormalities, side asymmetry, epileptiform activity and de-
gree of abnormality. This was done without any knowledge of the clinical diag-
nosis. The degree of EEG background abnormality was classified in four cat-
egories:
1. Normal EEG.
2. Slightly pathologic. Posterior-dominant frequency within normal range
(>8Hz). Increase of diffuse and/or episodic theta.
3. Moderately pathologic. Posterior-dominant frequency <8Hz. Moderate
increase of delta waves.
4. Highly pathologic. Posterior dominant frequency <6Hz. Marked in-
crease of delta waves.

Neuropathology

The neuropathological procedures included laboratory standard measures of
whole brain immersion fixation in 4% formaline and in addition intraven-
tricular injection of formaline, for a more rapid central white matter fixation.
Fixation times averaged 2-3 weeks. The entire brain was then cut in 2-1 cm
thick coronal slices, and every other slice was paraffin-embedded and cut in five
micra thick sections. The semi-serial section technique with subsequent exten-
sive microscopical analysis was used as a prerequisite for a safe neuropathologi-
cal mapping of type, severity and distribution of changes and also for the
detection or exclusion of other types of clinically significant brain pathology.
Staining routines included Hematoxylin/Eosin for overall detail assessment
and Luxol Fast Blue with cresyl violet counter staining for myelin and appre-
ciation of cell numbers. Congo red for amyloid and Van Gieson-elastica stain-
ing for meningeal, vascular fibrosis and degeneration were used in selected
sections.

Campbell and Gallyas methods were used for the detection of neuritic plaques,
dystrophic neurites and NFT while ubiquitin staining was used for protein
degradation and Lewy bodies. The regional distribution and severity of white
matter changes were mapped and quantitated according to a grading system
with three main degrees, used previously for correlation with quantitative neu-
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rochemical measures (Englund et al., 1988). This assessment was combined
with a similar mapping of the grey matter Alzheimer pathology using a grading
system, which combines a number of histological variables (Brun and Englund,
1981). AD was defined as a combination of pathological changes such as neu-
ronal loss, gliosis, microvacuolation, NFT, neuritic plaques and dystrophic
neurites. In terms of severity it ranges from a basal encephalopathy consistent
with normal ageing (grade 0) to a level of severity recognised as AD grade
I=mild, II=moderate and I1I=severe. The large and small vessel pathology was
mapped including carotid artherosclerosis, amyloid angiopathy and central
white matter arteriolosclerosis as well as other, specific vascular changes. In-
complete infarcts restricted to the white matter are named selective incomplete
white matter infarcts (SIWI). These are characterized by a reduction of both
myelin and oligodendroglial cells with mild reactive changes, suggestedly ap-
pearing as a result of regionally reduced cerebral perfusion due to subcortical
small vessel disease combined with systemic hypotension (Englund et al., 1988).
To amplify the detection of Lewy bodies, cases were reinvestigated with O-
synuclein, tau, ubiquitin and GFAP antibodies. Lewy bodies were defined as
rounded, non-fibrillary intensely immunoreactive inclusions. Complementary
tissue sections for this purpose were taken from the mesencephalon, cingulate
gyrus, hypothalamus, basal temporal cortex including the hippocampus, pari-
etal cortex and the frontal pole cortex.
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Main features of paper I

Clinical Lewy body dementia and the impact of vascular
components

Dementia with Lewy bodies have gained increasing attention during the last 15
years. A number of studies have identified a clinical symptom constellation
overrepresented in these cases, summarized in the clinical consensus criteria
from 1996 (McKeith et al.,). The clinical diagnosis DLB has not previously
been used in a systematic way within the framework of the Lund longitudinal
dementia study. We therefore addressed the question whether cases with signs
of DLB were identifiable in this study and how they could be described clini-
cally and neuropathologically compared to clinically identified AD cases.
Clinical criteria of DLB, AD and other dementias were applied retrospectively
on the medical records from 200 consecutively post mortem investigated cases
all of whom participated in the prospective longitudinal dementia study when
they were alive. The results of clinical differential rating scales, ADL measure-
ments, dementia ratings and brief neuropathological findings were compared
between clinically diagnosed DLB and AD cases.

Results

1. 48 cases, 20 men and 28 women (age range 58-94 years) fulfilled the
clinical criteria of probable DLB.

2. In comparison with clinically diagnosed AD, the clinical DLB cases
showed a higher prevalence of frontal clinical signs such as disinhibi-
tion, personality change and vocally disruptive behaviour.

3. In the differential diagnostic rating, the clinical DLB cases showed an
AD score equal to the clinical AD cases and a significantly higher
ischemic score. There was also a trend towards more signs of frontal
lobe damage in FTD score in comparison to clinical AD.

4. The clinical DLB cases were more deteriorated in ADL capacity at an
earlier stage of dementia compared to clinical AD cases and 83.3% of
DLB had deteriorated to the most severe level at the last measurement.

5. Neuropathology revealed a high degree of Alzheimer pathology in both
clinical groups. Vascular pathology in the shape of frontal white matter
changes was more common in clinical DLB cases in which also the
degeneration of SN was also more advanced.
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Comments

Many studies have investigated the prevalence of DLB both from neuropatho-
logical (Lennox et al., 1989ab; Hansen et al., 1990; Perry et al., 1990b) and
clinical (Shergill et al., 1994) standpoints although relatively few studies have
addressed consecutive dementia cases.

The prevalence of DLB symptoms in our clinically defined cases were in ac-
cordance with what has been reported in eatlier neuropathologically identified
cases (Byrne et al., 1989, Perry et al., 1990b, McKeith et al.,, 1994a, Lennox,
1992). The finding of more frontal signs in DLB is in accordance with results
of studies showing frontal atrohy (Forstl et al., 1993) and frontal signs in EEG
(Burkhardt et al., 1988), neuropsychology (Hansen et al., 1990) and neuropa-
thology- synapses (Hansen et al., 1998).

An increased ischemic score in neuropathologically defined DLB cases was
considered to be a contributory factor to the misdiagnosis of vascular dementia
(McKeith et al., 1994a). In a substantial number of our clinical DLB cases,
however, cerebrovascular pathology was diagnosed.

Main features of paper I1

Blood pressure and drug treatment in clinically diagnosed Lewy
body dementia and Alzheimer’s disease.

At least two types of biochemical deficiencies in DLB have been seen: choliner-
gic (Perry et al., 1994) and dopaminergic (Eggertson and Sima, 1986). These
deficiencies have created a clinical situation with a complicated interplay of
symptoms and reactions to pharmacological treatment. Patients with Lewy bodies
often show neuroleptic sensitivity which sometimes lead to fatal consequences
(McKeith et al., 1992b). EPS are common adverse effects of neuroleptics in the
same way as hallucinations could be to antiparkinson agents. In DLB both
psychotic symptoms and parkinsonism are contained within the consensus
criteria. Several of the separate clinical symptoms within DLB such as syncope,
falls, fluctuations and transient loss of consciousness could also be consequences
of failure in the autonomic blood pressure regulation (Bradshaw and Edward,
1986, Rubenstein and Robbins, 1984, Tinetti, 1986). Several papers have recog-
nized orthostatic hypotension in DLB (Kuzuhara et al., 1996, Ballard et al,,
1999b).
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In the present study we investigated the blood pressure, both during the course
of the dementia and in orthostatic tests, as well as the pharmacological treat-
ment in clinically diagnosed DLB compared to AD cases.

In 48 clinically diagnosed DLB and 45 clinical AD cases results of blood pres-
sure measurements and pharmacological treatment were analysed. Drugs con-
sidered potentially hypotensive were antihypertensive agents, diuretics,
neuroleptics, bensodiazepins and antiparkinson agents.

Results

1. During the course of dementia there was a similar blood pressure de-
crease in the clinical DLB and AD cases.

2. A higher number of cases in the clinical DLB group developed arterial
hypotension (systolic blood pressure <120 mmHg) during the course of
dementia compared to the cases with clinical AD.

3. There was a trend towards a more pronounced drop in systolic blood
pressure at orthostatic testing in clinical DLB compared to AD.

4. Compared to clinical AD, the clinical DLB cases had a higher pharma-
cological load with a higher prevalence of antiparkinsonian treatment,
a higher number of neuroleptics and other medication potentially asso-
ciated with hypotension.

Comments

Blood pressure has in several studies been shown to decrease during dementia
(Burke et al., 1994, Guo et al., 1996, Passant et al., 1996, Hogan et al., 1997,
Fredriksson et al., 1992) in contrast to the normal situation with a continuous
increase with age (Landahl et al., 19806, Bots et al., 1991). This has been investi-
gated with a longitudinal perspective in both AD and vascular dementia but
not in DLB. Orthostatic blood pressure has been described in many DLB cases
but has not been compared with AD in terms of actual levels. The blood pres-
sure reactions may be explained in at least two ways; either as caused by the
brain damage (analogous to Lewy bodies located in sympathetic ganglia) or in
itself causing the brain damage (analogous to selective white matter infarcts
caused by hypoperfusion of arteriolosclerotic brain vessels). Part of the last
theory is the possible contribution of hypotensive medication or medication
with hypotensive side effects.

Our DLB cases had a higher pharmacological load during dementia with more
potentially hypotensive medication.
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Main features of paper III

The neuropathological correlates to clinically defined demen-
tia with Lewy bodies

The role of the Lewy body per se is not yet known. A common hypothesis is
that there is an association between Lewy bodies and neuronal stress (Pollanen
et al,, 1992, Kremeer and Bots, 1993). The Lewy body is however, the neu-
ropathological hallmark of PaD (Greenfield and Bosanquet, 1953, Bethlem
and Den Hartog Jager, 1960) even though it is not specific for this disease
(Helfand, 1935, Sigwald et al., 1964, Hirano et al., 1967, Hishikawa et al., 2000).
Within the DLB concept several neuropathological pictures, ranging from a
rare pure Lewy body disease to a more common Lewy body variant of Alzheim-
er’s disease exist. The clinical criteria of DB have in several studies been found
to be highly sensitive (Mega et al., 1996, McKeith et al., 2000a,b). It was there-
fore of interest to investigate the accuracy of the clinical DLB criteria in our
patient population, using the most sensitive staining technique available, O-
synuclein antibodies. It was also considered important to analyse in detail the
previous results of the neuropathology. These were done routinely as whole
brain semiserial sections, a prerequisite for a safe neuropathological mapping
of type, severity and distribution of changes and also for the exclusion of other
types of clinically significant brain pathology.

All cases in our previously investigated clinical DLB (n=48) and AD (n=45)
groups were investigated neuropathologically. 16 clinical DLB and 10 clinical
AD cases were reassessed using Ol-synuclein staining.

Results

1. The degree of AD pathology, present in >80% of clinical DLB and
clinical AD cases, was the same. Clinical AD cases had more temporal
and hippocampal pathology and a higher degree of NFT than the clini-
cal DLB cases.

2. The degeneration of the SN was more pronounced in clinical DLB.

3. Lewy bodies were found in 14% of clinical DLB and 9% of clinical AD
cases. With O-synuclein staining these percentages increased to 38%
and 40% respectively.

4. Frontal white matter pathology was significantly more common in clini-
cal DLB compared to clinical AD.

5. There was a greater difference in the concomitant pathology in the
clinical DLB group than in the clinical AD group.
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6. Within the clinical DLB group; cases with actual Lewy bodies had a
lower degree of Alzheimer pathology and frontal white matter pathol-
ogy but a higher degree of SN degeneration.

7. 50% of the cases with Lewy bodies had significant vascular pathology.

8. The main pathological diagnoses in the cases with Lewy bodies were
strongly divergent.

Comments

Several main neuropathological features in the clinical DLB cases, such as a
lower degree of AD changes in the temporal lobes and in the hippocampus and
a higher degree of NFT, were in accordance with results from studies performed
on neuropathologically defined cases (Gibb, 1989b, Hansen et al., 1993, Forstl
et al., 1993). In contrast to other studies we did not find a high prevalence of
Lewy bodies. This could be due to: lower specificity of the clinical criteria when
applied to consecutive dementia cases which often exhibit mixed pathologies
(Holmes et al., 1999), a systematic error within the retrospective approach or
that combinations of other pathologies may produce the same clinical picture.
In our clinically diagnosed DLB group the pathological combination of AD
with frontal white matter pathology, mostly of the SIWI type, seemed to “mimic”
true DLB verified by neuropathology.

The neuropathological technique with whole brain semiserial sections prob-
ably contributed to the finding of additive pathologies, which could be over-
looked with a small sample method.

Main features of paper IV

Regional cerebral blood flow and EEG in clinically diagnosed
dementia with Lewy bodies and Alzheimer’s disease

EEG and rCBF are highly valuable tools in the differential diagnosis of demen-
tia. These two methods mirror mainly cortical function, which is of special
interest considering that it has been claimed that cortical Lewy body density
correlates with dementia (Lennox et al., 1989b, Samuel et al., 1997). In the
fourth paper we addressed the question of whether EEG and rCBF findings
would be helpful in the differentiation between clinical DLB and clinical AD.
Furthermore, with neuropathological data at hand, were there any differences
between the cases with and without Lewy bodies among the clinically defined
DLB cases?
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Available EEGs in our diagnostic groups (DLB n=34 and AD n=24) were ana-
lysed by visual inspection while cases with tCBF measured by the 254-detector
technique (DLB n=26 and AD n=25) were compared according to a statistical
mapping system.

Results

1. EEG and rCBF were very similar in the clinical DLB and clinical AD
groups.

2. EEG showed a general slowing with increased theta activity in both
clinical groups.

3. tCBF showed temporoparietal blood flow decrease in both clinical
groups.

4. Within the clinical DLB group EEG did not differ between cases with
and without Lewy bodies at neuropathological examination.

5. There was no consistent feature in the rCBF patterns in cases with Lewy
bodies within the clinical DLB group.

Comments

Our findings of a temporoparietal blood flow decrease in both clinical AD and
DLB are in accordance with results from previous studies (Donnemiller et al.,
1997, Turtjanski et al., 1997, Varma et al., 1997). We could not however, con-
firm studies showing an additional occipital flow component in DLB cases
(Albin et al., 1996, Ishii et al., 1999). Both EEG and rCBF patterns in the
clinically defined groups were in accordance with that seen in AD, and
subsequentely indistinguishable from findings in PaD with dementia (Pizzolato
et al., 1988, Spampinato et al., 1991, Liu et al., 1992). The different components
from these pathologies could therefore not be singled out.

The rCBF patterns of the cases within the clinical DLB group with Lewy bodies
verified neuropathologically, differed highly from each other, possibly reflect-
ing the varying additional pathologies found in these cases.
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Main features of paper V

Contributions of other brain pathologies in Dementia with
Lewy bodies

Our eatlier studies have shown that cases fulfilling clinical criteria of DLB had
a prevalence of Lewy bodies in 38% when O-synuclein staining was used. These
cases also had other pathologies at neuropathological examination. Since it has
been claimed that the prevalence of Lewy bodies in different locations of the
brain form a probable neuropathological basis of the specific symptomathology
of DLB (Lennox et al., 1989b, Perry et al., 1990b, Perry et al., 1991), we analysed
the cases with a clinico-pathological correlative approach.

From our clinical dementia cohort of 200 cases, 48 were found to fulfil the
clinical consensus criteria of DLB. Sixteen of these were reassessed with O-
synuclein staining. The medical history, clinical findings and neuropathology
were analysed individually in these cases and interpreted clinico-pathologically.
Six of the cases exhibited Lewy bodies located in mainly subcortical but in 3
cases also in cortical regions, while 10 cases had no Lewy bodies.

Results

1. There were no obvious clinical differences between the cases with and
without Lewy bodies.

2. All cases had other neuropathological findings besides Lewy bodies.

3. The originally given neuropathological diagnoses in the six cases with
Lewy bodies were diverse; AD alone or in combination with cortical or
subcortical VaD and Parkinsonian changes, as well as frontal lobe de-
generation of non Alzheimer type, while the original neuropathologi-
cal diagnoses in the ten cases without Lewy bodies were similar showing
AD 1in all cases, combined with vascular pathology in 7 cases.

4. The rCBF of the cases with Lewy bodies were different from each other
and in accordance with the neuropathological diagnoses in 4 of these
cases while the rCBF of the cases without Lewy bodies showed temporo-
parietal blood flow decrease combined with a frontal decrease in most
cases.

5. Cases with Lewy bodies had a generally lower degree of Alzheimer pa-
thology in all but one case compared to cases without Lewy bodies. In
these cases all had Alzheimer pathology, generally combined with vas-
cular pathology, especially white matter changes with a frontal loca-
tion.
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6. SN degeneration was seen in the majority of cases with Lewy bodies
while those without Lewy bodies had no or only mild degeneration.

7. Among the cases with Lewy bodies a higher number of EPS were seen
when SN showed degeneration while in the majority of the cases with-
out Lewy bodies EPS were seen in all but one case with frontal white
matter pathology.

8. Cases with hallucinations with or without Lewy bodies, had combina-
tions of sensory deprivation and neuropathological lesions in the tem-
poral and frontal lobes.

9. The mean blood pressure decreased during dementia in all cases with
Lewy bodies and in almost all cases without Lewy bodies.

10. Symptoms such as fluctuations, episodes of confusion and falls seemed
to be related in time to blood pressure decreases in both groups.

11. Pharmacological treatment probably enhanced the blood pressure de-
crease in several of the cases.

12. In 5 of the 6 cases with Lewy bodies other neuropathological changes
(except the Lewy bodies) could have accounted for the clinical picture.

Comments

In all cases the complicated interplay between previous medical conditions,
such as arterial hypertension, the timing of the appearance of clinical symp-
toms, pharmacological treatment and finally neuropathological lesions was
obvious. Evaluating the influence of different neuropathological lesions is deli-
cate and not only a statistical procedure since the intensity, location, volume
and extent have to be taken into account. The case-study approach might there-
fore be complementary to studies of larger group data. Smaller lesions such as
Lewy bodies may serve as markers of more widespread biochemical pathology,
(Woodard et al., 1962, Perry et al., 1997) and in that way add to the total burden
of neuropathology. A Lewy body might also be a coexisting phenomenon to
other neuropathological lesions indicating neuronal stress.
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Conclusions

In societies with an increasing number of elderly inhabitants the issue of de-

mentia, its recognition, treatment and care is of essential importance. DLB has

been increasingly recognized as a clinical syndrome with important pharmaco-

logical considerations.

The present study has shown that:

1.

During their course of illness, 24% of consecutively selected dementia
cases developed symptoms contained within the clinical consensus cti-
teria for DLB.

The clinical DLB patients were more demented and impaired in ADL at
an early stage of dementia compared to cases with clinically diagnosed
AD and 83% of the clinical DLB patients were totally reliant on assist-
ance after 5 years of dementia.

Arterial blood pressure decreased during dementia in both the clinical
DLB and AD cases, although more individuals with clinical DLB devel-
oped hypotension.

The pharmacological burden during the illness was higher in the clini-
cal DLB cases with more neuroleptics, antiparkinson medication and
other potentially hypotensive drugs.

The clinical consensus criteria of DLB identified cases with Lewy bod-
ies at neuropathological assessment in 38% using O-synuclein antibod-
ies.

Lewy bodies were also found in 40% of clinical AD cases using O-
synuclein antibodies.

Alzheimer pathology was the most prevalent type of neuropathological

change seen in 81% of the clinical DLB and 93% of the clinical AD

cases.
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8. The cases without Lewy bodies, still fulfilling the clinical DLB criteria,
were characterized as having a higher degree of Alzheimer pathology
combined with frontal white matter changes, mainly of the SIWI type.

9. Clinical DLB cases had more diverse and more often combinations of
different pathologies, compared to clinical AD cases.

10. Vascular pathology was recognised in 50% of all cases (both the clinical
DLB and AD) exhibiting Lewy bodies.

11. Neuroimaging, EEG and rCBF, was not helpful in discriminating clini-
cal groups of DB and AD. Neither were there any discriminating,
specific patterns characterizing cases with or without Lewy bodies.

12. In individual clinical-pathological analysis of the cases fulfilling both
clinical and neuropathological criteria of DLB it was obvious that com-
binations of different pathological lesions could be explanatory for the
symptoms within the DLB criteria in the majority of the cases.

This study still leaves several questions about the functions of Lewy bodies in
dementia unanswered. The role of other brain lesions, especially of vascular
origin, has to be further investigated since this might have therapeutic potentials
of possible prevention. There is a need for a continuation of longitudinal stud-
ies with broad assessment of symptom development, neuroimaging and neu-
ropathological examination to refine the clinical criteria of dementia with Lewy
bodies. Furthermore, possibly pharmacological studies in clinical DLLB will be
able to contribute to answering the question of whether the Lewy bodies per se
are the main interest or the clinical symptom constellation, indicating a certain
mixture of neurochemical disturbances, is the target.

With advances in imaging techniques, genetics and immunocytochemistry the
differential diagnosis in dementia remains a perpetual field of challenge.
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General summary in Swedish (populidrvetenskaplig
sammanfattning pa svenska)

Demens med Lewy bodies - en ny demenssjukdom

Vid sidan av de klassiska demensformerna Alzheimers sjukdom, blodkirlsdemens
och frontallobsdemens har forskargrupper fran flera hall i virlden pa senare ar
funnit tecken pa en ny demensform som man kallar ”demens med Lewy bodies
(DLB)”. Sjukdomen bir drag av bade Alzheimers och Parkinsons sjukdom och
darfor dr forskare oeniga om huruvida den dr en egen sjukdom, en blandning
av dessa eller en variant av Alzheimers sjukdom. Pa grund av lovande resultat
av behandling med likemedel mot Alzheimers sjukdom har DLB blivit allt mer
uppmirksammad.

Vad ir Lewy bodies?

Lewy bodies dr sma proteinansamlingar i nervcellerna som endast kan ses vid
en neuropatologisk undersokning. Lewy bodies kan finnas i olika delar av hjirnan
men dr vanligast 1 hjarnstammen, sirskilt i den svarta substansen (substantia
nigra). Lewy bodies dr typiska for Parkinsons sjukdom men finns dven vid
andra sjukdomstillstind och hos icke-dementa i 6kad andel med 6kande élder.
Ingen vet med sakerhet vilken funktion Lewy Bodies har i1 hjirnan dven om en
vanlig uppfattning dr att de associeras med cellstress och nerveellsdod.

Vad ir demens med Lewy bodies?

Forskare i England, Japan och USA fann att patienter med Lewy bodies tycktes
ha flera gemensamma kliniska drag: synhallucinationer, parkinsonliknande
rérelsemonster och variationer i uppmirksamhet och vakenhet. Ibland sags
aven Overkinslighet for antipsykoslikemedel (neuroleptika), vanférestillningar,
svimning och fall. Vid ett forskarméte 1996, dir malsdttningen var att enas i
definitioner av DLB, formulerades kliniska kriterier f6r att kinna igen patienter
med Lewy bodies.

Undersékningar av avlidna patienter med DLB har visat brist pa de bada
neurotransmittorerna dopamin och acetykolin.

Svdrigheter

Diagnosen kan endast stillas med sikerhet efter déden. Det finns alltsa inga
diagnostiska hjilpmedel i form av labprover, datortomografi/magnetrontgen,
hjirnblodflédesmitning eller EEG att forlita sig pa. Symptomen i DLB ir inte
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entydigt typiska for sjukdomen utan ingir dven i andra demensdiagnoser. De
enskilda symptomen i DLB ir svara att behandla med likemedel d4 behandlingen
1 sig ger bieffekter som ér identiska med symptom 1 kriterierna f6r DLB.

Syftet med avhandlingen

Syftet med denna avhandling var att:

— understka om det inom Lunds longitudinella demensprojekt fanns patienter
som uppfyllde de kliniska kriterierna f6r DLB

- beskriva och jimféra en klinisk DLB grupp med en klinisk Alzheimer
grupp avseende

symptom och funktions niva i dagliga aktiviteter (ADL), blodtryck och
likemedelsbehandling, hjirnfunktion i EEG och hjirnblodfléde samt slutligen
neuropatologisk bild.

Resultat

Arbete I: Vi fann att en knapp fjirdedel av 200 patienter, som alla utretts for
misstinkt demenssjukdom, uppfyllde de kliniska kriterierna pa DLB.
Symptomen fordelade sig helt i enlighet med vad andra studier visat trots att
man dd valt ut patienter med neuropatologisk DLB.

Arbete II: DLB patienternas blodtryck var inte stabilt utan sjonk Sver
demensforloppet. Det sjonk ocksa patagligt vid uppresning fran liggande till
staiende. DLB patienterna behandlades ocksa med fler likemedel mot Parkinsons
sjukdom, psykotiska symptom och med likemedel som sinker blodtrycket. Detta
gor att en bedémning av vad som dr symptom 1 sig respektive bieffekter av
medicin eller lagt blodtryck forsvaras.

Arbete III: Den neuropatologiska bilden hos de kliniskt definierade DLB
patienterna var till manga delar lik den som beskrivits hos patienter med Lewy
bodies. Dock var andelen med Lewy bodies forvanansvart lag (38%) dven da vi
anvint de mest kidnsliga neuropatologiska firgningsteknikerna. Hilften av DLB
patienterna hade kirlférindringar som lett till betydande skador i hjirnan.
Detta idr ett fynd som inte tidigare beskrivits 1 sa hég omfattning vid DLB.
Mianga DLB patienter hade kombinationer av olika sjukliga forindringar i
hjirnan vilka tillsammans kan ha gett upphov till symptombilden.

Arbete IV: Resultaten av hjirnavbildande tekniker som EEG och
hjiarnblodflédesmitning visade sig inte vara till hjdlp for att sdrskilja DLB
patienter frain Alzheimerpatienter eller f6r att inom den kliniska DLB gruppen
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urskilja patienter med Lewy bodies. Hos patienterna med Lewy bodies var
dessutom blodflédesbilderna sinsemellan mycket olika och hade under patientens
levnad tolkats som uttryck for olika sjukdomar.

Arbete V: Ingiende individuella granskningar av 16 fall med klinisk DLB (6
med och 10 utan Lewy bodies) gjordes for att forsoka virdera olika
hjirnférindringars betydelse for de gemensamma kliniska symptomen. Det
visade sig att majoriteten av patienterna hade férindringar i hjirnan, férutom
Lewy bodies, som i sig skulle kunna forklara eller bidra till DLB symptomen.
Alla patienterna hade dessutom ett blodtryck som uppenbart sjonk under
demensférloppet vilket i sin tur ytterligare kunde bidra till flera av symptomen.

Sammanfattning

Resultaten visar att det bland patienter som utretts pa misstanke om
demenssjukdom fanns manga som uppfyller de kliniska kriterierna f6r DLB.
Mer idn hilften av dessa hade inga Lewy bodies utan andra patologiska
torindringar i hjdrnan. Dessutom hade dven de flesta patienter med Lewy bodies
ett flertal andra neuropatologiska orsaker till utvecklingen av sina symptom.
En moijlig orsak till vara neuropatologiska fynd kan vara att vara neuropatologer
anvinder en teknik ddr de kan titta pa hjirnan i storsnitt och dirfér kunnat
virdera utbredningen av skadorna i sin helhet. Det vanligaste sittet annars ar
att undersoka sma bestdimda bitar av hjirnan. Vira kliniska DLB patienter hade
dock bl a skador i hjirnomraden som dr viktiga for produktion av
neurotransmittorerna acetylkolin och dopamin oavsett férekomst av Lewy bodies.
Dessa skador bidrar till att symptomkombinationen parkinsonism, psykotiska
symptom, Overkanslighet f6r neuroleptika kombinerat med variationer i
uppmirksamhet och vakenhet kan uppsta. Eftersom patienter med dessa kemiska
brister dr sarkilt svara att behandla med likemedel dr det en viktig grupp att
kinna igen. Det kan dven vara viktigt att avstd frin viss behandling som
neuroleptika och likemedel som ogynnsamt paverkar blodtrycket. Det ar darfor
viktigt att understka blodtrycket pa patienterna i bade liggande och stiende
samt vara lyhord for olika symptom pa otillricklig blodcirkulation i hjirnan.
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ABSTRACT

Objective. To study the prevalence of patients fulfilling the clinical consensus criteria for dementia with Lewy bodies
(DLB) in a dementia population followed up with postmortem examination. To compare the clinical and neuro-
pathological findings in the clinical Lewy body dementia (I.BD) group with findings in a clinically defined group with
Alzheimer’s discase (AD).

Design. Medical records [rom 200 patients were studied retrospectively. Clinical consensus criteria for DLB and
clinical criteria for other dementias were applied.

Serting. The majority of the cases were examined and cared for in psychogeriatric and psychiatric departments.

Patients. The patients, who died between 1985 and 1994, were part of a longitudinal dementia project. Each case
was neuropathologically examined.

Main outcome measures. Prevalence of clinical signs and neuropathology was compared between the clinical
groups.

Results. Forty-eight (24%) patients fulfilled the clinical criteria for DLB while 45 (22%) fulfilled the clinical criteria
for Alzheimer’s disease. The clinical LBD group had a higher Hachinski score compared to the clinical AD group.
They also showed a tendency towards a ‘frontal profile’ with disinhibition, confusion, personality change and vocally
disruptive behaviour. More than 80% of the AD and LBD groups respectively exhibited Alzheimer pathology. The
LBD group had frontal white matter pathology and degeneration of the substantia nigra more often than the clinical
AD group. Both LBD and AD groups showed a progressive and marked increase in severity of dementia and decrease
in ADL capacity according to an evaluation based on the Berger scale and Katz index. The condition of the LBD
group was significantly worsc carlier in dementia.

Conclusion. The results of this study indicate that patients fulfilling the clinical criteria for DLB also exhibit clinical
features of possible vascular origin and a frontal profile. Subcortical vascular pathology, nigral degeneration and AD
pathology in this group could partly explain the clinical features used to define DLB. Copyright /C; 2000 John Wiley &
Sons, Lid.

KEY WORDS-—Lewy body dementia; Alzheimer's discase; white matter diseasc; differential diagnosis; ischaemic score;
Parkinsonism; ADL function

Alzheimer’s disease. In different

In recent decades the clinicopathological entity of

Lewy body dementia (LBD) or dementia with
Lewy bodies (DLB) has become a field of great
interest and lively debate among dementia
rescarchers. LBD has been proposed to be the
second most common organic dementia after
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pathological
materials, the prevalence rates of SDLT were 12—
27% (Dickson et al., 1989; Lennox et al., 1989).
In 1995 a conscnsus agreed on the clinical
criteria for DLB (Appendix 1). The first criterion
comprises a dementing syndrome with progressive
decline in cognition. Core features are extra-
pyramidal symptoms, fluctuations and visual hallu-
cinations, while supporting features are repeated
falls, syncope, transient loss of consciousness,
delusions and hallucinations in other modalities.
Dementia caused by stroke or underlying physical
illness or brain disorder should be excluded.
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These clinical criteria, however, proved to have
variable sensitivity and specificity (McKeith er al.,
1994; Mega et al., 1996; Papka et al., 1998; Holmes
et al., 1998).

In the context of this study, the term ‘DLB’ is
used for neuropathologically diagnosed cases and
‘LBD’ for clinically diagnosed cases.

AIM OF THE INVESTIGATION

The aim of this study was to see if LBD could be
identified clinically in our dementia population
through the application of the clinical consensus
criteria for DLB.

Clinical and neuropathological comparisons
with other clinically defined dementia groups
could then be made, particularly in regard to
Alzheimer’s disease (AD).

MATERIAL AND METHODS

The patients were selected from a large population
of patients with dementia—the Lund Longitudinal
Dementia Study, which is an ongoing project with
a prospective design (Gustafson and Hagberg,
1975). This project started 30 years ago and the
neuropathological  panorama of the first
400 deceased before 1991 has been presented
(Brun and Gustafson, 1993). In this project, most
patients have undergone an extensive investigation
with neuropsychiatric evaluation including neuro-
logical examination, neuropsychological testing,
brain imaging such as computerized tomography
(CT) and measurement of regional cerebral blood
flow (rCBF), ncurophysiological cxamination
including EEG, and finally a detailed neuropatho-
logical examination. These interdisciplinary collab-
orators devcloped clinical criteria for early
recognition and differential diagnosis of specific
types of dementia. LBD has not previously been
diagnosed in this material.

In the present study, clinical records from
200 deceased patients who had undergone neuro-
pathological postmortem examination were studied
retrospectively. The cases were selected in order of
date of death. They were all part of the longitudinal
dementia project involving patients who had died
between 1985 and 1994, Twelve cases were
excluded (see Results). One hundred and eighty-
eight cases were diagnosed according to three
sets of clinical criteria for LBD (McKeith er a/.,
1992, 1996; Byrne et al, 1991). Furthermore,

Copyright €2 2000 John Wiley & Sons, Ltd.

clinical criteria for AD (DSM-1V and NINCDS-
ADRDA; McKhann et al.,, 1984), the Lund-
Manchester criteria (Burns er al, 1994) for
diagnosis of frontotemporal dementia (FTD) and
the DSM-1V criteria for vascular dementia (VaD)
were applied. Differential diagnostic rating scales
‘AD scorce’ (Gustafson and Nilsson, 1982; Brun
and Gustafson, 1993), ‘FTD score’ (Gustafson and
Nilsson, 1982) and ‘ischaemic score’ (Hachinski
et al., 1975) were also applied to improve the
clinical differentiation.

The Berger scale (Berger, 1980) was used as a
global measure of severity of dementia and the
Katz index of independence in ADL (Katz ef al.,
1963) was chosen as a complementary measure of
severity of impairment (see Appendix 2). These
ratings were based on standardized assessments
including reports from social workers and staff
responsible for the care of the patients. Each
patient was assessed 1-3 times. The first and the
last assessment for each patient were chosen to
describe the progress of the dementia.

The rater (EL) had not previously clinically
tested these patients and all ratings were performed
regardless of neuropathological results. The
majority of cases (>90%) were examined and/or
cared for at psychogeriatric and psychiatric depart-
ments. The remaining group of patients was mainly
cared for at nursing homes.

The data were collected from medical records
kept by psychiatrists, consultant doctors of differ-
ent specialities, nurses and other stafil members.
They included neuropsychiatric and somatic inves-
tigations, psychometric testing, measurement of
regional cerebral blood flow (rCBF), EEG and in
many cases CT. No personal assessments were
made cxcept for laboratory and blood pressure
values (for example, vitamin B12 deficiency, hypo-
thyreosis and arterial hypotension).

The patients’ clinical status was asscssed from
the clinical records, in which a symptom not
regarded as present is not recorded.

The average total observation time at the psycho-
geriatric ward was 10.3 months/patient. The long
and often well-documented period of observation
explains the high prevalence of symptoms.

For a clinical diagnosis of LBD the criteria of
‘probable DLB’, according to consensus guidelines
1996 (McKceith er al., 1996), were used.

The group with ‘clinical LBD’ originally had
other clinical diagnoses and several patients also
fulfilled criteria for AD. When this occurred, the
LBD diagnosis was given preference.

Int. J. Geriat. Psychiatry 15, 40-49 (2000)
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The consensus criteria for DLB are presented in
Appendix 1. Some items will be easily understood,
while the interpretation of other items needs
further explanation.

The first criterion was considered fulfilled when
the patient had ‘a progressive cognitive decline . . .",
and ‘prominent and persistent memory disturb-
ances ...” and failed on frontosubcortical and
visuospatial tasks based on either neuropsycholo-
gical tests or information obtained from the
neuropsychiatrist or neurologist.

Criterion 2(c), Parkinsonism, was diagnosed
when tremor, muscular rigidity, bradykinesia,
Parkinsonian gait and/or flexed body position
were present. The fourth criteria on exclusion
here are based on brain imaging and physical
examination. However, the rCBF findings were not
taken into account for the recognition of cerebro-
vascular disease in this study, since rCBF results
will be analysed in a forthcoming paper.

Patients who suffered stroke only at a terminal
stage (1-3 months before death) and otherwise
fulfilled DLB criteria were not excluded.

Somatic diseases like vitamin B12 deficiency,
folate deficiency, hypothyreosis, hyperparathy-
roidism and orthostatic hypotension which were
diagnosed and treated were not considered ‘suffi-
cient to account’ for the dementing disorder per se.

Statistical analysis

All statistical work was conducted in SPSS. The
y>-test (with continuity correction) was used for
comparison of proportions in supportive diag-
nostic features, neurological features and neuro-
pathology. Fischer’s exact test was applied for
comparisons in Table 6, as well as for comparison
of fluctuations measured by the Katz and Berger
scales. Multiple comparisons of variables in
Tables 3 and 5 were achieved using logistic
regression analyses. The Student’s ¢-test was used
for comparison of scores between the LBD and the
AD groups in the diagnostic rating scales and onset

Table 1. Demographic data

of urinary incontinence. An application of the
Mann-Whitney U-test resulted in an assessment of
the significance of the differences in number of
symptoms between the AD and LBD groups.
Spearman’s rank correlation coeflicient was used
in order to measure the relation between the degree
of substantia nigra degeneration and the number of
extrapyramidal symptoms. All analyses were
carried out against a two-tailed alternative.

RESULTS
Material

Two hundred patients were included in the study.
Seven patients were excluded since their medical
records were not available and in five additional
cases the clinical information was considered
insufficiently complete for the present purpose
and they were therefore excluded from the study.

The remaining 188 medical records were studied
by collecting clinical data referring to prior medical
history, symptoms, findings on physical examin-
ation, laboratory test results, medication, EEG, CT
results, etc. The patients were diagnosed according
to criteria for AD, VaD and DLB. The basic
characteristics of the patient groups are shown in
Table 1.

Fifty patients did not fulfil any of these clinical
dementia criteria. The tentative clinical diagnoses
in these patients were VaD (N = 15, did not fulfil
DSM-1V), AD (N = 6, did not fulfil DSM-IV and
NINCDS-ADRDA criteria), Creutzfelt Jacob
disease (N = 3), Huntington’s disease (N = 2),
post-traumatic dementia (N = 2), non-organic
psychosis (N = 13) and single cascs of several
other diseases such as Gerstmann Streussler
Schinkel, leucencephalopathy, brain tumour,
amyotrophic lateral sclerosis and Parkinson’s
discase, etc.

The antemortem clinical diagnoses in 48 LBD
and 45 AD patients diagnosed retrospectively,

LBD AD VaD AD + VaD FTD
N 48 45 20 13 12
Male/female 2028 1827 10/10 9/4 66
Age at death 78 (58-94) 79 (61-97) 78 (66-91) 77 (68-91) 60 (40-85)
Age of onset 71 (52-82) 72 (50-87) 75 (61-88) 70 (59-87) 55 (34-83)
Dementia duration 7.1 (1-16) 7.7 (2-19) 3.5 (0-9) 6.8 (3-12) 59 (2-14)

Copyright £ 2000 John Wiley & Sons, Ltd.
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Table 2. Antemortem clinical diagnoses in 48 LBD and
45 AD patients diagnosed retrospectively according to
clinical consensus criteria

Table 3. Presence of clinical DLB consensus (%)
features in patients with Alzheimer’s disease and
dementia with Lewy bodies diagnosed clinically

Consensus diagnoses

Antemortem diagnosis LBD* (N =48) ADYN =45)
AD 21 (43.8%) 34 (75.6%)
VaD 16 (33.3%) 6 (13.3%)
AD + VaD 5(10.4%) 4 (8.9%)
FTD 2 (4.2%) 1(2.1%)
PaD 2 (4.2%) 0
Non-organic psychosis 2 (4.2%) 0

*DSM-1V, NINCDS-ADRDA.
*McKeith et al. (1996).

according to clinical consensus criteria, are pre-
sented in Table 2.

Morbidity

There were no significant differences in vascular
morbidity or head trauma between the clinical AD
and LBD groups: cardiovascular disorder (29% vs
29%), hypertension (22% vs 31%), orthostatic
hypotension (37.5% vs 40%) and diabetes (7% vs
2%). Cardiovascular disease included clinical
findings of congestive heart failure, angina pectoris
and myocardial infarction. Furthermore, vascular
risk factors such as smoking (20% vs 25%),
alcohol abuse (18% vs 15%) and increased body-
weight did not differ between the clinical LBD and
AD groups.

Heredity

There were no statistical differences between
clinical AD and LBD concerning heredity for
dementia or psychiatric illness (depression, schizo-
phrenia, alcoholism or suicide). Heredity for
dementia was noted in 35% of clinical AD and
23% of clinical LBD. Furthermore, therc was no
difference in heredity for somatic illness (heart/
vascular (13% vs 17%) cancer, neurological or
endocrine disease).

Clinical criteria for DLB

When the clinical AD and LBD groups were
compared, there were significant differences in the
core criteria (Table 3). Logistic regression analyses
covering all consensus criteria yielded three signifi-
cant variables for clinical LBD: fluctuations, visual

Copyright € 2000 John Wiley & Sons, Ltd.

Consensus criteria AD (N = 45) % LBD (N +48) %

‘Progressive cognitive 98 100
decline’

Fluctuations in general 31.1% 85.4%*

Visual hallucinations 24.2% 47.9%°

Two or more 48.9% 75.0%°
Parkinsonian symptoms

Auditory hallucinations 8.9% 31.3%

Delusions 31.1% 35.4%

Repeated falls 57.8% 72.9%

Syncope 15.6% 16.7%

Transient loss of 37.8% 43.8%
consciousness

Neuroleptic sensitivity 35.6% 48.0%

Note: Logistic regression analysis with AD and LBD as
dependent variables. *p < 0.001; °p = 0.0095; °p = 0.017.

hallucinations and presence of more than two EPS.
‘Fluctuations in general’ included fluctuations in
memory, orientation and activity of daily living
(ADL), as well as fluctuations in consciousness.
Fluctuation in cognition was present in 35.4% of
the LBD and 6.7% of the AD patients; 41.7% of
the LBD patients exhibited two or more psychotic
symptoms compared to 15.6% of the AD. Further-
more, there were strong intercorrelations between
visual and auditory hallucinations (p < 0.01),
auditory hallucinations and delusions (p < 0.01)
and visual hallucinations and delusions (p < 0.05)
in the whole material (N = 188).

The number of EPS was significantly higher
(p < 0.001) in the LBD group compared to the AD
group (median 4 vs 1).

Supportive diagnostic features

Falls were more likely to occur in patients with
two or more EPS compared to patients with less
prevalent EPS (p = 0.036). Parkinsonian gait was
not connected statistically with repeated falls.

The types of neuroleptic sensitivity reactions
noted were worsening of EPS. sedation, salivation
and mental deterioration. There were no differences
between the different types of neuroleptic sensi-
tivity reactions in the LBD and AD groups, but a
trend (p = 0.08) towards more EPS in the LBD

group.

Int. J. Geriat. Psychiatry 15, 40 49 (2000)
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Table 4. Comparison of prevalence of extrapyramidal
symptoms in clinical LBD and neuropathological DLB
(%)

Clinical diagnoscs Neuropathological
Present study diagnoses

Feature

(N =48) Meta-analysis,
Lennox (1992)
(N=175)
Increased muscle 85.4% 77.0%
tension

Tremor 45.8% 49.0%
Bradykinesia 41.5% 40.0%
Parkinsonian gait 50.0% 48.0%
Flexcd body position 18.8% 28.0%

Neurological features

There were no significant differences in reported
neurological signs in clinical AD and LBD except
for dyspraxia, which was more common in the AD
group (p = 0.046, 64.4% vs 41.7%).

Visual impairment or hearing disability was
reported to the same extent in the different clinical
groups. Faecal incontinence was more common in
the LBD group compared to the AD group (41.7%
vs 22.2%), although this finding was not statisti-
cally significant.

Behavioural disturbances

Confusional episodes and personality change
were more prevalent in the clinical LBD than in the
AD group when logistic regression analyses were
applied. Disinhibition and vocally disruptive beha-
viour (Hallberg e a/., 1993) were more prevalent in
the LBD group, although the difference from the
AD group was non-significant with the statistical
method used (Table 5).

Diagnostic rating scales

Rating scales for recognition of AD (Gustafson
and Nilsson, 1982; Brun and Gustafson, 1993),
VaD (Hachinski ez a/., 1975) and FTD (Gustafson
and Nilsson, 1982; Brun and Gustafson, 1993) were
applied on the medical records. The clinical use-
fulness of the scoring profile of these diagnostic
rating scales has been validated against neuro-
pathology and brain imaging (Brun and Gustafson,
1993; Risberg and Gustafson, 1983; Moroney et al.,
1997).

Copyright ., 2000 John Wiley & Sons, Ltd.

Table 5. Clinical features of frontal type in clinically
diagnosed Lewy body dementia (LBD), Alzheimer’s
diseasc (AD), vascular dementia (VaD), mixed dementia
(AD + VaD) and frontotemporal dementia (FTD) (%)

LBD AD VaD AD+VaD FTD
48 45 20 13 12
Aggression 60.4 556 550 69.2 333
Aspontaneity in 479 422 200 53.8 83.3
speech
Confusion 50.0 244* 550 61.5 41.7
Disinhibition 375 178 35.0 154 50.0
Irritability/ 458 378 500 53.8 25.0
dysphoria
Lack of insight 479 489 35.0 46.2 83.3
Personality change 18.8 4.4° 400 53.8 75.0
Vocally disruptive 354 13.3 250 46.2 8.3

behaviour

Note: Logistic regression analysis with AD and LBD as
dependent variables. ¢p = 0.007; *p = 0.026.

The AD scores, based on 12 items with a
maximum score of 17 and a score of 5 or above
indicating AD, were very similar in the clinical AD
(7.5 +2.4) and LBD (7.4 4 2.8) groups.

The ischaemic score, based on 13 items with a
maximum score of 18 and a score of 7 or above
indicating vascular aetiology, was significantly
higher (p < 0.001) in the clinical LBD (5.3 4 2.6)
compared to the clinical AD (2.9 + 1.8) group. The
FTD score, based on nine items with a maximum
scorc of 13 and a score of 5 or above indicating
frontal lobe dysfunction, was slightly higher
(p = 0.06) in the LBD (4.3 + 2.4) than in the AD
(3.5 £ 1.5) group.

Neuropathology and clinical symptoms of dementia
with Lewy bodies

Mild to severe Alzheimer pathology was found
in 90.3% of the clinical AD cases and in 81.3% of
clinical LBD cases.

Frontal white matter pathology, defined as com-
plete or incomplete white matter infarcts, traumatic
white matter damage or unspecified white matter
degeneration, was significantly (p = 0.011) more
prevalent in the clinical LBD group (47.9%)
compared to the clinical AD group (20.5%).

The degree of substantia nigra degeneration,
arbitrarily graded as none (median 2), mild
(median 3), modcrate (median 3) or severe (median
4), was highly correlated (p < 0.01, r = 0.315)

Int. J. Geriat. Psychiatry 15, 4049 (2000)
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with the number of extrapyramidal symptoms
(N = 128).

LBs were identified mainly in subcortical
regions. The implication of these findings is further
analysed in an ongoing neuropathological study of
these cases using additional immunostaining tech-
niques with focus on identification of LBs.

Grading of dementia with the Berger scale and Katz
ADL index

The progression of dementia as measured by
Berger and Katz indices is presented in Table 6.
The first and last measurements in both clinical
groups were performed approximately between the
third and fifth year of dementia. However, the first
measurement was 1 year earlier in LBD than in
AD. Thus, the deterioration was already more
marked in the LBD group (Katz E-G, Berger 1V—
VI) at the first measurement (38.9% vs 18.2%,
p = 0.036, Fischer’s exact test).

At the last measurement, 63.6% of AD and
83.3% of LBD had deteriorated to the most severe
level, indicating a great need for care. Urinary
incontinence, which is of critical importance in this
grading, started earlier (p = 0.059) in the clinical
LBD (at 73.2 + 10.2 years) compared to the clinical
AD group (at 78.2% + 8.5 years). Twenty-five
individuals in total were measured on three
occasions. A fluctuating score was noted over
time in either Katz, Berger or both rating scales
in 7/17 in the clinical LBD and 0/8 in the clinical

DISCUSSION

The clinical consensus criteria for DLB developed
by McKeith e/ al. (1996) were based on neuro-
pathologically verified cases. When we used these
consensus criteria for clinical DLB it was possible
on clinical grounds to identify a group of LBD
patients restrospectively in a dementia project with
a prospective design. The prevalence of LBD thus
defined in this group, 24.7%, was very similar to
earlier findings using different sets of clinical
criteria for dementia associated with Lewy bodies,
24% (Ballard er al., 1993) and 26% (Shergill et al..
1994). Based on this, we have analysed the clinical
teatures in this LBD group and compared them to
other clinically diagnosed dementia groups, mainly
AD.

It should be pointed out that the neuropatho-
logical analysis of our deceased cases is based on
semi-serial coronal sectioning of the whole brain
(Brun and Gustafson, 1993). The previous neuro-
pathological diagnosis in the majority of cases,
now diagnosed clinically as LBD, was AD with or
without vascular brain lesions. Up to this point
LBD was not diagnosed neuropathologically. The
limited numbers of LBs observed were found
almost exclusively in subcortical regions.

The prevalence of the LBD core symptoms
(Tables 3 and 4) in our clinical LBD group was
similar to results from other materials diagnosed
neuropathologically. Fluctuations were seen in
85.4%, which is in agreement with earlier studies
(Byrne et al., 1989; Perry et al., 1990). Visual

AD group (p = 0.04, Fischer’s exact test). hallucinations were abundant in 47.9%. Earlier
Table 6. Grading of dementia with the Berger scale and Katz ADL index
LBD (¥ = 36) AD (N = 33)
First measurement (%) First measurement (%)
Katz (2.8 yr) Katz (3.9 yr)
Berger (3.4 yr) A B--D E-G Other Berger (4.4 y5) A B-D E-G O
1-111 16.7 1.1 5.6 28 I-H1 30.3 15.1 0 0
IV-VI 5.6 19.4 38.9 0 IV-VI 9.1 27.3 18.2 0
Last measurement (%) Last measurement (%)
Katz (5.2 yr) Katz (5.6 yr)
Berger (5.2 yr) A B-D E-G Other Berger (5.7 yr) A B-D E-G O
I-111 2.8 0 2.8 2.8 -1 12.1 3.0 3.0 6.1
IV-VI 0 5.6 83.3 2.8 IV--VI 0 12.1 63.6 0

Note: Time of rating: mean years after onset of dementia in parentheses.

Copyright € 2000 John Wiley & Sons, Ltd.
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reported prevalence rates have been more variable,
from 13.3% (Byrne et a/., 1989) to 80% (McKeith
et al., 1994), probably reflecting different selection
criteria. There was particularly good agreement on
prevalence of the individual EPS in our clinical
material and Lennox meta-analysis of 75 post-
mortem verified cases in 1992.

The majority of our patients diagnosed as LBD
were recruited from antemortem clinical AD
43.8%, VaD 33.3% and mixed AD + VaD 10.4%
(Table 2). It should be pointed out that the
antemortem clinical diagnosis took into account
the rCBF results.

It has been claimed that diagnostic difficulties
are mainly caused by the use of different sets of
clinical criteria for AD. Perry et al. (1997) found
that 15-50% of the SDLT patients were misdiag-
nosed as having AD. This is probably not the case
in our material, where all the patients were studied
prospectively, with the diagnoscs supported by
rCBF findings, neuropsychological test results and
diagnostic scoring, and the diagnoses were in
agreement with the NINCDS ADRDA criteria
for AD and DSM-111-R criteria for differcnt types
of dementia.

This study shows several significant differences
as well as similarities between AD, LBD and VaD.
These differences were not related to differences in
age at the onsct of dementia, dementia duration,
gender, hereditary factors, previous morbidity or
pharmacological  treatment. The differences
between LBD and AD diagnosed clinically were
most pronounced in the core symptoms of DLB, a
consequence of the selection criteria. However, no
significant differences were found in any of the
supportive features (see Appendix 1). The distinc-
tion between syncope and transient loss of con-
sciousness  as well as TIA  without obvious
neurological focal signs is not very clear, probably
due to obscrvers using a different vocabulary.
Differentiation of fluctuations through loss of
consciousness could be problematic, as the latter
could be an extreme of fluctuation. This might
weaken the validity of these supportive features.

The presence of EPS was common in all clinical
dementia groups, especially in the vascular groups.

There was a tendency clinically to a ‘frontal pro-
file’, with personality change, episodic confusions
and vocally disruptive behaviour being more
common in the clinical LBD group compared to
the clinical AD group. A frontal profile has been
discussed earlier in DLB in several aspects, such as
frontal atrophy (Férstl er /., 1993), {rontal bursts

Copyright 'C- 2000 John Wiley & Sons, Ltd.

KEYPOINTS

o Clinical criteria for Alzheimer’'s discase,
AD, dementia with Lewy bodies (LBD),
vascular dementia (VaD) and frontotemporal
dementia were applied for 200 deceased and
neuropathologically examined patients in a
prospective longitudinal study of dementia

e Prevalence of consensus clinical features in
the clinically defined group of Lewy body
dementia were in accordance with earlier
neuropathologically defined dementia with
Lewy bodies. In addition, the clinically
defined LBD group exhibited marked vascu-
lar and frontal lobe features, both clinically
and neuropathologically

e The clinical course of dementia expressed as
abilities in daily living showed fluctuations
and a faster deterioration in the Lewy body
group compared to the Alzheimer group
diagnosed clinically

e Further neuropathological data will be pre-
sented in a forthcoming paper

in EEG (Burkhardt er al, 1988) and frontal
deficiencies in neuropsychological testing (Hansen
et al., 1990).

Subcortical vascular dementia such as lacunar
state and Binswanger’s disease often have charac-
teristics such as rapid or insidious onsct, clinical
fluctuations and a frontal-subcortical symptom
pattern with bradykinesia, muscular rigidity, small
stepped gait and memory disturbance, even if they
do not always dominate (Wallin and Blennow,
1993). These are all symptoms shared with LBD. In
this study, this was confirmed regarding fluctua-
tions, bradykinesia, increased muscle tonc, the
prevalence of ‘two or more EPS’ and frontal
featurcs such as disinhibition, personality change
and vocally disruptive behaviour. LBDD and the
clinical vascular dementia groups share all these
symptoms. Confusional episodes were also
observed in high percentages of the vascular
dementias.

The separation into five clinical groups (LBD,
AD, VaD, AD + VaD and FTD) was strongly
supported by the scores of the differential diag-
nostic rating scales. When the clinical diagnostic
rating scales were used, therc were obvious differ-
ences in Hachinski score, indicating a possible
vascular component in the clinical LBD compared

Int. J. Geriat. Psvchiatry 15, 40-49 (2000)
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to the AD group. The significant differences
remained (p = 0.002) even when Hachinski score
was compensated for the item ‘fluctuations’. The
Hachinski score in our clinical LBD group
(5.3 +2.6) was cqual to what Perry ef al. (1990)
found (5.57 4+ 2.20) in their 14 neuropathologically
verified SDLT patients. This finding was not
discussed further.

The diagnostic rating scales placed the clinical
LBD group as basically AD but with vascular
features and a certain frontal profile. This picture
was supported neuropathologically by the consist-
ent finding of AD and frontal white matter patho-
logy in our clinical LBD group.

There were indications of higher proportions of a
more disabling dementia in LBD compared to AD.
Already at the first measurement after 2.8 -3.4 years
of dementia, 38.9% of the LBD group were classi-
ficd as belonging to the most severe rating (Katz E—
G and Berger IV-VI). The differences could not be
explained by the duration of dementia, since the
LBD group was evaluated even earlier (1 year) in
dementia than the AD group. Urinary incontin-
ence with onset at an earlier age, and a more
pronounced frontal clinical pattern might con-
tribute to the more severe dementia and could also
indicate a frontal affection. The Katz and Berger
instruments could in this study identify fluctuations
in ADL capacity and degree of dementia in 41% of
the LBD cases. It could therefore be suggested as
one way of measuring the otherwise difficult
concept of fluctuations. The high proportion of
paticnts with the most scvere degree of dementia
(63.6% of AD and 83.3% of LBD) indicates the
need for greater care. Furthermore, the last
measurement was performed after 5.6-5.7 years
of dementia and thesc patients have a mean
dementia duration of 7.1-7.7 years, which means
that they have to spend the remainder of their lives
disabled, dependent and suffering. With regard to
these clinical problems, an early recognition of the
LBD symptom profile is important, since LBD
patients might respond particularly well to cholin-
esterase inhibitors (Shea er al., 1998).

CONCLUSIONS

The results of this study show that DLB could be
identified retrospectively in our dementia popula-
tion by applying the clinical consensus criteria of
DLB. Clinically, our LBD group also exhibited
behavioural disturbances of frontal type as well as

Copyright <> 2000 John Wiley & Sons, Ltd.

signs of vascular origin. Neuropathological exam-
ination revealed Alzheimer pathology, frontal
subcortical vascular components and substantia
nigra degeneration, which may offer an important
explanation for the clinical picture of DLB. There
is a need for further studies addressing possible
vascular components and their significance.

As the clinical LBD group seems to have a more
pronounced and earlier deterioration of dementia
than the clinical AD, it is important to recognize
the LBD symptomology because of the ameliorat-
ing effects of cholinesterase inhibitors. Another
important factor is the choice of appropriate care,
since there is such a rapid deterioration.
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APPENDIX 1

Consensus criteria for the clinical diagnosis of
dementia with Lewy bodies (DLB)

1. The central feature required for a diagnosis of
DLB is progressive cognitive decline of suffi-
cient magnitude to interfere with normal social
or occupational function. Prominent or persis-
tent memory impairment may not necessarily
occur in the early stages, but is usually evident
with progression. Deficits on tests of attention
and of frontosubcortical skills and visuospatial
ability may be especially prominent.

2. Two of the following core features are essential
for a diagnosis of probable DLB; one is
essential for possible DLB:

(a) Fluctuating cognition with pronounced
variations in attention and alertness

(b) Recurrent visual hallucinations which are
typically well formed and detailed

(c) Spontaneous motor {eatures of
Parkinsonism

3. Features supportive for the diagnosis:
(a) Repeated falls
(b) Syncope
(c) Transient loss of consciousness
(d) Neuroleptic sensitivity
(e) Systematized delusions
(f) Hallucinations in other modalities

4. A diagnosis of DLB is less likely in the presence

of:

(a) Stroke disease evident as focal neurological
signs or on brain imaging

(b) Evidence on physical examination and
investigation of any clinical illness, or
other brain disorder, sufficient to account
for the clinical picture

Copyright € 2000 John Wiley & Sons, Ltd.

APPENDIX 2
The Katz index of ADL

A = Independent in feeding, continence, trans-
ferring, going to the toilet, dressing and
bathing

B = Independent
functions

C = Independent in all but bathing and onc
additional function

D = Independent in all but bathing, dressing
and one additional function

E = Independent in all but bathing, dressing,
going to the toilet and one additional
function

F = Independent in all but bathing, dressing,
going to the toilet, transferring and one
additional function

G = Dependent in all six functions

Other = Dependent in at least two functions,

but not classifiable as C, D, E or F

in all but one of these

The Berger scale—a system for rating the severity
of dementia

Class I: Can function in any surroundings, but
forgetfulness is often disruptive of daily activities

Class 1I: Can function without direction only in
familiar surroundings

Class IIl: Needs direction to function even in
familiar surroundings but can respond appropri-
ately to instruction

Class TV: Needs assistance to function, cannot
respond to direction only

Class V: Remains ambulatory, nceds assistance
to function, but cannot communicate verbally in a
meaningful fashion

Class VI: Bedridden or confined to chair and
responds only to tactile stimuli

Int. J. Geriat. Psychiatry 15, 40-49 (2000)
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Abstract

The aim of the study was to investigate arterial blood pressure (BP) and the use of
pharmacological treatment in patients with Lewy body dementia (cLBD) and Alzheimer’s
disease (cAD) diagnosed on clinical grounds. BP and pharmacological treatment was
analysed based on the medical records of 200 deceased dementia patients. Forty-eight cases
with LBD and 45 AD were diagnosed using clinical criteria. The patients, who died between
1985 and 1994, were part of a prospective longitudinal dementia project. The majority of the
cases were examined and cared for at the psychogeriatric and psychiatric departments. BP
levels were very similar at an early stage of dementia but there was a marked decrease during
the course of dementia in cAD and cL.BD. The cLBD cases became hypotensive during the
course of dementia to a significantly greater extent and also had a more pronounced drop in
systolic BP at orthostatic testing compared to the cAD cases. cLBD and cAD were
prescribed neuroleptics and medication potentially associated with hypotension to the same
extent. The total number of these drugs was however higher in cLBD than in cAD.
Antiparkinsonian treatment was, as expected, more common in cLBD compared to cAD.
The findings suggest that insufficient BP regulation and drug treatment could affect the
clinical picture of dementia, particularly in cL.LBD patients. © 2000 Elsevier Science Ireland
Ltd. All rights reserved.
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1. Introduction

Dementia with Lewy bodies (DLB) is considered to be the second most common
dementia in the elderly after Alzheimer’s disease (AD). It represents about 20% of
all organic dementias in clinical settings (Lennox et al., 1989; Hansen et al., 1990;
Perry et al., 1990; Shergill et al., 1994). It was initially recognised neuropathologi-
cally and later also with clinical criteria (McKeith et al, 1996). The consensus
criteria for clinical diagnosis of DLB comprise a dementing disorder with clinical
fluctuations, extrapyramidal symptoms and visual hallucinations. Supporting fea-
tures are frequent falls, loss of consciousness, syncope, neuroleptic sensitivity,
auditory hallucinations and delusions. Many of these characteristics feature in other
dementias especially vascular dementias.

A previous study (Londos et al., 1999) analyzed the medical records of 200
deceased dementia cases, all neuropathologically examined. Forty-eight cases fulfi-
lled the clinical consensus criteria of DLB and 45 the clinical diagnosis of AD. The
neuropathological investigation showed Alzheimer pathology in more than 80% of
both clinical groups. The clinically defined LBD group (cLBD) had significantly
more prevalent frontal white matter pathology and more severe degeneration of the
substantia nigra compared to the clinical AD group (cAD). The cLLBD cases
showed more vascular signs expressed as a significantly higher Hachinski ischemic
score (5.3 £ 2.8 versus 2.9 + 1.8) (Hachinski et al., 1975).

Blood pressure (BP) abnormalities, both arterial hyper- and hypotension, as well
as postural hypotension, have been reported in dementia both in clinical and
neuropathological materials (Brun and Englund, 1985, 1986; Sulkava and Erkin-
juntti, 1987; Erkinjuntti and Hachinski, 1993; Wallin and Blennow, 1993; Passant
et al., 1997). Neuropathological studies by Englund and co-workers have demon-
strated that 50-60% of patients with AD also have selective incomplete white
matter infarcts (SIWI) of a presumed ischemic aetiology (Englund et al., 1989).
Hypotension and orthostatic hypotension (OH) were significantly more prevalent in
AD + SIWI cases compared to the AD without SIWI. The AD patients with SIWI
also showed more symptoms such as hallucinations, fluctuations, confusion and
syncope compared to the AD without SIWI. This symptom constellation is in part
similar the clinical picture of DLB.

Hypotension and OH have previously also been recognised in about 40-50% of
DLB cases and in a mixed DLB and AD population (Kuzuhara et al., 1996; Ballard
et al., 1999).

Arterial hypotension may give rise to symptoms such as dizziness, loss of
consciousness and syncope (Bradshaw and Edwards, 1986) as well as unsteady gait,
falls and fractures (Rubenstein and Robbins, 1984; Tinetti et al., 1986). Several
commonly used drugs such as antihypertensives, diuretics, antidepressants, antiang-
inal, neuroleptics and antiparkinson agents are known to yield hypotension and OH
as a primary therapeutic effect or as an adverse effect (Schoenberger, 1991;
McCarthy and Cameron, 1992; Mets, 1995).

The aim of this study was to describe and compare cLBD and ¢cAD with respect
to
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e arterial BP variation throughout the clinical course of dementia,
e the orthostatic BP reaction and
e pharmacological treatment.

N

. Material and methods

In the present study, medical records from 200 deceased patients were studied.
The patients were all part of a prospective longitudinal dementia project (Gustafson
and Hagberg, 1975; Brun and Gustafson, 1993). In this project most patients had
undergone an extensive investigation with neuropsychiatric evaluation including
neurological status examination, neuropsychological testing, measurements of re-
gional cerebral blood flow (rCBF), EEG, neuroradiology, laboratory testing and
finally neuropathological post mortem examination. The aim of this project was to
study the course of dementia and the clinico-pathological correlates. The present
patient sample represents consecutive cases of clinically and neuropathologically
investigated patients with dementia who died between 1985 and 1994. The clinical
criteria for probable DLB (McKeith et al., 1996) and AD (DSM IV and NINCDS-
ADRDA; McKhann et al., 1984) were applied retrospectively. The clinical diag-
noses were made without any previous knowledge of the neuropathological results
(EL).

The majority of cases ( > 90%) were examined and/or cared for at psychogeriatric
and psychiatric departments at Lund University hospital.

The prevalence of any pharmacological treatment during the course of dementia
was registered dichotomously as present or not. In this study, it was not always
possible to calculate the exact treatment time of each drug. Drugs which were used
for less than a week were not included in the analysis.

Systolic (SBP) and diastolic BP (DBP) values were chosen from assessments
made as early as possible in the course of dementia and at a late stage in dementia
(not the last month of life). The mean arterial BP (MABP) was calculated at
corresponding timepoints.

The orthostatic test was performed with repeated measurements in the standing
position since a considerable amount of dementia patients at orthostatic testing
have their BP decrease after 3—5 min or later during standing (Passant et al., 1996).
At orthostatic testing, the lowest systolic and diastolic values were measured. At the
same time, the difference between supine systolic BP and lowest systolic value in
standing position, named the maximal systolic difference, was calculated.

Orthostatic hypotension (OH) was defined as a systolic drop of 20 mmHg or
more from supine to standing position (Mathias and Bannister, 1992). Hypotension
was considered present when the systolic BP was 120 mmHg or below.

2.1. Statistical analysis

All statistical work was conducted in SPSS. McNemars test was used to compare
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the differences in the number of cases with BP < 120 or > 160 early and late in
dementia in the cAD and cLBD groups in Table 2. For the comparison of
proportions between the clinical cAD and cLLBD groups in Table 3 the Fisher’s
exact test and y? test (with continuity correction) was applied. The Mann Whitney
U test was used for the comparison of number of medications in clinical cAD and
cLBD groups in Table 4, while the Students z-test was applied to compare
the differences in maximal systolic drop during orthostatic testing between the
cAD and cLBD groups. In order to compare the BP levels between the cAD
and the cLBD groups during the course of dementia the paired f-test was used

(Fig. 1).

3. Results

Two hundred patients were included in the study. Seven patients were excluded
since their medical records were not available and in five additional cases the
clinical information was considered insufficient for the present purpose. Clinical
information was obtained from the remaining 188 medical records. Forty-eight
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Fig. 1. Mean blood pressure (mmHg) early and late in Alzheimer’s disease and Lewy body dementia
diagonsed clinically.
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the differences in the number of cases with BP <120 or > 160 early and late in
dementia in the cAD and cLBD groups in Table 2. For the comparison of
proportions between the clinical cAD and cLBD groups in Table 3 the Fisher’s
exact test and y? test (with continuity correction) was applied. The Mann Whitney
U test was used for the comparison of number of medications in clinical cAD and
cLBD groups in Table 4, while the Students ¢-test was applied to compare
the differences in maximal systolic drop during orthostatic testing between the
cAD and c¢LBD groups. In order to compare the BP levels between the cAD
and the cLBD groups during the course of dementia the paired ¢-test was used

(Fig. 1).

3. Results

Two hundred patients were included in the study. Seven patients were excluded
since their medical records were not available and in five additional cases the
clinical information was considered insufficient for the present purpose. Clinical
information was obtained from the remaining 188 medical records. Forty-eight
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Fig. 1. Mean blood pressure (mmHg) early and late in Alzheimer’s disease and Lewy body dementia
diagonsed clinically.
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There was a marked variation in BP levels within each clinical group (Table 2).
Hypertension (SBP > 160) was significantly (P = 0.001) more prevalent at an early
stage of dementia in both cLBD and cAD compared to late in dementia. A
significantly (P = 0.001) larger number of cLBD patients thus exhibited hypoten-
sion (SBP < 120 mmHg) late in dementia, compared to the cAD patients.

The average maximal drop in systolic BP at orthostatic testing tended (P = 0.053)
to be more marked in the cLBD, 32.4 4+ 12.6 mmHg, median 30 (range 15-60,
n=17) than in the cAD, 24.2 + 11.5 mmHg, median 20 (range 0-50, n = 18). The
orthostatic tests were performed after a median interval of 2.5 years (range 0-8) of
dementia in ¢cLBD and 2 years (range 3-12) in cAD.

Treatment with antiparkinsonian agents was, not surprisingly, significantly (P =
0.006) more prevalent in cLBD (31.3%) than in cAD (6.7%). There was however no
major difference in the prescription of other drugs (antipsychotics, antidepressants,
sedatives — mainly benzodiazepins, hypnotics, anticonvulsants, antihypertensives,
antianginal agents and steroids) between the two clinical groups (Table 3).

The cLBD group had been treated with a significantly (P = 0.007) larger number
of different neuroleptics during the course of dementia than the patients in the cAD
group (2.73 vs. 2.0). The number of drugs that might have contributed to hypo-
tension (antihypertensives, diuretics, antiparkinsonian agents and sedatives) was
also significantly (P = 0.015) higher in the cLBD (1.4) compared to the cAD (0.9)
(Table 4).

Table 3
Pharmacological treatment during dementia in Alzheimer’s disease (cAD) and Lewy body dementia
(cLBD) diagnosed clinically (in %)*

cAD cLBD P
n=45 n =48

Antiparkinsonian agents 6.7 313 0.006
Haloperidol 68.9 81.3 0.127
Thioridazine 35.6 50.0 0.209
Zuclopenthioxol 24.4 45.8 0.053
Melperone 35.6 29.2 0.658
Levopromazine 8.9 16.7 0.358
Pimozide 4.4 12.5 0.269
Propiomazin 13.3 12.5 1.000
Clorpromazin 8.9 8.3 1.000
SSRI 0 6.2 0.243
Tricyclic antidepressants 26.7 31.2 0.655
Benzodiazepine 333 37.5 0.829
Benzodiazepine-night 46.7 41.7 0.679
Antiepileptics 11.1 14.6 0.760
Diuretics 28.6 39.6 0.386
Other antihypertensives 6.7 8.3 1.000
Digitalis 20.0 20.8 1.000
Steroids 2.2 2.1 1.00

a Statisitical analysis: Fisher’s exact test and y2.
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Table 4
Mean number of neuroleptics and medication with potential hypotensive side effects in clinically
defined Lewy body dementia (cLBD) and Alzheimer’s disease (cAD)?

Number of cAD cLBD P

N 45 48

Neuroleptics 2.0 2.73 0.007
Potentially hypotensive drugs 1.9 2.3 0.024
Potentially hypotensive drugs ex! antipsychotics 0.9 1.4 0.015

a Statistical analysis: Mann Whitney U-test.

There was a trend (P = 0.057) towards a higher prevalence of treatment with any
kind of neuroleptic medication in cLBD (47.9%) before the onset of parkinsonism
compared to cAD (26.7%).

The dosages of neuroleptics did not differ in the clinical groups. 84.9% of cAD
and 73.8% of cLBD were treated with low doses according to established Swedish
treatment recommendations. Only a few patients, one in each group, were treated
with a dosage of neuroleptics within the higher recommended range.

4. Discussion

The patients in this study were part of a longitudinal dementia project. A vast
majority of the patients were not only examined and diagnosed but also treated at
the psychiatric or psychogeriatric wards, often with long observational times
(median 6 months, range 1-107). DLB was not an antemortem clinical diagnosis in
use at the time of the clinical evaluations in any of these cases and therefore the
doctors were not biased to this diagnosis when describing the symptoms.

The patients in our study fulfilling the clinical criteria of DLB and AD did not
differ in demographic data and prevalence of DLB symptoms from populations in
other studies (Byrne et al., 1989; Perry et al., 1990; Lennox, 1992; McKeith et al.,
1994) based on post mortem verified cases.

The average SBP and DBP, early in the course of dementia (Fig. 1) were similar
and within normal range in both clinical groups. One third of our cAD and cLBD
cases were hypertensive ( > 160 mmHg) at an early stage of dementia (Table 2) and
an additional one cAD patient and five cLBD patients were previously diagnosed as
hypertensive although there was no information on BP values. There are few
longitudinal reports on BP in degenerative dementia with post mortem confirma-
tion. Previously increased BP may increase the risk for both AD and vascular
dementia as shown by Skoog et al., 1996 in a clinical longitudinal study. Some
studies have shown lower SBP and DBP levels in AD than in controls (Bucht et al.,
1984; Elmstihl et al., 1992). The measurements of BP in these studies were,
however, performed later (after 3.2 +1.0 and 7.2 + 3.6 years) in the course of
dementia than the early measurements in our study. There are few if any longitudi-
nal studies comparing BP in AD and DLB. It was therefore interesting that SBP
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was within the normal range at an early stage of dementia and decreased signifi-
cantly at a late stage of dementia in both clinical groups. The development of a
hypotensive profile late in dementia was more marked in ¢cLBD than in cAD. The
increase of individuals with hypotension (SBP < 120 mmHg) from 3 to 18 individu-
als in the cLBD group was significantly greater than in the cAD group where the
corresponding prevalence were 8 early and 11 late in dementia (Table 2). The
decrease in BP was independent of age since there were no differences in SBP levels
between subjects younger or older than 75 years of age late in dementia. In
contrast, several large epidemiological studies have shown that arterial BP in the
general population consistently rises with age up to about the age of 75 and
thereafter decreases (Landahl et al., 1986; Bots et al., 1991). In AD, BP has been
shown to decline during the course of dementia (Burke et al., 1994; Guo et al.,
1996; Passant et al., 1996; Hogan et al., 1997). It should be noted that this tendency
is also reported in post-mortem verified vascular dementia of Binswanger type
(Fredriksson et al., 1992) and multi-infarct dementia (Gustafson et al., 1999). Thus
the hypotensive profile in our cLBD patients, largely independent of age, indicates
a connection with the dementing disease.

Orthostatic BP tests were performed in 17 cAD and 18 cLBD cases in our study.
The missing cases in each clinical group did not differ from the examined cases
concerning arterial BP, age or medication. Among those who had gone through the
orthostatic test male patients were, however, significantly more prevalent in the
cLBD group compared with those who had not. The cases investigated were,
however, considered to be representative of the two diagnostic groups, in all aspects
except for the described gender difference.

Low BP and OH, which are common in organic dementia of all types (Passant
et al., 1997) are suggested as an etiologic or as a complicating factor in dementia,
particularly of the AD type (Englund et al., 1989; Guo et al., 1996). Previous
hypertension that develops into hypotension, as well as other types of cardiac and
vascular insufficiencies, have been suggested as contributing factors in dementia
through the development of SIWIs (Englund et al., 1989; Skoog et al., 1996;
Englund, 1999). It is suggested that episodes of hypoperfusion of a brain area due
to BP falls, usually in combination with small vessel stenosis, results in complete
and mainly incomplete white matter infarctions (Brun and Englund, 1986), particu-
larly prevalent in the frontal lobes (Englund et al., 1989). It was therefore especially
interesting that a consistent neuropathological finding in our cLBD group was AD
pathology combined with frontal white matter pathology, mainly of the SIWI type.
White matter pathology was also found in the cAD group but the frontal location
was the predominant feature of the cLBD cases. Accounting neuropathological
findings will be presented in a forthcoming paper after renewed staining techniques
have been applied to the material to assess more specifically the prevalence of Lewy
bodies.

The more pronounced orthostatic BP reaction in the ¢cLBD groups could place
this group in the same clinico-pathological spectrum as Parkinson’s disease where
OH has been proposed to be highly prevalent (58%) (Senard et al.,, 1997).
Thirty-eight percent of cLBD and 40% of cAD had OH in our material (Londos et
al., 1999).
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In a previous study we showed that 83% of the cLBD and 64% of the cAD
patients late in the course of dementia (5 + 3 years after clinical onset) had a poor
ability in ADL capacities, including mobility (Londos et al., 1999). The decreased
activity may further increase the orthostatic BP reactions (Mets, 1995).

The regulation of the cerebrovascular system in dementia is a complex interplay
between metabolic, chemical and neurogenic factors with the involvement of several
neurotransmittors. The physiological basis of BP regulation involves both parasym-
pathetic and sympathetic autonomic activity via the central cholinergic system
(Ewing et al., 1980). It is a well-established fact that cerebral blood vessels are
endowed with acetylcholinesteras positive fibers (Edvinson, 1993). A speculative
biochemical correlate to the insufficient BP regulation in cLBD in this study could
be a hypothetical cholinergic deficiency. It has been suggested that patients with
impaired cholinergic function have a greater postural drop on standing and may
also be the patients who will respond to cholinergic therapy (Eagger and Harvey,
1995). There is strong evidence of a cerebral cholinergic defect in AD (Bowen et al.,
1976) and there may be even more pronounced defects in DLB (Perry et al., 1994).
DLB patients have also been reported to respond particularly well to cholinesterase
inhibitors (Shea et al., 1998). The importance of the dopaminergic system has been
more emphasised in relation to neuropharmacological issues than to cerebrovascu-
lar physiology. However, a recent study (Faucheux et al., 1999) found that blood
vessels in the mesencephalon change in patients with Parkinson’s disease and the
authors suggested that modifications in the microenvironment of dopaminergic
neurones may be important in the pathogenesis of brain diseases.

The larger number of neuroleptics prescribed per person in the cLBD group
compared to the cAD group is probably due to a more severe state of illness and
more psychotic symptoms in this group. It could also be a result of a different
sensitivity to neuroleptics in this group, and therefore more changes of medications.
The trend towards a higher frequency of ‘previous treatment with neuroleptics
before onset of EPS’ in the cLBD group could lead to the interpretation that the
medication per se induced the EPS. The cLBD patients were also treated with a
significantly higher number of medications possibly associated with hypotension
(antihypertensives, diuretics, antiparkinsonian agents and sedatives).

In summary, this study showed that BP levels decreased significantly during the
symptomatic phase of degenerative dementia in both cLBD and cAD although with
a more marked hypotensive profile late in dementia in cLBD. The orthostatic
reaction was also more pronounced in cLBD compared to cAD. The cLBD was
treated with a higher number of antipsychotics and other drugs associated with
hypotension compared to the cAD, which may contribute to the unstable BP
reaction. Hypotension and OH could also be due to the brain dysfunction per se.
The analysis of BP and medication in relation to symptoms is however difficult
since the clinical profile of DLB and side effects of medications are similar.

A clinical implication that could be drawn from this study is the importance of
repeated BP measurements, in a supine as well as a standing position, and caution
with polypharmacy in the elderly population, in particular in patients with clinical
Lewy body dementia.
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Abstract

Odbjectives. To analyse the neuropathological changes behind clinically defined dementia with
Lewy bodies (clinDLB) compared with clinically diagnosed Alzheimer’s disease (clinAD).
Methods. The prevalence of neuropathological findings in 48 clinDLB and 45 clinAD cases was
compared. 16 clinDLB and 10 clinAD cases were reassessed with Of-synuclein staining for Lewy
bodies (LB).

Results. Alzheimer pathology was found in 81% of the clinDLB and 93% of the clinAD cases.
The clinDLB group had a higher prevalence of frontal white matter pathology, mostly of ischemic
type, and a more severe degeneration of the substantia nigra compared to the clinAD group. In
Hematoxylin/Eosin staining LBs were identified in 7 (15%) of the clinDLB and in 4 (9%) of the
clinAD group. In O-synuclein staining 38% of the clinDILB and 40% of the clinAD cases exhib-
ited LBs. The cases without LBs, in the clinDLB group, had AD pathology in combination with
frontal white matter disease. Vascular pathology of significant degree was prevalent in almost 50
% of all the cases with verified LBs regardless of clinical diagnosis.

Conclusion. Consecutive dementia cases, fulfilling the clinical consensus criteria for DLB may
exhibit combinations of neuropathological changes which in themselves can explain the clinical
picture of DLB even when LBs are absent.

Key words: Lewy body dementia, Alzheimer pathology, white matter disease, Alzheimer’s dis-
ease, substantia nigra, vascular pathology, neuropathology

Key points:
‘Lewy bodies were seen in equal prevalence, about 40%, of cases fulfilling clinical criteria for
DLB and clinical criteria of AD.

-Cases fulfilling the clinical consensus criteria of DLB show combinations of neuropathologi-
cal changes which in themselves may explain the clinical picture of DLB even when LBs are
absent.

-Vascular pathology was seen in 50% of cases with Lewy bodies.

-Cases with clinical DLB without Lewy bodies neuropathologically, often have Alzheimer
pathology combined with frontal white matter pathology of ischemic type.
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Introduction

Lewy bodies (LB) are pathological structures visualised as cytoplasmatic eosinophilic, concentric
neural inclusion bodies with a characteristic halo when located in the brainstem. The structure
was first described by Lewy in 1912 and the occurrence of LBs in SN, locus coeruleus and nbM
were later considered to be characteristic phenomena Parkinson’s disease (PaD) (Greenfield and
Bosanquet, 1953, Bethlem and Den Hartog Jager, 1960).

LBs have however, been identified in a variety of diseases of different origin (Helfand 1935,
Sigwald et al., 1964, Hirano et al., 1967, Agamanolis et al., 1979), although degenerative diseases
and psychiatric disorders dominate (R6véti 1956, Woodard 1962, Birkett et al 1992).

LBs have also been described as an incidental finding at autopsy in 4-5% (Forno 1969, Bergeron
and Pollanen 1989). The prevalence has been found to increase with age (Hamada et al., 1963,
Hirai 1968) and was 12,8% in the ninth decade (Gibb et al., 1988).

In 1960 Okazaki presented 2 remarkable cases with rapid disease progression, dementia and the
clinical picture of paraplegia in flexion, who at autopsy were found to have widely spread LBs in
the brain. These cases represent an unusual form of pure diffuse Lewy body disease (IKosaka,
1990).

Presence of LBs in dementia as revealed with modern staining techniques have been reported in
about 20% of all organic dementia conditions, however most often in combination with Alzheimer
pathology (Lennox et al., 1989; Hansen et al., 1990; Perry et al., 1990b; Shergill et al., 1994). The
terminology adapted over the years such as combined AD and PaD, AD with PaD-related changes,
AD with incidental Lewy bodies, AD with concomitant Lewy body disease, senile dementia of
Lewy body type (SDLT), diffuse Lewy body disease (DLLBD) and the Lewy body variant of
Alzheimer’s disease, has reflected the ongoing debate whether the condition is part of a disease
spectrum between PaD and AD or a separate neurodegenerative disease entity but with clinical,
neuropathological, and neurochemical features of both (Samuel et al., 1996).

In 1996 the first consensus guidelines for the clinical and pathological diagnosis of dementia
with Lewy bodies (DLB) were published (McKeith et al.,1996). DLB was described as a dementia
disorder with three clinical core features: cognitive fluctuations, extrapyramidal symptoms and
visual hallucinations.

Several of the clinical DLB characteristics also appear in other dementia’s: extrapyramidal symp-
toms (EPS) in AD (Pearce, 1974, Mélsi et al., 1984, Michell, 1995), dementia in PaD (Marttila
and Rinne, 1976) and fluctuations in vascular dementias (Mayer-Gross, Slater, Roth, 1969,
Gustafson et al., 1990, Moroney et al., 1997), especially of the small vessel type (Englund et al.,
1989).

The pathological significance and clinical implications of the LB itself have not been established
even though an association to cellular stress and neuronal degeneration are often suggested (De
la Fuente-Fernandez and Calne, 1996). The presence of LBs in the SN are classically correlated to
EPS (Trétiakoff, 1919), in neocortex to the dementia syndrome (Lennox et al., 1989, Samuel et
al., 1996) and through cholinergic deficits also to visual hallucinations (Perry et al.,1990a,
Cummings, 2000). Other studies have however found that tangles in the SN may also produce
EPS (Liu et al., 1997). Forstl et al., (1994) found no statistical evidence for a telation between
hallucinations or delusions and the presence of LBs in the brainstem or neocortex . Hughes et
al (1993) found cortical LBs in 100% of histologically confirmed PaD cases regardless of whether
dementia was present or not. Against this complex background it is understandable that the
diagnostic process involves differential diagnostic dilemmas.
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The aim of this study was

to describe the neuropathological findings in cases with clinically defined DLB

to compare these findings with the neuropathology of a group of clinically defined AD patients
and to investigate how the use of a-synuclein staining could improve the neuropathological
detection of LB.

Patients and methods

The patients in this study were all part of a prospective longitudinal dementia project (Gustafson
and Hagberg, 1975; Brun and Gustafson, 1993). The majority (>90%) of the patients were
referred to the Psychogeriatric department, Lund University hospital. The catchment area is the
most southern county (Skane) of Sweden with a population of about 1.1 million. The remain-
ing 10% were referred to the neuropsychiatric consultant from the medical, neurology and
psychiatry departments or nursing homes in Lund and nearby communities. The patients were
investigated with neuropsychiatric evaluation including neurological status examination, neu-
ropsychological testing, measurements of regional cerebral blood flow (tCBF), EEG, CT, labora-
tory screening and finally neuropathological post mortem examination. The primary aim of the
dementia project was to study the course of dementia and clinico-pathological correlates. The
present patient sample represents 200 consecutive cases investigated for dementia. These pa-
tients died between 1985-1994.

The clinical consensus criteria for probable DLB (McKeith et al., 1996), the DSM IV and NINCDS-
ADRDA for probable AD ( McKhann et al., 1984), The L.und- Manchester criteria (Brun et al.,
1994) for diagnosis of frontotemporal dementia (FTD) and the DSM IV criteria for vascular
dementia (VaD) were applied retrospectively.

The clinical diagnosis of DLB is based on recognition of a dementia syndrome with three major
clinical criteria: fluctuations of cognition, extrapyramidal symptoms and visual hallucinations.
Supporting criteria are: frequent falls, loss of consciousness, syncope, neuroleptic sensitivity,
auditory hallucinations and delusions. The neuropathological guidelines offer a pathological
subclassification according to topogtraphical distribution of LBs: predominantly brainstem, limbic
or transitional, and neocortical localisation. Associated neuropathological features are Lewy-
related neurites, plaques, neurofibrillary tangles, regional neuronal loss in SN, L.C and nbM and
spongiform changes (McKeith et al., 1990).

The clinical diagnoses in this study were made without any previous knowledge of the neu-
ropathological results (EL) and were based on clinical signs and brain imaging (CT/MR) when
available. The regional cerebral blood flow (rCBF) findings were not taken into account in this
study since they are analysed in a separate study (Londos et al 2000b).

Among the diagnostic groups that emerged, the groups fulfilling the clinical criteria for AD
(clinAD) and DLB (clinDLB) were chosen for further comparisons. 67% of the cases in the
clinDLB group also fulfilled clinical AD criteria.

The prevalence of symptoms in the clinDLB group have been described in Londos et al 2000
and was in accordance with the prevalence described in primarily neuropathologically diag-
nosed DLB cases (Lennox, 1992). In accordance with the clinical consensus criteria none of the
clinDLB patients had clinical signs or a history of stroke.

The same neuropathologist (AB) examined all the cases. The procedures included laboratory
standard measures of whole brain immersion fixation in 4% formaline and in addition intra-
ventricular injection of formaline, for a more rapid central white matter fixation. Fixation times
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averaged 2-3 weeks. The entire brain was then cut in %2-1 cm thick coronal sections, which were
paraffin-embedded and cut in five micra thick sections. The semi-serial section technique with
subsequent extensive microscopical analysis is a prerequisite for a safe neuropathological map-
ping of type, severity and distribution of changes and also for the exclusion of other types of
clinically significant brain pathology. Staining routines included H/E for overall detail assess-
ment and Luxol Fast Blue with cresyl violet counter staining for myelin and appreciation of cell
numbers. Congo red for amyloid and Van Gieson-elastica staining for meningeal, vascular fi-
brosis and degeneration were used in selected sections.

Campbell and Gallyas methods were used for the detection of neuritic plaques, dystrophic
neurites and neurofibrillary tangles and ubiquitin staining. The regional distribution and sever-
ity of white matter changes were mapped and quantitated according to a grading system with
three main degrees, used previously for correlation with quantitative neurochemical measures
(Englund et al., 1988). This assessment was combined with a similar mapping of the grey matter
Alzheimer pathology using a grading system, which combines a number of histological vari-
ables (Brun and Englund, 1981). AD was defined as a combination of pathological changes such
as neuronal loss, gliosis, microvacuolization, neurofibrillary tangles, senile plaques and dys-
trophic neurites. In terms of severity it ranges from a basal encephalopathy consistent with
normal ageing (grade 0) to a level of severity recognised as AD grade I=mild, II=moderate and
III=severe. The vascular pathology was mapped with regard to large and small vessels including
carotid artherosclerosis, amyloid angiopathy and central white matter arteriolosclerosis as well
as other, specific vascular changes. Incomplete infarcts restricted to the white matter are named
selective white matter infarcts (SIWI) characterized by a reduction of both myelin and glial cells,
appearing as a result of regionally reduced cerebral perfusion due to subcortical small vessel
disease combined with systemic hypotension (Englund et al., 1988).

To amplify the detection of LBs 16 cases from the clinDLB group and the 10 cases from the
clinAD group were reinvestigated with O-synuclein, tau, ubiquitin and GFAP antibodies. LBs
were defined as rounded, non-fibrillary intensely immunoreactive inclusions. Tissue sections
were taken from the mesencephalon, cingulate gyrus, hypothalamus, basal temporal cortex in-
cluding hippocampus, parietal cortex and the frontal pole cortex. The groups were age and sex
matched to be representative of the clinDLB (n=48) and clinAD (n=45) groups. Other variables
that were accounted for were age of onset of dementia and duration of dementia.

Statistical methods

All statistical work was conducted in SPSS. For the comparison of the prevalence of different
pathologies in the clinDLB and clinAD groups in table 2 the X?test with continuity cottection
was used. The Mann Whitney U test was applied for the comparison of degrees of pathological
change in the clinDLB and clinAD groups in table 3. The Kruskaal-Wallis test was used when
numbers of EPS (0-5) was correlated to the degree of SN degeneration.

Results

Demographic data are shown in table 1. Prevalence of separate pathological results is presented
descriptively in table 2 and 3. As can be seen, Alzheimer pathology of any degree (mild-severe)
was seen in 93% of the clinAD and in 81% of clinDLB. The overall degree of the Alzheimer
degeneration was not significantly different in the clinDLB and clinAD groups. There was
however, a significantly (p<0.001) more pronounced hippocampal degeneration, a higher de-
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gree of temporal Alzheimer pathology (p=0.007) and a higher degree of neurofibrillary tangles
(p=0.047) in the clinAD compared to the clinDLB group.

The degeneration of SN was significantly (p=0.013) more severe in clinDLB than in clinAD (table 3)
and a larger number of EPS was reported when the degeneration of SN was more advanced
(p=0.001 Kruskal-Wallis).

LBs, identified with the basal H/E and ubiquitin staining, were almost exclusively found in the
brainstem. When found in the cortex the numbers were small. Table 4.

The prevalence of cases with LBs was 14,6% in the clinDLB and 9,1% in the clinAD group. Frontal
white matter pathology defined as complete or selective incomplete white matter infarcts (SIWI) and
traumatic white matter damage was seen in 47,9% of the clinDLB group compared to 20,5% of the
clinAD group (p=0.011). SIWI was the dominating white matter pathology in these cases.
Among the cases with clinAD and clinDLB who exhibited a combination of AD and frontal white
matter pathology (n=32), 24 (75%) belonged to the clinDLB and 8 (25%) to the clinAD group.
The prevalence of vascular pathology defined as small, single or multiple large infarcts did not differ
between the two clinically defined groups, 67% of clinDLB and in 68% of clinAD.

Combinations of AD and vascular pathology, either SIWI, complete infarct or both, were the most
common pathological findings in both clinical dementia groups (table 5 and 6). The general impres-
sion was that the clinDLB group had a larger variety of mixed pathological diagnoses compared to
the clinAD cases and the combination Alzheimer pathology and degeneration of the SN was
present in most cases.

The 16 clinDLB and 10 clinAD cases in the extended investigation with O-synuclein staining showed
no significant differences compared to the original clinDLB (n=48) and clinAD (n=45) cases in
demogtraphic data, frequencies of symptoms of DLB, vascular symptoms, behavioural distur-
bances, risk factors or medication.

Hansen and Samuel (1997) suggested that descriptive profiling of the studied cases should be
presented to reduce nosologic confusion. Therefore individual data of the Q-synuclein assessed
cases is presented in table 4. All cases with AD pathology exhibited diffuse and neuritic plaques. Tau
positive neurites were also present in all of these cases. As can be seen here, LBs were found in 6 of
16 O-synuclein investigated clinDLB cases. Two of these previously exhibited LB in H/E and
ubiquitin stainings. Four cases showed LBs in subcortical regions. Cortical LBs were seen in 4 cases.
LBs were most frequently located in the SN 4/6, the nbM/hypothalamus 4/6 and the cingulate
cortex 2/6. The density of cortical LBs was generally low, ranging from 1-7 LBs per case. Five of six
cases with LBs exhibited Alzheimer pathology, 4 of mild and 1 of severe degree in contrast to the 10
clinDLB cases without LBs, where 9 had a moderate or severe AD degree. Three of the 6 clinDLB
cases with LBs were of the “no-tangle” type. Four of the 6 clinDLB cases with LLBs had a concomi-
tant moderate SN degeneration in contrast to the clinDLB cases without LBs where only 3 of 9 cases
showed mild and 1 of 9 showed moderate SN degeneration.

Among the 6 clinDLB cases with LBs, only 1 had AD and frontal white matter pathology in contrast
to the clinDLB cases without LBs, where 7 of 10 cases exhibited this combined pathology (p=0.059,
Fischer’s exact test).

The original pathological diagnoses of the six cases with clinical DB and LBs are presented in table
7.

LBs were found in 4 of the 10 a-synuclein reassessed AD cases. In one of these cases, LBs were
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found previously in the H/E and ubiquitin stainings.

The location of the LBs was in the hypothalamus in all 4 cases and in 2 of these also in mesen-
cephalon and the cingulate cortex. The numbers of LBs varied between 5 and 10. Original patho-
logical diagnoses of these 4 clinAD cases were AD (n=2), AD+MID and AD+SIWI.

The predictive validity of clinical diagnosis against the criterion of neuropathological identifica-
tion of LBs among the 26 O-synuclein assessed cases was expressed in terms of sensitivity and
specificity. The specificity for DLB was 6/16=38% and the sensitivity was 6/10=60%.

Discussion

The results of this study are based on the comparison between two clinically defined patient
groups, fulfilling generally accepted clinical dementia criteria. The cases were selected as con-
secutive cases within a prospective longitudinal dementia project. The investigated cases had all
been referred to the psychogeriatric clinic as suspected dementia cases and followed up clinically
and with post mortem neuropathological examination. The patient sample was selected as con-
secutively neuropathologically investigated cases in a demented population as an attempt to
mirror the clinical spectrum of the psychogeriatrician’s everyday practice. The age and sex
distributions were in accordance with other neuropathologically studied DLB and AD populations.
The retrospective collection of data and the clinical diagnostic process have been described in
previous publications (Londos et al., 2000a and b). Since clinical consensus criteria for DLB
were not available during the patient’s lifetime these clinical criteria were applied retrospec-
tively.

The primary aim of this study was to investigate the neuropathological picture of cases fulfilling
clinical DLB criteria. The neuropathological staining techniques used in the study mirror the
evolution of increasing sensitivity in detection of LBs. The original results from the whole brain
semi serial sections and stored blocks of neuropathological material for reassessment with a-
synuclein staining allowed the retrospective analysis of representative cases in the two clinical
groups spanning an investigation period between 1985 and 1994.

All our cases could have been designated, according to earlier terminologies, as the Lewy body
variant of AD (Hansen et al., 1990) or Senile dementia of Lewy body type (Perry et al., 1989) or
DLBD common type (Kosaka, 1990), since the AD pathology in most cases was combined with
small amounts of LBs. However it was considered that the density of LBs per se had not contrib-
uted to the cortical dementia syndrome and none of our cases showed the wide spread LBs of
high densities throughout the cortex named cortical Lewy body disease or diffuse Lewy body
disease, pure type.

In our study the LB prevalence rate in clinDLB was low and identical to that in the clinAD.
Although not designed to be a validity study this indicates that the diagnostic specificity and the
sensitivity of the clinical criteria of DLB ate rather poor. There are several possible explanations
for this.

The retrospective approach might have resulted in a systematic error in the application of the
clinical criteria of DI.B. There was however a very similar prevalence of the clinical features
down to details, such as the distribution of separate EPS, compared to what has been described
in neuropathologically defined DLB cases (see further, Londos et al., 2000). Even some non-LB
neuropathological characteristics such as AD pathology of less degree, SN degeneration,
spongiform changes resembled eatlier described neuropathological DLB cases (Dickson et al.,
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1987, Hansen et al., 1989).

The clinical criteria of DI.B might not be sufficiently specific, when applied on consecutive dementia
cases. Studies designed and aimed to investigate validity of the criteria of DLB have mostly been
performed on cases with neuropathologically established, more pure diagnoses (Litvan et al., 1998,
McShane et al., 1998, Papka et al., 1998, Luis et al., 1999). This might have contributed to high
specificity (0.87-0.91) and sensitivity rates (0.43-0.89). However, in a community-based study by
Holmes etal., 1999, where the cases were representative of a geographic catchment area, the pathologies
appeared to be more mixed yielding a sensitivity of 1.0 and specificity of 0.22. In a pure prospective
study by McKeith et al 2000 the sensitivity was 0.83 and specificity 0.95, although 31% of the DL.B
cases also had significant vascular pathology and the distribution of Lewy bodies was not found to
correlate to the clinical features. However in another prospective study (Hohl et al., 2000), the
diagnostic accuracy of DLB was found to be rather limited, 50%.

Combinations of other pathologies may produce the same clinical picture thatis described as DI.B.
This is one of the main findings in this study. Even cases with various other pathologies, such as
MID, Binswanger s disease, AD combined with SIWI, PaD combined with AD and frontotempo-
ral dementia did, in our study, fulfil the clinical critetia of DLB and exhibit LBs at postmortem.
The relative impact on the clinical picture of different pathological findings is complex since the
location, extension and addition of lesions have to be evaluated. The semiserial coronal sectioning

technique may be advantageous here as it offers an overview of the brain and possibilities to
evaluate the interplay between the regional lesions. The detection of SIWT lesions is dependent on

this sectioning technique and probably underestimated when the small block technique is used
(Brun et al., 1990).

Lewy bodies may have a different significance with more impact on the symptomathology in

cases with higher densities and a more widespread distribution.
The consensus group recommended the term DLB as a generic term to “acknowledge the pres-

ence of LB without specifying their relative importance in symptom formation with respect to
other degenerative or vascular pathology that is simultancously present”. With this broad defi-
nition DLB becomes a pathological descriptive diagnosis not indicating in which cases the LB
pathology possibly or substantially contributes to the clinical picture.

As pointed out by Samuels et al., 1997, the consensus does not separate the larger group of
patients with LBs in combination with AD pathology from the smaller group with LB without
any AD pathology.

More recently great attention has been paid to the synucleins (0-, B- and Y-) that may play a role
in synaptic transmission by transformation into insoluble pathological proteins and form ag-
gregates (e.g. LB) which compromise the function and viability of neurones. Pre synaptic axon
terminal pathology in hippocampus have been shown in PaD and DLB using 0O-, - and Y-
synuclein antibodies (Galvin et al., 1999). - synuclein antibodies have also been traced in the
extensive fine thread-like Lewy neurites in connection with peripheral nerves (Braak et al., 1999).
It is suggested that the neurites formed abnormal aggregations which interfere with normal
axon function. These studies ate examples of the efforts to increase the understanding of the
synucleins and LBs extended effect on the brain. However it is important to bear in mind that
a pathological or molecular classification of dementia as for example synucleinopathies, is most
useful when there ate relevant and reliable clinical correlates (Mann et al., 2000). As pointed out
by Hansen et al., 1993, almost identical neuropathologies (for example AD combined with PaD)
could be designated differently depending on different clinical presentation or different timing
of clinical manifestations (LBV or PaD combined with AD).
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Our observation of a more severe hippocampal and temporal degenerative AD process in clinAD
cases compared to clinDLB cases, is in accordance with other studies (Gibb et al., 1990a, Hansen et
al.,, 1990, Ince et al., 1991) and is in this study, interpreted as an expression of the severity of the AD
component. The LBs were most frequent in the SN and nbM, forming a basis for dopaminergic and
cholinergic deficiencies, and in accordance with most neuropathological studies of DLB (Perry etal.,
1989, Kosaka 1990, Hansen et al., 1990). Perry (1997) suggested that the presence of LBs in the
cortex could be indicative of more widespread pathology particularly by affecting key subcortical
areas such as nbM and that a key morphologic correlate of dementia may be de-afferentiation of the
cortex related to degeneration of cortically projecting subcortical nuclei.

Other pathological differences between our clinically defined DLB and AD groups were the more
severe SN pathology and the prevalence of white matter pathology mostly of ischemic type (SIWI)
with a frontal location in the clinDLB group. The clinical features theoretically associated with these
pathologies in combination with a basal AD pathology might explain why these patients fulfilled
the clinical DLB critetia. Englund et al., 1989 investigated the clinical symptoms of neuropathologically
defined cases of AD with and without SIWI. They found that the AD/SIWI cases exhibited more
fluctuations, confusion, vertigo, fainting, hallucinations and frontal signs compated to the AD
cases. There was also a difference in age at onset of dementia, with a higher prevalence of SIWI in the
senile cases. SIWT is present in up to 50-60% of patients with AD. These pathological white matter
lesions also correlate to the frequent finding of white matter changes on CT and MRI in elderly
patients (Brun and Englund 1986; Englund et al., 1988). Both AD and DLB cases exhibit white
matter lesions on MRI to a larger extent than controls (Barber et al,, 1999). AD patients with
leucoaraiosis on MRI showed significantly more EPS, more apathy and more deficiencies in de-
manding attentional tasks than AD patients without leucoaraiosis (Starkstein et al., 1997). Several of
the DLB symptoms are thus encountered in cases with AD and white matter lesions visualised with
different techniques.

The predominant pathology in the majority of our clinDLB cases was the Alzheimer pathology.
The cases with LBs in O-synuclein showed a consistent pattern of less severe AD pathology and
more advanced SN degeneration compared to the cases without LBs, still fulfilling the clinical
DLB criteria. The more severe AD pathology in combination with frontal white matter pathol-
ogy of ischemic type in the cases without LBs seemed to generate a strikingly similar clinical
picture to that of DLB. It is well known that the addition of pathologies may amplify or add
symptoms. The clinical role of SIWI in AD has been described as a threshold effect (Brun et al,,
1990). Snowdon et al 1998 suggested that lacunar infarcts in the basal ganglia, thalamus or deep
white matter play an additive role in determining the presence and severity of clinical symptoms
of AD. In an attempt to analyse the relative impact of the AD pathology, vascular pathology and
LB pathology in 25 cases with predominately AD-type dementia, Goulding et al., 1999 found an
inverse relation between Braak stage and cerebrovascular pathology suggesting that these dis-
eases combine to produce the dementia phenomenon. A reinforcing role of two (or more)
pathologies might also be part of the explanation of the symptomathology in DLB (Gibb,
1990b).

In the present study vascular pathology that was considered to contribute to the dementia
picture was seen in 6 of 13 (46%) cases with clinDLB and clinAD that exhibited LBs (table 5 and
6). In the neuropathological assessment part of CERAD, cerebrovascular disease was found in
one third of cases with definite AD (Mirra et al., 1991). Our corresponding figures agree with
these data since two thirds of our clinDLB cases also fulfilled clinical AD criteria. In this
document the complexity of interpretation and need for reliable data when overlapping
pathologies occur is also emphasised.
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Studies showing that LBs with neocortical involvement correlate to the dementia syndrome are of
importance for the concept of DLB (Lennox et al 1989, Samuel et al., 1996). However, Hughes etal.,
1993 found cortical LBs in all of 100 histologically confirmed PaD cases, of which only 4 satisfied the
criteria for diffuse Lewy body disease (DLBD) while dementia occurred in 44%. Furthermore,
Lindboe et al., 1998, investigated 248 unselected autopsy subjects >50 years to determine the fre-
quency of cortical LBs. None of the 9 cases with cortical LBs had dementia. As suggested by Perry et
al 1996 “to provide a satisfactory explanation of DLB it may be necessary to consider a vatiety of co-
correlates of different clinical features, genetics, cerebral abnormalities, brain regions and different
points of time”.

Concluding remarks

This study of the prevailing neuropathological features of clinically defined DLB and AD cases
showed similarities in the prevalence of AD pathology and differences in the degree of AD
pathology in hippocampal and temporal regions, degree of SN degeneration and prevalence of
frontal white matter pathology of ischemic type. The combination of AD pathology, frontal
white matter pathology and SN degeneration seemed to result in a clinical symptom constella-
tion apparently identical with the clinical picture of DLB. Cerebrovascular pathology of signifi-
cant degree was prevalent in almost 50% of the cases with LBs. For the clinician it is important
to bear in mind differential diagnoses since clinical indications of disturbed circulatory factors
could lead to different therapeutic strategies. As there are positive indications of treatment
effects with cholinesterase inhibitors in DLB (Levy et al., 1994, Shea et al., 1998) uncertainty of
the clinical diagnostic accuracy of DLB has to be taken into account in drug trials.

To increase the understanding of the diagnostic potential of the clinical DLB criteria and their
relationship to brain pathology, patients with dementia have to be diagnosed, followed prospec-
tively longitudinally and extensively investigated post mortem.
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Table 1.

Demographic data (mean and range) in patients with clinically defined Dementia with
Lewy bodies (clinDLB) and Alzheimer’s disease (clinAD) studied with different
histopathological techniques.

clinDLB clinAD

HE/Ubi gy HE/Ubi o5y
N 48 16 45 10
Male/Female 20/28 7/9 18/27 4/6
Age at death 78 (58.94) 79 (60-94) 79 (61-97) 78 (62-88)
Age of onset 71 (52-82) 71 (54-82) 72 (50-87) 70 (50-86)
Dementia duration 7.1 (1-16) 7.9 (1-14) 7.7(2-19) 8.7 (219)
HE= Hematoxylin Eosin a-sy=a-synuclein

Table 2.
Prevalence of neuropathological changes in clinically defined Alzheimer’s disease
(clinAD) and dementia with Lewy bodies (clinDLB) (in %)

ClinAD ClinDLB

n=44 n=48
Alzheimer pathology, mild-severe 93,0 81,3
Senile plaques, mild-severe 88,6 81,3
Neurofibrillary tangles, mild-severe 77,3 75,0
Amygdala pathology, mild-severe 773 79,2
Hippocampus pathology, mild-severe 90,9 79,2
Limbic involvement 67,5 72,5
Frontal spongiosis 40,9 20,8
Temporal spongiosis 9,1 16,7
Hypertensive angiopathy 13,6 12,5
Atheromatosis of large vessels 34,1 47,9
Fibrohyaline ateriolosclerosis 47,7 37,5
Status cribrosus 15,9 14,6
Vascular amyloidosis mild-severe 68,2 54,2
Laxger single or multiple infarcts 15,9 20,8
Small infarcts 40.9 31,3
Lacunar infarcts 15,9 16,7
Binswanger pathology 2,3 6,3
SIWTI of any size 54,5 50
Frontal white matter pathology 20,5 479 *
Microvacuolisation/ spongiosis 52,3 43,8
Traumatic lesion 114 8,3
SN degeneration mild-severe 36,4 54,2
1.C degeneration mild-severe 40,9 39,6
Cerebellar pathology 29,5 43,8
Lewy bodies 9,1 14,6
Frontal lobe atrophy 273 29,2

* p=0.011 (x*). All other p-values were non significant, ranging from 0.062-1.000
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Table 3.

Comparison of degrees (no-mild-moderate-severe) of pathological change
in clinically defined Alzheimer’s disease (clinAD) and Dementia with
Lewy bodies (clinDLB)

ClinAD ClinDLB P
(n=43) (n=48)

Alzheimer pathology > 0.261
Senile plaques > 0.065
Neurofibrillary tangles > 0.047*
Amygdala pathology > 0.128
Hippocampal pathology > 0.001%*
Parietal Alzhcimer pathology > 0.337
Temporal Alzheimer pathology > 0.007*
Frontal Alzheimer pathology > 0.138
Vascular amyloidosis > 0.099
Extension of white matter pathology = 1.000
SN degeneration < 0.013*
LC degeneration = 1.000
Cortical atrophy (hydrocephalus) > 0.109

Comparison between groups with the Mann Whitney U test.
* p<0.05, ** p<0.01
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Table 5

Combination of dominating pathological diag in cases with clinically defined Dementia with Lewy Bodies, number of cases.
Degree of o Gray matter SIWI Gray matter BW FTD Other
pathological AD infarct(s) infaret(s) +

SIWI
No 1 12 3 2 A
Subst nigra degen ! o 2 2 0

Mild 1* 4 3 2* 1*4

Subst nigra degen 1 2 1 1 0

Moderate 6= 1 6 3

Subst nigea degen 3 1 3 1

Severe 3 4 2* 1 1 13

Subst nigra degen 2 2 2 0 1 1

1. Atherosclerosis and white matter degeneration (non ischemic)

2. Fahr's disease

3. White matter degeneration (non jschernic)

4. Spongiosis

5. Meningeal pleocytosis

*One case with Lewy bodies ** two cases with Lewy bodies

Substantia nigra degeneraton: mild a=11, moderate n=11, severe n=4
Table 6
Combination of dominating pathological diagnoses in cases with clinically defined Alzheimer’s disease, number of cases.
Degree of 0 Gray matter SIWI Gray matter BW FID Trauma Small vessel
Ppathological AD infarct(s) infarct(s) + disease

SIWI

No 1 1 1
Subst nigra degen 1 1 o
Mild 2% 2 1
Subst nigra degen 1 1 0
Moderate 10%x* 2% 10 1 1 4
Subst nigra degen 4 1 2 [} 0 2
Severe 4 3*
Subst aigra degen 0 1

* One case with Lewy bodics *** Three cases with Lewy bodies
Substantia nigra degeneration: mild n=11, moderate n=3, severe n=0

Table 7.
Neuropathological diagnoses (1985-1994) of the cases with clinical Dementia with
Lewy Bodies exhibiting Lewy bodies in a-synuclein staining.

Sex Age  Neuropathological diagnoses

M 88 Mild AD, temporal — limbic. Spongiform cortical changes. Mild hydrochephalus.
F 88 AD, temporal - limbic, mild amyloid angiopathy.

M 79 AD with degeneration of the substantia nigra.

T 82 AD and MID.

M 76 Mild early AD, temporal — limbic. Moderate central arteriosclerosis with limited incomplete

infarct, Binswanger like.
F 73 Temporo — frontal primary degeneration — unspecific, almost corresponding to fronto-
temporal degeneration of non-Alzheimer type.

AD=Alzhcimer ‘s disease MID= multi infarct dementia
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Abstract

Obijective: To compare regional cerebral blood flow and EEG findings of patients with clini-
cally diagnosed dementia with Lewy bodies (clinDLB) and Alzheimer’s disease (clinAD). Fur-
thermore, within the clinDLB group compare cases with and without neuropathologically veri-
fied Lewy bodies (LBs).

Methods: Among 200 dementia cases in a prospective longitudinal dementia study, 48 had
clinDLB and 45 clinAD in retrospective analyses. EEG information was analysed in 34 clinDLB
and 28 clinAD patients and cerebral blood flow, measured with the Xe 133 inhalation method,
in 26 clinDLB and 25 clinAD.

Results: There were no differences in EEG between the clinDLB and clinAD groups or between
the cases with and without LBs. The regional cerebral blood flow (tCBF) patterns in the clinDLB
and clinAD groups showed similar reductions in the temporoparietal areas. The rCBF in cases
with LBs showed heterogeneous pathology.

Conclusion: The imaging results in clinDLB and clinAD were strikingly similar. The EEG and
rCBF could not differentiate between cases with or without LB.

The study illustrates the lack of specific changes of EEG and rCBF in cases with LB pathology.

Introduction

The diagnosis of specific types of dementia disorders is of great importance owing to the in-
creasing possibilities of specific pharmacological treatment and care. Brain imaging is offering
the possibility to study functional as well as structural changes in dementia thereby strongly
contributing to diagnostic accuracy. Comparisons between the clinical picture and results from
cerebral imaging, such as regional cerebral blood flow (rfCBF) measurements and EEG record-
ings have been made in numerous studies of organic dementia e.g.(1-3). There is also evidence of
relations between EEG and rCBF results and postmortem neuropathological findings (4).

The majority of organic dementias are caused by Alzheimer’s disease (AD) and cerebrovascular
disease, or a combination of these two. Dementia with Lewy bodies (DLB) has more recently
been referred to as the second most common dementia in the eldetly, after AD. According to
reports it represents 10-20% of all organic dementias in clinical settings (5-8). It was initially
identified neuropathologically by presence of Lewy bodies (LLB) in cortical and subcortical struc-
tures (9) and clinical consensus criteria were published in 1996 (10). The clinical diagnosis of
DLB is based on recognition of a progressive dementia disorder with core criteria such as
fluctuations of cognition, extrapyramidal symptoms and visual hallucinations. Supporting di-
agnostic features are frequent falls, loss of consciousness, syncope, neuroleptic sensitivity, audi-
tory hallucinations and delusions. Several of these characteristics are however also present in
AD, vascular dementia (VaD) and in Parkinson’s disease (PaD) with dementia. The clinical
recognition of DLB may therefore be difficult. So far no consistent functional brain imaging
findings have proved to increase the diagnostic specificity in vivo and still, pathology remains
the only way to confirm the diagnosis.

In our longitudinal dementia study we have a longstanding tradition of using the two-dimen-
sional (2D) xenon inhalation rCBF technique to provide information about the functional level
of the cerebral cortex (11-14). In dementia the tCBF pathology can be general, focal or both,
reflecting the cortical disease process. Several studies have shown that the patterns of rCBF
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changes are consistent with the topography of the pathological changes. The typical tCBF find-
ing in AD is bilateral hypometabolism in the temporopatietal association cortex (3,13,15,16).
Specificity for AD with the 2D rCBF method has proved to be excellent, 98%, while sensitivity
have proved to be in the order of 75-80% (17). In another cortical dementia, fronto temporal
dementia, there is frontal hypometabolism and decreased CBF demonstrated with both 2D and
3 D techniques (18-20). Correspondingly, sensitivity for FTD in 2D rCBF has been shown to be
97% with a specificity of 85-90% (21).

In PaD with dementia, rCBF studies have shown reduced perfusion in the temporoparietal lobes
(22-25) and in additional areas, like the frontal and occipital corteces (26). Despite limited
possibilities to visualise deep cortical and subcortical structures, the rCBF measurement have
proved to be a reliable and highly reproducible tool in the differential diagnosis of dementia
(17,27,28).

rCBF studies in DLB using tomographic techniques have demonstrated temporoparietal
hypoperfusion similar to the characteristic flow pathology in AD (29-31).

Another important technique that mirrors mainly cortical brain activity is EEG, which is a non-
invasive, widely available and inexpensive diagnostic tool in dementia (32). It is well known that
the general EEG finding in dementia of Alzheimer type is an increase in slow-wave activity with
progression of the disease (33). However, in FTD, EEG often remains normal despite clinical
evident dementia (4). Although EEG is highly sensitive to diffuse organic encephalopathy of
vatious aetiologies, it has a rather low specificity for different dementia diagnoses (34). Crystal
and co-workers (35) suggested, however, that EEG could be valuable in the differentiation of AD
and diffuse Lewy body disease (DLBD). They found a slowing of the postcentral background
rhythm and often a frontally dominant burst pattern in neuropathologically diagnosed DLBD
cases.

The importance of the cortical involvement of LBs of patients with dementia was first empha-
sised by Kosaka (36). The density of cortical LBs has also been found to correlate with degree of
dementia (37,38). In the present study we are using two mainly cortical imaging techniques,
EEG and rCBF.

The aim of this study was

to compare differences in the EEG and tCBF between the clinically defined AD and DLB
groups and

to describe EEG and rCBF findings in subgroups of the clinical DL.B and AD cases with and
without the neuropathological structure Lewy body.

Materials and methods

The patient groups and the design of the study are presented in fig 1. The present patient sample
represents a cohort of 200 cases from our longitudinal dementia study (39,40). All the patients
were investigated as suspected dementia cases. The majority of cases (>90%) were examined and/
or cared for at the Psychogeriatric and Psychiatric departments at Lund University hospital and
the rest were treated in other medical departments, in nearby hospitals or nursinghomes. The
patients were extensively investigated with neuropsychiatric evaluation including neurological
status examination, neuropsychological testing, and measurements of tCBF, EEG, CT and labo-
ratory testing. The patients were selected as consecutively neuropathologically examined cases
during the period 1985-1994. The patients were thus clinically investigated before critetia of
DLB and cholinergic therapy were available. The criteria for probable DLB (10) and AD (DSM
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IV and NINCDS-ADRDA) (41) were applied retrospectively. The clinical diagnoses of AD and
DLB were based on the description of symptoms in the patients” medical records and made
without any previous knowledge of the neuropathological results (E.L.). The EEGs and rCBF
measurements were analysed separately and therefore not included in the retrospective diagnos-
tic procedure. Forty-eight cases fulfilled the clinical consensus criteria of DLB and 45 cases were
diagnosed clinically to have AD.

Neuropathological method

The procedures included laboratory standard measures of whole brain semi-serial sections with
subsequent extensive microscopical analysis as a prerequisite for a safe neuropathological map-
ping of type, severity and distribution of changes and also for the exclusion of other types of
clinically significant brain pathology. Staining routines included H/E, Luxol Fast Blue with
cresyl violet counter staining, Congo red, Van Gieson-elastica, Campbell and Gallyas methods
and ubiquitin staining (40). The regional distribution and severity of white matter changes were
mapped and quantitated and combined with a similar mapping of the grey matter Alzheimer
pathology combining a number of histological variables such as neuronal loss, gliosis,
microvacuolization, neurofibrillary tangles, senile plaques and dystrophic neurites (42). The
vascular pathology was mapped.

In otder to optimise the detection of LBs, 16 cases from the clinDLB group and the 10 cases
from the clinAD group were reinvestigated with O-synuclein, tau, ubiquitin and GFAP antibod-
ies. LBs were defined as rounded non-fibrillary intensely immunoreactive inclusions. The results
from the whole brain semiserial sectioning investigation were supplemented by examination of
tissue sections from the mesencephalon, cingulate gyrus, hypothalamus, basal temporal cortex
including hippocampus, parietal cortex and the frontal pole cortex.

The groups were age and sex matched to be representative of the clinDLB (n=48) and clinAD
(n=45) groups. Other variables that were accounted for were age of onset of dementia and
duration of dementia.

Regional cerebral blood flow
The tCBF was assessed by the xenon-133 inhalation method developed by Obrist et al (43) and

modified by Risberg et al (44-45). tCBF was measured in a resting situation with the eyes closed.
The inert Y-radiating tracer xenon-133 (90 MBq/1) was inhaled for 1 min through a face mask,
followed by 10 min breathing of ordinary air. Up to 1986 the rCBF was assessed with a 32
detector technique which was then replaced by a recording system with 254 scintillating detec-
tors (Cortexplorer 256 HR; Ceretronic Inc, Randers, Denmark) which gave a spatial resolution
of about 1 cm for superficial cortex. Because of technical reasons only group results based on
rCBF registrations with 254 channels, which were available in 26 cases of the clinDLB and 25
cases of clinAD, will be presented here. The group measured before 1986 with 32 detectors did
not differ with respect to gender, age at onset of dementia, dementia duration and age at death
from the cases measured with the high-resolution technique. The 254 detector results, presented
below, are thus representative also of the patient group with 32 detector recordings. In the
special study group with neuropathologically verified LBs, 4 cases were studied with 32, 2 cases
with 254 detectors and presented as single cases.
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EEG

EEG was recorded with 16 or 24 channel electrocephalographs (Siemens Elema or Nihon Kodhen,
time constant 0.3 s; low pass filter 70 Hz) with electrode positions according to the 10-20 system.
Bipolar and common reference montages were used. Periods of drowsiness were counteracted by
sound stimuli.

The EEG records were reanalysed visually regarding dominant activity frequency, presence of
focal abnormalities, side asymmetry, epileptiform activity and degree of abnormality (I.R.). This
was done without any knowledge of the clinical diagnosis. The degree of EEG background
abnormality was classified in four categories:

1. Normal EEG.

2. Slightly pathologic. Posterior dominant frequency within normal range (>8Hz), increase of
diffuse and/or episodic theta.

3. Moderately pathologic. Posterior dominant frequency <8Hz. Moderate increase of delta waves.
4. Highly pathologic. Posterior dominant frequency <6Hz. Matrked increase of delta waves.

Statistical analysis

For the comparison of proportions between the clinical AD and DLB groups the Fisher’s exact
test and X test (with continuity correction) were applied. The Mann Whitney U test was used to
compare the degree of abnormality of the EEGs and the degree of pathology in the clinical AD
and DLB groups. The Student’s t-test was applied to compare the dominating EEG activity
frequency and age at EEG examination. All analyses were carried out as two-tailed tests.

The individual rCBF data were transformed into colour coded interpolated, vertex projection
flow maps for both types of flow measurement using the individual average flow value as a
reference. The average flow patterns in the 25 clinAD and 26 clinDLB cases were displayed in a
similar way. The difference between the flow patterns for the two groups was analysed using a
statistical mapping system which displayed only groups of detectors where the difference in
relative distribution values were significant at the p<<0.001 level, as evaluated by Student’s t-test.
This high significance level was chosen to reduce the risk of spurious findings due to the large
(254) number of regional comparisons made.

Results

The demographic characteristics of the clinDLB and clinAD cases investigated with EEG and
rCBF are presented in table 1. There were no differences in age at onset of dementia, age at death
or dementia duration between the patient groups.

tCBF

There were no statistically significant group differences in the time interval between onset of
dementia and the rCBF measurement (clinAD median 4.5 years, range 1-12; and clinDLB
median 5 years, range 1-14). The age of the patients, at the time of the tCBF measurement, did
not differ between the two groups (77 years in clinAD, 75 years in clinDLB). There was no
evidence in the rCBF protocols that any of the investigated subjects were actively hallucinating
during the investigation procedure. The visual evaluation and the statistical analysis of the rCBF
showed very similar results in the clinDLB and clinAD groups, with both general and focal
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pathologies. There was a decrease of cerebral blood flow in temporoparietal areas, as demon-
strated in fig 2. The only region that significantly differed between the groups was a very small
area in the right frontodorsal region, were the clinAD cases had lower blood flow values. The
mean hemispheric blood flow was symmetrical and at the same low level in both clinical groups.

EEG

There were no statistically significant group differences in the interval between the time of onset
of dementia and the EEG recording (clinAD median 5 years, range —3-12, clinDLB median 3
years, range 0-13). The age of the patients, at the time of the EEG recording, did not differ
between the two groups (76.518.0 years in clinAD, 73.3£10.4 years in clinDLB). The dominating
EEG frequency was within the theta frequency band in 82.1% of clinAD and 85.3% of clinDLB
cases (range: 5-9 Hz in clinAD and 4.5-9 Hz in clinDLB).

The vast majority of the cases did not show any hemispheric asymmetry, focal abnormality or

epileptiform activity in the EEG. The overall degtee of abnormality was equal in both groups
and indicated a moderately to highly pathologic pattern with generalised slow-wave activity,
table 2.

Neuropathology
The neuropathological results are described in detail in another paper (46). In summary, Alzheimer

pathology was found in 81% of the clinDLB and 93 % of the clinAD cases. The clinDLB group
had a higher prevalence of frontal white matter pathology, mostly of ischemic type, and a more
severe degeneration of the substantia nigra compared to the clinAD group. In Hematoxylin/
Eosin staining L.Bs were identified in 7 (15%) of the clinDLB and in 4 (9%) of the clinAD
group. 16 clinDLB and 10 clinAD exhibited LBs in 6 and 4 cases respectively. LBs were mainly
located in the brainstem. Cortical LBs were found in 4 of 6 clinDLB and in none of the clinAD
cases. The density of cortical LLBs was low. Within the clinDLB group the degree of AD pathol-
ogy in cases with LBs was lower than in cases without. Vascular pathology of significant degree
was prevalent in almost 50 % of all the cases with verified LBs regardless of clinical diagnosis.

rCBF results in 6 clinDIL.B cases with neuropathologically verified Lewy bodies
The 6 patients with LBs are presented as individual cases. Fig 3.

It is evident that the six cases are very heterogeneous regarding their flow pathology. Cases 2,4
and 5 show a predominant temporoparietal flow pathology while cases 1 and 3 show more
central-parietal flow diminutions. Case 6 shows mainly frontal and frontotemporal decreases,
which are also seen in case 4.

EEG in cases with and without neuropathologically verified I.B within the clinDI.B group
The age, duration of dementia and the time of the EEG recordings did not differ statistically

between the groups.

Analysis of the EEG patterns in the O-synuclein stained clinDLB cases showed that the fre-
quency of the dominant activity and the overall degree of EEG abnormality were the same in
cases with and without LBs. None of the individuals with LBs exhibited side asymmetry, focal
abnormalities or epileptiform activity as opposed to a total of 2 out of 8 individuals without
LBs (table 2).
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Discussion

Design and data
Retrospective analyses of clinical data risk containing incomplete and unsystematic clinical

descriptions. However, our patients were part of a prospective, longitudinal dementia study,
which started with a detailed neuropsychiatric assessment and was followed up with regular
patient visits and special attention to the clinical course. The data for each patient was therefore
considered to be sufficient for the retrospective diagnostic analysis. We are however, strongly
aware of the problems of standardised evaluations of symptoms such as hallucinations and
fluctuations especially in the retrospect. The original cohort consisted of consecutive cases,
which were investigated due to a dementia disorder and followed up with post mortem neu-
ropathological examination. The cases studied with rCBF and EEG in the present study were
not selected in any systematic way compared to those not studied. Accordingly there wete no
differences in age, sex or medication between the cases studied and those not studied.

The clinically defined DLB cases in our study did not differ in demographic data and preva-
lence of clinical symptoms from populations with DLB in other studies of post mortem verified
DLB cases (5, 47-49).

In our unselected dementia population the specificity of DLB, i.e. the percentage of the cases
who fulfilled clinical criteria of DLB and also exhibited LBs neuropathologically, was very low,
38% (46). Our specificity was lower than that reported in earlier studies based on preselected
neuropathologically diagnosed cases (50-56). Because of the low specificity and the lack of evi-
dence that functional brain imaging could be used for diagnosing DLB, we decided to evaluate
the EEG and rCBF in clinically diagnosed DLB cases with neuropathologically verified LBs.

Regional cerebral blood flow methods and results
A reduced global CBF level was seen in all our patient groups, a finding in agreement with

findings in other studies of dementia (17). Clinical DLB based on current consensus definition,
includes a spectrum of dementia conditions covering PaD with dementia as well as Lewy body
variant of Alzheimer’s disease (5,6). Our clinically defined DLB and AD groups showed a strik-
ingly similar regional pattern with temporoparietal hypoperfusion and the specific contribu-
tion of the possible AD and PaD components in the DLB cases could therefore not be sepa-
rated. The significant difference in tCBF in a small fronto-dorsal area has to be considered a
spurious finding, as it cannot be related to any clinical difference between the groups.

A temporoparietal blood flow reduction pattern, not distinguishable from AD, is a common
finding in clinically diagnosed DLB cases although sometimes combined with hypoperfusion in
other areas. The temporoparietal rCBF pattern in our clinDLB and clinAD cases is in accord-
ance with findings in several studies of clinically diagnosed DLB cases using SPECT and PET
(29-31,57,58). However, we could not confirm the finding of an occipital blood flow reduction
compared to AD shown with SPECT in 14 and 7 clinically investigated DLB cases (57,29) and
using PET in 6 neuropathologically confirmed cases (59).

There was a very heterogeneous flow pathology in our present six cases with LBs, verified by Q-
synuclein staining, with tCBF patterns typical for AD (n=2), AD with VaD, VaD, MID, and
FTD. Thus the tCBF patterns did here not reflect any pathology that could be linked to the
presence of LBs. A detailed clinico-pathological analysis of these 6 cases will be presented in a
forthcoming paper.
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EEG

The highest sensitivity of EEG is shown in AD and in dementia in PaD (4,60,61). In AD the
EEG abnormality has been found to correlate with the severity of the disease (60). In PaD, EEG
has shown an abnormal diffuse increase in the degree of low frequency activity and a slowing of
the occipital alpha frequency (32,62). Crystal et al (35) found abnormal EEG in patients with
neuropathologically verified DLBD, when the subjects were still only mildly demented. The
EEGs showed a slowing of the posterior background rhythm and generally a frontal dominant
burst pattern. Other findings of EEG abnormalities reported in neuropathologically confirmed
DLB patients have demonstrated a generalised slowing and the presence of sharp or triphasic
waves (47,063-65). All these reports were, however, based on a limited number of cases. In a recent
report, Briel et al (66) compared EEG recordings from DLB and AD cases with confirmed
neuropathological diagnoses. They found a more marked slowing of EEG activity in the DLB
group and related this to the more severe loss of choline acetyltransferase activity found in DLB
(67). There was no evidence, however, that this difference existed between our clinically defined
DLB and AD groups or even between the cases, in the clinDLB, with and without LBs. The
mean frequency of dominant activity in all the investigated groups was within the theta fre-
quency band. The pathophysiological mechanisms of slow waves in the 4-8 Hz range (theta) are
not well known. Theta activity often represents a slowing down of the alpha activity and will
thus become the dominant activity. Such a slowing of the background activity is seen in mild to
moderate hypoxia, cerebrovascular disease, in dementias and in mild degrees of metabolic en-
cephalopathies (68). The main neuropathological finding in our investigated groups was the
Alzheimer pathology, which in combination with the substantia nigra degeneration was consid-
ered to be a sufficient explanation for the EEG patterns.

Conclusions

The main findings of this study were that the brain imaging patterns of tCBF and EEG could
not differentiate between cases with clinically defined DLB and cases with clinically defined AD.
When the cases with and without neuropathologically verified LBs were compared, EEG and
rCBF did not exhibit any patterns supportive of, or helpful in, the diagnosis of DLB in vivo.
The possible cortical impact of LB pathology did not produce any specific or consistent expres-
sion in tCBF or EEG in our patients. The prevalent Alzheimer pathology was in our cases a
likely correlate to the main imaging patterns. The result of the study illustrates the limited
specificity of clinical diagnostic criteria, routine EEG and rCBF in predicting specific LB pa-
thology. Single case evaluations of brain imaging findings in relation to the clinical picture and
neuropathology are necessary to establish the impact and relative contribution of the different
pathologies involved in DLB.
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Table 1.

Demographic data (mean and range) of cases with clinically defined dementia with Lewy
bodies (clinDLB) and Alzheimer’s disease (clinAD) investigated with EEG and rCBF

measurements
clinDLB clinAD

EEG rCBF EEG rCBF
N 34 26 28 25
Male/Female 15/19 14/11 11/17 9/16
Age at death 77 (60-94) 77 (60-94) 81 (61-91) 79 (73-88)
Age of onset 70 (52-82) 70 (54-82) 72 (55-86) 72 (65-81)
Dementia duration 7.3 (1-16) 7.2 (1-14) 8.5 (2-19) 7.4(3-11)
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Table 2,

EEG findings in clinically defined dementia with Lewy bodies (clinDLB) and
Alzheimer’s disease (clinAD) and subgroups of clinDLB after a-synuclein investigation

Total material

clinDLB studied with

o-synuclein
clinDLB clinAD with LB no LB
n=34 n=28 n=5 n=8
Dominating activity frequency (Hz) 6,3t 1,3 6,61 1,1 6,0£14 6,4t 1,6
Degree of abnormality 3408 34£07 34£09 34209
Focal abnotmality 2 (5,9%) 2(7,1%) 0 (0%) 2 (25%)
Epileptiform activity 2 (5,9%) 4 (14,3%) 0 (0%) 1 (12,5%)
Side asymmetry 5 (14,7%) 6 (21,4%) 0 (0%) 2 (25%)
Fig 1.
Design of the study.
200 deceased and
postmortem
examined
consecutive
dementia cases

/ |

ClinDLB

(n=48)

EEG n=34
rCBF n=26

'

Neuropathologically investigated

with a-synuclein staining

(0=16)

EEG n=13 (5 with LB, 8 no LB)
tCBF n=15 (6 with LB, 9 no 1.B)

l

ClinAD

(n=45)

EEG n=24
tCBF n=25

ClinDLB=clinically diagnoscd Dementia with Lewy bodics
ClinAD= clinically diagnoscd Alzheimer’s disease

163

T

Other diagnoses

(0=107)




Fig 2.Regional cerebral blood flow in clinically defined cases with Alzheimer’s disease (clinAD)
and dementia with Lewy bodies (clinDLB). Topographic group mean rCBF patterns during
rest showing the vertex view of the cerebral cortex, with the frontal pole at the top, and left
hemisphere to the left. The colours represent flow distribution normalised (ISI, regional
values in percent of the hemisphere mean), as defind by the colour key to the right.
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Fig 3.

Regional cerebral blood flow in 6 cases with clinical Dementia with Lewy bodies and Lewy
bodies neuropathologically. Asymmetries were seen in case 1,2,5,6 and localised in different
brain areas; 2 frontally, 1 temporally and 1 occipitally. Frontal hypoperfusion was seen in case
2,4 and 6 and postcentral hypoperfusion in cases 1,3,4 and 5. (Note that cases 1,2,3 and 6 were
assessed with 32 detectors and cases 4 and 5 with 254 detectors).
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Abstract

The clinical picture with its pathological correlate was analysed in sixteen patients fulfilling
Dementia with Lewy bodies (DLB) consensus criteria. The cases were part of a larger cohort
(n=200) of patients within a prospective longitudinal study of dementing disorders. Six cases
exhibited not only Lewy bodies but also other brain pathologies such as Alzheimer changes,
multiple infarcts or complete and incomplete white matter infarcts. Degeneration of the nu-
cleus basalis Meynert and substantia nigra was also seen. The 10 cases without Lewy bodies all
had Alzheimer changes. In 7 cases these changes were combined with mainly incomplete frontal
white matter infarcts. However, the degeneration of brainstem nuclei was less pronounced in
these cases. Symptoms such as fluctuations in cognition, falls and episodic confusion appeared
in association with arterial hypotension which developed during the course of dementia in
almost all the 16 cases. The majority of the cases were treated with neuroleptics and other
potentially hypotensive medication. The study shows that multiple and different clinico-patho-
logical features may contribute to a clinical symptom constellation as in DLB. The case-study
approach reveals the complexity of clinico-pathological relationships in dementia that might
otherwise be lost in the analysis of larger group data.

Introduction

Dementia syndromes may be classified on the basis of the major type but above all on the basis
of the distribution of pathology in the brain. Some disorders mainly affect cortical structures
and regions while others have a more subcortical predominance or affect both structural levels.
Alzheimer’s disease (AD) and the dominating forms of frontotemporal dementia (FTD) are the
major types of predominantly cortical degenerative dementias while progressive supra nuclear
palsy, Huntington’s disease, Patkinson’s disease (PaD) and Binswanget s disease show predomi-
nant subcortical involvement [1]. Dementia with Lewy bodies (DLB) belongs to the mixed
cortical-subcortical category [2]. The characteristic pathological structure, the Lewy body, is
localized in both the brainstem, hypothalamus and in the cortex, in which region also Alzheimer
type degeneration is present in the majority of cases. It has been claimed that DLB causes 10-
20% of all organic dementias in the elderly [3-6]. The clinical picture of DLB has been described
in the consensus documents [7] as a progressive dementia syndrome with extrapyramidal signs
(EPS), fluctuations in cognition, visual hallucinations, neuroleptic sensitivity, multiple falls,
auditory hallucinations, delusions, syncope and transient loss of consciousness. A diagnosis of
DLB is less likely in the presence of neuroimaging or clinical neurological signs of stroke.

The clinical impact of Lewy bodies (LBs) per se, is however, only partially known. The LB, when
localised in the brainstem, is a neuropathological hallmark of PaD [8,9]. Itis possible to explain
EPS, dysphagia and autonomic failure because of the specific locations of LBs in the substantia
nigra, dorsal vagal nucleus and sympathetic ganglia [10-12). The clinical description of "DLB”
however, includes a spectrum of neuropathological pictures, from cases with large amounts of
diffusely spread LBs without other pathology “pure LB” (also known as “diffuse Lewy body
disease”-“DLBD pure type” [13]) to cases with AD and a few nigral LBs (also called “The Lewy
body variant of Alzheimer’s disease”-LBV [4,14], “Senile dementia of Lewy body type”’-SDLT,
[15] = “DLBD, common type” [13]). Dementia severity in DLB has been related to density of
LBs in the cortex [3,16,17] although in a recent prospective study no correlation was found
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between LBs and clinical features [18] It seems logical that high density massively spread cortical
LBs might cause a dementia syndrome. It is, however, more difficult to predict the clinical role
of LBs located in the brainstem or the sparse cortical LBs in many cases. It is also difficult to
predict the effects of interaction between LBs and other brain pathologies.

The aims of the investigation were

to describe and critically compare the clinical and neuropathological data in clinically diag-
nosed DLB cases with (n=06) and without (n=10) LBs and

to evaluate the clinical expression of the different brain pathologies in these cases.

Patients and methods

In the present study we have applied the clinical criteria of DLB [7] retrospectively on a cohort
of 200 consecutive neuropathologically investigated dementia cases all being part of a prospec-
tive longitudinal dementia study [19]. The patients were evaluated and followed clinically. The
investigations included neuropsychiatric and neurologic evaluations and neuropsychological
assessments and routine laboratory testing combined with different forms of brain imaging
such as regional cerebral blood flow (rCBF) measurement, computerised tomography (CT) and
electroencephalography (EEG). The patients died between 1985-1994, which means that a clini-
cal diagnosis DLB was not considered when they were alive. Diagnostic criteria for DLB, AD,
vascular dementia (VaD) and FTD were applied to their medical records. As reported in previ-
ous publications 48 cases fulfilled the clinical criteria for DLB alone or combined with AD (and
45 fulfilled clinical criteria for AD only) [20]. Detailed extensive neuropathological reports
were available in all cases. Sixteen randomly selected clinical DLB and 10 clinical AD cases were
reassessed with O-synuclein staining for sensitive detection of LBs. These cases did not differ
from the larger clinical DLB group with regard to gender, age of onset of dementia, dementia
duration or other clinical aspects. Six clinical DLB and 4 clinical AD cases exhibited LBs
neuropathologically. The 6 cases with clinical DLLB and LBs verified neuropathologically were
further analysed in the present study and compared to the 10 clinical DLB cases without LBs.
Neuropathology findings were correlated to clinical ratings, tCBF and DLB symptoms and
interpreted individually and groupwise.

Neuropathological methods

The procedures included whole brain semi-serial sectioning with subsequent extensive
microscopical analysis which is a prerequisite for a safe neuropathological mapping of type,
severity and distribution of changes and also for the exclusion or verification of other types of
brain pathology. Stainings used were Hematoxylin/Eosin, Luxol Fast Blue with cresyl violet
counter staining, Congo red, Van Gieson-elastica, Campbell and Gallyas methods and
immunostainings with GFAP, B-amyloid and ubiquitin. L.Bs were defined as rounded, non-
fibrillary, ubiquitin immunoreactive inclusions. The regional distribution and severity of the
grey matter Alzheimer pathology were mapped semiquantitatively, combining a number of
histological variables such as neuronal loss, gliosis, microvacuolization, neurofibrillaty tangles,
senile plaques and dystrophic neurites [21]. The vascular pathology was mapped, with regard to
regional distribution and severity of complete infarcts and selective incomplete white matter
infarcts (SIWI). SIWT is characterized by a reduction of both myelin and oligodendro glial cells
with mild astrocytic reaction [22].
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The whole brain semiserial sectioning investigation was, in the randomly selected cases, supple-
mented by the examination of tissue sections from the mesencephalon, cingulate gyrus,
hypothalamus, parietal cortex, frontal pole cortex and the basal temporal cortex which includes
hippocampus stained with antibodies against O-synuclein, tau, ubiquitin and GFAP.

Regional cerebral blood flow
The rCBF was assessed with the xenon-133 inhalation method using the Initial Slope Index (ISI)

as an indicator of cortical blood flow [23-25]. The inert Y-radiating tracer xenon-133 (90 MBq/
1) was inhaled for 1 min through a facemask, followed by 10 min breathing of ordinary air.
Until 1986 the rCBF was assessed with a 32-detector device. This was then replaced by a high
resolution recording system with 254 scintillation detectors (Cortexplorer 256 HR; Ceretronix
Inc, Randers, Denmark), which gives a spatial resolution of about one cm for the superficial
cortex. rCBF measurements were available in 15 cases. Five of the present cases had 32 detector
recordings and the remaining ten had 254 detector recordings. The individual tCBF results are
displayed as interpolated flow maps with a colour coding of the regional values as a percentage
of the individual mean flow [20].

Rating scales
Clinical rating scales for recognition of AD, VaD and FTD were applied to the medical records.

The clinical usefulness of the scoring profile of these diagnostic rating-scales has been validated
against neuropathology and brain imaging [19,27,28]. The AD score was based on 12 items with
a maximum score of 17 and a scote of 5 or above indicating AD [29,19]. The ischemic score was
based on 13 items with a maximum score of 18 and a scotre of 8 or above indicating vascular
actiology [30]. The FTD score was based on 9 items with a maximum score of 13 and a score of
5 or above indicating frontal lobe dysfunction [29,19].

Statistical methods
The Students t-test was used to compare the means of basic characteristics in table 1 and the
means of differential diagnostic scoring table 2.

Results

The basic characteristics of the 6 LB positive and 10 LB negative clinical DLB cases ate presented
in table 1. These data do not differ significantly from each other or from those of the total
group (n=200) originally investigated. The age of onset of dementia in this group was 70£10.3
years, age at death was 77£10.1 years and dementia duration was 7£3.8 years.

The clinical course of the 6 LB positive patients is presented in figures 1-6, together with tCBF
and neuropathological findings. The patients” blood pressure is expressed as mean arterial
blood pressure (MABP), which was calculated in the following way:

systolic-diastolic

3

MABP = diastolic +

Blood pressure recordings from the last month of life were not included.
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Neuropathology
The neuropathological data are presented in tables 2 and 3ab.

LB positive cases. Four cases (no 1,2,4,6) had a moderate degeneration of the SN, with LBs in two
cases. One additional case (no 5) exhibited LBs in the SN without other degenerative changes.
LBs were present in the NbM or hypothalamus in 4 cases. Four cases had cortical LBs although
only a small number was evident in 3 cases. Four cases showed degeneration of locus coeruleus
(LC). The cases with most LBs also had varying degrees of SN and LC degeneration ranging
from moderate to severe. Vascular pathology with cortical and subcortical complete and incom-
plete infarcts was present in 2 cases (no 1 and 2).

The results of the different neuropathological grading systems for the evaluation of the AD
pathology, which was applied on the 6 cases, are shown in table 4. The dementia condition in 3
cases was considered to be due to the AD pathology (highly likely) while in 2 cases the likeli-
hood was intermediate.

LB negative cases. All 10 cases had Alzheimer changes combined with SIWI. A frontal location
was especially evident in 7 cases. Complete infarcts of varying sizes were present in 5 of these 7
cases. The Alzheimer pathology when graded according to Brun and Englund [21] was generally
more severe compared to the grading of the other systems.

Diagnostic rating scales and neuropathology
The results of the differential diagnostic ratings are presented in table 4 and related to neu-

ropathological findings in tables 2 and 3ab.

LB positive cases. All 6 cases had an AD score=6 indicating Alzheimer type of dementia and
showed a significant Alzheimer pathology at the neuropathological examination. Only case 4
exhibited degeneration of non-Alzheimer type, where involvement of temporo-parietal areas
probably contributed to the high AD score. The high ischemic score in case 1 correctly indi-
cated vascular pathology. Case 2 with AD score 8 and IS 4 had mixed Alzheimer and vascular
pathology. The high AD score was probably due to the temporo-parietal co-location of Alzheimer
changes and infarcts. The high FTD scores in cases 3,4 and 5 indicated frontal lobe dysfunction.
Case 4 had advanced FLD. Cases 3 and 5 showed late onset of dementia as well as the highest age
at death. This is commonly associated with a more general distribution of pathology implying
more frontal changes [30]. All patients, except case no 3, had neuronal loss and/or LBs in
subcortical structures such as SN.

LB negative cases. Nine out of 10 cases had an AD score of 6 or more, correctly indicating
Alzheimer neuropathological changes. Five cases had an FTD score of 5 or above indicating
frontal lobe dysfunction. Two cases had a comparably high IS (no 10 and 15) and both cases had
significant vascular brain pathology. On the other hand IS was not indicating vascular pathol-
ogy in 5 cases which had confirmed neuropathological white matter incomplete infarcts. Three
out of 6 cases with frontal SIWI had signs of frontal dysfunction according to the FTD score.

Regional cerebral blood flow and neuropathology patterns
The tCBF of the 6 LB positive cases is shown in fig 1-6 while that of the LB negative cases is

illustrated in fig 7.

LB positive cases. In cases 1, 2, 4 and 5 the tCBF pathology and neuropathological changes (AD,
infarcts, white matter pathology and degeneration of non Alzheimer type) matched to a major
extent (figures 1-6). The rCBF in case 5 was measured with the 32 detector device and for
technical reasons the recording was difficult to interpret. In case 3 the rCBF and neuropatho-
logical patterns were similar, although, the rCBF severity was less marked than that of the
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neuropathology. In case 6 the frontotemporal areas were relatively spared with regard to rCBF,
although the neuropathological study only showed diffuse frontal microvacuolisation.

LB negative cases. In all 9 available tCBF recordings there was a temporo parietal, sometimes
combined with frontal, blood flow decrease. Six of these had 254 detector recordings and are
shown in fig 7.

Blood pressure, pharmacological treatment and cardiac disease
LB positive cases. As shown in figures 1-6, the MABP decreased in all 6 LB positive cases during

the progression of dementia. The decrease expressed as a percentage of the latest “predementia”
MABP value, averaged 28% and ranged from 17 to 37%. Three cases (no 1, 2 and 6) had a
history of hypertension and at least two of them had received longstanding antihypertensive
treatment. Two cases (no 1 and 6) were also highly orthostatic with blood pressure falls from
150/105 (lying) to 115/85 (immediately standing) and from 150/80 to 120/80. Five cases te-
ceived neuroleptics. One case (no 1) had atrial fibrillation.

LB negative cases. The MAPB decreased in 7 of the 10 LB negative cases during dementia. Cotre-
sponding average MABP decrease compared to predementia values was 18% ranging from a 3%
increase to a 36% decrease. One patient (no 14) had a history of previous hypertension and
became hypotensive and orthostatic. Three additional cases (no 8, 9 and 16) also showed ortho-
static blood pressute reactions.

Of the 5 cases with cardiac diseases 2 had angina pectoris, 3 had cardiac incompensation in one
case combined with atrial fibrillation. Six of the 7 cases who showed MABP decrease during
dementia were treated with neuroleptics and 2 had also received diuretics.

Cote symptoms, neuroleptic sensitivity and neuropathology

Core symptoms of the clinical diagnosis of DLB in the 16 cases are presented in table 5 and
neuropathological results in table 2 and 3ab. There were no major differences in core symptoms
between LB positive and negative cases.

Hallucinations.

LB positive cases. Three cases had visual hallucinations. All three showed hippocampal and tem-
poral AD, one had visual impairment and the other two had some kind of occipital pathology
(infarct or microvacuolisation). All three cases with auditory hallucinations (no 3, 5 and 6) had
impaired hearing. Case 6 was the only one who developed delusions and who later received
antiparkinson medication.

LB negative cases. Four cases had visual hallucinations. Three had moderate to severe temporal
AD and the fourth had occipital pathology. The only case with visual impairment also had
visual hallucinations. In one case the visual hallucinations were combined with auditory hallu-
cinations. In two cases the type of hallucinations was not specified. Both these cases had tempo-
ral and hippocampal Alzheimer pathology.

Extrapyramidal symptoms (EPS).

LB positive cases. All 6 cases suffered from some kind of muscular rigidity while all 4 cases (no 1,
2, 4 and 6) with SN degeneration had bradykinesia. Three of the 4 cases with SN degeneration
exhibited tremor as opposed to none among the cases without SN degeneration. The cases with
SN degeneration had 3 or more EPS. The 2 cases without SN degeneration showed 2 EPS each.
LB negative cases. Six of 10 cases suffered from muscular rigidity. Five cases had bradykinesia.
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Three cases displayed mild SN degeneration. There was no specific pattern of EPS in these 3
cases. Six of 7 cases with frontal white matter pathology exhibited EPS, 5 of these had muscular
rigidity and 5 had gait disturbance.

Neuroleptic sensitivity

LB positive cases. Neuroleptic sensitivity was seen in cases 1, 2, 5 and 6. The type of sensitivity
described is shown in table 5. Moderate SN degeneration was found in 4 cases (no 1, 2, 4 and 6)
of which 3 exhibited Lewy bodies. One additional case without SN degeneration also had nigral
LBs. Case 4 with SN degeneration and nigral LBs had not received neuroleptics, and a possible
neuroleptic sensitivity was therefore not established. Two cases had shown EPS before they
received neuroleptics.

LB negative cases. Neuroleptic sensitivity was reported in 6 of 10 cases. None of these had SN
degeneration but 4 had frontal white matter pathology. In 7 of 8 cases EPS were not seen before
neuroleptic treatment.

Discussion

The initial description of Dementia with Lewy bodies [5,17] was based on neuropathologically
studied cases and a specific symptom constellation was defined based on the retrospective analy-
ses of these cases. Our intention was to reverse this analytic approach and to study the neu-
ropathological picture of cases with clinical DLB. The expectation was that these cases would
present important pathological similarities, even if clinical features do not always share the
same neuropathological substrate.

The study was based on neuropathologically investigated dementia cases (n=200) within the
frame of a longitudinal study [19]. The cases were selected consecutively according to the date of
death. Clinical and neuropathological data from these cases have been reported previously [20].
Among 48 cases with clinical DLB diagnosis, 16 randomly selected cases were investigated with
O-synuclein for sensitive detection of LB pathology (this staining was not available at the initial
neuropathological examination). These 16 cases form the target group of this study.

It is important to note that the term “diagnosis” is used here in three different ways: firstly, the
initial clinical diagnosis which was made when the patients were still alive and when consensus
DLB criteria were not yet developed; secondly, the clinical diagnosis based on retrospective
analysis of the total course of illness using new clinical criteria; thirdly, the neuropathological
diagnosis based on the semiserial whole brain sectioning technique with possibilities for a
topographic overview and a histopathological description of the brain pathology.
Acknowledging that “subjective judgements are almost unavoidable in assessing the cause of
organic dementia” [34] both clinically and neuropathologically, we interpreted the cases in
accordance with our tradition of clinical investigation in an attempt to evaluate the impact of
the various pathological findings on the symptomatology. The cases with LBs are presented
individually.

In case 1 the symptoms and the differential diagnostic ratings gave rise to a suspicion of a
probable AD and a clear subcortical, vascular engagement with an insufficient blood pressure
regulation. Earlier hypertension and later hypotension in combination with an orthostatic blood
pressure regulation could have given rise to hypoperfusive episodes with subsequent white mat-
ter damage [35]. The rCBF 5 years after onset of the disease and 1 year prior to death showed the
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classic AD pattern with temporo-parietal blood flow decrease. The EPS could be explained by
the nigral degeneration while the likelihood of Alzheimer pathology undetlying the dementia
was intermediate according to the NIA-Reagan criteria. The contribution of the pronounced
vascular white matter damage must, however, be anticipated. The fluctuations could be related
to the combination of autonomic instability and vessel pathology [36]. The presence of LBs in
autonomic ganglia [37] is another possible explanation, although this structure was not investi-
gated in the present cases. LBs in NbM could be an indication of a degeneration of this cholin-
ergic source and thereby a further potentiation of the AD component.

In case 2 the clinical diagnostic rating indicated a probable AD component although vascular
risk factors such as hypertension and decreasing blood pressure over time were present. The
rCBF pattern was in accordance with the classic temporo-parietal AD pattern in combination
with bilateral frontal flow decreases, a common pattern in older individuals with more ad-
vanced AD [30,38,39,]. The bilateral, partially temporo-parietal location of the infarcts could
further contribute to the AD symptomatology. The EPS were thought to be the result of the SN
degeneration and the frontal subcortical pathology [40]. The strategic location of LBs in NbM
could also contribute to the dementia but it is not likely that the L.Bs are solely responsible.
Case 3 cxhibited a clinical picture where diagnostic ratings suggested AD and frontal lobe
dysfunction. The mixed dementia diagnosis in vivo was probably influenced by the patient’s
vascular risk factors (hypertension, artherosclerotic heatt disease, smoking) and some focal asym-
metry in the tCBF pattern. The SN was not degenerated although the neuroleptic treatment
might have contributed to the EPS indicating a dopaminergic deficiency [41]. The relatively
pure Alzheimer pathology possibly forms the basis of the dementia, a fact which the Reagan
criteria considered as “highly” likely. The pronounced frontal symptomatology had, however,
no clear cut pathological correlate. The clinical impact of the few LBs in the frontal cortex is
uncertain although the mere presence of LBs may indicate undetlying synuclein pathology.
Case 4 had a differential diagnostic rating as probable AD but also a marked frontal profile.
Following the rCBF investigation with regional decreases in fronto-temporal areas the diagnosis
of fronto-temporal dementia was considered. The dementia syndrome could be correlated to the
neuropathological degenerative fronto temporal non-Alzheimer changes. The EPS (also a patt
of FTD symptomatology) could be explained by the nigral degeneration. The LB pathology
might have added to the symptomatology with its strategic location in NbM and the cingulate
gyrus, thus amplifying the clinical AD appearance. LBs in SN indicate a disruption of
dopaminergic subcortico- frontal projections and this possibly adds to the signs of frontal
dysfunction in the rCBF measurement.

Case 5 had a mixed dementia with an even clinical diagnostic rating profile. The brain imaging
findings of an asymmetric CBF pattern indicated a vascular genesis. The neuropathological
findings of Alzheimer pathology and cortical microvacuolisation were diverse and discrete and
could additively form the basis of the dementia, a neuropathological situation not uncommon
in the age group >80 [42]. However, according to the Reagan criteria the probability of an
Alzheimer pathology underlying the dementia was rated as intermediate. LBs were seen in SN, as
possible markers of local damage and as an explanation of the EPS. The LBs in the temporal
cortex if indicative of dysfunction [43] may add to the temporal lobe symptoms.

Case 6 had a clear clinical picture and diagnosis of PaD although with cognitive disturbances
subsequent to onset. The blood pressute regulation was unstable with decreasing blood pressure
over time. The diagnostic ratings suggested a mixed dementia, AD and VaD. The tCBF pattern
was typical for both AD and PaD. The pathology showed a classical PaD picture with subcortical
and cortical LBs in combination with Alzheimer pathology forming the basis of the dementia.
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The Alzheimer pathology contributed “highly” to the dementia, according to the NIA-Reagan
criteria and received a comparatively high Braak staging because of widespread cortical Alzheimer
changes although these changes were generally mild. In contrast the Brun and Englund grading
was “mild AD”. In this case the wide spread LBs along dopaminergic subcortico-cortical projec-
tions may be interpreted as a sign of the severity of the degeneration. A more cautious evalua-
tion of the importance for the dementia state is called for since cortical LBs in PaD are also seen
in non-demented cases [44].

Thus, with the exception of case 5, who had subliminal pathologies and only few LBs, 4 of the
cases had additional pathological findings to LBs with a probable impact on the dementia
symptomatology. Case nr 6 was considered to be “the most typical DLB case” both clinically
and neuropathologically according to the description in the literature [7].

Visual hallucinations were, however, absent. Case no 4 was also the least likely DLB case since no
LBs were found in the brainstem.

Neurological signs are often associated with regional brain pathology while neuropsychiatric
symptoms such as deceptions, delusions and depression show a less strict coupling to specific
brain areas. The findings in our sample indicate a complex background for deceptions and
delusions in brain disease. Several cases showed pathology in the hippocampus, the temporal
and occipital cortices combined with sensory deficits, a well known contributory factor to these
symptoms [45]. In studies of psychoses and their links to cerebral lesions, cortical as well as
subcortical brain abnormalities, have been reported [46,47]. Productive symptoms such as hallu-
cinations and delusions have also been connected to the function of better-preserved cortical
areas [48-50]. There was no obvious association between psychotic symptoms and brain pathol-
ogy in our patient sample although cases 1, 5 and 6 exhibited hallucinations and showed low-
grade Alzheimer pathology according to Brun/Englund, combined with telatively sparse addi-
tional cortical pathology. On the other hand this occured in only 2 of 6 hallucinating LB
negative cases.

Cognitive fluctuations, confusional episodes, falls and also irritability and aggressiveness seemed
to appear at a time when there was a progressive decrease of the arterial blood pressure regardless
of the presence of LBs. Low blood pressure and orthostatic hypotension are common in demen-
tia [51] and probably highly hazardous in patients with previous hypertension. This was the case
in 3 of our LB positive and one of our LB negative patients. Previous hypertension combined
with antihypertensive medication have been associated with a higher risk of dementia in a
recent population based study [52]. Decreasing blood pressure during dementia in clinical DLB
was found in our full material [53]. Unstable blood pressure regulation, arterial hypotension or
ischemia is often related to syncope, transient impaired consciousness, unsteady gait, falls and
fractures which constitute supportive criteria in the DLB consensus document [54-56]. It is
believed that the development of SIWT results from regionally reduced cerebral perfusion due to
small vessel disease combined with systemic hypotension and is coupled to ischemic heart
disease [22]. These clinico pathological findings were more abundant in our LB negative cases
compared to the LB positive. Cases with combined Alzheimer and SIWI pathology (most com-
monly frontally located) shate several symptoms with DLB; fluctuations, confusion, syncope,
hallucinations and tonus increase [57] a fact which implies differential diagnostic difficulties.
Fluctuations in cognition are conventionally considered a vascular symptom [36] but are also
part of the clinical picture in PaD. The vast majority of our 16 cases had a clear decrease in
blood pressutre associated with the appearance of fluctuations in cognition. Interestingly, all
cases (4 LB pos and 1 LB neg) with moderate to severe degeneration of LC and subsequently a
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possible involvement of noradrenergic pathways, had “fluctuations in cognition and variations
of attention and alertness”. Noradrenergic dysfunction has been related to disrupted activity of
the attention mechanisms of frontal areas [58]. Three of the LB positive and 2 of the LB negative
cases had coexistent SN degeneration, which may produce specific attentional deficits in PaD
[59].

Another symptom not discussed in the consensus document but reported in 3 of our 6 LB
positive cases (and in 2 LB negative cases) was diffuse somatic pain, unrelated to specific under-
lying lesions. Yet, pain is also a common sensory manifestation of PaD [60].

The importance of finding patients with the clinical core symptoms of DLB early in the course
of dementia has been stressed [61], as this would facilitate the discovery of cases with LBs with
less interference from other age-depending brain pathologies and would enable early treatment.
Recent publications have reported positive responses to treatment with acetylcholinesterase in-
hibitors in DLB [62,63]. A clear cholinergic dysfunction has also been shown in DLB [64].
There was, however, no consistent pattern or any difference between the cases with and without
LBs, in the early appearance of the core symptoms.

Nigral pathology with subsequent dopaminergic deficiency, as well as other subcortical lesions,
were prevalent in our cases and probably associated with the DLB symptoms.

In conclusion, our pathological data, using the whole brain semiserial sectioning technique,
show that the neuropathological picture is complex and varies between individual cases. It is
generally difficult to evaluate the importance of the LB pathology per se compared to other
coexisting pathological changes. The single case analysis points to important clinico- pathologi-
cal relations, which might be lost when analysing data from larger groups. Since AD and vascu-
lar diseases require specific clinical considerations and treatment, it is of great importance to
acknowledge and diagnose these, even if a LB pathology is suspected.

It is, however, of clinical importance to recognize patients with a symptom constellation caused
by deficiencies in the acetylcholine, the dopamine, the noradrenergic and possibly also the
serotoninergic system. This may allow a delicate, balanced treatment, which would not only
alleviate disabling symptoms but would also avoid symptoms associated with and aggravated by
deficient control of blood pressure. In addition, neuroleptic sensitivity reactions can be pre-
vented.
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Tablel.
Basic characteristics of 16 clinically diagnosed cases with Dementia
with Lewy bodies

IBpos  Gender Ageatonset Ageatdeath Dementia duration
€ases

1 M 7 76 5

2 F 71 82 11

3 F 80 88 8

4 F 65 73 8

5 M 81 88 7

6 M 76 79 3

LB neg 7426,1 81+6,2 7+2,7

cases

7 F 76 86 10

8 M 56 64 8

9 M 75 81 6

10 M 74 86 12

11 F 66 78 12

12 It 55 63 8

13 F 54 60 6

14 M 80 94 14

15 M 82 83 1

16 F 74 82 8
69+10,7 78114 83,7
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Table 2.
Neuropathological findings in 16 clinically diagnosed cases with Dementia

with Lewy bodies
LB pos |Cortical Infact/s | White matter SN |LC | Lewy Bodies (LBs)
cases infarcts
1 Par Central |Front 2 { 3 |NbM, SN ++
Cortex Q)
2 Par Occip  |Front | Occip 2| 0 |NbM +
Central {Front | Par Subcort
3 Small cortical 0 | 1 |Front +
4 2|3 |SN +
NbM, Cing +
5 0| 0 |SN +
Temp +
6 2 | 2 |SN, NbM,Front +
Cing Temp, Par +
LB neg
cases
7 Front |Occip | 1 | 1 |No
Par
8 Front |Occip | 1 | 1 |No
Pat
9 Small cortical Front 010 [No
10 | Border zone Front 010 |No
11 Small cottical Front 0 | 0 [No
12 0|0 |No
13 1 ] 0 [No
14 Par Occip | Iront | Occip 0| 0 |No
Temp Par | Subcort
15 Pons Front 0] 0 |No
16 0|3 |No

Degeneration: 1= mild, 2=moderate, 3=scvere. 1-5 LBs=+, 6-10 LBs=++ per small scction (cm?)
Front=frontal, temp=temporal, par=parietal, occip=occipital, hipp=hippocampal,
amyg=amygdala, cing=cingulated gyrus, SN=substantia nigra, LC=locus coeruleus.

Table 3a.
Alzheimer pathology in 6 clinically diagnosed cases with Dementia with Lewy bodies
(Lewy body positive).

IB  |Local severity Total severity Braak Likelihood of AD
pos  {Brun and Englund [21] Brun and Englund | staging underlying dementia
cases [21] [31] NIA-Reagan criteria
132)
1 Iront 1 Uncus 3 Mild templimbic, nr-v Intermediate
Temp 3 Amyg 3 mild cortical (T)
Hipp  0-1 Par 0-1
2 Front 0 Uncus 3 Severe temp limbic, |V High
Temp 3 Amyg 0 severe cortical (IIT)
Hipp 3 Par 3
3 Front 0 Amyg 2 Moderate temp v High
Temp 2 Par 2 limbic, moderate
Hipp 2 cortical (II)
4 0 0 No
5 Front 0 Amyg 1 Mild temp limbic j1181% Intermediate
Temp 0 Uncus 1 Cortical (0)
Hipp 1 Par 0
6 Front 0 Amyg 1 Mild temp limbic, |V* High
Temp 1 Par 1 mild cortical
Hipp 0 (atypical) ()

Degeneration: 0=not exceeding normal for age, 1= mild, 2=moderate, 3=severe
Front=frontal, temp=temporal, hipp=hippocampal, amyg=amygdala, par=parietal
Temporal-limbic=involvement of hippocampus, amygdala and entorhinal cortex but not
supracallosal limbic (cingulate gyrus) or neocortex.

*The patient was difficult to classify according to this staging.
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Table 3b.
Alzheimer pathology in 10 clinically diagnosed cases with Dementia with Lewy bodies

(Lewy body negative).
IB  |Local severity Total severity Braak Likelihood of AD
neg |Brun and Englund |21] Brun and Englund  |staging ' | undetlying dementia
cases [21] [31} NIA-Reagan criteria
32)
7 Front 1 Amyg 2 Severe temp limbic, | VI High
Temp 2 Par 2 moderate cortical (IT)
Hipp 3
8 Tront 3 Amyg 1 Mild temp limbic Vi High
Temp 0 Par 3 severe cortical,
Hipp 1 Occip 3 frontal accent (III)
9 Tront 1 Amyg 0 Severe temp limbic, | VI High
Temp 3 Cncus 3 moderate cortical(TT)
IHipp 2 Par 1
10 Tront 1 Amyg 2 Severe temp limbic , | VI High
Temp 3 Uncus 1 severe cortical (IT1)
Hipp 3 Par 2
11 Front 2 Amyg 2 Severe temp limbic, VI High
Temp 2 Uncus 1 Moderate cortical,
Hipp 3 Par 2 (atypical) (IT)
12 Front 2 Amyg 3 Severe temp limbic, | VI High
Temp 2 Par 3 severe cortical (IL)
Hipp 2
13 Front 2 Amyg 3 Severe temp limbic, | VI High
Temp 3 Par 3 severe cortical (111
Hipp 3
14 Front 2 Amyg 3 Severe temp limbic, | VI High
Temp 3 Par 3 severc cortical (IIT
Hipp 3
15 Front 1 Amyg 1 Mild temp limbic, VI High
Temp 1 Uncus 1 mild cottical (T)
Hipp 1 Par 1
16 Front 1 Amyg 2 Moderate temp VI* High
Temp 2 Par 0 limbic, moderate
Hipp 2 cortical (II)

Abbreviations and comment, sce table 3a.
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Table 4.
Differential diagnostic scoring and initial neuropathological diagnosis in 16 clinically
diagnosed cases with Dementia with Lewy bodies.

IBpos |ADscore |[FIDscore |ISscore | Neuropathological diagnosis
cascs

1 7 2 9 VaD*AD
2 8 2 4 VaD+AD
3 13 10 3 AD

4 8 6 2 FID

5 6 6 5 AD

6 6 0 7 PaD+AD

1B neg 8.0£2.6 43137 5.042.6

cascs
7 11 8 3 AD+SIWT
8 6 4 1 ADHSIWI
9 11 5 5 ADHSIWI
10 7 2 7 ADA+SIWI
11 8 6 5 ADHSTWT
12 6 4 3 AD
13 11 8 4 AD
14 13 4 1 AD+VaD
15 2 0 9 VaD*+AD
16 8 6 5 AD

8.3£3.3 4.7+2.5 4.3£2.5

The predominant neuropathological diagnosis is presented first.

Alzheimer’s disease (AD) scote, Fronto temporal dementia (FTD) scorc [28,29].

Ischemic (IS) score [29].

VaD= Vascular dementia, PalD= Parkinson’s disease, SIWI=Selective incomplete white matter
infarct, *=Binswanger type

183



Table 5.
Core criteria and neuroleptic sensitivity in 16 clinically diagnosed cases with Dementia
with Lewy bodies.

LB pos Fluctuations | Hallucinations | Extrapyramidal Neuroleptic
cases symptoms (EPS) sensitivity
1 Yes No ab,c,de Deterioration
2 No Visual a,b,d,f Rigidity
3 Yes Visual a,b No
Auditory
4 Yes No a,b,c,d No neuroleptic
treatment
5 Yes Visual abf Rigidity
Auditory
6 Yes Auditory ab,c,de Hypersalivation,
oversedation
LB neg
cases
7 Yes No ab No
8 No Visual abdef Severe EPS
Auditory
9 Yes No b,f
10 Yes No ae Hypominia
hypersalivation,
oversedation
11 Yes Hallucinations |a,b,c Rigidity
Hypersalivation
Leaning
12 No Visual a,b,c,d,f Rigidity
hallucinations
13 Yes Visual a,b,c,f Overscdation
hallucinations
14 Yes No a,b,c,d,f
15 Yes Hallucinations |No Salivation
16 Yes Visual No
hallucinations

a=small stepped gait
b=(cogwheel) rigidity
c=tremor
d=bradykincsia
e=masked face
f=postural change
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Case 1. This male patient was o retired schoolieacher who developed demestin ot the age ol 71
Alrhongh ome unele suffered from tremor there was no family histary of dementia. He suffered
from longsianding arsrial hypenensom bl ihere wis & marked blood pressure deeresss from the
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Case X, This fomale pmliem wis a former phyvstotherapist with o family histary of dementio and
corocary Beant discase. She wis an exoessive @naker. She compslained ol dilTuse pain sl
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Case 5, Ths preveapaly halthy made pabenl camd from Esome wherg e hwd worked g3 4

law wer, A0 the age of £ he showed memory disturbances mnd slight disoaentatron. He exhibited
visual hallocinations “picked nan-exising things from the walls™. His hlood pressure decreased
markally during demeniin ssad dhe paient Becane ypolensive, The initisl elinicsl dingnasis wis
vakguler disneifie. Froom the age of §5 unlil his death ol the age of 83, be was cared [oe ol a

g horme und ot the peychiatric cfinic.

The rBF in s dass wag
petliormesl an the 32 cfanmnel
device keading 1o o technscally
dafferend illusiretion and
thereiire nod shawn,

The PCRF Ninadangs & S, 4 s aller
slimicul onsel of domentia wene difficuli 1o
imezpret for iechnical reasons. Temstively
the general CHF level scemed nanmal b
wlth @ marks] hemispfenc asvmmotny mmed
blood flow decroases fronto-tempanlly om
thie bef sidie and o ehe niglt eenfrally

Mauropathologs Dasimvie Aldheimer
cocephalopatiy with lempoml-liming
lpeation mnd unevenly disiributed cortical
spongiform chasges. Mild Bydroesphalus,
LTs im the 5N sl in s empool aones,
Hraam weighs 1515
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Case 6. This male patient served im the army end sulfered from hearing disabdlity and recurren
bendache after an explosion. He hail oegsteding hypenension thet wes teaned [or some vears.
Prrkinzon’s disense wus diagnosed # the age 0 75, He hid sefilory halluginmtions “peoply
amnping & might”, vegetilive “attacks” of seven: stoemach pain, escessve swenting and salivatioo.
He also exhibiied “nitacks of absence, loss of musculer toomes snd o saring vacans gase”, He
expenenced muhiphe fdls. He dsveloped sgnstlon, verbal (ibeeansibng) and jhyssaal (Gghlg
ki amil throwing thmgs) aggrossiviness. His blood prossure decnzisod markedly during
dememin. He wes treated with drugs thai could hove contribeted to the hypolension. The mitial
diagnoses were Pockisson’s discase witls demeniba, vitsin BE2 deflolency and hypotbnremis. He

dizad i the age of ™9,

—
TPl aimanid

I right

The rflCBF messuremant al 76 vears, when
tha patient became demenied, showed a
ehighaly decrensed geneml bosd flow level
aned Tocal Secnessss m lemponogarivial,

pamzlu-occipital and fronial aress biloterally.

I s
-

Mournpathology: Alzhamer pathodapy with
eiypical distribution in the cortex, not
sepentmabed im the avygdala. There wis,
howernver, dliserepancy Botwen 1hiss chamges
wnd spongicsis/gliosis which was maimly
Ipcated in frontal areas. Moderale
desgeneraiton of 58, LBa in mesencephalon,
tho cimgulme gyrus, bypothalemus ond in
frontal, parieinl and iemporal corteccs. Brain
wienghil 1430




Regional cerebral blood flow and age at recording in Lewy body negative
cases with climeally diagnosed Dementia with Lewy bodies.
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Fig 7
Regional cetrebral blood flow and age at recording in LB negative cases with clinically diag-
nosed Dementia with Lewy bodies.

Regional cerebral blood flow patterns during rest showing the vertex view of the cerebral cor-
tex, with the frontal pole at the top, and left hemisphere to the left. The colours represent
flow distribution normalised (ISI, regional values in percent of the hemisphere mean), as
defined by the colout key to the right.
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