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Abstract
Background Alzheimer’s disease and other dementias are the fourth largest contributors to neurological disability and the second
largest contributor to deaths from neurological disease. Described in the 1980s as ‘the silent epidemic’ these disorders principally,
though not exclusively, affect persons 80 years or older, and in developed countries, this ‘old old’ population continues to grow.
Definitive diagnosis of the underlying cause of the neurodegenerative disease relies on neuropathological evaluation.
Àims Herein, we review the sampling methods, analysis and interpretation of both pathological and immunocytochemical
techniques in the diagnostic assessment of neurodegenerative disease.
Findings Neurodegenerative disorders are characterised by accumulation of pathologically altered protein in the human brain,
and in some cases, in the peripheral tissues. Whilst it is suggested that a comprehensive review of the patient’s clinical history,
cognition and behaviour, together with a full clinical examination and radiological analysis, should lead to a high degree of
confidence in the clinical diagnosis, the view persists that underlying pathology can only be predicted on clinical grounds
especially in Alzheimer’s disease, vascular brain injury and diffuse Lewy body disease with only limited accuracy.
Conclusions Neuropathological assessment of well characterised clinical cases provides accurate data on the prevalence of neuro-
degenerative diseases. This will aid future biomarker, neuroimaging studies and clinical trials focussed on population based cohorts.

Keywords Alzheimer’sdisease(AD) .DiffuseLewybodydisease(DLBD) .Frontotemporaldementia(FTD) .Neurodegenerative
disease (NDD) . Parkinson’s disease (PD) . Vascular brain injury (vBI)

Introduction

Dementia, like most late-life chronic diseases, is a syndrome
presenting with complex symptomatology, due to multiple ae-
tiologies [1]. Described in the 1980s as the ‘silent epidemic’, it
principally affects persons 80 years or older, and in developed
countries, such as Ireland, this ‘old old’ population continues to
grow. The vast majority of dementia cases, especially those
occurring very late in life, tend to involve a mixture of
Alzheimer’s disease (AD), vascular associated dementia
(VaD) and other degenerative factors [1]. Neurological disor-
ders are an important cause of disability and death worldwide.

Alzheimer’s and other dementias are the fourth largest contrib-
utors to disability-associated life years (DALYs) but the second
largest contributors to deaths from neurological disease [2]. It
has been suggested that the incidence of dementia is declining
in high-income countries [3] but the most striking change has
been the doubling of patients who die, or are disabled fromAD,
and other dementias over the past 25 years [3].

Clearly an ageing demographic will drive an increase in the
number of dementia cases. Clinical accuracy in the diagnosis
of these cases is important; not only for therapeutic and scien-
tific studies but also as a guide to prognosis, organising clin-
ical care and recruitment to clinical trials. Clinical diagnostic
accuracy may be high, when all features and investigations,
are taken into consideration [4], but nonetheless, the view
persists that underlying pathology can be predicted exclusively
on clinical grounds with only limited accuracy. This is partic-
ularly true with respect to the sub classification of dementias
and differing Parkinsonian phenotypes [5].

Despite the increase in sensitivity of in vivo diagnostic
markers, the ‘gold standard’ for definitive diagnosis of neuro-
degenerative diseases (NDD’s) remains a neuropathological
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evaluation. This is particularly true with respect to AD, diffuse
Lewy body disease (DLBD) and VaD, which are the major
contributors to dementia in community- and population-based
studies [6]—though even in these conditions the neuropathol-
ogist, to date, could not truly provide an absolute diagnosis,
but only predict the ‘likelihood’ that AD or DLBD was the
responsible entity [7]. Neuropathological evaluation may be
performed as part of a neuropathology autopsy diagnostic ser-
vice or may be performed in the interests of brain banking for
research purposes.

NDDs are classified as dysfunction and loss of neurones,
associated with the deposition of pathologically altered pro-
teins that accumulate in the human brain but also in peripheral
tissues. This distinct involvement of functional systems large-
ly defines the clinical presentation [8]. In a process that is self-
perpetuating, and likened to that observed in prion diseases,
progressive seeded protein aggregate, and spread to intercon-
nected neurones and adjacent glial cells [9]. NDDs are
subdivided based on clinical presentation, protein deposition,
cellular and subcellular pathology. With any neurodegenera-
tive syndrome, it is possible to define but not necessarily ex-
plain anatomical, cellular and protein vulnerability—all of
which may be altered if there is a genetic component [8].

The aim of this review is to outline how a neuropatholog-
ical diagnosis is reached based on macroscopic examination
of the brain, assessment of vascular brain injury (vBi) and
analysis of protein deposition.

Clinical information

There is an increasing need to diagnose NDDs in a timely
fashion. Clinical symptoms often overlap during the course of
disease thus clinical classification is helpful in determining
whether cognition/behavioural issues or a movement disorder
is the predominant problem. This will also have directed clinical
investigations and imaging studies which are helpful in some
but not all conditions (Tables 1 and 2). Presentation with de-
mentia, visual hallucinations and later bradykinesia may sug-
gest DLBD, whereas behavioural problems may suggest a
frontotemporal dementia. Involvement of organ systems other
than the central nervous system (CNS) may also raise suspicion
for particular disorders, e.g. anosmia and constipation in
Parkinson’s disease, and cardiomyopathy in Fredric’s ataxia.

The documented neuroradiological and electrophysiologi-
cal abnormalities should be interpreted specifically, with re-
spect to the stage of the disease in which they were demon-
strated [10]. In frontotemporal dementias, for example, the
distribution of disease is asymmetrical at disease onset [11].

Autopsy

With respect to the autopsy, consent is a prerequisite. It is
beyond the scope of this article to deal with the issues

involved but emphasis should be placed on the need to retain
the brain, and in some cases, the spinal cord. It is also essential
to document what arrangements are to be made with the organ
subsequently.

Although a detailed neuropathologic investigation is fre-
quently performed, and a diagnosis reached without a general
autopsy, the quality of the report is enhanced if these details
are taken into consideration. Before slicing or fixing the brain,
it is important to determine whether or not frozen samples
should be taken. This is routine in brain banking but not for
diagnostic purposes.

Specific sampling procedures are used for examination of
the brain that includes neocortical regions, basal ganglia, thala-
mus, brain stem and cerebellum [8, 10]. Macroscopic abnor-
malities are routinely noted: the circle of Willis is carefully
examined to assess the degree of atheroma affecting the vessels,
and this is graded from mild to severe. Some abnormalities that
may be detected on gross inspection are shown in Fig. 1.

The techniques and use of the various proteins for diagnos-
tic purposes have been extensively reviewed [8, 10]. In our
laboratory, we routinely cut 4 μm sections and stain themwith
haematoxylin and eosin (H&E). Following examination of the
H&E sections, the following immunocytochemical stains are
carried out where appropriate: Polyclonal TAU (Innu genetics
1:100), 3R-Tau (clone and dilution), 4R-Tau (clone and dilu-
tion) Amyloid-β protein (Dako 1:100), alpha Synuclein
(Inviterogen 1:500), GFAP (Dako 1:1500), Polyclonal
Ubiquitin (Leica 1:250), Transactive response DNA binding
protein 43 (TDP-43) (Proteintec 1:1500), Fused in Sarcoma
(FUS) (Sigma 1:600), Polyclonal P62 (Santa Cruz, 1:1000),
CD68 (clone and dilution) and Luxol fast blue/H + E (clone
and dilution).

Vascular brain injury

This is not infrequent in the brains of the elderly but its impact
on cognition is less clear. Whilst prevalence rates are high in
clinical studies, it is rarely found to be the neuropathological
correlate of clinical dementia in post mortem studies [12]. The
three vascular lesions that contribute to vascular cognitive
impairment are the following: (i) atherosclerosis (most com-
monly the basilar artery and the circle of Willis); (ii) small
vessel disease (which includes small vessel atherosclerosis,
lipohyalinosis and arteriolosclerosis); and (iii) cerebral amy-
loid angiopathy. These can cause infarcts—ischaemic or
haemorrhagic or white matter lesions.

Cerebrovascular disease may result in pure VaD without
widespread neurodegenerative pathology such as AD or
DLBD. It can be classified into three major forms—multi-
infarct, strategic or subcortical vascular encephalopathy. The
distinction between AD, VaD and mixed AD/VaD remains
controversial, and it has been suggested that the oligaemia
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produced by atherosclerosis may increase accumulation of β-
amyloid, which in turn aggravates the oligaemia [13, 14].

Proteins

Protein is deposited either extracellular (which is the case with
β- amyloid (Aβ) and prion protein, or intracellular (Tau, α-
Synuclein, TDP-43, FUS), and those associated with trinucle-
otide repeat disorders or rare hereditary diseases (Figs. 2–4
and Table 3). Our approach to prion disease has been
discussed in previous publications [15, 16].

Tau

With respect to intracellular deposition, we will deal first with
tau. Tau, a microtubule-associated protein functions in assem-
bly and stabilisation of the neuronal microtubule network.
Abnormal aggregates of hyperphosphorylated tau protein occur
in NDDs [17]. These tauopathies are characterised by the de-
position of abnormal tau protein in neurones or glial cells (as-
trocytes or oligiodendrocytes) in the brain. They are classified

as primary; where tau is the only abnormal protein. Primary
taupathies include Pick’s disease (PiD), progressive
supranuclear palsy (PSP), corticobasal degeneration (CBD),
argyrophilic grain disease (AGD), primary age-related
tauopathy (PART) previously known as neurofibrillary tangle-
only dementia (NFT-dementia) and a recently described entity
globular glial tauopathy (GGT) [8]. AD is regarded as a sec-
ondary tauopathy as Aβ is deposited in addition to tau.

Human tau proteins are encoded by a single gene consisting
of 16 exons on chromosome 17q21 and the CNS isoforms (3-
repeat [R] and 4-repeat [R]-tau) are generated by alternative
mRNA splicing of these exons. In AD, both 3R- and 4R-tau
are present, whereas in PiD only 3R-tau is present, and in PSP,
CBD and AGD 4R-tau aggregate [17].

Neuronal tau deposits include pretangles, NFT (Fig. 3) and
Pick Bodies (Fig. 2). Astrocytes show a variety of inclusions
including tufted astrocytes (PSP) and astrocytic plaques (CBD).
Oligodendrocyte inclusions include coiled bodies and globular
oligodendrocytes inclusions. These tau pathologies may be ob-
served as secondary phenomena in a wide range of other neu-
rodegenerative diseases, e.g. in Huntington’s disease brains [18].

Table 1 Clinical algorithm incorporating abnormalities seen on
conventional MRI that may aid in the diagnosis of a neurodegenerative
condition. (AD Alzheimer’s dementia, FTLD frontotemporal lobar

dementia, MRI magnetic resonance imaging, MSA multiple systems
atrophy, PSP progressive supranuclear palsy, SWI susceptibility
weighted imaging)

Clinical suspicion of demen�a

Parkinsonian phenotype Memory or behavioural disturbance

Prominent
autonomic
features

Fluctua�ons 
in cogni�on
with visual 
hallucina�ons

Axial rigidity with 
abnormal
saccadic eye 
movements

Early language and 
behavioural 
abnormali�es with 
obsessive features

Anterograde episodic 
memory loss with 
neuropsychiatric 
symptoms

CSF tau/
amyloid 42 
ra�o

Bradykinesia 
with rigidity 
and tremor

Volume loss on MRISignal change on MRI

Midbrain
atrophy

PSP

Cerebellar
atrophy

MSA

Temporo-parietal
atrophy

Hippocampal
atrophy

No 
hippocampal
atrophy

DLBDAD

Fronto-temporal
atrophy

FTLD

‘Hot cross bun’ 
sign in the pons 
and reduced T2 
signal in 
putamen rela�ve 
to the globus 
pallidus

MSA

T1-
hyperintensity 
in substan�a 
nigra and 
absent 
‘swallow tail’ 
sign on SWI

PD

Diffuse
T2 signal
abnormality 
in the pon�ne 
tegmentum, 
midbrain 
tectum and 
inferior 
olivary 
nucleus

PSP
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Chronic traumatic encephalopathy (CTE), a recently de-
scribed tauopathy is a progressive NDD, triggered by repeti-
tive mild traumatic injury. CTE is distinguished from other
tauopathies by a distinctive pattern of tau deposition; begin-
ning in the superficial cortex and spreading eventually to the
medial temporal lobe, diencephalon and brain stem [19].

AD, a secondary tauopathy, is the most commonNDD. It is
characterised by the extracellular deposition of Aβ fibrils and
the intracellular accumulation of abnormally phosphorylated
tau protein. Aβmay deposit in the parenchyma in the form of

plaques and in the vessel walls as cerebral amyloid angiopathy
(CAA). The characteristic lesions of AD include NFTs and
senile plaques (SP). NFTs are observed in limbic regions early
in the disease and follow a characteristic staging system [20,
21]. Senile plaques on the other hand are extracellular deposits
of Aβ. These may take the form of neuritic plaques (NP), with
dystrophic neurites at the centre, or diffuse plaques (DP) with-
out. NPs are considered to be most closely related to neuronal
injury. Assessment of AD neuropathological change is made
using an ABC score that incorporates histological assessment

Table 2 Clinical algorithm incorporating abnormalities seen on nuclear
imaging that may aid in the diagnosis of a neurodegenerative condition.
(AD Alzheimer’s dementia, DAT SPECT dopamine transporter single-

photon emission computed tomography, FDG PET flourodeoxyglucose
positron emission tomography, FTLD frontotemporal lobar dementia,
MSA multiple systems atrophy, PSP progressive supranuclear palsy)

Clinical suspicion of demen�a

Parkinsonian phenotype Memory or behavioural disturbance

Prominent
autonomic
features

Fluctua�ons 
in cogni�on
with visual 
hallucina�ons

Axial rigidity with 
abnormal
saccadic eye 
movements

Early language and 
behavioural 
abnormali�es with 
obsessive features

Anterograde episodic 
memory loss with 
neuropsychiatric 
symptoms

CSF tau/
amyloid 42 
ra�o

Bradykinesia 
with rigidity 
and tremor

Hypo-metabolism on 
FDG PET

Reduced striatal uptake on
DAT SPECT

DLBD

Temporo-
parietal, 
precuneus 
and 
posterior 
cingulate 
gyrus

ADFTLD

MSAPD PSP

Occipital 
lobes

Asymmetrical
with ‘comma’ 
sign
In striatum

Symmetrical 
reduc�on
In striatum

Widespread 
cor�cal
hypometabolism

Midline 
frontal, 
insular 
cortex and 
head of 
caudate

Putamen 
or 
cerebellum

Frontal and 
temporal 
cortex

DLBDPD PSP MSA

Fig. 1 Examples of abnormalities
seen on gross pathology. a
Saggital section of the brain
showing frontal atrophy. b
Depigmentation of the substantia
nigra. c Coronal section of the
brain showing putaminal
discolouration
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of Aβ deposits, staging of neurofibrillary tangles and scoring
of NPs [20–25].

Whilst AD is the commonest cause of dementia, and may
exist in a ‘pure ‘form, it may co-exist with DLBD, VaD and
hippocampal sclerosis (HS) as well as AGD and TDP-43-
inclusions [25]. Whilst it may be difficult to assess how these
have contributed to the cognitive decline in a given case, it is
nonetheless important to document their presence.

α-synuclein

Parkinson’s disease (PD), dementia with Lewy bodies and
multiple systems atrophy (MSA) are the major diseases asso-
ciated with the deposition of α-Synuclein. This presynaptic
protein leaves its binding site in presynaptic boutons to aggre-
gate as Lewy body neurites or Lewy bodies (Fig. 4) [26].
Deposition of α-synuclein may be neuronal or glial. The for-
mer includes DLBD and PD whereas glial inclusions are char-
acteristic of MSA. Clinical data (movement disorder or cog-
nitive decline as early symptoms) and pathological distribu-
tion of Lewy body and neurite distribution are required to
classify Lewy body diseases. The clinical distinction between
PD and DLBD rests on the time interval between the onset of
motor symptoms and dementia with a minimum 1 year inter-
val being required for a diagnosis of PD as opposed to DLBD
[27]. In PD, the earliest involvement is seen in the medulla and
from there involves lower brain stem nuclei with eventual
involvement of the cerebral cortex [27]. Non-motor symptoms
such as anosmia may antedate the motor symptoms of PD by
some years, and this is thought to be due to α-synuclein

deposition in olfactory structures [26, 28]. Lewy body depo-
sition in the brain is assessed on a semi-quantitative stage as
brain stem, limbic or neocortical [29].

MSA, the rarest of the syneuclinopathies differs from PD
and DLBD in its clinical presentation (aggressive with either
cerebellar [MSA–C] or Parkinsonian features [MSA-P] and its
pathology (putaminal discolouration [Fig. 1c] and glial cyto-
plasmic inclusions [Fig. 4c, d]) [30].

TDP-43

This is a major component of tau negative, ubiquitin-positive
inclusion that characterise amyotrophic lateral sclerosis (ALS)
and frontotemporal lobar degeneration (FTLD). ALS is the
most frequent motor neurone disease and FTLD is, after AD,
the commonest cause of dementia under the age of 65. TDP-43
belongs to the group of RNA-binding domain proteins and is
involved in multiple cellular processes. Familial forms of
FTLD are associated with various genes such as granulin
(GRN), valosin-containing protein (VCP) TARDBP and chro-
mosome 9 open reading frame 72 (C9orf72)—all now collec-
tively referred to as TDP-proteinopathy [31]. The spectrum of
inclusions includes both neuronal (cytoplasmic, intranuclear
and dystrophic neurites) and cytoplasmic (glial cell inclu-
sions—mostly in oligodendrocytes). TDP-43 pathology may
also co-exist with other pathologies such as AD, DLBD and
HS. Four subtypes are recognised (A-D) based on the predom-
inance and distribution of neuronal inclusions. Characteristic
patterns of TDP-43 pathology progression have been described
in both behavioural variant FTD (bv-FTD) and ALS [8].

Fig. 2 a Pick bodies.
Haematoxylin and eosin x 60. b
Pick bodies. 3 R –tau x 60. c
Globose tangles – PSP .
Haematoxylin and eosin x 60. d
Tufted astrocytes (arrowhead) and
globose tangles. 4R-tau x 60
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FUS

Fused in sarcoma protein also belongs to a family of RNA-
binding proteins. In post mortem brains of ALS and FTD
patients, FUS or TDP-43 appear to be partially lost from the
nucleus in neuronal and glial cells and aggregate both in the
cytoplasm and rarely in the nucleus [32].

Discussion

Neurodegenerative diseases represent a spectrum of disorders
characterised by accumulation of abnormal proteins and are
subdivided based on clinical presentation, protein deposition,
cellular and sub-cellular pathology. AD, vBI and DLBD are
the major contributors to dementia in population-based studies
[6]. Although we have come a long way in understanding these
disorders, there still exist cases where, even with hindsight, the
pathology is unexpected [4]. Likewise, the particularmolecular

mechanisms that trigger the initial conversion of normal pro-
tein into pathological aggregates are still unknown [9].

In a previous study [5], we found strong concordance (86%)
between the clinical diagnosis and final pathological diagnosis
supporting the observation that pathology can be predicted on
clinical grounds with a high degree of accuracy [4]. Most dis-
cordant cases were in the dementia group, in particular ADmay
mimic a range of other disorders. Discordancemainly arises due
to phenotypic variation in patients sharing a common pathology
and is exacerbated when the time interval between clinical di-
agnosis and death is protracted. These phenotypic variations are
particularly common in AD—the commonest cause of demen-
tia. Neuroimaging may be helpful, and even predictive in many
cases of dementia, and in particular AD, but currently there are
no validated neuroimaging or biomarker protocols for the com-
mon dementias such as vBI or LBD [6, 33].

Whilst a comprehensive discussion is beyond the scope of
this article, a number of in vivo biomarkers are currently in
development. These include (but are not limited to) CSF and

Table 3 Schematic representation of protein deposition pathologically.
This may be either (extracellular - AB) or PrP) or intracellular (Tau, A-
Syneuclin, TDP-43 or FUS). This aids in the diagnosis of PiD Pick’s

disease, PSP progressive supranuclear palsy, CBD corticobasal
degeneration, AGD argyrophil grain disease, PART primary age –related
tauopathy, (NFT-dementia) and GGT globular glial tauopathy
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blood biomarkers in AD [34]. These are primarily used to
estimate tau, Aβ and neurofilament light chains. In PD, other
modalities such as skin biopsy and CSF, in combination with
both neuroimaging and genetics, are in development but are
not presently routinely implemented in clinical practice [35].
In pathology, we have widely accepted protocols for assessing

disease progression in both AD and DLB but no widely ac-
cepted criteria for assessing vBI [12].

In addition to biomarkers, genetic studies have provided
additional insights into a number of NDDs. These have in-
cluded a greater understanding of the genetics of FUS [36],
which relates to both FTD and ALS. In addition, previous

Fig. 4 a Lewy bodies in the
substantia nigra. Haematoxylin
and eosin × 60. b Lewy bodies in
the substantia nigra. Alpha-
syneuclin × 60. c Haematoxylin
and eosin x 60. d Glial cyto-
plasmic inclusion. Alpha-
syneuclin × 60

Fig. 3 a Neuronal inclusions
cortico-basal degeneration.
Haematoxylin and eosin x 60. b 4
R-tau inclusions parenchymal
(arrowhead) and neuronal (arrow)
CBD x 60 c Neurofibrillary tan-
gles (arrowhead) and neuritic
plaques (arrow). Tau x 60. d
Amyloid angiopathy (arrow) and
amyloid plaques (arrowhead) BA4
x 60

Ir J Med Sci (2018) 187:835–844 841



cases of Huntington’s disease were considered to be ‘gene
negative’ but recent evidence shows that the C9orf72 muta-
tion may account for the phenotype [37]. In other more com-
mon NDDs, a number of additional risk loci have been report-
ed such as in PD [38] and AD [39]. These and other genetic
mutations that may be tested may improve the diagnosis of
NDDs. In addition, post mortem tissue may be used for ge-
netic analysis [40], facilitating genetic testing in tissue from
the brain bank.

Clinicopathological discordance underscores the fact that
patients sharing a similar pathology are not clinically homog-
enous [4]. In some AD patients, memory impairment may be
the initial and dominant clinical feature. In other NDDs, mem-
ory disorders may emerge as part of cognitive disturbance that
includes difficulties with language, calculation, etc. [4].
Memory problems may even be absent in some AD cases.
In these atypical variants, the diagnostic boundaries may be
blurred. Likewise, some patients although clinically well, may
have a pathological burden of both α-amyloid and tau—a
burden that without knowledge of the patient’s cognitive state
may lead to an erroneous autopsy diagnosis of AD. In these
situations, it has been suggested that larger brains and larger
hippocampal volumes are associated with preserved cognitive
function during life; despite a high burden of AD neuropath-
ologic abnormalities at autopsy [41]. AD with a rapidly pro-
gressive course may even be confused with sCJD [42].

The phenotypes of AD and DLBD have numerous over-
lapping features. The presence of AD neuropathologic abnor-
malities modifies the clinical features of DLBD, making it
harder to distinguish DLBD from AD during life [43]. Both
diseases can have the ‘core’ features of DLBD depending on
the stage of clinical dementia; so at various points in the nat-
ural history the two diseases may be clinically indistinguish-
able [43]. Possible explanations for this are that patients with
DLBD and AD (high Braak stages) display a pattern of clin-
ical and behavioural changes so typical of AD, that the core
features of DLBD are essentially masked. It is also possible
that the extent ofα-syneuclin pathology may be less extensive
in patients with high Braak scores [43]. Consensus criteria for
the diagnosis of DLBD were published in 1996 and revised in
2005 to include dopamine transporter imaging (DAT) [27,
44]. Good correlation between clinical diagnosis including
DATscanning and autopsy diagnosis have been reported even
with a gap of nearly 3 years between scan and autopsy [45].
This may be better than clinical diagnosis alone, which may
misclassify patients [46]. The recommendations have been
updated again and distinguish between clinical features and
diagnostic biomarkers [47]. These remain to be validated by
autopsy studies.

Cerebrovascular disease is increasingly recognised as a
cause of cognitive impairment and dementia in later years,
either alone or in combination with AD, or other pathologies
[48]. Vascular diseases encompass a heterogenous group of

disorders producing different types of cerebrovascular lesions
contributing to cognitive decline, and later, development of
dementia. Whilst prevalence rates are high in clinical studies,
VaD is rarely found to be the neuropathological correlate of
cognitive decline [12]. The terminology has varied over the
years but is generally now referred to as vascular cognitive
impairment (VCI) or vascular-associated dementia (VaD)
[48]. VCI/VaD may share many risk factors with AD includ-
ing increasing prevalence with age, and in many patients they
co-exist [33]. Imaging evidence of cerebrovascular disease is
required before making a clinical diagnosis of VaD. Absence
of vascular damage on magnetic resonance imaging (MRI)
makes it an unlikely cause of cognitive impairment, by corol-
lary; extensive vascular changes are likely to produce signif-
icant effects. Clinical diagnostic difficulties arise mainly in
determining whether mild or moderate vascular changes are
sufficient to explain the clinical picture. This is particularly
difficult in older individuals where mixed vascular and neu-
rodegenerative diseases are common [33].

The prevalence of VCI/VaD varies in clinical population-
based series. The prevalence rates of VaD are unlikely to be
accurate, because even the best clinical diagnostic criteria
show only moderate sensitivity and variable specificity [12,
48]. These should also be interpreted cautiously due to referral
bias. In autopsy series, the prevalence of VaD also varies tre-
mendously, and this may reflect the lack of internationally
accepted consensus criteria for the diagnosis of VaD [12,
48]. In autopsy studies of elderly people, the prevalence of
pure VaD (without other pathologies) varied from 5 to 78%
in the oldest-old. AD alone was present in some, whilst mixed
cases, i.e. AD +VaD or DLBD, were present in 74–93% and
9–28%, respectively [48]. VaD and VCI are potentially treat-
able diseases, so studies focussing on its prevalence and risk
factors are important to guide public health policies.
Standardised neuropathological criteria including post
mortem MRI would be helpful, in order to correlate the path-
ological findings with the imaging abnormalities ante mortem.

Characteristic patterns of protein distribution occur in the
various neurodegenerative diseases over time and are associ-
ated with increasing severity of the clinical disease [9]. This
has enabled staging patterns for these diseases. This pattern
was first established with tau protein in AD, where aggregates
first appear in the locus coeruleus of the pons followed by the
temporal lobe and finally the neocortex. In other tau diseases
such as CTE, tau pathology originates in perivascular spaces
within the depths of the sulci and subsequently spreads to
large areas of the neocortex, basal ganglia, brainstem and spi-
nal cord. In contrast to tau, Aβ plaques in AD begin in the
cortex and later spread to the brainstem. Observations from
in vitro and in vivo studies suggest that Aβ may drive tau
accumulation [49] and that tau may induce Aβ toxicity [50].

In contrast to tau, α-synuclein, the key protein PD and
DLBD is first detected in ventral areas such as the olfactory
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bulb and nucleus and dorsal motor nucleus of the vagus in the
medulla. It then spreads to the pons, midbrain and eventually
to the neocortex [51]. Only in more advanced stages of PD
does α-synuclein aggregation cause the loss of midbrain do-
paminergic neurones in the pars compacta of the midbrain.
Loss of neurones in this has been linked to the classic motor
symptoms of PD such as tremor, rigidity and bradykinesia [9].
Olfactory involvement is clinically reflected by hyposmia.
Deposition of α-syneuclin has also been found outside the
CNS in neurones of Meissner’s and Auerbach’s plexi of the
enteric nervous system and could explain early symptoms,
such as constipation [52].

Four sequential stages of TDP-43 accumulation in ALS
have been described, whereby the protein appears to spread
from the neocortex towards the spinal cord and brain stem [9].
TDP aggregation has also been described in AD and CTE. It is
thought to spread by different pathways in different neurode-
generative diseases.

In conclusion, although we know that neurodegenerative
diseases are associated with accumulation of abnormal protein
in various sites, and we can stage disease progression, the
molecular triggers that result in protein aggregation remain
unknown. Lastly, although clinicopathologic concordance is
good in the common neurodegenerative disorders such as AD,
VaD and DLBD, there are still cases, which even with hind-
sight prove difficult to achieve an accurate clinical diagnosis,
highlighting the need for neuropathological evaluation in any
uncertain cases.
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