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      Common Themes 
in the Pathogenesis 
of Neurodegeneration                     

     Marina     A.     Lynch     ,     Orla     Hardiman     ,     Marwa     Elamin     , 
    Janine     Kirby     , and     Lewis     P.     Rowland    

1.1             Introduction 

 As the population increases in size and life expec-
tancies continue to rise, so do the number of peo-
ple diagnosed with neurodegenerative diseases. 
This term refers to age-dependent progressive dis-
eases, caused by degeneration of the central ner-
vous system (CNS). Traditionally, these conditions 
were characterized clinically, but with advances in 
imaging, it has become possible to attribute spe-
cifi c clinical manifestations of disease to degener-
ation in specifi c anatomical regions of the 
CNS. Histopathological analysis, genetic studies, 

and proteomic interrogation have further refi ned 
the diagnosis of neurodegenerative diseases. 

 Neurodegenerative diseases share certain com-
mon features including histopathology, clinical 
course, and molecular mechanisms of pathogene-
sis. Comparing two different diseases, there may 
be both overlap with regard to some features and 
divergence of other aspects. As new categories of 
disease emerge, some are seen to share common 
pathogenic features and genetic origins. 

 The aim of this chapter is to describe the com-
mon themes that underlie the major neurodegen-
erative diseases, and to draw biochemical, 
histopathological, and molecular genetic paral-
lels across the different disease categories that 
are outlined in the remainder of this book.  

1.2     Common Clinical Features 
of Neurodegenerative 
Diseases 

 In 2003, Przedborski and colleagues recognized 
the clinical and pathological manifestations of 
neurodegenerative diseases, which:

•    Affect “specifi c subsets of neurons”  
•   Arise without clear explanation and could be 

either inherited or acquired  
•   “Progress relentlessly”  
•   Are often age-related, increasing in frequency 

with advancing age  
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•   Are often accompanied by microscopic signs 
of four stages of disorder:

 –    Neuronal pathology  
 –   Neuronal cell death  
 –   Disappearance of neuronal cell bodies  
 –   Glial proliferation       

 The following may serve as a brief overview 
of common clinical features of neurodegenera-
tive diseases:

   The chronic clinical course is relentlessly pro-
gressive until death.  

  The disorder is not reversible by any known ther-
apy although drug therapy or gene therapy 
generally give marginal and temporary 
improvement.  

  Phenotypic variability is commonly seen.  
  Cognitive impairment and dementia are common 

manifestations in neurodegenerative disorders 
but are not seen in all forms. The diagnosis of 
dementia has been formalized so that cognitive 
changes in frontotemporal dementia (FTD) 
and Alzheimer disease can generally be differ-
entiated by formal neuropsychological tests.  

  The major risk factor is advancing age. The term 
age-related neurodegenerative disease is com-
monly used.  

  The condition appears to be heritable in a small 
percentage of cases.  

  In the familial form of the disease, the onset 
occurs up to a decade before onset of the spo-
radic form of the disease.  

  Different clinical manifestations are mediated by 
dysfunction of different anatomical regions of 
degeneration.  

  Advances in genetics of neurodegenerative dis-
eases have demonstrated that diverse clinical 
phenotypes may share similar genotypes, and 
that clinically similar phenotypes may be 
associated with a wide variety of genotypes.  

  Several different neurodegenerative diseases may 
appear together within a family even though they 
carry the same underlying genetic mutation.  

  Features of more than one neurodegenerative dis-
eases can coexist in one patient. There are 
clinical, pathological and genetic commonali-
ties between amyotrophic lateral sclerosis 

(ALS) and FTD, such that these diseases are 
thought to represent a spectrum of disease 
rather than distinct disease entites. For exam-
ple, In the ALS–parkinsonism–dementia com-
plex of Guam, patients have evidence of two 
motor diseases as well as dementia.     

1.3     Classifi cation 
of Neurodegenerative 
Diseases 

 Neurodegenerative diseases are diagnosed pri-
marily on the basis of history and clinical exami-
nation (Fig.  1.1 ). Diagnostic criteria, based 
primarily on clinical fi ndings, have been gener-
ated for most of the common neurodegenerative 
diseases. The suspected diagnosis is then con-
fi rmed by carrying out directed tests in the fi elds 
of neurophysiology, neuropsychology, neuroim-
aging, or genetic analysis. These are sometimes 
used to rule out disease mimics, such as in the 
case of motor neuron disease where there is in 
diagnostic test in the form of an electromyogram 
(EMG). Often, the best diagnostic tool is the 
observation of the patient over the course of time; 
antemortem tissue analysis usually does not play 
a role in diagnosis.

   Eponymous classifi cations (e.g., Alzheimer dis-
ease, Parkinson disease, and Huntington disease) 
remain useful in a clinical setting, as the diagnosis 
generates a framework for clinical discussion, 
prognostication, and disease management. 

 However, it is increasingly recognized that 
neurodegenerative diseases can also be subdi-
vided into categories based on pathological or 
genetic characteristics, as outlined in Fig.  1.1 , 
and as the fi eld advances, diagnostic categories 
for some diseases will accordingly require some 
adjustment. 

 A number of common themes have emerged 
in the pathogenesis of various neurodegenerative 
diseases. Whether these commonalities are sim-
ply secondary processes, which refl ect the fact 
that neurons have a limited repertoire by which to 
die, or whether they reveal important initiating 
upstream mechanisms remains unclear. 

M.A. Lynch et al.
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 In the following section, some putative 
 common pathogenic molecular mechanisms will 
be discussed, but it is worth bearing in mind that 
it is not currently possible to distinguish between 
mechanisms that initiate disease and those that 
contribute to disease progression. Both may yield 
targets suitable for therapeutic intervention, but 
only the former can yield knowledge that will 
lead to disease prevention.  

1.4     Common Themes in Genetics 

 Familial aggregation of specifi c neurodegenera-
tive diseases is well recognized, with both auto-
somal dominant and autosomal recessive 
inheritance observed. Excepting the trinucleotide 
repeat disorders, which exhibit Mendelian inheri-
tance often with full penetrance and anticipation, 
neurodegenerative disorders have a small per-
centage of familial cases and a large percentage 
of apparently sporadic cases. Sporadic and famil-
ial cases are usually phenotypically and histo-
logically indistinguishable, although the onset of 
familial cases tends be earlier. This suggests that 
genetic mutations accelerate the molecular pro-
cesses that lead to late-onset sporadic disease. 

 A number of causative genes have been 
 discovered for specifi c neurodegenerative dis-
eases. An understanding of gene function has 
helped to elaborate mechanisms of disease, as 
well as providing a platform for research into sim-
ilar mechanisms in other neurodegenerative dis-
eases. For example, mutations in APP, Presenilin 
1, and Presenilin 2, which occur in early 
onset alzheimer disease (AD), and ADAM10 in 
late-onset AD, cause altered protein production 
and increased aggregation of β-amyloid protein 
(Aβ). Similarly, mutation of α-synuclein leads to 
aggregation of the protein in Lewy bodies, a fea-
ture also seen in the most common cause of inher-
ited PD, caused by mutation of LRRK2. Mutations 
in genes associated with oxidative stress path-
ways, SOD1 and DJ1, have been implicated in 
familial amyotrophic lateral sclerosis (ALS) and 
PD, respectively. The discovery of TARBDP, FUS 
and an intronic repeat in C9ORF72 in both ALS 
and frontotemporal dementia (FTD)-ALS has 
established a role for RNA dysfunction in several 
neurodegenerative diseases. 

 Genome-wide association studies and high- 
throughput sequencing have identifi ed suscepti-
bility genes in many neurodegenerative conditions. 
Moreover, overlap between  susceptibility genes 

  Fig. 1.1    Clinical Classifi cation of Neurodegenerative conditions       
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has been reported. APOE4 is well established as a 
risk factor for early and late- onset AD. However, 
meta-analysis has shown that presence of the 
allele is also linked to PD and FTD. It has also 
been shown that the number of APOE4 alleles 
correlates with age of disease onset. In addition, 
genes that cause neurodegenerative disease can 
also act as susceptibility factors in others. For 
example, more than 34 CAG repeats in the ataxin 
gene 2 are known to cause spinocerebellar ataxia 
type 2 (SCA2), whilst an intermediate number of 
repeats (27–33) have been associated with an 
increased risk for ALS.  

1.5     Common Themes 
in Neuropathology 

 Thorough pathological diagnosis depends on the 
pathologist having access to accurate clinical 
information as well as tissue analysis. 
Pathological diagnostic criteria presume that 
phenomena involved in degeneration tend to 
occur together, but invariably they are evident at 
different time points during the disease. Thus, 
interpretation of the neuropathological data must 
take into account when in the clinical course of 
the disease the pathological assessment has been 
performed. 

 Both gross and microscopic tissue examina-
tion can help to identify pathological processes 
and can also differentiate features that are purely 
degenerative, and those that emerge from the 
innate responses to protect and repair. Finding 
the site of the earliest visible alteration helps in 
establishing the diagnosis. For example, degen-
eration in the hippocampal and frontal lobe pyra-
midal neurons is associated with AD, in the 
dopaminergic neurons of the substantia nigra 
with PD, in the upper and lower motor neurons of 
the pyramidal system with ALS and in the 
medium-sized spiny GABAergic neurons of the 
striatum with HD. 

 Dementia coupled with mainly limbic atrophy 
suggests Alzheimer disease (AD), while mild 
atrophy implies Lewy body disease. Moderate 
cognition decline in the setting of asymmetric, 
motor and sensory impairment, with reduced 

metabolic activities, and atrophy prevailing 
around the central sulcus is indicative of cortico-
basal degeneration. However, if these changes 
involve the lateral half of the putamen, caudal to 
the mammillary body, multiple system atrophy 
(MSA) is the most likely diagnosis. Despite the 
topographical differences in neurodegenerative 
diseases, gross histopathological fi ndings are 
similar – there is regional atrophy with gliosis 
and neuronal loss as well as abnormal accumula-
tion of protein. 

 A large subset of neurodegenerative diseases 
display protein aggregates. Ubiquitinated neuro-
nal nuclear inclusions occur in polyglutaminopa-
thies including Huntington disease (HD). Either 
parenchymal or vascular accumulation of Ab 
occurs with aging, as well as in the occurrence of 
AD in children with Down syndrome. Neostriatal 
large neurons are rather resistant compared to 
medium size neurons in HD, but they degenerate 
in progressive supranuclear palsy and in AD. Loss 
of spinal motor neurons is typical in amyotrophic 
lateral sclerosis (ALS), whereas glial cells degen-
erate in MSA. TDP-43-positive neuronal cyto-
plasmic inclusions, originally thought to be 
characteristic of ALS and subsequently FTD, are 
also detected in AD, PD HD and SCA2, though 
the location of the inclusions varies with disease. 
Lewy bodies are a hallmark of Parkinson disease 
with or without dementia and involve many 
classes of neurons. 

 In summary, the three practical steps that are 
useful while appraising the pathologic pheno-
types of neurodegenerative diseases are:

    1.    Identifying the sites or systems where the 
brunt of the tissue loss occurs, which might be 
revealed on neuroimaging at some time points 
during the disease, or eventually on post- 
mortem examination. However, also consider 
other regions which may allow subclassifi ca-
tion of the disease, such as the characteristic 
extra motor pathology in the hippocampus, 
associated specifi cally with C9ORF72 repeat 
expansion.   

   2.    Cataloging the cells undergoing degeneration.   
   3.    Identifying the abnormal aggregates, their cel-

lular (neuronal vs. glial cells) and topographic 

M.A. Lynch et al.
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propensities (extracellular, cytoplasmic, or 
nuclear).     

 General experience confi rms that these steps 
are crucial for assigning the most appropriate 
diagnosis to most of the currently classifi able 
neurodegenerative diseases.  

1.6     Selective Vulnerabilities 

 Cells are constantly placed under stress because 
of intrinsic metabolic processes and also because 
of a number of extrinsic factors. Neurons are 
even more vulnerable as they facilitate neuro-
transmission and maintain the metabolic needs 
required for long axonal projections. Larger neu-
rons with myelinated axons extending long dis-
tances appear to be most vulnerable. These 
neurons have high energy requirements, are espe-
cially reliant on axonal transport, and have a 
larger surface area for exposure to environmental 
toxins. Coupled with the fact that once damaged 
they cannot regenerate, neurons in general repre-
sent a vulnerable group of cells. 

 Why are certain subgroups of neurons more 
susceptible than others? 

 A number of hypotheses have been proposed 
to account for specifi c selective susceptibility of 
certain neurons to specifi c pathological processes 
(Table  1.1 ). Neuroblasts arise from the neuroecto-
derm at 8 weeks of fetal life and then proceed to 
differentiate into highly specialized neurons. 
Even though all neurons of an individual have the 
same genes, it is the gene expression profi le that 
determines the highly specialized function of a 
specifi c neuron. This degree of specialization is 

thought to render individual neurons more sus-
ceptible to anoxia and oxidative stress, and factors 
that lead to selective vulnerability include the type 
of neuron and the neuronal microenvironment.

   The dopaminergic neurons located in the sub-
stantia nigra in PD are particularly prone to reac-
tive oxygen species (ROS)-induced injury. This 
selective vulnerability is believed to derive from 
the fact that neurons in the substantia nigra have 
very high levels of iron and copper, both of which 
are capable of catalysing ROS formation. 
Additional evidence suggests that the substantia 
nigra may have low stores of antioxidant mole-
cules such as glutathione, thereby increasing neu-
ronal susceptibility to the damaging effects of 
ROS. However, this does not explain the vulner-
ability of neurons associated with PD in other 
regions of the brain such as autonomic ganglia, 
brainstem, and spinal cord. 

 In ALS, motor neurons are affected primarily, 
although it is now recognized that non-motor 
neurons are involved in cognitive dysfunction. 
Motor neurons are large cells and often have long 
axonal fi bers. In lower motor neurons, these 
fi bers may stretch over a meter in order to supply 
distal muscles. They require a strong cytoskele-
ton, neurofi lament network, and effi cient axonal 
transport system. Motor neurons are highly meta-
bolic and exquisitely sensitive to energy demands. 
Any one or a multitude of these factors makes 
motor neurons vulnerable. As is the case in the 
substantia nigra, defi ciencies of protective agents 
such as glutathione and cytosolic calcium- 
binding proteins can add to neuronal stress. 

 The different phenotypic characteristics of 
individual diseases remain diffi cult to explain. In 
Mendelian diseases, differences can be evident 
within families with the same mutation. For 
example, a proband with familial ALS may pres-
ent with fl ail arm and slow progression, while 
another family member may present with rapidly 
progressive bulbar onset disease. Similarly, some 
patients with AD may have executive or visuo-
spatial defi cits, while others have an amnestic 
syndrome. In kindreds with triplication of APP, 
the clinical disease segregates into two distinct 
phenotypes: those with classical AD indistin-
guishable from idiopathic AD and those with 

   Table. 1.1    Neurologic diseases and selectively vulnera-
ble cells   

 Disease  Vulnerable neuron 

 Parkinson disease  Dopaminergic neurons 

 Alzheimer disease  Cholinergic neurons 

 Amyotrophic lateral 
sclerosis 

 Upper and lower motor 
neurons 

 Frontotemporal dementia  Frontotemporal cortical 
neurons 

 Huntington disease  GABAinergic neurons 
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 vascular dementia and a stroke-like syndrome. 
The causes of these phenotypic variations remain 
to be determined.  

1.7     Aberrant Protein Structure 

 The formation of aberrant structures by more 
than 20 different proteins appears to underlie a 
large disease group, many of which affl ict the 
CNS (Table  1.2 ). Indeed, deposits of protein 
aggregates are histological hallmarks of many 
neurodegenerative diseases and consequently, the 
proteins involved and the mechanism of their 
aggregation is under intense scrutiny.

   The mechanism by which the attainment of an 
aberrant protein structure causes disease is still 
unclear and may involve both the loss of a vital 
physiological function, and the acquisition of 
toxic properties. 

 While loss of function can be harmful, toxic 
gain of function is invariably pathogenic. Toxicity 
may be direct or indirect. For instance, an aber-
rant protein structure might bind to a specifi c 
receptor directly, causing an inappropriate 

 activation of a cascade that initiates cellular 
changes, which in turn lead to compromise of 
cellular function. Alternatively, aberrant struc-
tures might acquire properties that allow them to 
interact with and destabilize cellular membranes 
or other proteins, thus causing a secondary toxic-
ity. Moreover, accumulation of aberrant proteins 
may strain the normal mechanisms responsible 
for controlling protein folding and degradation, 
resulting in a generalized loss of protein homeo-
stasis and consequent toxicity. In the cases where 
there are large repeat expansions within the non- 
coding region of the gene, these can act as tem-
plates for repeat associated non-ATG (RAN) 
translation, generating aberrant repeat peptides 
which also accumulate in the cell. 

 Oligomerization or polymerization of aber-
rantly folded proteins is concentration dependent. 
Changes in production, degradation, or clearance 
of native protein are hypothesized to underlie the 
assembly of aberrantly folded protein. Once 
formed, such structures are thought to be the pri-
mary event driving pathogenesis (Fig.  1.2 ). 
Consequently, many of the therapies under devel-
opment are designed either to: (1) decrease the 

   Table. 1.2    Neurologic diseases associated with aberrant protein structure   

 Disease  Protein deposited  Site of deposition 

 Parkinson disease  a-synuclein  Intracellular (Lewy neuritis and Lewy 
bodies) 

 Multiple systems atrophy  a-synuclein  Intracellular argyrophilic inclusions in 
both oligodendroglia and neurons 

 Hereditary cerebral amyloid 
angiopathy 

 Cystatin C  Extracellular 

 Congophilic amyloid angiopathy  b-amyloid  Extracellular 

 Alzheimer disease  b-amyloid  Extracellular (amyloid plaques) 

 Alzheimer disease  Tau  Intracellular (paired helical fi laments) 

 Frontotemporal dementia  Tau  Intracellular inclusions (paired helical 
fi laments and Pick bodies) 

 Frontotemporal dementia  TDP43-ubiquitin  Cytoplasmic inclusions 

 Familial British dementia  ABri  Extracellular (amyloid plaques) 

 Familial British dementia  ADan  Extracellular (amyloid plaques) 

 Transmissible spongiform 
encephalopathies 

 Prion protein  Extracellular amyloid plaques and/or 
diffuse deposits 

 Amyotrophic lateral sclerosis  TDP43-ubiquitin  Cytoplasmic inclusions and ubiquitin-
positive neuronal threads 

 Huntington disease  Mutant huntingtin  Nuclear and cytoplasmic inclusions 

 Inherited spinocerebellar ataxias  Various proteins with 
polyglutamine expansions 

 Nuclear and cytoplasmic inclusions 
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quantity of soluble native protein, or (2) remove 
aberrant protein.

   It has been suggested that a threshold of 
abnormal aggregation must be reached before 
clinical signs appear, but it is as yet unclear 
whether deposited protein aggregates or other 
smaller protein assemblies are the principle 
mediators of disease. Evidence against deposits 
of protein aggregates as mediators of disease 
comes from the fi nding that many aggregated 
proteins are found in brains of elderly individuals 
who die without clinical signs of disease.  

1.8     Inclusion Bodies 

 Inclusion bodies are relatively large electron- 
dense structures that contain membrane-limited 
protein aggregates. Such deposits often contain 
ubiquitin-positive material, which is believed to 
accumulate due to impairment of the ubiquitin- 
proteasome system (UPS). Under normal condi-
tions, cytoplasmic proteins are tagged for 
destruction by the enzymatic addition of four or 
more ubiquitin molecules, but build-up of sub-
strate, decreased effi ciency of ubiquitin conjuga-
tion, or impaired degradation of ubiquitinated 
protein can trigger accumulation of partially 

ubiquitinated protein aggregates. For instance, it 
is believed that impaired ubiquitination of 
α-synuclein may explain how mutations in the 
PARK2 gene cause early onset PD. PARK2 
encodes an E3 ubiquitin ligase (Parkin), which 
when mutated appears less effi cient at ubiquiti-
nating α-synuclein and aggregates of partially 
ubiquitinated α-synuclein accumulate in cyto-
plasmic structures known as Lewy bodies. 

 Pathological inclusion bodies are also seen in 
ALS, FTD, and HD. However, it is not clear if 
inclusions are purely pathogenic since Marinesco 
bodies and Hirano bodies are also found in aged 
asymptomatic individuals. Moreover, several 
studies have documented the detection of inclu-
sions in functional neurons, implying that these 
structures may be protective, sequestering the 
misfolded proteins in the cell, rather than 
pathogenic.  

1.9     Altered RNA Metabolism 

 There is increasing interest in the role of aberrant 
RNA processing in the pathogenesis of neurode-
generative disease. Mutations in two important 
genes, FUS and TDP-43, identifi ed in a small 
percentage of familial ALS and FTD cases, are 

  Fig. 1.2    Pathways to aberrant protein structure and 
aggregation in amyloid related diseases: The process is 
initiated by denaturation, unfolding, or misfolding (indi-
cated by the transition from blue triangle to red circle). 
Proteins can form oligomers or amorphous aggregates or 

small, structured polymers known as protofi brils. 
Protofi brils mature into amyloid fi brils and then into 
aggregates of amyloid fi brils. Current data indicate that all 
aberrant protein structures (i.e., all structures shown other 
than the native monomer) are toxic       
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associated with altered RNA processing. 
Similarly, loss of function mutations in another 
RNA regulator, progranulin, has been linked with 
FTD, which, in turn, may be associated with 
motor neuron disease in some families. The pro-
tein products of TDP-43 and FUS/TLS (FUsed in 
Sarcoma, Translocated in LipoSarcoma) are both 
structurally similar to heterogeneous ribonucleo-
proteins (hnRNP), which are involved in multiple 
aspects of RNA processing. 

 Mutations in the TAR DNA binding protein, 
TDP-43, and the protein, FUS/TLS have wide-
spread downstream effects on multiple differen-
tially spliced mRNA species, as both proteins 
form cytoplasmic inclusions, thereby limiting 
their RNA binding function in the nucleus. 
Consequently, it is anticipated that quite diverse 
pathogenic pathways are triggered depending on 
the RNA binding protein and the type of neurons 
involved. The mutations in the TDP-43 gene are 
seen in some familial ALS cases, but cytoplasmic 
inclusions containing ubiquitinated and hyper-
phosphorylated forms of wild-type TDP-43 may 
be found in cases of sporadic ALS, as well as 
other neurodegenerative disorders. 

 Sequestration of RNA binding proteins and 
transcription factors are also thought to play a 
role in neurodegenerative diseases associated 
with repeat expansions, such as in HD, SCAs and 
ALS. This is particularly relevant to those where 
the expansion is in the non-protein coding region 
of the gene, such as in SCA10, SCA36 and 
C9ORF72-related ALS, where sequences of up 
to several thousand repeats bind hnRNPs and 
other splicing factors, thereby disrupting the 
splicing of many other messenger RNAs.  

1.10     Oxidative Stress 

 In all cells, but particularly highly metabolically 
active cells such as neurons, there is a constant 
production and elimination of reactive oxygen 
species (ROS). At any time, the balance is such 
that an unusual increase in ROS or loss of antioxi-
dant protection can lead to accumulation of ROS 
and ensuing cellular damage through oxidation of 
lipids and proteins. High levels of ROS can cause 

nuclear DNA and RNA oxidation and repairing 
such damage requires substantial expenditure of 
metabolic energy. If the damage is not adequately 
repaired, this can lead to cellular dysfunction and 
apoptosis. Accumulated oxidative damage of 
DNA and RNA has been observed in AD, PD, 
ALS and dementia with Lewy bodies. Calcium 
plays an integral role in signalling within the cell 
and also in maintenance of cellular homeostasis. 
As part of the role in signalling, ROS activate cal-
cium channels and deactivate calcium pumps. 
This leads to abnormally high intracellular levels 
of calcium, which in turn may lead to cell death. 
Mitochondrial ROS also cause increased uptake 
of calcium ions with increased membrane perme-
ability, resulting in the release of cytochrome-C, 
which initiates the apoptotic cascade. 

 In vivo and in vitro studies have shown that 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase derived from microglia play an 
important role in the generation of ROS. In PD, 
microglia-specifi c NADPH oxidases are involved 
in the production of ROS, which may contribute 
to the death of dopaminergic neurons. A similar 
process is seen in ALS, whereby oxygen radicals 
produced by microglial NADPH oxidase are 
believed to injure motor neurons. Evidence from 
the mutant SOD1 mouse model of ALS indicates 
that genes encoding NADPH oxidase are up-reg-
ulated in disease and this leads to an increased 
concentration of ROS in mouse spinal cord tissue. 
In addition, the PD and ALS genes, DJ-1 and 
SOD1 respectively, protect against oxidative 
stress. DJ-1 is a sensor of oxidative stress, induc-
ing antioxidant genes, such as the transcription 
factor NRF2, whilst SOD1 is an antioxidant 
enzyme. However, mutation of SOD1 leads to 
reduced NRF2 levels, whilst DJ-1 mutations lead 
to a reduction in NRF2-induced antioxidant 
response genes. This has led to NRF2 being a 
major target for pharmacological manipulation.  

1.11     Mitochondrial Dysfunction 

 Mitochondria play a crucial role in the  production 
of cellular energy using the respiratory 
chain. Consequently, accumulated mitochondrial 
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dysfunction is implicated in both normal aging 
and neurodegeneration. Proposed mechanisms 
of this effect include failure to meet the energy 
needs of the cell, calcium misregulation, leading 
to cell death, over production of ROS, and cyto-
chrome C-induced apoptosis. 

 Well-documented incidents have shown that 
ingestion of certain neurotoxins can lead to the 
sudden onset of clinical syndromes identical to 
neurodegenerative diseases such as Parkinson 
disease or Huntington disease. Two such events 
led to the discovery that some neurotoxins are 
potent inhibitors of complexes within the mito-
chondrial respiratory chain. In 1982, seven young 
drug abusers injected intravenous forms of a syn-
thetic heroin derivative, 1-methyl-4-phenyl- 
4-propionoxypiperidine (MPPP), and developed 
the signs and symptoms of PD. This was because 
of the presence of a contaminant, 1-methyl- 4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP). 
When pure MPTP is injected into animals, it 
causes specifi c degenerative of dopaminergic 
neurons in the substantia nigra pars compacta 
and produces an irreversible and severe parkin-
sonism phenotype. After infusion, MPTP crosses 
the blood–brain barrier and is taken up by glia 
and serotonergic neurons and converted to 
MPDP+ and then to MPP+. Thereafter, MPP+ is 
released and specifi cally taken up by dopaminer-
gic neurons and concentrated in mitochondria 
where it acts as a potent inhibitor of mitochon-
drial complex I. Similarly, expo-sure to 3- nitro-
propionic acid (3NPA) leads to rapid onset of a 
Huntington- type syndrome. It is now known that 
3NPA is an inhibitor of mitochondrial complex 
II. Discovery that exogenous neurotoxins can 
inhibit mitochondrial complexes leading to rapid 
onset of neurological symptoms suggests that 
mitochondrial dysfunction plays a central role in 
these diseases.  

1.12     Excitotoxicity 

 Glutamate is an important excitatory neurotransmit-
ter in the CNS and its misregulation has been impli-
cated in the development of neurodegenerative 
diseases. Glutamate has essential roles in synaptic 

transmission and plasticity, which are important in 
learning and memory as well and sensory and motor 
functions. Transmission of glutamate is mediated 
through three major receptors –  N -methyl-d-
aspartate receptors (NMDA), a-amino-3-hydroxy-
5-methyl-4- isoxazoleproprionic acid (AMPA) 
receptors, and kainite receptors. The glutamate 
excitotoxicity hypothesis postulates that excessive 
synaptic glutamate causes over-activation of the 
postsynaptic NMDA and AMPA receptors resulting 
in neuronal death. High glutamate levels, which 
continuously activate postsynaptic receptors, may 
lead to increased intracellular calcium and catabolic 
enzyme activity. Downstream effects can include 
depolarization of mitochondrial membrane, activa-
tion of the caspase system, and production of reac-
tive oxidation species, all of which culminate in cell 
death (Fig.  1.3 ). Excessive synaptic glutamate may 
be potentiated because of a fault in the cellular glu-
tamate reuptake system. Excitatory amino-acid 
transporter 2 (EAAT2) is a glutamate transporter 
involved in cerebral glutamate transport. It has been 
postulated that some patients with ALS have 
decreased expression of this protein. Similar studies 
carried out in patients with AD have also shown a 
reduction in EAAT 2 expression. It has been shown 
that GLUR2, an AMPA glutamate receptor subtype 
responsible for calcium permeability into the post-
synaptic cell, is not expressed in motor neurons 
affected by ALS because of a defect in the editing 
process for messenger RNA encoding the GLUR2 
receptor. Absence of a functional GLUR2 subunit 
allows calcium infl ux into the postsynaptic cell and 
results in cellular damage.

   Parkin, which is the gene product of PARK2, 
has regulator effects on excitatory glutaminer-
gic synapese. Abnormalities in parkin produc-
tion can lead to enhanced synaptic activity and 
may even trigger an increase in the number of 
glutamate receptors. Excessive glutaminergic 
activity may be responsible for nigral 
excitotoxicity. 

 Given this evidence, it would seem benefi cial 
to down-regulate glutamate activity in patients 
affected by neurodegenerative disease. Riluzole 
has a direct and indirect blocking effect on gluta-
mate receptor activation and is proven to slow the 
progression of ALS. Unfortunately, no other 
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 anti- glutamate agent has been successful in dis-
ease treatment.  

1.13     Neuroinfl ammation 
and Microglial Activation 

 Neuroinfl ammation, which is a characteristic of 
many, if not all, neurodegenerative diseases, 
involves a complex interaction between all cells 
present in the CNS including infi ltrating cells. 
The key change that typifi es neuroinfl ammation 
is activation of microglia and, to a lesser extent, 
astrocytes and the associated increased expres-
sion of infl ammatory molecules. An epidemio-
logical study carried out in 1980s was the fi rst to 
postulate an association between infl ammation 
and neurodegeneration. The study demonstrated 
that the incidence of AD was lower in patients 
with rheumatoid arthritis (RA) who had been on 
long-term anti-infl ammatory treatment compared 
to those who had not. Others suggested a similar 
decreased risk of developing PD though a recent 
meta-analysis suggests the risk reduction is 
slight. 

 Detailed descriptions of systemic and CNS 
specifi c proinfl ammatory cascades have fuelled 
the hypothesis that neuroinfl ammation plays an 
active role in the process of neurodegeneration. 
Microglia are CNS-specifi c cells that share many 
functions with macrophages, although we now 
know that microglia are an ontogenically distinct 

population of cells derived from primitive hae-
matopoetic cells in the yolk sac. 

 In their resting state, microglia are in surveil-
lance mode, and constantly sample the surround-
ing milieu to detect signals associated with 
injured brain tissue. However, since the primary 
function of microglia is to protect the brain from 
insult (e.g. infection, injury), they rapidly respond 
to stressors and adopt the so-called M1 infl am-
matory activation state. Having eliminated the 
threat or the consequences of the threat, the cells 
return to the resting state or adopt the M2, anti- 
infl ammatory phenotype; M2 cells play a role in 
tissue repair. The evidence suggests that when 
the M1 activation state persists, damage to tissues 
of the CNS can occur. 

 The subdivision of microglia into M1 and M2 
cells is undoubtedly an over-simplifi cation and a 
number of M2 subtypes exist, as is the case for 
macrophages. This refl ects the highly plastic 
nature of microglia, the array of receptors that are 
expressed on the cell surface and their ability to 
respond to numerous stimuli. At this time, how-
ever, the functions that are ascribed to pheno-
types lack clarity. It remains unclear whether 
microglial activation contributes to the pathogen-
esis of neurodegenerative diseases like AD and 
PD or whether the changes that accompany the 
diseases induce cell activation. Although microg-
lial activation may be a contributory factor, is 
unlikely to be the primary cause of any neurode-
generative process, but the initial challenge 

  Fig. 1.3    Proposed 
mechanisms of 
glutamate-induced 
excitotoxicity       
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 probably induces an infl ammatory cascade, 
which in turn initiates maladaptive processes and 
positive feedback loops that cause further patho-
logical infl ammation. 

 Postmortem examination of brain tissue from 
PD patients has demonstrated activated microglia 
in the substantia nigra pars compacta. In AD, 
microglial activation and neuroinfl ammatory 
changes are triggered by amyloid accumulation 
whereas infl ammatory molecules can also 
increase amyloid precursor protein processing. 
This positive feedback loop results in a cascade 
that is ultimately damaging to neurons. 

 An analogy on the macroscopic scale can be 
drawn to acute brain injury such as a stroke, 
where reparative attempts by the brain tissue can 
cause oedema, which in turn leads to an increase 
in intracranial pressure and even death. In the 
same way, processes that set out to reverse neuro-
degeneration may actually contribute to second-
ary damage. Understanding the balance between 
protective and destructive capabilities of microg-
lia has led to trials seeking to slow progression of 
neurodegenerative diseases by dampening down 
neuroinfl ammatory processes.  

1.14     Disrupted Axonal Transport 

 In neurons, proteins and lipids are manufactured 
in the cell body and are transported along axonal 
projections, which can extend over a meter in 
length, to synaptic terminals. Conversely, neuro-
trophic factors transported from synaptic termi-
nals help to regulate cellular function. This 
process is called fast axonal transport and is an 
essential part of cellular homeostasis. 

 Dysfunction in the axonal transport system 
was fi rst studied in large motor neurons. A 
decreased level of kinesin-mediated anterograde 

transport and retrograde dynein-mediated trans-
port was observed in patients with ALS. Since 
then, research has shown that SOD1 aggregates 
interact with the retrograde transport system in a 
way that may lead to axonal dysfunction 
(Fig.  1.4 ). A decrease in retrograde transport 
could lead to toxicity at synaptic terminals as 
well as a loss of positive feedback from factors 
that stimulate neuronal  survival. Mitochondrial 
distribution could be affected, resulting in a 
 mismatch in energy provision. The accumulation 
of damaged mitochondria at synaptic terminals 
could cause increased terminal ROS production.

       Conclusion 

 While arguments can be made regarding 
pathophysiological processes that make neu-
rons vulnerable to degeneration, we still do 
not know fully why some people are physio-
logically more susceptible to specifi c neuro-
degenerative diseases, and why different 
neurodegenerative diseases cluster within 
some kindreds. It is clear that the common 
neurodegenerative conditions share similar 
processes. Increased understanding of the 
pathophysiologic processes for neurodegen-
erative diseases is likely to lead to disease- 
modifying therapeutic interventions that may 
be benefi cial over a range of different clinical 
phenotypes.     
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      Imaging Biomarkers 
in Neurodegenerative Conditions                     

     Parameswaran     Mahadeva     Iyer     ,     Colin     P.     Doherty     , 
and     Peter     Bede    

2.1             Qualitative Imaging Signs 
and Semi-quantitative 
Rating Scales 
in Neurodegeneration 

 The role of conventional MR imaging in neuro-
degeneration is relatively limited. MRI is rou-
tinely used in the initial, diagnostic phase of 
neurodegenerative conditions, primarily to rule 
out alternative diagnoses, such as extensive vas-
cular changes, hydrocephalus or space occupying 
lesions. The qualitative interpretation of MRI 
scans in neurodegeneration is challenging and 
the ascertainment of pathological volume loss is 
particularly diffi cult. A number of disease- 
specifi c rating scales have been developed to aid 

the identifi cation of cortical atrophy, but visual 
inspection alone is often equivocal in early stage 
neurodegeneration. Quantitative MRI techniques 
such as voxel-based morphometry (VMB) or 
surface-based morphometry (SBM) are superior 
in identifying disease-specifi c atrophy patterns in 
comparison to age-matched controls. Despite the 
above limitations, standard clinical neuroimag-
ing in neurodegeneration often provides subtle 
diagnostic clues, which may support a clinical 
diagnosis. 

 ALS is associated with high signal along the 
corticospinal tracts (CST), sometimes referred to 
as the “wine glass appearance” on coronal imag-
ing. Bilateral CST signs in ALS are best appreci-
ated on axial T2-weighted or Flair imaging in the 
posterior limb of the internal capsule. Similarly 
to other neurodegenerative conditions, thinning 
of the corpus callosum is also often observed in 
ALS and motor cortex atrophy may be noted on 
visual inspection. FTD exhibits genotype and 
phenotype specifi c atrophy patterns in conjunc-
tion with marked ventriculomegaly. Imaging in 
Semantic dementia (SD) shows a characteristic 
pattern of left temporal lobe atrophy whereas 
Progressive non-fl uent aphasia (PNFA) is associ-
ated with striking left perisylvian atrophy. 
Patients with behavioural FTD often exhibit orbi-
tofrontal volume loss and disproportionate cau-
date head atrophy. Progressive supranuclear 
palsy (PSP) is associated with signifi cant mid-
brain atrophy, which may manifest in the 
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 “morning glory sign” on axial imaging due the 
loss of the lateral convexity of the tegmentum or 
the “mickey mouse appearance” due to antero- 
posterior midbrain reductions. Sagittal imaging 
in PSP may reveal the “hummingbird sign” or 
“penguin sign” due to disproportionate superior 
midbrain atrophy. T2-weighted and Flair hyper-
intensities are occasionally observed in the tec-
tum of the midbrain and in the inferior olivary 
nucleus which often appear enlarged in 
PSP. T2-weighted imaging in Multiple system 
atrophy (MSA), especially in MSA-C often 
reveals hyperintensities in pontocerebellar tracts 
in the cerebellum, middle cerebellar peduncles 
and in the pons i.e.,: “hot cross bun sign”. MSA-C 
is further associated with considerable atrophy of 
the olivary nuclei and the middle cerebellar 
peduncle. T2 weighted imaging in MSA-P (stria-
tonigral degeneration) may reveal increased T2 
signal around the lateral aspect of the putamen, 
called the “putaminal rim sign”. Creutzfeldt- 
Jakob disease may have heterogeneous radiologi-
cal presentations as varying degree of cortical, 
basal ganglia and thalamic T2 hyperintensities 
may be observed. The characteristic posterior 
thalamic involvement is called the “Pulvinar 
sign”. The combination of symmetrical pulvinar 
and dorsomedial thalamic nuclear hyperintensity 
on T2-weighted or Flair imaging may manifest as 
the “Hockey-stick sign”. Characteristically, axial 
DWI in CJD shows restricted diffusion in the 
same brain regions where T2 hyperintensities are 
observed. Signifi cant caudate head atrophy is 
typically observed in Huntington disease (HD) 
resulting in “squaring” or “box-like” enlarge-
ment of the frontal horns. Putaminal volume 
reductions and signal hyperintensities may also 
be noted. Mesial temporal lobe and temporopari-
etal cortical atrophy are the hallmark features of 
Alzheimer’s disease. The enlargement of the 
parahippocampal fi ssures on coronal imaging 
and the enlargement of the posterior cingulate 
and parieto-occipital sulci of sagittal imaging 
support the diagnosis. The Koedam score for 
Parietal Atrophy (Grade 0–3) is based on these 
observations. While the above qualitative radio-
logical signs are often observed, they are poorly 
specifi c to a single neurodegenerative condition 

and are not sensitive for diagnostic or biomarker 
purposes. Semi-quantitative approaches include 
single plane measurements and ratios, such as the 
frontal horn width to intercaudate distance ratio 
(FH/CC) in HD, midbrain to pons area ratio 
(MB/P) in PSP or the Magnetic resonance par-
kinsonism index (MRPI). Other semi- quantitative 
methods rely on validated scoring systems such 
as the global cortical atrophy scale (GCA), poste-
rior atrophy score of parietal atrophy (PA/
Koedam score) or the medial temporal lobe atro-
phy score (MTA score).  

2.2     Quantitative Neuroimaging: 
Grey Matter Techniques 

 Clinical MRI pulse sequences of busy medical 
centers are carefully optimized to acquire whole- 
brain imaging data in a relatively short time and 
frequently use slice gaps and relatively limited 
spatial resolution. Quantitative imaging pipelines 
on the other hand require high quality, high reso-
lution 3 dimensional data sets without slice gaps. 
Surface based morphometry (SBM) and voxel 
based morphometry (VBM) are two most widely 
used techniques to measure group-level grey mat-
ter alterations Fig.  2.1 . SBM is primarily used to 
highlight focal cortical thickness reductions while 
VBM measures relative T1-signal intensities as a 
proxy for volumetric changes. MRI based quanti-
tative imaging requires purpose designed pulse-
sequence to ensure high quality data. The digital 
data-sets are subsequently fed into analysis pipe-
lines, which are essentially a series of mathemati-
cal steps, often referred to as “post-processing”. 
The initial processing steps of both SBM and 
VBM require motion corrections and the digital 
removal of scalp and skull related data; i.e.,: brain 
extraction. Additionally, diffusion- based native 
MRI data undergo Eddy current corrections.

2.3        Voxel-Based Morphometry 

 VBM is one the most widely used grey matter 
techniques which enables the statistical com-
parison of study groups, correlations with 
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 clinical parameters and retrieval of information 
from the individual patient data. The standard 
VBM pipeline begins with the tissue-type seg-
mentation of three dimensional structural data 
into grey matter, white matter and CSF compo-
nents. The resulting grey matter data is then reg-
istered to a standard anatomical reference 
system, such as the “MNI space”, typically 
using non-linear registration. In order to equally 
represent the anatomical features of the various 
study groups a study-specifi c symmetrical grey 
matter template is created to which all native 
grey matter data is subsequently registered, 
modulated to correct for local expansion or con-
traction and fi nally smoothed. Statistical analy-
ses are carried out following these preprocessing 
steps, applying general linear models and using 
permutation-based non-parametric testing.  

2.4     Surface-Based Morphometry 

 The pre-processing steps of cortical thickness 
measurements include motion corrections, aver-
aging of the structural T1-weighted data, removal 
of non-brain tissues, segmentation of the subcor-
tical white matter and deep grey matter volumet-
ric structures, intensity normalization, tessellation 
of the grey matter-white matter boundary, and 
automated topology corrections. Surface infl a-
tion and registration to a spherical atlas utilizes 
individual cortical folding patterns to match cor-
tical geometry across subjects. Regions of sig-
nifi cant cortical thickness differences are 
explored following these pre-processing steps 
separately in left and right hemispheres typically 
using False Discovery Rate (FDR) corrections to 
correct for multiple comparisons.  

  Fig. 2.1    Surface based morphometry ( SBM ) and voxel 
based morphometry ( VBM ) comparing cohorts of healthy 
controls and ALS patients. The analyses highlight motor 

cortex atrophy and additional grey matter changes in fron-
tal and temporal brain regions of ALS patients compared 
to healthy controls       
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2.5     Quantitative Neuroimaging: 
Diffusion Tensor Imaging (DTI) 

 DTI is based on the principle that water molecules 
move freely and randomly in any direction in an 
unrestricted medium, their movement is “isotro-
pic”. In a biologic environment however, such 
movement is restricted by various membranes, 
fi bers and macromolecules. Thus, at a tissue level 
the direction of movement of water molecules 
would be restricted in certain directions and less 
restricted in others. Relatively restricted movement, 
“anisotropy” suggests cellular integrity in the CNS, 
e.g., water movement is restricted perpendicular to 
the main axis of axon whereas water molecules 
move relatively freely along the main axis of the 
axon. A large number of DTI derived metrics is uti-
lized to characterize white matter integrity at a voxel 
level, such as fractional Anisotropy (FA), mean dif-
fusivity (MD), radial diffusivity (RD), or axial dif-
fusivity (AD). Other indices include relative 
anisotropy, linear component, planar component, 
spherical component. The most frequently reported 
diffusivity parameter is fractional anisotropy (FA), 
where a high value close to 1 indicates fi ber integ-
rity (anisotropy) and a relatively lower value indi-
cates pathological change. Axial diffusivity (AD) is 
generally regarded as a marker of axonal integrity 
and radial diffusivity (RD) is considered a marker of 
myelination Fig.  2.2 . Based on these measures, a 

number of statistical methods have been devised to 
measure white matter alterations in specifi c white 
matter tracts, crossing-fi bers, or to measure struc-
tural connectivity between brain regions. 
Tractography, high-angular-resolution diffusion 
imaging, Q-ball vector analysis and tract-based spa-
tial statistics are just some of the many DTI-based 
imaging techniques Fig.  2.3 .

2.6         MR Spectroscopy 

 Spectroscopy provides metabolic information on 
selected brain regions. MRS is most frequently 
based on proton, sodium, or phosphorous nuclei. 
Proton spectroscopy provides good signal to 
noise ratio enabling the reliable measurement of 
brain metabolites. MRS data may be collected 
from selected regions-of-interest (ROI), but more 
recently whole-brain MRS sequences have also 
been developed. Single Voxel Spectroscopy 
(SVS) is used where the study hypothesis is 
linked to a well-defi ned ROI. Multi-voxel tech-
niques, such as Chemical Shift Imaging (CSI) is 
used when metabolic changes are mapped over 
larger brain regions. MRS data acquisition 
 typically includes shimming of the magnetic fi eld 
to correct for fi eld inhomogeneity and the 
 suppression of water signal in order to accurately 
detect metabolite peaks in the spectra. The most 

  Fig. 2.2    Principles of 
diffusion tensor imaging 
and the most frequently 
utilized diffusivity 
measures       
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commonly measured metabolites include 
N-acetyl Aspartate (NAA), Choline (Cho), 
Creatine (Cr), Lactate, Myo-inositol, GABA, 
Glutamate (Glx). Choline is regarded as a marked 
of cell membrane turnover marker, and is associ-
ated with cell division and membrane breakdown 
such as demyelination. Creatinine is linked to 
metabolic activity and decreased creatine levels 
may be indicative of tissue necrosis secondary to 
hypoxia or neurodegenerative process. N-acetyl 
Aspartate (NAA) is generally regarded as a 
marker of neuronal integrity, and decreased NAA 
in comparative analyses is typically interpreted 
as a proxy for degenerative change. Lactate is a 
marker of anaerobic metabolism indicative of 
hypoxia, ischemia or mitochondrial pathology. 
Myo- inositol is generally regarded as a glial cell 
marker and increased levels have been associated 
with Alzheimer type and HIV-associated demen-
tias. Increased Glutamate and Glutamine have 
been associated with hepatic encephalopathy.  

2.7     Positron Emission 
Tomography (PET) 

 PET is one of the most versatile functional  imaging 
techniques, which uses radioactive isotopes 
to assess metabolic changes in various brain 
regions. The most commonly used isotopes 
include 18-Fluorodeoxy-Glucose (FDG), 18F-6- 
fl ourodopa a dopamine precursor, C-PK11195 
indicates neuroinfl ammation by binding to trans-
locator proteins, 11C-Flumazenil which binds to 
GABA-A receptors, 11C-PMP measures acetyl-
cholinesterase activity, WAY-100,635 binds to 5 –
HT1a receptors, and C-L-Deprenyl which binds 
to MAO-B. Novel PET ligands contribute increas-
ingly to our understanding of neurodegenerative 
changes by mapping selectively distinct physio-
logical networks. In spite of its cost implications, 
requirement for a near-site cyclotron to produce 
short half-life isotopes and its limited availability, 
PET offers unrivalled sensitivity to highlight dis-

  Fig. 2.3    Example of diffusivity based white matter tractography highlighting the corticospinal tracts and the commis-
sural fi bers of the corpus callosum       
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ease-specifi c pathology. Combined PET/MRI 
scanners are increasingly used in research institu-
tions to capitalize on the high spatial resolution of 
MRI and the receptor-specifi city of PET.  

2.8     Functional MRI (fMRI) 

 FMRI is a non-invasive functional imaging tech-
nique which evolved from being a tool of experi-
mental physiology and psychology into an 
instrument routinely used in epilepsy surgery plan-
ning and research studies of neurodegeneration. 
fMRI measures the blood oxygen dependent 
(BOLD) signal in the brain tissue to assess areas of 
metabolic activity either at rest or during specifi c 
tasks. Areas with higher metabolic activity utilize 
more oxygen leading to regional increase in BOLD 
signal, which is referred to as the hemodynamic 
response (HDR). FMRI is therefore an indirect indi-
cator of neural activity and has inferior temporal 
resolution and superior spatial resolution compared 
to EEG. Accordingly, FRMI studies are often com-
bined with simultaneous EEG recording. The most 
commonly used study design is the “block design” 
or “subtraction paradigm” where two conditions are 
alternated in blocks while a certain number of fMRI 
scans are acquired. Resting state fMRI is a more 
novel application which allows the detection of rel-
atively independent brain networks and the assess-
ment of circuit integrity. The most frequently 
assessed circuits include the default mode network, 
sensory-motor, visual and auditory networks.  

2.9     Multi-center Imaging 
Studies 

 Standardisation and optimisation of magnetic res-
onance protocols across multiple sites and MRI 
platforms is challenging. However,  multicentre 
neuroimaging is routinely used in clinical trials of 
multiple sclerosis drugs with established cross-
platform harmonisation and calibration protocols. 
Validation of multicentre imaging data normally 
involves the scanning of the same MR phantoms 
or controls at all of the participating scanners. 
Multicentre MR studies have been successfully 

conducted in Alzheimer’s disease, Huntington dis-
ease, FTD and ALS. International data repositories 
have been established by various disease-specifi c 
consortia, such as the Alzheimer's disease neuro-
imaging initiative (ADNI), TRACK-HD or the 
Neuroimaging society in ALS (NISALS). The 
cross platform calibration of ADNI utilising trav-
elling MRI phantoms has been comprehensively 
described and published. The obvious advantage 
of such collaborations is generating large patient 
numbers of relatively rare disease phenotypes. The 
challenges of such initiatives on the other hand 
include the diffi culties around cross-platform har-
monisation across different scanner fi eld- strengths 
and manufacturers, funding and authorship issues, 
time contribution of participating individuals, data 
management, storage and protection, ethics 
approvals etc.  

2.10     Neuroimaging Features 
of Amyotrophic Lateral 
Sclerosis 

 Amyotrophic Lateral Sclerosis (ALS) is a relent-
lessly progressive neurodegenerative disorder. 
The diagnostic, genetic and clinical aspects of 
ALS are discussed in detail in Chap.   8    . Until rela-
tively recently, ALS has been regarded as pure 
motor system disorder, however there is now 
compelling clinical, post mortem and imaging 
evidence that the disease spreads well beyond the 
motor cortex affecting frontotemporal, basal gan-
glia, and cerebellar regions. Standard clinical 
imaging with T1 and T2-wieghted and Flair imag-
ing is usually performed in the diagnostic phase 
of the disease to rule out alternative diagnoses. 
Hyperintensities along the corticospinal tracts are 
frequently observed on FLAIR and T2-weighted 
MRI, but these imaging cues are poorly specifi c to 
ALS. Hyperintensities along the pyramidal tracts 
on coronal imaging is sometimes referred to as 
the “wine glass sign” Fig.  2.4 . Motor disability, 
the degree of cognitive impairment, and the rate 
of disease progression vary signifi cantly among 
ALS patients leading the signifi cant clinical 
 heterogeneity which makes the identifi cation of 
core ALS-specifi c imaging signatures challenging. 
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  Fig. 2.4    Corticospinal tract hyperintensity in a 57 year 
old, left handed female patient with ALS, ALSFRS-r: 37, 
disease duration from symptom onset to scan: 10 months. 
Axial MRI imaging ( top ) and coronal imaging ( bottom ) is 
presented. Coronal imaging in ALS occasionally reveals 

high signal along the bilateral corticospinal tracts, which 
is sometimes referred to as the “Wine glass sign” or “Wine 
glass appearance”.  Arrows  indicate hyperintensities along 
the corticospinal tracts       
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Nonetheless, neuroimaging in ALS has 
 contributed signifi cantly to the characterization of 
ALS-related pathology in vivo, highlighting dis-
ease-specifi c features such as corpus callosum 
degeneration, corticospinal tract degeneration and 
motor cortex atrophy Fig.  2.5 . Furthermore, mul-
tiparametric imaging methods have been success-
fully utilized to describe the distinctive imaging 
signatures of key ALS phenotypes, such as 
patients with bulbar or spinal onset disease. 
Quantitative MRI techniques and PET has also 
been extensively utilized in ALS to characterize 
the distinct pathological patterns associated with 
the  C9orf72  or SOD1 genotype (Bede et al.  2013 ).

    VBM and SBM studies of ALS consistently 
highlight grey matter atrophy in precentral gyrus, 
pre-motor regions, frontal and superior temporal 
regions Fig.  2.1 . VBM studies confi rmed that pat-
terns of grey matter atrophy within the motor cor-

tex defi ne the clinical phenotype. Patients with 
bulbar onset disease have focal atrophy in the bul-
bar segment of the motor homunculus compared 
to spinal onset patients and vice versa. 
Furthermore, the degree of focal cortical pathol-
ogy measured by VBM or SBM correlates with 
clinical disability. VBM and SBM studies of ALS 
also confi rmed extra-motor cortical involvement 
affecting frontal and temporal brain regions espe-
cially in patient cohorts carrying the  c9orf72  
hexanucleotide repeats. More recently, high reso-
lution structural MRI data has been utilized to 
assess basal ganglia involvement in ALS confi rm-
ing signifi cant subcortical grey matter involve-
ment, particularly in the thalamus, accumbens 
nuclei, caudate nuclei and hippocampi. These 
fi ndings are consistent with the clinical observa-
tions of frontostriatal and corticobasal dysfunc-
tion and support the notion that motor disability 

  Fig. 2.5    White matter degeneration in ALS demonstrated 
by diffusion tensor imaging and tract-based spatial statistics 
based on fractional anisotropy (FA) measurements. The 

identifi ed white matter regions include the body of the 
 corpus callosum, the descending pyramidal tracts and white 
matter regions subjacent to the primary motor cortices       
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is complicated by extrapyramidal  defi cits in 
ALS. Finally, grey matter studies of ALS con-
fi rmed signifi cant cerebellar involvement. White 
matter studies of ALS invariably highlight corti-
cospinal, corticobulbar and corpus callosum 
degeneration Fig.  2.4 . Similarly to grey matter 
studies, DTI has also confi rmed frontotemporal 
white matter pathology supporting clinical obser-
vations of cognitive and behavioral defi cits. The 
posterior limb of the internal capsule and mid- 
body of corpus callosum are key sites of white 
matter degeneration in ALS which can be easily 
detected by DTI studies. Early magnetic reso-
nance spectroscopy studies of ALS reported 
NAA:Cr ratio reductions in the motor cortex and 
later studies conformed extra-motor metabolic 
abnormalities in the frontal cortex and thalamus. 
Similarly to VBM studies, metabolic changes 
have been correlated to motor disability and to 
certain ALS genotypes. Longitudinal MRS stud-
ies have shown progressive NAA reductions, and 
MRS studies have identifi ed metabolic changes in 
the cervical spinal cord asymptomatic  SOD1  
mutation carriers. MRS studies of ALS have 
shown reductions in cortical levels of GABA sug-
gesting GABA mediated inhibitory dysfunction. 
Finally MRS was used to demonstrate Riluzole 
effect in treated patient populations. 

 FDG PET studies in ALS have shown hypome-
tabolism in the motor cortex, motor association 
areas and parietal lobes. Patients with predomi-
nantly upper motor neuron signs exhibited reduced 
cortical glucose metabolism compared to lower 
motor neuron predominant patients. PET studies 
have identifi ed sensitive correlations between met-
abolic changes and functional disability measured 
by rating scales (ALSFRS-r). ALS patients with 
cognitive impairment have shown additional meta-
bolic changes in the dorsolateral prefrontal cortex, 
anterior insula, and anterior thalamic nuclei. 
Finally, FDG PET has been utilized to characterize 
ALS patients with the  C9orf72  mutation, confi rm-
ing focal hypometabolism in the cingulate gyrus, 
insula, caudate, thalamus, superior temporal cor-
tex, globus pallidus and midbrain complementing 
the structural MRI fi ndings of this patient popula-
tion. Unsurprisingly, connectivity studies of ALS 
demonstrated decreased motor network connectiv-

ity. However, beyond the motor network, an 
increased overall functional connectivity has been 
identifi ed in ALS which is likely to be secondary 
to inhibitory dysfunction and GABAergic changes. 
The neuroimaging features of ALS are summa-
rized in Table  2.1 .

2.11        Neuroimaging 
in Frontotemporal Dementia 
(FTD/FTLD) 

 Frontotemporal dementia (FTD) or frontotempo-
ral lobar degeneration (FTLD) is an umbrella 
term that encompasses behavioral variant FTD 
(Bv FTD), Primary non-fl uent aphasia (PNFA), 
Semantic dementia (SD) and mixed phenotypes. 
A well-established clinical and pathological 
overlap exist between FTD and ALS, but FTD 
may also overlap with Parkinson’s disease, pro-
gressive supranuclear palsy (PSP), and cortico- 
basal syndromes (CBD). Up to 40 % of FTD 
cases may be familial and approximately 10 % 
show autosomal dominant inheritance. A number 
of genes have been linked to FTD such as micro-
tubule associated protein tau ( MAPT ), pathologi-
cal GGGGCC hexanucleotide expansions in 
 C9orf72 , and progranulin mutations ( GRN ). 
Pathologically, FTD is often classifi ed into FTD 
with MAPT positive inclusions, TAR DNA- 
binding protein 43 (TDP-43) positive, and fused 
in sarcoma (FuS) inclusion positive cases. The 
clinical, pathological and genetic characteristics 
of FTD are discussed in detail in Chap.   7    . 
Similarly to ALS, the various FTD genotypes 
have distinctive imaging signatures;  C9Orf72  
positive samples can be distinguished from sam-
ples with tau and progranulin based on imaging 
(Whitwell et al.  2012 ). The majority of structural 
studies in FTD described cortical changes associ-
ated with BvFTD. These cases exhibit striking 
orbitofrontal and temporal lobe atrophy. A meta- 
analysis of 417 BvFTD patients demonstrated 
additional basal ganglia, insular cortex and thala-
mus pathology (Schroeter et al.  2014 ). Studies of 
non-fl uent PPA have confi rmed left inferior fron-
tal lobe atrophy, especially in the pars opercularis 
region, which is consistent with Broca’s area. 
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   Table 2.1    Neuroimaging features of ALS   

 Imaging modality  Main fi ndings 

 Standard clinical imaging 
 (signs with poor specifi city 
and sensitivity) 

 Hyperintensities along the corticospinal tracts (the “wine glass” sign of the pyramidal 
tracts on coronal imaging) (T2-w, FLAIR) 
 Pyramidal tract hyperintensities in the lateral corticospinal tracts in the spinal cord 
(T2-w axial) 
 Motor cortex atrophy on T1-W 
 Thinning of the corpus callosum on sagittal imaging 

 Structural imaging  Grey matter atrophy of the motor cortex 
 Extra-motor changes in the frontal lobes, superior temporal regions, and parietal 
lobes 
 Cerebellar degeneration 
 Basal ganglia changes affecting the thalamus, hippocampus, caudate nucleus and 
nucleus accumbens 
 Spinal cord atrophy 
 Genotype-specifi c changes in association with the  C9orf72  hexanucleotide repeat: 
extensive fusiform gyrus, supra marginal cortex, orbitofrontal, opercular and 
temporal lobe changes. 

 DTI  Corticospinal tract degeneration, most frequently captured in the posterior limb of the 
internal capsule 
 Lateral corticospinal tract degeneration in the spinal cord 
 Corpus callosum changes especially in the body of corpus callosum 
 Corticobulbar tract degeneration 
 Extra-motor frontotemporal white matter degeneration 
 Cerebellar white matter changes 
  C9orf72 -associated white matter changes in the genu of corpus callosum, anterior 
commissure, and frontotemporal brain regions. 

 MR Spectroscopy  Reduction in NAA:Cho and NAA:Cr ratios in the motor cortex 
 Longitudinal studies: progressive reduction in NAA 
 High Myo-inisitol levels refl ect glial activation 
 GABAergic dysfunction 

 PET  FDG PET: hypometabolism in the motor cortex, motor association areas and parietal 
lobes. 
 C9orf72 associated hypometabolism in the anterior and posterior cingulate gyrus, 
insula, caudate nucleus, thalamus, left frontal and superior temporal cortex, globus 
pallidus and midbrain 
 [11C](R) PK11195 suggest microglial activation in the dorsolateral prefrontal cortex, 
pons, medulla and thalamus 
 Flumazenil PET (GABA marker): reduced uptake in motor and extra motor regions 

 fMRI  Decreased cortical connectivity: motor network degeneration 

PNFA is also associated with middle frontal 
gyrus, superior temporal pole, and lentiform 
nuclei changes. Structural studies of semantic 
dementia have revealed preferential, asymmetric, 
left-sided temporal lobe pathology as well as 
fusiform gyrus, hippocampus and amygdala 
involvement (Hodges et al.  1992 ). While MAPT 
mutations have been primarily linked to antero-
medial temporal atrophy, orbitofrontal atrophy 
and fornix changes, GRN mutations are associ-
ated with inferior frontal and temporoparietal 
changes (Rohrer et al.  2010 ). Relatively symmet-
ric atrophy patterns have been reported in MAPT 

and asymmetric changes in GRN mutation carri-
ers. These genotype-specifi c imaging cues may 
also be relevant in the assessment of presymp-
tomatic mutation carriers. 

 DTI studies of BvFTD have shown white mat-
ter changes in the inferior longitudinal fasciculus, 
inferior fronto–occipital fasciculus, anterior cin-
gulate and corpus callosum (Diehl-Schmid et al. 
 2014 ). Moreover, white matter indices of the 
genu of corpus callosum have been correlated 
with measures of emotional blunting and behav-
ioral changes in BvFTD (Lu et al.  2014 ). White 
matter studies of semantic dementia have shown 
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changes in the uncinate fasciculus and bilateral 
inferior longitudinal fasciculus. PNFA is 
 associated with white matter changes in the supe-
rior arcuate fasciculus and superior longitudinal 
fasciculus (Riedl et al.  2014 ). Resting state fMRI 
studies of FTD have also revealed phenotype- 
specifi c network degeneration (Seeley et al. 
 2009 ) Salience network dysfunction has been 
consistently demonstrated in BvFTD. This net-
work mediates attention and recruits other cogni-
tive networks for the interpretation of complex 
sensory information. Semantic dementia on the 
other hand, affects primarily networks connect-
ing the temporal pole, subgenual cingulate, ven-
tral striatum, and the amygdala. In PNFA, 
network vulnerability involves the frontal oper-
culum, primary and supplementary motor corti-
ces, and the bilateral inferior parietal lobules. The 
primary function of this network is the integra-
tion of motor and language systems. Paradigm- 
based fMRI studies have shown decreased frontal 
activity in early-stage FTD during working mem-
ory task (Rombouts et al.  2003 ). PNFA patients 
exhibit impaired activation of the inferior frontal 
cortex in language tasks (Wilson et al.  2010 ). 
Patients with semantic dementia fail to activate 
the superior temporal gyrus during reading tasks 
in comparison to healthy controls. 

 FDG PET reveals bifrontal and anterior tem-
poral lobe hypometabolism in BvFTD, bilateral 
temporal lobe hypometabolism in semantic 
dementia (Diehl-Schmid et al.  2014 ). and left 
frontal lobe hypometabolism in PNFA. FDG PET 
does not only help to classify FTD phenotypes 
with a predictive value of 78 %, it is also an 
invaluable tool to differentiate FTD from AD 
(Matias-Guiu et al.  2014 ). AD and FTD can be 
occasionally challenging to distinguish clinically 
and amyloid PET may sometimes be necessary. 
The most commonly used amyloid tracer used is 
11-C Pittsburg Compound B (PiB), but radiotrac-
ers with longer half-life; fl orbetapir and fl ute-
metamol are now also available. All three are 
comparable in their affi nity for amyloid binding 
and they are highly specifi c as they do not bind to 
tau or alpha synuclein. Most FTD phenotypes do 
not show amyloid binding. Tau PET tracers are 
also available, such as the 18F-THK5117 and 

18F-T807, but relatively little is known of the 
Tau-binding profi le of FTD phenotypes (Murray 
et al.  2014 ). 

 Single photon emission spectroscopy 
(SPECT) uses lipophilic compounds that cross 
the blood brain barrier to measure regional cere-
bral perfusion. SPECT images may be either 
interpreted by visual inspection, or quantitative 
ROI analyses.  99m Tc Hexamethylpropeleneamine 
( 99m Tc-HMPAO) and  99m Tc-ethyl cystine dimer 
( 99m Tc-ECD) are particularly useful to differenti-
ate FTD from AD. A large meta-analysis of 13 
studies including a total of 479 patients found 
that the sensitivity of SPECT is 65 % and the 
specifi city in differentiating FTD from AD is 
72 %. The neuroimaging features of FTD are 
summarized in Table  2.2 .

2.12        Neuroimaging Features 
of Alzheimer’s Disease (AD) 

 Mesial temporal lobe atrophy and temporopari-
etal cortical atrophy are the hallmark imaging 
features of AD on clinical imaging. Mesial tem-
poral lobe volume loss can be observed directly 
on coronal imaging or indirectly by noting the 
enlargement of the parahippocampal fi ssures. 
Similarly, posterior cortical atrophy is often sus-
pected based on the atrophy of the precuneus and 
the medial surface of the parietal lobe or the 
enlargement of the posterior cingulate and 
parieto- occipital sulci. Changes in the amygdala, 
hippocampus, entorhinal cortex and temporal 
horns have been extensively characterized by 
visual assessment, manual and automated volum-
etry, surface and voxel-based morphometry. 
While the visual assessment of the amygdala 
offers 88 % specifi city and 69 % sensitivity, the 
appraisal of hippocampal changes is associated 
with 79 % specifi city and 70 % sensitivity in the 
diagnosis of AD. Manual segmentation tech-
niques offer 81 % specifi city and 85 % sensitivity 
in AD. Measurements with automated techniques 
offer similar diagnostic sensitivity and specifi city 
results. Entorhinal cortex (EC) imaging confi rms 
the diagnosis with 86 % specifi city at dementia 
stage, and 78 % specifi city at a mild cognitive 
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impairment (MCI) stage. More recently, imaging 
studies demonstrated presymptomatic cingulate 
gyrus, hippocampus, thalamus and caudate 
nucleus changes in Presenelin-1 gene carriers 
(Ryan et al.  2013 ). 

 Diffusion tensor imaging (DTI) studies of AD 
have revealed widespread white matter changes 
in parietal, temporal, and prefrontal brain regions. 
More posterior white matter alterations are also 
commonly reported in AD particularly in the 
posterior corpus callosum, posterior cingulate 
gyrus, superior and inferior longitudinal fascic-
uli, fronto-occipital fasciculus, and in the poste-
rior thalamic radiation. These changes are 
evidenced by increased radial and mean diffusiv-
ity and reduced fractional anisotropy (FA) 
(Acosta- Cabronero et al.  2010 ). DTI studies 

using tract- based spatial statistics (TBSS) have 
shown early fornix involvement suggestive of 
limbic diencephalic network dysfunction in the 
early stages of the disease. 

 FDG PET is an important diagnostic tool for 
both MCI and AD as it sensitively highlights 
regional temporo-parietal hypometabolism. FGD 
PET has a diagnostic specifi city of 84 % in AD 
and 74 % in MCI, while sensitivities are 86 and 
76 % respectively. Amyloid PET uses radiola-
belled markers such as 11-C Pittsburg Compound 
B (PiB), or radiotracers with longer half-life such 
as fl orbetapir and fl utemetamol. Both visual 
inspection and fully automated techniques can be 
utilized to evaluate ligand binding. Standardized 
uptake volume ratio (SUVR) and Distribution 
volume ratio (DVR) measurements are  automated 

   Table 2.2    Imaging features of FTD   

 Imaging modality  Main fi ndings 

 Standard clinical imaging  Asymmetric frontal lobe atrophy in bvFTD 
 Volume loss of the caudate heads in bvFTD 
 Thinning of the genu of the corpus callosum on sagittal imaging in bvFTD 
 Marked, asymmetric temporal lobe atrophy in semantic dementia 

 Structural imaging  BvFTD: Atrophy of the fronto-median cortex, insular cortex, thalamus, left sub 
callosal area, inferior temporal pole and amygdalae. 
  C9orf72  mutation: symmetric inferior frontal lobe atrophy and cerebellar atrophy. 
 MAPT mutation – symmetric bilateral changes: 
 antromedial temporal and orbitofrontal atrophy and fornix changes 
 GRN mutation – asymmetrical changes 
 inferior frontal and temporo-parietal atrophy 

 DTI  BvFTD: white matter degeneration in the anterior superior and inferior longitudinal 
fasciculus, and genu of corpus corpus callosum. 
 Semantic dementia: uncinate fasciculus and inferior longitudinal fasciculus changes 
 PNFA: superior arcuate fasciculus and superior longitudinal fasciculus pathology 
 Logopenic phenotypes: inferior longitudinal fasciculus, uncinate fasciculus, 
splenium of corpus callosum, cingulum bundle, and anterior thalamic radiation 
changes 

 fMRI- Resting state  BvFTD: Salience Network degeneration 
 Semantic dementia: frontostriatal circuit dysfunction, ventral striatum and amygdala 
connectivity alterations 
 PNFA: connectivity changes affecting the frontal operculum, supplementary motor 
cortices, and bilateral inferior parietal lobules. 

 FDG PET  BvFTD: Frontomedial, thalamic, anterior insular and anterior temporal 
hypometabolism. 
 Semantic dementia: bilateral temporal hypometabolism 
 PNFA: hypometabolism of the dominant frontal lobe including Broca’s area. 

 Beta Amyloid PET  Usually negative in FTD, may be useful for discriminating logopenic variants of AD 
from FTD 

 Tau PET  The sensitivity and specifi city profi les of 18F-THK5117 and 18F-T807 are currently 
studied and are not yet established in FTD. 

 SPECT  Sensitivity of 65 % and specifi city of 72 % in differentiating FTD from AD. 
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approaches which compare regional uptake to 
reference normative values.  11 C- PiB PET has a 
diagnostic specifi city of 83–88 % across various 
analysis techniques in AD and 53–56 % in 
MCI. It has a sensitivity profi le of 91–100 % in 
AD and 82–100 % in MCI.  18 F Ligands have a 
specifi city of 86 % in AD, and 80 % in MCI 
while their sensitivity is 87 % in AD and 78 % in 
MCI (Frisoni et al.  2013 ). 

 The core SPECT feature of AD is marked 
temporo-parietal hypo metabolism. Using  99 m 
Tc- ECD or  123 l-IMP this pattern is very specifi c 
to AD and can reach a sensitivity of 70 % even 
with visual interpretation. Metabolic patterns 
identifi ed on  99 Tc-HMPAO SPECT are less spe-
cifi c; 83 % in AD and 64 % in MCI. Functional 
MRI studies of AD report reductions in default 
mode network (DMN) integrity and an overall 
decreased activity at rest. The DMN comprises of 
the Medial Prefrontal cortex, Posterior Cingulate 
Cortex, inferior Parietal cortex. This network is 
active at rest and is physiologically involved in 
introspective and autobiographic memory pro-
cesses. Graph-theory based resting-state fMRI 
connectivity studies have demonstrated DMN 
dysfunction in pre-symptomatic patient cohorts. 
The posterior cingulate cortex and precuneus 
show early and disease-specifi c vulnerability. 
The degradation of functional and structural con-
nectivity of the DMN has been demonstrated by 
combined functional and structural imaging 
modalities. fMRI studies have confi rmed early 
connectivity alterations in  APOE4  mutation car-
riers and longitudinal fMRI studies of AD have 
shown progressive decline in DMN network 
integrity.  

2.13     Imaging Features 
of Parkinson’s Disease 
Dementia (PDD) 

 The clinical and pathologic distinction between 
Parkinson’s Disease associated dementia (PDD) 
and dementia with Lewy Bodies (DLB) can be 
challenging and imaging may aid the diagnosis. 
Structural studies of PD, PD with mild 
cognitive impairment (PD-MCI) and PDD show 

 incremental cortical atrophy along the cognitive 
phenotypes of Parkinson’s disease. VBM studies 
show diffuse grey matter loss in frontal, tempo-
ral, and occipital lobes, with the relative sparing 
of parietal regions. Hippocampal volume loss has 
also been demonstrated in PDD, though less 
severe than the hippocampal pathology observed 
in AD. PDD is associated imaging changes in the 
entorhinal cortex, amygdala and anterior cingu-
late gyrus. Additional atrophy has been reported 
in the thalamus, putamen and caudate nucleus. In 
PD-MCI, prefrontal atrophy has been linked to 
increased reaction times, and hippocampal atro-
phy has been correlated with verbal memory 
impairments. Enlargement of lateral ventricles 
has been repeatedly reported in PDD, with pref-
erential enlargement of inferior horn of left lat-
eral ventricle. 

 SPARE-AD (Spatial Pattern for recognition of 
abnormality for Recognition of Early Alzheimer’s 
disease) has been developed as a quantitative 
algorithm to identify atrophy patterns consistent 
with AD. It has also been applied to PD cohorts 
and has been shown to reliably discriminate 
between PD and PDD based on hippocampal, 
and parieto-occipital imaging measures. 

 The cognitive phenotypes of PD, PD-MCI and 
PDD are also associated with incremental white 
matter degeneration, making diffusion tensor 
imaging a valuable research tool. In PD patients 
with executive dysfunction, parietal lobe white 
matter tract degeneration has been reported. 
PD-MCI patients show fractional anisotropy 
(FA) reductions in the superior longitudinal fas-
ciculus and corpus callosum. In PDD, there is 
additional evidence of FA reductions in the infe-
rior longitudinal fasciculus and anterior limb of 
internal capsule compared to controls. In com-
parison to PD patients without cognitive impair-
ment, PDD patients exhibit uncinate fasciculus 
and posterior cingulate degeneration. Resting 
state fMRI studies of PDD highlighted frontos-
triatal connectivity alterations in networks 
relayed through the caudate and the putamen. 
The identifi ed network dysfunction is distinct 
from DLB which preferentially involves the 
Default Mode Network (DMN). Connectivity 
studies of PDD have successfully correlated 
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 cognitive performance with network integrity, 
and longitudinal studies captured progressive 
network dysfunction. 

 Amyloid PET has a limited role in PDD as 
amyloid burden is generally low and often com-
parable to the values observed in healthy controls. 
Only a small minority of PDD patients suffers 
from amyloid accumulation and their initial cog-
nitive profi le is not signifi cantly different from the 
“low amyloid” PDD cohorts. Longitudinal studies 
however suggest that those with high amyloid 
burden, progress into dementia faster than the 
amyloid negative PD population. 

 FDG PET is particularly useful to differentiate 
PDD form PD cases without cognitive abnormali-
ties. PET studies of PDD revealed hypometabolism 
in the medial frontal and parietal association 
regions with relatively increased metabolism in the 
cerebellar vermis and dentate nuclei. The extent of 
hypometabolism correlates well with cognitive 
performance especially with measures of executive 
dysfunction. Longitudinal FDG PET studies reveal 
progressive metabolic changes, and capture extra-
motor changes in PD patients who will later prog-
ress into PD-MCI or PDD, well before the clinical 
development of cognitive changes. The FDG PET 
signature of PDD and PD-MCI are relatively dis-
tinct, so it is possible to differentiate them from 
other neuro degenerative conditions which may 
also present with extra- pyramidal symptoms 
(Poston and Eidelberg  2010 ). 

 Dopamine imaging can be undertaken in PD 
either using PET or SPECT techniques. The 
agents used for dopaminergic imaging in 
Parkinson-related conditions can broadly be clas-
sifi ed as “Pre-synaptic agents” and “Post-synaptic 
agents”. Pre-synaptic agents include Dopa- 
decarboxylase ligands which measure dopamine 
synthesis ( 18 F Dopa,  11 C L-Dopa), DAT which 
identifi es functioning dopaminergic terminals, 
and VMAT-2 which binds to dopaminergic termi-
nals. Post synaptic radioligands measure D2 
receptor density in synapses. 

 In patients with PDD, striatal DOPA decar-
boxylase activity is reduced by up to 26 % in the 
caudate nuclei, and by 44 % in the putamen. 
Additionally, decreased uptake is observed in the 
anterior cingulate, ventral midbrain and occipital 

cortex, which is similar to PD cohorts without 
dementia. Studies using presynaptic ligands such 
as VMAT-2 show 34 % binding reduction com-
pared to controls in the substantia nigra. Striatal 
DAT binding is signifi cantly reduced in PDD 
patients compared to non-demented PD patients 
especially in caudate and putamen. Imaging stud-
ies suggest that the pathophysiological changes 
in PDD are driven by decreased striatal dopamine 
synthesis, impaired dopamine storage, reduced 
dopamine transportation, with increased or nor-
mal post synaptic D2 receptor density compared 
to healthy individuals. The fi nding of preserved 
synaptic receptor density distinguishes PDD 
from DLB, where there is reduced D1 and D2 
receptor density.  

2.14     Imaging Features of Diffuse 
Lewy Body Disease (DLB) 

 In comparison to PDD, DLB shows more wide-
spread grey matter atrophy on structural imaging 
as demonstrated by voxel-based morphometry 
(VBM) studies. While imaging studies of DLB 
are limited by relatively small patient cohorts, 
there is a consensus that the medial temporal 
lobes are relatively preserved. DLB is character-
ized by considerable volume loss in the midbrain, 
affecting the substantia innominate and the 
nucleus basalis of Maynert, which is primarily 
involved in cholinergic pathways projecting to 
the neocortex. Volume loss in the dorsal meso-
pontine grey matter is thought to be disease spe-
cifi c, and is used as an imaging cue for the 
diagnosis of DLB. In early-stage DLB, there is 
often already evidence of midbrain, putamen, 
pons, and basal forebrain atrophy involving both 
dopaminergic and cholinergic systems. Cortical 
thickness studies in DLB reveal thinning of mid 
and posterior cingulate, superior tempor- occipi-
tal and lateral orbitofrontal regions. This anatom-
ical pattern of atrophy is distinct from AD which 
primarily exhibit temporal lobe involvement. 

 Diffusion tensor imaging studies of DLB 
show fractional anisotropy reductions in parieto-
occipital brain regions, particularly in the precu-
neal and cingulate gyri. White matter degeneration 
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is also frequently observed in the thalamic and 
optic radiation. Region of interest (ROI) analyses 
have shown reduced FA in the inferior longitudi-
nal fasciculus which is associated with the ven-
tral visual pathways. The dysfunction of this tract 
may explain the abnormal visual phenomena 
associated with DLB. Several white matter stud-
ies have successfully correlated imaging mea-
sures with anatomically-associated clinical scales 
in DLB. Reductions in FA values in cortico-basal 
fi bres for example, correlate sensitively with the 
third section of the unifi ed Parkinson's disease 
rating scale (UPDRS) which evaluates motor 
function. 

 Resting state fMRI studies of DLB reveal 
decreased integrity of fronto-parietal, and 
sensory- motor networks compared to control 
populations. While the primary visual networks 
seem to be preserved in DLB, fMRI studies sug-
gest the functional disconnection of the calcarine 
cortex and lingual gyri may contribute to the 
visual hallucinations observed in DLB. 

 Amyloid PET is an extensively evaluated bio-
marker of DLB, as amyloid burden in DLB is 
higher than in PDD. Longitudinal studies have 
shown that those with high amyloid burden are 
more likely to develop cognitive or behavioral 
symptoms. FDG PET studies of DLB show pre-
dominantly occipital hypometabolism. 

 Dopaminergic imaging in DLB reveals 
reduced DOPA uptake by nearly 50 % in the cau-
date and putamen compared to healthy controls. 
Patients with DLB also show reduction in 
VMAT-2 binding in caudate and putamen. DAT 
binding is reduced by 35 % in DLB in the caudate 
and putamen compared to controls and reduc-
tions are at least 14–22 % more signifi cant than 
those seen in PD patients.     
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3.1            Introduction 

 A neuropsychological assessment (NPA) can serve 
as a valuable tool in the investigation of patients 
with known or suspected neurodegenerative disor-
ders. Common reasons for referral include memory 
complaints, expressive language diffi culties, poor 
visuospatial awareness, poor decision making, dis-
organisation, reduced attention, concentration diffi -
culties, changes in personality or behaviour, and 
deterioration in functioning such as diffi culties cop-
ing at work or managing one’s fi nances. 

 The goals of the NPA are often twofold. 
The fi rst is to confi rm or refute the presence of cog-
nitive impairment. This can be a challenging feat 

for clinicians particularly in cases where  cognitive 
changes are subtle, where premorbid functioning 
is suspected to be particularly low or high, and 
where anxiety or depression may be contributing 
to the patient’s symptoms. The NPA can account 
for these factors in determining the presence of 
a cognitive defi cit and can often detect cognitive 
and behavioural changes before structural or func-
tional abnormalities emerge on neuroimaging, and 
as such may be vital for the diagnostic process. 

 The second goal of the NPA is to delineate the 
profi le of cognitive impairment. This can help to 
determine whether there is a functional or organic 
cause to the symptoms, localize organic abnormali-
ties, narrow the differential diagnoses between 
neurodegenerative disorders, defi ne a patient’s 
functional limitations and his/her residual strengths, 
and identify targets for rehabilitation, thus facilitat-
ing appropriate care pathways. Repeated assess-
ments can also monitor progression or recovery 
associated with treatment response.  
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3.2     Referring a Patient 
for Neuropsychological 
Assessment 

 Prior to referring a patient for a NPA, a clinician 
should have a clear idea of the question(s) that he/
she hopes to answer following the assessment. This 
could be a diagnostic question for example, whether 
a patient is suffering from Alzheimer’s disease 
(AD) or depression, or whether the profi le of cogni-
tive impairment may resemble a less common form 
of dementia such as posterior cortical atrophy or 
corticobasal degeneration. The referral may simply 
wish to document whether cognitive impairment is 
present, for example in diseases where cognitive 
dysfunction is relatively common such as 
Parkinson’s disease. A repeat assessment may be 
useful in a patient with known a known cognitive 
defi cit to document progression or treatment 
response. 

 It is important to provide the clinical psycholo-
gist with the relevant background clinical informa-
tion for the patient. This helps the psychologist to 
tailor the assessment to the patient’s needs. This 
includes the medical, neurological, and psychiatric 
history. Furthermore, any information on premor-
bid function, ethnicity, and culture may be useful. 

 It is also essential to consider whether the 
patient is motivated to undertake the assessment. 
Conditions that can affect a patient’s ability to co-
operate include severe illness, active psychiatric 
diffi culties, physical disability and, in rarer circum-
stances, secondary gain. Milder forms of physical 
disability can be accommodated by careful tailor-
ing of the neuropsychological tasks. Hearing and 
visual diffi culties should be considered. 

 It is also worth noting that referring the patient 
in the early stages of a neurodegenerative condi-
tion is more likely to yield a disease specifi c pro-
fi le of cognitive abnormalities. In the advanced 
stages of most neurodegenerative conditions, 
multiple (if not all) cognitive domains may be 
affected and thus the original salient features can 
be diffi cult to identify. In addition, patients with 
severe cognitive or behavioural defi cits, such as 
those observed at end stages of a dementing pro-
cess, are often unable to co-operate with the NPA 
and require highly specialised assessments. 

 Finally, if the patient has a poor grasp of the 
language in which the assessment will be pro-
vided, then it would be worth considering the 
value of the referral or utilising the services of an 
interpreter to facilitate the assessment.  

3.3     The Neuropsychological 
Assessment 

 The NPA is usually composed of a clinical inter-
view and a series of neuropsychological tests. 
The initial interview serves to ascertain back-
ground information (such as the patient’s age, 
educational attainment, job history etc.) and to 
provide insight into the cognitive problems for 
which he/she was referred. 

 Observing the patient during the interview can 
yield valuable information including the ability to 
communicate effectively, self-care and hygiene, 
and the presence anxiety and mood disorders. 
Qualitative assessment can also provide informa-
tion on the presence of executive dysfunction (e.g. 
attentional diffi culties or perseveration) or behav-
ioural abnormalities (e.g. disinhibition or impul-
sivity). It is highly desirable to interview an 
informant after obtaining the patient’s consent. 
Close family members or friends are likely to pro-
vide additional and valuable information such as a 
different perspective with regard to the duration, 
scope, or severity of any cognitive problems, and 
the patient’s insight into these problems. A sepa-
rate interview is essential for the assessment of 
personality or behavioural changes. 

 The second part of the evaluation involves a com-
prehensive assessment of multiple cognitive domains 
that often include memory, language, executive 
functions, visuo-spatial/perceptual skills, intellec-
tual abilities, processing speed, and behaviour. This 
takes place in a quiet environment where chances of 
interruption and distraction are minimized. 

 In the following section we briefl y discuss the 
major cognitive domains commonly evaluated 
during a typical NPA. For each cognitive domain, 
this will include a brief description of its main 
components and neuroanatomical underpinnings, 
commonly used tests, and examples illustrating 
the clinical relevance of testing that domain.  
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3.4     Memory 

 Decline in memory is the hallmark of Alzheimer’s 
disease (AD). In addition, memory defi cits may 
also be observed in several other neurodegenera-
tive conditions including frontotemporal demen-
tia (FTD), Parkinson’s disease (PD) as well as 
Huntington’s disease (HD), although the cogni-
tive underpinnings of the memory diffi culties 
may differ. 

 Memory is not a unitary function. We use mul-
tiple memory systems to carry out daily activi-
ties. A number of models exist which classify 
these systems. One of the major divisions being 
short term (or working memory) and long term 
memory. 

 The term  working memory  has superseded 
short term memory and refers to a system which 
is responsible for temporary storage of informa-
tion while that information is being manipulated. 
The temporary nature of this storage is important. 
Information from working memory will degrade 
within a matter of seconds. As this memory sub-
system is more closely linked to attention and 
executive functions than to the other memory 
subsystems, it is discussed in more detail along 
with other executive functions. 

  Long term  memory can be divided into declar-
ative or non-declarative memory. Declarative 
memory systems involves the conscious recollec-
tion of events (such as remembering that you ate 
porridge for breakfast this morning), and facts 
(such as knowing that porridge is a popular oat 
and milk breakfast cereal). It is assessed through 
the use of explicit instructions such as ‘do you 
remember the story I read to you?’, and as such 
has been called explicit memory. Most standard 
neuropsychological tests of memory will assess 
this type of memory process. 

 Declarative memory can be further subdivided 
into episodic and semantic memory. The  episodic 
memory  system is the system that allows indi-
viduals to retain information regarding distinct 
personally experienced events or “episodes” in 
their life within the context of a specifi c time and 
place. This memory system allows us to deter-
mine when and where an event happened. 
Examples of such experiences would include a 

meeting attended this morning, a telephone con-
versation that took place a week ago, or a friend’s 
wedding which took place a few years ago. 
Information can be retained for variable periods 
of time ranging from a few minutes to many 
years. This involves multiple processes which 
include registration of the information, encoding 
the information to memory, consolidating that 
information within memory, and when required, 
retrieval of that information. 

 From a neuroanatomical perspective, the 
medial temporal lobe, particularly the hippocam-
pus and the extra hippocampal regions (perirhi-
nal, entorhinal, parahippocampal cortices) play a 
key role in episodic memory. This is evidenced 
by patients with amnesia and the famous case of 
HM who underwent bilateral temporal lobe 
resection for the treatment of focal epilepsy and 
subsequently developed an inability to retain new 
memories. Other brain regions implicated in 
 episodic memory involve the fronto-striatal 
regions, including the basal ganglia and frontal 
lobes, and the subcomponents of the  Papez 
circuit . 

  The Papez circuit is  a neural pathway, fi rst 
described by James Papez in 1937, which starts 
and ends in the hippocampus and includes the for-
nix, mammillary bodies, mammillo-thalamic 
tract, anterior thalamic nucleus, cingulum, and 
enterorhinal cortex. The important role this circuit 
plays in episodic memory is exemplifi ed by the 
profound memory problem observed following 
injury to its constituting structures (e.g. mammil-
lary body damage in Korsakoff’s encephalopathy 
or thalamic damage following a stroke). 

 Within episodic memory there appears to be 
distinctions between the types of information to 
be remembered, the mode of recollection, and 
when the information was acquired. The litera-
ture suggests that the left hemisphere, and in par-
ticular temporal lobe damage, is associated with 
verbal memory impairment, while right hemi-
sphere/temporal lobe damage is associated with 
non-verbal/visuospatial memory impairment. 
Furthermore, the details of the information is 
remembered may also provide clues on locality 
of lesions. Recollection of specifi c contextual 
information is dependent on retrieval processes 
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and strategic search. However, recognition mem-
ory can also rely on familiarity judgement, here 
the information may be recognized without 
retrieval of specifi c contextual details e.g. “I 
know that I have seen that man before but I do not 
know where”. In terms of the neuroanatomical 
underpinnings of these distinctions within the 
episodic memory, the perirhinal cortex is thought 
to receive specifi c item information important for 
familiarity judgements, while the parahippocam-
pal cortex is concerned with the contextual place 
information needed for recollection. Both types 
of information are bound within the hippocam-
pus to form associations which are fundamental 
to episodic learning. 

 Associative memory is often evaluated by 
having patients recall lists of semantically unre-
lated word pairs (e.g. caterpillar and rocket). 
Focal hippocampal pathology tends to produce 
impairment on tasks of associative memory with 
relative sparing of item memory and familiarity. 
This type of impairment may be found early 
in AD. 

 A fi nal distinction is based on the time of 
acquisition of information. Retrograde amnesia 
refers to the loss of information acquired prior to 
the onset of amnesia. In the early stages of AD, 
there is typically a temporal gradient with older 
memories showing less degradation than more 
recent memories. On the other hand, conditions 
such as PD and HD are often considered to pres-
ent with a fl at temporal gradient. 

 Patients with frontal lobe lesions also have 
signifi cant episodic memory diffi culties, particu-
larly in retrieval. However these patients (unlike 
AD patients) often improve with clues such as 
category cues (e.g. a type of fl ower) or context 
clues, or when asked to identify the correct option 
from multiple options (recognition tasks). This 
distinction is often helpful when differentiating 
behavioural variant frontotemporal lobar degen-
eration (bvFTD) and AD. Free recall and associa-
tive memory will be poor in both cases, but 
bvFTD patients perform better in cued memory 
and recognition memory tasks. It is worth noting 
this distinction in performance is by no means 
universal as the performance of FTD patients on 
recognition tasks can be adversely infl uenced by 

response biases (i.e. the patient ‘s acquiescence 
and compliance which results in a tendency 
towards ‘yes’ responses). 

  Semantic memory  is the memory system 
involved in retaining facts about the world for 
example, that polar bears are white, live in the 
arctic, and are mammals, or that London is the 
capital of United Kingdom and is a large city 
with a population of more than 8 million people. 
Unlike episodic memory, semantic memory is 
not dependent on a personal time line or on sub-
jective experience. As semantic memory is 
closely interlinked with language processing and 
defi cits in semantic memory usually present as 
language diffi culties, it is discussed in further 
detail in the Language section below. 

 Non-declarative memory systems are involved 
in situations where there is unconscious retrieval 
of information and in which learning and recall 
occur implicitly. The most important example of 
is  procedural memory  which is an implicit mem-
ory system that enables us to learn new skills. It 
involves unconscious retrieval of a skill acquired 
through training such as riding a bicycle or play-
ing the piano. Procedural memory is closely 
linked to supplementary motor cortex, the cere-
bellum, and the basal ganglia. Patients with dam-
age to these structures, such as patients with PD 
or HD, have been shown to have impairment in 
procedural memory. By contrast, patients with 
AD and bvFTD often have preserved procedural 
memory including acquisition of new procedural 
memory skills in the context of impairment of 
other memory systems such as episodic 
memory. 

 Table  3.1  provides a summary of commonly 
used test of memory. Note that most assessments 
would include tests of verbal and non-verbal (or 
visual) memory as patients may display selective 
defi cits (see Fig.  3.1 )

3.5         Language Functions 

 Language diffi culties are by defi nition the present-
ing and most salient symptoms in patients with 
primary progressive aphasia. Language abnormal-
ities can also occur in other  neurodegenerative 
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 diseases including AD (in particular younger onset 
disease), cortico-basal degeneration (CBD), and 
progressive supranuclear palsy (PSP). 

 Language is a complex domain with several 
inter-linked functions. We discuss here some of 
the most commonly observed language problems 
including aphasia and associated symptoms such 

as naming diffi culties, and defi cits in reading and 
writing. 

3.5.1     Aphasia 

 Aphasia is a term used to denote impairment in 
the ability to express one’s self and/or to compre-
hend language. Our understanding of aphasia has 
been traditionally based on the study of stroke 
patients. These observations have identifi ed sev-
eral regions as building blocks of the language 
network including Broca’s area, Wernicke’s area, 

   Table 3.1    This table provides examples of commonly 
used tests of memory   

 Name of test  Remarks 

 Wechsler Memory Scale 
(WMS-III and IV) 

 Most widely used scale, 
includes tasks of story 
recall (Logical memory), 
recall of word pairs (Verbal 
paired Associates) and 
visual memory tasks. 
(e.g. Visual Reproduction 
and Design memory) 

 Doors and People test  The test includes the 
immediate and delayed 
recall and recognition of 
pictures of doors, people, 
shapes (visual memory) 
and names (verbal 
memory) 

 Rey Osterrieth Complex 
Figure 

 The test assesses one’s 
ability to recall and 
recognise a complex fi gure 
after copying it. 
Limitations include 
reliance of construction 
which involves motor 
function and organisational 
skills 

 Rey Auditory Verbal 
Learning 

 List Learning Test 

 California Verbal 
Learning Test (CVLT) 

 List Learning Test 

 BIRT Memory and 
Information Processing 
Battery (BMIBP) 

 This battery includes story 
recall, fi gure recall, list and 
design learning and also 
includes a test of 
processing speed 

 Rivermead Behavioral 
Memory Test 
(RBMT-III) 

 The tasks attempts to 
mirror everyday life and 
includes face recognition, 
story recall and the ability 
to learn new skills (the 
Novel task) 

 Autobiographical 
Memory Interview 

 Semi-structured interview 
that assess the ability to 
recall facts and incidents 
from one’s past life 

  Fig. 3.1    This fi gure includes copy trial of the Rey 
Osterrieth Complex Figure as well as the immediate and 
delayed recall memory. It demonstrates relatively pre-
served visuo-spatial skills (copy trial) in the context of 
poor visual memory (recall trials). The patient had a large 
lesion in the right temporal and parietal cortex       
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the supramarginal and angular gyri. Similarly, the 
most commonly used classifi cation of aphasia is 
also based on observation of stroke patients 
(summarised in Table  3.2 ). However, Mesulam 
argues that this classifi cation is not helpful in 
understanding the impairment in the language 
network associated with neurodegenerative dis-
ease. This is mainly because damage in stroke is 
due to abrupt, complete destruction of neurons, 

and the regional distribution is dependent on 
blood vessel territory. In contrast, the pathologi-
cal process in neurodegenerative disorders 
involves gradual, progressive, and selective loss 
of cortical neurons, and the preferential spread of 
pathology is believed to be governed by neuronal 
connectivity within brain networks. This leads to 
more complex and subtle dissociations and 
involves brain plasticity. In addition, the model 

   Table 3.2    This table provides a summary of current classifi cation of aphasia   

 Type of aphasia  Language expression 
 Language 
comprehension  Repetition  Typical site of lesion 

 Broca’ s aphasia  Reduced fl uency of 
speech with halting, 
effortful speech and 
word retrieval and 
paraphasic errors 
 Impaired grammar 

 Relatively intact 
except for 
syntactically 
complex sentences 

 Impaired  Dominant Inferior frontal 
gyrus (Broca’s area) 

 Wernicke’s aphasia  Intact sentence 
structure, fl uency of 
speech, and 
articulation 
 Empty Meaningless 
speech content 
 Paraphasic errors 
with neologisms e.g. 
call a spoon a 
“jargle” (May fail to 
realize they are 
saying the wrong 
word) 

 Markedly impaired  Impaired  Posterior part of superior 
temporal gyrus (dominant 
hemisphere) 

 Global aphasia  Similar to Broca’s 
aphasia 

 Similar to 
Wernicke’s aphasia 

 Impaired  Widespread damage to 
the dominant hemisphere 

 Transcortical motor 
aphasia 

 Similar to Broca’s 
aphasia 

 Similar to Broca’s 
aphasia 

 Intact  ACA-MCA watershed 
region 

 Transcortical 
sensory aphasia 

 Speech is fl uent but 
tends to be empty, 
vague meaningless 

 Similar to 
Wernicke’s aphasia 

 Intact 
 May repeat 
questions 
instead of 
answering them 

 MCA-PCA watershed 
region (Brodmann’s 
areas: 37, 22, and 39) 

 Transcortical mixed 
aphasia 

 Similar to Broca’s 
aphasia 

 Similar to 
Wernicke’s aphasia 

 Intact  ACA-MCA and 
MCA-PCA watershed 
regions 

 Conduction aphasia  Normal except for 
mild word fi nding 
diffi culties 

 Normal  Impaired  Arcuate fasciculus 

 Anomic aphasia  Specifi c defi cit in 
word retrieval and 
naming object in the 
context of normal 
fl uency of speech and 
often normal object 
knowledge 

 Intact  Intact  Temporoparietal cortex 
often including the 
angular gyrus 
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based on stroke patients does not include the 
anterior temporal lobe (especially on the left 
hemisphere) which studies from neurodegenera-
tive disorders have shown to be an important part 
of the language network.

   Primary progressive aphasia (PPA) is the pro-
totype of neurodegenerative conditions where the 
language network is involved. PPA is a heteroge-
neous group of clinical syndromes often classi-
fi ed under the umbrella of FTD. Although the 
classifi cation of PPA is still in evolution, it is cur-
rently accepted that there are three clinical vari-
ants, Agrammatic/non-fl uent variant (nfvPPA), 
the logopenic variant (lvPPA) and the semantic 
variant (svPPA). 

 Impaired speech fl uency and grammar are the 
hallmarks of nfvPPA. Fluency of speech is the 
ability to express oneself in an effortless and 
articulate manner. This term must not be con-
fused with  verbal fl uency  which refers to the abil-
ity to generate words based on specifi c 
orthographic or semantic criteria (e.g. words 
starting with the letter “F” or names of animals). 
The latter is a complex task that has close links to 
executive functions and is discussed in the sec-
tion pertaining to that cognitive domain. 

 The defi cits in fl uency of speech and grammar 
observed in nfvPPA are similar to those described 
in patients with stroke affecting Broca’s area. 
However, nfvPPA patients present in a slowly pro-
gressive (as opposed to a sudden) manner. Patients 
with nfvPPA usually have effortful, halting speech. 
The breakdown in grammar can include simplifi -
cation, distorted word order, omissions of function 
words (such articles and propositions), and poor 
use of pronouns. These changes extend to writing 
abilities. Indeed tasks of written language produc-
tion (such as picture description) are among the 
most sensitive tasks in early nfvPPA. Other impor-
tant features of this condition include impaired 
comprehension of syntactically complex sen-
tences, impaired motor speech production in the 
form of speech apraxia (described in more detail 
below), and loss of normal prosody. 

 Structural and functional imaging in these 
patients usually shows changes in left posterior 
fronto-insular region (i.e. inferior frontal gyrus, 
insula, premotor & supplementary motor areas). 

 Patients with lvPPA also often have poor fl u-
ency of speech associated with the hallmark fea-
tures of hesitancy due to impaired word retrieval 
and anomia (diffi culty in naming objects while 
knowing what they are). The fact that grammar 
is usually intact in these patents is highlighted 
by Mesulam as an example of the neuropsycho-
logical and anatomical dissociation of grammar 
and fl uency observed in neurodegenerative dis-
ease but not stroke. In addition, lvPPA patients 
often have poor comprehension of long unfamil-
iar sentences lending support to the hypothesis 
that phonological short-term/working memory 
impairment is a contributory factor to the defi -
cits observed in this variant. In lvPPA, neuroim-
aging usually shows structural and functional 
changes in the left posterior perisylvian tem-
pero-parietal regions (posterior temporal, supra-
marginal, and angular gyri). 

 Impaired repetition is a key feature of lvPPA 
and repetition of long unfamiliar sentences is 
sensitive in accordance with a phonological 
working memory impairment. Some impairment 
in repetition may also be seen in nfvPPA particu-
larly of grammatically complex sentences. 

 The clinical characteristics of svPPA are 
described below in the discussion of naming dif-
fi culties which form a crucial element of this 
syndrome.  

3.5.2     Naming Diffi culties 

 Diffi culties in naming and word retrieval are 
found across many neurodegenerative diseases 
and naming abilities are among the most com-
monly assessed components of language within 
NPA. 

 The process of naming objects starts with the 
initial perception of the object. Impairment at this 
level is modality specifi c. For example in visual 
apperceptive agnosia (discussed in Visuo-spatial 
skills section) the patient is unable to recognise 
visual stimuli such as a picture of a key, but can 
recognise a key via tactile exploration or via 
auditory modality (e.g. sound of keys jiggling). 
To exclude modality specifi c impairment, it is 
important to test naming using several modalities 
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such as picture naming, or naming by descrip-
tion. After the initial perception, naming an item/
object requires three main steps: (1) accessing 
the semantic knowledge relevant to the object; 
(2) accessing the lexical representation of that 
object; and (3) activation of the modality specifi c 
processes involved in producing the name of that 
object (e.g. motor speech production in case of 
spoken language, see Fig.  3.2 ). Problems can 
occur at each of these three levels.

   The initial step of accessing the semantic 
knowledge relevant to an object involves access 
to both the essential and specifi c attributes of that 
object (e.g. the characteristics that identify a 
polar bear from other animals including other 
types of bears such as its shape, colour, size, etc.) 

and to the  conceptual knowledge  about the object 
(e.g. polar bears live in the arctic, eat fi sh, are 
wild animals, can be dangerous, and are consid-
ered at brink of extinction). Impaired access to 
either levels of semantic knowledge can lead to 
naming diffi culties often associated with seman-
tic errors (e.g. saying “cow” instead “bear”). 
However, impaired access to conceptual knowl-
edge about an object would also cause errors in 
understanding the function of everyday items. 
The patient may for example use a spoon to cut 
food. 

 Typical examples of naming diffi culties due to 
impaired access to semantic knowledge can be 
observed in patients with the semantic variant of 
PPA (svPPA). Imaging svPPA shows abnormalities 

Naming an object

Perception of the object

e.g. visual, auditory

Access to semantic knowledge

e.g. shape, size, function

Retrieval of phonological lexical representation

e.g. hammer

Activation and maintenance of appropriate motor plan

to produce object’s name

(modality specific)

Spoken

Production of correct sounds to say
the word

Written

Production of correct symbols
to write the word

  Fig. 3.2    This fi gure provides a 
simplifi ed schema of the steps 
involved in the process of naming an 
object       
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in both anterio-lateral temporal lobes (usually left 
greater than right), and it is now recognized that 
this region plays a key role in semantic memory. 
Clinical presentation is often with naming prob-
lems which may include semantic errors including 
replacement of low frequency nouns with high fre-
quency nouns (e.g. “dog” for “boar) and the use of 
supra-ordinate categories as opposed to their spe-
cifi c exemplars (e.g. “animal” for “cow”). Patients 
also often suffer from surface alexia (discussed 
below). Sometimes, these patients may understand 
complex abstract concepts (e.g. is justice more 
important than mercy?) but not simpler questions 
dependent on semantic knowledge of common 
objects (e.g. do people ride pineapples to get to 
work?). (Please also refer to Chap.   7    .) 

 The second process involved in naming is the 
modality-independent retrieval of an item’s  lexi-
cal phonological representation  or  lemma . This 
is associated with activation of the occipto- 
temporal region, the left frontal operculum and 
insula. Impairments at this level of processing are 
manifest as an inability to name objects in the 
context of intact knowledge of what it is. This 
defi cit is termed  anomia  and usually extends to 
both speech and writing. Clinically this presents 
as hesitancy, circumlocutions (e.g. that thing … 
that you put in food). The individual may describe 
knowing what they want to say, often feeling that 
the word is at the “on the tip” of their tongue but 
being unable “to get the words out”. Paraphasic 
errors can occur, most frequently phonemic in 
nature due partial lemma retrieval e.g. “octoput” 
for “octopus”. 

 Anomia is often the presenting feature of 
PPA. Indeed, it is often the most salient and dis-
abling feature of the logopenic variant (lvPPA). 
However, anomia can be observed in other neuro-
degenerative disorders affecting the posterior 
temporal region including AD. 

 The fi nal process involved in naming takes 
place once the  lemma  is retrieved and involves 
activation of a  modality - specifi c  process depend-
ing on whether the output is spoken or written 
language. Either process can be selectively 
impaired. In case of spoken language, the  phono-
logic representation  of the lemma (which 
includes the correct sounds for producing a 

 specifi c word and their sequence) is activated and 
is maintained while motor articulation takes 
place. This involves complex planning and co- 
ordination of the muscles that move the tongue, 
vocal cords, lips and respiratory muscles. 
Impairment at this level results in errors in sound 
production which can include erroneous speech 
sound substitution, insertion, and transpositions. 
This is termed apraxia of speech and results in 
the production of spoken words that may have a 
different meaning (e.g. “horn” for “horse”) or 
have no meaning at all (e.g. “hammot” for “ham-
mock”). This can be diffi cult to differentiate from 
phonemic errors observed in patents with ano-
mia. However, patients with apraxia of speech 
are often aware of their mistake displaying 
repeated attempt to correct themselves, while 
patients with paraphasic errors due to anomia are 
often unaware of their errors. Apraxia of speech 
is often associated with nfvPPA.  

3.5.3     Reading and Writing 

 Impairment in the ability to read (alexia) or write 
(agraphia) can have a peripheral or central cause. 

 Peripheral causes are those external to the 
central language centres. Peripheral causes of 
alexia are due to breakdown in the transmission 
of the visual image of the word to the language 
centres. Causes of peripheral alexia include 
reduced visual acuity, visual fi eld defects, ocular 
motor apraxia, saccadic intrusions and hemi- 
spatial neglect alexia (due to diffi culty perceiving 
one side of the page/word). Disconnection alexia 
(also called alexia without agraphia) occurs in 
lesions affecting the left occipital lobe and sple-
nium of the corpus callosum. It is due to discon-
nection between the remaining intact primary 
visual cortex (on the right) and the intact lan-
guage centres (which are in the left hemisphere). 
It is usually associated with right hemianopia and 
preserved writing (because of the intact connec-
tions between visual cortex and primary motor 
cortex). Peripheral causes of agraphia are due to 
problems in the planning or execution of the 
motor elements of writing, such as those observed 
in writing apraxia (often associated with 
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 dominant parietal lobe lesions), hemi-spatial 
neglect, and pyramidal, extrapyramidal, or cere-
bellar motor defi cits. 

 Central alexia and agraphia are caused by 
damage to the central language regions, and their 
classifi cation is based on the dual-route theory of 
reading and writing. This suggests that two sepa-
rate mechanisms are involved in these processes. 
Through the  lexical route , a skilled reader can 
visually recognize a “whole word” by sight alone 
using a mental database ( the internal lexicon ) 
without the need to resort to letter-by letter read-
ing. Similarly, when attempting to write the 
word, pre-stored knowledge is used rather than 
attempting to spell it letter-by letter. The mental 
lexicon includes all the words an individual 
knows including words with irregular pronuncia-
tion such “yacht” or “cough”. The second route is 
the  phonological one  which is reliant on sound-
ing the word letter by letter using a letter-sound 
system. This system is used to read/write newly 
encountered or made up words. 

 Surface alexia is caused by lack of access to 
the internal lexicon which forms part of one’s 
semantic knowledge. Patients can read letter by 
letter (using the phonological route) but struggle 
when confronted with irregular words. In these 
cases, patients tend to regularise words (e.g. 
reading “pint” as “peent”). 

 Similarly, surface agraphia is associated with 
an inability to spell orthographically irregular 
words due to lack of access to the internal lexi-
con. These defi cits are caused by damage to the 
antero-lateral temporal lobes (especially on the 
left) such as that observed in svPPA. 

 Conversely, patients with phonological alexia 
or agraphia have a breakdown in phonological 
system resulting in complete reliance on the 
internal lexicon. A patient with phonological 
alexia can read previously encountered regular 
and irregular familiar words with similar ease but 
has signifi cant diffi culties reading non-words/
pseudo-words (e.g. kjud). These defi cits are usu-
ally associated with lesions affecting the perisyl-
vian region including superior temporal lobe, 
angular gyrus, and supramarginal gyrus. 

 Defi cits in patients with deep alexia or 
agraphia are similar to that observed in the 

 phonological subtypes but there is usually co- 
existing errors (e.g. reading “horse” as “cow”). 
This type of language abnormality is usually seen 
in patients with more widespread left hemi-
spheric damage.  

3.5.4     Discourse 

 Discourse is the term used to describe the com-
plex process of conveying meaning in a concise 
and accurate manner. These include speech con-
tent and non-verbal cues such as prosody 
(changes in vocal pitch, loudness, and duration to 
convey emotion or meaning), facial expressions, 
and gestures. Dysfunctional discourse can cause 
vague, circumferential speech and poor expres-
sion and comprehension of non-verbal clues. The 
right hemisphere plays a dominant role in the 
production and comprehension of the different 
elements involved in effective discourse. 
Although discourse has rarely been assessed as 
part of the routine NPA, it can give important 
clues to the diagnoses and localisation of the cog-
nitive impairment. For instance, poor discourse is 
commonly reported in patients with bvFTD, who 
usually have widespread right hemispheric 
involvement. Table  3.3  includes a summary of 
commonly used tests of language function.

3.6         Visuo-Spatial Skills 

 The clinical presentation in posterior cortical 
atrophy (PCA, also referred to as the posterior 
variant of AD) is usually dominated by pro-
nounced defi cits in visuo-spatial perception. 
Other neurodegenerative disorders characterized 
by decline in visuo-spatial skills include classical 
AD and atypical Parkinsonian syndromes in par-
ticular Dementia with Lewy Bodies (DLB) and 
CBD. 

 The initial part of processing visual stimuli 
involves transmission of signals from the retinal 
cells, via the lateral geniculate body, to the pri-
mary visual cortex (V1). Throughout this part of 
the pathway, and including the primary visual 
cortex itself, there is prominent retinotopic 
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localisation. Lesions to this part of visual path-
way, including V1 region, leads to visual fi eld 
defects. 

 The second part of processing visual stimuli 
involves appreciation of more complex phenom-
ena such as shape, form, etc. Thus regions within 
visual pathway distal to striate cortex are orga-
nized by function. Lesions affect the whole visual 
fi eld and lead to impairment of the specifi c pro-
cess for which that region is responsible. 

 The two stream hypotheses is a widely, though 
not universally, accepted theory of visual pro-
cessing distal to V1 in human beings. This postu-
lates that visual information fl ows from the striate 
cortex to the extra-striate cortex where simple 
processing of form, shape etc. takes place and 
from here it fl ows down two streams. 

 The ventral stream (or “what pathway”) ends 
in the temporal lobe and its major function is 
object recognition. The ventral stream has close 
association with the medial temporal lobe where 
information can be combined with semantic 
knowledge, the limbic system (emotional attach-
ment to objects) and dorsal stream (see below). 
Lesions to the ventral stream are usually caused 
by bilateral temporal or fusiform lesions and lead 
to an in ability to visually recognise object (agno-
sia) colours (acromatosia) and faces (prosopag-
nosia). Agnosia caused by lesions to the ventral 
stream is more accurately referred to as  apper-
ceptive  agnosia as there is an inability to recog-
nise objects due to defi cits in visual processing. 
This contrasts with  associative  agnosia where 
object perception is intact but there is an inability 
to connect the perceived image with stored 
semantic knowledge. The latter disorder can be 
distinguished by the intact ability to copy, draw, 
or match an object correctly despite the lack of 
knowledge about its function or meaning. 

 The dorsal stream (or “where pathway”) proj-
ects to the parietal lobe and is involved in pro-
cessing where an object is in space relevant to the 
viewer and in guiding and perceiving actions . 
Lesions to the dorsal stream can cause diffi culty 
in perceiving moving objects (akinetopsia), lack 
of awareness of things/body parts in one hemi- 
fi eld (hemi-spatial neglect), and Balint’s syn-
drome. Balint in his fi rst report of this syndrome 
described an Engineer who was functionally 
blind despite having good visual acuity. This was 
due to a triad of simultanagnosia (inability to per-
ceive more than one component of a scene or 
object simultaneously), visual optic ataxia: 
(inability to guide movement visually), and ocu-
lar apraxia (inability to direct one’ gaze to a 
visual stimulus/target). Symptoms include 
searching for a target by moving one’s head and 
in severe cases, functional blindness. Dorsal 
stream lesions are often caused by bilateral supe-
rior parieto-occipital region. 

 Posterior cortical atrophy (PCA), a variant of 
AD, often present with defi cits in visual percep-
tion. Common symptoms include reading diffi -
culties; problems with driving or parking a car; 
and walking diffi culties in the presence of uneven 

   Table 3.3    This table provides a summary of commonly 
used tests of Language function   

 Name of test  Brief description 

 Boston Naming 
Test (BNT) 

 A test of confrontational naming 
where the subject is presented 
with line drawings of objects and 
animals and asked to name them 

 Graded Naming 
Test (GNT) 

 A test of confrontational naming 
where the subject is presented 
with line drawings of objects and 
animals and asked to name them 

 Peabody 
Vocabulary Test 
(PVT) 

 The test involves word-picture 
matching 

 Pyramids and 
Palm Trees Test 
(PPT) 

 A test of semantic knowledge in 
which subject is asked to match 
pictures of objects/animals/plants 
based on semantic associations 

 Test for 
Reception of 
Grammar 
(TROG) 

 A test of comprehension where a 
subject is presented with a series 
of sentences of variable syntactic 
complexity and asked to select 
(from four options) the picture 
which matches each sentence best 

 Token Test  A test of comprehension where 
the subject is asked to manipulate 
tokens of varying size, shape and 
colour according to spoken 
commands of variable levels of 
diffi culty 

 Boston 
Diagnostic 
Aphasia 
Examination 

 A battery of multiple sub-tasks 
testing both expressive and 
receptive language skills 
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or patterned ground, stairs, sidewalk borders, or 
escalators due to impaired perception of depth or 
form. Defi cits may affect predominately the dor-
sal stream (posterior variant of PCA), the ventral 
stream (ventral variant of PCA), or a combination 
of both. 

 Common tasks to test visuo-spatial skills 
often include replication of complex drawing, 
judgment of angles, reading disintegrating let-
ters (see Table  3.4 ). Clock drawing is a common 
bedside task that can yield useful information 
(see Fig.  3.3 ). Both clock drawing and tests 
involving replication of complex fi gures 

(e.g. Rey Osterrieth Figure) can be confounded 
motor disability (e.g. patients with amyotrophic 
lateral scleroses or ALS), and by poor organisa-
tional skills in patients with poor executive func-
tions in the context of intact visuo-spatial skills 
(see Fig.  3.4 ).

3.7          Executive Functions 

 Impairment in executive function is an early and 
often the most salient cognitive defi cit in 
bvFTD. Executive dysfunction is also a prominent 
feature of cognitive change observed in amyo-
trophic lateral sclerosis (ALS), conditions previ-
ously termed “sub-cortical dementias” such as PD, 
HD, PSP, and DLB and in multiple sclerosis (MS). 

 Executive functions are a heterogeneous 
group of skills required for effective planning and 
execution of goal oriented behaviour. These skills 
include problem solving, goal recognition, plan-
ning goal directed behaviour, error monitoring, 
the ability to sustain selective attention, inhibi-
tion of unwanted responses/impulses, sequenc-
ing, mental fl exibility as well as the ability to 
shift strategies in order to adapt to changes in the 
environment or to unwanted outcomes. Executive 

   Table 3.4    This table provides a summary of commonly 
used tests of visuo-spatial function   

 Name of test  Brief description 

 Rey Osterrieth 
Complex Figure 
(ROCF, copy 
trial) 

 The initial  copy  trial of this test 
involves the subject copying a 
complex fi gure. Performance can 
be confounded by motor 
disabilities and/or executive 
dysfunction leading to poor 
organisational skills 

 Clock Drawing 
Test 

 The subject is asked to draw clock 
face including the numbers and 
the position of the clock hands for 
a predefi ned time of day. Several 
scoring methods are available. 
Performance can be confounded 
by motor disabilities and/or 
executive dysfunction leading to 
poor organisational skills 

 Visual and 
Object Space 
Perception 
Battery (VOSP) 

 The battery includes four tests of 
object perception (Incomplete 
Letters, Silhouettes, Object 
Decision, and Progressive 
Silhouettes) and four tests of 
space perception (Dot Counting, 
Position Discrimination, Number 
Location, and Cube Analysis). 

 Benton’s 
Judgment of Line 
Orientation Test 
(JLO) 

 The subject is asked to match the 
angle between a series of two 
partial line segments and the 
angles presented on the response 
card (11 full lines, all 18° apart 
from one another, arranged in a 
semi-circle) 

 Birmingham 
Object 
Recognition 
Battery (BORP) 

 Multiple sub-tasks assess variable 
levels of visual perception e.g. 
matching of basic perceptual 
features such as orientation and 
object size and matching objects 
different in viewpoint 

  Fig. 3.3    This is a copy of a clock drawing made by a 
patient with cortico-basal syndrome (CBS) who had sig-
nifi cant visuo-spatial defi cits       
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functions are also involved in comprehension of 
abstract concepts, judgement, and reasoning. 
Patients with impaired executive functions can 
display signifi cant diffi culties in everyday func-
tioning which can extend to their ability to func-
tion independently or maintain their performance 
at school or work. 

 The neuropsychological construct of execu-
tive functions emerged from observations of 
patients with frontal lobe lesions. The key role 
played by the frontal lobes in executive functions 
was later confi rmed using neuroimaging studies. 
This has led many researchers and clinicians to 
consider the term “executive dysfunction” to be 
synonymous with “frontal lobe defi cit”. This is 
erroneous not only because it confuses an ana-
tomical construct with a psychological one, but it 
is also inaccurate. The frontal lobes have func-
tions that extend beyond executive control includ-
ing motor and sensory functions. Similarly, 
non-frontal lobe brain regions contribute to exec-
utive functions. Of particular importance are 
brain structures contributing to frontal- subcortical 
circuitry. For example, the dorsolateral frontal-
sub- cortical circuit which projects to and from 
the dorsolateral prefrontal cortex (DLPC) 
includes the dorsolateral head of caudate nucleus, 
the globus pallidus, and the ventro-anterior and 
medio-dorsal thalamic nuclei. This circuit plays a 
critical role in multiple executive functions 
including working memory, problem solving, 
organizational skills, set shifting, planning, 

abstract thinking, and fl uency (other fronto- 
striatal circuits are discussed below). 

 A comprehensive assessment of executive 
functions is a challenging endeavour given the 
heterogeneity of these functions. Performance on 
one task of executive function is a poor predictor 
of performance on other executive tasks or indeed 
of functioning in real world situations. The com-
plexity of executive functions has also resulted in 
the lack of a universally accepted model or clas-
sifi cation. Miyake et al. propose that the funda-
mental components to executive functions are 
mental set shifting, information updating and 
monitoring, and inhibition. On the other hand, 
Stuss et al. emphasize task setting, monitoring 
and energization as the building blocks of execu-
tive functions. Norman and Shallice proposed a 
model that involves alternative attentional control 
systems for thought and behaviour with the pre-
dominant system at any one time dependent on 
whether environmental stimuli are routine/well 
learned or non-routine. Baddley proposed the 
concept of the “central executive” which controls 
attention and supervises several other “slave” 
sub-systems, a concept that forms the core of a 
widely accepted model of working memory and 
is described in more detail below. In the follow-
ing section we describe some of the major pro-
cesses which come under the umbrella of 
executive functions and which are particularly 
relevant for NPA (for detailed review of execu-
tive control function see Diamond A  2013 ). 

  Fig. 3.4    This is the copy 
trial of the Rey Osterrieth 
Complex Figure in a 
patient with bulbar onset 
amyotrophic lateral 
scleroses and co-morbid 
behavioural variant 
frontotemporal dementia. 
The fi gure demonstrates 
poor planning and 
organisational skills due to 
executive dysfunction       
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3.7.1     Inhibitory Control 

 Inhibitory control arguably underlines all other 
executive functions. The term refers to the ability 
to inhibit unwanted responses and impulses. 
Impaired inhibitory control can lead to impulsiv-
ity and failure to respond to new situations 
because of overreliance on old habits of thought 
or action. Cognitive inhibitory control tasks often 
evaluate the individual’s ability to inhibit his/her 
prepotent response. The most typical tasks are the 
Stroop colour word test and the more recent 
Hayling Sentence Completion Test in which the 
person has to generate an unconnected word to 
complete a sentence. The latter is particularly sen-
sitive to cognitive defi cits in bvFTD (see Table  3.5  
for commonly used tasks of executive functions).

   Impaired inhibitory control of behaviour is 
associated with perseveration (in which a person 
continues to undertake a behaviour which is no 
longer appropriate for the situation) and environ-
mental dependency. The latter includes behav-
iours such as imitating other people’s speech 
(echolalia) or action (echopraxia) and utilization 
behaviour where individuals compulsively pick 
up items in their environment and use them. 
Utilization behaviour has been related to focal 
lesions of the medial prefrontal cortex but can be 
found in bvFTD.  

3.7.2     Set Shifting, Monitoring 
and Updating 

 Set shifting, monitoring, and updating are heav-
ily reliant on processes of attention and working 
memory. Working memory refers to retention of 
information for brief periods of time often while 
that information is being manipulated. Intact 
working memory is essential for understanding 
and following information over time, and as such 
is critical for everyday activities e.g. doing sim-
ple mental calculations and recalling the start of a 
paragraph or conversation on reaching its end. 

 A widely accepted model of working memory 
(Baddley 1986) proposes a “central executive” 
which acts as an attentional control system which 
supervises two “slave systems whose function is 
to store and manipulate information for brief 

periods of time. The postulated slave systems are 
the phonological loop and the visuospatial 
sketchpad. The phonological loop stores and 
rehearses  verbal  material and has been associated 
with the left perisylvian region (posterior part of 
Broca’s and the inferior parietal lobe). The visuo-
spatial sketch pad serves to store and manipulate 
 images  and has been associated with the right 
inferior prefrontal and parietal cortex. The “cen-
tral executive” in prefrontal lobes is involved in a 
number of component processes including co- 
ordinating the slave-systems, sustaining atten-
tion, preventing interference, monitoring for 
errors, and retrieval of the information. 

 The types of tasks used to assess these func-
tions include reverse digit span, the Trail Making 
Test and the Wisconsin Card Sort Test. The latter 
two tasks involve attention switching between 
concepts in addition to monitoring performance 
(see Table  3.5  for descriptions of these tasks).  

3.7.3     Planning, Problem Solving 
and Cognitive Flexibility 

 Planning and cognitive fl exibility develop at a 
later age compared to inhibitory control and 
working memory, and probably build on these 
skills. Planning involves the identifi cation of the 
steps required to achieve a goal and organising 
these steps in an effective manner to maximize 
the chances of achieving that goal. 

 An essential part of planning is strategy for-
mation. To solve a problem a change in strategy 
is often required. Cognitive fl exibility is the abil-
ity to change one’s strategy to accommodate new 
demands or changing environment, or because 
the initial strategy led to an unwanted outcome. 
Thus, cognitive fl exibility is a critical require-
ment for problem solving. Cognitive fl exibility is 
also closely linked to the ability to shift sets or 
tasks and to creativity. Impaired cognitive fl exi-
bility leads to mental rigidity. Tasks which tap 
these types of functions include the Wisconsin 
Card Sorting Test or the Tower of London/Hanoi. 

 There is considerable evidence linking the 
ability to plan and organize complex task and to 
shift strategies to the dorsolateral prefrontal cor-
tex region (DLPC).  
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     Table 3.5    This table provides a summary of commonly used tests of executive functions and processing speed   

 Name of test  Brief description  Main functions tested 

 Executive functions 

 Wisconsin Card Sorting Test 
(WCST) 

 The subject is asked to match a series 
of stimulus card with four key cards. 
The subject is not provided with rules 
used for matching (e.g. by colour or 
number) but is informed on each 
occasion if his/her matching is correct. 
The rules are changed periodically 
without informing the subject 

 Cognitive fl exibility, 
problem-solving 

 Trail Making Test (TMT)  The subject asked to ‘connect-the-dots’ 
in a sequential order. The targets in 
part A are numbers (1, 2, 3, etc.). Part 
B includes numbers and letters and the 
subjects is asked to alternate between 
the two (i.e. A-1-B-2 etc.) 

 Cognitive fl exibility, processing 
speed 

 Brixton Spatial Anticipation Test 
(BSAT) 

 The task assesses the ability to detect 
and follow rules and rule changes 
using a sequence of visuo-spatial 
stimuli. The subject is asked to predict 
the position of a black dot on 
consecutive pages of booklet. The 
subject is not provided with rules. The 
rules change periodically every few 
pages 

 Cognitive fl exibility, 
problem-solving 

 Stroop Interference Colour Word 
Test 

 In the priming sub-task, subjects are 
asked to read list of a names of colours 
as quickly as they can. In the 
interference sub-task, the subjects are 
presented with multi-coloured list of 
names of colours where the names of 
colours are printed in ink colours not 
denoted by the name e.g. the word 
“blue” was printed in red ink. The 
subjects are asked to name as quickly 
as possible the  colour  of ink in which 
each word is printed (e.g. red in this 
case) while inhibiting the impulse to 
read the word (e.g. “blue”) 

 Inhibition of unwanted responses 

 Verbal Fluency (semantic or 
phonemic) 

 Semantic fl uency (also called category 
fl uency) verbal fl uency test, requires 
the subject to retrieve words that 
belong to a particular semantic 
category such as “fruits”, “furniture” 
or “animals”. In orthographic fl uency 
(or letter fl uency) the subject is asked 
to generate as many words as possible 
using a specifi c letter of the alphabet 

 Cognitive fl exibility, problem- 
solving, inhibition of unwanted 
responses, processing speed 

 Design Fluency  Subjects are asked to generate as many 
designs as possible using predefi ned 
rules e.g. joining a dots using four 
straight lines 

 Cognitive fl exibility, problem- 
solving, inhibition of unwanted 
responses, processing speed 

 Backward Digit Span  The subjects are asked to recite a 
series of numbers of increasing length 
in reverse order 

 Working memory and attention 

(continued)
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3.7.4     Energisation/Initiation 

 A key function which is assessed commonly 
within NPA is the ability to rapidly generate 
responses. Stuss suggested that this process was 
fundamental to the concept of energisation. 
Energisation is tested typically by tasks of verbal 
fl uency. During task of verbal fl uency, the patient 
is asked to generate as many words as he/she can 
using specifi c orthographic rules (e.g. words 
starting with the letter “S”) or semantic rules (e.g. 
names of fl owers). Verbal fl uency tasks assess a 
number of processes including behavioural spon-
taneity, intrinsic generation, and strategy forma-
tion, in addition to cognitive fl exibility. Patients 

with frontal lobe lesions produce fewer correct 
words and commit more rule breaks. Imaging 
data has shown a strong association between let-
ter fl uency tasks (generation of words starting 
with a specifi c letter) and the left DLPC and ante-
rior cingulate. Semantic fl uency tasks are more 
dependent on temporal lobe functions (associated 
with semantic memory).  

3.7.5     Reasoning and Abstract 
Thought 

 Tests of deductive reasoning assess the person’s 
ability to reason logically and often involve a 

Table 3.5 (continued)

 Name of test  Brief description  Main functions tested 

 Behavioural Assessment of 
Dysexecutive Syndrome 

 The battery includes a self-reporting 
20 item questionnaire focused on 
everyday problems common to 
individuals with executive dysfunction 
and a multiple tasks designed to mirror 
every day activities e.g. Rule shift card 
test, Key search test, Temporal 
Judgment Test, Zoo Map Test, Action 
program Test and Modifi ed Six 
Element 

 Multiple 

 Delis-Kaplan Executive Function 
System (D-KEFS) 

 A battery of tasks of executive 
function which includes verbal and 
design fl uency, sorting test, Colour 
Word interference test, Trail Making 
test, Tower test, and Proverb 
comprehension 

 Multiple 

 Test of Everyday Attention  A battery of tasks testing the ability to 
maintain and switch attention using 
multiple tasks e.g. searching for 
symbols on a coloured map, imagining 
being in an elevator and trying to guess 
the fl oor number by counting a series 
of tape-presented tones etc 

 Working memory and attention 

 Processing speed 

 Paced Auditory Serial Addition Test 
(PASAT) 

 Single digits are presented at regular 
intervals (e.g. every 3 s) and the 
subject must add each new digit to the 
one immediately prior to it 

 Auditory information processing 
speed, cognitive fl exibility 

 Symbol Digit Modalities Test 
(SDMT) 

 The subject is presented with a 
sequence of abstract symbols and 
corresponding specifi c numbers (key). 
The task consists of pairing each 
symbol with its matching number 
within a specifi c time period, 
consulting the key as necessary 

 Processing speed, attention 
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transitive inference task (If A = B and B = C, then 
A = C?). Tasks of abstract conceptualisation eval-
uate the person’s ability to work out new con-
cepts and abstract ideas and usually involve the 
recognition of patterns and similarities between 
shapes and fi gures. Metaphorical thinking is 
often tested using proverb comprehension (e.g. 
what does the saying “people with glasses houses 
should not throw stones” mean?). Proverb com-
prehension tasks are limited by cultural depen-
dency. Poor deductive reasoning and abstract 
conceptualisation and literal interpretation of 
metaphors are typically observed in bvFTD 
patients. 

 Goel and others have proposed the presence of 
two types of reasoning. Reasoning about mean-
ingful, familiar, situations (e.g. all parrots are 
birds; parrots can talk; so all birds can talk?) is 
thought to rely on background knowledge and 
beliefs and is linked to the frontal-temporal lobes, 
particularly left temporal lobe which is associ-
ated with semantic knowledge. On the other 
hand, reasoning about non-specifi c, unfamiliar 
situations (where semantic knowledge is not use-
ful) has been shown to activate a parietal system 
and is postulated to engage visuo-spatial imag-
ery. Both types of reasoning share links to the 
basal ganglia nuclei cerebellum, fusiform gyri, 
and prefrontal cortex. In line with this premise, 
Tireney et al. demonstrated that defi cits in deduc-
tive reasoning in bvFTD are not a universal phe-
nomenon, with preferential impairment in tasks 
involving familiar situations (e.g., Spain is west 
of Italy, Italy is west of Greece, Spain is west of 
Greece?) compared to similar tasks involving 
unfamiliar environments (e.g., the AI lab is east 
of the Roth Centre; Cedar Hall is west of the Roth 
Centre; Cedar Hall is west of the AI lab).   

3.8     Processing Speed 

 Processing speed is a measure of cognitive effi -
ciency in processing information. It is closely 
linked to attention and working memory. 
Impairment in processing speed is one of the 
most commonly reported cognitive defi cits in the 
so called sub-cortical dementias, such as PD, 

HD, and also MS. These reports are limited by 
the fact that many tasks of processing speed tap 
into some elements of executive functions and 
into fl uid reasoning (see Table  3.5 ). In addition, 
as tests usually measure the time required to 
complete a specifi c task, it is diffi cult to docu-
ment unbiased estimates of processing speed in 
disorders where the delay in reaction time can be 
confounded by motor disability e.g. PD and ALS.  

3.9     Social Cognition 

 Social cognition refers to an emergent, interdisci-
plinary fi eld devoted to the study of the neurobio-
logical processes underlying social interactions. 
There is accumulating evidence that bvFTD 
patients have abnormalities in social cognitive 
skills, and this impairment has been implicated in 
the disintegration of social behaviour that is 
observed in this condition. Indeed, there are 
reports suggesting that tasks of social cognition 
maybe more sensitive than those of classical 
executive functions in detecting changes in early 
stages of bvFTD. Social cognitive defi cits have 
also been reported in AD, PD, ALS and HD. 

 Successful social interaction is made possible 
by at least two overlapping processes. The fi rst is 
accurate perception and processing of social sig-
nals displayed by other individuals. This includes 
non-verbal cues such as facial expression and 
tone of voice. The second process is the genera-
tion of socially appropriate responses. 

 Both lesion and imaging studies suggest that 
multiple brain regions are involved in the pro-
cessing of non-verbal social signals including the 
inferio-lateral temporo-occipital cortex, ventro- 
medial prefrontal cortex, the inferior occipital 
gyrus, the middle/superior temporal sulcus, ante-
rior temporal lobe, basal ganglia, and the amyg-
dala. The right hemisphere is believed to have a 
dominant role in social cognitive processing. 

 An essential component of processing of 
social signal is a skill termed theory of mind 
(ToM or mentalizing). ToM skills include the 
ability to attribute independent mental states to 
other individuals. These mental states may 
include the individual’s knowledge, beliefs, and 
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motives which, importantly, may be different 
from one’s own. This skill is critical to our ability 
as humans to understand, and predict the behav-
iour of others. It has been proposed that there are 
two major types ToM. The fi rst type, termed cog-
nitive ToM, is the ability to recognise that another 
person’s knowledge and beliefs may be different 
from one’s own beliefs. Brain regions associated 
with this skill include the temporo-parietal junc-
tions, and DLPFC. Tasks used to assess these 
skills include fi rst-order false belief tasks and 
second-order belief tasks (see Table  3.6 ).

   Affective ToM, on the other hand, denotes the 
ability to infer another individual’s feelings and 
emotions. Brain regions responsible for affective 
TOM include the orbitofrontal cortex (OFC) and 
the ventro-medial prefrontal cortex (VMPC), 
particularly in the right hemisphere. 

 The anterior rostral part of the VPMC is part 
of the ventro-medial frontal-subcortical circuit 
which includes the anterior cingulate and the 
nucleus accumbens. This circuit is believed to be 

critical for motivation. Lesions to this circuit 
lead to apathy, lack of empathy, and social 
withdrawal. 

 The OFC is part of the orbito-frontal cortical- 
subcortical circuit which includes the ventero- 
medial caudate nucleus. This circuit is associated 
with the generation of socially appropriate 
responses based on their potential for reward or 
punishment. Lesions to this regions lead to 
socially inappropriate behaviour, disinhibition, 
and impulsivity. 

 Impairment in various aspects of social cogni-
tion has been reported in a wide range of neuro-
degenerative conditions (for a detailed review see 
Elamin et al.  2012 ). However, there is consider-
able debate regarding the causal links between 
the reported defi cits on tasks of social cognition 
and the behavioural changes manifested by 
patients as well as the contribution of cognitive 
impairment in other domains to poor perfor-
mance on these tasks. Examples of tasks used to 
test social cognition are shown in Table  3.6 . 

    Table 3.6    This table provides a summary of commonly used tests of social cognitive skills   

 Name of test  Brief description 

 Ekman 60 Test of Facial Affect  A test of the ability to recognise basic facial expressions of emotion using 
black and white photographs of ten actors depicting six basic emotions 
(happiness, sadness, anger, fear, disgust and surprise) 

 Penn Emotion Recognition Test  A computerized test of the ability to recognise basic facial expressions of 
emotion involving 96 colour photographs of multi-ethnic actors depicting 
varying intensities of four basic emotions (happy, sad, angry, fearful) as 
well as neutral expressions 

 Florida Affect Battery  A test of the ability to recognise and match facial and prosodic expressions 
of emotions, with and without semantic distraction Battery includes 
photographs and auditory recordings depicting happiness, sadness, anger, 
fear and neutral state 

 The Awareness of Social Inference 
 Test, TASIT 

 A test uses videoed vignettes in which character depict basic emotions and 
verbalise sincere, sarcastic or false statement to test the ability to recognise 
spontaneous emotional expression and to distinguish sarcastic statement 
from sincere ones or lies with or without contextual clues 

 Reading the Mind in the Eyes  A test of the affective theory of mind which assesses the ability to recognise 
the mental state of individuals (e.g. despondent, refl ective) from cues in 
their eye region 

 Second Order False Belief Order 
 Tasks 

 A test of the cognitive theory of mind in which subjects are asked to 
recognise that others may hold false beliefs about other individuals’ beliefs 
or knowledge 

 Social Faux Pas Recognition Tasks  Vignette or cartoon-based tasks depicting an individual saying/doing 
something without considering its negative consequences to others and 
subjects are asked to (1) recognise that speaker lacked the knowledge of the 
consequences of what he said/did (cognitive theory of mind) and (2) that the 
listener’s mental state would be negatively affected by what they heard/saw 
(affective theory of mind) 
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However most of these tests are experimental and 
are scarcely used within standard neuropsycho-
logical assessment.  

3.10     Behaviour 

 Changes in behaviour and personality are the 
defi ning feature of bvFTD. However, less promi-
nent change in behaviour is a common complica-
tion of many neurodegenerative disorders 
including language variants of FTD, ALS with-
out co-morbid dementia, HD, and AD. 

 During a NPA, information regarding behav-
ioural change is usually obtained via a combination 
of direct observation of the patient (e.g. impulsivity, 
perseveration, ignoring personal boundaries, inap-
propriate social behaviour, fi xating on certain sub-
jects, utilization behaviour etc.) as well as 
interviewing an informant. Accurate documenta-
tion of behavioural change is a challenging feat 
because of the subjective nature of this abnormality 
which is dependent on the patient’s premorbid per-
sonality and cultural background as well as the 
informant’s characteristics. A discerning informant 
is likely to give a different report from an overpro-
tective or non- observant one. Multiple behavioural 
questionnaires have been designed with the aim of 
standardizing the procedure of evaluating behav-
iour. Examples include the Frontal Systems 
Behaviour Scale (FrSBe, Grace and Molloy 2001), 
the Cambridge Behavioural Inventory (CBI), and 
the Neuropsychiatric Inventory Questionnaire 
(NPI- Q ). 

 The most frequently reported behavioural 
change in neurodegenerative diseases is apathy. 
Other commonly reported behaviours include 
irritability, aggressiveness and lack of empathy. 
Behavioural changes in neurodegenerative disor-
ders have been reported to be linked to right 
hemispheric involvement and are often similar to 
those observed in patients with known social 
cognitive defi cits. However, social cognitive defi -
cits are yet to be confi rmed to be predictive of the 
behavioural defi cits observed in these patients. 

 The severity of behavioural change relative 
to any co-existing cognitive abnormalities and 
the pattern of behavioural defi cits offer clues to 
the underlying neurodegenerative disorder. In 

bv- FTD, disintegration of behaviour is the most 
salient abnormality and can occur in the context 
of intact cognitive functioning. Research crite-
ria for diagnosing bvFTD include fi ve domains 
of behavioural disinhibition, apathy, loss of 
empathy, simple or complex stereotyped/perse-
verative behaviour and changes in eating behav-
iour/hyper-orality with an increased 
consumption of sweet food. It has been sug-
gested that bv-FTD can be subdivided into apa-
thetic variant, disinhibited variant and a 
stereotyped-compulsive syndrome at onset of 
symptoms. However, these symptoms frequently 
co-occur, making the distinction often diffi cult 
(see Chap.   7     for a more detailed discussion). 

 Patients with language variants of FTD often 
also develop behavioural changes, though these 
usually follow and are less prominent than the 
language defi cits. A similar spectrum of behav-
ioural change has also been reported in ALS 
which is known to clinically overlap with 
bvFTD. Mild behavioural changes have been 
reported in up to 25 % of ALS patients with 
another 10–15 % displaying marked changes that 
fulfi l the criteria for co-morbid bvFTD. 

 Behavioural changes reported in AD include 
apathy, withdrawal, agitation, irritability and 
aggression. HD is another disorder where behav-
ioural changes are a prominent feature including 
apathy, impulsivity, risk-taking behaviour, 
obsessive- compulsive behaviour, lack of empa-
thy, mental rigidity, irritability, lack of insight, 
disinhibition, and social misconduct. 

 The identifi cation of the behavioural compli-
cations of neurodegenerative disorders is impor-
tant as it is often a cause of signifi cant strain on 
patient’s relationship with his family and carer. 
Indeed, there is evidence suggesting that behav-
ioural changes are a more reliable predictor of 
carer burden than physical disability or cognitive 
impairment.  

3.11     Apraxia 

 Apraxia is a term used to describe diffi culties in 
performing motor tasks that cannot be explained 
by motor or sensory weakness, or inability to 
comprehend the command. Patients can have 
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limited insight into their defi cits which are more 
frequently noticed by family member and work 
colleagues. Therefore, it is important to specifi -
cally ask both the patient and the informant about 
activities of daily living such getting dressed, 
washing one’s self and other activities or hobbies 
that the individual normally engages in such as 
cooking, gardening or DIY. 

 In addition to intact motor and sensory sys-
tem, the ability to carry out complex motor 
actions (praxis) requires at least two processes. 
The fi rst process is accessing semantic informa-
tion regarding how to perform a specifi c task. 
This includes knowledge regarding what a tool 
such as a hammer is, and how to use it. The sec-
ond process is accessing the stored sensorimotor 
“action plan” required to successfully perform 
the action. These stored action plans include mul-
tiple elements such as the position the limbs need 
to be placed in, the speed and tempo of the action 
required, and the appropriate sequence. Apraxia 
is most frequently associated with in the left fron-
tal premotor and fronto-parietal cortex where 
these action plans are believed to be stored. Once 
activated, the information is transmitted to pri-
mary motor cortex to carry out the action with 
contribution from the cerebellum and BG. 

 Apraxia is frequently seen in many neurode-
generative conditions particularly corticobasal 
syndrome (CBS) and mid to late stages of AD 
and PPA. We discuss here the main types of 
apraxia. 

3.11.1     Ideational Apraxia 

 Unfortunately, this term is used in the literature 
to describe two very different types of apraxia. 
We will describe both types here and provide an 
alternative term less prone to confusion. 

 The term ideational apraxia was classically 
used to describe impairment in the fi rst process 
described above i.e. accessing the semantic infor-
mation related to the action. The alternative term 
used for this type of apraxia is  conceptual apraxia  
because the patient has impaired access to the 
concepts involved. Patients not only have diffi -
culties producing the correct action on demand, 

but are also unable to imitate the examiner or rec-
ognise the action when presented with several 
options. Patients may not be able to recognise a 
situation that needs intervention (problem 
unawareness) or select the correct tool required 
to carry out a specifi c action (e.g. may use a ham-
mer to cut paper). Notably, the ability to name 
tools is intact. Conceptual apraxia is commonly 
observed in AD. 

 The second type of apraxia often referred to as 
ideational apraxia is a disorder characterized by 
diffi culties in performing an action in the correct 
sequence. Understandably, an alternative term for 
this apraxia is  sequencing apraxia . To test for this 
type of apraxia the subject is asked to perform a 
multi-step action such as putting a letter in an 
envelope or making a sandwich. Lesions causing 
sequencing apraxia are most often in the left 
occipito-parietal cortex.  

3.11.2     Ideomotor Apraxia 

 Ideomotor apraxia describes a situation where 
access to semantic information regarding a spe-
cifi c action is maintained, but activation of the 
specifi c action plan is impaired. Patients with this 
condition can recognise a problem, select the cor-
rect tool to use, and can correctly identify the 
action when performed by the examiner. 
However, they are unable to perform the action 
themselves either on verbal command or follow-
ing a demonstration by the examiner (imitation). 
Lesions leading to ideomotor apraxia are most 
commonly in the left frontal premotor and pari-
etal cortex. 

 Ideo-motor apraxia can lead to multiple types 
of errors in performing motor tasks including 
using the wrong part of the body, incorrect spatial 
alignment of limbs, moving the limbs or tool in 
the wrong spatial plane (e.g. fl exing and extend-
ing the wrist when using a pair of scissors), and 
persistent use of body part as a tool despite verbal 
correction (e.g. using fi nger as a pen when asked 
to write or as toothbrush when asked to demon-
strate how to use a toothbrush). In addition the 
patient may display errors in the timing and 
tempo of action. 
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 Both ideational apraxia and ideomotor apraxia 
are commonly observed in CBS, but it is 
 important to note that changes can be confi ned to 
one hand as the initial clinical presentation in 
CBS is usually highly asymmetrical.  

3.11.3     Other Types of Apraxia 

 In  conduction apraxia , there is diffi culty in imi-
tating action performed by the examiner despite 
having no problems performing the action on 
verbal command. The opposite phenomenon is 
called  verbal dissociation apraxia . The anatomi-
cal correlates of these types of apraxia are less 
well understood. 

  Limb - kinetic Apraxia is  term is used to 
describe reduced dexterity or diffi culty in per-
forming fi ne motor movements, such as button-
ing a shirt or putting on jewellery. It is described 
mainly following damage to primary sensorimo-
tor cortex and cortico-spinal tract and less fre-
quently the premotor cortex. 

  Dressing Apraxia  is a disorder characterized 
by diffi culty in getting dressed, for instance a 
patient can try to clothes items inside out or 
upside down. This can be assessed by asking a 
patient to put on garment such as sock or a shirt 
after it has been turned inside out. 

  Constructional apraxia  is the term used to 
describe diffi culties in copying two or three 
dimensional drawings (e.g. dissecting pentagons 
or a cube). 

 It is interesting to note that some experts view 
dressing and constructional apraxia not as true 
apraxic syndromes, but rather manifestations of 
visuo-perceptual abnormalities. This view is sup-
ported by the fact that these are the only forms of 
apraxia associated with right (as opposed to the 
left) hemispheric (usually parietal lobe) damage.   

3.12     Other Domains 

 The NPA often included tests of premorbid func-
tion and intelligence quotient (IQ). The Wechsler 
Adult Intelligence Scale (WAIS) is a large assess-
ment designed to measure current IQ. It is a 

 comprehensive battery of tests, now in its fourth 
revision, which includes both verbal and non- 
verbal/visuo-perceptual tasks as well as tests of 
processing speed and working memory. Each 
subtest can also be used individually to assess a 
component function. 

 To confi rm if an individual’s current IQ level 
represents a decline (due to disease or aging) 
from a previous level of functioning, it is essen-
tial to estimate his/her premorbid level function-
ing. Many tasks of premorbid IQ involve testing 
the individual’s vocabulary or reading abilities. 
Examples include the Test of Premorbid 
Functioning – UK Version (ToPF UK ) and its pre-
decessors the Wechsler Test of Adult Reading 
(WTAR) and the National Adult Reading Test 
(NART). These tasks consist of a list of mostly 
orthographically irregular words (e.g. cough or 
xenophobia) which the patient is asked to pro-
nounce correctly. The rationale behind these 
tasks is that performance relies on person’s 
knowledge base while placing minimal demands 
on memory and executive function, and therefore 
would be expected to remain relatively stable in 
the presence of general cognitive decline. 
However, an obvious caveat to this assumption is 
surface dyslexia, often observed in svPPA 
patients, where patients cannot access their inter-
nal lexicon and will display diffi culty in reading 
irregular words resulting in spuriously low esti-
mates of premorbid IQ. A further caveat is that 
these tests are highly sensitive to level of English 
(only suitable for those with English as a fi rst lan-
guage), cultural background and education. 

 A quantitative estimate of anxiety and depres-
sion can be helpful in interpreting a patient’s 
overall performance. Simple questionnaire like 
the Hospital Anxiety and Depression Scale 
(HADS, Zigmond and Snaith 1983) can be used.  

3.13     Pitfalls in Interpreting 
a Neuropsychological Report 

 The results of the NPA should be interpreted in 
the context of the patient’s clinical picture and 
background including age and educational attain-
ment. It is essential to consider potential 

3 Role of Neuropsychology in Neurodegeneration



50

 confounding factors such as physical disability, 
severe attentional defi cits, anxiety, depression or 
apathy. 

 Performance on neuropsychological tasks is 
usually judged against a large cohort of healthy 
controls producing norms. These may provide a 
cut-off for abnormal performance usually less the 
second or fi fth percentile of the normative data-
set. Limited conclusions can be drawn about an 
individual’s performance if he/she is signifi cantly 
different from the population from which the nor-
mative data was drawn. This is particularly rele-
vant in case of differences in IQ and/or cultural 
background. Age and on occasion education 
appropriate normative data can be found for 
assessment of memory and executive functions. 

 In addition, neuropsychological tasks are never 
domain pure. For example patients with severe 
language defi cits (e.g. PPA patients) are likely 
perform poorly on all tasks involving verbal com-
munications. Thus a PPA patient is likely to have 
poor scores on verbal memory tasks. This usually 
contrasts sharply with normal performance on 
tests of non-verbal (e.g. visual) memory. Similarly, 
PCA patients who often have severe visuo-per-
ceptual defi cits, often struggle with tasks requir-
ing intact visuoperceptive skills regardless of the 
domain the tasks was designed to evaluate. 

 Finally, poor motivation or “effort” on the 
part of the subject being tested can lead to 
 spuriously poor scores. Most professional 

 neuropsychological organisations now recom-
mend that effort tests, also known as symptom/
performance validity tests, are administered as 
part of a routine neuropsychological assess-
ment. Effort tests can be either stand-alone (for 
example, the Rey-15 item test) and are adminis-
tered as specifi c tests of validity or they can be 
embedded into the testing process. Most effort 
tests are based on the principle that patients with 
signifi cant impairments can successfully com-
plete the test and that excessive variation from 
the expected performance level indicates invalid 
performance and, in turn, an invalid neuropsy-
chological assessment. Poor effort can be due to 
a deliberate attempt to misrepresent ability or it 
can be a secondary effect of other processes 
such as organic apathy, psychiatric symptoms or 
pain. Regardless of the aetiology effort should 
be measured and recorded as part of the assess-
ment process.  

3.14     Summary 
of the Neuropsychological 
Profi les of Common 
Neurodegenerative 
Disorders 

 The neuropsychological profi les of common 
 neurodegenerative disorders are summarised in 
the table below (Table  3.7 ).

   Table 3.7    This table provides a summary of the neuropsychological profi les of common neurodegenerative disorders   

 Most salient defi cits  Associated features 

 AD  Early impairment of episodic memory  Defi cits in visuospatial functions, 
language, executive functions 
 Apraxia 

 PCA  Early and prominent visuo-spatial defi cits 
including those mediated via the dorsal 
stream (e.g. Balint’s syndrome) and ventral 
stream (e.g. object agnosia, prosopagnosia,, 
environmental agnosia) 

 Gerstmann’s syndrome (agraphia, 
acalculia, fi nger anomia, right-left 
disorientation) 
 Language problems 
 Working memory and executive 
dysfunction 

 bvFTD  Early deterioration in behaviour (which 
may or may not be accompanied by 
cognitive change) 
 Executive dysfunction most prominent 
cognitive change 

 Recent evidence suggests that Bv-FTD 
(particularly early onset disease) can be 
also associated with signifi cant memory 
impairment 

M. Elamin et al.



51

Table 3.7 (continued)

 Most salient defi cits  Associated features 

 nfvPPA  Language impairment is the most salient 
defi cit 
   Reduced fl uency and agrammatism 
   Impaired repetition and comprehension 

of syntactically complex sentences 
   Abnormalities in speech production 

including apraxia of speech and 
dysprosody 

 Dyscalculia ± other elements of 
Gerstmann’s syndrome 
 Behavioural changes can be observed 

 svPPA  Language impairment is the most salient 
defi cit 
   Marked naming problems and impaired 

object knowledge 
   Single word comprehension (esp. low 

frequency items) is impaired 
   Repetition usually intact 

 lvPPA  Language impairment is the most salient 
defi cit 
   Main problem is impaired word retrieval 
   Repetition usually impaired 
   Sentence comprehension can be impaired 

especially for long improbable 
sentences 

 PD  Executive dysfunction and working 
memory 
 Poor memory recall 

 Visuo-spatial skills may be impaired 
 Procedural memory may be impaired 

 LBD  Executive dysfunction 
 Defi cits in visuo-spatial skills 

 PSP  Executive dysfunction 
 Prominent verbal (particularly letter 
fl uency) fl uency defi cit 
 Poor memory recall 

 Behavioural changes can be observed 

 CBD  Defi cits in language and visuospatial 
functions 
 Executive functions are also affected 
 Apraxia 

 Numerical calculation problems common 
 Behavioural changes can be observed 

 MSA  Cognitive impairment uncommon  Behavioural changes can be observed 

 HD  Executive function (in particular processing 
speed) and recall memory are 
predominantly affected 
 Behavioural and psychiatric changes often 
prominent 

 Procedural memory may be impaired 
 Subtle language changes reported 
including impaired comprehension of 
prosody 

 MS  Executive function (in particular processing 
speed) and recall memory are 
predominantly affected 

 ALS  Letter fl uency defi cits, executive 
dysfunction, language defi cit, and poor 
social cognition 

 Memory changes can occur although often 
secondary to executive dysfunction 

   AD  Alzheimer’s type dementia,  PCA  posterior cortical atrophy,  bvFTD  behavioural variant frontotemporal dementia, 
 nfvPPA  non-fl uent of primary progressive aphasia,  svPPA  semantic variant of primary progressive aphasia,  lvPPA  logo-
penic variant of primary progressive aphasia,  PD  Parkinson’s disease,  DLB  dementia with Lewy bodies,  PSP  primary 
supranuclear palsy,  CBD  corticobasal degeneration,  MSA  multiple system atrophy,  HD  Huntington’s disease,  ALS  amy-
otrophic lateral scleroses, and  MS  multiple sclerosis  
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3.15        Cognitive Screening Tools 

 Cognitive screening tools are essential tools that 
allow clinician to evaluate patients within clinic 
in a short period of time and to decide whether 
more detailed neuropsychological investigation 
is warranted. 

 The most widely used bed-side cognitive screen-
ing tasks include the Mini-Mental State Examination 
(MMSE), the Montreal Cognitive Assessment 
(MoCA), Addenbrooke’s Cognitive Examination 
(ACE), and the Frontal assessment Battery (FAB). 

 The MMSE is a structured test of mental sta-
tus fi rst introduced in 1975. The test examines 
orientation and attention, memory, calculation, 
language, and constructional praxis. The MMSE 
is widely used and validated test that takes about 
10 min. It is considered a sensitive test for identi-
fying AD. However, it is less sensitive to mild 
cognitive impairment (MCI) and to dementia 
syndromes where the main cognitive defi cits lie 
in executive functions (e.g. FTD). In addition, the 
test does not include adjustments for age, educa-
tion or cultural background. 

 The MoCA and ACE were both designed to 
address the weaknesses of the MMSE, in particu-
lar the lack of executive tasks, and as such are 
more useful in differentiating AD from FTD. The 
MoCA (Nasreddine et al. 2005) is a brief test 
(10 min). It examines the same domains as the 
MMSE but includes additional tests of executive 
functions (a simplifi ed Trail Making Tests, a test 
of verbal fl uency, and a fi nger tapping test of 
inhibitory control and task of abstract/conceptual 
thinking). The authors provide two versions of 
the MoCA in an effort to reduce learning effects 
on repeat testing and thus provide a more accu-
rate measure of progression over time. It is avail-
able in 36 languages. Performance on the MoCA 
is affected by educational attainment and the 
instructions suggest adding an extra point in 
patients who had less than 12 years of education 
though it is unclear if this adjustment is suffi -
cient. The MoCA has been reported to have a 
high sensitivity in  distinguishing healthy controls 
from patients with AD (88–100 %), MCI (77–
96 %), PD with dementia (81 %), HD (97.4 %) 
and FTD (78 %). The reported sensitivity is in 
many cases (e.g. HD and FTD) superior to that 

reported with the MMSE. However, the reported 
specifi city in  distinguishing dementia patients 
from controls is very variable (30–98 %). 

 The ACE assesses fi ve cognitive domains, 
namely attention/orientation, memory, verbal fl u-
ency, language and visuospatial abilities. The ACE 
was developed in 2000 (Mathuranath et al. 2000), 
revised in 2006 (ACE-R, Mioshi et al. 2006), and 
a third version was published in 2013 (ACE-III, 
Hsieh 2013). The revisions aimed to address 
weaknesses in previous versions. Administration 
of the ACE takes 15–20 min, slightly longer than 
the MMSE or MoCA. The ACE is one of the most 
widely used tests in both a clinical and research 
context. The positive predictive value for the pres-
ence of dementia at cut- off of 82/100 approached 
100 %. The test has also been shown differentiate 
AD from non-AD with high sensitivity and speci-
fi city (74 % and 85 % respectively). It has been 
translated to multiple languages. The sensitivity 
and specifi city of the more recently published 
ACE-III for the presence of dementia is similarly 
high (e.g. 100 and 96 % at cut-off score of 88/100). 

 The Frontal Assessment Battery (FAB, Dubois 
et al. 2000) is a brief test designed to identify cog-
nitive changes in patients with executive dysfunc-
tion due to frontal lobe pathology. It is comprised 
of six tasks that tests abstract reasoning, verbal 
fl uency, motor programming and executive con-
trol of action including Luria motor sequences, 
resistance to interference and confl icting instruc-
tions, inhibitory control (go–no go test), and envi-
ronmental dependency. The FAB has been shown 
to differentiate AD and FTD with high levels of 
sensitivity (77 %); and specifi city (87 %). 

 There is an increasing interest in disease spe-
cifi c screening tools. These can be designed with 
the cognitive profi le of a specifi c disease in mind. 
For example, the Executive and Social Cognitive 
Battery Screening test for FTD (Torralva et al. 
2009) was designed to mirror everyday tasks 
involving executive function and social cognitive 
skills (described in more detail in Chap.   7    ). Other 
tools take into account not only the cognitive 
 profi le of the disease in question but also the dis-
ease factors that may confound cognitive testing. 
For example the Edinburgh Cognitive and 
Behavioural Assessment Scale or ECAS 
(Abrahams et al. 2014) was designed to 
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 distinguish cognitive defi cits typically observed 
in ALS (executive functions, language, letter fl u-
ency, and social cognition) from those often 
encountered in the aging population and in mild 
cognitive impairment (e.g. memory). The infor-
mant based behavioural questionnaire is focused 
on behavioural changes frequently reported in 

ALS. Importantly, the tool sub-tasks were spe-
cifi cally designed to minimize bias due to physi-
cal disability, a major confounding factor in the 
neuropsychological assessment of ALS patients 
see Fig.  3.5 ). The value of the ECAS in other 
motor disorders where disability can confound 
cognitive performance is under investigation.

LANGUAGE – Naming

LANGUAGE – Comprehension

Ask: Say or write down the names of these pictures:

Ask: point to the one which is:

1. Something you can fly in
3. An animal that climbs trees
5. A means of transport
7. Something with a sting

2. Something with webbed feet

Score
0–8

Score
0–8

4. Something used for chopping
6. Something with a sharp edge
8. Something with a diet of nuts and seeds

  Fig. 3.5    This is the fi rst page of the Edinburgh Cognitive and Behavioural Assessment Scale (ECAS). All tests in the 
ECAS were designed to minimize the confounding effect of physical disability       
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3.16        Emerging and Controversial 
Theories 

3.16.1     Cognitive Reserve 

 The concept of cognitive reserve emerged from the 
observation that the disease burden on autopsy, such 
AD type pathology, was a poor predictor of clinical 
symptoms during life. The hypothesis suggests that 
individuals with higher initial cognitive abilities, 
due to engaging in intellectually enriching activi-
ties, are able to compensate for the brain insults 
induced by disease or aging for longer periods of 
time, thus manifesting cognitive change at later 
stage. Multiple factors have been postulated to con-
tribute to cognitive reserve including higher pre-
morbid IQ, higher educational attainment, engaging 
in occupations that place high demands on cogni-
tive function, bilingualism, and having large social 
networks. Most of the evidence supporting the con-
cept of cognitive reserve comes from AD studies. 
However, the literature to date is inconsistent and 
the theory is still subject to considerable debate.  

3.16.2     Hebb’s Theory and Its 
Extensions 

 In its most simplifi ed version Hebb’s theory 
refers to the hypothesis proposed by Donald 
Hebb in 1949 in which he postulated that persis-
tent or repetitive excitatory activity between two 
neurons tends to induce permanent lasting 
changes (structural or biochemical) to the con-
nections between the two neurons, leading to 
improved effi ciency in future communications. 
The theory is often summarized as “ Cells that fi re 
together ,  wire together ”. 

 More recently Bak and Chandran extended 
this theory following the observation that in 
patients with ALS, a disease characterized by 
signifi cant motor disability, there is evidence of 
impairment of verb (as opposed to noun) knowl-
edge in these patients. As brain structures related 
to words pertaining to motion are likely to be 
well connected brain structures that initiate the 
motor aspects of movement, the authors proposed 
that in neurodegenerative disease spreads along 

such functional connections (“ neurons that fi re 
together die together ”).  

3.16.3     The Weakest Link Hypothesis 

 Mesulam proposes that phenotypic expressions 
of some neurodegenerative disorders may refl ect 
underlying subtle/subclinical developmental vul-
nerabilities. This theory is supported by the 
increased frequency of dyslexia in PPA patients 
and in their fi rst-degree relatives and proposes to 
explain how the same genetic defect can manifest 
with different phenotypes in different kindreds.   

    Conclusion 

 Over the last few decades, neuropsychological 
assessments have been increasingly applied 
successfully to aid in the clinical diagnosis of 
neurodegenerative disorders. The unique 
information provided by these assessments 
helps to confi rm and delineate the cognitive 
and behavioural changes manifested by 
patients facilitating accurate diagnoses as well 
as objectively document progression over 
time and response to therapy. This chapter 
provided a review of the process of the NPA, a 
process which if undertaken correctly, starting 
with appropriate referrals and ending with 
valid interpretation of the resultant reports, 
can result in signifi cant improvement of the 
quality of care provided to patients.     
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4.1            Introduction 

 Alzheimer’s disease (AD) is a progressive neuro-
degenerative disorder of the brain characterized 
by an insidious onset of memory impairment, 
progressive cognitive deterioration, emergence of 
neuropsychiatric symptoms, and functional 
decline. Pathologically, it is characterized by the 
accumulation of amyloid plaques and intraneuro-
nal neurofi brillary tangles, which are associated 
with neuronal dysfunction and eventual cell 
death. It is the most common form of dementia 
accounting for between 50 and 60 % of all cases. 
The global prevalence of dementia is increasing 
and it has been projected that the number of peo-
ple affected will double every 20 years to an esti-
mated 81.1 million by 2040. AD is therefore the 

most common neurodegenerative disorder affect-
ing between 20 and 30 million individuals world-
wide. It is primarily an age-related disorder. The 
prevalence of dementia is low (approximately 
1 %) in individuals aged 60–64 but increases 
exponentially with age so that in individuals aged 
85 years or over, the prevalence in the Western 
world is between 24 and 33 %. AD has a complex 
multifactorial etiology and apart from age, 
genetic and environmental factors play important 
roles in the onset and progression of disease.  

4.2     Risk Factors 

4.2.1     Genetic Factors 

 From a genetic point of view, Alzheimer’s dis-
ease is a heterogeneous disorder with both famil-
ial and sporadic forms. The vast majority of 
Alzheimer’s disease is sporadic and of late onset 
(≥65 years), while a small proportion of all cases 
(<2 %) may inherit the disease in autosomal 
dominant fashion. These variants are generally of 
early onset (<65 years). Autosomal dominant 
forms are mostly related to mutations in one of 
three genes: amyloid precursor protein gene 
(APP) on chromosome 21, presenilin 1 gene 
(PS1) on chromosome 14, and presenilin 2 gene 
(PS2) on chromosome 1 (Table  4.1 ). PS1 accounts 
for the majority of mutations while APP and PS2 
mutations occur less frequently. All of these 
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genes impact upon the production of the beta 
amyloid protein (Aß), which is the principal 
component of senile plaques hypothesized to 
play a central role in the evolution of Alzheimer’s 
pathology. The vast majority of AD patients, 
however, have sporadic late-onset disease, which 
has a complex etiology attributed to interactions 
between environmental risk factors and individ-
ual genetic susceptibilities. Twin studies have 
estimated the heritability of late-onset sporadic 
AD to be approximately 76 %.

   The most well-established genetic risk factor 
for late-onset AD is the apolipoprotein E gene 
(APOE). Three APOE alleles have been identi-
fi ed: e2, e3, and e4. The APOE e4 allele has been 
linked to the development of AD, whilst epide-
miologic as well as pathologic studies have sug-
gested a possible protective effect for the e2 
allele. There is an apparent gene-dosing effect 
according to the actual genotype. One meta- 
analysis reported the odds of developing AD in 
heterozygous carriers of the APOE e4 allele as 
threefold, while the odds for homozygous carri-
ers was almost 15-fold. 

 The APOE e4 allele operates mainly by 
decreasing the age of onset with each allele copy 
lowering the age of onset by almost 10 years. It is 
therefore a marker of susceptibility rather than a 
determinative gene. The mechanism whereby 
APOEe4 infl uences the development of AD is 
complex and may be modifi ed by other genes and 
environmental factors. APOE acts as a cholesterol 
transporter in the brain, which mediates neuronal 
protection and repair and is believed to participate 
in early Aß deposition. The APOE e4 allele has 

been associated with increased severity of illness 
including faster cognitive decline, increased risk 
of conversion from mild cognitive impairment to 
AD, more neuropsychiatric symptoms, decreased 
survival time, and increased amyloid load at 
autopsy. The use of APOE  genotype as a diagnos-
tic tool has been examined in several studies but 
low sensitivity and specifi city limit its usefulness 
and it is not currently recommended for diagnos-
tic use. Table  4.1  summarizes established 
Alzheimer’s genes and their functional relevance. 

 Although the APOE e4 allele has been calcu-
lated to account for most of the genetic risk in 
late-onset alzheimer’s disease, a number of can-
didate genes of smaller effect have also been 
identifi ed. The advent of large Genome Wide 
Association Studies (GWAS) has allowed identi-
fi cation of several genes of small effect and fi nd-
ings are collated in the online AlzGene database 
which allows researchers to compare results and 
search for consistency between international 
groups. It is hypothesised that genetic mutations 
of modest effect in concert with other genetic and 
environmental factors, may precipitate clinical 
disease in vulnerable individuals. For example, 
variant of genes for CLU (clusterin/apolipopro-
tein J), CR1 (complement receptor 1), and 
PICALM (phosphatidylinositol-binding clathrin 
assembly protein) have achieved genome-wide 
signifi cance in independent GWAS studies. 
These genetic variants may be involved in 
reduced clearance of Aß. It is hoped that improved 
understanding of underlying mechanisms of 
action may lead to new therapeutic targets to 
delay the onset and progression of disease.  

    Table 4.1    Established Alzheimer’s genes and their functional relevance   

 Gene (protein)  Chromosome  Inheritance  Role in AD pathogenesis 

 APP (amyloid precursor 
protein) 

 21  Autosomal dominant  Mutations in the APP gene 
promote cleavage at b or g sites 
leading to overproduction of Aβ 

 PSEN1 (presenilin 1)  14  Autosomal dominant  Mutations in the PS1 gene promote 
cleavage at the g site leading to 
overproduction of Aβ 

 PSEN2 (presenilin 2)  1  Autosomal dominant  Mutations in the PS2 gene promote 
cleavage at the g site leading to 
overproduction of Aβ 

 APOE (apolipoprotein E)  19  Modifi es age of onset  Promotes the deposition of Aβ? 
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4.2.2     Lifestyle and Vascular Risk 
Factors 

 Although several AD risk factors are genetic in 
nature, others are determined by environmental or 
lifestyle infl uences and may be amenable to modi-
fi cation. Recent years have seen an expansion in 
the number of epidemiological studies in AD and 
several risk factors that were traditionally consid-
ered as “vascular” have been associated with 
increased risk of AD (Table  4.2 ). Longitudinal 
studies such as the Cardiovascular Risk Factors, 
Aging, and Dementia (CAIDE) study have found 
midlife hypertension, hypercholesterolemia, and 
obesity to be associated with increased risk of 
dementia and AD in later life.

   Clustering of risk factors was observed to 
increase the risk in an additive fashion. A demen-
tia risk score using data gathered during the 
CAIDE study predicted dementia with a sensitiv-
ity of 0.77, specifi city of 0.63, and negative pre-
dictive value of 0.98 over 20 years of follow up. 
This score included variables such as age 
(≥47 years), low education (<10 years), hyper-
tension, hypercholesterolemia, and obesity. 
There is now a great deal of interest in develop-
ing approaches to help reduce the risk of AD in 
later life through identifying individuals who 

might benefi t from intensive lifestyle consulta-
tions and pharmacological interventions in ear-
lier life. However, not all studies have replicated 
these fi ndings and one systematic review con-
cluded that the evidence for single clinically 
defi ned vascular risk factors was inconsistent at 
best while the strength of the association was 
increased by identifying interactions between 
risk factors such as hypertension and diabetes. In 
addition, the relationship between cognition and 
blood pressure is complex with hypertension in 
midlife and hypotension in later life both associ-
ated with increased risk of AD. Although initial 
case control studies reported a protective effect 
for smoking, longitudinal studies have now 
established that smoking is associated with 
increased risk of AD. Longitudinal studies show 
that stroke increases the subsequent risk of AD 
and hyperhomocysteinemia has similarly been 
reported to increase risk. 

 Other factors, that have been reported to be 
protective from population studies, include regu-
lar fi sh consumption, moderate wine intake, and 
higher educational status. There is also now a sig-
nifi cant amount of epidemiological data, which 
suggests that individuals who are more socially 
and physically active and engage in more cogni-
tively stimulating activities are at decreased risk 
of developing dementia and AD. In fact, a recent 
review concluded that after accounting for non- 
independence between risk factors, around a third 
of Alzheimer’s diseases cases worldwide might 
be attributed to potentially modifi able risk factors. 
Psychological risk factors are also  important. In 
particular, depression has been found to behave as 
both a risk factor for and prodromal symptom of 
AD. Late onset depression may occur as part of 
the prodrome of early AD but depression, which 
occurs decades in advance of cognitive decline, is 
also known to increase risk of AD in a dose-
dependent fashion. Psychological distress and 
loneliness have similarly been reported to increase 
risk. A number of mechanisms for the association 
between depression and AD have been proposed. 
Depression has been independently associated 
with increased risk of cerebrovascular disease and 
the chronic neurotoxic effects of elevated gluco-
corticoids upon hippocampal neurogenesis and 

   Table 4.2    Potentially modifi able risk factors found to be 
associated with Alzheimer’s disease in population studies   

 Risk factors for 
Alzheimer’s disease 

 Protective factors for 
Alzheimer’s disease 

 Hypertension/
hypotension 

 Physical activity 

 Obesity  Cognitive and social 
stimulation 

 Diabetes mellitus  Diet (fi sh consumption > 
once/week) 

 Hypercholesterolemia  Alcohol (light to moderate 
intake) 

 Hyperhomocysteinemia  Higher educational status 
(>15 year vs. <12 year) 

 Stroke  Purpose in life and 
conscientiousness 

 Smoking  Social engagement 

 Depression, distress, and 
loneliness 

 Sleep disturbances 
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repair may also diminish cognitive reserve. 
Finally, depression may have a more direct neuro-
pathological effect as stress and exogenous gluco-
corticoids have been shown to increase β-amyloid 
production in animal models of AD. Having a 
greater sense of purpose in life and conscientious-
ness appear to be protective and have both been 
independently associated with reduced risk of 
AD. Sleep disturbances, particularly reduced 
sleep duration, sleep fragmentation, and sleep-
disordered breathing, have been implicated as 
potentially remediable causes of cognitive 
decline. However, further research is needed to 
better defi ne the nature of these associations and 
determine mechanisms which might allow further 
exploration of preventive and therapeutic strate-
gies. There are already many good reasons why 
maintaining good psychological health and pro-
moting a physically, cognitively, and socially 
active lifestyle may be advisable and benefi cial 
for patients.  

4.2.3     Other Risk Factors 

 Data from epidemiological studies reported 
an association between nonsteroidal anti- 
infl ammatory (NSAID) use and decreased risk of 
AD while interventional studies in this area have 
been negative to date. Lipid-lowering medica-
tions have similarly been reported to be associ-
ated with decreased risk while interventional 
studies of statins have been largely negative to 
date. Hormone replacement therapy (HRT) was 
associated with decreased risk of AD while an 
interventional study reported an increased risk of 
dementia, again highlighting the caution with 
which observational fi ndings must be interpreted. 
Severe head injury and exposure to toxins such as 
defoliants and fumigants have been associated 
with increased risk. Static risk factors include a 
family history of trisomy 21. Female gender has 
also been associated with increased prevalence 
AD. There are many possible reasons for this 
variable observation although a number of inves-
tigators have concluded that it is due to the longer 
life expectancy in females rather than gender- 
specifi c risk factors for the disease.  

4.2.4     Pathogenesis 

 The exact cellular mechanisms leading to neuro-
nal cell death in AD remain uncertain but  multiple 
etiological and pathogenetic hypotheses have 
been put forward. Macroscopically, the brain 
in established AD shows a variable degree of 
 cortical atrophy with widening of cerebral 
sulci and compensatory ventricular enlargement. 
Microscopically, the disease is characterized by 
amyloid plaques and neurofi brillary tangles 
(Fig.  4.1 ). The current criteria for a pathologic 
diagnosis of AD require the presence of both 
amyloid plaques and neurofi brillary tangles in 
excess of that anticipated for age-matched 
healthy controls. Amyloid plaques consist of a 
central core of amyloid protein surrounded by 
astrocytes, microglia, and dystrophic neurites. 
Neurofi brillary tangles contain paired helical fi la-
ments of abnormally phosphorylated tau protein 
that occupy the cell body and extend into the den-
drites. Neuronal loss or atrophy in the nucleus 
basalis, locus ceruleus, and raphe nuclei of the 
brainstem leads to defi cits in cholinergic, norad-
renergic, and serotonergic transmitters, respec-
tively. The defi cit in cholinergic neurotransmission 
and the observation that this correlated strongly 
with the degree of cognitive impairment led to 
the “cholinergic hypothesis” of AD and the sub-
sequent development of cholinesterase inhibitors 
to redress this defi cit.

4.2.5        Amyloid Hypothesis 

 The amyloid hypothesis remains the best-defi ned 
and most studied conceptual framework for AD 
(Fig.  4.2 ). Over time, this hypothesis has 
 undergone alterations primarily due to the fact 
that increased beta amyloid protein (Ab) and 
plaque formation are no longer considered to be 
sole triggering factors for deleterious events lead-
ing to AD. The exact cellular mechanisms leading 
to neuronal cell death in AD remain uncertain. 
The amyloid cascade hypothesis holds that an 
imbalance between Ab production and clearance 
plays a critical role in progression of AD. Ab is 
derived from the much larger transmembrane 
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 protein, amyloid precursor protein (APP), by the 
action of two proteases referred to as beta (b) and 
gamma (g) secretase. The initial cleavage of APP 
is mediated by b secretase and then, depending on 
the exact point of cleavage by g secretase, three 
principle forms of Ab comprising 38, 40, or 42 
amino acid residues, respectively are produced. 
Most mutations in the APP or presenilin genes 
alter APP processing resulting in increased levels 
of Ab. At a certain critical concentration, Ab 
monomers associate to form neurotoxic oligo-
mers, which then further associate into insoluble 
fi brils and are deposited as amyloid plaques. The 
relative amount of Ab 42 formed is important as 
this longer form of Ab is more prone to aggregate 
and form oligomers. Ab oligomers could directly 
inhibit hippocampal long-term potentiation and 

impair synaptic function in addition to the infl am-
matory and oxidative stress caused by aggregated 
and deposited Ab. Much is yet to be learned about 
the formation and toxicity of these soluble forms 
of Ab and how they may trigger deleterious 
changes. The central signifi cance of Ab in the 
pathogenesis of AD has recently been called into 
question given negative outcomes from trials of 
therapeutic agents targeting this pathway. A more 
current view of the amyloid cascade hypothesis is 
that other events as well as Ab are important in 
triggering degenerative processes. The concept of 
Ab as only one of the factors that causes AD, 
explains it’s less than perfect correlation with dis-
ease severity and it seems increasingly likely that 
Ab, although necessary, is not by itself, suffi cient 
for AD to occur.

  Fig. 4.1    Low power ( a ) 
and high power ( b ) views 
of hippocampus with 
neuritic amyloid plaques 
( P ), which consist of a 
central core of amyloid 
protein surrounded by 
astrocytes, microglia, and 
dystrophic neurites and 
neurofi brillary tangles ( T ), 
which contain paired 
helical fi laments of 
abnormally 
phosphorylated tau 
protein. The current 
criteria for the 
histopathological 
diagnosis of Alzheimer’s 
disease require the 
presence of both entities       
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4.2.6        Other Proposed Mechanisms 

 Although amyloid has received much attention 
with regard to halting the progression of AD, it is 
not the only target for disease-modifying thera-
pies. Neurofi brillary tangles, which consist of 
aggregations of hyperphosphorylated tau protein, 
are another pathologic hallmark of AD. Tau binds 
to and stabilizes microtubules that are elongated 
polymers intrinsic to axonal structure and func-
tion. When tau is hyperphosphorylated, it aggre-
gates into tangles with resulting destabilization of 
microtubules and compromised neuronal function. 
It is unclear whether neurofi brillary tangles are a 
cause or consequence of AD but their formation 
may be critical to AD-related cell death. 
Infl ammatory mechanisms have long been known 
to play an important role in the evolution of AD 
pathology and many studies have shown a broad 
variety of infl ammatory mediators, including acute 
phase proteins, cytokines, and chemokines within 
the vicinity of AD plaques. Neuroinfl ammation is 

still considered to be a downstream consequence 
in the amyloid  hypothesis whereby Ab within the 
CNS brings about activation of microglia, initiat-
ing a proinfl ammatory cascade that results in the 
release of potentially neurotoxic substances, 
including cytokines, chemokines, reactive oxygen 
and nitrogen species, and various proteolytic 
enzymes, leading to neurodegeneration. It has also 
been suggested that activation of microglia may 
lead to phosphorylation of tau and formation of 
neurofi brillary tangles. However, the exact role of 
infl ammation in the pathology of AD and its 
mechanisms in terms of the cells involved, which 
include microglia, astrocytes, and T lymphocytes 
are still debated. 

 The frequent co-occurrence of cerebrovascu-
lar disease with AD and the fact that fewer neuro-
pathologic lesions of AD appear to result in 
dementia in the presence of comorbid cerebro-
vascular disease has been well documented 
(as per the landmark Nun cohort study). In fact, it 
is now recognized that mixed pathology is the 
rule rather than the exception and that cerebro-
vascular disease is clinically under-recognized 
and under-reported. The vascular hypothesis of 
AD goes further and proposes that cerebral hypo-
perfusion and microvascular pathology may be 
the primary etiological factor in AD. It proposes 
that AD develops when two biological events 
converge; advancing age and the presence of vas-
cular risk factors to create a critically attained 
threshold of cerebral hypoperfusion (CATCH). 
This leads to dysregulation of endothelial nitric 
oxide (NO) production, capillary degeneration, 
and mitochondrial oxidative stress. The resulting 
crisis leads to cellular and subcellular pathology 
involving protein synthesis, development of 
plaques, infl ammatory response, and synaptic 
damage leading to the manifestations of AD.  

4.2.7     Clinical Features 

 The typical clinical presentation of AD is that of 
insidious progressive impairment of episodic 
memory representing early involvement of 
medial temporal lobe structures with the emer-
gence of additional defi cits such as aphasia, 

Altered Aβ production & clearance

↑Aβ (PS1, PS2, APP) & deposition (APOE4)

Aβ aggregation and accumulation

Insoluble fibrils and amyloid plaques
Synaptotoxic amyloid oligomers

Toxicity

↑ Oxidative stress
Inflammatory activation
Tau hyperphosphorylation and NFTs
Altered neuronal ionic homeostasis

Neuronal dysfunction and cell death

Dementia

  Fig. 4.2    Amyloid cascade hypothesis       
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apraxia, agnosia, and executive defi cits as the dis-
ease progresses. Findings from longitudinal stud-
ies indicate that neuropsychological defi cits in 
multiple cognitive domains are evident several 
years in advance of a diagnosis of AD. One meta- 
analysis reported that the largest defi cits in pre-
clinical AD exist in the domains of perceptual 
speed, executive functioning, and episodic mem-
ory with smaller defi cits in the domains of verbal 
ability, visuospatial skills, and attention. This is 
characterized clinically by initial forgetfulness 
for daily events with progressive involvement of 
language skills, decision making, judgment, ori-
entation, recognition, and motor skills. 
Neuropsychiatric symptoms are frequently 
observed and occur in 60–98 % of patients with 
dementia. They are a signifi cant source of dis-
tress for patients and families and a major deter-
minant of outcomes such as length of hospital 
stay and nursing home placement. They ordinar-
ily increase with increasing disease severity but 
are observed early in the disease process and 
have been documented in 30–75 % of patients 
with mild cognitive impairment. Apathy, anxiety, 
depression, and agitation occur most frequently. 
Delusions are also common and include themes 
of theft, intruders, imposters, or other ideas of 
persecution, reference, or infi delity. Visual and 
auditory hallucinations are the most common 
perceptual abnormalities although somatic, olfac-
tory, and tactile hallucinations have also been 
reported. Functional decline starts with the 
impairment of higher order (instrumental) func-
tions, such as the management of the house-hold 
affairs or fi nances before more gross functions 
relating to basic self-care are affected. Atypical 
presentations of AD occur in approximately 
6–14 % of cases and are more prevalent in those 
with younger onset disease. Atypical presenta-
tions have been divided into a number of variants 
including a frontal variant, which may present 
with executive dysfunction or behavioural symp-
toms and is diffi cult to distinguish clinically from 
frontotemporal dementia. There is also a logope-
nic variant where there is more prominent impair-
ment of language and a posterior variant where 
defi cits in visuospatial function predominate. 
These presentations remain relatively  uncommon, 

particularly in late onset disease, where the typi-
cal clinical course is one of insidious episodic 
memory decline with progressive involvement of 
other cognitive skills as outlined above.  

4.2.8     Mild Cognitive Impairment 

 Neurodegeneration is estimated to start 
20–30 years before clinical onset. During this pre-
clinical phase, the burden of plaque and tangle 
pathology gradually increases until the threshold 
for clinical expression is reached. Mild Cognitive 
Impairment (MCI) is a clinical classifi cation of 
patients who manifest cognitive defi cits in excess 
of that expected for normal aging but who do not 
have signifi cant functional impairment. 

 The initial diagnostic criteria specifi ed the 
presence of subjective and objective defi cits in 
memory, with the purpose of detecting patients 
with the earliest clinical signs of Alzheimer’s 
pathology for recruitment to clinical trials. 
Patients in these studies were observed to convert 
to Alzheimer’s disease at a rate of approximately 
10–15 % annually. The diagnostic criteria have 
since been broadened to include patients with 
defi cits in domains other than memory, to refl ect 
the heterogeneity of both progressive and non-
progressive pathologies represented within this 
classifi cation. Patients with amnestic defi cits in 
addition to defi cits in other domains have the 
greatest risk of progression to Alzheimer’s dis-
ease. Signifi cant variation in rates of conversion 
to Alzheimer’s disease has been observed 
depending on the diagnostic criteria used and 
populations investigated. A recent review of 
longer- term follow-up studies (5 years or more) 
indicated that the annual conversion rate of 
10–15 % only held true in samples monitored 
over a short observation period and that the con-
version rate was highest shortly after presenta-
tion with a marked decline in subsequent years. 
The authors reported an average cumulative con-
version rate of 31.4 % over a mean observation 
period of 6 years in a sample, which included 
patients derived from both clinic and community 
populations. Reported variations in conversion to 
AD likely refl ect variations in the underlying 
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aetiology with conversion rates at the higher end 
of the range anticipated in individuals with MCI 
due to AD.  

4.2.9     Diagnosis and Revised 
Diagnostic Criteria 

 Regarding the diagnosis of Alzheimer’s disease 
there have been two conceptually overlapping but 
differing revisions of the National Institute of 
Neurologic and Communicative Disorders and 
Stroke – Alzheimer’s Disease and Related 
Disorders Association (NINCDS-ADRDA) 
criteria. One developed etc by the International 
Working Group (IWG) for new Research Criteria 
for the Diagnosis of Alzheimer’s Disease (AD), 
the other by the National Institute on Aging – 
Alzheimer’s Association (NIA-AA) workgroups 
on diagnostic guidelines for Alzheimer’s disease. 
Both revisions incorporate biomarkers but differ 
in how this information is used. Biomarkers are a 
core requirement in the IWG criteria which are 
research diagnostic criteria. The NIA-AA revi-
sion provides different sets of diagnostic criteria 
for the different stages of AD, namely the asymp-
tomatic preclinical phase, the symptomatic pre- 
dementia phase (mild cognitive impairment due 
to AD), and the dementia phase. The NIA-AA 
pre-dementia and dementia criteria can be clini-
cally applied even in the absence of biomarkers 
which are incorporated on a basis of increased or 
decreased likelihood. Both the NIA-AA criteria 
and more recently revised IWG criteria (IWG-2) 
address the issue of atypical presentations of AD 
which can present as a posterior variant (occipi-
totemporal or biparietal subtypes), a logopenic 
(language prominent) variant, or a frontal variant. 
The IWG-2 criteria outline criteria for diagnosis 
of typical, atypical and mixed presentations of 
the disease. 

 The IWG research criteria differ from previ-
ous criteria in that they do not require the pres-
ence of signifi cant functional decline to diagnose 
Alzheimer’s disease given the increasing empha-
sis on identifying patients in the early clinical or 
preclinical stages of the disease for recruitment 
to clinical trials. In contrast, the NIA-AA 

approach retains the NINCDS-ADRDA two-step 
approach to the diagnosis of dementia due to AD 
in which there is initial identifi cation of a demen-
tia syndrome and then the application of criteria 
based on the clinical features of the AD pheno-
type. It is important that disorders, which may 
mimic a dementia syndrome such as delirium or 
depression, are fi rst excluded. A detailed history 
of the clinical features and longitudinal course as 
outlined above should be elicited. This is best 
obtained from a reliable informant, given the 
patient’s judgment and insight is frequently 
impaired. The symptom profi le will help distin-
guish Alzheimer’s disease from other dementia 
syndromes such as vascular, Lewy body, or fron-
totemporal dementia. A general neurological and 
physical examination should be performed to 
both exclude comorbid medical conditions, 
which may have an adverse effect on cognitive 
function and detect other neurological disorders. 
The neurological examination is ordinarily unre-
markable in early AD but focal neurological or 
atypical features may be an indicator of patholo-
gies such as normal pressure hydrocephalus, neo-
plasm, Parkinson’s plus syndromes, or motor 
neuron disease, and should prompt appropriate 
referral. Motor or sensory abnormalities or dis-
turbance of gait and seizures are uncommon until 
the later stages of the disease. A mental state 
examination should detect the presence of mood 
or anxiety symptoms, which can mimic or com-
plicate cognitive decline. This also provides an 
opportunity to exclude psychotic symptoms such 
as delusions or perceptual abnormalities. 
Neuropsychiatric symptoms must be enquired for 
as they may not be disclosed by patients or care-
givers until they become intolerable or precipi-
tate a crisis. A number of instruments have been 
designed to quantify the frequency and severity 
of neuropsychiatric symptoms in patients with 
AD such as the Neuropsychiatric Inventory (NPI) 
and Behavioral pathology in Alzheimer’s disease 
(BEHAVE-AD) rating scale. Function should 
equally be assessed through the use of structured 
questionnaires of basic activities of daily living 
(ADL) such as feeding and toileting and instru-
mental activities of daily living (IADL) such as 
shopping, cooking, managing fi nances, and 

D. Gallagher et al.



65

 medication. More complex instrumental func-
tions are typically impaired in the earlier stages. 
The extent of cognitive testing will be determined 
by the clinical context and presentation as out-
lined below. 

 Regarding biomarkers these include atrophy 
of medial temporal lobe structures determined 
through qualitative or quantitative MRI ratings, 
abnormal concentrations of amyloid beta 42 and 
total/phospho-tau in cerebrospinal fl uid, hypo-
metabolism (typically temporoparietal in AD) on 
positron emission tomography (FDG PET) and 
determination of amyloid load using amyloid 
binding PET ligands such as Pittsburgh com-
pound B (PIB). IWG-2 draws a distinction 
between Diagnostic (pathophysiological) mark-
ers which refl ect in-vivo pathology (amyloid beta 
42 and total/phospho-tau in csf; amyloid binding 
PET) and Progression (topographic or down-
stream) markers which indicate clinical severity 
(staging marker) and might not be present in the 
early stages. Their refi ned criteria for AD require 
the presence of Diagnostic markers (Table  4.3 ).

   Amyloid beta 42 is reduced in the CSF of AD 
patients (possibly as a result of deposition of the 

protein in senile plaques) and tau is increased 
(possibly a refl ection of the release of tau in CSF 
with neuronal loss). The determination of opti-
mal thresholds for detecting incipient AD accord-
ing to CSF concentrations of amyloid beta 42 and 
total tau/phospho-tau continues to be refi ned. 
Three large multicenter studies (ADNI, 
DESCRIPTA, SBP) have confi rmed that the 
combination of amyloid beta 42 with either tau or 
phospho-tau has the highest predictive accuracy 
for AD.   

4.3     Investigations 

4.3.1     Cognitive Testing 

 The extent and the type of cognitive testing to be 
undertaken will be determined by the clinical con-
text and presentation. The Mini Mental State 
Examination (MMSE) is one of the best known 
and simplest bedside cognitive tests to administer. 
It takes 5–10 min to complete and is a useful mea-
sure of global cognitive function. A total score of 
23 or less out of a possible perfect score of 30 is 

   Table 4.3    Summary of NIA-AA and IWG-2 research criteria for probable and typical presentations of AD   

 NIA-AA criteria  Revised research criteria (IWG-2) 

 Criteria for probable AD 
   1. Must meet criteria for dementia 
    A. Insidious onset 
    B. History of worsening of cognition by 

report or observation. 
    C. The initial & most prominent cognitive 

defi cits are evident on history & 
examination in one of the following 
categories 

     (a) Amnestic presentation: with 
evidence of cognitive dysfunction in at 
least one other cognitive domain 

     (b) Non-amnestic presentations: could 
be language, visuospatial or dysexecutive 
presentation with dysfunction in other 
cognitive domains. 

    D. The diagnosis of probable AD 
dementia should not be applied when 
there is evidence of other contributory 
pathology (e.g. substantial cerebrovascular 
disease, core features of dementia with 
Lewy bodies & others) 

 Criteria for typical AD (A plus B at any stage) 
   A. Specifi c clinical phenotype 
     Presence of an early and signifi cant episodic memory 

impairment (isolated or associated with other cognitive or 
behavioural changes that are suggestive of a mild cognitive 
impairment or of a dementia syndrome) that includes the 
following features: 

     Gradual and progressive change in memory function 
reported by patient or informant over more than 6 months 

     Objective evidence of an amnestic syndrome of the 
hippocampal type, based on signifi cantly impaired 
performance on an episodic memory test with established 
specifi city for AD, such as cued recall with control of 
encoding test. 

   B. In-vivo evidence of Alzheimer’s pathology (one of the 
following) 

     Decreased Aβ1–42 together with increased T-tau or P-tau 
in CSF 

     Increased tracer retention on amyloid PET 
     AD autosomal dominant mutation present (in PSEN1, 

PSEN2, or APP) 
 Exclusion criteria: An atypical history, atypical clinical features 
or other medical conditions severe enough to account for 
memory & related symptoms. 
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considered dementia, but it is important to note 
that thresholds vary according to age and educa-
tion. In an educated population, an MMSE cut-off 
of 26 or below should raise suspicion of dementia, 
as this is the cut-off utilized in more recent research 
studies. The MMSE may not be sensitive to very 
subtle cognitive impairment, but can be useful as a 
general screening tool or to monitor performance 
over time. The MMSE declines by approximately 
2.8 points per year in patients with Alzheimer’s 
disease, with a slower decline in the milder stages 
and faster decline in the moderate to severe stages 
of the disease. The Montreal Cognitive Assessment 
(MOCA) is a more recently developed widely 
used screening test with a similar 30-point format 
to the MMSE. It includes additional tests of visuo-
spatial and executive function, which make it more 
sensitive in patients with mild cognitive impair-
ment. Other lengthier tests of global cognitive 
function include the Addenbrookes Cognitive 
Examination (ACE-III), Cambridge Cognitive 
Examination (CAMCOG-R), Alzheimer’s Disease 
Assessment Scale – Cognitive (ADAS- Cog) and 
Mattis Dementia Rating Scale (DRS- 2). Patients 
with minor impairments, high levels of educa-
tional attainment, or atypical clinical features can 
perform deceptively well on bedside tests and may 
require more comprehensive assessment in spe-
cialist centers. Measures of free recall, particularly 
verbal recall, have consistently been shown to be 
impaired in the earliest clinical stages of 
Alzheimer’s disease and predict early conversion 
from mild cognitive impairment. Predictive accu-
racy may be increased by combining tests of free 
recall with tests of executive function, processing 
speed, and semantic fl uency.  

4.3.2     Blood Tests 

 The bloods tests, which are routinely ordered as 
part of a cognitive screen include full blood count, 
B12/folate, renal/liver/bone profi le, and thyroid 
function tests. This may be supplemented by 
screening for vascular risk factors with a  fasting 
lipid profi le and fasting glucose. Syphilis serol-
ogy may be requested but is not routinely screened 
in many centers depending on the risk profi le of 
the patient. Nonspecifi c markers of infl ammation, 

such as ESR or CRP may be helpful where infec-
tive or infl ammatory diseases are suspected.  

4.3.3     Neuroimaging 

 Structural neuroimaging should be used in the 
evaluation of every patient suspected of dementia. 
Non-contrast CT can be used to identify surgi-
cally treatable lesions and vascular disease. MRI 
(with a protocol, including T1, T2, or FLAIR 
sequences, and susceptibility weighted sequences) 
can increase sensitivity for subcortical vascular 
contributions to cognitive decline and exclude 
other intracranial pathology or identify regional 
atrophy. Atrophic changes in medial temporal 
lobe structures such as the entorhinal cortex and 
hippocampus, as well as in parietal cortices may 
be seen on neuroimaging, which may become 
more marked and generalized as the disease 
advances (Fig.  4.3 ). However, volumetric changes 
may be minimal or absent in the very early stages 
of Alzheimer’s disease. Functional neuroimaging 
with positron emission tomography (PET) or 

  Fig. 4.3    Alzheimer’s disease. Coronal T2-weighted fast 
spin echo (FSE) sequence. Note the pattern of generalized 
atrophy with preferential involvement of the medial tem-
poral lobes (hippocampi) bilaterally ( arrows ). There is 
little or no white matter disease indicating a reasonably 
pure form of plaque and tangle disease       
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 single photon emission computed tomography 
(SPECT) may usefully augment structural imag-
ing where uncertainty exists regarding the clinical 
features and presentation. A reduction in blood 
fl ow or glucose hypometabolism in temporopari-
etal areas is most commonly described in AD. The 
use of amyloid PET scans has been largely con-
fi ned to research settings to date although with 
increasing availability and standardization of 
methods this may play a greater role over time.

4.3.4        Other Investigations 

 Electroencephalography (EEG) may be a useful 
adjunct and should be included in the diagnostic 
workup of patients suspected of having Creutzfeldt–
Jakob disease or transient epileptic amnesia. CSF 
analysis is mandatory when infl ammatory disease, 
vasculitis, or demyelination is suspected. The use 
of CSF biomarkers such as amyloid beta 42, total 
tau and phospho- tau has been largely confi ned to 
clinical research settings to date with considerable 
variability in results between laboratories. 
However, with improved standardization of meth-
ods and publication of consensus criteria, CSF bio-
markers are likely to play a greater role, and are 
increasingly recommended in young onset and 
atypical presentations.   

4.4     Management 

4.4.1     Cognitive Symptoms 

 Acetylcholinesterase inhibitors are currently the 
mainstay of pharmacological therapy for 

Alzheimer’s disease. The acetylcholinesterase 
inhibitors in use are donepezil, galantamine, and 
rivastigmine, which act to increase cholinergic 
neurotransmission through inhibition of the 
enzyme, acetylcholinesterase. The three com-
pounds have certain unique pharmacological prop-
erties although no difference in effi cacy between 
the three medications has been consistently dem-
onstrated. Prescriber choice is ordinarily deter-
mined by side effect profi le and individual 
familiarity (Table  4.4 ). Donepezil and galantamine 
are selective acetylcholinesterase inhibitors while 
rivastigmine inhibits acetylcholinesterase and 
butyrylcholinesterase with similar affi nity. 
Galantamine also allosterically modulates presyn-
aptic nicotinic receptors. The effi cacy of these 
medications has been studied in over 30 random-
ized double-blind clinical trials and they have been 
shown to have a treatment effect on average of 
2.5–3.5 points on the Alzheimer’s disease assess-
ment scale, cognitive subscale (ADAS-Cog, range 
0–70) over 6 months compared with patients 
receiving placebo. There is some variability 
between studies but approximately twice as many 
patients who receive a cholinesterase inhibitor 
have a 4-point difference on the ADAS-Cog (25–
50 % vs. 15–25 %) and approximately three times 
as many patients who receive a cholinesterase 
inhibitor have a 7-point difference (12–20 % vs. 
2–6 %) on the ADAS- Cog compared to those tak-
ing placebo. A 7-point difference is equivalent to 
slowing the symptoms by approximately 1 year 
and more patients have less decline rather than a 
measurable improvement in symptoms. It is 
important to discuss this point with patients and 
their families who may anticipate improvement 
rather than a reduction in the rate of decline.

   Table 4.4    Summary characteristics of the cholinesterase inhibitors   

 Mechanism of action  Common adverse effects  Starting dose  Usual treatment dose 

 Donepezil  Acetylcholinesterase 
inhibitor 

 Nausea/vomiting/insomnia/
diarrhea 

 5 mg od. (p.o.)  10 mg od. (p.o.) 

 Galantamine  Acetylcholinesterase 
inhibitor and 
modulates presynaptic 
nicotinic receptors 

 Nausea/vomiting/insomnia/
diarrhea 

 4 mg bd or 8 mg 
XL od. (p.o.) 

 12 mg bd or 24 mg 
XL od. (p.o.) 

 Rivastigmine  Acetylcholinesterase 
and 
butyrylcholinesterase 
inhibitor 

 Nausea/vomiting/insomnia/
diarrhea 

 1.5 mg bd (p.o.) or 
4.6 mg od (top) 

 6 mg bd (p.o.) or 
9.5 mg od (top) 
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   A Cochrane review concluded that donepezil, 
rivastigmine, and galantamine are effi cacious in 
mild-to-moderate Alzheimer’s disease and that 
treatment benefi ts included small improvements 
on measures of activities of daily living and 
behavior in addition to cognitive measures. There 
is nothing to suggest that the effects are less for 
patients with severe dementia although there 
fewer studies in this regard. More recently, a 
study which randomized patients with moderate 
to severe AD who had been stable on donepezil 
to either continue or discontinue the treatment 
found a functional and cognitive advantage for 
those who continued donepezil. 

 Overall, these medications are well tolerated 
and adverse effects such as nausea, vomiting, or 
diarrhea are most frequently reported. This can 
ordinarily be avoided by starting at a low dose, 
which is then titrated upward. Coadministration 
with food also delays absorption and can reduce 
gastrointestinal side effects. Rivastigmine is 
available as a daily patch, which has a more 
favorable gastrointestinal side effect profi le than 
oral rivastigmine. Other important possible 
adverse effects to consider include cholinergi-
cally mediated exacerbation of chronic obstruc-
tive pulmonary disease, peptic ulcers, or 
atrioventricular conduction abnormalities. Both 
donepezil and galantamine are metabolized by 
the cytochrome P450 enzymes, CYP2D6 and 
CYP3A4, and can thus interact with drugs that 
inhibit these enzymes. Rivastigmine has less 
potential for interaction given that it is metabo-
lized at the site of action and does not have a 
hepatic metabolism. 

 A benefi cial response to a cholinesterase 
inhibitor may be determined by the clinician’s 
global assessment of cognitive, functional, and 
behavioral symptoms taking into account the 
report of the primary caregiver. Observation for 
up to 6 months may be necessary to assess for 
potential benefi t. Brief tests of cognitive function 
may be relatively insensitive to the cognitive 
effects of acetylcholinesterase inhibitors. 
Medication should be discontinued if it is poorly 
tolerated or if deterioration continues at the pre-
treatment rate. There is some evidence that 
patients who either do not tolerate or respond to 

one cholinesterase inhibitor may benefi t from 
another. It is important to note that acetylcholin-
esterase inhibitors are a symptomatic treatment 
and do not alter the underlying neurodegenera-
tive process which is progressive. 

 Acetylcholinesterase inhibitors have been used 
in a number of interventional studies to see if they 
can delay transition to Alzheimer’s dementia in 
patients with mild cognitive impairment. There is 
currently little compelling evidence to recommend 
their use in such patients given that the majority of 
studies to date have failed to meet their primary 
effi cacy objectives. One group reported delayed 
progression to Alzheimer’s disease over 12 months 
but not over 3 years, while another noted a small 
benefi cial effect on cognition, which did not trans-
late into improved function. Various explanations 
for these largely negative fi ndings have been pro-
posed, including the heterogeneity of patients 
under study, the possibility that there is simply less 
cholinergic dysfunction in patients with mild cog-
nitive impairment, or that current outcome mea-
sures are insuffi ciently sensitive to changes in 
patients with mild disease. 

 Memantine is a noncompetitive NMDA recep-
tor antagonist, which is believed to protect neu-
rons from glutamate-mediated excitotoxicity, 
which may occur in Alzheimer’s disease. 
Memantine has been shown to have a small ben-
efi cial effect on measures of cognition, function, 
and behavior in moderate-to-severe Alzheimer’s 
disease with a barely detectable clinical effect in 
patients with milder disease. Memantine is gener-
ally well tolerated with few adverse events. There 
is confl icting evidence regarding whether the 
addition of memantine to donepezil in patients 
with moderate-to-severe disease may yield addi-
tional symptomatic benefi t. Despite the theoreti-
cally neuroprotective properties of memantine, it 
is felt that current drug trials are too short to assess 
if the drug has any disease-modifying effects.  

4.4.2     Neuropsychiatric Symptoms 
(See Also Chap.   12    ) 

 Neuropsychiatric symptoms (NPS) occur in 
approximately 80 % of individuals with dementia 
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during the course of the disease. Neuropsychiatric 
symptoms (NPS) are distressing for the patient, 
lead to increased caregiver stress and are associ-
ated with greater likelihood of institutional care 
and increased costs. Non-pharmacological inter-
ventions are ordinarily fi rst line and should be 
exhausted before pharmacological approaches 
are considered. The type of neuropsychiatric 
symptoms together with their frequency, diurnal 
pattern, and identifi able triggers or reinforcers 
should be documented. A number of instruments 
have been designed to quantify the frequency and 
severity of NPS including the neuropsychiatric 
inventory, the behavioural pathology in AD scale 
and Cohen-Mansfi eld agitation inventory among 
others. Accurate documentation of frequency, 
severity and relevant triggers will help in the for-
mulation of a tailored and targeted treatment 
approach. A person-centred care approach which 
aims to understand the reasons for the behavior 
from the patient’s perspective are central to any 
intervention. First, consider unmet medical 
needs, such as pain, delirium, or a recent change 
in medication. Environmental and psychosocial 
factors, which increase the likelihood of behav-
ioral disturbance, include overcrowding, lack of 
privacy, noise, or poor communication between 
carers and patients. Orientation through the use 
of a memory book, family photographs, and a 
calendar around the patient’s bed can help 
decrease agitation. Motor disturbances may alter-
nately be an expression of discomfort, fear, para-
noia, or simply boredom. Education for carers 
regarding the behavioral management of such 
symptoms is helpful and should be considered as 
part of an initial treatment approach. 

 Pharmacological treatments are only helpful 
for specifi c symptoms and their use should be tar-
geted (discussed in more detail in Chap.   12    ). 
There is some evidence to support the use of anti-
depressant medication for the treatment of 
depression in Alzheimer’s disease although there 
have also been a number of negative studies and 
symptoms may sometimes resolve with other 
supportive measures. When an antidepressant is 
chosen, SSRIs are generally favored and medica-
tions such as older tricyclic agents are generally 
avoided. Benzodiazepines should generally be 

avoided except for short term or occasional use 
for anxiety symptoms and should be limited to 
shorter acting agents. Cholinesterase inhibitors 
have not been associated with notable improve-
ment of NPS and there are confl icting fi ndings 
regarding memantine with a number of negative 
studies. There is some emerging evidence that 
certain SSRIs such as citalopram may reduce agi-
tation in AD and further studies in this area are 
required. 

 The best-studied pharmacologic agents for 
NPS are antipsychotic medications and there is 
evidence to support the use of risperidone, olan-
zapine and aripiprazole for agitation and aggres-
sion in AD. However, antipsychotic medications 
have been associated with increased risk of cere-
brovascular events, mortality and cognitive 
decline limiting their use to circumstances where 
alternate approaches have been ineffective and 
there is severe distress or risk. It is important to 
obtain informed consent where possible, discuss 
the risks/benefi ts with the next of kin and docu-
ment the relevant considerations before starting 
such a medication. Medication should be 
reviewed regularly and discontinued if the risks 
outweigh the benefi ts. It is known that a propor-
tion of patients may have antipsychotic medica-
tion safely discontinued after 3 months while 
those with more severe symptoms at baseline 
may require ongoing treatment.  

4.4.3     Supporting Caregivers 
and Legal Considerations 

 The physical and emotional health of the primary 
caregiver is critical to optimal care of the patient 
with Alzheimer’s disease. Caregivers have 
increased rates of psychological and physical 
morbidity, which in turn predict early transfer to 
long-term care and escalation of costs. One of the 
most widely used tools to assess the demands of 
caregiving on the care-giver is the Zarit burden 
inventory, which is a 22-item, self-administered 
questionnaire. Multimodal and multidisciplinary 
interventions tailored to the needs of individual 
caregivers have been shown to achieve improved 
outcomes for patients and carers and can delay 
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time to institutional care. Legal issues should 
also be addressed with patients and carers such as 
advance directives and power of attorney as 
appropriate. Voluntary organizations such as the 
Alzheimer’s association (  www.Alz.org    ) and the 
Alzheimer’s society (  www.alzheimer.org.uk    ) 
have an important role to play and can provide 
patients and their families with useful informa-
tion regarding Alzheimer’s disease and the avail-
ability of daycare and respite services locally.  

4.4.4     Lifestyle Issues, Cognitive 
Stimulation, and Alternate 
Therapies 

 In recent years, there has been an increasing 
amount of epidemiological evidence, which links 
low educational level, vascular risk factors, and 
decreased social activation with increased risk of 
Alzheimer’s disease. These fi ndings, coupled 
with an increased under-standing of neural plas-
ticity, have stimulated interest in the area of life-
style interventions to improve cognitive function. 

 Several observational studies have documented 
decreased risk of cognitive decline and dementia 
in adults who exercise more and are more physi-
cally active. However, interventional studies in 
individuals with AD or individuals at risk of AD 
are less frequent and further studies are required. 
One interventional study, which randomized 170 
participants with memory complaints (60 % of 
whom had mild cognitive impairment) to either a 
24 week home-based program of physical activity 
or to education and usual care reported a 1.3 point 
difference on the ADAS-Cog in favor of the inter-
vention. Exercise has also been shown to benefi t 
the physical functioning of patients with AD and 
has been associated with fewer falls during the 
course of a 1-year intervention. 

 The utility of cognitive training techniques 
and whether gains on neuropsychological test 
scores translate into everyday functional improve-
ment continues to be explored. A recent system-
atic review of cognitive training and rehabilitation 
in patients with mild to moderate AD concluded 
that cognitive training was not associated with 
positive or negative outcomes but that the overall 

quality of the trials was low to moderate. Further 
research is warranted in clearly defi ned at-risk 
populations to determine whether cognitive train-
ing may prevent or delay incident dementia. 

 Vascular risk factors such as hypertension, 
hypercholesterolemia, obesity, diabetes, and 
smoking in midlife and later years have been 
associated with increased risk of AD (as dis-
cussed in more detail above). It is already known 
that comorbid cerebrovascular disease facilitates 
the clinical expression of Alzheimer’s pathology, 
but there is now increasing knowledge regarding 
converging and shared pathogenic mechanisms. 
There is mixed evidence regarding the treatment 
of hypertension for prevention of dementia, and 
interventional studies of statins have had negative 
results on cognitive outcomes to date. There 
remain compelling cardiovascular and cerebro-
vascular indications for the detection and treat-
ment of vascular risk factors, which should 
ordinarily be addressed in the course of cognitive 
screening. 

 Patients sometimes enquire about the benefi t 
of alternative therapies such as Gingko biloba or 
vitamin E. Recent systematic reviews have con-
cluded that there is no consistent evidence to rec-
ommend their use in patients with AD or to 
prevent progression from MCI to AD. One sys-
tematic review of interventional studies using 
omega-3 fatty acids reported improvement in 
specifi c cognitive domains for participants with 
Cognitive Impairment No Dementia (CIND) but 
not in healthy subjects or those with AD.   

4.5     Recent Advances 

4.5.1     Disease-Modifying Therapies 

 In addition to ongoing research in cognitive and 
lifestyle interventions to delay or prevent the onset 
of Alzheimer’s dementia (as outlined above), there 
are currently a large number of clinical trials under-
way in the area of potentially disease-modifying 
pharmacological therapies. Given the projected 
expansion in Alzheimer’s disease worldwide, the 
public health implications of an intervention, which 
would delay disease onset by even a modest 
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 interval, would be highly signifi cant. Disease-
modifying therapies would differ from existing 
symptomatic therapies in that they should delay 
disease progression through impacting upon under-
lying pathophysiological processes with resultant 
long-lasting changes in disability. Accurate charac-
terization of the underlying pathophysiology of 
Alzheimer’s disease, as outlined above, has sug-
gested a number of targets for potential disease-
modifying treatments. Therapeutic agents under 
investigation may be broadly considered under the 
headings of anti- amyloid, tau related, neuroprotec-
tive, and neurorestorative therapies (Table  4.5 ).

4.5.2        Anti-amyloid Therapies 

 Anti-amyloid agents generally act upon the pro-
duction, aggregation, or clearance of the Ab pep-
tide. These therapies target different parts of the 
amyloid cascade and include agents that reduce 

amyloid production through inhibition or modula-
tion of γ and β secretases, agents, which prevent the 
oligomerization and fi brillization of Ab and immu-
notherapeutic agents, which facilitate clearance of 
Ab. The central signifi cance of amyloid in the 
pathogenesis of AD has recently been called into 
question given negative outcomes from trials of a 
number of agents targeting this pathway. 
Tarenfl urbil, an agent that modulates g secretase 
activity, failed to achieve signifi cance on its pri-
mary endpoints in a phase III trial and another 
agent, Tramiprosate, which binds soluble Ab(beta), 
thus preventing amyloid deposition, was also nega-
tive. Epidemiological studies which linked choles-
terol-lowering statin medication with reduced risk 
of AD and laboratory data indicating a possible 
mechanism through which statins might reduce 
production of Ab(beta) triggered further investiga-
tion of statins for AD. However, randomized con-
trolled trials of statins for AD have been negative to 
date. There has also been interest in antihyperten-
sive agents such as calcium channel blockers and 
those acting on the angiotensin system. Nilvadipine 
is a calcium channel blocker which has been shown 
to enhance Ab clearance and restore cortical perfu-
sion in mouse models of AD. There have been 
promising fi ndings from early clinical studies in 
patients with AD and a large phase III study of this 
agent is currently underway. 

 Immunotherapy forms another potential strat-
egy in anti-amyloid therapy,. A number of hypoth-
eses have been proposed to explain how 
immunotherapy may result in Ab(beta) clearance. 
It has been proposed that microglial activation 
with endocytosis and phagocytosis of Ab(beta) 
plaques facilitates clearance while alternately, it 
has been proposed that circulating antibodies may 
draw soluble Ab(beta) across the blood-brain bar-
rier, thus preventing detrimental binding within 
the CNS. Research into this area began in earnest 
when it was found that it was possible to prevent 
or reverse Ab(beta) accumulation in the brain of 
an animal model by active immunization with 
Ab(beta)42. A phase II trial utilizing this method 
demonstrated effective removal of Ab(beta) 
plaques but was stopped  prematurely because 6 % 
of patients developed meningoencephalitis. The 
specifi city of Ab(beta) antibodies has since been 

   Table 4.5    Summary of disease-modifying agents and 
approaches to Alzheimer’s disease   

 Therapy  Mechanism 

 Amyloid-based therapies 

   Secretase 
inhibitors and 
modulators 

 Reduce production of 
Ab(beta)-42 

   Anti-aggregation 
agents 

 Prevent the oligomerization 
and fi brillization of Ab(beta) 

   Statins  Decrease Ab(beta) production 

   Active and 
passive amyloid 
vaccines 

 Promote clearance of amyloid 
plaques and oligomeric forms 
of amyloid 

 Tau-related therapies 

   Kinase inhibitors  Decrease 
hyperphosphorylation of tau 

 Neuroprotective therapies 

   Antioxidants  Reduce oxidative injury 

   Anti-
infl ammatory 
agents 

 Reduce infl ammation- 
mediated injury 

 Neurorestorative therapies 

   Nerve growth 
factor (NGF) and 
neurotrophins 

 Promote neuronal survival and 
repair Neuronal regeneration 

   Stem cell therapy  Replacement of cells 

   Cell 
transplantation 
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investigated and active immunization therapies 
targeting different regions of Ab(beta)42 are 
under investigation. It was similarly found that 
passive immunization by peripheral infusion of 
Ab(beta) antibodies facilitated Ab(beta) clearance 
in animal models while other investigators utiliz-
ing intravenous immunoglobulin containing natu-
rally derived human antibodies against Ab(beta) 
also presented promising results. 

 More recently, the results of two Phase III tri-
als utilizing humanized monoclonal antibodies, 
bapineuzumab and solanezumab, in patients with 
mild to moderate AD were published. Both anti-
bodies failed to demonstrate positive results on 
their primary cognitive and functional outcomes 
measures. The authors concluded that the initia-
tion of anti-amyloid treatment after dementia 
develops may be too late to affect the clinical 
course of the disease. The point at which anti- 
amyloid therapy should be commenced is a criti-
cal consideration and studies in samples with 
earlier stages of the disease are now underway.  

4.5.3     Tau-Related Therapies 

 The formation of neurofi brillary tangles is depen-
dent upon hyperphosphorylation of tau and tau 
phosphorylation is regulated by a balance 
between multiple kinases and phosphatases. 
Glycogen synthase kinase 3 (GSK-3b(beta)) is a 
key tau kinase, and medications, which are 
known to inhibit GSK 3b(beta), such as lithium, 
have shown positive effects in animal studies. 
Valproic acid has similarly been reported to 
inhibit GSK 3b(beta). The need to expand thera-
pies for AD beyond amyloid-based approaches 
means that kinase inhibitor therapeutics now 
forms an expanding area of research with ongo-
ing exploration of new and existing compounds, 
which target GSK 3b(beta) and other kinases 
implicated in the hyperphosphorylation of tau.  

4.5.4     Neuroprotective Therapies 

 These therapies target the neurotoxic effects of 
Ab through numerous secondary pathways. These 

include oxidation, infl ammation, and demyelin-
ation. Astrocyte activation has been hypothesized 
to play a role in AD pathogenesis and astrocyte-
modulating compounds in patients with AD are 
under investigation. The receptor for advanced 
glycation end-products (RAGE) is a ubiquitous 
cell surface receptor, which has been postulated to 
mediate many of the toxic and neuroinfl ammatory 
effects of Ab(beta) and may have potential as a 
therapeutic target. AMPA type glutamate recep-
tors are believed to mediate most fast synaptic 
neurotransmission in the brain and positive modu-
lation of these receptors may potentially enhance 
cognition. An antihistamine (dimebon) with pos-
tulated mitochondrial stabilizing properties was 
tested in a trial in patients with mild-to-moderate 
Alzheimer’s disease and demonstrated signifi cant 
effi cacy on cognitive, functional, and neuropsy-
chiatric outcome measures, although these fi nd-
ings were not replicated in phase III studies which 
were subsequently discontinued.  

4.5.5     Neurorestorative Therapies 

 These approaches consist of nerve growth factor 
(NGF) and neurotrophin therapies, stem cell 
approaches, and transplantation that may assist in 
cell survival or replacement and regeneration. 
NGF, like other neurotrophins, promotes cell sur-
vival by signaling through specifi c tyrosine kinase 
receptors to effectively block apoptosis from 
occurring in either a developing or damaged neu-
ron. The impermeability of the blood–brain bar-
rier to exogenous NGF and other neurotrophins is 
a signifi cant challenge for the development of 
potential therapeutic agents in AD and strategies 
to circumvent this diffi culty are being researched.  

4.5.6     Novel Biomarkers 

 Diagnosis of Alzheimer’s disease in its earliest 
clinical stages can be diffi cult and biological mark-
ers of underlying Alzheimer’s pathology have 
become an increasingly important  component of 
early diagnostic evaluation. This not only improves 
diagnostic accuracy but assists with prognosis and 
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evaluation of response to potential disease-modify-
ing therapies, which are likely to be of greatest ben-
efi t if used before the onset of signifi cant functional 
impairment. Novel neurochemical, structural, and 
functional neuroimaging methodologies increas-
ingly augment standard neuropsychological inves-
tigations and clinical evaluations as outlined above. 
These include cerebrospinal fl uid levels (CSF) of 
amyloid beta 42, total tau, and hyperphosphory-
lated tau, which have displayed good accuracy in 
identifying incipient AD among subjects with 
MCI. Methods of CSF analyses continue to be 
refi ned and there have been increased efforts to 
overcome variability between centers with recent 
publication of consensus criteria to facilitate stan-
dardization of CSF biomarker testing. A variety of 
potential plasma biomarkers for incipient AD have 
been identifi ed including plasma amyloid beta 42 
or plasma amyloid beta 42/40 ratio and additional 
proteins identifi ed through the use of proteomic 
methodologies. To date, no single plasma bio-
marker of Alzheimer’s pathology has displayed 
suffi cient sensitivity or specifi city although com-
bining biomarkers from different metabolic path-
ways may increase diagnostic accuracy and further 
studies of this approach are underway.  

4.5.7     Neuroimaging Biomarkers 

 Recent advances in neuroimaging techniques 
have greatly enhanced clinical research in early 
Alzheimer’s disease. In particular, PET tracers, 
which can bind to amyloid-beta, now allow the 
detection of amyloid pathology in vivo. The 
majority of studies published to date have uti-
lized 11C-Pittsburgh Compound B (PiB), but a 
number of 11-F tracers with a much longer half- 
life, have also been developed. The vast majority 
of patients with a clinical diagnosis of AD have 
evidence of amyloid on PET imaging studies and 
antemortem amyloid PET imaging correlates 
well with fi ndings at autopsy. A consistent fi nd-
ing across studies is that approximately 30 % of 
cognitively normal older individuals have evi-
dence of amyloid pathology, consistent with the 
hypothesis that the pathophysiological process of 
AD may begin years, if not decades prior to the 

diagnosis of clinical dementia. Early detection of 
amyloid burden in individuals at risk of cognitive 
decline and AD has facilitated investigation of 
anti-amyloid therapies in individuals who are 
presymptomatic or in the very early stages of dis-
ease. It is also possible to track the activity and 
effi cacy of novel therapeutic agents upon amy-
loid burden with serial imaging. However, PET 
tracers remain largely a research tool as there are 
still methodological variations between centres 
and not all individuals with amyloid pathology 
necessarily progress to AD. Novel tracers have 
also emerged to allow in vivo assessment of tau 
pathology in patients with AD opening new pos-
sibilities for the measurement and assessment of 
novel therapeutic agents targeting this other key 
pathologic hallmark of AD. 

 Novel methods for structural MRI continue to 
evolve, including measures of cortical thickness 
and tensor morphometry. These techniques have 
demonstrated evidence of subtle atrophy in MCI 
and very mild AD. Other neuroimaging tech-
niques which are also under active investigation, 
include functional magnetic resonance imaging 
(fMRI) and fl uorodeoxyglucose (FDG) PET. FDG 
PET measures glucose metabolism and decreased 
FDG uptake is an indicator of impaired synaptic 
function. In patients with AD there is typically 
decreased uptake in the lateral temporoparietal or 
posterior cingulate-precuneus areas with similar 
changes in patients with early disease. fMRI has 
consistently shown abnormal hippocampal func-
tion during memory encoding in patients with 
mild AD. fMRI studies have also examined func-
tional connectivity, and have demonstrated dis-
ruptions in the default network in patients with 
AD. Similar disruptions in functional connectiv-
ity have been reported in MCI and even in amy-
loid-positive normal older individuals, suggesting 
that alterations in this network may be an early 
sensitive marker of brain dysfunction.  

4.5.8     Future Directions 

 The AD fi eld continues to evolve toward earlier 
diagnosis, in the hope that earlier intervention 
with potential disease-modifying therapies will 
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be more effi cacious. There have been recent 
changes to refi ne diagnostic criteria and incorpo-
rate greater use of biomarkers so that older indi-
viduals with memory impairment and evidence 
of amyloid pathology or atrophy should be con-
sidered to have very mild AD. Clinical trials of 
amyloid-lowering agents in these individuals 
with very early disease and even in the preclinical 
stages of disease are currently ongoing. 

 New research criteria have described the cat-
egory of “preclinical” AD, which encompasses 
individuals with evidence of amyloid pathology 
on PET imaging or CSF markers, but who have 
no clinical symptoms or only very subtle cogni-
tive decline. Several recent studies have demon-
strated that clinically normal older individuals 
with high amyloid burden demonstrate functional 
and structural brain alterations similar to those 
observed in MCI and AD. Furthermore, these 
studies suggest that amyloid-positive older indi-
viduals may already have subtle memory impair-
ment, particularly evident when level of cognitive 
reserve or baseline intellectual capacity is taken 
into account. However, further longitudinal study 
is required to determine if the presence of amy-
loid in cognitively normal individuals is both 
necessary and suffi cient to reliably predict pro-
gression to the clinical dementia of AD. An inter-
national effort to acquire longitudinal biomarkers 
in presymptomatic carriers of autosomal domi-
nant mutations (the Dominantly Inherited 
Alzheimer Network—DIAN study) is also devel-
oping methods to track disease progression in the 
preclinical stages of AD. These studies are criti-
cal to moving the fi eld toward a different treat-
ment paradigm. Similar to cardiovascular disease 
and cancer, the optimal treatment for AD may be 

at these very early stages, perhaps prior to the 
emergence of any clinical impairment.      
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      Dementia and Cerebrovascular 
Disease                     

     Joseph     Harbison    ,     Sean     P.     Kennelly    , 
and     Rose     Anne     Kenny    

5.1            Introduction 

 The nature of the association between cerebro-
vascular disease (CVD) and dementia has been 
debated for many years. At one point, CVD was 
considered the dominant cause of dementia, then, 
it was conversely thought in fact to be an uncom-
mon cause. Vascular dementia (VaD) is a hetero-
geneous term and comprises dementias resulting 
from all types of vascular pathologies: cortical 
vascular dementia; subcortical ischemic demen-
tia; strategic-infarct dementia; hypoperfusion 
dementia; haemorrhagic dementia; and demen-
tias resulting from specifi c arteriopathies. 

 Under the most widely accepted diagnostic 
criteria the diagnosis of VaD requires the pres-
ence of cognitive decline (loss of memory and 

defi cits in at least two other domains) resulting in 
impaired functional abilities. Evidence of CVD 
must be confi rmed by neuro-imaging for a diag-
nosis of probable VaD, and the onset of dementia 
and CVD must be reasonably related temporally. 
Several specifi c diagnostic criteria are used to 
assist the diagnosis of VaD including the 
 Diagnostic Manual on Mental Disorders , 5 th  edi-
tion (DSM-V) criteria, the  International 
Classifi cation of Diseases , 10th edition (ICD- 10), 
the National Institute of Neurological Disorders 
and Stroke Association International pour le 
Recherché at L’Enseignement en Neurosciences 
(NINCDS-ARIEN) criteria, and the Hachinski 
Ischemic score. Unfortunately however, as with 
many neurocognitive disorders, consistency of 
diagnosis between these tools and with neuroim-
aging is poor. For example, a population based 
clinic-pathologic study in the United Kingdom, 
found that the NINCDS-ARIEN diagnostic crite-
ria had a sensitivity of 43 % and a specifi city of 
95 %. Similarly, in a US based cohort study of 
patients diagnosed with dementia, application of 
the NINCDS-ARIEN criteria gave a proportion-
ate risk for VaD of 4 %, whereas application of 
the DSM-IV criteria in the same patient popula-
tion gave a rate of VaD of 29 %. Neither estimate 
correlated closely with the ultimate neuropatho-
logic diagnosis. Overall the NINCDS-ARIEN 
criteria appear to be the most specifi c (see 
Table  5.1 ), and are used most commonly in 
research. The Hachinski Score (Table  5.2 ) is a 
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useful tool for distinguishing between Alzheimer’s 
Type Dementia and Vascular Dementia with 
about a 90 % sensitivity and specifi city for this 
determination with a score ≥7 being suggestive of 
Vascular dementia. It is understandably less use-
ful in distinguishing from mixed types . Unlike 
the NINDS ARIEN criteria it does not require the 
availability of brain imaging to apply.

    As not all patients fulfi l the strict criteria for 
dementia, and many may be signifi cantly cogni-
tively impaired without memory loss, the term 
vascular cognitive impairment (VCI) has been 
suggested and reinforced in the recent DSM V 
criteria. VCI includes VaD, but also encompasses 

mixed Alzheimer’s disease (AD) and VaD as well 
as vascular cognitive impairment without demen-
tia and hereditary disorders.  

5.2     Prevalence 

 VaD is historically considered the second most 
common cause of dementia in the elderly after 
AD. Between 1 and 4 % of people over 65 years 
suffer from VaD and the prevalence appears to 
double every 5–10 years after the age of 
65 years. Although the prevalence increases 
more with age than Alzheimer’s dementia, no 
large population cohort has been studied to date 
in any ethnic or racial group where prevalence 
of VaD exceeds that of Alzheimers. Cognitive 
decline of any severity may be present in over 
80 % of stroke patients ranging in age from 55 
to 85 year. Prevalence of post stroke dementia 
depends on criteria used but probably exceeds 
30 %. While it is clear that AD and VaD often 
co-exist in the elderly population, it has been 
much harder to estimate the prevalence of this 
“mixed dementia”. Autopsy series report that 
co-existing vascular pathology occurs in 
24–28 % of AD cases and conversely half of 
patients with vascular disease who become 
demented also have AD pathology. Patients 
often have clinical features of both AD and 
VaD, and both conditions share similar risk fac-
tors and pathogenic mechanisms.  

5.3     Clinical Features 

 Due to the variety of pathogenic mechanisms, the 
clinical manifestations of VaD can be varied and 
are determined by the size, location, and type of 
cerebral damage. There are several conditions 
that can mimic the appearance of dementia which 
should always be excluded at the outset of inves-
tigation (see Table  5.3 ). Classically the clinical 
features include an abrupt onset, stepwise deteri-
oration, fl uctuating course, and are often accom-
panied by focal motor and sensory abnormalities 
including early onset of urinary incontinence and 
gait disorders (see Table  5.4 ). However 

   Table 5.1    NINDS-ARIEN criteria for diagnosing vascu-
lar dementia   

 Cerebrovascular disease 

   Focal central nervous system signs 

   Evidence of cerebrovascular disease by 
neuroimaging 

 A relationship between the two manifest by one or 
more of the following 

   Dementia onset within 3 months after having a 
stroke 

   Abrupt deterioration in cognition or fl uctuating 
stepwise course 

   Table 5.2    Hachinski ischaemic score   

 Item no.  Description  Value 

 1  Abrupt onset  2 

 2  Stepwise deterioration  1 

 3  Fluctuating course  2 

 4  Nocturnal confusion  1 

 5  Preservation of personality  1 

 6  Depression  1 

 7  Somatic complaints  1 

 8  Emotional incontinence  1 

 9  History of hypertension  1 

 10  History of stroke  2 

 11  Associated atherosclerosis  1 

 12  Focal neurological symptoms  2 

 13  Focal neurological signs  2 

  Items distinguishing vascular dementia from Alzheimer’s 
Dementia: fl uctuating course (odds ratio (OR): 7.6), step-
wise deterioration (OR: 6.1), focal neurological symp-
toms (OR: 4.4), hypertension (OR: 4.3) and history of 
stroke (OR, 4.30)  
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 subcortical VaD can present with a gradual onset 
and deterioration similar to the pattern seen in 
AD. Even within VaD, the clinical features can 
be further subdivided:

5.3.1        Cortical VaD 

 This is predominantly characterised by the abrupt 
onset of unilateral sensorimotor changes along 
with aphasia, apraxia, or agnosia (cortical cogni-
tive impairments). Most patients have an element 
of executive dysfunction, as expressed by diffi -
culties in areas such as initiation, planning, and 
organisation of activities. There may be day-to- 
day fl uctuations in severity with long plateaus 
between events.  

5.3.2     Strategic Infarct 

 Single strategic infarcts have the potential to 
cause cognitive and other defi cits that are depen-
dant on the area of the brain affected. Particular 
cerebral regions, known to produce symptoms 
of acute onset VaD when affected include the 
 thalamus, basal forebrain, and caudate. From a 
cognitive perspective, memory impairment, dys-
executive syndrome, confusion, and fl uctuating 
levels of consciousness can occur. Behavioural 
changes include apathy, lack of spontaneity, and 
perseveration.  

5.3.3     Subcortical VaD 

 Cerebrovascular lesions in the subcortical area 
tend to cause slow but episodic deterioration in 
executive functioning and abstract thought, as 
well as mood changes including depression, per-
sonality changes, and emotional lability. 
Although in many instances memory defi cits are 
less severe, the diffi culties with complex tasks 
lead to decreased performance in activities of 
daily living. Binswanger disease (also known as 
subcortical leukoencephalopathy) is due to dif-
fuse white matter disease. In Binswanger disease 
(see Fig.  5.1 ), vascular changes observed are 
fi brohyalinosis of the small arteries and fi brinoid 
necrosis of the larger vessels within the brain.

   With regard to the clinical course of the dis-
ease as a whole, the median survival from demen-
tia onset to death is 3.9 years for patients with 
VaD, as compared with 7.1 years for patients 

   Table 5.3    Conditions which can mimic dementia   

 Worried well – not demented 

 Mild cognitive impairment – reduction from baseline 
in one or several cognitive domains but no functional 
impairment 

 Affective disorders: Depression, manic-depressive 
disease 

 Other psychiatric conditions: obsessive compulsive 
disorders, old age psychosis, and paranoid (delusional) 
disorder 

 Acute or prolonged confusion (Up to 
6 months) − delirium 

 Adverse effects of medications 

 Unrecognized complex partial seizures 

 Unrecognized drug or alcohol abuse 

 Single-domain cognitive defi cits such as Korsakoff’s 
disease 

   Table 5.4    Key differential diagnostic features of vascu-
lar dementia (VaD)   

  Features typical of a classic presentation of VaD  

 Focal neurological symptoms and signs (e.g., visual 
disturbances, sensory or motor 
 symptoms, hemiparesis, visual fi eld defects, 
extrapyramidal signs, etc.) 

 Presence of cerebrovascular lesions on brain imaging 

 Preservation of emotional responsiveness and 
personality 

 Depression 

 Impairment of executive function (ability to plan, 
strategize, and execute 
 commands) 

 Stepwise deterioration in cognition 

 Incontinence 

 Somatic symptoms 

 Visuospatial dysfunction 

 Dysphasia 

 Emotional lability 

 Nocturnal confusion and wandering 

  Features that make a diagnosis of pure VaD unlikely  

 Early onset of memory defi cit 

 Progressive decline of memory defi cit and other 
cognitive functions (e.g., Language, perception, and 
motor skills) 

 Absence of cerebrovascular lesions on brain imaging 
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with AD, and 5.4 years for patients with mixed 
dementia. 

 Subjects suffering primary intracerebral 
haemorrhage are also reported as having an 

increased risk of cognitive impairment and 
dementia. Assessment of this is more compli-
cated due to the coexistence of amyloid angiopa-
thy, a common cause for primary intracerebral 

a b

c d

  Fig. 5.1    Brain Imaging from a 68 year old man with a 
history of sub-cortical (Binswanger’s) Vascular Dementia 
who presented with an episode of right arm and face par-
aesthesia. ( a ) MR FLAIR sequence at level of lateral ven-
tricles showing multiple small ischaemic areas in white 

matter. ( b ) Non-Contrast CT image at same level showing 
hypodensity within white matter. ( c ) FLAIR image show-
ing acute infarct in left medial thalamus. ( d ) Diffusion 
Weighted Image at same level       
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haemorrhage, and Alzheimer’s disease, both 
being associated with the pathological deposition 
of beta amyloid protein.   

5.4     Neurodegeneration and VaD 

 VaD arises as a consequence of hypoxia and isch-
emic insults including haemorrhage and hypo-
perfusion, that trigger neurodegeneration by 
depriving neurons of oxygen and glucose. 
Hypoxia and ischaemia initiate a neurodegenera-
tive signaling cascade, involving the release of 
glutamate, activation of the NMDA receptor, 
accumulation of free calcium intracellularly, free 
radical formation, and subsequent necrosis and 
apoptosis. Acute hypoxia also leads to microglial 
activation and the synthesis of infl ammatory 
mediators, which are also injurious to neurons in 
the ischaemic penumbra.  

5.5     Biomarkers and Vascular 
Dementia 

 Unlike AD, there are currently no established 
biochemical markers for VaD. Commonly AD 
and VaD pathology coexist in what is termed 
“mixed” dementia (MD). As a result of this coex-
istence, in many cases an exact diagnosis of 
either AD or VaD can be diffi cult on clinical 
grounds alone, and therefore biological markers 
may be of use in assisting this distinction. Recent 
studies have suggested that levels of neurofi la-
ment light protein (NFL) in the cerebrospinal 
fl uid (CSF) may correlate with the degree of 
white matter lesions on magnetic resonance 
imaging. Studies investigating CSF levels of 
Amyloid-β40 (Aβ-40), Amyloid-β42 (Aβ-42), 
total Tau (Tt), and phosphorylated tau (Tp), have 
shown inconsistent results, but overall patients 
with VaD have lower CSF levels of Tt and Tp, 
and higher levels of Aβ-40 and Aβ-42, than either 
MD or AD. Many studies have failed to fi nd a 
difference in the levels of these biomarkers in 
patients with VaD, when compared to non- 
demented populations. No serum or plasma bio-
markers have shown consistent results to date. 

 Neuroimaging fi ndings, in particular presence 
of probable ischaemic lesions on Magnetic 
Resonance Imaging of the brain, are the most 
widely used biomarker for Vascular Dementia. 
However, even this has not been shown to  correlate 
with neuropathological fi ndings on necropsy. 
White matter disease is associated with neuronal 
loss but also with demyelination and infl amma-
tory cell infi ltrate. It is also associated with a dis-
proportionate increase in vascular permability 
and loss of the blood brain barrier and it is thought 
that an increase in interstitial fl uid, particularly in 
periventricular areas, may contribute to extent of 
apparent white matter hyperintensities where neu-
ronal tissue is still functional.  

5.6     Cardiovascular Risk Factors 
and Dementia 

 Many links exist between vascular disease and 
AD. Cerebral atherosclerosis is associated with a 
higher risk of AD. Cardiovascular risk factors are 
associated with clinically diagnosed AD and 
VaD. The commonalities in associations between 
cardiovascular risk factors and dementia labelled 
as AD or VaD underline the relevance of vascular 
disease to dementia in general, and the fl aws in 
simplistic diagnostic categories. 

 When discussing the cardiovascular risk fac-
tors for VaD, it is best to categorise them into 
modifi able and non-modifi able risk factors. 

 The most important non-modifi able risk fac-
tors are gender and age, followed by genetic pre-
disposition, ethnicity, and a previous history of 
stroke. Both incidence and prevalence of VaD 
increase with age and tend to be higher in men. 
Dementia affects about 7 % of the general popu-
lation older than 65 years and 30 % older than 
80. Genetic defects for several monogenic 
 disorders have been identifi ed. These include 
cerebral autosomal dominant arteriopathy with 
 subcortical infarcts and leucoencephalopathy 
(CADASIL), which is a cause of small vessel 
disease, migraine and stroke leading to cognitive 
impairment within 20 years of the onset of symp-
toms. Other genetic disorders include hereditary 
cerebral haemorrhage with amyloidosis- Dutch 
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type (HCHWA-D), a syndrome of primarily 
haemorrhagic strokes resulting in cognitive 
impairment and dementia in the majority of 
cases. Ethnicity appears to be of importance 
given that previous studies suggest that VaD rep-
resents over 50 % of all dementias in Japan, 
however there may have been an over-diagnosis 
of VaD in some of these studies. Recent regional 
Chinese studies have demonstrated comparable 
prevalence rates for all dementia subtypes in 
Chinese and Western countries. There is a his-
tory of prior stroke in 76 % of patients with VaD 
and in 57 % of those with VCI, as compared with 
only 5–7 % of people with AD. 

 Modifi able risk factors for VaD are those 
that reduce ones risk for cardiovascular disease 
i.e., hypertension, atrial fi brillation, diabetes 
mellitus (DM), hyperlipidaemia, and smoking. 
Epidemiological data shows that hypertension 
(especially in midlife) is one of the most potent 
risk factors for VaD, and it has been shown that 
control of hypertension can reduce ones risk of 
VaD. Patients with diabetes are three times more 
likely to develop stroke-related dementia than the 
general population. Dyslipidaemia, although a 
well established risk factor for ischemic heart 
disease, has been convincingly demonstrated as a 
risk factor for AD or VaD. Elevated levels of non-
high-density lipoprotein cholesterol (non-HDL-
C), and low density lipoprotein cholesterol 
(LDL-C), and decreased levels of high-density 
lipoprotein cholesterols, have been shown to be 
weak risk factors for the development of 
VaD. The evidence for smoking and dementia is 
also somewhat ambivalent, although recent stud-
ies have suggested that smokers have twice the 
risk of developing VaD, compared to ex-smokers 
and non-smokers. 

 There is also an overlap between cardiac dis-
ease and the development of dementia. Cognitive 
impairment is seen in 26 % of patients discharged 
from hospital following treatment for heart fail-
ure. The degree of cognitive impairment corre-
lates with the degree of left ventricular 
impairment, and systolic blood pressure levels 
less than 130 mmHg. This highlights the poten-
tial for hypotension and diminished cardiac 
reserve to exacerbate cerebral hypoperfusion, 

contributing to subsequent dementia. Similarly, 
following coronary artery bypass graft (CABG) 
surgery the reported incidence of “early” cogni-
tive impairment ranges from 33 to 83 %. In this 
group of patients, widespread atherosclerotic dis-
ease can predispose to vascular sequele leading to 
neurologic dysfunction. Long-term cognitive out-
comes are more favourable for off-pump CABG, 
but late postoperative dementia is predicted by 
early cognitive deterioration. Aggressive postop-
erative risk factor control appears to impact 
favourably on cognitive outcomes.  

5.7     Primary Prevention of VaD 

 Primary prevention aims to reduce the incidence 
of VaD by early detection and optimum treatment 
of known vascular risk factors for cardiovascular 
disease and stroke, prior to the onset of such dis-
eases. With the exception of treating hyperten-
sion, the evidence for this policy is primarily 
based on that for prevention of other vascular dis-
eases and biological plausibility. Targeting high 
risk groups, particularly those patients with 
hypertension, possibly affords the best opportu-
nity for reducing the incidence of dementia in the 
general population. Initial results from trials 
examining the effects of antihypertensive therapy 
on dementia were confl icting. Longitudinal data 
from the Rotterdam study of 7046 elderly partici-
pants showed that the relative risk of VaD was 
reduced by over one third, over a mean 2.2 years 
follow up in those who were receiving antihyper-
tensives at baseline. Two subsequent prospective 
randomised studies, the Medical Research 
Council [MRC] (diuretic/β blocker based ther-
apy), and the Systolic Hypertension in the Elderly 
Programme [SHEP] (Diuretics ± β blocker ther-
apy) studies, showed no benefi t in preventing 
dementia. However further evaluation of the lat-
ter trial revealed that cognitive and functional 
evaluations may have been biased towards the 
null effect by differential dropout. Another ran-
domised trial, the Systolic Hypertension in 
Europe [Syst-Eur] trial, demonstrated that treat-
ment with the dihydropyridine calcium channel 
blocker nitrendipine reduced the incidence of 
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dementia (both AD and VaD) by 55 % over 
2 years, although only small numbers of new 
cases were identifi ed in either group. Further 
studies are underway examining the possible 
neuroprotective properties of certain antihyper-
tensive agents, and how these may be responsible 
for the reduced incidence of dementia following 
treatment. Given the strength of mid-life hyper-
tension as a risk factor for the development of 
dementia, perhaps one of the strongest indica-
tions for aggressive management of high blood 
pressure at this stage of life is the reduction in the 
incidence of dementia seen in later life.  

5.8     Secondary Prevention of VaD 

 Secondary prevention of VaD mainly focuses on 
stroke management and the prevention of recur-
rent stroke. Treatment with anti-platelet agents 
should be initiated as indicated by the nature of the 
patient’s underlying vascular pathology. The 
Perindopril Protection Against Recurrent Stroke 
Study (PROGRESS) trial confi rmed the benefi ts 
of blood pressure lowering in secondary 
 prevention. Although the primary outcome of 
PROGRESS was stroke incidence, dementia and 
cognitive function were secondary outcomes. 
Treatment with the long-acting angiotensin- con-
verting enzyme (ACE) inhibitor perindopril, com-
bined with the diuretic indapamide signifi cantly 
reduced the incidence of dementia by 34 % in 
patients with recurrent stokes. Similarly, less cog-
nitive decline was noted in patients who received 
active treatment. It was also observed in this study 
that treatment with combination therapy led to 
greater reductions in BP, and was more effective at 
reducing the risk of dementia than monotherapy. A 
PROGRESS magnetic resonance imaging (MRI) 
substudy investigated the effect of antihyperten-
sive therapy on the progression of white matter 
intensities (WMH). We know that WMH are asso-
ciated with vascular cognitive impairment and 
VaD, and are often observed on brain MRI in 
elderly patients. There was a signifi cant reduction 
in the total volume of new WMH’s in patients 
who received  perindopril ± indapamide. Therefore 
active management of high BP stopped or delayed 

the progression of WMH’s in patients with known 
cardiovascular disease. 

 Two randomised studies, the Heart protection 
Study (Simvastatin) and the Prospective Study of 
Pravastatin In the Elderly at Risk study 
(PROSPER), failed to identify a treatment benefi t 
of statin therapy on cognition or dementia. 
However it has been suggested that the follow up 
period in these studies may have been too short to 
clearly demonstrate a treatment benefi t, if one 
was present.  

5.9     Treatment of VaD 

 The mainstay of management of VaD is the pre-
vention of new stokes, as discussed above. There 
are currently no pharmacological agents licensed 
for the treatment of VaD. Studies of vasodilators, 
nootropics, ergot alkaloids, antioxidants, and 
hyperbaric oxygen have largely failed to demon-
strate any symptomatic benefi t to treatment. 
However, low numbers of participants, short fol-
low up periods, and the absence of clear end-
points has limited the power of several of these 
trials. Therefore further studies are necessary to 
investigate the role these agents may play in the 
treatment of VaD. 

 Propentofylline is a xanthine derivative with 
purported neuroprotective effects, by acting as a 
glial cell modulator. Several double-blinded ran-
domised placebo controlled trials have demon-
strated signifi cant symptom improvement and 
long term effi cacy, when used for the treatment of 
VaD. The use of certain dihydropyridine calcium 
channel blockers (DHP-CCB), such as nimodip-
ine and nicardipine have been associated with 
favourable outcomes in clinical trials, however 
the benefi cial effects were greater in subcortical 
dementia, and were short lived. While the exact 
mechanism of action is unclear, certain DHP- 
CCB’s have been associated with increased cere-
bral perfusion and reduced cellular apoptosis, as 
well as generally lowering blood pressure. 

 Autopsy reports of patients with VaD 
have shown signifi cantly reduced choline 
 acetyl- transferase activity in several brain regions 
including the caudate and putamen, hippocam-
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pus, and temporal cortex, supporting evidence for 
a role for cholinergic depletion in the pathogen-
esis of VaD. While the magnitude of the loss of 
cholinergic neurons is less in VaD compared to 
AD (40 % versus 70 %), it is reasonable to 
hypothesize that in a similar way to AD, enhanc-
ing cholinergic transmission may be a rational 
treatment approach for VaD. Several trials have 
examined the use of the three acetycholinesterase 
inhibitors (AChI) used for the treatment of AD 
(donepezil, rivastigmine and galantamine) in 
patients with VaD. Rivastigmine is a second gen-
eration AChI with the capacity to inhibit both 
acetylcholinesterase and butyrylcholinesterase. 
In a randomised open-label 1 year study, 208 
patients with VaD were treated with rivastigmine. 
There was a slight improvement in executive 
function (clock drawing tests) and in behaviour, 
however the results of further blinded, placebo- 
controlled trials are awaited. Galantamine is an 
AChI that also modulates central nicotinic recep-
tors. The analysis of two large studies involving 
VaD patients failed to demonstrate a signifi cant 
improvement in overall cognition and memory 
scores with treatment, however there did appear 
to be a slight improvement in executive function. 
The most positive results have been seen with 
donepezil. Donepezil is a piperidine-based agent, 
and is a non-competitive, reversible antagonist of 
cholinesterase, and is highly selective for acetyl-
cholinesterase. Effi cacy and safety has been 
shown in two large randomised placebo- 
controlled trials, and confi rmed in a Cochrane 
review. Altogether 1219 patients with VaD, 
according to NINDS-ARIEN criteria, were 
recruited for 24-week trials. The patients were 
randomised to placebo, donepezil 5 mg, or done-
pezil 10 mg per day. There was a statistically sig-
nifi cant improvement in cognition, global 
functioning and activities of daily living in both 
treatment groups compared to placebo. Overall 
there is evidence to suggest that the use of certain 
AChI’s in VaD may offer some symptomatic 
relief. The degree of improvement on cognitive 
measures although statistically signifi cant, does 
appear to be small and may be short lived. The 
presence of side effects associated with these 
medications may limit their use in patients with 

pure VaD. There are still no guidelines recom-
mending the use of Cholinesterase inhibitors in 
subjects with VaD but consideration may be 
given to the treatment on an individual basis. 

 There is limited evidence for the use 
of N-methyl-D-asparate receptor antagonist 
Memantine in VaD. It has evaluated in two tri-
als of patients with mild/moderate VaD. There 
was signifi cant but minor improvement in cog-
nitive function, and a slight improvement in 
behaviour from baseline over placebo but no 
improvement in activities of daily living. 
Although it appeared to be well tolerated it 
probably has no use currently in the manage-
ment of VaD.  

5.10     Future Directions in VaD 

 Given that AD, VaD, and a mixture of both 
account for the vast majority of cases of demen-
tia, a discussion on future directions for VaD 
must also look at the future directions for all 
dementias. There are several aspects of neuroim-
aging that are likely to make a signifi cant contri-
bution to our diagnostic capabilities over the 
coming years. Functional imaging techniques 
such as MR spectroscopy, Diffusion Tensor 
Imaging or functional MRI can highlight levels 
of impaired cerebral perfusion, neuronal dys-
function and damage to tracts and pathways, even 
in the absence of any structural abnormalities on 
conventional MR. New positron emission tomog-
raphy (PET) techniques using ligands such as 
Pittsburgh Compound-B, have enabled visualisa-
tion and quantifi cation of amyloid within the 
brain and may help improved discrimination of 
dementia subtypes. These techniques will assist 
with an earlier diagnosis of dementia, perhaps 
before the clinical onset of symptoms enabling 
earlier treatment, however further research is 
required to establish appropriate cut-off values 
that are specifi c and sensitive enough to differen-
tiate patient from normals. 

 As discussed earlier there are currently no 
established biomarkers to assist the diagnosis 
of VaD or other cerebrovascular diseases. 
The  identifi cation and understanding of bio-
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markers for AD, has led to their introduction in 
many of the new criteria for diagnosis of 
AD. There have been numerous studies looking 
for blood biomarkers for those at high risk of 
stroke. In the future one would hope that our 
understanding of these AD biomarkers and their 
correlation with neuropathology, as well as the 
identifi cation of new vascular biomarkers, 
would lead to a greater understanding in the 
crossover between vascular disease and VaD, 
and an ability to distinguish between the two 
and an ability to better characterise subtypes of 
VaD that may differ in risk factor and likely 
treatment. 

 Despite these predicted advances in biotechnol-
ogy, it is likely that the mainstay of treatment for 
VaD will depend on aggressive management of 
vascular risk factors prior to stroke, and careful 
monitoring and follow-up post stroke. Future stud-
ies are required to develop a predictive risk score 
for post-stroke dementia, and to evaluate sort cog-
nitive screening instruments identifying high risk 
patients with vascular cognitive impairment. 

 It will become increasingly important as 
newer treatments for AD and VaD become avail-
able, that we have an understanding of the inter-
play between the two pathological mechanisms 
for both conditions.  

    Conclusions 

 Despite being the second most common form 
of dementia after AD, with which it shares 
important pathologic features and symptoms, 
VaD frequently goes undiagnosed. There is 
likely to be an exponential increase in the inci-
dence of VaD over the coming years, given the 
aging demographic profi le of countries world-
wide, especially in developing countries. 
Although no treatments are currently licensed 
for the symptomatic treatment of VaD, there 

does appear to be mild symptomatic benefi t to 
treatment with certain cholinesterase inhibi-
tors and memantine. Without doubt, the pri-
mary treatment goal currently is to reduce 
ones risk of suffering a primary cerebrovascu-
lar event, and where one has occurred, to limit 
the risk of recurrent events. This requires 
aggressive vascular risk factor management.     
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      Parkinson’s Disease                     

     Diana     A.     Olszewska     ,     Stanley     Fahn    , 
    Richard     A.     Walsh     , and     Tim     Lynch    

         Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disorder after Alzheimer’s 
disease affecting 6.3 million people worldwide. 
Due to the population aging, it is thought that the 
prevalence will double by the year 2030. Annual 
European cost of Parkinson’s disease is estimated 
at 13.9 billion euro. The majority of cases are spo-
radic, commonly referred to as idiopathic 
Parkinson’s disease (IPD). The cardinal clinical 
features are bradykinesia, rigidity, rest tremor and 
postural instability. A fl exed posture and the freez-
ing phenomenon are also commonly seen. There 
has been increasing awareness of the non- motor 
symptoms of IPD including depression, dementia, 

sleep disruption and autonomic  disturbance. These 
can equal the motor symptoms in terms of their 
functional impact, particularly in advanced stages 
of the disease. 

6.1     Pathology 

 IPD arises as a result of degeneration of neurons 
in the substantia nigra pars compacta. The patho-
logical hallmark is the α(alpha)-synuclein con-
taining Lewy body, an eosinophilic, proteinaceous 
cytoplasmic inclusion seen in surviving neurons 
(Fig.  6.1 ).

   Staining for Lewy pathology with antibodies to 
α(alpha)-synuclein indicates that the fi rst location 
of pathologic change is in the olfactory apparatus 
and caudal brainstem, especially the dorsal motor 
nucleus of the vagus in the medulla. Neural 
involvement is thought to spread progressively 
rostrally up the brainstem in a fashion hypothe-
sised by Braak and colleagues, who studied the 
pattern of α(alpha)-synuclein involvement in 
autopsied brains. The cerebral cortex is involved 
late in this schema, in keeping with the evolution 
of cognitive impairment, (if not frank dementia) in 
patients with long-standing IPD. When the motor 
symptoms of IPD are evident, the substantia nigra 
already has lost about 60 % of dopaminergic neu-
rons, and the dopamine content in the striatum is 
about 80 % less than normal. Involvement of non-
dopaminergic neurons including cholinergic 
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neurons in the nucleus basalis of Meynert, norad-
renergic neurons in the locus coeruleus and seroto-
nergic neurons in the midline raphe may be 
signifi cant in the non- motor symptoms.  

6.2     Diagnosis 

 The diagnosis of IPD remains essentially a clinical 
one. If made by a neurologist, the diagnosis based 
on clinical impression has been shown to have a 
positive predictive value of 76 % up to 98.6 % for 

those working in a specialist movement disorders 
service. The United Kingdom Parkinson’s Disease 
Society Brain Bank criteria are typically used in 
Research studies of PD; bradykinesia with one of 
tremor, rigidity and postural instability are required 
in the absence of exclusion criteria (Table  6.1 ). 
Retrospective application of these criteria to 
patients diagnosed with PD in life demonstrates 
positive predictive values of between 82 and 92 %. 
This diagnostic accuracy may be improved if a 
levodopa response and asymmetry are also sought 
but sensitivity may be lost.

a

c

b

  Fig. 6.1    ( a ) H&E staining of a substantia nigra neuron containing a Lewy body; ( b ) The core of each Lewy body stains 
more strongly for α(alpha)-synuclein than the characteristic halo ( c ) which is strongly immunoreactive for ubiquitin       
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   Some physicians will use the ‘levodopa chal-
lenge’ where a response to a single dose of up to 
300 mg of levodopa supports the diagnosis of 
PD. Tremor predominant forms of IPD may not 
however demonstrate any response to levodopa 
and some atypical forms of parkinsonism will, 
thus causing diagnostic confusion. Others avoid 
this challenge, particularly in younger patients, 
given concerns that even a single dose of levodopa 
may ‘prime’ the basal ganglia for dyskinesia. 

 An important aspect of the initial and subse-
quent clinical assessments is to look for atypical 
features suggesting an alternative diagnosis, hav-
ing important implications for predicting survival 
and treatment response. Some conditions mim-
icking IPD will require alternative treatment 
strategies (Table  6.2 ). Also, it is not uncommon 
for IPD to present with symptoms not readily 
attributed to the disease. Some of these patients 
will carry alternative diagnoses before the more 
obvious parkinsonian features appear (Table  6.3 ).

6.3         Subtypes of Parkinson’s 
Disease 

 Parkinson’s disease can be classifi ed into sub-
types. The most common classifi cation is based 
on the time of onset of PD: young versus late 
onset and secondly on the dominant feature: 

   Table 6.1    Exclusion criteria for Parkinson’s disease   

 History of repeated strokes with stepwise progression 

 History of repeated head injury 

 History of defi nite encephalitis 

 Oculogyric crisis (unless drug induced) 

 Neuroleptic exposure at time of diagnosis 

 Sustained remission 

 Supranuclear gaze palsy 

 Cerebellar signs 

 Early severe autonomic involvement 

 Early severe dementia 

 Babinski sign 

 Presence of cerebral tumour or communicating 
hydrocephalus on imaging 

 Failure to respond to an adequate dose of levodopa (up 
to 2000 mg) 

 Scans without evidence of dopaminergic defi cit 
(SWEDDs) 

    Table 6.2    Clinical features of the Parkinson-plus 
(atypical) disorders   

  Progressive supranuclear palsy  

 Early falls 

 Prominent axial rigidity 

 Pure freezing of gait and early freezing 

 Arm abduction when walking 

 Frontalis overactivity (startled appearance) 

 Deep naso-labial folds 

 Vertical gaze palsy or ‘round the houses’ vertical 
saccades 

 Blepharospasm 

 Prominent Square-wave jerks 

 Slowing of horizontal saccades 

 Apraxia of eye opening 

 Characteristic voice is a hoarse, throaty growl, with 
some hesitation between words 

  Multiple systems atrophy  

 Prominent cerebellar or autonomic features 

 Flexed posture 

 Anterocollis 

 Myoclonus or polyminimyoclonus 

 Laryngeal stridor (may only be nocturnal) 

 Early orofacial dyskinesia with levodopa 

 Pyramidal tract signs (e.g. extensor plantar responses, 
spastic ‘catch’ in addition to rigidity) 

 Purple discolouration of the feet due to abnormal 
vascular autonomics 

  Corticobasal degeneration  

 Unilateral dystonia 

 Alien-limb phenomenon 

 Unilateral stimulus sensitive myoclonus 

 Cortical sensory loss 

 Dyspraxia 

   Table 6.3    Parkinsonian symptoms and signs commonly 
attributed to other disorders   

 Fatigue 

 Dyspnea 

 Bradyphrenia 

 Depression 

 Joint pain (particularly shoulder pain) 

 ‘Radicular’ pain (true radicular pain may worsen in 
‘off’ states) 

 Foot cramps/dystonia 

 Dysphonia 

 Anxiety/panic attacks 

 ‘Weakness’ affecting ability to rise from chairs or 
apparently unilateral weakness 
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tremor-predominant versus akinetic-rigid pheno-
type with the mixed category falling in between 
those two. Below are discussed the main features 
of the different subtypes.

    1.    Young onset Parkinson’s disease: age of onset 
between 20 and 40, with associated rigidity 
and dystonia, good response to L-dopa, but 
with an early development of dyskinesias, 
slower progression of the disease than in the 
late-onset PD. Associated with Parkin muta-
tion (discussed in a genetics section) in 1/3 of 
the cases.   

   2.    Late-onset Parkinson’s disease: age of onset 
over 60, with a rapid disease progression.   

   3.    Tremor-predominant PD: often misdiagnosed 
as an essential tremor, good prognosis, with a 
slow progression.   

   4.    Postural instability and gait diffi culty (PIGD) 
also called akinetic-rigid subtype: with an 
early cognitive decline and higher frequency 
of dementia, depression and apathy.   

   5.    Mixed PD: features of tremor predominant 
and PIGD.      

6.4     Differential Diagnosis 
of Parkinsonism 

6.4.1     Atypical Parkinsonism 

 Approximately three quarters of patients present-
ing with parkinsonism have typical motor fea-
tures, and are most likely to have pathologically 
confi rmed IPD. The remaining 25 % of patients 
will have so-called atypical parkinsonism, also 
called Parkinson-plus syndromes. This group of 
primary degenerative parkinsonian disorders 
includes progressive supranuclear palsy (PSP), 
multiple system atrophy (MSA) and corticobasal 
degeneration (CBD) and are covered in Chap.   9    . 
All may start with an asymmetrical clinical syn-
drome indistinguishable from IPD. These forms 
of parkinsonism all share a tendency to be poorly 
responsive to levodopa, be largely symmetrical 
(with the exception of corticobasal degeneration) 
and have little or no rest tremor (although myoc-
lonus mimicking tremor may be evident). 

Table  6.2  highlights clinical features that should 
raise suspicion of an atypical parkinsonism.  

6.4.2     Dementia with Lewy Bodies 

 Patients presenting with dementia before, or 
within 1 year of manifesting parkinsonism, are 
by convention given a diagnosis of dementia with 
Lewy bodies (DLB). Visual hallucinations are 
common and the course of cognitive impairment 
is typically fl uctuating, often with dramatic vari-
ability from 1 day to the next. Some patients will 
have prominent autonomic dysfunction. Patients 
with dementia beginning after 1 year are diag-
nosed with PD with dementia (PDD). Both these 
conditions may represent different points on the 
spectrum of ‘Lewy body disease’ with a larger 
cortical burden of Lewy bodies than in patients 
with IPD.  

6.4.3     Secondary Parkinsonism 

6.4.3.1     Drug-Induced Parkinsonism 
 Parkinsonism can follow exposure to drugs with 
an antagonistic effect at D 2  receptors. This is the 
most common cause of secondary parkinsonism 
and is typically seen in patients requiring anti-
psychotic (neuroleptics, major tranquillizers) 
treatment. Newer, ‘atypical’ neuroleptics with 
less affi nity to the D 2  receptor are less likely to 
result in extrapyramidal side-effects and are pre-
ferred when treating psychosis in IPD. The com-
monly used anti-emetic drugs metaclopramide 
and prochlorperazine also have a D 2  antagonist 
effect. Other drugs known to induce parkinson-
ism include lithium, tetrabenazine, reserpine, val-
proate, and the calcium channel blockers, 
cinnarizine and fl unarizine. 

 Drug withdrawal typically results in a slow 
improvement although latent parkinsonism may 
have been unmasked and full recovery may not 
occur.  

6.4.3.2     Vascular Parkinsonism 
 This is also known as ‘lower body parkinsonism’ 
due to prominent gait disturbance and relatively 
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less arm involvement. Often, these patients will 
have early freezing which is not typically seen in 
IPD. This is an important cause of parkinsonism 
in older patients and those with a history of vas-
cular risk factors (particularly hypertension). The 
pathophysiology is related to small vessel disease 
with prominent periventricular ischemia. Patients 
with basal ganglia infarcts are more likely to 
respond to levodopa. Magnetic resonance imag-
ing (MRI) of brain is useful to identify those 
patients who may have a vascular cause of par-
kinsonism. Other clinical features that can help 
differentiate vascular from idiopathic parkinson-
ism are a postural more than resting tremor and 
preserved olfaction.  

6.4.3.3     Fragile X Pre-mutation 
 The pre-mutation state of Fragile X can present 
with tremor, parkinsonism and autonomic fea-
tures and may therefore be misdiagnosed as 
essential tremor, IPD or MSA. An accurate fam-
ily history is vital, looking for a history of a 
related child with learning disability or autism. 
The presence of ataxia is another important clue. 
In one series of 26 patients with premutations of 
the FMR1 gene, 57 % of cases had mild bradyki-
nesia, resting tremor was present in 40 % and 
71 % had upper limb rigidity.  

6.4.3.4     Others 
 Secondary parkinsonism can also occur following 
toxin exposure, including manganese (miners, 
intravenous drug abuse), carbon disulphide and 
1-Methyl-4-phenyl-1,2,3,6- tetrahydropyridine 
(MPTP) (described by Langston JW and 
Palfreman J in “The Case of the Frozen Addicts”). 

 Rarely parkinsonism can arise as a conse-
quence of strategically-placed structural lesions 
such as large Virchow-Robin (perivascular) 
spaces or central nervous system (CNS) tumors, 
more commonly supratentorial meningiomas 
causing basal ganglia compression than by direct 
tumor infi ltration. 

 Functional parkinsonism is well recognized 
but rare. Clues to the diagnosis are a history of 
previous psychogenic illness, an abrupt onset, 
entrainment of tremor, selective disability and 
distractibility.   

6.4.4     Disorders That Can Mimic 
Parkinsonism 

6.4.4.1     Essential Tremor 
 Essential tremor (ET) is one of the most common 
disorders mistaken for IPD, characterized by a 
postural and kinetic tremor without rest tremor. 
Patients with ET can have cog-wheeling but 
without rigidity. Where there is a combination of 
a resting hand tremor with essential tremor, the 
physician should consider rest tremor appearing 
late in ET, or the combined resting-postural 
tremor syndrome. 

 Parkinsonism and essential tremor could also 
represent the co-occurrence of two common 
movement disorders.  

6.4.4.2     Dystonic Tremor 
 Dystonic tremor usually occurs in a dystonic 
body part. Some distinguish this from ‘dystonia 
with tremor’, tremor observed in an unaffected 
body part with dystonia elsewhere. Dystonic 
upper limb tremor will sometimes have a ‘null- 
point’ where rotation of the affected limb will 
reach a point where the tremor is abolished. Like 
ET, dystonic tremor of the upper limbs will not 
have the latent period before re-emerging on 
changing position as seen in IPD (re-emergent 
tremor). Dystonic tremor tends to be more irregu-
lar and jerky in character and may have a tor-
sional component.  

6.4.4.3     Normal Pressure 
Hydrocephalus 

 Normal pressure hydrocephalus (NPH) presents 
with one or all features of a triad of gait apraxia, 
urinary incontinence and cognitive impairment. 
Gait can be similar to that of vascular parkinson-
ism because of involvement of periventricular 
descending corticospinal tracts. Imaging is essen-
tial in demonstrating dilatation of all ventricles 
out of proportion to the degree of cortical atro-
phy. Diagnosis is made most reliably by removal 
of a large volume (at least 40 ml) of cerebral spi-
nal fl uid (CSF) via lumbar puncture, which can 
also predict the potential for improvement with 
shunt placement although this remains controver-
sial. Video of gait and cognitive assessment 
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 performed pre and post lumbar puncture is useful 
for later assessment.   

6.4.5     The Role of Imaging 
in Diagnosing Parkinson’s 
Disease 

 With a classical clinical picture, there is little or 
no role for neuroimaging in making a diagnosis 
of PD. Positron emission tomography (PET) with 
the fl uordopa ligand and single photon emission 
computed tomography (SPECT) are the principal 
options. 

 In SPECT studies, radioligands of the dopa-
mine transporter (DAT) are used to determine the 
pre-synaptic integrity of nigrostriatal neurons. 
The DAT is exclusively localised to dopamine- 
producing neurons. Advantages of the technique 
are the wide availability of SPECT scanners and 
the ability to continue dopaminergic medication 
at the time of imaging. Patients with IPD will 
demonstrate reduced radiotracer uptake in the 
striatum bilaterally which tends to be asymmetri-
cal, particularly affecting the posterior (dorsal) 
putamen (Fig.  6.2 ). Scans without evidence of 
dopaminergic dysfunction (SWEDDs) is the term 

applied to normal scans of patients with a clinical 
diagnosis of IPD. The diagnosis in these patients 
likely represents a false positive as no long-term 
data or post-mortem studies have subsequently 
proven a diagnosis of IPD. Many of these patients 
will have a true diagnosis of essential or dystonic 
tremor, and some may have dopa-responsive dys-
tonia, in which parkinsonism is often a feature, 
but the clue is the DAT scan is normal.

   SPECT imaging has no role in differentiating 
atypical parkinsonism from IPD, because both 
have reduced DAT imaging. Its main use is in dif-
ferentiating IPD from ET, drug-induced tremor/
parkinsonism or psychogenic tremor, all of which 
should have normal imaging. Transcranial sonog-
raphy has emerged as an alternative imaging 
modality, with nigral hyperechogenicity having a 
sensitivity of up to 90 % for IPD. Correlation 
with disease stage or severity has not been 
proven, and the signifi cance of abnormalities in 
approximately 10 % of clinically unaffected indi-
viduals has yet to be established. 

 While the DAT scan remains the only approved 
PD diagnostic tool, recent research shows the 
possibility of a 3 T-susceptibility-weighted (SWI) 
MRI being a new accurate test for PD. The 
healthy nigrosome-1 (largest of the fi ve described) 
is easily visualized on 3 T SWI as a presence of a 
‘swallow tail’ of the dorsolateral substantia nigra, 
which is absent in PD. Resting state fMRI also 
holds a promise to aid the early diagnosis of PD 
with the latest research showing reduced resting 
functional connectivity in the basal ganglia in PD 
patients with an intact cognition.   

6.5     Genetics 

 Case–control studies have confi rmed a higher 
prevalence of IPD amongst fi rst-degree relatives 
of affected patients supporting a genetic compo-
nent to the disease. However the relative contri-
bution of environmental and genetic factors to the 
pathophysiology of idiopathic PD is unclear. 
A number of Mendelian single gene mutations 
are associated with familial clustering of 
Parkinson’s disease, although this accounts for 
less than 10 % of all PD. 

  Fig. 6.2    Transaxial sections of a I-123 Iofl upane SPECT 
(DaTSCAN) from a patient with idiopathic Parkinson’s 
disease demonstrating bilateral loss of uptake in the pos-
terolateral aspect of the putamen bilaterally in a pattern 
typically seen soon in early disease       

 

D.A. Olszewska et al.



91

 Familial PD has both clinical and pathological 
overlap with IPD but commonly has a younger 
age at onset. The fi rst single gene mutation iden-
tifi ed 17 years ago as a cause of familial PD was 
in the gene coding for α(alpha)-synuclein. There 
has been more recent interest in the study of com-
mon variants or single nucleotide polymorphisms 
(SNPs) in the genes associated with familial 
PD. Common variants may be associated with an 
increased risk of sporadic PD although effect 
sizes are small and larger study populations are 
required to adequately power case–control stud-
ies. Some of the genes and their products associ-
ated with familial PD are discussed below. 

6.5.1     α(alpha)-synuclein (PARK 1) 

 The  SNCA  gene encoding the α(alpha)-synuclein 
protein is located on chromosome 4q21.3. 
 α ( alpha )-Synuclein is an abundant presynaptic 
protein of unclear function. The resulting parkin-
sonism transmits in an autosomal dominant pat-
tern. It is rare, being reported only in a handful of 
families from Greece, Italy, Germany, and Spain. 
The protein,  α ( alpha )-synuclein, is present in 
Lewy bodies. Duplication and triplication of the 
 α ( alpha )-synuclein gene also causes familial par-
kinsonism (PARK4), indicating that over- 
expression of the normal (wild-type) synuclein 
protein is suffi cient to provoke dopaminergic 
neurodegeneration. This supports a pathogenic 
role for  α ( alpha )-synuclein in IPD. There is 
debate as to whether Lewy bodies are contribut-
ing to the pathogenesis of PD or if the aggrega-
tion of  α ( alpha )-synuclein fi brils to form Lewy 
bodies is an effort of the cell trying to protect 
itself from toxic  α ( alpha )-synuclein oligomers.  

6.5.2     Parkin (PARK 2) 

 The Parkin gene is found on chromosome 
6q25.2–27 and is the most common genetic cause 
for early-onset PD (before age 50), accounting 
for 50 % of familial and 20 % of sporadic early 
onset disease.  Parkin  mutations give rise to auto-
somal recessive PD that can have typical features 

of IPD, but may also demonstrate hyperrefl exia, 
dystonia at presentation and sleep benefi t. Rest 
tremor is not prominent. Post-mortem studies 
have shown nigral degeneration in patients with 
 Parkin  mutations without Lewy bodies. There is 
an ongoing debate whether the heterozygote car-
rier state predispose to later onset PD in 
families.  

6.5.3     PINK1 (PARK 6) 

 After  parkin  mutations,  PINK1  mutations are the 
second most common cause of early onset PD, shar-
ing autosomal recessive inheritance. Disease pro-
gression is usually slow with early  levodopa- induced 
dyskinesias. The parkinsonism is often preceded by 
anxiety and depression. The  PINK1  gene codes for 
a mitochondrial protein that is a recognized compo-
nent of Lewy bodies seen in late onset IPD, and the 
few available autopsy studies have identifi ed typical 
neuropathological fi ndings.  

6.5.4     DJ-1 (PARK 7) 

 Mutations in the  DJ - 1  account for 1–2 % cases of 
early-onset familial PD. The presentation is with 
a typical early onset parkinsonism, often with 
dystonic and neuropsychiatric features. Unlike 
the unaffected heterozygous state with Parkin 
and PINK1 mutations, carriers do not demon-
strate functional neuroimaging evidence of nigro- 
striatal dysfunction.  

6.5.5     LRRK2 (PARK 8) 

 PARK8 is mapped to chromosome 12q12 and 
encodes for a previously unknown protein named 
leucine-rich repeat kinase-2 ( LRRK2 ), ubiqui-
tously expressed in the CNS. Seven pathogenic 
 LRRK2  mutations have been found, and are the 
most frequent genetic cause of familial PD. They 
account for up to 5 % of sporadic PD in the 
Caucasian population. In Ashkenazi Jews and 
North African Berber Arabs,  LRRK2  mutations 
have been found in up to 20–40 % of both  familial 
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and sporadic cases of PD. The most prominent 
mutation in the Caucasian population is the 
G2019S substitution.  LRRK2  mutations result in 
an autosomal-dominant parkinsonism that resem-
bles typical late-onset IPD. Cognitive impair-
ment is usually not a feature. Although the 
neuropathology associated to  LRRK2  mutations 
is highly variable, degeneration of substantia 
nigra neurons has been consistently observed.  

6.5.6     Others 

 Glucocerebrosidase (GBA) gene mutations, 
when homozygous, cause autosomal recessive 
Gaucher’s disease. Heterozygous carriers are at 
increased risk of developing parkinsonism that is 
indistinguishable from IPD. Up to 30 % of 
Ashkenazi Jews with PD have been found to have 
this mutation; the mutation causes PD in other 
ethnic groups as well. Dopa-responsive dystonia 
may present during adulthood as slowly progres-
sive parkinsonism and tends to responds to low 
doses of levodopa. Parkinsonism can also be a 
predominant feature of the Westphal variant of 
Huntington’s disease, although this is usually in 
juvenile patients and family history should be 
informative. Some forms of spinocerebellar 
ataxia (SCA2 and SCA3) can present with a 
levodopa-responsive parkinsonism with minimal 
cerebellar features. 

 Frontotemporal dementia linked to chromo-
some 17 (FTDP-17) can present with parkin-
sonism especially the pallido-ponto-nigral 
degeneration (PPND) variant, which is also asso-
ciated with insomnia square wave jerks and a 
supranuclear gaze palsy.   

6.6     Clinical Features 

6.6.1     Motor 

6.6.1.1     Rest Tremor 
 Rest tremor, typically of 4–5 Hz, is the fi rst 
symptom recognized in 70 % of patients, but may 
be absent in 20 %. The classic “pill-rolling” 
tremor involves the thumb and forefi nger and is 

best seen when the patient is walking. Rest tremor 
disappears with action but re-emerges after a 
latent period of seconds as the limbs maintain a 
posture ( re - emergent tremor ). Tremor increases 
with walking (a possible early sign), stress or 
excitement. Tremor is also common in the lips, 
chin, and tongue but not the head.  

6.6.1.2     Bradykinesia with Decrement 
 Bradykinesia encompasses slowness of move-
ment, diffi culty initiating movement and loss of 
automatic movement. Decrement refers to a 
reduction in amplitude of movement, particularly 
with repetitive movements. Often different tac-
tics need to be used by the examiner to bring out 
bradykinesia that might only be seen during cer-
tain actions, such as fi nger tapping, pronation- 
suppination movements or opening and closing 
the fi sts. The face loses spontaneous expression 
( hypomimia ) with decreased frequency of blink-
ing. Speech becomes soft ( hypophonia ), and the 
voice has a monotonous tone with a lack of 
infl ection ( aprosody ). Some patients do not enun-
ciate clearly ( dysarthria ) and do not separate syl-
lables clearly, thus running the words together 
( tachyphemia ) and others stutter ( palilalia ). 
Bradykinesia of the dominant hand results in 
small and slow handwriting ( micrographia ). 
Diffi culty rising from a deep chair, getting out of 
cars and turning in bed are symptoms of truncal 
bradykinesia. Subtle signs of bradykinesia can be 
detected by examining for slowness in shrugging 
the shoulders, smiling, lack of natural gesturing 
in conversation and decreased blink frequency. 
Walking is slow, with a shortened stride length 
and a tendency to shuffl e with decreased heel 
strike; arm swing decreases and eventually is 
lost.  

6.6.1.3     Rigidity 
 Rigidity is an increase of muscle tone on passive 
movement and is not velocity dependent as seen 
with spasticity. Resistance is equal in all direc-
tions and usually has a ‘cogwheeling’ character 
caused by the underlying tremor even if not visi-
ble. Rigidity of the passive limb increases while 
another limb is engaged in voluntary active 
movement, also known as the co-activation or 
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facilitation test. Axial rigidity at the neck can 
similarly be accentuated by asking the patient to 
open and close both hands. Mild upper limb 
rigidity can be elicited by standing behind the 
patient and rocking their shoulders back and for-
ward to produce passive arm swing that will be 
reduced on the more affected side.  

6.6.1.4     Loss of Postural Refl exes 
 Loss of postural refl exes leads to falling and 
eventually to an inability to stand unassisted. 
These refl exes are tested by the pull-test during 
which the examiner, who stands behind the 
patient, gives a sudden fi rm pull on the shoulders 
after explanation of the procedure, and checks for 
 retropulsion . With advance warning, an unaf-
fected person can recover within two steps.  

6.6.1.5     Flexed Posture 
 This commonly begins in the elbows and spreads 
to involve the entire body. The head is bowed, the 
trunk is bent forward, the back is kyphotic and 
the arms are held in front of the body with the 
elbows, hips, and knees fl exed. Walking is 
marked by  festination , whereby the patient walks 
faster and faster with short steps, trying to move 
the feet forward to be under the fl exed body’s 
center of gravity to prevent falling. Deformities 
of the hands include ulnar deviation, fl exion of 
the metacarpophalangeal joints, and extension of 
the interphalangeal joints ( striatal hand ). The 
hallux may be dorsifl exed ( striatal toe ). Lateral 
tilting of the trunk can develop ( Pisa syndrome ) 
and extreme fl exion of the trunk ( camptocormia ) 
is sometimes seen which should be abolished 
when lying fl at.  

6.6.1.6     Freezing 
 This manifests as the transient inability to per-
form active movements. Freezing occurs sud-
denly and is transient, usually lasting seconds. It 
will typically occur when the patient begins to 
walk ( start hesitation ), attempts to turn while 
walking, approaches a destination, such as a chair 
in which to sit ( destination hesitation ). Tight 
spaces can also provoke freezing, such as door-
ways, as can time-restricted activities such as 
crossing heavily traffi cked streets or answering 

the phone. The combination of freezing and loss 
of postural refl exes is particularly devastating, 
and a common cause of falls.    

6.7     Non-motor Symptoms 

 Later in the clinical course, non-motor and axial 
motor symptoms become prominent and account 
for greater disability, being poorly responsive to 
dopaminergic treatment (Table  6.4 ). After 20 
years of disease in the Sydney Multicentre Study, 
falls were experienced by 87 %, moderate dysar-
thria in 81 %, dementia in 84 %, visual hallucina-
tions in 74 %, postural hypotension in 48 % and 
urinary incontinence in 71 %. Some non-motor 
symptoms can be observed as ‘pre-motor’ phe-
nomena, appearing before typical motor features. 
These include constipation, rapid-eye-movement 
(REM) sleep behavior disorder, olfactory impair-
ment and mood disorders. Some of the more 
troublesome problems and their management are 
discussed below.

6.7.1       Autonomic Involvement 

6.7.1.1     Constipation 
 Constipation is almost universal in PD and can 
infl uence the effi cacy of oral therapies by causing 
erratic absorption. Treatment with a regular stool 
softener, sometimes combined with a stimulant 
laxative is usually effective and most patients 
will require a regular laxative. The use of abdom-
inal plain fi lms can guide the use of laxatives and 
should be considered in patients whose motor 
control has deteriorated or where response to 
levodopa is variable.  

6.7.1.2     Dysphagia 
 Dysphagia is not uncommon. Rarely recurrent 
aspiration pneumonia can complicate late stages 
of the disease. Patients benefi t from access to a 
speech and language therapist to teach strategies 
to improve swallowing. Dysphagia is not typi-
cally levodopa-responsive and can deteriorate 
after deep brain stimulation. A dry oropharyngeal 
mucous membrane due to anticholinergic agents 
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is one readily treatable cause of swallowing 
impairment.  

6.7.1.3     Sialorrhea 
 This is a manifestation of reduced swallow fre-
quency in IPD as opposed to excessive saliva 

 production. Anticholinergics are effective, but 
most available agents are tertiary amines that 
enter the CNS and can impair memory or cause 
hallucinations in older patients. Quaternary 
amines do not penetrate the CNS and are prefer-
able. Sublingual 1 % atropine can be used with 
some success. Injections of botulinum toxin into 
the salivary glands can be attempted. Pharyngeal 
weakness due to local toxin diffusion is a poten-
tial complication but is rarely encountered with 
dry mouth being a more common side-effect.  

6.7.1.4     Orthostatic Hypotension 
 Orthostatic hypotension (OH) can cause signifi -
cant morbidity and contributes to the risk of 
 falling. Conservative measures such as increased 
fl uid in-take, additional dietary salt, avoidance of 
hot baths and large meals and the use of compres-
sion stockings can help. More resistant symp-
toms can respond to the sympathomimetic 
midodrine, starting with 5 mg and titrating up to 
three doses of 10 mg a day if necessary. 
Fludrocortisone can be used, typically starting at 
0.1 mg/day but supine hypertension can result 
from increased salt and mineralcorticoid inges-
tion. Elevation of the top of the bed to 30° at 
night may help by reducing renal mineralcorti-
coid production. OH can be aggravated by dopa-
minergic therapy (dopamine agonists in 
particular), dehydration and constipation.  

6.7.1.5     Urinary Symptoms 
 Detrusor hyperrefl exia predominates in IPD 
causing frequency, urge, nocturia and sometimes 
incontinence. In older male patients the picture 
may be mixed with prostatism and anticholiner-
gics are ideally prescribed after bladder ultra-
sound to determine post void residual volume, 
avoiding exacerbation of pre-existing outfl ow 
obstruction. Equally important is the propensity 
of these agents to cause cognitive impairment in 
older patients with IPD, in particular the tertiary 
amines that cross the blood–brain barrier. 

 Trospium chloride is a quaternary amine that 
may have a better side effect profi le although 
there is little trial data available addressing this 
issue. Reduction in late night fl uid intake can 
help nocturia. In patients treated for OH nocturia 

   Table 6.4    Non-motor symptoms in Parkinson’s disease   

  Neuropsychiatric  

 Depression 

 Anxiety, panic attacks 

 Hallucinations, illusions, delusions 

 Dementia, mild cognitive impairment 

 Obsessional, repetitive behaviors a  

 Delirium a  

 Anhedonia 

  Autonomic symptoms  

 Orthostatic hypotension 

 Nocturia, urgency, frequency 

 Paroxysmal sweating 

 Seborrhea 

 Erectile impotence 

 Xerostomia 

  Gastrointestinal  

 Ageusia 

 Sialorrhea 

 Nausea and vomiting 

 Dysphagia 

 Constipation 

 Incontinence 

  Sensory symptoms  

 Pain (can be pseudoradicular) 

 Paraesthesia 

 Olfactory disturbance 

 Visual blurring 

  Sleep disorders  

 REM sleep behavior disorder 

 Diffi culty initiating or returning to sleep, insomnia 

 Restless legs syndrome 

 Periodic limb movements in sleep 

 Vivid dreaming 

 Nocturnal hallucinations 

 Excessive daytime somnolence 

  Others  

 Fatigue 

 Seborrhea 

 Weight loss or gain a  

   a May be drug related  
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can occur as a result of nocturnal pressure natri-
uresis secondary to supine hypertension.  

6.7.1.6     Sexual Dysfunction 
 Sexual dysfunction is more commonly encoun-
tered in IPD than in the general population. Men 
with erectile dysfunction can be treated with 
agents such as sildenafi l, however this can exac-
erbate OH. Female patients may report reduced 
libido and conversely hypersexuality can occur 
with dopamine agonist treatment and is particu-
larly troublesome if associated with an impulse 
control disorder (discussed later).  

6.7.1.7     Pain 
 Pain is not uncommon and can vary from uncom-
fortable paraesthesias to nonciceptive or neuro-
pathic sounding pain. Patients can initially present 
with pain in a joint on the symptomatic side, typi-
cally a shoulder, probably due to hypokinesis and 
immobility. Adequate treatment and physiother-
apy can improve this considerably. Some patients 
complain of pain down one side of their body or 
in an apparently radicular distribution, both of 
which will respond to levodopa suggesting a cen-
tral dopamine defi cit as the underlying cause. 
True radiculopathies from nerve root compression 
can also worsen in the ‘off’ state. Restless legs 
syndrome can be seen in association with IPD and 
can give rise to an aching discomfort in the legs at 
night that can improve with a low dose of a dopa-
mine agonist taken at night.  

6.7.1.8     Abnormal Sweating 
 The pathophysiology of abnormal sweating in 
IPD is unclear but Lewy body pathology involv-
ing the hypothalamus may be contributory. 
Sympathetic cholinergic fi bers are the fi nal com-
mon pathway that mediate the sweating response 
although dopamine would appear to play a role, as 
excessive sweating of the head and upper body 
can occur as an ‘off’ phenomenon, often in bed at 
night. Sweating can also occur in the context of 
dyskinesias, but is usually less prominent than the 
paroxysmal attacks of drenching sweats reported 
in ‘off’ periods. Other causes of excessive noctur-
nal sweating should be considered including thy-
rotoxicosis and latent tuberculosis infection.   

6.7.2     Sleep Disturbance 
and Daytime Somnolence 

 Sleep disruption is common and multifactorial in 
IPD. Patients experience diffi culty initiating 
sleep, fragmented sleep, REM sleep behavior 
disorder (RBD) and inversion of the sleep-wake 
cycle. RBD can predate the clinical onset of IPD 
sometimes by up to 10 years. Sleep disruption 
can exacerbate the  e xcessive daytime  somnolence 
that is both associated with the disease itself and 
dopaminergics. 

 Sleep disruption in IPD probably relates to 
degeneration of brainstem nuclei that regulate the 
balance between sleeping and waking states. The 
pedunculopontine and subcoeruleal nuclei are 
thought to play a role in maintaining the normal 
muscle atonia of REM that is lost in 
RBD. Involvement of nondopaminergic nuclei 
important in maintaining arousal including the 
raphe nuclei (serotonin), locus coeruleus (nor-
adrenaline), the tuberomamillary nucleus (hista-
mine) may account for daytime somnolence. The 
burden on bed-partners can be signifi cant. Factors 
contributing to sleep disruption and therapies are 
given in (Table  6.5 ).

6.7.3        Neuropsychiatric 

6.7.3.1     Parkinson’s Disease 
and Dementia 

 Dementia is not typically an early feature of PD 
and if evident within 1 year of presentation a 
diagnosis of dementia with Lewy bodies (DLB) 
is made, otherwise the term Parkinson’s disease 
and dementia (PD-D) is used. The overall preva-
lence of dementia in PD is high at approximately 
40 %, increasing in frequency with advancing 
years. The risk of developing dementia is 2.8 fold 
greater than controls. 

 The pathological substrate of dementia in PD 
remains uncertain. The involvement of subcorti-
cal structures, in particular the medial nigra and 
thalamus may be important but cortical Lewy 
body burden and co-existent Alzheimer’s disease 
pathology have also been shown to correlate with 
cognitive impairment. Cholinergic cell loss is 
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more severe than that seen in Alzheimer’s disease 
with severe neuronal loss in the basal nucleus of 
Meynert. The relative contribution of noradrener-
gic, dopaminergic and serotonergic neurons to 
PD-D is unknown. 

 The hallmark of cognitive impairment in IPD 
is executive dysfunction with impaired inability 
to plan, organize or regulate internally generated 
goal-directed behavior. Memory impairment is 
not as prominent as in Alzheimer’s disease (AD) 
although responses can be slow ( bradyphrenia ). 
Memory defi cits usually improve with prompting 
suggesting a problem with memory retrieval 

rather than encoding. Verbal fl uency and visuo- 
spatial function may also be affected. 
Hallucinations are more common than in AD, 
present in up to 70 % of patients. 

 Once infectious and drug-related confusional 
states have been out-ruled, treatment with a cho-
linesterase inhibitor should be considered. Both 
rivastigmine and donepezil are effective for cog-
nitive and behavioral symptoms without worsen-
ing parkinsonism, although tremor can worsen. 
Hallucinations can respond to cholinesterase 
inhibitors, but if antipsychotics are sometimes 
required clozapine or quetiapine can be used 

   Table 6.5    Causes and treatment of sleep disturbance in Parkinson’s disease   

 Bradykinesia and 
rigidity 

  Can make  it diffi cult to turn in bed to fi nd a comfortable position. Contribute to diffi culty 
initiating sleep or returning to sleep after an arousal. Some patients overcome this by using 
satin sheets and nightclothes to facilitate movement 

 Restless legs 
syndrome (RLS) 

 Will respond to dopamine agonists and levodopa preparations given late at night. Treatment 
can be complicated by augmentation whereby symptoms become longer lasting, more severe 
and more extensive. It is important to ensure dyskinesias are not the cause of disturbed sleep 
as increased dopaminergic treatment will exacerbate this. Opioids, such as propoxyphene, can 
often suppress RLS and not cause augmentation 

 Periodic limb 
movements in 
sleep 

 Periodic episodes of rhythmic extension of the hallux with dorsifl exion of the ankle, 
sometimes extending proximally to involve knee and hip fl exors. Commonly associated with 
RLS and can also respond to dopaminergic drugs. Opioids can also be of benefi t in resistant 
cases. Propoxyphene 65 mg late in the day before the onset of symptoms is usually effective. 
Start with a half-tablet, and titrate up to two tablets if necessary 

 Nocturia  Common in this age group. Anti-cholinergics can help but may exacerbate vivid dreams or 
hallucinations. Sometimes responds to dopaminergic treatment. Rule out co-existing 
pathology with referral to urology for assessment where appropriate 

 Vivid dreams  Are usually not disruptive to sleep but can be upsetting. Can resolve with a reduction in 
dopaminergic or anticholinergic drugs taken at night. Can be exacerbated by amphetamine 
metabolites of selegiline which should be taken early in the day. Low dose quetiapine, starting 
at 12.5–25 mg at night, can help if required 

 Nocturnal 
hallucinations 

 Are associated with cognitive impairment in IPD and along with vivid dreams can respond to 
a low dose of quetiapine that can also improve insomnia due to its soporifi c effects. Donepezil 
5–10 mg nocte can also be helpful 

 REM sleep 
behavior disorder 
(RBD) 

 Semi-purposeful movements in sleep, typically as if kicking or fi ghting off an attacker. Occurs 
as a consequence of losing normal physiological paralysis during REM sleep. RBD is 
typically reported by bed-partners who should be questioned. A small dose of clonazepam, 
0.25–1 mg at night, can be very effective. Melatonin, 3–12 mg at night, is an alternative when 
clonazepam exacerbates daytime somnolence and is generally well tolerated 

 Insomnia or early 
morning 
wakening 

 Can be markers for underlying depression. Tricyclic antidepressants such as amitriptyline or 
nortriptyline may have a role in this setting to improve mood and produce a hypnotic effect 
(use with caution in patients taking an MAO-B inhibitor). Drugs that may be interfering with 
sleep such as selegiline or modafi nil should be withdrawn or taken in the early in the day to 
minimize their stimulant effect. There is no specifi c contraindication to the use of 
benzodiazepines as night sedation although any ‘carry- over’ into the next day can affect 
cognition and increase risk of falling 

 Sleep disordered 
breathing 

 Due to sleep apnea and important to consider as treatment with non-invasive ventilatory 
support at night can be very effective. May not always have the typical body habitus seen in 
obstructive sleep apnea 
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although controlled trials are lacking. Clozapine 
is associated with a low risk of agranulocytosis 
(1–2 %) so a baseline full blood count with sub-
sequent monitoring are required; weekly initially 
for at least 18 weeks with local guidelines being 
followed thereafter. Treatment is started at 
6.25 mg at bedtime and gradually titrated to 
response to 25–75 mg per day. Quetiapine may 
be less effective than clozapine although it is gen-
erally used fi rst as it is not associated with hema-
tological adverse effects. It is usually started at 
12.5–25 mg at bedtime. Other atypical neurolep-
tics, risperidone, olanzapine and aripiprazole 
have all been associated with worsening of par-
kinsonism. There is insuffi cient evidence to rec-
ommend use of the glutamate antagonist 
memantine in PD-D.  

6.7.3.2     Depression 
 Prevalence data for depression in IPD varies and 
is dependent on diagnostic criteria. Depressive 
symptoms often go undiagnosed, with hypopho-
nia, poor sleep pattern and fl attened affect being 
more commonly attributed to parkinsonism. 
Depression in IPD has a higher prevalence than 
in other chronic, incapacitating illnesses suggest-
ing an endogenous component. This has been 
attributed to global monoamine depletion in IPD, 
in particular that involving noradrenergic neu-
rons. Dopamine receptors are likely to play a role 
in regulation of mood. SSRI agents reduce dopa-
mine uptake in the prefrontal cortex and chronic 
treatment leads to changes in D2/D3 receptor 
sensitivity in the nucleus accumbens. 

 SSRIs are commonly prescribed for depres-
sion in IPD. They are well tolerated but have a 
theoretical risk of inducing a serotonin syndrome 
when administered with an MAO-B inhibitor. 
This does not seem to be relevant with the doses 
used in clinical practice. Agents targeting dopa-
minergic and noradrenergic systems may be 
superior. 

 The tricyclic antidepressants desipramine 
(25–50 mg nocte) and nortriptyline (20–40 mg 
nocte) inhibit noradrenaline uptake and have a 
better side-effect profi le than amitriptyline due to 
less anticholinergic activity. Nortryptiline was 
found to be more effective than slow release 

 paroxetine in one randomized double-blinded 
trial. The dopamine agonists pramipexole and 
ropinirole have been also shown to be effective. 
The effect appears to be independent of any effect 
on motor function and may relate to an effect on 
limbic D2/D3 receptors.  

6.7.3.3     Anxiety 
 Anxiety is a known preclinical risk factor for IPD 
suggesting that in at least some patients it is a 
disease phenomenon and not a reaction to it. 
Panic attacks can occur in ‘off’ states and can be 
managed by minimizing motor fl uctuations and 
‘off’ time. It is important to be aware that manic 
and anxiety states have been reported following 
dopamine agonist treatment. Some patients ben-
efi t from the short-acting benzodiazepines alpra-
zolam (0.25–1 mg TID) and lorazepam 
(0.5–1.0 mg TID). Tricyclic anti-depressants, or 
SSRIs are sometimes required where there is 
additional depression (see section above).  

6.7.3.4     Apathy 
 Apathy is characterized by a reduction in goal- 
directed behavior and is thought to be related to 
executive dysfunction in IPD. Disturbance of 
striato-frontal circuitry may be important. 
Dopaminergic reward pathways between the 
midbrain and limbic cortex are affected in 
IPD. Patients may not report depressive symp-
toms and typically will not share the frustration 
of care-givers with respect to their lack of moti-
vation and drive. It is easy to mistake the apathy 
for depression in a Parkinson’s patient. Stimulants 
such as modafi nil are sometimes effective and 
empirical use of dopaminergics may help. A 
broader approach increasing monoamine trans-
mission with SSRIs, SNRIs and TCAs can also 
be used.    

6.8     Treatment of Motor 
Symptoms—Overview 

 Treatment must be tailored to the individual 
patient; each with a unique set of symptoms, dif-
ferent functional requirements and responding 
differently to various treatments. The goal is to 
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maintain independence for as long as possible 
while attempting to address motor and non-motor 
symptoms of the disease. Because no treatment 
has been shown unequivocally to have a neuro-
protective effect (discussed later), pharmacologi-
cal treatment in the early stages is focused on 
symptomatic management. Levodopa is the most 
effective oral treatment for bradykinesia and 
rigidity. Much of the therapeutic effort in advanced 
disease involves control of the complications 
associated with chronic levodopa use, namely 
fl uctuations, dyskinesias and increasingly recog-
nized neuropsychiatric aspects. Importance has 
therefore been placed on the timing of levodopa 
introduction, particularly in younger patients who 
have longer to live with dyskinesias should they 
develop. Advanced IPD is characterized by these 
treatment complications, non-motor symptoms 
and motor symptoms that are not levodopa 
responsive. Non- pharmacological treatments, in 
particular physiotherapy, have a signifi cant role. 
Physiotherapy involves patients in their own care, 
promotes exercise, keeps muscles active, and pre-
serves mobility. This approach is particularly 
important as IPD advances because many patients 
will tend to remain sitting and inactive, exacerbat-
ing their immobility. 

6.8.1     Symptomatic Treatment 
of Motor Symptoms 

6.8.1.1     Levodopa 
 Dopamine is unable to cross the blood–brain bar-
rier, but its precursor levodopa is and remains the 
most effective oral therapy. Early concerns that 
levodopa might be toxic to dopaminergic neurons 
proved to be unfounded and with respect to the 
pre-levodopa era, mortality and morbidity rates 
in PD have fallen. Dopamine has a strong effect 
on the area postrema, a fourth ventricular struc-
ture with high density of dopamine receptors and 
without protection from the blood–brain barrier. 
Nausea and vomiting are therefore common side 
effects. 

 Levodopa is routinely administered with a 
dopadecarboxylase inhibitor (carbidopa or 
benserazide) to prevent its peripheral breakdown 

to dopamine; these agents do not penetrate the 
blood–brain barrier. They potentiate the effects of 
levodopa, allowing about a 4-fold reduction in 
dose to obtain the same benefi t. Approximately 
75–100 mg of carbidopa is required to com-
pletely suppress peripheral dopadecarboxylase. 
Some formulations contain additional carbidopa 
if this is an issue; ‘Sinemet Plus’ combines 25 mg 
of carbidopa with 100 mg of levodopa instead of 
the 10 mg in ‘Sinemet 110’. Additional carbidopa 
can also be prescribed in 25 mg tablets. 
Domperidone is preferred if an anti-emetic is 
required. Unlike prochlorperazine and metoclo-
pramide, it does not cross the blood–brain barrier 
and will not therefore exacerbate parkinsonism. 
Domperidone is not available in the United States 
where Trimethobenzamide hydrochloride 
(‘Tigan’) can be used instead. Domperidone 
(‘Motilium’) should be taken 30 min before each 
dose and can usually be discontinued gradually 
within weeks. Other common side effects 
reported when initiating levodopa treatment 
include orthostatic hypotension, confusion, hal-
lucinations and sedation. 

 Levodopa is available in a number of forms 
and doses that allow treatment to be tailored to 
the individual needs of each patient. ‘Sinemet’ 
(levodopa/carbidopa) is available in strengths of 
50/12.5 mg, 100/10 mg, 100/25 mg and 
225/50 mg. ‘Madopar’ (levodopa/benserazide) is 
only available in Europe and in strengths of 
100/25 mg and 50/200 mg. There is also a water- 
dispersible formulation of Madopar (50/12.5 mg 
and 100/25 mg) with a more rapid onset and 
shorter duration of action. In practice, levodopa 
doses over 1200 mg daily are not often used. 

 Levodopa, carbidopa and the COMT inhibitor 
entacapone are available in a single tablet 
(‘Stalevo’). This comes in a number of strengths 
of levodopa (50, 75, 100, 125, 150, 175 and 
200 mg), each combined with 200 mg of entaca-
pone. This reduces the total number of tablets 
taken daily and reduces ‘off’ time in patients 
experiencing the wearing-off phenomenon. 
Entacapone prolongs the half-life of levodopa 
from 90 min to approximately 180 min. It was 
thought that concurrent entacapone may reduce 
the pulsatile stimulation of dopamine receptors 
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and avoid levodopa-induced dyskinesias, but a 
clinical trial showed the opposite effect; there 
were earlier and more severe dyskinesias when 
concurrent entacapone was utilized when 
levodopa therapy was started. 

 Both Sinemet and Madopar are available in 
modifi ed release formulations that are sometimes 
used to smooth-out motor fl uctuations or for 
night-time symptoms. Onset of action can be 
delayed and bioavailability is approximately 
75 % of standard release formulations because 
the entire content of the extended-release formu-
lation is not absorbed before the tablet passes the 
duodenum and jejunum (the sites where levodopa 
is absorbed).  

6.8.1.2     Dopamine Agonists 
 Dopamine agonists (DA) directly stimulate dopa-
mine receptors and are not reliant on degenerat-
ing striatal nerve terminals for uptake and 
conversion into an active product. For most 
patients DA are effective as a monotherapy in the 
early stage of the disease, allowing later intro-
duction of levodopa and thus delaying motor 
complications. Dopamine agonists will rarely 
induce dyskinesia but are less effective for the 
symptomatic management of IPD; most patients 
require the addition of levodopa within a few 
years. Dopamine agonists do not delay the time 
to onset of dyskinesias once levodopa is added 
when compared with patients starting on levodopa 
from the outset. 

 The earliest DA in use were the ergot deriva-
tives bromocriptine, pergolide, lisuride, and cab-
ergoline. Retroperitoneal, pleural and pericardial 
fi brosis and restrictive fi brotic valvulopathy were 
reported with pergolide and cabergoline, attrib-
uted to activation of the 5HT 2B  receptor. Pergolide 
is no longer available in the U.S. Lisuride, a 
short-acting ergoline agonist given subcutane-
ously is not associated with fi brotic complica-
tions (5HT 2B  antagonist) but has never been in 
common usage due to the emergence of 
apomorphine. 

 The non-ergoline agonists, pramipexole, rop-
inirole and rotigotine are currently the most fre-
quently prescribed oral DA. Pramipexole and 
ropinirole are available in multiple daily dosing 

formulations and more recently in modifi ed 
release formulations taken once daily. These for-
mulations may have benefi ts in improving com-
pliance and nocturnal or early morning symptoms. 
Rotigotine is administered transdermally, avoid-
ing delays of gastric motility, fi rst-pass metabo-
lism and competition with dietary protein. Skin 
site reactions are relatively common but mild, 
occurring in up to 40 % of patients. Typical ini-
tiation, maintenance and maximum doses for the 
non-ergoline DA are given in Table  6.6 . The clin-
ical response to pramipexole at doses greater than 
0.7 mg TID may not be greater than that at lower 
doses although side-effects will be more fre-
quent. Conversely, ropinirole is often not titrated 
quickly enough to an effective treatment dose 
(minimum of 3 mg TID) due to its low initiation 
dose. Rotigotine should be titrated straight up to 
8 mg/24 h if tolerated whether as a monotherapy 
or in combination with levodopa. Dose increases 
are then in 2 mg increments at weekly intervals 
until a satisfactory response is obtained.

   Alternatively prolong release forms of prami-
pexole (Pramipexole ER), and ropinirole (Requip 
XL) as a once daily doses, may be used. When 
switching the patient’s medication from the rop-
inirole immediate-release to the prolong release, 
patient should be prescribed equivalent dose and 
if the control is not maintained, ropinirole pro-
longed release should be titrated (as shown in the 
table) Typical initiation, maintenance and maxi-
mum doses for the long acting DA are given in 
Table  6.6 . 

 Dopamine agonists have a less favorable side- 
effect profi le than levodopa and are more likely 
to cause confusion, hallucinations, nausea, pos-
tural hypotension and ankle edema. Some 
patients may idiosyncratically have a better toler-
ance for one agonist over another. Much attention 
has been paid to reports of sudden unheralded 
episodes of sleep or ‘sleep attacks’ with 
DA. Daytime somnolence is a common problem 
in IPD. Further study of this phenomenon sug-
gests that these ‘sleep attacks’ may represent 
unintended sleep episodes in individuals with 
excessive daytime somnolence from disturbed 
sleep and dopaminergic treatment. Tolerance to 
the feeling of chronic sleepiness and memory 
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impairment may give the impression of sudden 
‘attacks’ of sleep. The soporifi c effect of dopami-
nergic therapy would appear to be the same 
whether dopamine agonist or levodopa is pre-
scribed. Nonetheless, patients on DA who are 
driving and reporting frequent unintended and 
reportedly unpredictable episodes of sleep should 
have their dose reduced and be advised not to 
drive until there is improvement.  

6.8.1.3     Monoamine Oxidase Type B 
(MAO-B) Inhibitors 

 Selegiline and rasagiline are irreversible MAO-B 
inhibitors that have a mild symptomatic effect. 
MAO-B is an enzyme responsible for the central 
clearance of dopamine and its inhibition augments 
the effect of levodopa. Both drugs can be used for 
management of symptoms in early IPD or as an 
adjunct to levodopa to reduce ‘off’ time during 
motor fl uctuations. As a monotherapy selegiline 
can delay the need for levodopa by an average of 9 
months. Selegiline has few adverse effects when 
given alone. When given concurrently with 
levodopa, it can increase the dopaminergic effect 
causing dyskinesias and hallucinations. Selegiline 
has amphetamine metabolites that can disturb sleep 
if given late at night. A dose of 5 mg once or twice 
daily, ideally before midday, is typically used. 
Above 10 mg selectivity for MAO-B is lost risking 
a sympathetic crisis. Rasagiline, 1 mg once daily, is 
a second-generation irreversible MAO-B inhibitor 
providing a stronger symptomatic effect. It has no 
amphetamine-like breakdown products and may be 
associated with less sleep disturbance.  

6.8.1.4     Amantadine 
 Amantadine is a mild indirect dopaminergic 
agent that augments dopamine release. It also has 
some anticholinergic and antiglutamatergic prop-
erties. Amantadine is now uncommonly used in 
the treatment of early IPD due to the availability 
of other symptomatic treatments with better side- 
effect profi les. In advanced IPD amantadine is 
used for its anti-dyskinetic effect, possibly as a 
result of its glutamate antagonism. Unfortunately, 
patients will often report a fall-off of benefi t after 
several months. Adverse effects include livedo 
reticularis (a reddish mottling of skin) on the 
legs, dry mouth, ankle and leg edema, postural 
hypotension, visual hallucinosis, and nightmares. 
Amantadine has a long half-life of about 12 h, 
and if side effects occur, it can be stopped 
abruptly. The usual dose is 100 mg two times per 
day, but sometimes a higher dose (up to 200 mg 
twice daily) may be required for dyskinesias.  

6.8.1.5     Anticholinergic 
(Antimuscarinic) Drugs 

 Anticholinergic agents are less effective antipar-
kinsonian agents than are dopaminergic drugs 
(estimated to improve parkinsonism by about 
20 %) but can be a more effective treatment for 
tremor. Their exact mechanism of action is 
unknown; they may redress a relative imbalance 
between cholinergic and dopaminergic transmis-
sion in IPD. Trihexyphenidyl is a widely used 
anticholinergic agent. A common starting dose is 
2 mg TID. It can be gradually increased to 15 mg 
or more per day although doses as high as this are 

    Table 6.6    Commonly used non-ergot dopamine agonists and typical dose schedules   

 Dopamine agonist 
 Start dose 
(mg) 

 Week 2 
 (mg) 

 Week 3 
 (mg) 

 Week 4 
 (mg) 

 Therapeutic range 
 mg/24 h  Max dose 

 Ropinirole  0.25 TID  0.5 TID  0.75 TID  1.0 TID  9.0—12.0  8 mg TID 

 Pramipexole (salt)  0.88 TID  0.18 TID  0.36 TID  0.7 TID  0.36–0.7  1.08 mg TID 

 Rotigotine  2  4  6  8  4.0–8.0  16 mg/24 h 

 Ropinirole 
prolonged release 

 2  4  6  8 (further increase 
by 2–4 mg every 2 
weeks) 

 8–24  24 mg/24 h 

 Pramipexole 
extended release 
(salt) 

 0.26  052  1.05  Further increase by 
0.52 weekly if 
needed 

 0.26–3.15  3.15/24 h 
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rarely tolerated. Biperedin and procyclidine are 
alternatives. 

 Adverse effects are common with many 
patients reporting poor short-term memory. All 
patients should have a baseline cognitive assess-
ment performed before starting treatment. These 
agents are preferably avoided if a patient or rela-
tive report prior memory impairment. 
Occasionally, hallucinations and psychosis occur, 
particularly in the elderly; these drugs should 
therefore as a rule be avoided in patients older 
than 65 years of age, although this is best judged 
on ‘biological age’. In older patients, amitripty-
line or diphenhydramine are sometimes benefi -
cial, without the central side effects of more 
potent anticholinergic agents and can also be 
used as a hypnotic. Anticholinergics can reduce 
sialorrhea when tolerated. Peripheral side effects 
are common, including dry mouth, blurred vision, 
constipation and urinary retention. One approach 
is to treat these adverse effects by appropriate 
antidotes instead of discontinuation. Pilocarpine 
eye drops can overcome dilated pupils that can 
cause blurred vision, and can be useful if glau-
coma is present. Pyridostigmine, up to 60 mg 
TID, can help to overcome dry mouth, urinary 
diffi culties and constipation.  

6.8.1.6     COMT Inhibitors 
 When levodopa is administered with a 
dopa decarboxylase inhibitor, catechol-O- 
methyltransferase (COMT) then becomes the 
main enzyme responsible for its breakdown in 
the periphery. COMT inhibitors prolong the 
pharmacological effect of levodopa, doubling its 
elimination half- life and augmenting its peak 
dose effect. They are useful in managing end of 
dose deterioration and reducing ‘off’ time but 
may exacerbate peak-dose dyskinesias resulting 
in a need to reduce individual levodopa doses by 
15–30 %. Entacapone and tolcapone are approved 
for use in IPD. Entacapone acts peripherally only 
and because it has a very short half-life, 200 mg 
is given with each dose of levodopa. A combined 
formulation with levodopa and carbidopa 
(Stalevo) has similar effi cacy to these compounds 
administered separately. Tolcapone acts both 

centrally and peripherally. It is initially pre-
scribed at 100 mg TID and is more potent than 
entacopone. It has been associated with liver 
enzyme elevations and 3 deaths from hepatic fail-
ure occurred in patients not having regular moni-
toring. It is therefore regarded as a second line 
agent. Regular monitoring of liver parameters 
should allow the drug to be used safely with 
immediate discontinuation if ALT or AST exceed 
the upper limit of normal.    

6.9     Medications on Time 
Initiative 

 Taking medications for Parkinson’s disease is 
vital. It may be particularly diffi cult in a hospital 
setting, where frequently PD medications are 
needed outside the routine drug-rounds. It is 
important to notify the PD Nurse Specialist upon 
patient’s admission, consider self-administration 
of PD medications by patients, and to share the 
knowledge about medications on time impor-
tance in PD with co-workers.  

6.10     Medications to be Avoided 
in Parkinson’s Disease 

 Some medications should be avoided in 
Parkinson’s disease, upon admission to a hospital 
medication charts should be carefully reviewed 
and the names of contraindicated medications 
inserted in the allergy section of a drug-chart. 
Assistance of a pharmacist may be needed. 
Examples of medications which may worsen PD 
are given below. Worsening of PD by: 

6.10.1     Blocking Dopamine Receptors 

•     Antipsychotics: Chlorpromazine, Fluphenazine, 
Haloperidol, Loxapine, Thioridazine, Thiothixene, 
Trifl uoperazine, Pimozide, Perphenazine  

•    Antiemetics : Chlorpromazine, Droperidol, 
Metoclopramide, Prochlorperazine, Promethazine  

•   Anti-depressants: Amoxapine     
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6.10.2     Decreasing Dopamine 
Storages 

•     Antihypertensives: Reserpine, Methyldopa, 
Tetrabenazine (may cause parkinsonism itself, 
but it should be mentioned that according to 
the most recent studies it may be used with 
caution for the peak-dose dyskinesias (chorea) 
in a PD patient, although this indication is 
uncommon justifi cation for its use in a clinical 
practice)    

 Some medications should not be taken with 
selegiline or rasagiline (MAOI). Other MAO 
inhibitors should not be used simultaneously 
with selegiline or rasagiline. Concomitant use 
with anti-depressants such as mirtazapine, St 
John’s Wort, and analgesics such as tramadol 
may rarely result in a serotonin syndrome, char-
acterised by autonomic instability, delirium, 
malignant hyperthermia, coma and death. Other 
examples of medicines to be avoided include 
widely used substances in cough medications 
(pseudoephedrine, phenylephrine, ephedrine) 
due to a possibility of inducing severe hyperten-
sion, and dextromethorphan (also antitussive 
medication) resulting in episodes of psychosis. 
(for a full list of contraindicated medications 
please consult the references given). 

 Patients with Parkinson’s disease should 
always consult their doctor or a pharmacist before 
taking any over-the counter medication.   

6.11     Neuroprotection 

 No defi nitive evidence has been found of neuro-
protection using any agent in IPD. There are a 
number of issues that need to be addressed before 
neuroprotective strategies in PD can be properly 
investigated:

    1.    Timing of neuroprotection: At presentation 
the majority of nigro-striatal neurons have 
already been lost, therefore any neuroprotec-
tive agent may be too late to be effective. 

Studies of at risk asymptomatic carriers of 
disease causing genes (e.g. LRRK2) may 
prove useful in teasing out this issue. However, 
in some cases at least, familial PD may have a 
different disease mechanism to sporadic dis-
ease. Familial cases are also uncommon and 
age at onset and penetrance are variable mak-
ing interpretation diffi cult. The identifi cation 
of pre-clinical markers in sporadic IPD is 
therefore of great interest.   

   2.    It is quite possible that IPD represents a het-
erogeneous group (various PD subtypes) of 
mechanisms giving rise to a fi nal common 
phenotype. If this is so, the identifi cation of a 
single effective neuroprotective agent will be 
diffi cult. Clarifi cation of the pathophysiology 
of IPD will help target specifi c neuroprotec-
tive therapies tailored to one or more respon-
sible mechanisms.   

   3.    Outcome measures that satisfactorily measure 
neuroprotection are needed. Clinical markers 
do not necessarily correlate with disease mod-
ifi cation, particularly when the agent being 
studied has symptomatic effects. In IPD the 
Unifi ed Parkinson’s Disease Rating Scale 
(UPDRS) is commonly used. The patient 
scores non-motor domains but many non- 
motor symptoms are not included. These 
symptoms may be more important in assess-
ing disease modifi cation as they generally are 
not levodopa-responsive and thus are unmodi-
fi ed by any symptomatic drug effect. The 
addition of imaging studies to assess striatal 
dopamine receptor density may be of value as 
a surrogate of neuronal loss.   

   4.    Trial design is vital to allow interpretation of 
any fi ndings. A ‘wash-out’ design allows, in 
theory, the symptomatic effect of a drug to 
wear off and thus leaving only a putative neu-
roprotective effect to account for a group dif-
ference. The biological effect of dopaminergic 
drugs may however last long beyond their 
pharmacological effect making interpretation 
diffi cult. ‘Delayed-start’ trials have attempted 
to address this issue by starting one group of 
patients on a study drug before the other. 
Failure of the delayed-start group to ‘catch 
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up’ with the early start group supports a pos-
sible neuroprotective effect of early treatment. 
This approach also has potential fl aws. If a 
benefi cial effect takes a long time to become 
established the delayed start group may not 
have had suffi cient exposure to the study drug, 
Also, a strong symptomatic effect can be suf-
fi cient to mask any disease modifying effect.     

6.11.1     Selected Trials of Interest 

•     Antioxidants have been investigated because 
the metabolism of dopamine by MAO-B pro-
duces free radicals. The DATATOP trial com-
pared the effects of the MAO-B inhibitor 
selegiline (10 mg/day) and the antioxidant 
tocopherol or vitamin E (2000 U/day). 
Selegiline delayed the requirement of 
levodopa by a mean of 9 months. Because of 
an unexpected symptomatic effect of selegi-
line, disease  modifi cation could not be proven. 
The subsequent trial with selegiline, the 
BLIND-DATE trial, added selegiline or pla-
cebo to patients already taking levodopa. The 
results showed less clinical worsening of 
UPDRS scores, less freezing of gait and a 
lesser increase of additional levodopa in the 
group taking selegiline compared to the pla-
cebo group despite the liberty to take as much 
levodopa as needed. This supports the possi-
bility of disease modifi cation but doesn’t 
prove it.  

•   The recent ADAGIO trial attempted to read-
dress the question by studying a different 
MAO-B inhibitor, rasagiline (1 or 2 mg), ver-
sus placebo using a delayed start protocol. The 
delayed start group demonstrated signifi cant 
differences in UPDRS (1.7 points) with respect 
to the 1 mg dose of rasagiline at the end of 52 
weeks. Questions remain however as strangely 
the fi ndings using a 1 mg dose were not repli-
cated in the group receiving 2 mg.  

•   Coenzyme Q10, a promising antioxidant and 
mitochondrial-activeagent, at 1200 mg/day 
showed some reduction of parkinsonism in a 
randomized, placebo-controlled,  double-blind 

pilot study of 80 patients not requiring treat-
ment for their disability. The trial met pre- 
specifi ed criteria looking for a linear response 
between dose and change in UPDRS 
(p = 0.09). The placebo group and patient 
group receiving 1200 mg differed signifi -
cantly with respect to this change (+11.99 vs. 
+6.69 respectively). However, recently com-
pleted phase III randomized clinical trial was 
terminated early, after a prespecifi ed futility 
criterion was reached. The trial has shown the 
Coenzyme Q10 was safe and well tolerated 
but showed no evidence of clinical benefi t in 
PD patients.  

•   The ELLDOPA study was designed to deter-
mine if levodopa has a toxic effect on dopa-
minergic neurons. A placebo group was 
compared with three groups receiving 
levodopa at varying doses, 150, 300 and 
600 mg per day. All subjects had early PD 
(less than 3 years). Treatment was for 40 
weeks with a 2 week washout period before 
fi nal assessment. The placebo group UPDRS 
worsened after 42 weeks while the high dose 
levodopa group maintained their improve-
ment of −1.4 points with respect to baseline. 
This result raised the question of a neuropro-
tective effect of levodopa, however, the 
improvement could be due to a prolonged 
symptomatic effect insuffi ciently washed out 
over 2 weeks.  

•   Tozadenant, a selective adenosine A2a recep-
tor antagonist in a dose of 120 or 180 mg 
twice daily was proven to be effective in 
reducing the off-time in a recent phase 2b, 
double blind, randomized trial. While the 
smaller dose of 60 mg twice daily did not 
provide a signifi cant reduction of the off-
time, the higher 240 mg twice daily dose was 
associated with markedly increased side 
effects.  

•   Cinnamon, a natural spice, improved motor 
function in MPTP-intoxicated mice in a recent 
study. Cinnamon expressed a protective effect 
on dopaminergic neurons by upregulation of 
Parkin/DJ1 in mice, indicating possible future 
benefi t in PD patients.      
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6.12     Treatment According 
to the Stage of Parkinson 
Disease 

6.12.1     When and How Should 
Treatment Be Started in Early 
Stage Disease? 

 In the absence of defi nitive evidence favoring a 
disease-modifying drug, authorities in the past 
have generally agreed that treatment is not neces-
sary when symptoms are not causing disability. 
This practice was motivated by a desire to avoid 
unnecessary side effects that might outweigh a 
small benefi t. 

 With the advent of newer agents that may have 
a disease-modifying role, some consider that ini-
tiation of treatment at the time of diagnosis is 
warranted to slow degeneration in an already 
considerably depleted substantia nigra. It is pro-
posed that dopamine depletion in the basal gan-
glia leads to maladaptive, compensatory changes 
within basal ganglia circuits that may also put 
additional metabolic stress on a failing system. 
Early symptomatic treatment might prevent or 
delay decomposition by normalizing basal gan-
glia function. This hypothesis is based on the 
apparent benefi t of early treatment demonstrated 
in trials with some symptomatic benefi t including 
levodopa, selegiline and rasagiline. This was 
examined in the recent PROUD study which 
assessed early versus delayed start pramipexole. 
No difference was found between early and 
delayed treatment groups. 

 Many neurologists will now empirically start 
with either selegiline or rasagiline monotherapy, 
providing well tolerated once daily dosing with 
mild symptomatic benefi t before starting more 
potent dopaminergic drugs or an anticholinergic 
for tremor predominant disease. The next step is 
typically the addition of a DA agonist (especially 
in young patients more prone to develop dyskine-
sias) due to their low propensity to induce dyski-
nesias and their ability to provide early symptom 
control in most patients, but with careful moni-
toring for side effects such as Impulsive-control 
disorder.  

6.12.2     Stage When Symptoms 
and Signs Require Treatment 
with Levodopa 

 Incremental addition of dopamine follows when 
symptom control is no longer adequate. Levodopa 
can be introduced as a fi rst line agent in treat-
ment- naïve patients, but this approach is usually 
reserved for older patients (>70 years of age for 
example), patients with cognitive impairment in 
whom a greater risk of neuropsychiatric compli-
cations with DA could be expected or when a 
patient is at a high risk of injury due to falls. 

 The confl ict exists between the development 
of dyskinesias after chronic levodopa treatment 
and its superior effi cacy and tolerability when 
compared to dopamine agonists. After 5 years of 
levodopa therapy, about 75 % of patients will 
have some form of motor complication. Those in 
favor of early levodopa point out the relatively 
poor tolerability of DA and better quality of life 
scores with early levodopa compared to those 
started on an agonist. They also highlight follow-
 up of these two groups showing that only mild 
dyskinesias are signifi cantly more frequent in 
those receiving levodopa ab initio. Furthermore, 
it is sometimes suggested that earlier levodopa is 
reasonable with infusional and surgical options 
now available if dyskinesias become an issue. 

 Those favoring initial dopamine agonist treat-
ment point out that in young patients having many 
years of treatment ahead of them, disabling dyski-
nesias should be avoided for as long as possible if 
an effective alternative is available. Infusional and 
surgical options for the management of motor com-
plications are only suitable for some patients and 
carry their own risks and side effects. It is usually 
possible to tailor treatment for patients based on 
individual social and occupational requirements. 

 The pragmatic approach is to introduce 
levodopa without undue delay when other anti-
parkinsonian medications, typically dopamine 
agonists, at maximum tolerated doses are no lon-
ger bringing about satisfactory symptom control 
or side effects are intolerable. An algorithm giv-
ing an overview of treatment options over the 
natural history of IPD is given in Fig.  6.3 .
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6.12.2.1       Initiating Levodopa 
 Most treatment-naïve patients will tolerate initia-
tion of levodopa/carbidopa at 50/12.5 mg 
TID. Each dose of 50/12.5 mg can then be gradu-
ally replaced by levodopa/carbidopa tablets of 
100/10 mg or 100/25 mg until 100 mg of levodopa 
TID is reached. Many neurologists will initiate 
treatment using 100 mg doses of levodopa but a 
more cautious titration can be used in elderly 
patients and the very young patients as Parkin 
positive PD is sensitive to levodopa. Nausea is the 
main side effect in treatment naïve patients and 
can be treated with domperidone, 10 mg 30 min 
before or with each dose. The nausea and vomit-
ing will usually settle within 2 weeks. For patients 
with persistent symptoms the formulation with a 
higher dose of carbidopa should be used (Sinemet 
Plus, carbidopa/levodopa 100 mg/25 mg) to 

 maximize peripheral dopa decarboxylase inhibi-
tion or this formulation can be used from the start. 

 There is no evidence that initiation of levodopa 
combined with a COMT inhibitor is of any ben-
efi t in delaying motor complications. In the early 
stage of levodopa therapy, before complications 
have developed, use of extended-release carbi-
dopa/levodopa has no advantage over use of the 
standard preparation in delaying motor fl uctua-
tions. Some patients benefi t from use of dispers-
ible levodopa in the morning to achieve faster 
onset of action providing freedom of movement 
to get dressed and washed. This approach can be 
useful for early morning dystonia. Dispersible 
levodopa can also be used on an ‘as required’ 
basis for sudden ‘off’ periods although subcuta-
neous apomorphine boluses can prove more prac-
tical in this situation.   

  Fig. 6.3    Suggested treatment 
algorithm in idiopathic 
Parkinson’s disease. 
Treatment needs to be 
individually tailored to each 
patients age, requirement and 
drug side-effect profi les       
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6.12.3     Management of Advanced 
Parkinson’s Disease 

 Some patients with longstanding IPD can be effec-
tively managed on oral dopaminergics with occa-
sional adjustments to manage the complications of 
chronic treatment. Others cannot achieve adequate 
control despite optimum oral treatment. This 
group experience dyskinesias, constant swinging 
between ‘off’ and ‘on’ states and unpredictable 
‘offs’. Options at this stage include subcutaneous 
apomorphine, jejunal levodopa via gastrojejunos-
tomy (Duodopa) or stereotactic deep brain surgery 
(DBS). Most patients at this stage have developed 
additional non-motor features of IPD including 
cognitive impairment and mood disorders that 
need to be considered when choosing advanced 
strategies. Treatment with these advanced thera-
pies usually allows  reduction of total dopaminer-
gic drug dose but almost all patients continue to 
require some oral medication. 

6.12.3.1     Infusional Apomorphine 
 Continuous subcutaneous apomorphine infusion 
was introduced in the 1980s and is useful in 
advanced IPD with motor fl uctuations refractory 
to the usual strategies. Symptoms that are not 
levodopa-responsive will not improve. The drug 
is delivered via a pump connected to an infusion 
catheter. The needle sits subcutaneously in the 
abdominal wall or thigh. The rate of infusion can 
be adjusted with the ability to deliver bolus doses 
when required. Most patients require between 50 
and 200 mg apomorphine per day. Some patients 
will take the pump off at night but continuous 
infusion is possible if nocturnal symptoms are a 
problem. Total daily levodopa can typically be 
halved. 

 The most common side effects with apomor-
phine are nausea, postural hypotension, daytime 
somnolence, and psychotoxicity. Patients need to 
be pre-treated with domperidone for 48 h and this 
is continued for as long as needed afterwards, 
usually less than 3 months. Abdominal wall nod-
ules can form at infusion sites. Strict adherence 
to an aseptic technique during needle placement 
and regular rotation of sites can limit this prob-
lem. Ultrasound therapy and silicone gel patches 

can reduce the size of nodules once formed. 
Coombs positive autoimmune hemolytic anemia 
is a rare and reversible side effect so a full blood 
count, reticulocyte count and Coomb’s test 
should be performed intermittently. Patients 
should be warned that apomorphine can indelibly 
stain clothing an olive green color. 

 Patients being considered for an apomorphine 
infusion fi rst need to be shown to be responsive 
to and tolerant of an apomorphine challenge as 
described below. For patients already using inter-
mittent boluses with an apomorphine pen this is 
not necessary:

    1.    The patient is pre-treated with domperidone, 
20–30 mg TDS for 48 h.   

   2.    Anti-Parkinson medications should not be 
taken for 4–6 h prior to the challenge. 
Prolonged release dopaminergics should be 
omitted the day before.   

   3.    A pre-treatment assessment is performed, typ-
ically including the motor subscale of the 
UPDRS or some other objective test of motor 
function (e.g. a timed walk).   

   4.    An initial dose of 2 mg is administered. The 
clinical examination is repeated and the 
patient is observed for up to 30 min.   

   5.    Increasing doses (in 1–2 mg increments) are 
given every 45 min until a 20 % improvement 
is documented or a maximum dose of 10 mg is 
reached. No response at 7 mg should be con-
sidered a negative challenge.   

   6.    The challenge is positive if a 20 % improve-
ment in pre-treatment motor function is 
observed.      

6.12.3.2     Infusional Levodopa via 
Jejunostomy 

 Delayed gastric emptying in IPD can lead to 
erratic and unpredictable delivery of levodopa 
to the small intestine. Levodopa can be adminis-
tered in a gel formulation (Duodopa) by infu-
sion through an endoscopically placed 
gastrostomy with a jejunostomy tube to ensure a 
more constant and reliable rate of delivery. This 
method of levodopa administration appears to 
have similar effi cacy to subcutaneous apomor-
phine, reducing daily ‘off’ time by up to 80 %. 
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The total daily dose of Duodopa required can be 
reduced by 20–30 % with addition of a COMT 
inhibitor if not already being used. Patients can 
be treated over 16 h with a break at night or con-
tinuously over 24 h for nocturnal symptoms. 
This form of infusion may be useful for patients 
intolerant of apomorphine or those with intoler-
able infusion site complications. Important 
 considerations are the need for the patient or 
carer to understand how to manage the pump 
and the relatively high frequency of complica-
tions relating to tube placement including 
 hemorrhage, peritonitis and the possibility that 
tubes can kink, become displaced and require 
replacement.  

6.12.3.3    Surgical Procedures 
 Prior to the development of levodopa a number 
of surgical techniques were attempted to treat 
the motor symptoms of IPD. Thalamotomy 
emerged as the most effective, particularly for 
tremor. Surgical options faded from prominence 
with the miracle of levodopa, however the preva-
lence of motor complications after long-term 
levodopa exposure has renewed interest. DBS 
has replaced ablative procedures as the tech-
nique of choice, as it does not destroy brain tis-
sue, it is potentially reversible and adjustments 
can be made post- operatively. The gait, speech, 
swallow and cognitive disturbances that are 
associated with bilateral ablative procedures are 
also less of a concern as stimulation can be 
reduced or aborted if required. 

 DBS does not offer superior control of the 
cardinal symptoms of IPD compared to 
levodopa except possibly for tremor. Its role is 
in the management of motor complications and 
the management of treatment-refractory tremor. 
Levodopa-responsive patients with dyskinesias 
or motor fl uctuations affecting their quality of 
life are the best candidates. 

 The best results from DBS are seen with 
younger patients. The presence of cognitive 
impairment is a relative contraindication as cog-
nition can worsen with any surgical penetration 
of the brain. However, recent prospectively gath-
ered data from patients undergoing stimulation of 
the subthalamic nucleus is reassuring. Other 

adverse effects from DBS include hemorrhage, 
infection, speech impairment, dystonia and wire 
breakage. Even in young patients there can be 
impaired cognition, depression with suicide 
attempts and an incomplete response. Post- 
operative follow-up programming of the stimula-
tors is an ongoing process. 

 Targets for ablative and DBS procedures are 
discussed below.

•     Thalamotomy and thalamic stimulation : The 
target is the ventral intermediate nucleus and 
best effects are seen for contralateral intracta-
ble tremor that can be relieved in at least 70 % 
of cases. The effect on other parkinsonian fea-
tures is less impressive. Although a unilateral 
lesion carries a small risk, bilateral operations 
result in dysarthria in 15–20 % of patients. 
Thalamic stimulation seems to be safer than 
ablation and can be equally effective against 
tremor.  

•    Pallidotomy  and  pallidal stimulation : The 
effects of globus pallidus stimulation are 
broadly similar to pallidotomy. The target is 
the posterolateral part of the globus pallidus 
interna (GPi) and outcomes are best treating 
contralateral dyskinesia with less benefi t for 
bradykinesia and tremor. The target in the 
GPi is believed to be the site of afferent 
excitatory glutamatergic fi bers coming from 
the subthalamic nucleus, which is overactive 
in IPD.  

•    Subthalamotomy and subthalamic nucleus  
( STN )  stimulation : The benefi cial effect of tar-
geting this nucleus fi ts well with observed 
STN over-activity in IPD. The STN has a cen-
tral role in the classic model of basal ganglia 
function, providing excitatory input to the 
GPi. Subthalamotomy has been infrequently 
performed in IPD because of the potentially 
serious side effect of producing contralateral 
hemiballism. This risk is not present with 
DBS, which is now the most commonly per-
formed procedure in the treatment of bradyki-
nesia, rigidity and tremor. The antiparkinsonian 
effect is no better than the best levodopa effect 
(except for tremor where surgery seems to be 
superior).      
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6.12.4     Management of Acute 
Deterioration in Parkinson’s 
Disease 

 Sustained functional deterioration in IPD should 
be investigated thoroughly for a reversible cause. 
Like many chronic neurological conditions, any 
systemic illness can cause an acute deterioration 
from baseline. If treatable, a return to baseline 
should be expected but this can take weeks after 
the original insult has resolved. Two causes of 
acute deterioration worth highlighting are missed 
medications and inappropriate exposure to dopa-
mine antagonists. Both problems can occur when 
patients are admitted for surgery, either as an 
emergency or electively. Involvement of a neu-
rology team in these cases is useful, particularly 
for patients who are fasting or with advanced dis-
ease. Causes of acute deterioration to consider in 
IPD and their management are given below. In 
general, an increase in levodopa dose in the set-
ting of one of these precipitants is preferably 
avoided.

•     Sepsis : Perform a full septic screen and treat 
appropriately with advice from microbiology 
if required.  

•    Dehydration : Rehydrate and correct any elec-
trolyte disturbances.  

•    Constipation : Treat with laxatives and con-
fi rm resolution on plain fi lm of abdomen. The 
aim should be to have at least one normal or 
soft bowel motion daily.  

•    Stress or anxiety : Treat appropriately with 
psychiatry advice if required.  

•    Missed medication or inappropriate sudden 
withdrawal of medication : Reinstate at previ-
ous effective dose.  

•    Exposure to dopamine antagonists  ( e.g. pro-
chlorperazine ): Discontinue drug, use an accept-
able alternative.  

•    Concurrent ,  medical or surgical illness : 
Supportive care, physiotherapy to maintain 
mobility and expect slow return to baseline 
level.  

•    Hardware or battery failure if deep brain 
stimulator in situ : Immediate neurosurgical 
referral.  

•    Cervical spine injury : Consider if after a fall 
there is a deterioration in gait with pyramidal 
signs in the lower limbs or a history of cervi-
cal spondylosis. Compromise of the cervical 
spine should also be considered in patients 
with deteriorating mobility despite increasing 
amounts of levodopa, particularly when result-
ing dyskinesias are limited to the head and 
neck region.  

•    Serotonin syndrome : Consider if there has 
been a recent introduction of an SSRI or TCA; 
stop any potential causative agent and support 
acutely.  

•    Depression : Common in PD and may present 
with somatic symptoms resembling hypopho-
nia and bradyphrenia. Consider an SSRI or 
tricyclic anti-depressant.      

6.13     Long-Term Complications 
of Treatment 

6.13.1     Motor Fluctuations 

 The pharmacokinetics of levodopa show a peak 
plasma concentration in about 30 min, and an 
elimination phase of about 90 min. Despite this, 
patients typically report no variability in their 
symptoms initially despite a TID dosing regime. 
This long-duration benefi t may be due to the 
buffering effect of dopamine storage in surviving 
nigral nerve terminals and to a long lasting post- 
synaptic effect, facilitating this early ‘honey-
moon period’. Ongoing neuronal loss 
accompanied by functional receptor changes in 
the striatum may be important in the genesis of 
motor complications. Over time the clinical 
response becomes shorter, unpredictable and 
often inadequate. The long-duration benefi t is 
lost and only the short-duration benefi t is seen. 

 Motor fl uctuations typically begin with an end 
of dose deterioration or  wearing off , defi ned as a 
return of parkinsonian symptoms less than 4 h 
after the last dose. Patients gradually become 
aware of increasing contrast between ‘on’ and 
‘off’ time. Initially, ‘off’ time will be prior to a 
scheduled levodopa dose, but unpredictable ‘offs’ 
unrelated to the timing of medications may 
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evolve. Patients sometimes report a ‘ not on ’ 
(dose failures) or ‘ delayed on ’ phenomenon 
where they get no response or a delayed response 
to a particular dose. Most dose failures are due to 
delay in levodopa entering the duodenum where 
it can be absorbed. Having the patient crush the 
tablet between his teeth and swallowing with 
ample amount of water could dissolve levodopa 
faster and facilitate its entry into the small intes-
tine. Motor ‘offs’ can be accompanied by non-
motor ‘offs’ with patients reporting anxiety, 
autonomic symptoms, dysphoria and pain during 
these periods. Non-motor ‘off’s’ do not always 
coincide with motor fl uctuations and may be dif-
fi cult to recognize. Patients with non-motor ‘offs’ 
tend to take more frequent dosings of levodopa in 
an effort to avoid these intolerable ‘offs.’ 

 Treatment adjustment aiming for continuous 
dopaminergic stimulation remains a mainstay of 
treating motor fl uctuations. Changes in dosing 
schedules and the addition of drugs that prolong 
the life of dopamine at the dopamine receptor can 
assist in ‘smoothing out’ the levodopa response. 
Strategies that are commonly used are given in 
Table  6.7 .

6.13.2        Dyskinesias 

 These are frequently mild choreic (dance-like) 
movements that are often unnoticed by the patient 
and managed with small reductions in levodopa if 
bothersome. In some cases dyskinesias are dis-
abling and severe, consisting of chorea, ballism, 
dystonia, or a combination of these. Dyskinesias 
are more common in young-onset patients, of 
whom 70 % are affected after 3 years of treatment. 
Initially patients will spend only a small part of the 
day in either the ‘off’ or dyskinetic state with the 
‘on’ period in between representing the target 
‘therapeutic window’ where function is adequate. 
Over time this window shrinks in duration with 
patients fl ipping from the ‘off’ state to being dys-
kinetic. Patients at this stage will often prefer to be 
dyskinetic as it is only when dyskinetic that they 
can have some freedom of movement. Distressed 
relatives may not appreciate this functional signifi -
cance of dyskinesias. Dyskinesias can be 

 sub-divided into (1) peak- dose dyskinesias, 
appearing at the height of antiparkinsonian bene-
fi t, 20 min to 2 h after a dose, (2) diphasic dyskine-
sias, usually affecting the legs, appearing at the 
beginning and end of the dosing cycle and (3) ‘off” 
dystonia, which can be painful sustained cramp-
ing, appear during “off” states and may be seen as 
early-morning dystonia presenting as foot cramps. 
Judicious introduction of levodopa with or without 

   Table 6.7    Management of motor fl uctuations in 
Parkinson’s disease   

 Levodopa should be taken 1 h before or 2 h after 
eating to enhance passage from stomach to small 
intestine and to reduce competition against amino 
acids for large neutral amino acid transporters in the 
small intestine. This can improve the ‘delayed on’ or 
‘no-on’ phenomena 

 Constipation is almost universal in PD. Regular bowel 
habit can contribute to an overall strategy to make 
levodopa absorption and motor response more 
predictable 

 Additional doses reduce the inter-dose interval and can 
resolve wearing off. Patients with advanced IPD will 
commonly require levodopa every 3 h throughout the 
day 

 Addition of dopamine agonists which have longer 
half-lives, particularly modifi ed release formulations 
of ropinirole, pramipexole or the rotigotine patch, 
reduce both the frequency and the depth of the “off” 
states 

 Addition of selegiline, rasagiline or a COMT 
inhibitors (entacapone or tolcapone) can improve mild 
wearing-off. The addition of COMT inhibitors may 
require a reduction in levodopa dose of 15–30 % as 
peak-dose dyskinesias can be precipitated or worsen 

 Slow-release forms of carbidopa/levodopa (Sinemet 
CR) have been used to improve wearing off although 
plasma levodopa levels can be erratic and response 
unpredictable 

 Patients who have rapid transitions between ‘on’ and 
‘off’ can benefi t from dispersible forms of levodopa 
(Madopar Dispersible). This speeds up the transit of 
levodopa to the small intestine giving them a 
‘kick-start’. Pre-fi lled apomorphine pen devices 
delivering bolus doses subcutaneously can also be 
used for a similar effect 

 Infusional therapies aim to achieve continuous 
dopaminergic stimulation to smooth out motor 
fl uctuations. Levodopa in a gel is infused directly into 
the small intestine (Duodopa), avoiding erratic passage 
through the stomach. Subcutaneous apomorphine 
bypasses the gut to provide continuous symptomatic 
relief although patient selection is important 
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dopamine agonists can delay the onset and reduce 
the severity of dyskinesias, although over time 
they are inevitable, particularly in younger 
patients. Treatment strategies are outlined in 
Table  6.8 .

6.13.3        Freezing 

 Freezing, a sudden inability to move lasting sec-
onds to minutes, can be seen at any stage of PD 
but typically is seen with motor fl uctuations in 
advanced disease. If early in the illness, think of 
atypical parkinsonism such as PSP or vascular 
parkinsonism. Any movement can be involved, 
but freezing of gait is the most disabling form and 
can be an important cause of falls where upper 
body momentum causes loss of balance on freez-
ing when walking or turning. “Off-freezing” 
must be distinguished from “on-freezing.” 

 Off- freezing was described before the advent of 
levodopa therapy and therefore is a disease phe-
nomenon and not a complication of treatment; it 
responds to levodopa. On-freezing remains an 
enigma; patients can be seen to freeze despite 
good control of all other symptoms. The etiology 
is unknown but non-dopaminergic systems are 
probably involved. 

 Although rarely successful, reduction of the 
total amount of ‘off’ time by increasing dopami-
nergic medications is the best approach to treating 
‘off-freezing’. There is no proven treatment for 
‘on-freezing’ but reduction of total levodopa dose 
can sometimes help, but this can worsen all other 
levodopa- responsive symptoms. Both on and off-
freezing seem to correlate with both the duration 
of illness and the duration of levodopa therapy. 
Early use of the MAO-B inhibitors rasagiline and 
selegiline may reduce the risk of developing the 
freezing phenomenon. Non-pharmacological 
approaches include walking aids to reduce the 
risk of falling. The use of sensory cues takes 
advantage of  kinesie paradoxale  whereby the 
inclusion of a sensory stimulus into the motor 
routine appears to activate a more effective motor 
program. Examples include the use of a metro-
nome, a bar on a walking cane to step over or 
internally generated cues such as counting or 
attempting to walk like a soldier. 

 New targets for DBS aim to target those motor 
symptoms not responsive to levodopa, in particu-
lar freezing and postural instability. Initial 
unblinded studies of surgery targeting the pedun-
culopontine nucleus suggested that stimulation of 
this mainly cholinergic nucleus might be of ben-
efi t in freezing of gait, but this has not been borne 
out in blinded studies.  

6.13.4     Neuropsychiatric 

 Confusion, agitation, hallucinations, delusions, 
paranoia, and mania are probably related to acti-
vation of dopamine receptors in non-striatal 
regions although psychosis can be a primary dis-
ease phenomenon, especially if the patient has 
developed dementia. Dopamine agonists more 
often bring out these complications, particularly 

   Table 6.8    Strategies for the management of dyskinesias 
in Parkinson’s disease   

 1.  Peak dose dyskinesias can be improved by small 
reductions in each levodopa dose, facilitated by the 
addition of a dopamine agonist. COMT and MAO-B 
inhibitors can be added to facilitate weaning of 
levodopa that might lead to wearing off, 
alternatively the inter-dose interval can be reduced 

 2.  Avoid long acting formulations of levodopa that can 
accumulate over the course of the day leading to 
dyskinesias that can be prolonged 

 3.  Amantadine can reduce the severity of dyskinesias, 
but a dose of at least 400 mg/day is usually required 
and any benefi t may not persist. Cognitive 
impairment, nightmares, hallucinations and 
myoclonus are not uncommon side-effects and limit 
its use in older patients 

 4.  Diphasic dyskinesias are more diffi cult to treat. 
Increasing the dosage of levodopa can be effective 
but peak-dose dyskinesia usually ensues. A switch 
to a dopamine agonist is more effective; low doses 
of levodopa are used as an adjunctive agent 

 5.  The principle of treating “off dystonia” is to try to 
keep the patient “on” most of the time. Here again, 
using a dopamine agonist as the major 
antiparkinsonian drug, with low doses of levodopa 
as an adjunct, can often be effective 

 6.  If adjustment of oral medications is ineffective 
infusional (subcutaneous or jejunal) or surgical 
options should be explored with good results in 
appropriately selected patients 
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at high doses. Early hallucinations or psychosis 
should prompt the question of underlying Lewy 
body dementia or concomitant Alzheimer dis-
ease. Where possible, reversible causes of any 
deterioration should be sought before this 
assumption is made:

    1.    Eliminate sepsis, dehydration and electrolyte 
imbalances as a cause of a delirium.   

   2.    Addition of an atypical neuroleptic, preferred 
for their affi nity for D4 more than D2 recep-
tors, such as quetiapine and clozapine.   

   3.    Discontinue any drugs that may be responsi-
ble, typically in the following order based on 
propensity to cause neuropsychiatric side 
effects—anticholinergics, amantadine, 
MAO-B inhibitors and dopamine agonists.   

   4.    If discontinuation of the above is ineffective, 
patients on a high dose of levodopa should 
have their dose reduced down to the minimal 
effective dose.     

 Neuroleptic drugs can induce drowsiness and 
should therefore be given at bedtime. Start with a 
dose of 12.5 mg of quetiapine to avoid the biweekly 
blood counts required with clozapine although it is 
less effective (see above). If clozapine is not toler-
ated, other drugs, including small doses of olan-
zapine, molindone, aripiprazole or pimozide can 
be used. If the parkinsonism deteriorates, lowering 
the dosage of levodopa to avoid the psychosis is 
preferable to maintaining a high dose of the anti-
psychotic. Levodopa should not be discontinued 
suddenly; abrupt cessation may induce a neurolep-
tic malignant-like syndrome, sometimes referred 
to as parkinsonism- hyperpyrexia syndrome.  

6.13.5     Impulse Control Disorders 

 Impulse control disorders (ICDs) are seen in the 
general population, but are more common in 
IPD. ICDs represent an inability to resist a drive 
or temptation to perform an act harmful to others 
or oneself. Pathological gambling is most often 
encountered but hypersexuality, excessive shop-
ping, reckless generosity and hyperphagia are 
also described. Signifi cant fi nancial, personal and 

social harm can be done. Young male patients 
with early-onset disease are at particular risk. 

 ICDs appear to be specifi c to treatment with 
dopamine agonists with a dose–response effect. 
This may be due to their affi nity for D3 receptors 
of the mesocorticolimbic pathways, stimulation 
of which is integral to reward and re-enforcement 
behavior.  Dopa Dysregulation Syndrome  (DDS) 
is a related phenomenon whereby a patient will 
take excessive and repeated doses of levodopa or 
a fast acting agonist such as apomorphine, often 
despite disabling dyskinesias. Soluble forms of 
dopamine are often preferred due to their rapid 
onset of action.  Punding  is repetitive behavior 
involving purposeless motor tasks such as pick-
ing at oneself, taking apart watches, radios, dish-
washers and washing machines, sorting and 
rearranging of common objects, such as lining up 
pebbles, rocks, or other small objects or more 
bizarre things such as a patient of ours who cut an 
expensive leather couch in half to move half of it 
through the door to a different room. 

 The management of ICDs involves early rec-
ognition and reduction of dopamine agonist 
doses to a minimum or stopping completely. This 
approach is effective in the majority of cases. 
Change to an alternative agonist is of little value 
and in some cases levodopa will have to be 
increased to compensate for loss of the agonist. 
Patients with dopa dysregulation syndrome need 
to have their levodopa dose reduced to see an 
improvement. Fast acting water soluble forms 
should be avoided completely. A diffi cult aspect 
of managing ICD and DDS is obtaining a clear 
history from the patient or family due to embar-
rassment. Specifi cally asking for behavioral 
changes in the spectrum of ICD is therefore vital.   

6.14     Recent & Future 
Developments 

6.14.1     New Agonists, Continuous 
Dopaminergic Stimulation 

 Continuous dopaminergic stimulation remains a 
target to achieve sustained control over  symptoms 
without the complications associated with 
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 prolonged treatment. A number of treatment 
options are now available that blunt the peaks and 
troughs of pulsatile stimulation including direct 
infusion of levodopa into the small intestine 
(Duodopa) and transdermal delivery of rotigo-
tine. Some dopamine agonists are now available 
in a once-daily formulation that may further 
smooth the response to treatment. New dopamine 
agonists and delivery methods in the future will 
need to be potent enough to remain effective 
without the addition of levodopa since it appears 
that initial agonist treatment does not prolong the 
latent period before the onset of levodopa induced 
dyskinesias.  

6.14.2     Dopaminergic Cell 
Transplantation 

 To date no double-blind controlled trial has shown 
a benefi t of dopaminergic cell transplantation in 
IPD. Individual case series have been promising 
with post-mortem and radiological ( 18 fl ourodopa 
PET) evidence of functioning graft tissue with 
some patients enjoying signifi cant and even com-
plete withdrawal of oral therapies. An important 
adverse effect noted in over 50 % of transplanted 
patients in one study is so called ‘off medication 
dyskinesias’. This form of dyskinesia can be per-
sistent, lasting for days or weeks. It is also possi-
ble that in time transplanted neurons will be 
susceptible to the same degenerative process that 
affected native neurons in the fi rst place, however 
recent observations proved that implanted foetal 
dopamine neurons remain healthy for up to 15 
years post-transplantation. More research is 
required to determine what immunosuppressive 
regime, quantity of transplanted cells and target 
patient group are required to improve outcomes. 
Importantly, even if eventually successful, dopa-
minergic cell transplantation may not benefi t the 
disabling non-dopaminergic symptoms of IPD.  

6.14.3     Stem Cell Implantation 

 Stem cell based therapies are an attractive option 
given the potential of these cells to repair 

 degenerating or injured neural circuits and the 
ability to generate cell lines in vitro. Stem cells 
can be derived from pre-implantation human 
blastocysts. Neural progenitor cells are alterna-
tive sources of implantable cell lines, derived 
from embryonic tissue or post-operative adult 
specimens. Induced pluripotent stem cells are 
generated from skin fi broblasts through genetic 
manipulation and are an exciting proposition in 
that they avoid the ethical dilemma of using fetal 
tissue, they are in abundant supply and do not 
necessitate immunosupression. 

 No trials to date have evaluated the effect of 
stem cells in human patients but animal studies 
are ongoing. Before a human trial can take place 
the safety profi le of implanting stem cells needs 
to be further evaluated. A major concern has been 
the development of malignant tumors following 
the implantation of undifferentiated stem cells in 
animal studies and in a young boy with ataxia tel-
angiectasia who developed a multifocal glioma 
derived from transplanted stem cells. Furthermore 
the ethical issues surrounding stem cell based 
therapies need to be resolved individually in 
every jurisdiction. Like dopaminergic cell trans-
plantation, even if successful, stem cell implanta-
tion is unlikely to address the many non-motor 
features of IPD.  

6.14.4     Management 
of Non- dopaminergic 
Symptoms 

 Much of the Parkinson’s disease research litera-
ture has been devoted to management of the com-
plications of long-term levodopa treatment. 
Infusional dopaminergic treatments and func-
tional neurosurgery have reached a point where 
motor fl uctuations can be addressed to some sat-
isfaction, although more options are needed for 
patients not suited to current treatment modali-
ties. Attention will increasingly turn to the non- 
dopaminergic symptoms experienced in advanced 
PD, in particular dementia, freezing and postural 
instability. Cholinesterase inhibitors offer limited 
benefi t in the management of dementia in the 
context of PD. Their general role in mild  cognitive 
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impairment is uncertain and many patients with 
cognitive impairment in PD will only have subtle 
frontal-dysexecutive features. Safi namide targets 
dopaminergic and glutaminergic targets and may 
have neuroprotective properties and a role in cog-
nitive impairment although clinical trials are 
required.  

6.14.5     Gene Therapy 

 Gene therapy has the potential to restore striatal 
dopaminergic function to a more physiological level 
by delivering proteins such as aromatic acid decar-
boxylase (AADC), 3,4- dihydroxyphenylalanine 
(DOPA) and glutamic acid decarboxylase (GAD) 
via an adeno- associated viral vector. Alternatively 
genes coding for trophic factors delivered to the 
basal ganglia might preserve or prolong survival of 
remaining dopaminergic neurons. Phase II clinical 
trials are currently underway.  

6.14.6     Neuroprotection 

 Because the exact etiology of IPD is unknown it 
remains diffi cult to know where the development 
of a neuroprotective agent should be targeted. A 
number of potential targets have emerged, includ-
ing mitochondrial metabolism based upon the 
study of inherited forms of the disease. Other 
possibilities include abnormalities in apoptotic 
and autophagy pathways, excitotoxicity and oxi-
dative stress. 

 Recent development of a crystal structure of 
Parkin providing the information about Parkin at 
atomic level, and insight into its binding site and 
interaction with possible therapeutic molecules 
may help in a development of a structure-based 
novel drug designs. 

 Although development of a vaccine which will 
slow or stop PD still remains a challenge, it may 
be more feasible than previously thought with a 
phase I clinical trial suggesting in preliminary 
results that the vaccine may have a neuroprotec-
tive effect by reducing the accumulation of alpha-
synuclein by inducing the alpha-synuclein- specifi c 
antibodies. However this immunotherapeutic 

approach has failed to date in other neurodegen-
erative disorders such as Alzheimer’s disease. 

 A combination of factors may be at play with 
a cumulative effect to produce the parkinsonian 
‘phenotype’. Identifi cation of genes, which are 
risk factors for the development of IPD from 
genome wide association studies, may be infor-
mative in the design neuroprotective regimes to 
target these potential risk factors individually. As 
stated previously, by the time patients present for 
treatment the majority of nigro-striatal dopami-
nergic neurons have been lost. If a disease- 
modifying agent will need to be introduced as 
early as possible. To enable this, a reliable bio-
marker of underlying susceptibility to PD in 
asymptomatic at risk individuals needs to be 
identifi ed.      
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7.1             Introduction 

 The terms “Frontotemporal dementia” or 
“Frontotemporal lobar degeneration” are often 
used interchangeably to describe a clinically and 
pathologically heterogeneous group of disorders 
characterized by degeneration of the frontal and 
temporal lobes. This disorder is comprised of 
multiple clinical variants. These include the 
“frontal” or “behavioural” variant which is char-
acterised by decline in behaviour and several 

 language variants where the clinical presenta-
tions is with language diffi culties. Neary et al .  
use the umbrella term Frontotemporal Lobar 
Degeneration (FTLD) for all of the above and 
reserved the term “Frontotemporal dementia” to 
refer specifi cally to the “frontal” / “behavioural” 
variant. In contrast, McKhann et al.  2001  used 
the term Frontotemporal dementia (FTD) to refer 
to all of the above presentations. For the purposes 
of this chapter we use the term Frontotemporal 
dementia (FTD) in the general sense of McKhann 
et al. In addition, the term “behavioural” variant 
FTD is currently preferred to the tem “frontal” as 
it addresses the behavioural syndrome rather the 
presumed anatomical localisation and is thus 
more comparable to the terms used for the 
 language variants. The description of the FTD 
language variants in this chapter is guided the 
most recent classifi cation of primary progressive 
aphasia (PPA) syndromes and includes progres-
sive non-fl uent aphasia or nfvPPA (previously 
PNFA), the semantic variant or svPPA (previ-
ously called semantic dementia) and the recently 
described logopenic variant or lvPPA.  

7.2     History 

 Arnold Pick (1892) is credited with the fi rst 
description of a progressive disorder of behav-
iour and language associated with circumscribed 
atrophy of the frontal and temporal lobes. Later, 
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Alois Alzheimer (1911) described the classical 
histological changes associated with “Pick’s dis-
ease” that of inter-neuronal inclusions and bal-
looned neurons. In the 1980’s, two groups in 
Lund, Sweden and Manchester, United Kingdom 
published separately large series of patients with 
frontotemporal atrophy and dementia with prom-
inent behaviour and language diffi culties. They 
noted that Pick-type histology was only one of 
three main histological changes seen and they 
came up with the fi rst consensus criteria for fron-
totemporal dementia. At the same time Mesulam 
described a series of patients with a progressive 
language disorder with sparing of other cognitive 
domains and non-Alzheimer’s pathology, which 
he termed primary progressive aphasia (PPA). 

 Over the subsequent decade further clinical, 
imaging and pathological studies prompted the 
consensus group to refi ne the criteria in 1998. 
They separated the language variants from the 
behavioural disorder. The separation of these syn-
dromes has led research focused on different clin-
ical variants. This has resulted in signifi cant 
advances in our understanding of the genetics and 
molecular pathology underlying these variants. 
However, overlap between the clinical syndromes 
is still apparent. Indeed, in familial FTD each of 
the different clinical syndromes can be seen in the 
same kindred. Also, in later stages of each syn-
drome, patients will often have a mixed clinical 
picture of behaviour and language diffi culties.  

7.3     Epidemiology 
and Demographics 

 Age of onset of FTD is typically younger than 
other forms of dementia being between 45 and 65 
years, though cases are reported outside this 
range. FTD is the third most common form of 
cortical dementia after Alzheimer’s disease (AD) 
and Dementia with Lewy Bodies (DLB) and the 
second most common cause of young-onset 
dementia after AD. 

 Studies in the UK and U.S.A suggest that the 
prevalence of FTD in 45–64 age group is 15–22 
per 100,000 with incidence estimates for the 
same age group ranging from 2.7 to 4.1 per 
100,000 person-years. A population-based study 

in the Netherlands reported lower prevalence 
rates of 3–4 per 100,000 in the 45–64 age group, 
9.4 per 100,000 for the 60–69 age group, and 3.8 
per 100,000 at 70–79 age group. Although this 
supports that concept that FTD is not a dementia 
of old age, a recent study based on the Swedish 
Registry for Dementia, reported that 70 % of 
FTD cases were 65 years or older at the time of 
diagnosis. Both FTD and AD displayed an 
increased incidence with age in that study, with 
FTD incidence in the 80–84 years reaching 6.04 
per 100,000 person-years. 

 Data from UK registry suggest a male pre-
dominance (14:3), several studies from Italy sug-
gest a female predominance (1: 1.3–2), while 
other reports suggested equal sex distribution. 

 The duration of illness from onset to death has 
a range from 2 to 20 years with a mean of 6 to 8 
years. Behavioural variant FTD (bvFTD) is the 
most common FTD syndrome affecting 55 % of 
all cases, while non-fl uent progressive aphasia 
(nfvPPA) accounts for 25 %, and the semantic 
variant (svPPA) for 20 %. Demography does differ 
between the syndromes: For example, svPPA has a 
later age of onset (though still younger than typical 
AD patients) and a slower rate of progression with 
a median survival of about 12 years. Patients with 
bvFTD have the earliest age of onset and generally 
more rapid progression with a survival of about 9 
years. The presence of co- morbid motor involve-
ment in the form of amyotrophic lateral scleroses 
(FTD with co-morbid ALS or FTD-ALS) is asso-
ciated with shortest survival (2–5 years).  

7.4     Clinical Features 

 As with other forms of cortical dementia, symp-
toms are gradual in onset and progressive over 
time. Below is a description of the most common 
FTD variants. 

7.4.1     Behavioural Variant FTD 
(bv-FTD) 

 The hallmark of bvFTD is gradual onset deterio-
ration in behaviour and inter-personal conduct. 
Patients often lack insight into their abnormal 
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behaviour. This often leads to delay in seeking 
medical attention. Thus detailed semi-structured 
interviews with family members focused on 
behavioural changes are an essential component 
of evaluating patients with suspected bvFTD. It is 
important to note that the patient’s family and 
friends often excuse some or all the personality 
changes, at least initially, as part of “mid-life cri-
sis”. Thus, the interviews should include a mix-
ture of open questions (e.g. “have you noticed any 
change in personality/behaviour?”) and direct 
questions about the specifi c behavioural changes 
that can be encountered in this condition. 

 It is usually socially inappropriate interper-
sonal behaviour that is noted initially due to 
impulsivity and disinhibition of verbal, physical 
or sexual impulses. Diffi culties with interper-
sonal conduct are not only due to disinhibition 
but also due to defi cits in emotional processing, 
social awareness and social cognitive skills. 
These defi cits can lead to inability to express and 
recognize facial or vocal expressions of emotion 
and/or inferring the mental states and intentions 
of others from social cues. These abilities form 
part of the so called “theory of mind”. This results 
in problematic social interactions, loss of empa-
thy and a reduced concern for others. These 
behaviours are often perceived by the caregiver 
as ‘out of character’ and constitute a signifi cant 
change in personality. It is important to note that 
for these reasons distress is common among the 
caregivers of bvFTD patients, compared with 
caregivers of other forms of cortical dementia. 

 In tandem with the decline in interpersonal 
conduct, there is often a change in personal con-
duct, usually in form of loss of drive/motivation 
or apathy and rarely hyperactivity. Apathy is 
often noted by caregivers and can be mistaken for 
depression. It is one of the factors that contribute 
to the loss in previous hobbies and social activi-
ties and the decline in personal hygiene and 
grooming that is frequently reported. 

 Other behavioural symptoms that have been 
reported in bvFTD patients include perseverative 
and stereotyped (ritualistic/compulsive) behav-
iour and speech patterns. This can include simple 
behaviours such as humming, or tapping, as well 
as complex behaviours such as constant checking 
of door locks or light switches. Preservative 

speech patterns includes repeating the same 
catchphrases and repeating what others say (echo-
clalia). Patients may also develop hyper- orality, 
over-eating or bingeing, and change in food pref-
erence (usually developing a “sweet tooth”). 
Utilization behaviour, the act of compulsively 
grasping and using objects within one’s visual 
fi eld, has also been described and seems to be par-
ticularity frequent in bvFTD patients from Asia. 

 The cognitive symptoms experienced are due 
to executive dysfunction – therefore patients have 
diffi culties in planning, problem solving, organi-
zation, attention and mental fl exibility. These are 
symptoms that are not easily identifi ed either by 
the caregiver or history taker but important clues 
include decline in performance at work and home 
(“activities of daily living”) and adherence to a 
rigid routine or way of doing things. Notably, 
cognitive function can be intact early in the dis-
ease even in the context of marked behavioural 
changes. 

 Cummings et al .  have suggested three distinct 
bvFTD syndromes based on the predominance of 
disinhibition, apathy or dysexecutive behaviour. In 
contrast, Snowden et al .  suggested that bvFTD can 
be subdivided into apathetic variant, disinhibited 
variant and a variant of  stereotyped- compulsive 
syndromes. These syndromic sub-classifi cations 
are supported by anatomic and radiological corre-
lations. Apathetic behaviour has been associated 
with changes in medial frontal cortex, anterior cin-
gulate and superior frontal gyrus, particularly on 
the right. Disorders of self-regulation and disinhi-
bition as associated with changes in the ventrome-
dial prefrontal cortex (VMPC), the anterior 
temporal lobe, the amygdala, and the orbito-fron-
tal cortical subcortical circuit. Dorsolateral pre-
frontal (DLPC) changes are linked to a 
dysexecutive syndrome. Overall involvement of 
the right hemisphere is associated with more 
severe behavioural changes. However, in practice 
these symptoms frequently co-occur, and the clini-
cal usefulness of these distinctions is limited.  

7.4.2     Language Variants of bv-FTD 

 Patients with the language variants of FTD are 
generally more aware of their defi cits compared 
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to bvFTD patients and they will frequently com-
plain, “I’ve forgotten the words for things”. 
However, the presentation can still be delayed as 
their diffi culties are often put down as normal 
aging. 

 In progressive non-fl uent aphasia (nfvPPA) 
there is breakdown in spontaneous speech. The 
core changes in nfvPPA are reduced fl uency lead-
ing to effortful halting speech and defi cits in 
grammar. The later defi cits often lead to simplifi -
cation, distorted word order as well as omissions 
of function words such articles and propositions 
(see Table  7.1  for examples).

   Anomia is common due to diffi culties in word 
retrieval but object knowledge remains intact. 
Thus although the patient cannot name an object, 
they may be able to pick the correct name from 
choice and will be able to match the object with 
other objects that semantically linked to it. 

 Comprehension for single words in usually 
intact but impaired comprehension of syntacti-
cally complex sentences is often an early feature. 
In addition, these patients have diffi culties in 
speech production due to speech apraxia leading 
to word sound distortions. 

 The semantic variant (svPPA, previously 
semantic dementia) is the second FTD language 
variant. The hallmark of svPPA is loss of seman-
tic knowledge. This manifests as severe naming 
and word comprehension impairment in the con-
text of fl uent, effortless, and grammatically cor-
rect speech output. Semantic paraphasias are 
common. Words are often substituted by a 
semantically related but more frequent object 
(e.g. “horse” for “zebra”) or a more general cat-
egorical term (e.g. “animal” for “cow”). 

 Due to the loss of semantic knowledge, patients 
have diffi culties in single word comprehension 
and are unable to match the object with semanti-
cally similar objects or pick an object from 
description of its use. Knowledge loss affects ini-
tially the less frequent or atypical exemplars of 
category (e.g. fi rst “hamster”, then ‘rabbit’, then 
‘animal’). Knowledge of more personally relevant 
objects is more resistant. Of note, episodic mem-
ory remains intact and patients often remain ori-
ented, are able to keep appointments, and to learn 
and recall visuospatial information. 

 Repetition is not impaired in svPPA and 
patients can repeat multi-syllable words without 
diffi culty. In contrast writing and reading relies 
exclusively on phonological (letter by letter) 
reading/writing as patients have no access to pre-
viously learned word knowledge, which includes 
the correct way to read irregular words (such as 
“yacht” or “cough”). This leads regularisation 
errors when reading or writing. This is termed as 
“surface alexia/dyslexia” and “surface agraphia/
dysgraphia” respectively. 

 The above described svPPA phenotype is usu-
ally associated with predominant involvement of 
the dominant hemisphere. A rarer form of svPPA 
is seen where the disease process affects mainly 
the non-dominant hemisphere. The phenotype in 
this form usually includes agnosia (a failure to 
recognise objects or people) and more prominent 
behavioural changes. 

 The logopenic variant of progressive aphasia 
(lvPPA) is the third type of primary progressive 
aphasia syndrome. This variant has been recog-
nised only recently and its exact syndromic clas-
sifi cation remains controversial. Unlike the other 
language variants of PPA, the most common 

   Table 7.1    Examples of spoken and written language 
from patients with non-fl uent/agrammatic aphasia   

  Examples of speech  

 “We are looking for one hor….like we…are just 
saying…I should not have done…I didn’t realize it, 
like I say………. I used to be very ….. I had just fi rst 
thing I do….here is what she says is …I am giving her 
problems……. It is me making something I don’t 
think about.” 

 Till a few years ago…… I had business…. for 
saying… because things going wrong because I was 
dealing people in the house……… I could not get the 
word. ………Just had to stop. 

  Examples from written description of the Cookie- 
Theft Picture test  
 Boy trying to get cookies. Boy folling of chair. 
 Mother wiping plate. 
 Water overfl ow. 
 Mother not taken much notice about water on fl oor. 

 Cook. Jar 
 Dishis 
 Flood Sink 
 Di 
 Stool 

  All patients are native English speakers  
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pathology underlying this disorder is that of 
Alzheimer’s type pathology. However, recent 
evidence suggests that 23 % of lvPPA patient 
have FTD pathology on autopsy. 

 lvPPA is characterised by fl uctuating interrup-
tions of fl uency due to word fi nding diffi culties, 
with intact grammar and sound production. There 
is often impaired repetition and comprehension, 
particularly for long improbable phrases, an 
observation in line with the hypotheses that epi-
sodic memory impairment plays a central role in 
this condition. 

 Finally, it is worth noting that while the most 
salient complaints in language variants of FTD 
are by defi nition language related, there are often 
associated behavioural changes, particularly in 
svPPA patients. The pattern of behavioural 
changes in language variant FTD may be differ-
ent from that of bvFTD. Some reports suggest 
that apathy, lack of empathy and hyper-orality are 
more common in bvFTD while compulsive and 
complex stereotypic behaviours, mental rigidity 
anxiety, repetitive themes, and sleep disorders 
may be more common in svPPA.   

7.5     Associated Syndromes 

7.5.1     Syndromes That Overlap 
and Mimic FTD 

 Research has shown the signifi cant pathological 
and molecular overlap between FTD and other 

neurodegenerative disorders and hence the cross-
over in clinical features. Table  7.2  summarizes 
the syndrome that overlap.

   On the other hand, there are a range of clinical 
disorders that have no pathological overlap but 
whose clinical phenotype can mimic those of 
FTD. Table  7.3  summarises the syndrome that 
mimic FTD.

7.6         Clinical Assessment 

 The fi rst part of the clinical assessment in FTD 
patients is obtaining a detailed history, emphasis-
ing any changes in behaviour, language and other 
cognitive domains and their impact on the 
patient’s ability to function at home and at work 
and to maintain inter-personal relationships. The 
history should also include a detailed family his-
tory and clues suggesting overlap or mimic syn-
dromes (see Table  7.2  and Fig.  7.1 ). The 
examination should cover both cognitive func-
tions and motor signs.

   Cognitive assessment should focus on identi-
fying the cognitive defi cits specifi c to each syn-
drome in addition to noting which cognitive 
domains are spared. The most affected domains 
are executive functions and (in the language vari-
ants) language function. In contrast, orientation, 
calculation, visuospatial skills should be rela-
tively well preserved early in FTD. Although 
early memory impairment is generally consid-
ered to exclude a diagnoses of FTD, recent 

    Table 7.2    Clinical syndromes known to display clinical overlap with FTD   

 Amyotrophic 
Lateral Scleroses 
(ALS) 

 The association between ALS and dementia has been described for over a century. It is now 
recognised that 13–15 % of FTD patients have evidence of co-morbid ALS (FTD-ALS). Up to 
50 % of ALS may have cognitive or behavioural abnormalities on neuropsychological testing 
which in about 13 % are severe enough to fulfi l the criteria for FTD, most frequently bvFTD. 

 Corticobasal 
syndrome (CBS) 

 This is a progressive disorder characterized by asymmetrical motor and sensory cortical and 
extrapyramidal dysfunction. It is classically associated with tau pathology though recent 
evidence suggests that AD pathology underlie many cases. There are two main clinical 
presentations. In the fi rst one, the patient presents to movement disorders clinic with a “useless 
arm” due to unilateral rigidity, bradykinesia, apraxia, tremor, and dystonia. In the second, 
cognitive symptoms, in particular nonfl uent progressive aphasia, are the presenting feature. 

 Progressive 
supranuclear 
palsy (PSP): 

 This is a rapidly progressing disorders characterized by supranuclear gaze palsy, an akinetic 
rigid syndrome with pronounced axial rigidity, postural instability causing falls, (mainly 
backwards), and bulbar symptoms (dysarthria and dysphasia). It is classically associated with 
PSP pathology. 
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 evidence suggest that memory changes in FTD 
are common, especially in younger patients. 
Occasionally, memory dysfunction occasionally 
can be as severe as that observed in AD patients. 
In fact, severe amnesia can be the presenting fea-
ture in some patients. However, typically mem-
ory function in FTD affects free recall to a higher 
degree than recognition or cued recall while in 
AD the impairment extends to all three aspects of 
episodic memory. 

 A variety of rapid screening tests have been 
designed specifi cally for the purpose of discrimi-
nating FTD from non-FTD dementias such as 
the third version Addenbrooke’s Cognitive 
Examination ( ACE-III , Hsieh 2013) which is the 
most updated version of the ACE (Mathuranath 
2000), the  Executive Interview  (Royall, Mahurin 

RK, and Gray, 1992), and the Frontal Assessment 
Battery (FAB, Dubois, Slachevsky, Litvan and 
Pillon B, 2000), and  The Montreal Cognitive 
Assessment  ( MoCA , Nasreddine et al. 2005). If 
feasible, the patient can be referred to a clinical 
psychologist for a more detailed neuropsycho-
logical evaluation. 

 The motor examination should focus on the 
presence of motor signs suggesting disease mim-
ics (e.g. stroke) and disorders that overlap with 
FTD such as corticobasal syndrome (CBS), 
Progressive Supranuclear Palsy (PSP), and amy-
otrophic form of Motor Neuron Disease (FTD- 
ALS). Thus presence of extra-pyramidal signs, 
muscle wasting, fasciculations or unilateral 
apraxia add to the behavioural and cognitive pro-
fi le in characterizing the syndrome (Fig.  7.1 ).  

   Table 7.3    This is a summary of conditions that can mimic FTD   

 FTD-Phenocopy Syndrome  There are recent reports of patients who have a typical clinical presentation of FTD 
(sometimes associated with executive dysfunction and impaired activities of daily 
living) but they display extremely slow or no progression over time and have normal 
imaging. The underlying pathology in these patients is yet to be established. It has 
been suggested that such cases might constitute pathological but stable personality 
variants 

 Psychiatric illness:  Behavioural changes can be interpreted by family and medical professionals as a 
psychological reaction or psychiatric disorder. For example, apathy may be 
interpreted as depression and irritability or disinhibition as a midlife personality 
change. In addition, the negative symptoms characterizing some types of 
schizophrenia (such as schizophrenia simplex) can be very similar to the behavioural 
changes of bvFTD, particularly if they are not associated with fl orid “positive 
symptomatology”. On the other hand, positive psychotic symptoms such as 
hallucinations and delusions, though rare have been described in  C9orf72  related 
FTD. Association with other symptoms of FTD and the time course of “insidious 
onset and gradual progression” can help differentiate FTD 

 Alzheimer’s disease (AD)  AD is characterized by early and prominent defi cit in episodic memory, and is thus 
easy to differentiate from FTD. However, atypical variants of AD can be 
characterized by more prominent involvement of behaviour and language (the so 
called frontal and language variants) and therefore can pose diagnostic challenges. 
On the other hand, FTD can also be associated with prominent amnestic features. 
Notably, attention, orientation, visuospatial skills tend to be preserved in early FTD 
and impaired in AD. 

 Other neurodegenerative 
disorders 

 FTD symptoms such apathy irritability and stereotypic behaviour can also be 
associated with other neurodegenerative disorders affecting the fronto-striatal circuits 
such as Parkinson’s disease (PD), Huntington’s disease (HD), Wilson’s disease, and 
Multiple system atrophy (MSA). Olivopontocerebellar atrophy ( OPCA ) can also 
present with a range of symptoms reminiscent of FTD. These disorders should have 
distinguishable features with differing collections of symptoms e.g. tremor in PD, 
cerebellar ataxia and autonomic failure in MSA and chorea in HD. 

 Vascular dementia (VD)  Apathy, executive dysfunction, frontal release signs, and parkinsonian features can 
occur in VD. However, the stepwise time course and presence of cortico-spinal tract 
signs would suggest VD over FTD. MRI may be helpful, indicating FTD if there is 
focal lobar atrophy and VD if there is diffuse white matter changes 
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7.7     Neuropsychological 
Assessment 

 Given the wide variability of presentations in 
FTD and the fact that there are a number of other 
overlapping conditions, a comprehensive neuro-
psychological assessment can greatly contribute 
to differential diagnosis. However, as FTD can 
frequently present with alterations in behaviour 
and personality one should not over-rely on cog-
nitive testing per se. Depending on the locus of 
pathology patients may do extremely poorly on 
conventional “frontal lobe” tests (such as the 
Wisconsin Card Sorting Test, Trail Making Test, 
verbal fl uency etc.), or they may in fact perform 
normally, yet still show major impairment in self- 
and social regulation. Therefore it is essential to 
conduct a detailed evaluation of behaviour. 

 Behavioural evaluation should include direct 
observation of the patient as well as collateral 
information from informants using semi- 
structured interviews and preferably a suitably 
designed behavioural instrument. One such 

instrument is the Frontal Systems Behaviour 
Scale (FrSBe, Grace & Molloy 2001) which was 
designed based on Cummings’ neuroanatomical 
model to provide self and informant based ratings 
of apathy, disinhibition, and executive dysfunc-
tion both pre-morbidly and currently. In addition 
to permitting age and gender graded interpreta-
tion of behaviour change, the self- and informant- 
based ratings can be compared to evaluate the 
degree of insight or lack thereof. Other com-
monly used behavioural instruments include the 
Cambridge Behavioural Inventory (CBI, 
Wedderburn et al. 2008) and the Neuropsychiatric 
Inventory Questionnaire (NPI -Q,  Kaufer et al. 
2000). 

 The typical pattern of cognitive change 
reported in FTD patients is impairment of execu-
tive functions. There are purpose designed com-
prehensive batteries to evaluate a broad range of 
cognitive processes encompassed within the term 
executive function, the majority of which are 
dependent on the integrity of the frontal lobes. 
Notable examples include the Delis-Kaplan 

Cortical sensory
loss Myoclonus
Alien-limb sign

Early disinhibition

Aphasia (PPA) Semantic
Dementia/MND
features

Dementia
Parkinsonism
Gaze palsy

DysphagiaI-dopa
unresponsive

Ideomotor apraxia

Early falls
Axial rigidity

CBD FTD

PSP

  Fig. 7.1    Clinical crossover of 
frontotemporal dementia, 
corticobasal degeneration, and 
progressive supranuclear palsy 
(Courtesy of Dr. B. Murray, 
Hermitage Hospital, Dublin)       
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Executive Function System (D-KEFS, Delis, 
Kaplan, & Kramer, 2001) and Behavioural 
Assessment of the Dysexecutive Syndrome 
(BADS, Wilson, Alderman, Burgess, Emslie, & 
Evans, 1996), (see Chap.   3     for a more detailed 
discussion of tasks of executive functions). 

 As noted above, the patient may or may not 
have associated signifi cant memory impairment. 
Attention, orientation and visuo-spatial functions 
are typically preserved in FTD patients. However, 
it is worth noting that  qualitative  cognitive analy-
sis is as important as the patient’s  quantitative  
performance on the different neuropsychological 
tests. Patients can fail the same tests for different 
reasons. For example, an AD patient could fail 
visuo-construction tasks such as copy trial of the 
Rey Osterrieth Complex Figure or Block Design 
because of memory problems and/or poor visuo- 
spatial functions while FTD patients might have 
diffi culties with the same task due to construc-
tional praxis and planning problems. 

 Patients with an early disease focused in the 
orbitofrontal-ventromedial prefrontal cortex, 
may perform normally on tests traditionally con-
sidered sensitive to frontal lobe/executive dys-
function but have a profound defi cit in everyday 
decision making and social regulation. To address 
this issue novel batteries have been developed to 
focus on emotional decision making and social 
cognitive skills. Many tasks intend to mimic 
every day functioning and as such maybe more 
sensitive to cognitive changes in early bv-FTD. 

 One such battery is the Executive and Social 
Cognitive Battery (ESCB, Torralva 2009) which 
includes the Iowa Gambling Task (IGT, Bechara 
et al. 1994), the Multiple Errands Task (MET, 
Shallice & Burgess, 1991), the Hotel task (HOT, 
Manly et al. 2002), the Mind in the Eyes task 
(Baron-Cohen et al. 2001), and the Faux Pas test 
(Stone et al. 1998). The IGT evaluates decision 
making and learning in high and low risk situa-
tions. During the task healthy individuals learn to 
avoid the risky choices while those with FTD 
continue to make high risk choices which results 
in an overall net loss. The MET and the HOT are 
both designed to mirror everyday tasks. The 
MET involves the participant running “real life” 
errands such as purchasing three items (a soda, a 

postcard and a letter), using the internal phone, 
and obtaining and writing down pieces of infor-
mation such as the area code of a city. The Hotel 
task involves activities that are often undertaken 
as part of running a hotel such as sorting bills by 
client name. The Mind in the Eyes task requires 
the participant to choose from four options the 
word that most accurately describes how a set of 
individuals are feeling based on photographs of 
their eye region. The Faux Pas test is based on 
“theory of mind” (the ability to infer another’s 
thoughts and feelings based on social cues). 
Changes in this ability may underlie some of the 
changes in personality and social functioning fre-
quently seen in FTD patients. The task entails 
hearing 20 short stories, 10 of which contain a 
social faux pas and 10 of which are neutral. 
Following each story, questions are asked to eval-
uate the patient’s social awareness and under-
standing. Patients with bvFTD, but not patients 
with AD do poorly on this test.  

7.8        Neuropathology 

 The neuropathology associated with the clinical 
entities of FTD is heterogeneous with the unify-
ing feature being a relatively selective and impres-
sive atrophy of the frontal and/or temporal lobes 
on macroscopic examination of the brain. The 
pattern of atrophy in FTD is linked to the clinical 
phenotype: mainly left hemispheric atrophy in 
nfvPPA, bilateral (often asymmetrical) atrophy of 
the middle and inferior temporal lobes in svPPA, 
while in bv-FTD there is usually early bilateral 
orbito-mesial atrophy, followed by atrophy of the 
dorsolateral frontal cortex, temporal pole, hippo-
campal formation, and the basal ganglia. 

 Importantly, the lack of macroscopic atrophy 
does not exclude microscopic evidence of FTD 
pathology. Crucial also is the observation that 
microscopic neuropathological changes in FTD 
do not map onto clinical features in a one-to-one 
manner. The association of a highly specifi c con-
stellation of symptoms and signs with more than 
one neuropathological signature may seem para-
doxical but it may be understood in terms of sys-
tems neurodegeneration i.e. degeneration of 
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neuronal populations that are connected structur-
ally and functionally. 

 The microscopic appearance of the cortex in 
FTD patients includes neuronal loss, widespread 
spongiosis and astrocytosis obscuring normal 
pathology. In addition, as in other neurodegener-
ative conditions, FTD is characterised by specifi c 
kinds of intracellular protein inclusions. In 1911 
Alois Alzheimer described round silver- 
impregnated inclusions and swollen neuronal 
perikarya (cell bodies) in cases of dementia with 
prominent language and behavioural symptoms, 
fi rst described clinically by Arnold Pick in 1892. 
The inclusions would become known as “Pick 
Bodies”, the defi ning histopathological lesion of 
Pick’s disease. 

 In the last 30 years there has been signifi cant 
progress in the neuropathology of FTD. 
This prompted the Midwest Consortium for 
Frontotemporal (Lobar) Degeneration and other 
groups to review the existing neuropathological 
diagnostic criteria for FTD. Currently, the hetero-
geneous group of disorders referred to under the 
umbrella term of FTD are categorized pathologi-
cally based on the biochemical composition of 
the observed protein inclusions. 

7.8.1     Tau 

 Tau is a phosphorylated protein expressed pre-
dominantly in neurons. The phosphorylation of 
tau is believed to be critical to its ability to bind 
and stabilize neuronal microtubules which are 
cytoskeletal structures of axonal transport. 

 Tauopathies are characterized by deposits of 
tau protein and represent approximately 40–50 % 
of sporadic FTD cases. A tauopathy is almost 
always observed in post mortem studies of 
patients with nfvPPA, FTD with Pick bodies 
(Pick’s disease), and patients with BVFTD and 
parkinsonism linked to mutations in the 
microtubule- associated protein tau (MAPT) on 
chromosome 17 (FTDP17, see Sect.  7.9  below). 
Behavioural or language variant FTD patients 
who exhibit extrapyramidal signs often have tau 
pathology. Other tauopathies include cortico- 
basal degeneration (CBD), progressive supranu-

clear palsy (PSP), argyrophilic grain disease, and 
neurofi brillary tangle dementia (Tangle-only 
dementia). Although tau pathology is also pres-
ent in AD, this disease is usually not referred to 
“tauopathy” since it always associated with co- 
existing amyloid pathology. 

 Pick bodies as originally described by 
Alzheimer are now known to be spherical cyto-
plasmic inclusions that are tau positive. Pick bod-
ies are typically found in the cingulated gyrus, 
insula, inferior parietal lobule and inferior tem-
poral gyri. They are also found in the mesial 
structures particularly the granule cells of the 
dentate fascia. White matter pick bodies are more 
common in CBD and PSP but can be found in 
FTD. Pick bodies may also be found in the basal 
ganglia and substantia nigra.  

7.8.2     TDP-43 

 Many FTD cases are tau negative. Until recently, 
ubiquitin immunohistochemistry was the only 
method to detect the abnormal protein inclusions 
in the vast majority of these cases, prompting the 
term frontotemporal dementias with ubiquitin 
inclusions (FTLD-U), which is thought to repre-
sent about 60 % of FTD cases. 

 A major discovery in 2006 by Neumann and 
colleagues revealed that the main constituent of 
ubiquitin inclusions in up to 90 % of FTLD-U 
cases is a protein called trans-activating respon-
sive DNA-binding protein 43 (TDP-43). It is now 
recognized that almost all svPPA and FTD-ALS 
patients as well as 50–60 % of bvFTD patients 
are TDP-43 positive. Of note, the vast majority of 
patients with sporadic amyotrophic lateral sclero-
ses (ALS) and some familial ALS patients are 
also positive for TDP-43 pathology. This discov-
ery was a major milestone in understanding the 
degree of overlap between ALS and FTD and led 
to the emergence of a new family of neurodegen-
erative disorders, the so called TDP-43 pro-
teinopathies, which includes ALS as well as 
FTLD-U with and without ALS. 

 TDP-43 is a ubiquitously expressed protein 
encoded by the  TARDBP  gene on chromosome 
one. It is a nuclear protein, but it shuttles between 
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the nucleus and the cytoplasm with normally low 
concentrations in the cytoplasm. Both the struc-
ture and cellular distribution of TDP-43 is abnor-
mal in TDP-43 proteinopathies. TDP-43 loses its 
nuclear position and aggregates mainly in cyto-
plasm. The TDP-43 protein itself is truncated at 
the N-terminus while the remaining C-terminus 
fragment is abnormally phosphorylated to form 
insoluble cytoplasmic protein deposits observed 
in the brain and spinal cord in FTLD-U and spo-
radic ALS. 

 Brains with TDP-43 pathology can display 
neuronal  cytoplasmic  inclusions (NCIs), neuro-
nal  nuclear  inclusions (NNIs) and/or dystrophic 
neurites (DNs). These changes have been 
described in the neocortex and hippocampus and 
the lower motor neurons in both FTLD-U and 
ALS. On other hand, TDP-43 positive glial inclu-
sions (GI) were mainly considered a feature of 
ALS, but have been described in FTLD-U. 

 There is pathological heterogeneity within the 
TDP-43 proteinopathy family with more than 
one classifi cation proposed. The harmonized 
classifi cation system, recently published by 
Mackenzie et al .  in 2011, described four main 
subtypes of TDP-43 pathology (see Table  7.4 ).

   The pathological subtypes summarized in 
Table  7.4  have distinct clinical and genetic cor-
relations. In subtype A, the clinical presentation 
is usually bvFTD or nfvPPA (rarely svPPA) with 
high prevalence (up to 50 %) of familial disease. 
This subtype is consistently reported in patients 

with  GRN  gene mutations and has recently been 
reported in  C9orf72  gene mutations. 

 Subtype B is associated a clinical picture of 
FTD-ALS or bvFTD and is associated with gen-
erally poor prognoses. Genetically, subtype B is 
linked to mutations in the  C9orf72  gene. 

 Subtype C is associated with the svPPA vari-
ant of FTD and less commonly bvFTD but there 
are no genetic associations to date. 

 Subtype D is associated with familial Inclusion 
body myopathy with Paget Disease of Bone and 
frontotemporal dementia (IBMPFD) which is 
due to mutations in the valosin-containing pro-
tein ( VCP)  gene. 

 Detailed discussions of these gene mutations 
are included in the Sect.  7.9  below. 

 Of note, the authors of the new classifi cation 
highlighted its limitations which include failure 
to incorporate sub-cortical changes or describe 
the TDP-43 pathology recently reported in nor-
mal aging population, in the Guam Parkinson 
Dementia Complex patients, in about 20 % of 
AD patients, and up to 70 % of patients with hip-
pocampal scleroses with and without AD as dem-
onstrated by Amador-Ortiz et al .  ( 2007 ).  

7.8.3     FUS 

 Up to 10 % of FTLD-U patients are not only tau 
negative but also TDP43 negative. In addition, 
15 % of ALS-FTD cases do not belong to the 

    Table 7.4    This table provides a summary of the harmonised classifi cation (Mackenzie 2011) of pathological subtypes 
within the family of TDP-43 proteinopathies   

 Subtype 
 Mackenzie 2011 

 Characteristic Pathology  Previous Nomenclature 

 Inclusions/Cellular changes  Cortical distribution  Mackenzie  Sampathu 

 Sub-type A  NCIs Abundant 
NCIs ± Moderate numbers of 
lentiform NIIs Many 
crescentic or oval DNs 

 Mainly layer II of 
cortex 

 Type 1  Type 3 

 Sub-type B  Moderate NCIs Occasional 
NIs DNs rare 

 Affects all cortical 
layers 

 Type 3  Type 2 

 Sub-type C  Very Few NCIs Abundant 
long DNs 

 Mainly layer II of 
cortex 

 Type 2  Type 1 

 Sub-type D  Rare NCIs, Abundant 
lentiform NIIs Abundant 
short DNs 

 Affects all cortical 
layers 

 Type 4  Type 4 

  Reproduced and modifi ed with permission of Springer from Mackenzie (2011)  
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FTLD-U subtype and do not stain with ubiquitin 
or TDP-43. Interestingly, most cases of familial 
ALS associated with mutations in the superoxide 
mutase gene are also TDP-43 negative. 

 In 2009, the inclusions in some TDP-43 nega-
tive FTLD-U cases and some familial ALS cases 
are found to be positive for Fused in Sarcoma 
(FUS) protein. FTLD-U patients who are positive 
for FUS protein are termed FTD-FUS. 

 FUS is a protein involved in RNA processing 
and is strikingly similar to TDP43 in in structure 
and function. Nuclear FUS is believed to play an 
essential role in regulation of transcription and 
pre-mRNA splicing while in the cytoplasmic 
FUS is likely to be involved mRNA transport. 

 All reported cases of FTLD-FUS have been 
associated with a clinical diagnosis of bvFTD 
(with or without the signs of MND).  

7.8.4     Rare Subtypes 

 A small number of tau negative FTLD-U cases 
are negative for TDP-43 and FUS. These are 
referred to as FTLD- ubiquitin proteasome sys-
tem (FTLD-UPS). 

 Other rare types of FTD pathology include 
basophilic inclusion body and neuronal interme-
diate fi lament inclusion disease. 

 There are also FTD cases that are negative for 
tau as well as ubiquitin. They form a rare and 
controversial entity referred to a Dementia 
 lacking distinctive histopathology (DLDH). This 
previously large group of identifi ed pathology 
has been gradually replaced by newly identifi ed 
pathological variants (Fig.  7.2 ).

7.8.5        Clinical Phenotype 
and Neuropathology 

 As noted in the beginning of this section, the clin-
ical presentation in FTD does not map in a one-
to- one manner with the clinical phenotypes. The 
exceptions to this general rule are FTD-ALS 
which is generally positive for TDP-43. In a 
recent study by Chare and colleagues (2014) the 
newly proposed clinical classifi cations of FTD 

were retrospectively applied to 135 autopsy 
ascertained FTD cases from the Cambridge Brain 
Bank (UK) and the Sydney Brain Bank 
(Australia). The brain pathology underlying dif-
ferent FTD syndromes in that cohort was as 
follows:

•     bvFTD patients  :42 % FTLD-Tauopathy, 
30 % FTLD-TDP-43 proteinopathy, 13 % 
FTLD-FUS, 9 % Alzheimer’s type pathology, 
and 6 % other rare FTLD pathologies;  

•    svFTD  : 68 % FTLD-TDP-43 proteinopathy 
while both FTLD-tauopathy and AD type 
pathology were responsible for 16 % of cases 
each;  

•    nfvPPA : 50 % FTLD-tauopathy, 31 % AD type 
pathology, and 19 % TDP43- proteinopathy; and  

•    lvPPA:  77 % AD type pathology, 14 % TDP- 
43 proteinopathy and 9 % FTLD-tauopathy.      

7.9       Genetics 

 The progress in this area, moribund for decades 
despite the recognition of the important of herita-
bility since the 1920s, has been rapid and ever- 
expanding in the last two decades. The traditional 
disease dichotomy of ‘sporadic’ versus ‘genetic’ 
is still used but is increasingly diffi cult to sup-
port, due to the likely polygenic factors infl uenc-
ing sporadic FTD. Nevertheless, the fi rst step in 
determining whether there is a genetic infl uence 
in a disorder is to establish the frequency of a 
family history of the disorder. 

 The earliest well documented large pedigree 
was fi rst reported in 1939 by Sanders and 
Colleagues who described an autosomal domi-
nant dementing disorder with behavioural and 
cognitive disturbances with relatively preserved 
memory affecting a Dutch Kindred. However, the 
earliest estimates of the frequency of family his-
tory came from the Lund and Manchester clinico- 
pathological series, which estimated that up to 
50 % of patients with FTD had a fi rst degree rela-
tive with dementia. More recent studies have 
confi rmed that about 30–50 % of FTD patients 
have family histories of dementia. However, the 
accuracy of ascertainment of familial disease is 
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confounded by informant reliability, the late 
onset of the disease, the possibility of death 
before disease expression, and the fact that infor-
mants often report a vague history of “dementia” 
of unknown type in elderly relatives. It is also 
worth noting that the variable phenotype of FTD 
seems to have a direct effect of reported rates of 
familial disease with highest rates reported in 
FTD with co-morbid ALS (up to 60 %) and low-
est rates reported in svPPA variants of FTD (20 % 
or less). 

 The main genes are associated with familial FTD 
are listed here in chronological order of discovery

    1.     MAPT gene  on chromosome 17, (1998),   
   2.     VCP gene  on chromosome 9, (2004),   
   3.     CHMP2B gene  on chromosome 3, (2005),   
   4.     GRN (or PGRN) gene  on chromosome 17 

(2006),   
   5.     TARDBP gene  on chromosome 1, (2008),   
   6.     C9orf72 gene  on chromosome 17, (2011),   
   7.     SQSTM1 gene  on chromosome 5 (2012).     

a

b

  Fig. 7.2    Microscopic 
staining in FTD. ( a ) 
Tau-positive staining in 
FTD17-T ( arrow ) (Courtesy 
Prof. Michael Farrell); ( b ) 
TDP-43 staining in FTD-U/
ALS ( arrow ) (Courtesy Prof. 
Ian R. A. Mackenzie)       

 

M. Elamin et al.



129

 Mutations in  GRN, MAPT  and  C9ORF72  
together account for the majority of cases, with 
the  C9orf72  repeat expansion reported to account 
for up to half familial cases in some populations. 
On the other hand, mutations in  VCP ,  CHMP2B, 
SQSTM1  and  TARDBP  genes are rare, each 
explaining less than 1–5 % of the familial 
FTLD. We provide below a brief summary of the 
phenotypic and neuropathological profi le 
reported with each of these gene mutations. 

7.9.1     MAPT Gene Mutations 

 In 1994, Wilhelmson et al .  described a large Irish 
and American Kindred with a genetic locus 
linked to 17q21-22 where the tau gene is located. 
The disease, originally known as Disinhibition-
Dementia- Parkinsonism-Amyotrophy Complex 
or DDPAC, was reported to have a highly vari-
able phenotype. In 1998, the MAPT gene was 
identifi ed and the disease was subsequently 
termed FTD with Parkinsonism linked to chro-
mosome 17 or “FTDP-17”. 

 The age of onset in patients with this disease is 
between 30 and 65 years. The clinical spectrum 
encompasses behavioural and cognitive changes 
typical of bvFTD with memory and praxis rela-
tively preserved. By defi nition most patients have 
prominent parkinsonian features while amyotro-
phy is less common. Most recently, it has become 
clear that such widely varying clinical syndromes 
such as PSP, CBS and FTD can co-exist within 
families with MAPT mutations. At autopsy 
 MAPT  positive patients are usually positive for 
the microtubule-associated protein Tau. 

 Tau has six known isoforms of tau protein 
which are produced by alternative splicing of 
exons 2, 3, and 10. Alternative splicing of exon 
10, results in tau isoforms with either three or 
four amino acids repeats in the C-terminus micro-
tubule binding domain (3R and 4R isoforms 
respectively). More or less equal amounts of the 
3R and 4R isoforms are produced in normal cir-
cumstances. Pathogenic  MAPT  mutations are 
thought to alter the splicing processes in a man-
ner that promote an increase in the production of 
4R isoforms. The proposed effects of this change 

are reduced binding to microtubules, formation 
of neurotoxic aggregates and abnormal axonal 
transport.  

7.9.2     VCP Gene Mutation 

 In 2004, mutations in the valosin-containing pro-
tein (VCP) gene located on chromosome 9p13.3 
were identifi ed. The protein product of this gene 
is a ubiquitously expressed, highly abundant, 
multi-function ATPase which has been reported 
to play a role in the assembly of the endoplasmic 
reticulum and Golgi body, protein breakdown, 
inhibition of protein aggregation as well as DNA 
replication. Pathogenic mutations are believed to 
cause loss of function leading to disruption of the 
ubiquitin-proteasome mediated protein degrada-
tion system, autophagy, and/or ATP production 
within the cell. 

 Clinically  VCP  mutations are associated with 
inclusion body myopathy with Paget’s disease of 
bone and frontotemporal dementia (IBMPFD). 
This condition usually presents with a disabling 
myopathy starting in the proximal muscles then 
spreading to involve the distal muscles, as well as 
the heart and respiratory muscles. Muscle biopsy 
show sarcoplasmic inclusion bodies reactive with 
ubiquitin and TDP-43. Osteolytic bone lesions 
and FTD usually emerge later in the course of the 
disease. On autopsy, brain pathology is usually 
consistent with FTLD-TDP subtype D (see the 
Sect.  7.8 ).  

7.9.3     CHMP2B Gene Mutation 

 In 1984 a researcher came across a very large 
family in Jutland in Denmark with an unusual 
dementia. There were over 27 affected individuals 
with a very wide range of clinical variability. In 
1995 genetic linkage to chromosome 3 was estab-
lished. In 2005 mutations in the gene encoding the 
chromatin modifying protein 2B ( CHMP2B ) at 
chromosome 3p11.2 was identifi ed. 

 The  CHMP2B  gene protein product is a het-
eromeric ESCRT-III complex expressed by neu-
rons and is believed to play an essential role in 
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endosomal-lysosomal function, protein break-
down, and neuronal survival. Mutations usually 
result in aberrant splicing affecting the C-terminus 
of the protein. 

 To date,  CHMP2B  gene mutations have only 
been reported in Danish Kindreds manifesting 
clinically as familial FTD with autosomal domi-
nant mode of inheritance. Pathology is usually 
ubiquitin positive FTD (FTLD-U) that is not only 
tau negative but also TDP-43 negative.  

7.9.4     GRN Gene Mutations 

 In 2006, only 1.7 M nucleotides centromeric to 
the  MAPT  gene, a mutated gene located on chro-
mosome 17q21.31 was identifi ed. The GRN gene 
codes for progranulin, a precursor of granulin, a 
ubiquitously expressed growth factor. Following 
translation, splicing and processing in the Golgi 
body and endoplasmic reticulum (including 
aspargine-linked glycosylation and enzymatic 
cleavage) the mature glycoprotein (granulin) is 
secreted. Granulin is believed to be a neurotropic 
factor involved in a wide range of functions 
including tissue repair, infl ammation, neuronal 
growth, and tumorigenesis. The vast majority of 
reported pathogenic mutations reported to date 
cause reduced protein expression by disrupting 
either translation or splicing. 

  GRN  gene mutations are responsible for 
10–20 % of familial FTD and are associated with 
an autosomal dominant mode of inheritance .  
Pathologically  GRN  mutations have been linked 
to often to severe, often asymmetrical, frontal 
atrophy that can extend to the basal ganglia with 
Mackenzie et al .  in 2006 reporting changes in the 
caudate and substantia nigra. Microscopically 
 GRN  mutations are consistently associated with 
FTD-TDP43 Type A pathology (see Sect.  7.8  
above). 

 Phenotypic expression is less consistent. The 
clinical presentation is predominantly bvFTD but 
nfvPPA and rarely ALS-FTD kindreds have been 
reported. A possible explanation for this heteroge-
neity in phenotypic expression was proposed by 
Rogalski et al .  The authors observed that dyslexia 
was overrepresented in patients with PPA and their 

fi rst degree relatives when compared to controls 
and AD patients. This led to the interesting pro-
posal that the phenotypic expression may be a 
function of a latent vulnerability within the kin-
dred as it becomes “the locus of least resistance”.  

7.9.5     TARDBP Gene Mutations 

 In 2006 TDP-43 was identifi ed as the major con-
stituent of vast majority of ubiquitin positive 
inclusions in both FTD and ALS. In 2008 muta-
tion in the transactive response-DNA binding 
protein ( TARDBP ) gene on chromosome 1 was 
identifi ed as a cause of ALS. Since then more 
than 30 mutations in the  TARDBP  gene have 
been reported. Almost all reported  TARDP  muta-
tions are in exon 6 affecting the highly conserved 
C-terminus of the TDP-43 protein known to be 
involved in RNA recognition. 

 Mutations have been reported primarily in 
familial and occasionally sporadic ALS or ALS- 
FTD, but recently the phenotype has been 
extended to include patients with bvFTD without 
motor involvement. Yet the current literature sug-
gests that  TARDBP  mutations are rare, accounting 
for less than 1 % of FTD cases. A recent Italian 
study suggested that  TARDBP  related FTD may 
be associated with a predominance of svPPA vari-
ants and temporal atrophy on imaging.  

7.9.6     C9ORF72 Hexanucleotide 
Gene Mutations 

 Since 1991, linkage studies of ALS-FTD and 
FTD kindreds suggested a locus on chromosome 
9p.21. In 2011 two different groups identifi ed the 
genetic mutation at that locus as a substantial 
expansion of GGGGCC hexanucleotide repeats 
in a non-coding region of the  C9orf72  gene 
(DeJesus-Hernandez et al. 2011; Renton et al. 
2011). Affected individuals had 60–1600 repeats, 
whereas normal individuals have less than 23–25 
repeats. 

 The gene is known to have three transcripts. 
The function of the fi nal protein product is not 
confi rmed but there is evidence to support a role 
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in in endocytic and autophagic pathways as well 
as motor function. Some evidence supports loss 
of function as the main pathomechanism under-
lying the  C9orf72  gene mutation as it is associ-
ated with reduced expression of gene’s three 
major transcripts. However, toxic gain of func-
tion is also possible in the context of the presence 
of brain aggregates of both aberrant protein and 
abnormal repeat RNA. The latter aggregates are 
termed RNA foci and form core of the ‘toxic 
RNA’ hypothesis. 

 The current data suggests that the  C9orf72  
repeat expansion accounts for 40–50 % of cases 
of familial ALS, 20–25 % of FTD cases, and 
0–7 % of the sporadic cases in white Americans, 
Europeans and Australians, with recent evidence 
raising the possibility of a single founder in 
Europe. Reported rates are much lower in non- 
white populations including the Chinese and the 
Japanese populations. Inheritance follows an 
autosomal dominant pattern with incomplete 
penetrance. 

 Studies published to date confi rm that the 
most common clinical presentation associated 
with the  C9orf72  repeat expansion is behavioural 
variant FTD and/or ALS. Other characteristics, 
including younger age at onset, fl orid psychotic 
symptoms, anxiety, poor memory, and poor out-
come have been reported but are not consistent 
Clinical observations predating the discovery of 
the  C9orf72  gene mutation suggested the pres-
ence of delusional ideation in younger bvFTD 
patients with tau negative pathology, though the 
anatomic substrate was not fully understood. It is 
conceivable that these patients might have been 
positive for the  C9orf72  repeat expansion. 

  C9orf72  associated disease also has a distinct 
radiological and pathological signature. There is 
symmetrical fronto-temporal atrophy but changes 
often extend to involve the parieto-occiptal cor-
tex and the cerebellum. The pathological hall-
mark of  C9orf72  related disease is TDP-43 
inclusions (predominantely subtype B) and 
ubiquitin- binding protein p62/sequestosome 1 
inclusions. The latter inclusions are considered 
highly specifi c to the  C9orf72  gene mutation as 
they are rare in non- C9orf72  FTD. The p62/
sequestosome 1 inclusions can occur with and 

without co-existing TDP-43 and have been 
observed in the frontal neocortex, cerebellum and 
hippocampus. 

 It is important to note that  C9orf72  gene muta-
tions have been reported in patients presenting 
with the clinical picture of AD, cortico-basal syn-
drome (CBS), dementia with lewy bodies (DLB), 
and Huntington disease (HD).  

7.9.7     SQSTM1 Gene 

 The sequestosome 1 (SQSTM1) gene, located on 
5q35, encodes p62 protein adapter protein which 
is involved in multiple functions including 
autophagy, oxidative stress response, and cell 
signalling. As noted above, neuronal p62- positive 
inclusions have been shown to be abundant in 
both FTD and ALS patients, particularly disease 
associated with the  C9orf72  gene mutation. In 
addition, an increase in p62 immuno-reactivity 
has also been reported in AD, DLB, Parkinson’s 
disease and HD. 

 Mutations in the SQSTM1 gene were initially 
thought to cause only Paget’s disease of the bone, 
but in 2011 mutations in this gene were also 
reported in patients with ALS. In 2012, Rubino 
and colleagues from the TODEM study group 
screened for this mutations 170 unrelated FTD 
patients (138 bvFTD, 6 svPPA, and 19 nfvPPA), 
124 ALS patients, 288 patients with Paget’s dis-
ease and 145 healthy controls. Noncoding 
SQSTM1 mutations were found in three patients 
presenting with bvFTD. Aggressiveness, mood 
lability, and social withdrawal were prominent 
behaviours in these patients. In the same study 
mutations were also found in three patients pre-
senting with bulbar ALS but not in patients with 
Paget’s disease or healthy controls. 

 A recent French series reported SQSTM1 
missense mutations in 4 unrelated families with 
FTD out of 188 suggesting that this mutation is 
responsible for only about 2 % of familial cases 
of FTD. Of note, co-morbid parkinsonian signs 
were observed in 2 families, 1 family had co- 
existing clinical symptoms of Paget disease of 
bone, and 1 family had clinical symptoms of 
FTD-ALS.  
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7.9.8     Other Mutations 

 As discussed is the Pathology section FUS pro-
tein was identifi ed in many TDP-43 negative 
FTLD-U cases. Recently, mutations in the Fused 
in Sarcoma (FUS) gene have been reported. 
Although the clinical phenotype associated with 
FTLD-FUS pathology is invariably FTD (with or 
without MND), the vast majority of cases of 
reported FUS gene mutations had ALS or ALS- 
FTD with very rare reports of pure FTD (Van 
Langenhove et al. 2010). 

 A few families with FTD have been shown to 
have mutations in Presenilin1 a gene usually 
associated with familial AD. This fi nding con-
fi rms the notion of convergence amongst mecha-
nisms of neurodegeneration and is reciprocal to 
recent fi nding of MAPT polymorphisms in large 
AD cohorts. The exact role of presenilin in FTD 
is unclear but the mutations appear to be novel. 

 Prion protein (PRNP) gene mutations have 
also recently been associated with clinical pic-
tures resembling FTD. In addition, there is a sin-
gle reported case of FTD related to UBQLN2 
gene mutation which is a recognized but rare 
cause of ALS.   

7.10     Biomarkers 

 In FTD, a number of biomarkers are being used 
clinically and in a research capacity including 
brain imaging, neurophysiology and biological 
markers. 

7.10.1     Brain Imaging 

 Brain imaging is an essential and routine exami-
nation in any dementia to exclude non- 
neurodegenerative (e.g. neoplastic or vascular) 
pathology and aid in the diagnostic process. 
Advances in brain imaging have grown at a 
remarkable pace in the last 10 years. Specifi c pat-
terns of lobar atrophy can now be reliably mapped 
to clinical phenotypes. In this section, imaging in 
FTD will be discussed in the context of MRI- 
based techniques, non-MRI based functional 

imaging and other techniques worth noting 
including those that are in the experimental 
phase. 

7.10.1.1     MRI-Based Techniques 

   Structural MRI 
 T1 weighted MRI is the method of choice for 
evaluation of structural changes in the brain. In 
particular, the addition of coronal imaging to the 
standard axial slicing allows for the detection of 
visually obvious atrophy in frontal and temporal 
regions. T2 weighted imaging usually using fl uid 
attenuated sequences (FLAIR) allows for the 
evaluation pathology that might exclude FTD or 
point to a mimic syndrome such as vascular 
related white matter pathology. 

 Quantitative MRI remains generally a research 
tool and embodies three main techniques; volu-
metric analysis of specifi c brain regions, Voxel 
Based Morphometry (VBM), and serial 
co-registration. 

 The aim of structural MRI brain imaging in 
FTD is to exclude other pathologies and to docu-
ment the presence and pattern of brain atrophy. 
Brain atrophy is one of the cardinal features of all 
neurodegenerative processes, even if it occurs at 
variable rates and by vastly different and some-
times convoluted processes. The most convincing 
hypothesis underlying the atrophic process sug-
gests that we can no longer think of this as a gen-
eralized shrinkage but more along the lines of a 
Wallerian degeneration constrained by neuronal 
and functional networks. The process often starts 
focally and spreads along these networks whose 
predictability gives us the clinical phenotypes we 
know. 

 Brain atrophy on structural MR imaging is the 
most reproducible feature of all FTD subtypes. 
The presence of true focal atrophy has a high 
positive predicative value for clinical dementia. 
On the other hand the absence of atrophy has 
been noted increasingly in cases deemed to have 
all clinical, behavioural and neuropsychological 
features of bvFTD. This raises the question of 
either a behavioural phenocopy of FTD or else 
cases where atrophy is either negligible or will 
occur later in the disorder. 
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 The pattern of brain atrophy on standard MRI 
predicts FTD clinical subtype. Focal asymmetri-
cal frontal lobe atrophy with or without temporal 
atrophy is the best predictor of the bvFTD sub-
type (see Fig.  7.3a ). Recent research indicates 
that the process starts in the orbitofrontal and cin-
gulate regions and spreads to insular cortex and 
thence to the basal ganglia.

   Recent VBM data suggests that even within the 
bvFTD group there are several distinct subgroups. 
One study described four subgroups based on pat-
terns of grey matter loss. Two of these displayed 
temporal lobe atrophy, either in isolation (“tempo-
ral-dominant subtype”) or in combination with 
frontal and parietal lobe involvement (“temporo-
fronto-parietal  subtype”). The other two subtypes 

a

b

c

  Fig. 7.3    ( a ) Behavioural variant FTD. Note generalized 
atrophy in frontal and temporal regions ( arrows ) with slight 
asymmetry favouring more atrophy on the left. ( b ) Semantic 

dementia. Note anterior temporal tip atrophy bilaterally 
( arrows ). ( c ) Progressive non-fl uent aphasia. Note asym-
metric atrophy favouring the left temporal lobe ( arrows )       
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were characterized by predominance of frontal 
lobe atrophy with or without temporal lobe involve-
ment (“fronto-temporal subtype” and “frontal- 
dominant subtype” respectively). Interestingly, 
while these radiological subtypes did not differ 
with regard to the severity of behavioural impair-
ment, they did display signifi cant correlations with 
cognitive performance as well as genetic and path-
ological diagnoses (which were available in about 
half the cohort). 

 Other VBM studies attempted to correlate pat-
terns of atrophy in bvFTD to specifi c behavioural 
manifestations and reported correlations include 
those with apathy (frontal pole), disinhibition 
(subcallosal region), and abnormal motor control 
(dorsal medial atrophy). 

 MRI fi ndings in svFTD tend to be more con-
sistent showing atrophy of the polar regions of 
the temporal lobe along with the fusiform gyrus 
(see Fig.  7.3b ). Patients typically have focal ante-
rior temporal pole atrophy with involvement of 
the inferior surface (especially the fusiform 
gyrus) more than superior. The atrophy is usually 
bilateral but asymmetrical, with predominant 
left-sided atrophy being more common than pre-
dominant right-sided atrophy. There is still a con-
siderable debate whether this left sided dominance 
of svFTD refl ects biological differences or a dif-
ferential pattern of referrals in which patients 
with a predominantly right sided atrophy present-
ing with a clinical picture dominated by behav-
ioural changes are referred to psychiatric rather 
than neurological services. 

 A variable amount of frontal atrophy is almost 
always found in svFTD. It is clear that while 
 atrophy maybe wide spread in both frontal and 
temporal lobes as in other cases of FTD, it is the 
predominance of the anterior and inferior tempo-
ral lobe atrophy that appear to correlate with the 
main clinical fi ndings in svFTD. Loss of ability 
to form semantic word associations correlates 
most strongly with damage in Brodmann’s areas 
37 and 38 which include the fusiform gyrus and 
inferior temporal gyrus and the anterior temporal 
pole respectively (for a more detailed discussion 
refer to the Chap.   3    ). 

 Imaging fi ndings in nfvFTD and lvFTD 
are less reliable than in either bvFTD or 
svFTD. However, most MRI studies report 

 predominant involvement of the left hemisphere. 
In nfvFTD, VBM studies found atrophy in the 
region of the including the pars opercularis of 
inferior frontal lobe (Broca’s area), upper part of 
the temporal pole, the lentiform nucleus, middle 
frontal gyrus (see Fig.  7.3c ). Atrophy of anterior 
insula and basal ganglia has also been described 
in this variant. 

 In lvFTD, the variant most commonly associ-
ated with AD rather than FTD pathology, VBM 
fi ndings have shown more posterior abnormali-
ties with the angular and supramarginal gyrus 
and other posterior perisylvian regions involved. 

 Although most MRI studies focused on the 
differences between FTD clinical variants, 
Whitewell et al .  examined the pattern of atrophy 
in different genetic sub-groups suggesting spe-
cifi c radiological signatures in these subgroups: 
symmetrical anteromedial temporal atrophy in 
 MAPT -related FTD; symmetric frontal atrophy 
with variable involvement of other brain regions 
including the cerebellum in  C9orf2 -related FTD; 
and asymmetrical inferior frontal and tempero- 
parietal atrophy in  GRN -related disease.  

   Diffusion Tensor Imaging (DTI) 
 While the above mentioned studies examined 
pattern of grey matter loss, DTI is a MRI-based 
technique that examines white matter integrity. 
Several DTI studies have reported widespread 
white matter injury in FTD patients most promi-
nent in the white matter tracts underlying the 
frontotemporal cortex. Recent evidence suggests 
that DTI may be superior to volumetric grey mat-
ter analyses in differentiating FTD-tau and 
FTD-TDP-43. 

 Agosta and colleagues descried bilateral and 
widespread white matter damage in bvFTD 
including frontal and temporal areas such as the 
anterior superior and inferior longitudinal fas-
ciculus, the inferior fronto-occipital fasciculus, 
the anterior cingulate, and parts of the corpus cal-
losum. DTI changes in FTD language variants 
tended to be more focal and asymmetrical (more 
on the left). The best predictors svPPA were 
involvement of the left uncinate and inferior lon-
gitudinal fasciculus, while nfvPPA was associ-
ated with changes in the left arcuate fasciculus 
and superior longitudinal fasciculus. 
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 Notably, a large study of FTD gene carriers 
( MAPT  or  GRN ) with no clinical evidence of the 
disease showed changes in the right uncinate fas-
ciculus compared to controls suggesting that this 
technique may play a role in detection of early 
and pre-symptomatic FTD patients.  

   Functional MRI (fMRI) 
 Functional MRI (fMRI) is a recent technique 
employed to investigate regional activation dur-
ing specifi c tasks (activation fMRI) and func-
tional connectivity between brain regions as 
measure neural network integrity (resting state or 
functional connectivity fMRI). The latter endeav-
our is of particular interest to FTD researchers in 
the context of the emerging hypotheses of prefer-
ential targeting of specifi c brain networks in dif-
ferent in neurodegenerative disorders. 

 The two main networks examined in FTD 
studies are the “Default Mode Network” (DMN) 
and the “Salience Network” (SN). The DMN is 
believed to be associated introspective cognitive 
processes e.g. strategy making, daydreaming, 
memory retrieval, contemplating the motives of 
other individuals etc. Thus the DMN is activated 
during wakeful rest and deactivated during cog-
nitive tasks requiring redirection of attention to 
the external goal-directed behaviour. Brain 
regions associated with the DMN include the 
memory centres in the medial temporal lobe, 
medial prefrontal cortex (one of the core regions 
involved in theory of mind), the posterior cingu-
late cortex, the ventral precuneus and the medial, 
lateral and inferior parietal cortex. Decreased 
resting-state functional connectivity among 
DMN regions has been consistently shown in AD 
patients including patients with early or pres-
ymptomatic disease. 

 The SN, on the other hand, is linked to pro-
cessing and adapting to salient emotional and 
external stimuli and goal-oriented behaviour. 
Components of the SN include the anterior cin-
gulate, anterior insula, amygdala, and dorsal 
striatum. 

 Using fMRI fi ndings, Zhou and colleagues 
proposed preferential damage to the SN in FTD 
(akin to the preferential damage of DMN in AD). 
This postulate was supported by decreased 
 connectivity of the SN and increased  connectivity 

of the DMN. As the SN may play a role in modu-
lating the activity of other networks to ensure 
optimum performance during goal-directed 
behaviour, the damage to the SN may be con-
nected to the observed lack of deactivation of the 
DMN. A combined index of DMN and SN activ-
ity differentiated FTD and AD cases with high 
levels of accuracy approaching 100 % in geneti-
cally and pathologically confi rmed cases. 
Decreased SN activity would be expected to lead 
to poor emotional processing and decline in exec-
utive control of goal oriented tasks. An overac-
tive DMN would facilitate excessive reliance on 
self-generated narratives and over-learnt behav-
iour and a reduced ability to adapt to external 
social and environmental stimuli. 

 Subsequent work by Farb et al .  demonstrated 
correlations between changes in connectivity and 
both FTD subtypes and specifi c behavioural 
manifestations. Disrupted fronto-limbic connec-
tivity and increased local connectivity within the 
prefrontal cortex was demonstrated in both 
bvFTD and svPPA. Prefrontal hyperconnectivity 
was more diffuse in bvFTD and was associated in 
this subgroup with higher apathy and disinhibi-
tion scores. Increased DMN connectivity in the 
right angular gyrus was associated with stereo-
typic and apathetic behaviours, a fi nding that was 
also exclusive to bvFTD. 

 More recent work showed within the bvFTD 
variant, different genetic subgroups (such as 
patients with and without the pathogenic  c9orf72  
repeat) display similar patterns of network con-
nectivity (diminished SN activity and heightened 
DMN activity) despite differences in patterns of 
cortical atrophy on structural MRI. Moreover, the 
connectivity changes correlated with the severity 
of reported behavioural abnormalities. 

 Finally, there is evidence suggesting that alter-
ations in DMN activity in FTD gene carriers may 
predate the emergence of clinical symptoms and 
cortical atrophy, which supports a potential role 
in pre-symptomatic screening.   

7.10.1.2     Non-MRI Based Functional 
Imaging 

 [ 99 mTc]-hexamethylpropyleneamine oxime single- 
photon emission computed tomography (SPECT) 
and [ 18  F]-fl uorodeoxyglucose  (FDG)-PET are 
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increasingly being used to help with the diagnosis 
of FTD, mainly by detecting regional hypometabo-
lism in cases where there is no evidence of focal 
atrophy of structural imaging. 

 Changes in frontal regions extending to the 
anterior temporal regions on SPECT and FDG- 
PET have been shown to be sensitive but not spe-
cifi c for bvFTD. However, specifi city increases 
in individual cases where asymmetrical frontal 
abnormalities are demonstrated in the context of 
little or no atrophy MR imaging. PET changes 
can be widespread but are most signifi cant in the 
mesial frontal regions, consistent with the focal 
onset of many bvFTD patients. 

 The value of functional imaging in svFTD 
patients in the setting of typical clinical and 
radiological fi ndings is limited. There is usually 
dramatic bilateral hypometabolism in the anterior 
temporal lobes, cortical regions that are univer-
sally affected by regional atrophy in this condi-
tion. In nfvPPA, functional imaging may show 
widespread abnormalities but the focus is usually 
left posterior fronto-insular regions. The imaging 
of lvPPA shows changes in the left posterior peri-
sylvian, lateral temporal and parietal cortex. 

 Functional imaging, particularly FDG-PET 
can be regarded as an established imaging tool in 
FTD and changes in FDG-PET and SPECT are 
now incorporated in recent diagnostic criteria for 
FTD syndromes (see Sect.  7.11  below).  

7.10.1.3     Other Techniques 
 Amyloid-PET neuroimaging, using amyloid-β- 
detecting  11 C-Pittsburgh compound B (PiB), is a 
sensitive and specifi c marker for underlying Aβ 
amyloid deposition. Amyloid deposition is an 
early event in AD while it is rare in FTD. As such 
there is increasing evidence that Amyloid-PET 
has a promising role in diagnosing AD even in 
early or pre-manifest stages and in differentiating 
it from FTD. However, the use of amyloid PET is 
restricted by its prohibitive costs and logistics 
which largely relate to the short half-life of PiB, 
the most established ligand in the market. Newly 
developed 18 F-labelled tracers with longer half- 
lives are increasingly gaining FDA approval and 
may result in wider use of this technology in a 
clinical context. Clinicians using this technology 

to exclude FTD must be aware of the rare patients 
reported in the literature with mixed FTD and 
AD pathology. 

 Other advances in neuroimaging include tech-
niques designed to identify protein aggregates 
in vivo including ligands that bind to tau and to 
TDP-43. As these techniques are still in progress 
with only a handful in-human studies, their 
potential utility in a clinical context is yet to be 
established.   

7.10.2     Neurophysiology 

7.10.2.1     Electroencephalography 
(EEG) 

 The use of EEG in dementia was more wide-
spread before the advent of brain imaging though 
even then its clinical and diagnostic use was lim-
ited. There is a tendency for the background 
organization features of the EEG to be preserved 
in FTD whereas in AD the emergence of back-
ground slowing is common as the disease pro-
gresses. The reasons for such preservation in 
FTD are unclear but the observation may be 
related to the relatively rare association between 
FTD and seizures compared to AD. 

 In the research lab, quantitative EEG (qEEG), 
which is a digital algorithm of the different wave 
frequencies, has tended to confi rm the preserva-
tion of resting alpha rhythm but the loss of some 
faster frequencies in the Beta range. Further work 
in this area is required before qEEG is to be con-
sidered a useful biomarker.  

7.10.2.2     Nerve Conduction Studies 
and Electromyography 
(NCS/ EMG) 

 Because of the co-existence of ALS and FTD, 
NCS and EMG studies have become an impor-
tant diagnostic tool in FTD patients who have 
associated motor or swallowing diffi culties (See 
Chap.   8    ). Limited data suggests the presence of 
motor neuron dysfunction in FTD patients on the 
neurophysiological evaluations in the context of 
minimal or absent clinical signs or symptoms. As 
yet, the status of EMG as a biomarker is unclear, 
since the use of EMG in unselected FTD cohort 
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is not likely to be either cost-effective or clini-
cally valuable.  

7.10.2.3     Transcranial Magnetic 
Stimulation (TMS) 

 TMS is a promising non-invasive neurophysio-
logical tool that examines cortical networks by 
testing excitatory and inhibitory properties of the 
cortex, conduction in the cortico-spinal tracts, and 
functional integrity of cortical structures includ-
ing the corpus callosum. Advances in TMS have 
enabled in vivo investigations of the cortical cho-
linergic, glutaminergic and GABAergic circuits. 

 Although TMS investigation in FTD is still in 
its early stages, the available data provide fasci-
nating insights into the disease such as the pres-
ence of motor circuit abnormalities in the absence 
of clinical evidence of pyramidal involvement. 
Limited data also suggest that TMS may have a 
potential role in disease therapeutics as evidenced 
by improved language function in PPA patients 
following high frequency TMS over the dorsolat-
eral prefrontal cortical region. Further research is 
needed to confi rm or refute the applicability of 
TMS to FTD clinical care.   

7.10.3     Proteomics 

 The identifi cation of a reliable protein biomarker 
in the cerebrospinal fl uid (CSF) or serum facili-
tates in depth investigation of disease proteomics 
during life (as opposed to neuropathological 
examinations on autopsy). In addition, such a 
biomarker would potentially be useful in diagno-
ses of atypical, early stage, and or even pre- 
symptomatic patients as well as monitoring of 
disease progression and/or response to therapeu-
tic agent. In general, CSF biomarkers have 
attracted more interest in neurodegenerative 
 conditions as they are more likely to mirror the 
pathological processes taking place in the CNS. 

 The progress in CSF biomarkers (tau and abeta-
42) in AD has been a major milestone in AD 
research, and these biomarkers have already been 
incorporated in the updated AD diagnostic criteria 
(see Chap.   4    ). The identifi cation of reliable CSF 
(or serum) biomarkers in FTD remains elusive. 

 The detection of low or high levels of tau, pro-
granulin, or TDP-43 are considered to be the 
“holy grail” of biomarker research in FTD since 
they would be conforming with key elements of 
what is already known about its molecular patho-
genesis. The most obvious reason our failure to 
fi nd such a biomarker lies in the pathological het-
erogeneity of FTD compared to AD. For exam-
ple, measuring tau is less likely to be of value in 
tau negative FTD. This is complicated by the 
overlap between clinical and pathological pheno-
types which means that a group of patients 
belonging the same FTD variant could eventually 
prove to have either tau-positive, or ubiquitin 
positive, or even occasionally AD pathology. 
Moreover, there is the problem of FTD pheno-
copy syndrome, which may include normal 
brains. 

7.10.3.1     Tau and aBeta1-42 
 By far, the most investigated CSF biomarkers in 
FTD are tau and aBeta1-42, mainly in the context 
of studies evaluating the use of these biomarkers 
in differentiating FTD from AD. 

 Studies of CSF tau in FTD have yielded con-
tradictory results (normal or high). It is important 
to note that CSF tau does not necessarily refl ect 
brain pathology, as normal tau levels have been 
documented in Tau positive FTD patients 
(e.g.  MAPT -related FTD). 

 Levels of CSF aBeta1-42 in FTD have been 
shown to be more consistently, though not uni-
versally, low in FTD. However, this observation 
is not useful in differentiating FTD from AD, 
which is also associated with low level of the 
same biomarker. Interestingly, other amyloid 
Beta1 sub-species have also been reported to be 
low in FTD, with data suggesting that a reduction 
in aBeta1-38 may be more specifi c to FTD and 
that levels of some species (e.g. aBeta1-37) vary 
in different FTD variants. Further research is 
needed to elucidate the role of abeta1 protein as a 
disease biomarker in FTD.  

7.10.3.2     TDP-43 
 Studies of CSF TDP-43 in FTD have also been 
inconclusive. Some studies showed similar levels 
to controls. Other studies reported TDP-43 levels 
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that were signifi cantly higher than those of con-
trols, but not signifi cantly higher than the respec-
tive serum levels, raising the possibility that the 
identifi ed protein was blood-derived. 

 More promising is the attempt to focus on 
more CNS specifi c isoforms of the protein, such 
as abnormally phosphorylated TDP-43 which is 
the main constituent of protein aggregates in 
TDP-43 proteinopathies. A recent study docu-
mented that FTD patients with likely TDP-43 
pathology (positive gene mutations in  C9orf72  or 
 GRN ) had higher serum and CSF levels of phos-
phorylated TDP-43 compared to other FTD 
patients and controls, though in case of controls 
only the differences in serum levels reached sta-
tistical signifi cance.  

7.10.3.3     Progranulin 
 Serum prograulin has been shown to low in FTD 
patents with null pathogenic mutations of the 
 GRN  gene including those in the pre- symptomatic 
stage. However, proganulin levels are normal in 
FTD patients without these mutations, limiting 
the usefulness of this biomarker to clinical trials 
targeting  GRN -related FTD.  

7.10.3.4     Ubiquitin 
 Ubiquitin is another major constituent of abnormal 
protein aggregates in FTLD-U. CSF ubiquitin lev-
els in FTD patients have been reported to be sig-
nifi cantly higher than those in AD patients, but not 
signifi cantly different from that of healthy con-
trols. This suggests a potential role for CSF ubiq-
uitin in differentiating AD and FTD, but further 
research is needed to replicate these fi ndings.  

7.10.3.5     Other Biomarkers 
 Neurofi laments (NFH), often in phosphorylated 
isoforms, constitute an integral part of the axonal 
cytoskeleton. The high levels of NFH in neurons 
have led to an interest in investigating their CSF 
levels in several neurodegenerative disorders as a 
surrogate marker of neuronal degeneration and 
loss. Several studies have shown remarkably high 
CSF levels of both light chain and hyperphos-
phorylated heavy chain neurofi laments in 
FTD. The degree of NFH phosphorylation is 
increased in FTD compared to both AD and 

 controls. Of note, levels were normal in gene car-
riers with pre-manifest disease. The pathological 
signifi cance of these neurofi laments remains to 
be determined. 

 Less established is the role of pro- infl ammatory 
cytokines (e.g. TNF-alpha and IL6) as biomark-
ers in FTD as the few studies conducted in this 
area arrived at contradictory conclusions. 

 Finally, several recent studies employed 
advanced mass-spectrometric techniques to 
simultaneously examine multiple analytes simul-
taneously (15 to more than 2000) in an attempt to 
identify a reliable biomarker in FTD. Candidates 
proteins proposed to date (alone or in combina-
tion) include the neurosecretory protein VGF, 
transthyretin, S-cysteinylated transthyretin, trun-
cated cystatin C and a fragment of chromogranin 
B. However, there is still a considerable journey 
ahead prior to the translation of these efforts into 
a biomarker of practical value in research or clin-
ical setting.    

7.11      Diagnostic Criteria 

 The diagnostic criteria in FTD have been subject 
to a number of changes over the years. The fi rst 
set of criteria was devised at a consensus meeting 
in 1996 (Neary et al .   1998 ) where it was decided 
to separate the three clinical syndromes in FTD 
(bvFTD, progressive non-fl uent aphasia and 
semantic dementia) and criteria were devised for 
each. Core diagnostic features thought to be inte-
gral to each syndrome had to be present to make 
the diagnoses. Supportive diagnostic features 
were not considered necessary for a diagnosis but 
were considered characteristic of the syndrome 
and “added more weight” to the diagnosis. 
Exclusion criteria were listed to prevent the 
inclusion of other forms of cortical dementia, 
specifi cally AD and psychiatric disorders. All 
must be absent in order to make a diagnosis. 

 Some researchers (McKhann et al.  2001 ) have 
suggested simplifying the clinical criteria into 
either behaviour or language presentation of FTD 
and then qualifying this classifi cation further 
with a neuropathological diagnosis when and if a 
patient comes to autopsy. However, most 
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researchers of the language variants of FTD 
would view svPPA and nfvPPA as distinct and 
separate entities. The risk of combining these 
syndromes is that important clinical fi ndings, 
including potential biomarkers are missed 
because the population studied is heterogeneous. 

 Indeed, the tripartite division of FTD 
(bvFTD, svFTD, nfvFTD) have been preserved 
in the new diagnostic criteria, published by 
Rascovsky in  2011  (Table  7.5 ). However, the 
inclusion criteria have been substantially modi-
fi ed. In the same year, a separate revision of the 
diagnostic criteria and of classifi cation the 

 language syndromes has been agreed upon and 
published by Gorno- Tempini et al. (2011). The 
proposed criteria create a four step diagnostic 
framework. The fi rst step is the diagnoses of 
PPA as condition where the earliest, most salient 
and most disabling feature of the condition, at 
least in the initial stages, is decline in language 
function. The symptoms must also not be better 
accounted for by a non- neurodegenerative or a 
medical condition, The subsequent steps of the 
diagnostic framework aim to identify the differ-
ent variants of PPA with increasing levels of 
certainty (see table  7.6 ).

   Table 7.5    The diagnostic criteria for behavioural variant FTD (bvFTD) proposed by Rascovski et al. in  2011    

 I –Presence of dementia  The following symptom  mus t be present to meet criteria for bvFTD 

 Shows progressive deterioration of behaviour and/or cognition by observation or 
history (as provided by a knowledgeable informant). 

 II- Possible bvFTD   At least 3 of the following  behavioural/cognitive symptoms (A–F)  must  be present 
to meet criteria. a  

 A. Early behavioural disinhibition [ 

   A.1. Socially inappropriate behaviour 

   A.2. Loss of manners or decorum 

   A.3. Impulsive, rash or careless actions 

 B. Early apathy or inertia must be present]: 

   B.1. Apathy 

 B.2. Inertia 

 C. Early loss of sympathy or empathy 

   C.1. Diminished response to other people’s needs and feelings 

   C.2. Diminished social interest, interrelatedness or personal warmth 

 D. Early perseverative, stereotyped or compulsive/ritualistic behaviour 

   D.1. Simple repetitive movements 

   D.2. Complex, compulsive or ritualistic behaviours 

   D.3. Stereotypy of speech 

 E. Hyperorality and dietary changes [ 

   E.1. Altered food preferences 

   E.2. Binge eating, increased consumption of alcohol or cigarettes 

   E.3. Oral exploration or consumption of inedible objects 

 F. Neuropsychological profi le: 

   F.1. Defi cits in executive tasks 

   F.2. Relative sparing of episodic memory 

   F.3. Relative sparing of visuospatial skills 

 III. Probable bvFTD   All of the following  (A–C) must be present to meet criteria. 

 A. Meets criteria for possible bvFTD 

 B. Exhibits signifi cant functional decline (by caregiver report or as evidenced by 
Clinical Dementia Rating Scale or Functional Activities Questionnaire scores) 

 C. Imaging results consistent with frontal and/or anterior temporal involvement (on 
MRI, CT, PET or SPECT) 

(continued)
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Table 7.5 (continued)

 IV. Bv FTD with defi nite 
FTLD Pathology 

 Criterion A + either criterion B or C must be present to meet criteria 

 A. Meets criteria for possible or probable bvFTD 

 B. Histopathological evidence of FTLD on biopsy or at post-mortem 

 C. Presence of a known pathogenic mutation 

 V. Exclusionary criteria for 
bvFTD 

   Criteria A and B must be answered negatively for any bvFTD diagnosis. 

   Criterion C can be positive for possible bvFTD but must be negative for probable 
bvFTD. 

 A. Pattern of defi cits is better accounted for by other non-degenerative nervous 
system or medical disorders 

 B. Behavioural disturbance is better accounted for by a psychiatric diagnosis 

 C. Biomarkers strongly indicative of Alzheimer’s disease or other neurodegenerative 
process. 

  Reproduced and modifi ed with permission of OUP from Rascovski et al. ( 2011 ) 
  a For a patients to have one of the behavioural symptoms (A–E) he/she must have at least 1 of sub-symptoms (e.g. section 
A these are symptoms listed in A-1, A-2, OR A-3) in a persistent or recurrent, rather than single or rare events. For the 
cognitive symptoms (Section F) the patient must fulfi l all criteria (F1 to F3)  

   Table 7.6    The diagnostic criteria for primary progressive aphasia (PPA) syndromes proposed by Gorno-Tempini et al. 
in 2011   

 Nonfl uent/agrammatic variant 
PPA  Semantic variant  Logopenic variant 

 Step 2: Clinical 
Diagnoses of 
PPA variant 

  Core 
criteria  

  (at least 1 required)  
 1. Agrammatism in language 
production 
 2. Effortful, halting speech 
within consistent speech sound 
errors and distortions (apraxia 
of speech) 

  (both must present)  
 1. Impaired 
confrontation naming 
 2. Impaired single- 
word comprehension 

  Core criteria (both must 
present)  
 1. Impaired single- word 
retrieval in spontaneous 
speech and naming 
 2. Impaired repetition of 
sentences and phrases 

 Other 
features 

  At least 2 must be present)  
 1. Impaired comprehension of 
syntactically complex 
 sentences 
 2. Spared single-word 
comprehension 
 3. Spared object knowledge 

  At least 3 must be 
present  
 1. Impaired object 
knowledge, particularly 
for low-frequency or 
low-familiarity items 
 2. Surface dyslexia or 
dysgraphia 
 3. Spared repetition 
 4. Spared speech 
production (grammar 
and motor speech) 

  At least 3 must be 
present)  
 1. Speech(phonologic) 
errors in spontaneous 
speech and naming 
 2. Spared single-word 
comprehension and 
object knowledge 
 3. Spared motor speech 
 4. Absence of frank 
agrammatism 

 Step 3. Imaging 
Supported 
Diagnoses of 
PPA variant 

 Both criteria must be present 
 1. Clinical diagnosis of 
nonfl uent/agrammatic PPA 
variant 
 2. Imaging (MRI, SPECT or 
PET) much show predominant 
involvement of the left 
posterior fronto-insular region. 

 Both criteria must be 
present 
 1. Clinical diagnosis of 
semantic variant 
 2. Imaging (MRI, 
SPECT or PET) much 
show predominant 
involvement of the 
anterior temporal lobe 

 Both criteria must be 
present 
 1. Clinical diagnosis of 
logopenic variant 
 2. Imaging (MRI, 
SPECT or PET) much 
show predominant 
involvement of the left 
posterior perisylvian or 
parietal region 

 Step 4 Defi nite 
Diagnoses of 
PPA variant 

 Clinical diagnoses  Plus  one of the following 
 1. Histopathological evidence of a specifi c Neurodegenerative pathology 
(e.g. FTLD-tau, FTLD-TDP43, AD, other) 
 2. Presence of a known pathogenic mutation 

  Reproduced and modifi ed from Gorno-Tempini et al. (2011) with permission from Wolters Kluwer Health  
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7.12         Therapy 

 Before the treatment, comes the diagnosis. 
Indeed, appropriate care of FTD patients starts 
with communicating the diagnoses. The diagno-
ses and its implications should be explained to 
patients, families and caregivers in lay terms and 
in a sensitive manner. This should be carried out 
in a specialist environment with an understanding 
of the unique features of FTD such as the person-
ality changes, loss of empathy and socially 
embarrassing behaviours. Multidisciplinary sup-
port should be offered. 

7.12.1     Disease Modifying Therapy 

 Currently there are no FDA approved disease 
modifying therapies for FTD. 

 However, preclinical and early clinical phase 
trials of true disease modifying therapies are 
underway. The main targets are protein pathways 
known to be integral to the pathological process in 
FTD including tau, progranulin, and TDP-43 
(described in the Sect.  7.8 ). This approach has 
produced several promising candidates. However, 
the logistic diffi culties intrinsic to a disease such 
as FTD are signifi cant. The fi rst clinical trial for a 
disease modifying therapy in bvFTD was initiated 
in 2013. This involved TRx0237 (also called 
LMTX™) which acts by reducing levels of aggre-
gated or misfolded tau protein. Many patients had 
to be excluded because of lack of supportive MRI 
changes and/or diagnostic uncertainty raising the 
possibility of “FTD phenocopies”. Others dis-
played advanced cognitive impairment, lack of 
interest and/or inability to give informed consent. 
Other challenges included the reduced ability of 
bvFTD patients to wait for prolonged periods or 
to tolerate MRI scanning. The patients’ behav-
ioural changes posed signifi cant challenges to 
untrained staff. Of the fi rst 275 potential subjects 
who were pre-screened, 55 progressed to formal 
screening, and only 20 patients proceeded to the 
randomisation. The results of the trial are still 
pending. 

 Granulin, the product of the  GRN  gene, dis-
plays low levels in FTD patients with this muta-
tion. Granulin is a growth factor believed to play 

a role in multiple essential biological processes 
like regulating infl ammatory reactions, energy 
and protein homeostasis, neurite outgrowth, and 
neuronal survival. Several new therapies are 
being developed to increase granulin including 
PTC124-a new chemical entity that selectively 
induces ribosomal read through premature but 
not normal termination codons. Early trials have 
demonstrated safety in healthy volunteers is in 
preclinical trials for  GRN  related FTD. 

 Davunetide is an intranasal neuropeptide ther-
apy derived from a growth factor called activity- 
dependent neurotrophic protein and is believed to 
have neuroprotective effects. Despite early prom-
ising Phase II trials in MCI and AD patients, a 
more recent trial in FTD with predicted tau 
pathology (which included CBS and PSP) was 
halted following a large multicentre trial involv-
ing PSP patients reporting negative results in all 
outcome measures. 

 Preclinical studies are also investigating the 
therapeutic value of immune therapy or efforts to 
block cleavage in removing abnormal TDP-43.   

7.13     Symptomatic Treatment 

 There are no FDA approved therapies for symp-
tomatic treatment of the cognitive or behavioural 
diffi culties in FTD. A few small randomised con-
trolled clinical trials have been undertaken in 
FTD including those for memantine, paroxetine, 
trazadone, oxytocin, methylphenidate, and galan-
tamine. These largely yielded negative results, 
though a few reported modest improvements in 
behavioural symptoms (e.g. nasally administered 
oxytocin, methylphenidate, trazodone, parox-
etine in 1 of 2 trials). 

 Current therapeutic management of FTD 
involves the off-label use of medications based 
on effi cacy in treating other neurodegenerative 
or psychiatric disorders with similar behav-
ioural problems. Selective serotonin reuptake 
inhibitors or serotonin-norepinephrine reuptake 
inhibitors are now considered fi rst line treat-
ments to help control the behavioural symptoms 
in FTD particularly disinhibition and poor 
impulse control. This is based on open label 
studies as case controlled randomised trials 
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have produced mixed results. A meta-analyses 
of trazadone and SSRIs studies suggest that the 
use of these medications may indeed be helpful 
in ameliorating behavioural changes in 
FTD. Case reports suggest that atypical antipsy-
chotic agents such as quetiapine and anti-epi-
leptics may be considered for treatment of 
agitation, delusions and aggression. 

 No drug to date has been shown to have any 
signifi cant benefi t on cognitive function in 
FTD. In some cases (e.g. paroxetine) the drugs 
had a negative effect on cognitive performance. 
There is some evidence suggesting that intra- 
nasal oxytocin may have a benefi cial effect of 
recognition of facial emotions, but it has no effect 
on other measures of cognitive function includ-
ing executive functions. 

 Limitations of most FTD trials published to 
date include small sample size and in many cases 
poor selection of cognitive measures. 

 Supportive therapy remains the cornerstone 
of treatment in FTD. A multidisciplinary 
approach is essential to tackle the range of 
behaviour and neuropsychiatric manifestations 
bvFTD. Neuropsychological strategies can help 
patients and caregivers cope with the worst 
effects of the cognitive and behavioural 
impairment. 

 Sleep disturbances should be managed by 
maintaining a regular sleep regime and may be 
aided by the use of the sedating anti-depressant 
e.g. Trazadone. 

 Speech and language therapy including the 
utilization of communication aids by carers .may 
offer some benefi t to PPA patients early in the 
course of the illness, 

 Parkinsonism and amyotrophy are the most 
common motor manifestations of advanced 
FTD. Multidisciplinary care including physio-
therapy, occupational therapy and speech lan-
guage therapy are the cornerstone of treating 
motor symptoms. Riluzole in the only FDA 
approved treatment for motor system degenera-
tion associated ALS. Although the parkinsonian 
symptoms in FTD rarely respond to dopamine 
replacement therapies, it is worth noting that a 
small proportion of these patients do report some 
benefi t from these therapies. More detailed 

 discussion of these disorders can be found in the 
relevant chapters. 

 Prominence of early bladder diffi culty should 
give rise to suspicion of disorders of autonomic 
control such as PSP rather than FTD. However 
early involvement of the medial frontal lobe in 
both bvFTD and CBD can lead to incontinence 
which should be managed with intermittent cath-
eterization, indwelling catheters, and the use of a 
leg bag or in some cased urinary diversion. The 
use of anti-cholinergic must be tempered by the 
possibility of increasing confusion. 

 The inexorable decline in function and quality 
of life that currently follows a diagnosis of FTD 
should always be met with a plan for palliation and 
appropriate end of life care. There has been signifi -
cant improvement in the knowledge and under-
standing of this process amongst palliative care 
specialists. For further discussion see Chap.   17     .  

 Supportive care should always include the 
patient’s carer. It has been recognized that carers 
of patients with FTD report signifi cant distress 
and depression even when compared to carers of 
patients with other forms of dementia. This is 
most likely due to the FTD patient’s behavioural 
dysfunction and poor social cognition. The multi- 
disciplinary team should be aware of these stress-
ors on the carer. Support to the carer can be 
provided through advice and instruction on how 
to manage disruptive behaviour and the availabil-
ity of respite care.  

    Conclusion 

 FTD researchers world-wide are working on 
translating the progress made over the last 
decade in furthering our understanding of FTD 
molecular pathology and proteomic into clini-
cally relevant disease biomarkers and poten-
tially targeted disease modifying therapy. 
However, until then the corner stone of caring 
for FTD patients continues to be the use of 
symptomatic pharmacological therapy and 
comprehensive multidisciplinary care that 
includes the expertise of neurologists with a 
special interest in cognitive neurology, clinical 
nurse specialists, clinical psychologists, speech 
therapist, physiotherapists, and palliative care 
specialists along with social workers.     
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      Amyotrophic Lateral Sclerosis                     

     Orla     Hardiman     ,     Matthew     C.     Kiernan     , 
and     Leonard     H.     van den     Berg    

8.1             Introduction 

 Amyotrophic Lateral Sclerosis (ALS), also 
known as motor neuron disease (MND) is the 
commonest neurodegenerative condition of the 
young and middle aged. The disease is character-
ised by progressive upper and lower motor neu-
ron degeneration. Mean life expectancy is 
3–5 years from fi rst symptom. Although primar-
ily a disorder of the motor system, ALS also has 
non-motor features and overlaps clinically and 
pathologically with other neurodegenerative con-
ditions including fronto-temporal dementia 
(FTD). Up to 13 % of incident patients have evi-
dence of behavioural variant frontotemporal 
dementia on presentation, and a further 30–40 % 
have evidence of cognitive/behavioural impair-
ment, including defi cits in social cognition. Once 

symptoms develop, the course of ALS is progres-
sive, and death is usually from respiratory failure. 
Although treatment options are limited, multidis-
ciplinary management can preserve quality of 
life and interventions such as aggressive secre-
tion management and non-invasive ventilation 
can improve survival.  

8.2     Clinical Features 

 The clinical onset of ALS is usually asymmetric. 
The fi rst symptom may be a gait disturbance (e.g. 
tripping, dragging one leg) or diffi culty with fi ne 
movements in the upper extremities e.g. fasten-
ing buttons. As motor neurons are affected seg-
mentally, clinical presentation depends on where 
in the neuroaxis the disease is fi rst manifest. Up 
to 25 % of patients present with bulbar symptoms 
such as dysarthria and dysphagia and 1–5 % pres-
ent with respiratory failure. The site of disease 
onset is of prognostic signifi cance, as limb onset 
carries a better prognosis than bulbar onset, and 
lower limb onset carries a better prognosis than 
upper limb onset. Respiratory onset disease car-
ries the worst prognosis. 

 People with ALS almost never describe fas-
ciculations as key part of their presenting symp-
tomatology, and fasciculations in the absence of 
muscle weakness or other neurologic signs are 
extremely rare as a fi rst presentation of ALS. The 
clinical hallmark of ALS on neurological 
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 examination is the presence of both upper and 
lower motor neuron signs that are not attributable 
to other causes. A combination of upper and 
lower motor signs occurring concomitantly at the 
same spinal level s (e.g., brisk refl exes in a weak, 
fasciculating limb) should raise a differential 
diagnosis of ALS, although cervical spondylotic 
myelopathy could also produce this clinical pic-
ture. Bladder function is not usually impaired in 
the early stages of the disease, but is often 
involved in later stages of the illness. Up to one 
quarter of patients complain of minor sensory 
symptoms, however formal sensory examination 
is generally normal. 

 The time from symptom onset to diagnosis is 
usually in the order of 9–15 months. Many peo-
ple will have seen two or three other specialists 
before they are correctly diagnosed. 

 Behavioural variant frontotemporal dementia 
(FTD) occurs in up to 13 % of incident patients 
with ALS. This is characterized by personality 
change, irritability, obsessions, poor insight and 
pervasive defi cits on frontal executive tests. A 
milder form of cognitive impairment occurs in up 
to 50 % of patients with ALS, and can include 
subtle executive defi cits, apathy, verbal fl uency 
defi cits and changes in memory. Behavioral 
change may also be reported by a spouse or rela-
tive and may not be apparent during formal clini-
cal interview. Defi cits in social cognition are 
common and frequently under-reported. 
Cognitive dysfunction can precede or follow the 
onset of motor symptoms. 

 A number of screening tests for cognitive 
impairment in ALS have been generated. The 
most widely used is the Edinburgh Cognitive and 
Behavioural ALS Screen (ECAS) (  http://hdl.han-
dle.net/1842/6592    ). This 15 min screening tool 
has been validated and is the preferred cognitive 
screening tool used by the European ALS 
Consortium (ENCALS). Within a clinic setting, 
verbal fl uency can be a sensitive marker of cogni-
tive impairment in ALS, and a simple 2-min 
word-generation test can help to identify patients 
in whom more detailed neuropsychological eval-
uation may be required. Patients with severe defi -
cits in verbal fl uency are more likely to exhibit 
frontal and executive defi cits on more formal 

testing although these tests are also predicated on 
pre-morbid intellectual ability. Short batteries of 
tests, such as the MMSE, are not sensitive to 
frontotemporal syndromes and should not be 
used for diagnostic purposes. 

 In patients with features of frontotemporal 
dementia, behavioural change can be assessed 
using carer-based instruments such as The 
Neuropsychiatric Inventory or Frontal Systems 
Behavioural Scale, or more recently developed 
disease specifi c scales such as the Beaumont 
Behavioural inventory. These questionnaires are 
completed by caregivers and can convey how the 
patient functions on a day-to-day basis compared 
with his or her premorbid status. 

 Once symptoms and signs of ALS develop, the 
condition progresses. Functional decline can be 
measured using the revised ALS Functional 
Rating Scale (ALSFRS-R) (Table  8.1 ).Up to 70 % 
patients die within 3 years of their fi rst symptom. 
Approximately 10 % of patients experience a 
more protracted disease course, and may live for 
up to 10 years from the time of fi rst symptom.

   Variants of ALS include primary lateral scle-
rosis (PLS), in which clinical signs are confi ned 
to upper motor neurons, and progressive muscle 
atrophy, in which signs are confi ned to the lower 
motor neuron. Diagnostic criteria for PLS require 
the presence of signs for a minimum of 3 years. 
These ALS variants can be diffi cult to diagnose 
in the early stages, and prognosis is generally 
better than in typical ALS. 

 Restricted forms of ALS have also been 
described including fl ail arm and fl ail leg syn-
dromes, and monomelic disease. The former two 
are more common in men, and may carry a better 
prognosis that typical ALS. 

 Other variants include bulbospinal muscular 
atrophy (Kennedy’s disease). This X-linked 
 disorder is due to an expansion of trinucleotide 
repeats in the androgen receptor. The clinical fea-
tures include slowly progressive lower motor 
neuron signs in bulbar and proximal limbs. Up to 
50 % of cases have gynaecomastia; Progression 
is usually slower than in typical ALS. Nerve con-
duction studies can be helpful as, in contrast to 
ALS, the sensory nerve action potentials may be 
absent in Kennedy’s disease (Table  8.2 ).
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   The majority of ALS patients die from respi-
ratory failure. Prognostic indicators include time 
from fi rst symptom to diagnosis (longer duration 
carries a better prognosis), presence of executive 
impairment (poorer prognosis), bulbar or respira-
tory onset disease (poorer prognosis) older age of 
onset (poorer prognosis), marked weight loss 
(poorer prognosis) and presence of pure upper or 
pure lower motor syndromes (better prognosis) 
(Table  8.3 ).

8.2.1       Discussing the Diagnosis 

 Once the diagnosis has been established, the 
patient should formally meet with an experienced 
doctor who has been involved in the care, to 

   Table 8.1    ALS FRS—revised   

 1. Speech 

   4  Normal speech 

   3  Detectable disturbance 

   2  Intelligible without repeating 

   1  Speech with non-verbal communication 

   0  Loss of useful speech 

 2. Salivation 

   4  Normal 

   3  Slight but defi nite excess of saliva 

   2  Moderate excessive saliva, minimal drooling 

   1  Marked excessive of saliva, some drooling 

   0  Marked drooling, requires constant tissue 

 3. Swallowing 

   4  Normal eating habits 

   3  Early eating problems, occasional choking 

   2  Dietary consistency changes 

   1  Needs supplemental tube feeding 

   0  Nil orally 

 4. Handwriting 

   4  Normal 

   3  Slow or sloppy, all words legible 

   2  Not all words legible 

   1  Able to grip pen but cannot write 

   0  Unable to grip pen 

 5. Cutting food & handling utensils 

   4  Normal 

   3  Slow & clumsy but no help needed 

   2  Can cut most foods, although clumsy & 
needs some help 

   1  Food must be cut by someone else 

   0  Needs to be fed 

 6. Dressing & hygiene 

   4  Normal 

   3  Independent but decreased effi ciency 

   2  Some help with closures & fasteners 

   1  Provides minimal assistance to caregiver 

   0  Unable to perform any task 

 7. Turning in bed 

   4  Normal 

   3  Slow & clumsy 

   2  Can turn alone with diffi culty 

   1  Can initiate but cannot turn or adjust sheets 

   0  Total dependence 

 8. Walking 

   4  Normal 

   3  Early ambulation diffi culties 

   2  Walks with assistance 

(continued)

Table 8.1 (continued)

   1  Non ambulatory, functional movement 

   0  No purposeful leg movement 

 9. Climbing stairs 

   4  Normal 

   3  Slow 

   2  Mild unsteadiness/fatigue 

   1  Needs assistance 

   0  Cannot do 

 10. Dyspnea 

   4  None 

   3  Occurs when walking 

   2  Occurs when eating, bathing or dressing 

   1  Occurs at rest 

   0  Considerable diffi culty 

 11. Orthopnea 

   4  None 

   3  Some diffi culty, does not routinely use more 
than two pillows 

   2  Needs extra pillows to sleep 

   1  Only sleeps sitting up 

   0  Unable to sleep 

 12. Respiratory insuffi ciency 

   4  None 

   3  Intermittent use of non invasive ventilation 

   2  Continuous use of non invasive ventilation at 
night 

   1  Continuous use of non invasive ventilation 
day & night 

   0  Mechanical ventilation via tracheostomy 
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 discuss the outcome of the investigations. 
Specifi c techniques should be used as outlined in 
Table  8.4 , including the provision of a quiet space 
and adequate time to discuss the diagnosis. The 

patient should be accompanied by a close friend 
or family member. The level of information the 
patient has about the disease should be explored. 
Some patients have specifi c concerns including a 
fear of choking to death; reassurance can be pro-
vided about these and other anxieties relating to 
the progress of the disease. Despite the inevitable 
decline associated with the condition, it is impor-
tant to convey hope when disclosing the diagno-
sis. Positive prognostic aspects of the disease can 
be emphasized, and the likelihood of new thera-
peutics in the form of future clinical trials dis-
cussed. Patients should be provided with a follow 
up appointment within 2–4 weeks of diagnosis. 
Some patients seek a second opinion. This should 
be facilitated.

8.3         Epidemiology 

 The incidence of ALS/MND in Europe is approx-
imately 2 per 100,000 and the overall lifetime 
risk is approximately 1:350. In populations of 
non-European or mixed ethnicity, current evi-
dence suggests that the frequency of ALS is 
lower. While the reasons for this difference 

   Table 8.2    Variants of ALS/MND   

 Disease  Clinical features  Other comments  Median survival 

 ALS  Both upper and motor 
neurone signs in multiple 
spinal segments 

 Most common adult-onset form of 
motor neuron disease 

 Three to fi ve years 

 Primary lateral sclerosis  Upper motor neuron signs 
only 

 Many patients eventually develop 
clinical or electrophysiological 
signs of LMN involvement. ALS 
develops in up to 77 % within 
3–4 years 

 For those who 
remain with a 
diagnosis of PLS, 
median 
survival = 20 years 
or more 

 Progressive muscular 
atrophy 

 Lower motor neuron 
signs only 

 Variable evolution to ALS  Five years. A subset 
survive 20 years or 
more 

 Progressive bulbar palsy  Speech and swallowing 
affected initially due to 
LMN involvement of CN 
IX, X, XII 

 Symptoms include dysarthria, 
dysphagia, and dysphonia. 
Aspiration pneumonia is usually the 
terminal event 

 Two to three years 

 Bulbospinal 
 Muscle atrophy 
(Kennedy’s disease) 

 Speech and swallowing 
affected, proximal limbs 

 X-linked recessive inheritance 
pattern 
 Pure lower motor neuron condition 
due to trinucleotide repeat in 
androgen receptor 

 Ten years or more 

   CN  cranial nerves,  UPM  upper motor neuron,  LMN  lower motor neuron  

   Table 8.3    Prognostic indicators   

  Poor prognostic indicators  

 Short interval between fi rst symptom & diagnosis 

 Bulbar onset disease 

 Respiratory onset disease 
 Malnutrition 

 Rapidly progressive decline in ALSFRS 

 Presence of executive impairment 

 Familial disease (some SOD1 mutations) 
 Hyperlipidemia 
 Increased homocysteine 

 Vital capacity <50 % of normal 

 Sniff nasal inspiratory pressure <40 cm H 2 O 

  Good prognostic indicators  

 Long interval between fi rst symptom and diagnosis 

 Lower limb onset 

 Flail arm/fl ail leg syndrome 

 Upper motor neuron predominant disease 

 Lower motor predominant disease 

 Familial disease (some SOD1 mutations) 

 Age of onset <50 years 
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remain unclear, preliminary evidence suggests 
that genetic admixture may be protective. Careful 
evaluation of populations over a long period of 
time has indicated that the adjusted age-specifi c 
incidence of the disease is not increasing. 

 ALS is more common in males than females 
by a ratio of 1.2–1.5 to 1. This disparity is mostly 

due to the increased frequency of spinal onset alS 
in men. In contrast to Parkinson’s disease and 
Alzheimer’s disease, the risk of developing ALS 
peaks between the ages of 50–75, and declines 
thereafter. This suggests that ALS is not a disease 
of ageing, but a disease for which age is one of a 
number of risk factors. 

 As ALS is a rare disease, environmental fac-
tors that confer increased risk have been diffi cult 
to identify. Case controlled studies seeking to 
establish exposure risks are often inadequately 
powered and confounded by methodological 
errors. High incidences of ALS in Guam and the 
Kii Penninsula in Japan have been associated 
with cyanobacterial neurotoxins including 
BMAA, although defi nitive evidence in this 
regard is lacking, and more recent evidence from 
Kii also suggests the presence of a genetic 
founder effect. Clustering of ALS has been iden-
tifi ed in certain occupations including Italian soc-
cer players. The factors that lead to this apparent 
increased risk remain to be determined. Other 
environmental factors that have been associated 
with ALS have included smoking, exposure to 
pesticides and organic toxins, and electromag-
netic radiation. With the exception of smoking, 
defi nitive evidence of risk remains to be estab-
lished and will require large unbiased population- 
based case controlled studies for confi rmation.  

8.4     Genetics 

 ALS is frequently described as being either 
familial or sporadic. A total of 22 genes and loci 
of major effect have been identifi ed, (Table  8.5 ) 
and the majority of these are autosomal dominant 
in inheritance pattern. Of these, the hexnucleo-
tide repeat expansion in C9orf72 accounts for 
over 50 % of known familial ALS in populations 
of European extraction, and up to 8 % of appar-
ently sporadic disease. This variant is rare in 
other populations. The C9orf72 repeat expansion 
is associated with a distinct ALS phenotype with 
prominent cognitive and behavioural impair-
ment, and with higher rates of neuropsychiatric 
conditions in kindreds of those affected. The 
pathogenesis of C9orf72 repeat related disease 

   Table 8.4    How should a physician tell the patient that 
they have ALS   

 Task  Recommendations 

 Location  Off the ward, in a quiet room 

 Not as an outpatient clinic 

 Participants  Senior clinician 

 Patient 

 Family member 

 Nursing staff 

 Breaking the news  Ask what the patient/family 
knows about their condition 

 Approach the diagnosis with 
sensitivity 

 Use diagrams to help explain 
the concept of upper & lower 
motor neurons 

 Be honest about prognosis 

 Acknowledge the distress that 
the diagnosis causes 

 Allow plenty of time for 
questions 

 Allow time for refl ection 

 Hope and 
reassurance 

 Provide hope: up to 10 % of 
patients survive for >10 years 

 Identify positive prognostic 
indicators 

 Explain that support is 
available, and that the patient 
and family are not alone 

 Reassure that as the condition 
progresses, interventions can 
help to maintain 
independence, quality of life 
and dignity 

 Reassure that decline occurs 
gradually 

 Provide information about 
voluntary organizations 

 Discuss likely opportunities to 
participate in research and 
clinical trials 

 Honesty  Be honest but empathic 

 Communication  Simple language, no jargon 
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has not been established, but is thought to relate 
in part to aberrant RNA transcription with accu-
mulation of sense and antisense RNA foci, cou-
pled with proteins expressed by repeat-associated 
non-ATG (RAN) translation. Sense and anti- 
sense RNAs are thought to accumulate in nuclear 
foci, and RAN proteins are thought to form cyto-
plasmic aggregates in neurons.

   Mutations in superoxide dismuatase (SOD1) 
account for up to 15 % of familial ALS, and up to 
5 % of apparently sporadic disease in some popu-
lations. However as is the case for the C9orf72 
variant, mutations in SOD1 are population spe-
cifi c, occurring with low frequency in familial 
and sporadic disease in The Netherlands and 
Ireland, and with higher frequency in Italy and 
the USA. 

 Mutations in two different DNA/RNA binding 
proteins, TDP-43 and FUS/TLS account for a 
further 10–15 % of familial ALS in some popula-
tions. Both TDP-43 and FUS code for proteins 
involved in gene regulation including transcrip-
tion, RNA splicing, RNA transport, and transla-
tion, and in the regulation and processing of 
small regulatory RNAS (microRNAs). Of the 
currently known genes, only C9orf-72 SOD1, 
TDP-43, and FUS mutations occur with suffi -
ciently high frequency in European populations 
to warrant diagnostic testing. The remainder have 
been described in small numbers of kindreds are 
often associated with unusual phenotypes. 

 While there is currently no accepted defi nition 
of familial ALS, up to 85 % percent of people 
diagnosed with ALS have no family history and 
are classifi ed as having sporadic disease. The fre-
quency of familial disease can be under-estimated 

   Table 8.5    Known genes associated with ALS   

 Gene  Functional signifi cance 

 Oxidative stress 

 SOD1  Cytoplasmic Antioxidant 
Soluble form may become 
neurotoxic 

 HFE  Regulator of iron metabolism 

 Cytoskeleton, microtubule, axonal transport 

 MAPT  Microtubule protein disruption 
Involved in other 
neurodegenerative diseases 

 NEFH  Neurofi lament protein, 
mutations alter axonal 
transport 

 PRPH  Intermediate fi lament, 
transgenic mice develop motor 
neuron degeneration 

 Prophillin  Cytoskeleton dynamics 

 TubA4A  Microtubular function 

 Peripherin 

 DCT1  Disruption in dynein/dynactin 
complex alter axonal transport, 
produce phenotype in mice 

 KIFAP3  Kinesin associated protein, 
modulates survival 

 Metabolism 

 PON 1–3  Paroxonases are important 
detoxifying enzymes. 
Association in fi ve different 
populations, but different 
haplotypes implicated in 
different ancestral populations 

 Progranulin  Gene of major effect in 
FTD. Coding variations 
associated with ALS in some 
populations, similar in 
function to angiogenin 

 DNA/RNA repair 

 ANG  RNA ribonuclease and 
hypoxia responsive agent; 
overlap in function with VEGF 
& progranulin 

 APEX 
 FUS 

 RNA regulation 

 SMN1, SMN2  Affects RNA splicing, gene of 
major effect in spinal muscular 
atrophy 

 TDP-43  RNA regulator 

 ELP 3  RNA polymerase 

 C9orf-72  RNA regulation, RNA 
transcription 

 TAF 15 
 EWSR1 
 Senetaxin 

 RNA processing 

Table 8.5 (continued)

 Gene  Functional signifi cance 

 Excitotoxicity 

 UNC13A  FTD 

 Proteostatic 

 VCP 
 CHMPT2 

 Ubiquilin 2  Autophagy 

 Optineurin (OPTN)  Vesicular transport 

 Sequestosome 
(SQSTM) 

 Vesicular transport 
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by the late onset of disease phenotype, incom-
plete penetrance, and small kindreds. Moreover, 
family aggregation studies have identifi ed an 
overlap between ALS, FTD and other neurode-
generative and neuropsychiatric conditions. 
While a proportion of these families are associ-
ated with the repeat expansion on C90rf72, some 
repeat-negative kindreds also exhibit prominent 
aggregation of neuropsychiatric disease, suggest-
ing the presence of other gene variants with phe-
notypic pleotropy. 

 Population-based studies of “at risk” genes 
that increase disease susceptibility suggest that 
up to 17 % of those with ALS carry an “at risk” 
variant, although the relative contribution of each 
identifi ed gene rarely exceeds an odds ratio of 
2.0, and in most cases the mechanism by which 
the risk is conferred remains to be elucidated. 

 Genome-wide association studies (GWAS) in 
ALS have been relatively disappointing to date, 
primarily because of small sample size (5000 
patients, 15,000 controls). Increasing the sample 
size to over 15,000 patients have shown to 
increase the number of ‘hits’ substantially in 
other diseases such as Parkinson’s disease, 
Alzheimer’s disease, Multiple Sclerosis and 
Schizophrenia. A combined GWAS for ALS has 
included over 16,000 patients and 25,000 con-
trols is being analysed. However increased inter-
national collaboration coupled with the 
combination of detailed clinical phenotyping 
with next generation whole genome sequencing 
and bioinformatics technology is likely to pro-
vide a wealth of new information about ALS 
pathophysiology (  www.ProjectMine.com    ). This 
in turn will provide exciting new avenues for 
developments in disease therapeutics. 

8.4.1     Genetic Testing 

 Because most ALS is thought to be non-familial, 
there is currently little advantage in testing spo-
radic individual patients for known gene muta-
tions, with the possible exception of the C9orf72 
repeat expansion. In general, genetic testing 
should only be undertaken in known familial dis-
ease, where the presence of mutations in known 

genes might accelerate the diagnostic process. 
Expert genetic counseling is recommended prior 
to testing. Presymptomatic genetic testing should 
only be performed in fi rst degree adult blood- 
relatives of patients with a known gene mutation. 
As many mutations in ALS are incompletely pen-
etrant, the identifi cation of a mutation in an 
asymptomatic relative cannot accurately predict 
development of the disease. Testing should be 
performed on a strictly volunteer basis and should 
following extensive genetic counseling. However, 
with the advent of new therapeutics including 
anti-sense therapies for SOD1 – and C9orf72 –
related disease, there may be a case in future for 
identifying pre-symptomatic carriers of known 
pathogenic variants.   

8.5     Overlap Syndromes 

 Up to 13 % of patients with ALS have fronto- 
temporal dementia (FTD), and up to 30 % of 
those with FTD have neurophysiologic evidence 
of anterior horn cell degeneration (see Chap.   6    ). 
A smaller percentage (2–5 %) of patients with 
ALS have evidence of other forms of dementia 
including features of Alzheimer’s disease. 
Patients with ALS are more likely to have a fam-
ily history of neurodegenerative disease – this is 
driven in part by the C9orf72 repeat expansion. 
Occasional patients with extrapyramidal syn-
dromes and anterior horn cell degeneration have 
been reported and a small minority of ALS 
patients are ataxic. Rarely, Huntington’s disease 
can present with amytrophy (see Chap.   8    ).  

8.6     Diagnostic Criteria 

 Formal diagnosis of ALS is based upon clinical 
criteria that include the presence of upper motor 
neuron (UMN) and lower motor neuron (LMN) 
signs, progression of disease, and the absence of 
an alternative explanation. There is no single 
diagnostic test that can confi rm or entirely 
exclude the diagnosis of motor neuron disease. 

 The  El Escorial  criteria were developed in 
1990 by the World Federation of Neurology 
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(WFN) for research and clinical trial purposes. 
These guidelines were subsequently revised in 
Airlie House in April 1998 (Table  8.6 ).

   Both sets of criteria are based on the degree of 
certainty of diagnosis, which in turn is based on 
clinical assessment and the presence of upper and 
lower motor neuron signs together in the same top-
ographical anatomic region in the brainstem, cervi-
cal, thoracic, or lumbosacral spinal cord. Although 
not validated at the time of inception, a number of 
inter-rater reliability studies have shown that 
among experts, the criteria are in general uniformly 
applied and reproducible. Notwithstanding, the cri-
teria have been criticized as being too restrictive, as 
up to 10 % of patients with ALS remain within the 
“possible” category at the time of death and are 
thus excluded from most clinical trials, which 
require a diagnosis of “probable” “or “defi nite” 
ALS. Moreover, the criteria were developed prior 
to the recognition of the cognitive domain associ-
ated with ALS. The  El Escorial  and Airlie House 
criteria are not considered helpful in day-to-day 
management of ALS and should be reserved for 
classifi cation of patients for research purposes.  

8.7     Differential Diagnosis of ALS 

 Some conditions can closely resemble ALS and 
should be actively considered in the differential 
diagnosis. Consideration of the “mimic syn-
dromes” is important, as the diagnosis of ALS is 
based primarily on clinical examination, sup-
ported by a series of laboratory investigations to 
exclude other conditions. 

 The majority of likely mimic syndromes are 
listed in Table  8.7 . In practice, the most frequent 
conditions mistaken for ALS are multifocal 
motor neuropathy with conduction block and cer-
vical spondylotic myelopathy.

   Based on these studies, factors that should 
lead to revision of the diagnosis of ALS can be 
divided into two broad categories:

    Failure of symptom progression  
 In general, patients with common mimic syn-

dromes do not progress as rapidly as those with 
ALS, and tend to survive for longer periods.  

   Atypical history or symptoms  
 Common clinical features that lead to a reconsid-

eration of the diagnosis of ALS include the 

   Table 8.6    EL Escorial and Airlie house criteria for diag-
nosis of ALS   

 The presence of: 

   (a) Evidence of LMND degeneration by clinical, 
electrophysiological or neuropathological 
examination 

   (b) Evidence of UMN degeneration by clinical 
examination; and 

   (c) Progression of the motor syndrome within a 
region or to other regions, as determined by 
history or examination; 

 and: 

 The absence of: 

   (a) Electrophysiological and pathological evidence 
of other disease processes that might explain the 
signs of LMN or UMN degeneration; and, 

   (b) Neuroimaging evidence of other disease 
processes that might explain the observed clinical 
and electrophysiological signs. 

 El Escorial criteria 

   Defi nite ALS: UMN and LMN signs in three regions 

   Probable ALS: UMN & LMN signs in at least two 
regions with UMN signs rostral to (above) LMN 
signs 

   Possible ALS: UMN & LMN signs in one region, 
UMN signs alone in two or more regions, or 
LMN signs above UMN signs 

   Suspected ALS: LMN signs only in two or more 
regions 

 Airlie house (modifi ed) criteria 

   Clinically defi nite ALS: clinical evidence alone of 
UMN & LMN signs in three regions 

   Clinically probable ALS: clinical evidence alone of 
UMN and LMN signs in at least two regions with 
some UMN signs rostral to (above) the LMN signs 

   Clinically probable—laboratory-supported ALS: 
clinical signs of UMN and LMN dysfunction are 
in only one region, or UMN signs alone in one 
region with LMN signs defi ned by EMG criteria 
in at least two limbs, together with proper 
application of neuroimaging and clinical 
laboratory protocols to exclude other causes 

   Possible ALS: clinical signs of UMN and LMN 
dysfunction in only one region, or UMN signs 
alone in two or more regions; or LMN signs rostral 
to UMN signs and the diagnosis of clinically 
probable—lab-supported ALS cannot be proven 

   Suspected ALS: this category is deleted from the 
revised El Escorial criteria 
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presence of isolated upper or isolated lower 
motor neuron signs (leading to possible diag-
noses of hereditary spastic paraparesis, multi-
ple sclerosis and motor neuropathy 
respectively); the development of sensory 
complaints or bladder involvement (leading to 
diagnoses of myelopathy or demyelinating 

disease); the absence of upper motor neuron 
signs rostral to lower motor neuron signs; or 
the absence of bulbar signs in patients with 
prominent spinal signs (leading to a diagnosis 
of cervical myelopathy); and a family history 
of males only affected, and no male to male 
transmission (suggesting X-linked bulbospi-
nal muscle atrophy (Kennedy’s disease) . The 
presence of asymmetric weakness and wast-
ing in a C8 T1 distribution in a young man 
should raise the possibility of Hirayama dis-
ease (Table  8.8 ).

8.8           Diagnostic Tests 

 There is no defi nitive diagnostic test for ALS. The 
combination of suggestive clinical signs with 
negative laboratory and imaging studies supports 
the diagnosis. Progression of the condition is a 
prerequisite for diagnosis (Fig.  8.1 ).

8.9        Essential Investigations 

 Routine laboratory investigation of a patient with 
apparently “typical” ALS should include ESR, 
serum and urine protein electrophoresis, thyroid 
function tests and serum calcium and phosphate 
(Table  8.9 ).

   CSF analysis may be considered. CSF protein 
levels above 80 mg% are unusual and should 
prompt a search for other pathology, particularly 
for the presence of an associated lymphoprolif-
erative disease. Heavy metal screen should be 
performed in those with a potential history of 

   Table 8.7    Differential diagnosis of MND   

 Hereditary  Kennedy’s disease 

 Hereditary spastic paraparesis 

 Acid maltase defi ciency 

 Facioscapulohumeral muscular 
dystrophy 

 Adrenomyeloneuropathy 

 Huntington’s disease 

 Hexosaminidase defi ciency 

 Metabolic/toxic  Hyperthyroidism 

 Hyperparathyroidism 

 Heavy metal intoxication 

 Lathyrism 

 Organophosphate toxicity 

 Immune/
infl ammatory 

 Multifocal motor neuropathy 
with conduction block 

 Chronic infl ammatory 
demyelinating Polyneuropathy 

 Myasthenia gravis 

 Inclusion body myositis 

 Polymyositis 

 Multiple sclerosis 

 Paraneoplastic disorders 

 Structural  Cervical spondylotic 
myelopathy 

 Syringomyelia/bulbia 

 Post-irradiation myelopathy/
plexopathy 

 Tumor 

 Cerebrovascular disease 

 Other 
neurodegenerative 
diseases 

 Corticobasal degeneration 

 Multiple system atrophy 

 Progressive supranuclear palsy 

 Parkinson’s disease 

 Huntington’s disease 

 Other motor 
neuron diseases 

 Primary lateral sclerosis 

 Progressive muscular atrophy 

 Spinal muscular atrophy 

 Post polio spinal muscle atrophy 

 Benign fasciculation syndrome 

 Hirayama disease 

   Table 8.8    Clinical features that should prompt a search 
for mimic syndromes   

 History of poliomyelitis 

 Family history with no affected females and no male 
to male transmission 

 Symmetrical signs 

 Pure upper or pure lower motor neuron syndrome 

 Upper motor signs caudal to lower motor neuron 
signs, with no bulbar involvement 

 Development of sensory signs 

 Development of sphincter disturbances 

8 Amyotrophic Lateral Sclerosis



154

Gradual onset progressive neurological deficit

Only LMN signs Only UMN signsUMN + LMN signs

Normal hematology & biochemistry, normal CSF

Conduction
block on NCS

UMN signs + LMN
signs in all LIMBS
+/– bulbar region

UMN signs caudal
to LMN signs

Neuroimaging
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in > 3 anatomic regions
(upper & lower
extremities, bulbar)
normal sensory exam

Neuroimaging
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Structural
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monitor
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NO

Consider mimic
syndrome
reinvestigate

  Fig. 8.1    Diagnostic algorithm for ALS.  UMN  upper motor neuron,  LMN  lower motor neuron,  NCS  nerve conduction 
studies       
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exposure. Hexosaminidase A and B activity 
should be tested in patients of Ashkenazi Jewish 
extraction. 

 Neurophysiologic studies can assist in the diagno-
sis by demonstrating ongoing denervation (fi brilla-
tion potentials and positive sharp waves) and 
re-innervation (large-amplitude, long duration, poly-
phasic units) in affected and clinically unaffected 
limbs, with normal sensation, and normal or near-
normal motor nerve conduction velocities. For cor-
roboration of diagnosis, the distribution of 
denervation-associated changes on EMG should be 
outside the anatomic territories of peripheral nerves 
and roots. At least two proximal and two distal mus-
cles in each of the four limbs should be sampled by 
EMG. These EMG changes may be evident sub-clin-
ically, thereby enabling an earlier diagnosis of 
ALS. Widespread fasciculations, especially when 
evident in bulbar muscles, are specifi c for ALS, as are 
fi ndings of a higher fasciculation fi ring rate and 
increased frequency of double fasciculations. With 
disease progression, fasciculations may develop a 
complex morphology refl ecting remodeling of the 
underlying motor unit. At a molecular level, 

 upregulation of persistent sodium conductances 
combined with reduced potassium currents, appear 
to underlie the development of fasciculations in ALS. 

 The presence of conduction block should sug-
gest an alternative diagnosis, such as multifocal 
motor neuropathy, while prolonged F-wave 
responses may suggest an infl ammatory, demye-
linating process. Sensory nerve action potentials 
(SNAPs) are preserved in ALS. Abnormalities in 
SNAPs should prompt a search for an alternate 
diagnosis. In males, the possibility of Kennedy’s 
disease should be considered. 

 Electrophysiological results should be evalu-
ated in conjunction with the clinical and other 
ancillary fi ndings. A recent algorithm to enhance 
the electrophyiologic criteria for ALS diagnosis 
(The Awaji Algorithm) has been published by de 
Carvehlo et al. (See Suggested Reading at the end 
of this chapter). Less conventional neurophysio-
logical techniques for establishing LMN dys-
function in ALS include motor unit number 
estimation, electrode impedance myography, 
axonal excitability and neurophysiological index, 
although these are not routinely applicable. 

 At present, there are no validated, reliable and 
accessible neurophysiologic investigations to 
establish the presence of upper motor neuron 
dysfunction, although a number of recent studies 
using transcortical magnetic stimulation have 
suggested increase cortical excitability in ALS. 

 Neuroimaging studies should be used to 
exclude other conditions that may cause UMN 
and/or LMN signs. 

 Advances in neuroimaging technology are likely 
to provide further anatomic defi nition of ALS . 
Although not currently suitable in primary diagno-
sis of ALS, detailed neuroimaging using modern 
scanners has potential as a research tool to further 
characterize the neuroanatomic substrates of ALS.  

8.10     Biomarkers in ALS 

 There is a growing interest in identifying biomark-
ers for diagnosis, progression and prognosis in 
ALS. To date, no biomarker has been of  suffi cient 
sensitivity and specifi city to incorporate into 
 clinical practice. Although protein profi ling in CSF 

   Table 8.9    Essential investigations   

 Blood erythrocyte sedimentation rate (ESR) 

 C-reactive protein (CRP) 

 Hematological screen 

 ASAT, ALAT, LDH 

 TSH, FT4, FT3 hormone assays 

 Vitamins B12 and folate 

 Serum protein electrophoresis 

 Serum immunoelectrophoresis 

 Creatine kinase (CK) 

 Creatinine 

 Electrolytes ((Na + , K + , Cl), (Ca2 + , Phosphate)) 

 Glucose 

 Hexoaminidase A and B assay (where clinically 
indicated) 

 Ganglioside GM-1 antibodies (where clinically 
indicated) 

 Serology (Borrelia, virus including HIV) 
(where clinically indicated) 

 CSF cell count, protein, glucose 

 Neurophysiology: EMG, nerve conduction velocity 

 Radiology MRI/CAT (head/cervical, thoracic, lumbar) 

 Chest x-ray 
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has yielded fi ndings that are of interest, standard-
ized handling of spinal fl uid will be required to 
ensure reproducibility of results. Neuroimaging 
and quantitative neurophysiological techniques 
such as motor unit number estimation (MUNE) 
and motor unit index (MUNIX) are considered to 
have potential. Disease signatures may also be pos-
sible using transcriptomics and metabolomics. 
However, it is likely that further sub-categorization 
based on clinical phenotype will be necessary to 
generate reproducible biomarkers.  

8.11     Staging 

 Two staging systems have been developed for 
ALS (Tables  8.10a  and  8.10b ) At present, neither 
system incorporates the presence or absence of 
cognitive impairment.

    The Kings system was developed as a uni-
versal and objective measure of disease stage 
based on easy to identify clinical milestones 
which refl ect disease course and progression. 
This system represents the course of the illness 
across four stages: Stage 1, functional involve-
ment of one central nervous system region 
(bulbar, upper limb, lower limb); Stage 2, func-
tional involvement of two regions; 3, func-
tional involvement of three regions; and 4, 
respiratory or swallowing involvement requir-
ing intervention. It has been shown that stages 
occur at distinct times (0, 40, 60 and 80 %) 
through the disease course. A separate system 
(ALS-Milano-Torino) is based on loss of inde-
pendence in four key domains on the ALS 
Functional Rating Scale (ALSFRS): swallow-
ing, walking/self-care, communicating and 
breathing.  

   Table 8.10a    A staging systems   

 Milan-torino staging system 

 MITOS domain  ALSFRS-R item  ALSFRS-R score  MITOS score 

 Breathing  10 
 Dyspnoea 

 4 none 
 3 occurs when walking 
 2 occurs with one or more 
of: eating, bathing, 
dressing 

  Or   0 

 1 occurs at rest, diffi culty 
breathing when either 
sitting or lying 
 0 loss of useful speech 

 1 

 12 
 Respiratory insuffi ciency 

 4 none 
 3 intermittent use of 
NIPPV 

 0 

 2 continuous use of 
NIPPV during the night 
 1 continuous use of 
NIPPV during the night 
and day 
 0 invasive mechanical 
ventilation by intubation or 
tracheostomy 

 1 

 MITOS score 

 ALS-MITOS  Stage  Functional domains lost 

 0  None 

 1  One domain 

 2  Two domains 

 3  Three domains 

 4  Four domains 

 5  Death 

   a The MITOS score 1 for  Breathing  should be recorded if either Dyspnoea or Respiratory Insuffi ciency are scored 1  
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   Table 8.10b    King’s college ALS staging (May 2014)   

  This procedure takes the form of a semi - structured interview. It is hierarchical and is not therefore a functional 
scale. In all cases ,  if involvement of a region is obvious to an untrained observer it should be counted as 
involved. Only fi ndings related to ALS should be scored  

  KCL stage defi nition   Details 

  Stage 4  has been reached if advanced disease 
requiring intervention (If gastrostomy or NIV are 
recommended but the intervention is  refused  by the 
patient, Stage 4 has still been reached) 

 1. Weight loss more than 10 % of baseline 
 2.  SNIP <40 cm H 2 O or a decrease >10 cm H 2 O over 

3 months 
 3.  Patient responded  Yes  to any of the questions regarding 

breathing involvement  AND  SNIP is <65 cm H 2 O (for 
men) or <55 cm H 2 O (for women) 

 4. FVC: <50 % of predicted FVC 
 5.  Patient has responding  Yes  to any of the questions 

regarding breathing involvement  AND  FVC <80 % of 
predicted FVC 

 6. SpO 2  on oximetry is ≤94 % AND either 
    pCO 2  >6 kPa  OR  
    Overnight oximetry shows ≥5 dips/h below 80 % 

 To assess earlier stages the bulbar, upper limb, and 
lower limb regions are considered and the number of 
regions involved defi nes the stage: 

  Symptoms / signs signifying involvement by region are a 
follows : 
    Bulbar : 
    Symptoms : slurred speech, dysphonia, problems 

swallowing liquids, choking. and/or 
    Signs : tongue atrophy, fasciculation, slowness of 

movement or a pathologically brisk jaw jerk refl ex is 
acceptable as an alternative if no symptoms are reported 

    Upper limbs : 
   Symptoms e.g. trouble with keys, doors, buttons, zips or 

carrying bags, reported by the patient 
   Signs: wasting of the fi rst dorsal interosseus, pectoral 

refl exes or Hoffman’s sign is acceptable as an 
alternative if no symptoms are reported. (A clinician 
may examine any refl exes and draw their own 
conclusion) 

    Lower limbs : 
    Symptoms : stiffness, spasm or cramping, falls, or the 

foot catching on walking 
    Signs : gait stiffness or foot drop, crossed adductor 

refl exes, pathologically brisk patellar refl exes or ankle 
clonus is acceptable as an alternative if no symptoms 
are reported. (A clinician may examine any refl exes 
and draw their own conclusion). Extensor plantar 
responses are  not  acceptable as suggesting of 
involvement 

  Involvement    Stage  

 One region involved  1 

 Two regions involved  2 

 Three regions involved  3 

  Notes  

   Any deep tendon refl exes may be examined at the time of interview if the interviewer is clinically trained, or they 
can be taken from the most recent clinical examination. If an appropriate recent clinical examination is not 
available, the following abnormal signs can be tested by a suitably trained non-clinical examiner: a 
pathologically brisk jaw jerk, pectoral refl exes, Hoffman’s sign, crossed adductor refl exes, pathologically brisk 
patellar refl exes or ankle clonus 

   The following examples of clinical fi ndings which do  not  meet staging criteria for involvement: 

    1. Extensor plantar refl exes with no other lower limb involvement do not satisfy criteria for involvement of the 
lower limbs 

    2. Dysphagia not secondary to ALS or without weight loss greater than the 10 % threshold and respiratory 
symptoms not fulfi lling NICE respiratory failure guidelines do not meet Stage 4 criteria 

    3. Fasciculation without wasting, weakness or refl ex changes does not constitute involvement of a limb. It is 
acceptable as indicating involvement in the tongue 

8 Amyotrophic Lateral Sclerosis



158

8.12     Management of Progression 
of ALS 

 Evidence based guidelines for clinical manage-
ment have been published by the European 
Federation of Neurological Sciences and by the 
American Academy of Neurology. (See 
Suggested Reading at the end of this chapter.) 
Both sets of guidelines emphasize the importance 
of multidisciplinary care, which provides the cor-
nerstone of ALS management. The multidisci-
plinary team should include a neurologist, a 
respiratory physician, a palliative care physician 
and allied professions including physiotherapy, 
occupational therapy, speech and language ther-
apy, nutrition medical social services and genetic 
counselling (Table  8.11 ). Those who received 
care at a multidisciplinary clinic have a better 
prognosis than those attending a general neurol-
ogy clinic, and because symptoms are addressed 
and treated early, management in a specialized 
setting is also more cost effective.

   Despite a large number of clinical trials of 
various agents, the anti-glutamate agent 

Riluzole remains the one evidence based dis-
ease modifying drug for ALS. Patients with 
ALS should be offered Riluzole at the time of 
diagnosis, as clinical trials have repeatedly 
demonstrated that early treatment with Riluzole 
can increase survival by a mean of approxi-
mately 3 months. 

8.12.1     Symptomatic Therapies 

 The aim of symptomatic therapy is to improve 
the quality of life of the patient and carer. The 
commonest symptoms and their management are 
outlined below. 

8.12.1.1     Cramping and Spasticity 
 Cramping can be treated with massage and phys-
iotherapy. Quinine sulphate (200 mg) is also 
effective, as are phenytoin, carbamazepine and 
benzodiazepines. 

 Spasticity can be treated with physiotherapy 
and hydrotherapy. Baclofen and tizanidine are 
effective pharmacologic agents.  

   Table 8.11    Multidisciplinary team for ALS management   

 Neurologist  Diagnosis, disclosure of diagnosis, treatment and symptom management, initiation of 
respiratory and nutritional interventions, unbiased information regarding research 
developments 

 Family doctor  Symptom control, drug monitoring, liaison with other teams 

 MND specialist nurse  Point of contact for patients and families, coordination of care, home visits, practical 
advice re accessing support services, patient advocacy 

 Speech & language 
therapist 

 Evaluation and monitoring of dysphagia and aspiration, speech therapy and advice re 
communication devices 

 Occupational therapist  Optimisation of the patient’s environment. Advice re safety awareness, adaptive and 
splinting devices, activity modifi cation, driving, energy conservation, home modifi cation 

 Dietitian/nutritionist  Evaluation of nutritional status and the need for tube feeding, management of dysphagia, 
management of enteral feeding 

 Physiotherapist  Evaluation of muscle strength and function, advice re walking aids and orthoses, 
management of spasticity, safety awareness 

 Social worker  Advice and counselling re employment, change in lifestyle and fi nancial issues, support 
for carers 

 Palliative care  Symptom control, pain management, maintenance of quality of life, preservation of 
dignity 

 Psychiatry and 
neuropsychology 

 Evaluation and management of cognitive impairment/dementia, adjustment disorders, 
anxiety and depression 

 Respiratory physician  Assessment of respiratory dysfunction, initiation of non-invasive ventilation, monitoring 
of non-invasive ventilation 

 Genetic counsellor  Advice regarding symptomatic testing and support for families. Discussion & counselling 
regarding pre- symptomatic testing 
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8.12.1.2     Sialorrhoea and Bronchial 
Secretions 

 Sialorrhoea (drooling or excessive salivation) is 
distressing to patients, and increases the risk of 
oral infections. It is associated with dysphagia, 
and a failure to effectively handle salivary 
secretions. 

 Sialorrhoea can be diffi cult to manage, 
although patients and carers can be trained to use 
a portable suction machine. Treatments include 
amitriptyline (25–50 mg), oral or transdermal 
hyoscine, atropine drops or glycopyrrolate. For 
more severe sialorrhoea, botulinum toxin can be 
effective, as can salivary gland irradiation. 

 Bronchial secretions can be treated with 
mucolytics and nebulized beta adrenergic antag-
onists and/or anticholinergics. Use of techniques 
such as breath stacking and mechanical cough- 
assisting devices (insuffl ator-exsuffl ator) are 
benefi cial and should be introduced in the clinic.  

8.12.1.3     Pseudobulbar Affect 
 Pathological weeping or laughing occurs in up to 
50 % of patients. A combination of dextrometor-
phan and quinidine may be benefi cial, although 
treatment may be limited by side effects. 
Fluvoxamine, amitriptyline and citalopram can 
also be of benefi t.  

8.12.1.4    Anxiety and Depression 
 Counseling for patients and carers is useful in 
managing the reactive depression associated with 
recent diagnosis. For more protracted depression, 
SSRIs can be helpful. Anxiety can be treated 
with benzodiazepines or buproprion.  

8.12.1.5    Pain 
 Pain is not uncommon in ALS. Treatment should 
begin with simple analgesics such as paracetamol, 
followed by weak opioids such as tramadol, fol-
lowed by strong opioids such as morphine or 
ketobemidon.  

8.12.1.6    Communication 
 Dysarthria progressing to mutism occurs in bul-
bar ALS. As dysarthria develops, patients should 
be reviewed by an experienced speech and lan-
guage therapist. The goal should be to optimize 

the communication both for the patient and the 
carer. Prosthetic treatments (palatal lift and/or 
palatal augmentation prosthesis) can be helpful 
to improve articulation. Augmentive and alterna-
tive communication (AAC) devices can be used 
in those with intact cognition. Useful technologi-
cal advances include brain-computer-interfaces 
and thought translation devices, though these are 
not yet widely available.  

8.12.1.7    Respiratory Insuffi ciency 
 The majority of ALS patients die of respiratory 
failure, and the presence of respiratory muscle 
weakness is an independent predictor of quality 
of life. Symptoms of respiratory insuffi ciency 
may be subtle. Patients should be asked directly 
about dyspnea, orthopnea, disturbed sleep (sleep 
fragmentation due to hypoventilation), night-
mares, morning headaches, daytime somnolence 
and fatigue, poor concentration/memory and 
nocturia. Assessment of respiratory insuffi ciency 
includes history and examination, pulmonary 
function tests, and overnight pulse oximetry and 
early morning arterial blood gases. 

 Forced vital capacity is most widely used in 
the assessment to respiratory insuffi ciency in 
ALS but limitations include insensitivity to sig-
nifi cant changes in respiratory function partly 
because the shape of the lung pressure-volume 
curve, and diffi culties in performing the test due 
to muscle weakness or apraxia. Sniff nasal inspi-
ratory nasal pressure (SNIP) is an additional 
measure of declining respiratory function, 
although its use is also limited by apraxia. SNIP 
is particularly useful in patients with bulbar 
involvement since a face mask is not required. 
The SNIP correlates well with diaphragm 
strength and nocturnal hypoxemia and is sensi-
tive to changes in respiratory muscle strength. A 
SNIP of <40 cm H 2 O had a higher sensitivity for 
predicting 6-month mortality compared with a 
FVC of <50 %. 

 Transcutaneous carbon dioxide/oxygen sensor 
can be useful during home visits as it avoids the 
need for regular arterial blood gases. While not 
used as a primary tool in the assessment of the 
need for non-invasive ventilation, it can be a use-
ful adjunct (Table  8.12 ).
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   Non-invasive positive pressure ventilation 
(NIPPV) should be introduced early. Current 
recommendations are that NIPPV should be 
offered to any patient with respiratory symp-
toms and vital capacity less than 50 % of pre-
dicted, a SNIP of less than 40 cm H 2 O, or where 
symptoms of respiratory insuffi ciency are asso-
ciated with nocturnal hypoxemia. An elevated 
early morning blood CO 2  level is an absolute 
indication. Oxygen therapy is not recommended 
in the absence of NIPPV as there is a risk of 
reduction of the hypoxic drive, leading to hyper-
capnia. NIPPV extends survival, particularly in 
those who are compliant with 5 h of NIPPV 
each day and those without severe bulbar dys-
function. Treatment with NIPPV also improve 
quality of life (QOL) in patients without increas-
ing caregiver burden or stress. Some patients 
have diffi culty tolerating NIPPV. Factors that 
adversely affect the ability of patients to tolerate 
NIPPV including the presence of bulbar symp-
toms, the ability to manually adjust the mask 
and the presence of cognitive impairment. Pulse 
oximetry should be performed following com-
mencement on NIPPV, and patients should be 

reviewed at regular intervals by a respiratory 
physician to ensure that the pressure settings are 
optimized.  

8.12.1.8     Weight Loss and Nutritional 
Support 

 Weight loss and malnutrition are common fea-
tures of ALS. Nutritional decline can occur in 
the context of evolving dysphagia. In those with-
out signifi cant bulbar features, weight loss can 
result from diffi culties in fi nishing meals because 
of upper extremity weakness. Weight loss may 
also be due to hypermetabolism, particularly in 
those with respiratory compromise. Dysphagia 
increases the risk for insuffi cient calorie intake, 
aspiration and choking. Dysphagia can be evalu-
ated using bedside clinical scales and with vid-
eofl uoroscopy and fi breoptic examination. 
Management includes modifi cation of food and 
fl uid consistency, postural advice (e.g. chin tuck: 
fl exing the neck forward on swallowing to pro-
tect the airway), and parenteral feeding by 
gastrostomy. 

 Gastrostomy placement is indicated for those 
who have symptomatic dysphagia or signifi cant 
weight loss. Advantages include improved nutri-
tion, although the survival effect is likely to be 
marginal. Radiologically inserted gastrostomy 
(RIG) is preferred over endoscopic gastrostomy 
in patients with pronounced bulbar symptoms 
and/or respiratory compromise. If there is evi-
dence of respiratory insuffi ciency, non-invasive 
ventilation should be introduced before gastros-
tomy (Fig.  8.2 ).

8.12.1.9        Management of Cognitive 
Impairment in ALS 

 Recognition of cognitive and behavioural 
impairment, and of defi cits in social cognition 
is important for prognostic reasons, and in 
management of carer burden. Increased behav-
ioural impairment and reduced social cognition 
can lead to signifi cant increases in carer bur-
den, and recognition that these features are 
symptoms of the disease can assist in the devel-
opment of coping strategies for carers. Most 
studies of pharmacological treatment of FTD 
are relatively small and uncontrolled., and the 

   Table 8.12    Indications for initiation of non-invasive 
ventilation   

 European consensus criteria for NIV (European ALS/
MND Consortium and European Neuromuscular 
Centre workshop on non-invasive ventilation in MND, 
May 2002 

 Suggested criteria for non-invasive ventilation 

 Symptoms related 
to respiratory 
muscle weakness. 
At least one of 

 Dyspnoea, orthopnoea, 
disturbed sleep (not caused by 
pain), morning headache, poor 
concentration, anorexia, 
excessive daytime sleepiness 
(ESS >9) 

 And 

 FVC ≤80 % or SNIP 
≤40 cm H 2 O 

 Evidence of muscle weakness 

 And 

 Evidence of either  Signifi cant nocturnal 
desaturation on overnight 
oximetry 
 OR 
 Morning ear lobe gas pCO 2  
≥6.5 kPa 
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management of cognitive decline in ALS is 
accordingly diffi cult. Off-label use of medica-
tions more commonly include donepezil, riv-
astigmne galantamine and memantine. SSRIs 
are commonly used for aggression, agitation, 
disinhibition and depression in FTD. Treatment 
with SSRI is well tolerated, and they are cur-
rently the drugs of choice for behavioral control 
in FTD. Nocturnal agitation can be treated with 
low dose olanzapine, rispiridone or quetiapine. 
Co-management with neuro- psychiatry is 
recommended.  

8.12.1.10    Quality of Life 
 Quality of life (QOL) is determined by the plea-
sure and satisfaction an individual draws from liv-
ing. Health related QOL is determined by the 
impact of an individual’s health on their experi-
ence of living. In ALS, health related QOL 
declines commensurately with physical decline, 
and high levels of psychological distress can occur. 
However, self-assessed QOL, as measured by 
scales in which the individual selects what is most 
important to them (e.g. the Schedule for Evaluation 
of Individual Quality of Life (SEIQoL)), does not 

Monitor for:
Early symptoms of dysphagia
Declining weight
Increasing duration of mealtimes

Swallowing assessment
Nutritionist assessment

Stabilization
weight gain

Continuing weight loss
Evidence of aspiration

Respiratory assessment
(FVC, SNIP)

Commence non-invasive
ventilation

Intolerant of non-invasive
ventilation

Tolerant of
non-invasive ventilation

Oral intake as tolerated
palliative hydration

Gastrostomy
(PEG or RIG)
insertion, oral intake
as tolerated

FVC > 50 % predicted
SNIP < 40 cm H2O

FVC > 50 % predicted
SNIP > 40 cm H2O

  Fig. 8.2    Algorithm for 
management of nutritional 
decline in ALS ( FVC  forced 
vital capacity,  SNIP  sniff 
nasal inspiratory pressure, 
 PEG  percutaneous 
endoscopic gastrostomy,  RIG  
radiologically inserted 
gastrostomy)       
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generally decline in ALS. Moreover, the majority 
of patients with ALS do not exhibit high scores on 
depression and anxiety scales. This is because 
most individuals perform a psychological shift 
towards domains that can continue to be enjoyed 
despite the evolution of neurological defi cits. 
Recognition of the ability of patients to undertake 
this psychological shift is an important aspect of 
caring for those with ALS and should be recog-
nized by health professionals, as perceived QOL 
may impact on decision-making, both by the 
patient and the health care professional.  

8.12.1.11    Carer Burden 
 A diagnosis of ALS impacts of the entire family. 
The role of the patient within the family may 
change—the breadwinner may become a depen-
dent and the primary carer within the family may 
become the person requiring most care. These 
changes can have a major destabilizing effect on 
intimate relationships. 

 As the condition progresses, there is an 
increasing and often unacknowledged burden on 
the primary carer, both from a physical and emo-
tional perspective. Many studies have shown that 
the self-reported QOL of carers may be lower 
than that of patients. The burden of care may be 
increased considerably when the patient is cogni-
tively impaired. Supportive strategies including 
counseling for family members should be avail-
able. In the later stages of illness, regular respite 
and psychological support should be available for 
the primary carer.  

8.12.1.12     Palliative Care and End 
of Life Decisions 

 ALS is an inexorably progressive condition that 
signifi cantly reduces life expectancy. A palliative 
care approach should be taken from the time of 
diagnosis. The aim of palliative care is to maximize 
QOL of patients and families by relieving symp-
toms, providing emotional, psychological and spir-
itual support as needed, removing obstacles to a 
peaceful death, and supporting the family in 
bereavement. From the time of diagnosis, patients 
should be provided with a realistic projection of the 
trajectory of their disease. As the condition pro-
gresses, they should be encouraged to consider an 
advance directive regarding their end of life. 

Candid discussions about the relative merits and 
demerits of full mechanical ventilation should take 
place in a planned manner, and in a comfortable 
and quiet setting. Assurances should be provided 
that palliative care strategies can control symptoms 
in the terminal phase of the illness. Opioids and 
benzodiazepines (where necessary for anxiety) can 
be used for symptomatic treatment of dyspnoea. 
Pain should be managed with opioids. Neuroleptics 
can be used for tor treating terminal restlessness 
and confusion due to hypercapnia.    

8.13     Most Important Recent 
Advances 

 While ALS was originally considered to a homo-
geneous and pure motor system degeneration, 
ongoing deep phenotyping and genetic studies 
suggest that the condition is heterogenous. 
Research in cell and molecular biology also sug-
gests that the pathophysiology of ALS and FTD 
are closely intertwined. A number of genes are 
known to cause both ALS and FTD (Table  8.13 ). 

   Table 8.13    Genes causing ALS and FTD   

 Chromosome 17q 
21–22; MAPT 
gene 

 Disinhibiton-dementia- 
Parkinson-amyotrophy complex 
(DDPAC). Semantic language 
abnormalities 

 C9orf72  Motor symptoms followed by 
personality and behavioural 
abnormalities between fourth and 
seventh decades 

 Chromosome 
9q21–q22 

 Five with ALS & mild cognitive 
impairment, nine pure FTD, ALS 
and/or ALS/FT 

 9p13.3–12, 
valosin-containing 
protein 

 Autosomal dominant inclusion 
body myopathy, Paget’s disease 
of bone, FTD 

 3p12, CHMP2B  FTD and later motor syndrome 
(not typical ALS) 

 Point mutation 
(R1101K) in the 
DCTN1 gene 

 FTD and ALS segregate as 
separate traits 

 TDP-43  ALS-FTD 

 FUS  ALS-FTD 

 SOD1  ALS-FTD (rarely) 

 ANG  ALS-FTD (rarely) 

 Progranulin  Mostly FTD, polymorphisms 
associated with phenotype in ALS 
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Advances in neuroimaging and neuropathology 
have demonstrated involvement of regions of the 
brain outside the motor system in ALS. Detailed 
neuropsychological assessment of ALS patients 
has also identifi ed corresponding changes in up 
to 50 % of patients, with evidence of fronto- 
temporal dementia in up to 15 %. These advances 
have radically changed the perspective of clini-
cians and researchers, and has opened new and 
exciting frontiers in research.

   Although effective disease modifying drugs 
for ALS remain elusive, much progress has been 
made in understanding and managing the disease. 
From a clinical perspective, sub categorization 
based on phenotype and genetics will assist in 
appropriate stratifi cation for future clinical trials. 
From a laboratory perspective, there has been a 
veritable explosion of new genes that are impli-
cated in ALS and ALS/FTD. This has led to the 
important observation that disruptions in RNA 
processing may contribute to disease  pathogenesis. 
SOD1 mouse models have identifi ed the pivotal 
importance of glial tissue in the pathogenesis and 
progression of the disease. However, the limita-
tions of the murine SOD1 model of ALS have 
also become apparent. Moreover, the identifi ca-
tion of new genes has provided a timely opportu-
nity to generate new animal models. 

 Although clinical trials have been disappoint-
ing, there have signifi cant developments in clini-
cal trial design and an improved recognition of 
the pitfalls in attempting to translate positive 
fi ndings from laboratory animals into humans. It 
is now acknowledged that the failure of some of 
the more promising compounds in Phase II and 
III trials may have refl ected a relative the paucity 
of pre-clinical data regarding the biological activ-
ity of the therapy. This has been coupled in some 
instances with a failure to identify the appropriate 
dose range for testing. 

 Notwithstanding the disappointing outcome 
of recent trials, clinical management has signifi -
cantly improved in the recent past. There is now 
robust evidence to indicate that survival is 
enhanced by attendance at a multidisciplinary 
clinic. Close attention to respiratory status has 
led to improved secretion management and 
increasing use of non-invasive ventilation, with 
attending survival benefi ts of up to 9 months. 

 The pace of research in ALS has increased 
considerably in the past decade; the coming 
decade is likely to yield exciting results both in 
clinical management and in helping to under-
stand underlying disease pathophysiology.  

8.14     Most Important 
Developments in the Coming 
Years 

 ALS research is poised on the brink of some 
major and exciting advances both in clinical and 
basic science research. ALS researchers through-
out the world are coalescing to form a variety of 
consortia that will pool and maximize both 
resources and expertise. The close biological 
relationship between ALS and FTD will continue 
to provide insights into disease pathogenesis. The 
recent recognition of the likely importance of 
RNA regulation in both diseases will have wide 
ranging implications in research in molecular and 
cell biology. 

 Cell-replacement therapies have become an 
active area of research in ALS. A major challenge 
relates to the diffuse nature of the disease and the 
important role non-neuronal cells exert in the 
pathological process. Neuronal stem cells, 
located within the adult CNS, may be genetically 
programmed to develop into neurons or glial 
cells. Effi cacy of spinal mesenchymal stem cell 
transplantation has also been reported in the 
SOD-1 mouse model, with the transplanted mes-
enchymal stem cells evolving into astrocytes. 
Two recent Phase I studies have established the 
safety mesenchymal stem cell transplantation 
approaches in humans. In addition to cell-based 
approaches, strategies aimed at modulating gene 
expression are emerging as potential novel thera-
peutic options, particularly in light of signifi cant 
advances in the understanding of the genetic 
causes of ALS. One such approach involves the 
use of an antisense oligonucleotides which, when 
delivered intrathecally, reduces mRNA and 
SOD-1 protein concentrations in brain and spinal 
cord in the SOD-1 transgenic mouse and pro-
longs survival. Strategies aimed at enhancing 
axonal growth, through inhibition of factors such 
as Nogo, may also prove therapeutically useful in 
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ALS. Nogo belongs to a family of proteins called 
Reticulon-4, which function to inhibit the out-
growth of neurites in the CNS. Three isoforms, 
Nogo-A, Nogo-B and Nogo-C, have been identi-
fi ed, with major Nogo-A isoform predominating. 
In ALS studies, anti-Nogo-A antibodies enhanced 
axonal regeneration and improved functional 
recovery in animal models of acute CNS injury. 
A randomized controlled Phase I study of the 
anti-Nogo-A agent ozanezumab demonstrated 
good safety and tolerability with a trend to effi -
cacy, with a larger international trial currently 
underway. 

 Translation of potential therapeutic agents 
from animal to human models of disease will 
benefi t from the lessons learned over the past 
decade. New clinical trials in ALS will be under-
pinned by a detailed knowledge of drug activity, 
bioavailability and effi cacy in both the  pre- clinical 
and clinical setting, coupled with robust proof of 
biological activity in the target tissue. 

 The new fi elds of transcriptomics and metabo-
lomics are likely to be harnessed in the quest for 
biomarkers. Advances in high resolution neuro-
imaging is also likely to be helpful in tracking 
disease progression, as will advances in neuro-
physiology and neurophysics. And fi nally, brain 
computer interfaces will help to provide improved 
aids by using EEG signals recorded from the 
scalp to enable patients to both to communicate, 
and to interact with their environment using mod-
ern robotics.     
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      Huntington’s Disease                     

     Tom     Burke     ,     Colin     P.     Doherty     ,     Walter     Koroshetz     , 
and     Niall     Pender    

9.1            Introduction 

 HD results from an expansion of the trinucleotide 
repeat (Cytosine Adenine Guanine; CAG) caus-
ing an expanded polyglutamine chain in the  hun-
tingtin  gene located on chromosome 4p16.3. 
While there is no unique set of symptoms which 

indicate the onset in HD, many patients present 
initially with symptoms that refl ect early neuro-
logical impairment, such as brief random irregu-
lar muscle jerks (chorea), writhing movements 
(athetosis), diffi culty walking and a tendency to 
fall or clumsiness. Many also present with a 
range of psychiatric problems including depres-
sion and anxiety. The rate of suicide in patients 
with HD is higher than normal base rates and 
accounts for 7 % of deaths in non-hospitalised 
HD patients. According to recent literature, the 
rate of suicidality between motor-symptomatic, 
and pre-motor symptomatic gene carriers is 
equal, with suicidal ideation occurring in an 
equal number of patients. There are also reports 
of self-injury, alcohol abuse, criminal offences 
and marital diffi culties. Cognitive impairments 
such as poor short-term memory, poor concentra-
tion, deterioration in work performance and poor 
judgement have been noted in the early stages. 
Recent research has identifi ed that HD patients 
have emerging diffi culty with aspects of social 
cognition before movements become apparent 
which results in poor inter-personal relationships. 
As a result of degeneration in the fronto-striatal 
regions leading to behavioural disinhibition, 
patients can become aggressive or violent as the 
disease progresses. It has been recognised that 
the initial site of deterioration in HD lies within 
the basal ganglia and that as the disease pro-
gresses the damage extends to encompass the 
cortical structures.  
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9.2     Clinical Course 

 HD is rare but typically develops in patients 
between ages 40–50, although the variance of 
age differs greatly, ranging from 2 years-mid 80s. 
It has been estimated that over 25 % of cases 
begin after the age of 50 years whereas 7 % begin 
before 20 years of age. 

 As an autosomal dominant condition, the 
disease has almost equal prevalence in males 
and females but a marked variability in the age 
of onset both within and between families has 
been noted. As the CAG repeat is unstable in 
spermatogenesis, greater increases in severity, 
more apparently sporadic cases (although, stud-
ies have found that larger increases were most 
often reported in sufferers with large expan-
sions) and earlier age of onset is often associ-
ated with inheritance through the male line of a 
family. 

 Since the genetic test became available, it has 
been observed that only between 40–79 % of 
individuals at risk for the condition reported an 
intention to take the test. Although many at- risk 
people report an intention to undertake predictive 
testing, the number that actually undergo testing 
is much lower at 12.3–14.6 % of people at risk. 
However, careful genetic counselling and pre-test 
screening is essential to manage the numerous 
ethical and psychological consequences of pre-
paring to take such a test. 

 As the mutation is present from birth and the 
condition is slowly progressive, the precise onset 
of disease may be diffi cult to identify. By con-
vention the disorder is usually diagnosed when 

chorea manifests. However, most patients have 
changes that predate chorea, which are frequently 
detected by close family members, some of 
whom have witnessed similar changes in the par-
ent or siblings. The early changes may be in 
behaviour, memory, mood, speech pattern, facial 
expression, or gait and posture. Reduced job per-
formance and marital discord can lead to major 
upheaval in those who have inherited the muta-
tion but do not yet have chorea. 

 Table  9.1  lists the most common measures of 
disease progression and functional capacity for 
the clinic.

   The course of Huntington’s disease can never-
theless be variable. The average age of motor 
onset is around 42 years but HD can begin in 
childhood (Juvenile HD or Westphal variant) or 
even in the elderly. The extremes of onset age are 
determined in large part by the inherited CAG 
repeat length. Juvenile onset (onset before 20 
years of age) occurs in about 5–15 % of HD cases 
worldwide, and presents with a bradykinetic 
form of the disease, which appear Parkinsonian 
and they may have seizures. Generally, the fi rst 
signs are related to a drop in school performance. 
In rare pedigrees, parents of affected individuals 
may not have clinical evidence of disease despite 
living to an advanced age. 

 CAG repeat lengths lower than 26 are consid-
ered stable and result in no clinical symptoms or 
known increased risk to future generations. 
Repeats of 27–35 CAG repeats are considered 
intermediate, and symptoms are not expected to 
manifest in these individuals but CAG repeats of 
this length are ‘unstable’ and can lead to greater 
expansions with morbidity in future generations. 

   Table 9.1    Common measures of functional disability and disease progression   

 Title  Authors  Scale description 

 Functional Capacity Rating Scale  Shoulsan and Fahn (1979)  Measures functional capacity across 
5 domains on a scale of 1–5 

 Unifi ed Huntington’s Disease Rating 
Scale (UHDRS) 

 Kieburtz (& Huntington’s disease 
study group; 1996) 

 A multi-domain measure of disease 
progression across 6 domains of 
function. Includes a Functional 
Assessment and Total Functional 
Capacity Scale 

 Core Assessment Program for 
Intracerebral Transplantation in 
Huntington’s disease (CAPIT-HD) 

 Quinn et al. (1996)  A multi-domain assessment protocol 
originally developed for the 
transplantation program 
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Repeat lengths of 36–39 CAG repeats have 
reduced penetrance, with most individuals 
becoming symptomatic, but often with a milder 
expression in midlife. In adults, the length of the 
CAG repeat expansion accounts for up to 70 % of 
the variability relative to age of onset. Childhood 
onset of HD is usually caused by an especially 
large CAG repeat (i.e., >50). By contrast, length 
of the CAG repeat appears to contribute less to 
the rate of disease progression. 

 The individual with early signs of HD has 
grown up in a family in which one of the parents 
likely became affected in adulthood and may 
have passed through the course of the disease 
and died. The newly affected individual’s family 
life may have been severely disrupted during 
their childhood by the parent’s change in behav-
iour. The psychological stress in such individu-
als is easy to underestimate. They may be living 
with a sense of dread about the insidious onset; 
with even minor neurologic complaints being 
interpreted as disease expression for instance 
benign myokymia is often misinterpreted as the 
onset of chorea. A simple mechanical fall or 
stumble can develop an elaborate signifi cance it 
does not warrant. In the disease’s prodromal 
phase, depression can develop years before the 
onset of motor symptoms, and the highest preva-
lence has been reported within 1 year of clinical 
diagnosis.  

9.3     Prevalence 

 In the general population of the western hemi-
sphere, the prevalence rate of HD is estimated to 
be 4–10 per 100,000. There is large variance in 
prevalence ratings, though a 20-year retrospec-
tive analysis of records in the UK recently 
revealed the prevalence rate has risen from 5.4 
per 100,000 in 1990 to 12.3 per 100,000 in 2010. 
A higher prevalence has been reported in South 
Wales and Venezuela as compared to a lower rate 
found in Finland, Japan and African-American 
populations. This variability is due, predomi-
nantly, to the relative mobility of carriers of the 
gene and the existence of isolated “pockets” of 
families living in close proximity.  

9.4     Pathology 

 Huntington’s disease causes neuronal loss start-
ing in the striatum but eventually leading to pro-
gressive whole brain atrophy. Early in the disease 
there may be little or no signs of the disease in 
the gross brain. However, inevitably neuronal 
loss develops with atrophy of the cortical surface 
in most and of the striatum in nearly all cases 
where the neuronal loss is accompanied by astro-
cytosis. There is a particularly severe degenera-
tion of the caudate nucleus that begins in the tail 
of the caudate and then advances in predictable 
way to the dorsal medial aspect then to the ven-
trolateral side. Eventually the caudate atrophies 
to a thin tissue paper-like gliotic structure that is 
devoid of usually predominating medium spiny 
neurons. This gives a boxcar appearance of 
enlarged lateral ventricles on CT scan. The puta-
men is also affected in a predicable caudal to 
rostral vector whereas the nucleus accumbens is 
generally spared. Vonsattel described the stan-
dard approach to brain assessment in HD and 
used 1–4 grading system to standardize the path-
ological description from mild to severe involve-
ment. In grades 3–4 there is much more 
widespread brain degeneration with cortical 
loss, white matter loss and extensive gliosis (see 
Fig.  9.1 ). Like many neurodegenerative disor-
ders, Huntington’s disease is associated with 
abnormal accumulation and misfolding of the 
proteins. A role of non neuronal cells is also 
gaining support, in Huntington’s disease as well 
as in ALS genetic animals with the mutation in 
microglia or glial cells but not neurons is also 
associated with pathologic changes.

9.5        Symptomatology 

 Huntington’s disease is associated with a triad of 
diffi culties including the movement disorder as 
well as cognitive and neuropsychiatric condi-
tions. Each of these is associated with a complex 
set of psycho-social problems. Patients with 
Huntington’s disease face a range of diffi culties 
from diagnosis to death and these diffi culties are 
not confi ned to the patient themselves but also to 
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the family. As an autosomal dominant disorder 
the disease has a particular resonance with fami-
lies of sufferers. 

9.5.1     Movement Disorder 

 By the time that chorea manifests, Huntington’s dis-
ease generally includes some alteration in voluntary 
motor control. The ability to make rapid, repetitive, 
sequential movements is often abnormal. 

 Tests such as alternately tapping the thumb 
against the tips of the fi ngers, repetitively tapping 
the tip of the tongue against the top lip, alter-
nately tapping the top, then the palm of one hand 
against the palm of the other hand all show slow-
ing and irregularities in timing. There is gener-
ally great diffi culty keeping the tongue protruded 
over a short, i.e., 10 s period. 

 Eye movement abnormalities are common. 
These include inability to make smooth pursuits 
due to intrusive saccades and delays in initiation 
of saccades. There is also dramatic slowing of 
saccadic velocity in some patients. 

 The gait of the person with early Huntington’s 
disease demonstrates increased variability in step 
length and distance from the intended path. 
Inability to maintain position after gently pulling 
the patient backwards, and trouble performing 
tandem walking is common. Though the cerebel-
lum is generally spared, the fi nger to nose test 
and heel to shin test generally shows dysmetria. 

 Chorea, from the Greek for dance, often starts 
as a quick fl ick at multiple joints in the fi ngers or 
fi ngers and wrist while walking. It commonly 
worsens to twisting turns of the limbs, involuntary 
neck and facial movements, with blinks, and 
writhing tongue movements. The progressive 
involvement of lingual and bulbar control leads to 
dysarthria and dysphagia. Food with a soft moist 
consistency such as pudding is easiest to swallow. 
Maintaining adequate nutrition can be challeng-
ing and motor symptoms tend to worsen as 
patients lose weight. Most become almost mute in 
the later stages of the illness and are completely 
unable to swallow without aspirating. Chorea, 
which can be of large amplitude and forceful 
enough to cause self injury, tends to slow over 
years and the involuntary movements evolve to 
dystonia in the later stages of the illness. Walking 
becomes more and more associated with falls and 
eventually the person is wheelchair or bed bound. 
Tone increases with disease progression. There is 
commonly a dramatic, refl exive increase in tone 
when the limb is activated. Refl exes are hyperac-
tive. The Babinski refl ex often becomes positive. 

 In contrast to the major motor fi ndings, sen-
sory abnormalities are minimal or absent. Some 
believe that patients with advanced HD have 
decreased pain sensation.   

a

c

b

  Fig. 9.1    Neuropathology of Huntington’s disease. ( a ) 
The caudate nucleus bulges into the ventricle in normal 
individuals but is fl attened in this 55 year old person dying 
with Huntington’s disease as seen in this coronal section 
through one brain hemisphere. Characteristically the atro-
phy is more severe in the dorsal aspects of the caudate. ( b ) 
The caudate is barely visible in this 75 y.o. with severe 
degeneration of the caudate and globus pallidus. ( c ) The 
centre neuron contains a classic intranuclear inclusion 
composed of aggregates of the mutant huntingtin protein 
(Figures courtesy of Dr. Jean Paul Vonsattel of Columbia 
University)       
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9.6     Cognition 

 Many of the early studies reported general 
 intellectual and cognitive decline in HD, which 
is worse than in other neurodegenerative 
 conditions. However, intellectual ability gener-
ally remains stable over time, with the most pro-
nounced defi cits seen in executive domains in 
parallel with pathological changes. A recent 
meta-analysis of the literature, which incorpo-
rated the results from 760 patients, showed max-
imum differences between controls and HD 
patients, using the effect size statistic, were 
found on tests of construction, and memory. 

 In a more recent population based cross- 
sectional study of motor manifest HD gene- 
expansion carriers, 51.8 % presented with the full 
symptom triad i.e., cognitive, neuropsychiatric, 
and motor involvement, 25 % were defi ned as 
cognitively impaired in addition to motor symp-
toms, and 14.3 % had neuropsychiatric symp-
toms along with motor symptoms. Only 8.9 % 
had isolated motor symptoms. Among the HD 
participants without motor symptoms, 39.2 % 
had neuropsychiatric symptoms, were cogni-
tively impaired, or had a combination of both. 
Cognitive decline precedes motor signs in many 
gene-positive HD patients, and may be an impor-
tant target in clinical trials and early intervention. 
Cognitive test scores may also improve the abil-
ity to predict disease onset among gene mutation 
carriers and help families to better plan for poten-
tial personal and economic strain. 

 In a recent observational report over a 
36-month period of 366 participants with HD, the 
symbol digit modality test proved to be espe-
cially sensitive to cognitive change. Among psy-
chiatric indicators, apathy ratings specifi cally 
showed signifi cant increases compared to con-
trols. Several baseline imaging, quantitative 
motor, and cognitive measures had prognostic 
value, independent of age and CAG repeat length, 
for predicting subsequent clinical diagnosis in 
pre-HD. 

 Cognitive reserve has been shown to have pos-
itive prognostic value in HD, comprised of com-
posite scores derived from estimated premorbid 
intellectual level, occupational status, and years 
of education, relative to disease progression in 

HD. Higher cognitive reserve was signifi cantly 
associated with a slower rate of change and 
slower rate of volumetric loss in two brain struc-
tures (caudate, putamen) for those estimated to 
be closest to motor disease onset. These fi ndings 
demonstrate a relationship between cognitive 
reserve and both a measure of executive function-
ing and integrity of certain brain structures in 
pre-motor HD individuals. 

 Diagnostic algorithms have gained more atten-
tion in recent years in HD, where CAG- expansions 
are computed to obtain an estimated “years to 
clinical diagnosis”. Stratifying groups as:  near , 
estimated to be 9 years from diagnosis;  mid , 
between 9 and 15 years; and  far , >15 years, 
researchers conducted neurocognitive assess-
ments on each cohort. Nineteen cognitive tasks 
were used to assess attention, working memory, 
psychomotor functions, episodic memory, lan-
guage, emotional recognition, sensory and per-
ceptual functions, and executive process. The 
 near  group showed signifi cantly poorer perfor-
mance on nearly all of the cognitive tests, and the 
 mid  group on about half of the cognitive tests. 
Overall, the cognitive battery accounted for 34 % 
of the variance. This further highlights how neu-
rocognitive tests are robust clinical indicators of 
the disease process prior to reaching criteria for 
motor diagnosis of HD. Six main cognitive fac-
tors have to be considered when monitoring mark-
ers of disease progress, and cognitive indices 
should be used when monitoring cognitive func-
tion in pre-motor HD, rather than results from 
individual measurements or screening tools. 
These factors include: (1) speed/inhibition, (2) 
verbal working memory, (3) motor planning/
speed, (4) attention-information integration, (5) 
sensory-perceptual processing, and (6) verbal 
learning/memory. Overall, motor planning/speed 
and sensory-perceptual processing appear to be 
the most important markers of disease prognosis. 

 Thus many studies of cognitive functioning in 
HD report generalised decline in cognitive func-
tioning over the course of the condition. However, 
the specifi c nature of this decline varies between 
studies. It is likely that this refl ects an inherent 
variation in the presentation of the disease within 
and between families as well as poor study design 
and differing measures. In particular, because of 
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the relative rarity of the disease, many studies are 
insuffi ciently powered with respect to patient 
numbers. 

9.6.1     Language Ability 

 Traditionally, HD patients do not present with 
clear cortical aphasia. However, as more sophisti-
cated testing has emerged it has become clear 
that many patients presented with a range of lan-
guage based functions, some of which are masked 
by the severity of dysarthria. Comprehension is 
generally thought to be intact. However, HD 
patients have been shown to be impaired in the 
comprehension of affective and propositional 
(command or question) prosody.  

9.6.2     Executive Functions 

 Recently, there has been increased interest in the 
executive defi cits experienced by patients with 
HD. This not only results from the earlier appli-
cation of more sophisticated diagnostic testing 
that enables patients to complete tests sooner in 
the course of the disease, but also refl ects the 
improved resolution of current neuroimaging 
techniques. Such techniques have facilitated a 
greater description of the nature of the lesions in 
HD and identifi ed degeneration in the frontal 
lobes via fronto-striatal connections. That is, the 
nature of the reciprocal connections between the 
basal ganglia and the oculomotor region, dorso-
lateral prefrontal cortex and lateral orbitofrontal 
areas resulting in signifi cant degeneration in 
fronto-striatal mediated cognitive and behav-
ioural functions. 

 HD patients have been shown to be impaired 
on tests of planning, self-order working memory 
and tests of response set, all indicators of execu-
tive dysfunction. Although HD patients have 
been shown to perform poorly on measures of 
categorical fl uency, more defi cits are prevalent on 
phonological fl uency (letter) rather than semantic 
fl uency (category). Consistent with many studies, 
patients with a more rapidly progressive progno-
sis (determined using mutation size and current 
age) perform more slowly and with less accuracy 

on tests of executive function. Performance accu-
racy tends to be negatively related to striatal vol-
ume while both accuracy and working memory 
are negatively related to frontal white matter vol-
ume. Interestingly, pathological disturbances in 
cortico-striatal circuits in HD present similarly to 
other pathologies such as excessive gambling. 
Although similar disinhibition related symptoms 
are present i.e., changed sensitivity to punish-
ments and rewards, impulsivity, and inability to 
consider long-term advantages over short-term 
rewards, both HD patients and pathological gam-
blers also show similar performance defi cits on 
risky decision-making tasks and measures of 
executive function. 

 In summary, patients with HD show defi cits 
on a range of tests of executive function. These 
take the form of planning, executing and inhibit-
ing behaviour. In the context of the neuropatho-
logical data it is not surprising that HD patients 
should present with such diffi culties. Loss of 
frontal white matter and neuronal cell loss have 
been reported in many studies and metabolic 
 defi cits in the frontal lobes have been associated 
with the degree of cell loss in the basal ganglia.  

9.6.3     Attentional and Perceptual 
Functions in HD 

 In many studies, HD patients were found to be 
impaired on tests of alertness, divided attention 
and response fl exibility. While clear disorders of 
perception are rare, there has been increasing 
interest and controversy surrounding the issue of 
patient’s ability to perceive emotional cues. HD 
patients were impaired at interpreting facial and 
vocal expressions of emotion, and similarly, 
those relating to fear and disgust were dispropor-
tionately impaired. HD patients have also been 
shown to be impaired at comprehending emo-
tional prosody in speech, matching facial affect, 
facial recognition and discriminating faces.  

9.6.4     Memory 

 There has been a great deal of debate concerning 
the nature of the memory impairment in HD and 
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the pattern of impaired and preserved skills in 
this patient group. It has been clear for many 
years that patients present with a form of memory 
impairment that, while severe, is distinct from 
other dementias such as Alzheimer’s disease. 

 Global memory defi cits are common in HD 
and this is unsurprising given the links between 
the striatum and limbic system, the reported defi -
cits in temporal lobe function and the defi cits in 
frontal function in this population. Unlike 
Alzheimer’s patients where episodic memory is 
better for older memories, HD patients show no 
advantage for older memories over more recent 
ones. This is known as a fl at temporal gradient. 
Procedural learning is also impaired. In particu-
lar, procedural motor tasks are more impaired 
than lexical tasks. It has been suggested that rec-
ognition memory is disproportionately preserved 
until later stages and therefore retrieval or encod-
ing defi cit are favoured by many authors. That is, 
the memory impairment in HD, which begins 
early in the course of the disease, is related to the 
more extensive and global deterioration in fronto- 
striatal functions.  

9.6.5     Social Cognitive Processes 

 Multiple reports suggest that HD patients (in 
both manifest and preclinical stages) have multi-
modal defi cits in emotional processing that 
extend to decoding facial expressions, prosody, 
body language and rating of emotional scenes, 
with some but not all studies suggesting that neg-
ative emotions such as disgust and anger are dis-
proportionately affected. 

 The term “Social Cognition” encompasses 
several sub-domains including emotion recogni-
tion from facial expressions, prosody or body 
posture, as well as, the ability to infer other peo-
ple’s mental states in terms of beliefs, desires, 
feelings, intentions, or knowledge states. 

 Patients with HD have been reported to make 
signifi cantly more errors on measures of social 
cognition than controls, exhibiting diffi culties in 
judging the social appropriateness of character’s 
behaviour in stories, and problems inferring com-
plex mental states through commonly used mea-
sures (the use of photographs of people’s eyes). 

HD patients have further evidenced lower every-
day perspective taking scores relative to a matched 
sample. Social cognitive defi cits have been shown 
to appear independent of executive dysfunction, 
however, executive defi cits are linked to poor 
understanding of socially inappropriate remarks 
and errors in mental state attribution. 

 HD patients have notable defi cits in their abil-
ity to identify fear, disgust, and anger. These 
results are the most consistently reported, on non-
demanding tasks, and across modalities (i.e., 
visual and auditory). Declines in emotional recog-
nition exist regardless of whether the emotions are 
being communicated by others’ facial expressions 
or vocal intonation, although patients’ emotional 
recognition defi cits are not necessarily evident in, 
or associated with, increased functional problems 
with social interactions. This fi nding points to a 
differential impairment in emotion recognition 
and emotional experience in HD.   

9.7     Neuropsychiatric 
and Behavioural Features 

 Depression is very common in HD. Emotional 
dyscontrol with outbursts of anger with a physical 
component can be a major source of upset in the 
family or in the long-term care facility. Obsessive 
compulsive behaviours are also common. Some 
have paranoid delusions but hallucinations are 
rare. These behaviours can lead to antisocial acts 
that run afoul of the law. Over time persons with 
HD become more and more restricted mentally. In 
early stages of illness they perform cognitive tests 
more slowly. By history they are less active men-
tally and can display prominent apathy. In gen-
eral, patients with Huntington’s disease don’t 
completely lose one specifi c cognitive domain but 
rather lose the ability to engage these domains for 
goal directed behaviour. Communication can be 
especially diffi cult in the later stages. This can 
also be a source of tremendous frustration when 
the patient’s primal needs are not met and com-
munication is not possible to resolve these needs. 
As an example, it is not unusual for patients in the 
later stages to become anxious and upset when 
hungry but not able to transmit the fact that they 
are hungry to their caretakers. 
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9.7.1     Behavioural Diffi culties 

 The behavioural features of HD can be conceptu-
alised as frontal disconnection syndromes. The 
earliest changes can be seen as irritability with a 
low tolerance of frustration. These features gradu-
ally deteriorate and the episodes can become 
increasingly explosive and disproportionate. These 
features resemble the personality conditions often 
associated with frontal lobe impairment such as 
the pseudopsychopathic and the pseudodepressive 
states of apathy and self- neglect. Agitation and 
aggression can often occur in the latter stages of 
the disease and are often diffi cult to ameliorate. 
Up to 40 % of patients suffer from affective disor-
ders with hypomania and mania seen in 5–10 %. 
These may occur before any signs of the disease 
are apparent. These underlying organic symptoms 
do also co-exist with the psychological reaction to 
living with such a devastating condition. The risk 
of suicide is increased in. 

 Behavioural data obtained from the European 
Huntington’s Disease Network ‘REGISTRY’ 
study conducted using the UHDRS Behavioural 
Rating Scale (N = 1690) confi rmed previous 
reports of distinct behavioural patterns within 
Huntington’s disease comprising mainly of a 
depressive factor, a dysexecutive factor, an irrita-
bility factor and a psychosis factor. 

 Further longitudinal analysis of 91 patients with 
HD, without a formal psychiatric disorder at base-
line, revealed that 15 % had a psychiatric disorder 
after 2 years, with 64 % having a major depressive 
disorder. The baseline characteristics of lower edu-
cation, having no children, a lower level of global 
daily functioning were predictive of incident psy-
chiatric disorders after 2 years. Of the 15 patients 
with a psychiatric diagnosis at baseline, 53 % no 
longer had a psychiatric disorder at follow-up. All 
seven patients with a persistent psychiatric disorder 
(47 %) were female and their most prevalent diag-
nosis was generalized anxiety disorder (European 
Huntington’s Disease Network.   www.euro-hd.net/
html/network    ; EURO-HD European Huntington’s 
Disease Network:   www.euro-hd.net    ). 

 Using the Problem Behaviors Assessment for 
Huntington’s Disease (PBA-HD), longitudinal 
prevalence of neuropsychiatric symptoms was 
notably higher than baseline prevalence. This 

suggests that previous studies may have under-
estimated the extent of this clinical problem. 
Apathy, irritability, and depression were each 
associated with distinct longitudinal profi les. 
Apathy progressed over time and across disease 
stages. Irritability also increased signifi cantly, 
but only in early stages of HD. Depression did 
not increase signifi cantly at any stage of dis-
ease. The neuropsychiatric syndrome of apathy 
appears to be intrinsic to the evolution and pro-
gression of HD. 

 Managing psychiatric symptoms is diffi cult 
and is exacerbated by the cognitive and physical 
disabilities. A marked loss of insight early in the 
disease might appear protective at times but can 
also hamper attempts to manage symptomatology. 
Pharmacological treatment has been widely dis-
cussed and is usually symptomatic management.   

9.8     Family and Psycho-Social 

 There are, understandably, signifi cant family 
stressors and there are marked diffi culties for 
both affected and unaffected siblings. The sui-
cidal rates are higher in unaffected siblings, so 
called survivor guilt than the general popula-
tion. Similarly, unaffected parents suffer the dif-
fi culties of caring for spouses and affected 
children with economic and psychological 
diffi culties. 

 A recent investigation by into caregiver bur-
den found that motor impairment and symptoms 
of depression were the most important factors 
predicting caregiver burden. Signifi cant support 
is needed for HD families from the multi- 
disciplinary team, with specifi cally tailored psy-
chological interventions available.  

9.9     Care and Disability 
Management of the Person 
with the Huntington’s 
Mutation 

 The offspring of persons with Huntington’s dis-
ease have a 50 % chance of inheriting the disease. 
The penetrance is high. Though there can be vari-
ability most develop signs at about the same age 

T. Burke et al.

http://www.euro-hd.net/html/network
http://www.euro-hd.net/html/network
http://www.euro-hd.net/


175

as their parent did. The genetic test for the hun-
tingtin mutation is clinically available from anal-
ysis of blood DNA. The decision to be tested is a 
very personal one and needs to be supported with 
appropriate genetic counselling. The fi rst reac-
tion of many at risk persons is to jump at the 
chance of being tested to “get rid” of the fear of 
whether they have inherited the “bad gene”. 
However those that do not have the mutation do 
not face the tragedy of the illness, and those that 
have inherited it can have their fears substantially 
enhanced by a “positive” test. Key to the counsel-
ling process is to ensure that the at-risk individual 
has a sense of how it will be helpful for them to 
know that they will get the disease in the future. 
Decisions surrounding whether to have children 
generally predominate in presymptomatic testing 
but as might be expected many choose not to be 
tested. Most agree that children should not be 
tested. 

 As symptoms of HD develop in a person at 
risk, the diagnosis is made when the physician is 
convinced by the chorea or some other neurologi-
cal sign. Gene testing may be helpful if there is a 
need for the diagnosis and the signs are equivo-
cal. It may be helpful in cases in which there is no 
family history, though the implications of genetic 
testing need to be planned for including the dis-
covery of non-paternity, or the establishment of 
risk within a larger family. Other diagnostic tests 
are not necessary in the clear-cut case of HD 
though the MRI shows progressive atrophy of the 
caudate throughout the course of the disease. 

 In the early stage of Huntington’s disease, as 
well as in the later stages, the psychiatric mani-
festations require management. Depression in 
HD can respond to anti-depressant medication 
but the response is often partial. Obsessive- 
compulsive behaviours can be very diffi cult to 
control but may respond to serotonin-uptake- 
inhibitors that are effective in the treatment of 
OCD. Sleep disorders are common and sleep 
studies show that awakenings from sleep are 
often associated with an involuntary movement. 
Some develop completely reversed sleep-wake 
cycles, remaining awake at night and sleeping 
much of the day. Longer acting benzodiazepines 
such as clonazapam at bedtime can improve 
sleep. 

 Mood disorders with frequent episodes of 
emotional upset can respond to mood stabilizers 
such as valproic acid, carbamazepine and 
serotonin- uptake- inhibitors. Anti-psychotics are 
sometimes necessary in persons with delusions 
and are often tried in persons with disruptive, self 
injurious or violent behaviours. Atypical anti- 
psychotics such as quetiapine may be more effec-
tive than standard neuroleptics and they also do 
not contribute to the dystonia and motor dyscon-
trol to the same extent. Some seem to respond to 
high doses of beta-blockers. Because these 
 medications are generally not as benefi cial as one 
might hope and they are fraught with side effects 
it is important to attempt to determine if there are 
environmental contributors to the disruptive 
behaviours. 

 Changes in mealtimes, discomfort in the 
wheel chair, misinterpretation of the caregiver, 
nicotine withdrawal, interruption when drowsy, 
etc. can be the source of behavioural disturbance. 

 There is no treatment for the motor dyscontrol 
though a novel “dopamine stabilizer”, ACR16, 
has shown promise in an initial clinical trial. 
Replication studies are underway by the com-
pany, NeuroSearch. Speech and swallowing ther-
apy may help teach safe swallowing. Physical 
activity to maintain muscle tone may be helpful. 
Chorea will respond to low doses of neuroleptics 
or to tetrabenazine though it is important to check 
whether the drugs are associated with better over-
all motor function due to the bradykinesia and 
dystonic side effects. Its important to also con-
sider that tetrabenazine is itself associated with 
depression in up to 20 % of users. Often the envi-
ronment simply needs to be modifi ed; adding 
wheel chairs and bed rails to avoid trauma from 
the chorea may be critically important. Abnormal 
movements may be so severe that the patient is 
not safe in a bed and better cared for on a large 
mattress that rests on the fl oor. Use of restraints is 
especially problematic as combined with the 
choric movements the restraint ties can lead to 
signifi cant harm, even strangulation. 

 Feeding the person with advanced HD is also 
challenging. Oral feedings need to be changed 
over time to a softer but thick consistency. Early 
on thin liquids like water and dry crumbly foods 
cause cough and aspiration. Then solid foods are 
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too diffi cult to chew and swallow. One character-
istic of persons with HD is that they tend to over 
stuff the mouth as their swallowing effi ciency 
decreases and swallowing takes more and more 
time. Caregivers may continue oral feeding into 
the late stages with pureed foods but feeding is 
done very slowly over long time periods. Weight 
management is important as patients with HD 
tend to deteriorate with weight loss and in some 
cases have improved with weight gain. The deci-
sion to insert a feeding tube is especially diffi cult 
and needs to be discussed with the patient or fam-
ily years before the decision is anticipated. 
Otherwise the patient may be unable to commu-
nicate when the feeding crisis occurs. In general 
patients with HD die of aspiration pneumonia so 
a feeding tube can prolong life for those who are 
very severely disabled.  

9.10     Pathogenesis of HD 

 The discovery of the Huntington’s disease muta-
tion raised the expectations that a treatment to 
slow progression of disease might come from 
research. At phenotypic level research contin-
ues to investigate the manifestation of cognitive 
and behavioural impairments in HD. In particu-
lar, it is important to examine variations in the 
phenotype with age and CAG repeat length as 
well as investigations of the infl uence of fronto-
striatal executive dysfunction on other cognitive 
domains. 

 Genetic animal models of the disease in fl ies, 
rodents, sheep and non-human primates are now 
available or are soon to be available for therapeu-
tic research. The normal huntingtin protein is 
found throughout the cytoplasm of all cells in the 
body. The mutated huntingtin protein forms 
abnormal aggregates in neurons. A number of 
other CAG repeat neurodegenerative disorders 
have been discovered in which the abnormally 
long glutamine repeat is found in different pro-
teins. All are characterized by aggregation of the 
abnormal protein in neurons. In patients with 
Huntington’s disease (except the very rare person 
who is homozygous for the mutation) there is 
one normal copy of the gene and one mutated 

copy. It is now known that one normal copy is 
suffi cient for normal brain function so the dis-
ease is caused by some abnormal toxic effect(s) 
of the protein due to the elongated glutamine 
repeat. A variety of theories of pathogenesis are 
supported by variable levels of evidence and 
some therapeutic agents are now being tested in 
patients. The hungtingtin protein has been impli-
cated in a host of important cellular functions 
and the exact mechanism by which the mutation 
causes cell death is not clear. Mutant huntingtin 
affect the transcription of different classes of 
other genes and plays a role in protein traffi ck-
ing, vesicle transport, postsynaptic signaling, 
transcriptional regulation, and apoptosis. Thus, a 
loss of function of the normal protein and a toxic 
gain of function of mutant HTT contribute to dis-
ruption of multiple intracellular pathways. 
Experiments have also shown that expression of 
the mutant protein, even if confi ned to glia, is 
still toxic to neurons.  

9.11     Development of Neuro- 
Protective Therapies 

 At present, there is no medical treatment that is 
known to affect the rate of progression of 
HD. The one possible exception is the mainte-
nance of caloric requirements, as weight loss has 
been associated with more rapid deterioration. 
The goal of scientists is to develop a neuroprotec-
tive therapy that can be used safely in persons 
who are gene positive to prevent the onset of dis-
ability. The National Institute of Neurological 
Disorders and Stroke is currently funding a large 
trial of coenzyme Q10 to slow progression of HD 
in symptomatic patients. A prior trial of 
Coenzyme Q10 failed to demonstrate a large 
effect but there was a trend toward benefi t that 
warranted a second study of higher dose. Among 
its putative actions Coenzyme Q10 is important 
in mitochondrial function and there is some evi-
dence of mitochondrial dysfunction in HD. In 
another attempt to improve energy metabolism, 
creatine supplementation is also being studied in 
an NIH funded trial. Phospho-creatine is a major 
source of stored energy in the brain. 
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 A major focus of research is on how best to 
“turn off” the mutant huntingtin gene. Recent 
research has shown that complete loss of the hun-
tingtin protein is embryonically lethal suggesting 
that complete “turn off” of both alleles would be 
dangerous. The discovery that short strands of 
RNA can attach to messenger RNA and prevent 
transcription of protein raises the possibility that 
such interference RNA (iRNA) can be engineered 
to stop the production of the mutant protein. 
Whether iRNA treatment would be benefi cial if it 
“turns down” the expression of both the mutant 
and the normal allele is not clear. If not, then an 
allele-specifi c iRNA may be custom engineered 
for individual families so that it interacts with 
only the mutant gene may be required. Anti-sense 
RNA therapy is also being pursued with similar 
aims. The challenge facing human use of these 
exciting therapies is how to deliver to the brain 
without adverse effects. 

 A variety of efforts are now ongoing to under-
stand how to clear the protein aggregates from 
neurons which seem to be the signature feature of 
most neurodegenerative diseases. To that end 
techniques are being developed to introduce key 
components of antibodies into cells, called 
intrabodies. These are designed to attach to and 
promote clearance of abnormally deposited pro-
teins like mutant huntingtin. Drugs which pro-
mote the metabolism of protein deposits may 
also prove benefi cial. There are now attempts to 
use high throughput screening techniques to fi nd 
drugs that prevent the aggregation or decrease 
production of the huntingtin protein. The mutant 
huntingtin protein also has been shown to alter 
the transcription of a variety of other genes. The 
down regulation of brain derived neurotrophic 
factor (BDNF) is one example of an important 
consequence of the effect of huntingtin on gene 
transcription. Drugs which modify gene tran-
scription, particularly histone deacetylase 
(HDAC) inhibitors are under study as potential 
therapeutic agents.  

    Conclusions 

 Huntington’s disease is a progressive neurode-
generative disease for which there is currently 
no cure. However, despite this, there is a 

wealth of information available to provide evi-
dence based effi cacious treatments for the 
management of the patient’s condition. 
Patients present with a triad of cognitive, 
movement and psychiatric diffi culties which 
progress slowly over a 15–20 year period. 
Each of these domains requires careful assess-
ment and management in order to maintain the 
person’s quality of life and functional ability. 
Extensive advances have been made in the 
 understanding of the pathophysiology of the 
condition but further care is required if ser-
vices are to avoid a nihilistic approach to HD.     
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      Parkinsonism-Plus Syndromes                     

     Seán     O’Dowd    ,     Daniel     Healy    , and     David     Bradley    

10.1            Introduction 

 Parkinsonism is a clinical syndrome encom-
passing some or all of four cardinal features: 
bradykinesia, rigidity, tremor and postural insta-
bility. Idiopathic Parkinson’s disease is the path-
ological substrate in approximately 80 % of 
cases. The remaining 20 % of cases are largely 
attributable to other primary neurodegenerative 
disorders, termed “parkinsonism-plus” or atypi-
cal parkinsonian disorders, whilst a smaller 
number are considered to represent “secondary 
parkinsonism”, wherein non-neurodegenerative 
processes such as vascular, iatrogenic or para-
infectious mechanisms are at play. Parkinsonism 
can also be seen as a feature of some rare 
heredo- degenerative disorders. The latter, and 
secondary parkinsonism, are considered outside 
the scope of this chapter, but are listed in 
Table  10.1 .

   The four main parkinsonism-plus disorders are 
the synucleinopathies multiple system  atrophy 

(MSA) and dementia with Lewy bodies (DLB), 
and the taupoathies progressive supranuclear 
palsy (PSP) and corticobasal degeneration (CBD). 
These are neurodegenerative disorders that are 
frequently confused with idiopathic Parkinson’s 
disease (PD). In fact, about 30 % of pathologi-
cally proven parkinsonism plus syndromes are 
initially misdiagnosed as PD. It is important to 
concede however that even where strict clinical 
criteria are retrospectively applied there is incom-
plete, even poor, clinicopathological correlation 
in this group of disorders. Whilst PSP, MSA and 
CBD have clear pathological diagnostic features, 
the distinction of DLB from Parkinson’s disease 
dementia (PDD) is clinical, and the concept of a 
spectrum of “Lewy body disease”, rather than 
splitting the two disorders, is advocated by some 
authorities. 

 Accurate differentiation between parkinson-
ism plus syndromes and PD is important for sev-
eral reasons, the two most signifi cant being (i) 
life expectancy is much lower in parkinsonism 
plus, and (ii) treatments such as levodopa and 
deep brain stimulation are generally ineffective 
in parkinsonism plus. 

 A complete history and neurological examina-
tion is critical in establishing a correct diagnosis. 
General features of an atypical syndrome are 
symmetric clinical features at onset (with the 
exception of corticobasal degeneration), and poor 
L-Dopa response. Features that do occur in 
Parkinson’s Disease later on in the disease should 
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arouse suspicion if they occur  early  in the clinical 
course: early falls, early autonomic features and 
early cognitive impairment should raise suspi-
cion of a parkinsonism plus syndrome. Some 
syndromes have specifi c features that are not 
seen in IPD, for example square wave jerks or the 
supranuclear gaze palsy of PSP. Table  10.2  pro-
vides a guide to some clinical red fl ags that 
should make the examiner consider an alternative 
diagnosis to PD. Importantly, patients with sus-
pected Parkinson’s disease may declare specifi c 

features of a parkinsonism-plus syndrome after 
their initial presentation, so the physician must 
keep an open mind and keen observation during 
follow-up visits.

10.2        Multiple System Atrophy 

10.2.1     Clinical Features 

 Like PSP and CBD, MSA is a progressive, spo-
radic, adult- onset neurodegenerative disorder. 
The fi rst cases were described over a hundred 
years ago by Dejerine and Thomas who 
referred to olivopontocerebellar atrophy. The 
term MSA was introduced in 1969 by Graham 
and Oppenheimer indicating that multiple 
brain systems are involved (extrapyramidal, 
pyramidal, cerebellar and autonomic (in any 
combination)). Patients are clinically classifi ed 
according to the predominant motor presenta-
tion i.e. cerebellar (MSA-C) and parkinsonian 
(MSA-P) subtype. When autonomic failure 
predominates or there is primary autonomic 
failure, MSA is sometimes termed Shy-Drager 
syndrome, although this term is rarely used 
nowadays. 

 Autonomic dysfunction is usually the earliest 
feature in both MSA-P and MSA-C, with 97 % 
ultimately developing symptoms. Genitourinary 
dysfunction is the most frequent initial complaint 
in women, and early erectile dysfunction is almost 

    Table 10.1    Classifi cation of parkinsonism   

 Idiopathic 
Parkinson’s disease 

 Parkinson’s disease 
 Genetic forms of Parkinson’s 
disease 

 Parkinsonism plus 
syndromes 

 Progressive supranuclear 
palsy 
 Multiple system atrophy 
 Cortico-basal ganglionic 
degeneration 
 Dementia with lewy Bodies 

 Hereditary 
neurodegenerative 
Parkinsonism 

 Huntington’s disease 
 Wilson’ disease 
 Autosomal dominant 
spinocerebellar ataxias 
 Lubag (X-linked 
dystonia-parkinsonism) 
 Neuroacanthocytosis 
 Familial basal ganglia 
calcifi cation 
 Fronto-Temporal dementia 
with parkinsonism 
 Brain Iron accumulation 
disorders 
 Pallidopyramidal syndromes 
(usually genetic) 

 Secondary (acquired, 
symptomatic) 
Parkinsonism 

 Infectious: postencephalitic, 
AIDS, SSPE, Creuzfeldt- 
Jakob disease 
 Drugs: dopamine receptor 
blocking drugs; reserpine, 
lithium, fl unarizine, 
valproate 
 Toxins: MPTP, CO, Mn, Hg, 
cyanide, methanol, ethanol 
 Vascular: multi-infarct 
 Trauma: pugilistic 
encephalopathy 
 Other: parathyroid 
abnormalities 
hypothyroidism, 
hepatocerebral degeneration, 
brain tumour, paraneoplastic, 
normal pressure 
hydrocephalus 

   Table 10.2    ‘Red fl ag’ features in parkinsonism   

 Clinical feature 
 Likely cause of 
parkinsonism 

 Young onset 
 Axial rigidity 
 Pill rolling rest tremor 
 Myoclonus 
 Vertical gaze palsy 
 Early falls backwards (1st year) 
 Asymmetric onset 
 Alien limb/apraxia 
 Poor response to levodopa 
 Dysautonomia 
 Early cognitive impairment 
 Laryngeal stridor 
 Palilalia 
 Cerebellar signs 
 Pyramidal signs 

 Juvenile PD, MSA 
 PSP 

 MSA, CBD 
 PSP 
 PSP 
 PD, CBD 
 CBD 
 PSP, CBD, MSA 
 MSA 
 PSP, CBD 
 MSA 
 PD, PSP 
 MSA 
 MSA 
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invariable in men by 2 years. Orthostatic hypoten-
sion is common and is present in at least 68 % of 
patients. Symptoms associated with orthostatic 
hypotension include presyncope (lightheadedness, 
dizziness, blurred vision), fatigue, yawning, 
“coathanger pain” across the neck and shoulders, 
and syncope. Akinesia and rigidity are prominent 
in MSA-P but are usually also evident in the later 
stages of MSA- C. Cerebellar dysfunction is pre-
dominant in MSA-C with gait and limb ataxia the 
prominent features, but also is seen in a signifi cant 
proportion of MSA-P cases over time. Notable 
features supporting a diagnosis of MSA include 
rapid progression (wheelchair bound <10 years 
from onset), orofacial dystonia (spontaneous or 
levodopa-induced), camptocormia (forward trunk 
fl exion resolving in certain postures, typically 
lying down), Pisa syndrome (lateral trunk fl exion), 
disproportionate antecollis (severe neck fl exion or 
‘dropped head syndrome’), dysphonia (hoarse/
harsh/ high pitched), dysarthria, dysphagia, inspi-
ratory stridor, cold hands and feet, emotional 
incontinence, pyramidal signs (Babinski and 
hyper-refl exia), and a jerky myoclonic postural/
action tremor of the digits and/or hands (polimini-
myoclonus). Only one third of patients with 
MSA-P respond to levodopa and about 90 % are 
unresponsive to long-term therapy. 

 MSA progresses rapidly and most patients 
develop motor impairment within 1 year of onset. 
Motor impairment can be caused by cerebellar 

 dysfunction and/or extrapyramidal involvement; 
corticospinal tract dysfunction can also occur but is 
not a major symptomatic feature of the condition. 
At least 50 % of all patients with probable MSA are 
disabled or wheelchair- bound within 5 years after 
onset and the median survival is 9.8 years. 

 Figure  10.1  provides an illustration of the 
major clinical features of MSA. Table  10.3  shows 
an international bedside classifi cation system for 
MSA according to differing levels of diagnostic 
certainty- possible, probable or defi nite.

10.2.2         Epidemiology 

 There is an estimated incidence of 1.2–4.1 cases 
per 100,000 population per year, with an esti-
mated prevalence of 0.9–8.4 cases per 100,000. 
However, as with the other atypical parkinsonian 
disorders, ascertainment (due to frequent misdi-
agnosis) poses a signifi cant problem, so this is 
probably under-estimated. About 30 % of patients 
with late-onset sporadic cerebellar ataxia have 
MSA. MSA has been reported in Caucasian, 
African and Asian populations. MSA-P predomi-
nates in western countries (68–82 %) whilst in 
Eastern countries, MSA-C is more common, con-
stituting 67–83 % of patients. Most studies indi-
cate a slight male predominance and the mean 
patient age at onset is 54.3 years with a range of 
33–78 years.  

Camptocormia, pisa

Poor L-Dopa response

Preserved cognition

Dysphagia
Laryngeal stridor/

sleep apnoea (SND)

Hand “levitation”
action tremor

Cerebellar signs

Urinary dysfunction
<2 years

Corticospinal
treat signs

Orthostatic
hypotension

MSA (α-synuclein)
Multiple systems atrophy
3 per 100,00

  Fig. 10.1    This fi gure 
provides an illustration of the 
major clinical features of 
Multiple System atrophy 
(MSA)       
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10.2.3     Neuropathology 
and Molecular Pathology 

 The neuropathological substrate of MSA-C is 
olivopontocerebellar degeneration (inferior oli-
vary nucleus, pons, and cerebellum) whilst that 
of MSA-P is striatonigral degeneration (sub-
stantia nigra, putamen, caudate nucleus and 
globus pallidus). Even though they can be 

 clinically very different, MSA-C and MSA-P 
share oligodendroglial cytoplasmic inclusions 
(GCIs) as a unifying pathological feature. Both 
subtypes display neural loss and gliosis in their 
respective regional brain distributions and both 
are frequently accompanied by neurodegenera-
tion of the autonomic nervous system; the 
severe clinical correlate of this is Shy-Drager 
syndrome. 

   Table 10.3    Criteria for MSA   

 A.  Criteria for diagnosis of MSA  

   Defi nite MSA 

    Neuropathological fi ndings of widespread and abundant CNS alpha-synuclein-positive glial cytoplasmic 
inclusions with neurodegenerative changes in striatonigral or olivopontocerebellar structures. 

   Probable MSA 

    A sporadic progressive, adult (>30 y)- onset disease characterized by 

     Autonomic failure involving urinary incontinence or an orthostatic decrease of blood pressure within 3 min 
of standing by at least 30 mmHg systolic or 15 mmHg diastolic and 

     Poorly Levodopa-responsive parkinsonism or 

     A cerebellar syndrome/dysfunction 

   Possible MSA 

    Parkinsonism or 

    A cerebellar syndrome/dysfunction and 

    At least one feature suggesting autonomic dysfunction (otherwise unexplained urinary urgency, frequency or 
incomplete bladder emptying, erectile dysfunction or signifi cant orthostatic blood pressure that does not meet 
the level required in probable MSA) and 

    At least one of the additional features shown in Table  10.1b  

 B.  Additional features of possible MSA  

   Possible MSA-P or MSA-C 

    Pyramidal signs – Babinski sign with increased tendon refl exes 

    Stridor 

   Possible MSA-P 

    Rapidly progressive parkinsonism 

    Poor response to Levodopa 

    Postural instability within 3 years of motor onset 

    Gait ataxia, cerebellar dysarthria, limb ataxia, or cerebellar oculomotor dysfunction 

    Dysphagia within 5 years of motor onset 

    Atrophy on MRI of putamen, middle cerebellar peduncle, pons or cerebellum 

    Hypometabolism on FDG-PET in putamen, brainstem or cerebellum 

   Possible MSA-C 

    Parkinsonism 

    Atrophy on MRI of putamen, middle cerebellar peduncle, or pons 

    Hypometabolism on FDG-PET in putamen 

    Presynaptic nigrostriatal dopaminergic denervation on SPECT or PET 

  Reproduced and modifi ed with permission of Wolters Kluwer Health from Gilman et al. ( 2008 ), from the second con-
sensus statement on the diagnosis of multiple system atrophy 
  MSA  multiple system atrophy,  MSP-P  MSA with predominant parkinsonism,  MSA-C  MSA with predominant cerebellar 
ataxia,  FDG  (18) fl uorodeoxyglucose  
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 Approximately 30 % of Caucasian patients 
have principally striatonigral pathology, 20 % 
olivopontocerebellar pathology and the remain-
ing 50 % have equal amounts of both. Pathological 
degeneration of the putamen appears to correlate 
with the poor levodopa response in MSA. 

 Oligodendroglial cytoplasmic inclusions, which 
defi ne MSA neuropathology, are formed by fi bril-
lized (aggregated, insoluble) alpha- synuclein pro-
tein (see Fig.  10.2 ). Genome-wide screening in 
MSA has identifi ed an association between certain 
SNPs in the alpha synuclein gene and MSA risk, 
and transgenic mice over- expressing alpha synu-
clein under the control of specifi c oligodendroglial 
promoters develop GCI-like inclusions. These fi nd-
ings confi rm MSA as a ‘synucleinopathy’ similar to 
PD and dementia with Lewy Bodies (see Table  10.4 ) 

but it appears that oligodendrogliopathy precedes 
neuronal degeneration in MSA.

    Aberrant myelin basic protein may also be 
pathogenic in MSA raising the possibility that 
this is a primary disorder of myelin-producing 
oligodendroglial cells. However, no studies to 
date have linked these two plausible hypotheses.   

10.3     Laboratory Tests 

 Investigations of autonomic function include the 
table-tilt test or active stand to measure orthostatic 
blood pressure and sphincter electromyography. 
The latter detects denervation in the external ure-
thral sphincter secondary to degeneration of 
Onuf’s nucleus in the spinal cord. Cardiac scintig-
raphy demonstrates reduced sympathetic MIBG 
uptake in the heart in PD but not MSA. Clinically, 
this test is more commonly used in Eastern coun-
tries than in the West. Video-polysomnography 
can be helpful in identifying the sleep disturbances 
associated with MSA (sleep apnoea, nocturnal 
stridor, REM sleep behaviour disorder (REMBD)). 

10.3.1     Radiological Findings 

 MRI fi ndings in MSA-P often show decreased 
signal intensity in the posterolateral putamen 
bilaterally on T2 weighted images. In addition to 
putaminal hypointensity on T2, a characteristic 
fi nding in MSA is the slit-hyperintensity in the 
lateral margin of the putamen, related to putam-
inal atrophy. The MRI abnormalities of MSA-C 
consist of atrophy of the pons, middle cerebellar 
peduncles, and cerebellum. A characteristic “hot 
cross bun sign” is described, produced by selec-
tive loss of myelinated transverse pontocerebellar 
fi bers and neurons in the pontine raphe with rela-
tive preservation of the pontine tegmentum and 
corticospinal tracts (Fig.  10.3 ).

10.3.2        Management 

 There is no effective disease-modifying therapy 
and a multidisciplinary approach is  recommended, 

  Fig. 10.2    Alpha-synuclein immunostaining to show 
cytoplasmic immunopositivity in glial cells (glial cyto-
plasmic inclusions (GCI)) within subcortical white matter 
(magnifi ed ×40 before photo enlargement). The authors 
acknowledge Professor Michael Farrell for this image       

     Table 10.4    Selected synucleinopathies and tauopathies   

 Synucleinopathies  Tauopathies 

 Progressive supranuclear 
palsy 

 Parkinson’s disease 

 Fronto-temporal dementia  Multiple system 
atrophy 

 Corticobasal disease  Lewy body dementia 

 Pick’s disease 

 Argyrophilic brain disease 

 PD – dementia complex – 
Guam 

 Post-encephalitic PD 
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with supportive care from the allied health profes-
sional team. A number of symptomatic therapies 
are can be deployed to good effect. Orthostatic 
hypotension is often the earliest and most debili-
tating symptom. Along with simple explanation 
and advice regarding care when standing, the 
addition of liberal salt, increasing fl uid intake, 
head elevation when sleeping and elastic stock-
ings may improve standing blood pressures. 
Several drugs are used for the management of 
orthostatic hypotension including fl udrocortisone 
(mineralocorticoid), midodrine (alpha1-adrenore-
ceptor agonist), droxidopa (synthetic precursor of 
norepinephrine), and less commonly NSAIDs 
(possible inhibition of vasodilator prostaglandins) 
and pyridostigmine (putative vasoconstrictive 
effect). Therapy can be limited by supine hyper-
tension which affects up to 60 % of patients. 
Bladder symptoms including urinary retention 
and incontinence are relatively common and trou-
blesome problems. Formal urodynamics with 
measurement of post micturition volumes are 
important, particularly with co- existing prosta-
tism. Overactive bladder symptoms may improve 
with anti-muscarinics such as oxybutynin or tolt-
erodine while some patients require intermittent 
self catherisation. Medication may also be consid-
ered for constipation and erectile dysfunction, 
although silenafi l and other phosphodiesterase 
inhibitors should be used with caution as they fre-
quently exacerbate orthostatic hypotension. 

 It is worth considering Levodopa replacement 
but the results are usually poor, with only a minor-
ity of patients witnessing benefi t, which is typi-
cally short-lived. A trial of L-Dopa is considered 
negative if a dose of 1,000 mg per day is reached 
with no clinical benefi t. Caution must be exer-
cised given the risk of exacerbating non- motor 
features, in particular orthostatic hypotension. 

 RBD can be treated symptomatically with 
clonazepam or melatonin; sleep apnoea may be 
ameliorated by continuous positive airway pres-
sure (CPAP). Concomitant depression (estimated 
to affect at least 40 % of patients) can be treated 
effectively with selective serotonin reuptake 
inhibitors (SSRIs) or SNRIs.   

10.4     Progressive Supranuclear 
Palsy: Clinical Features 

 Steele, Richardson and Olszewski presented the 
fi rst clinicopathological descriptions of PSP in 
1963 and 1965. Unsteadiness of gait, with falls 
within the fi rst year, frequently backwards, repre-
sents the presenting feature in more than 60 % of 
cases. Bradykinesia and rigidity may be associ-
ated, often resulting in a misdiagnosis of PD, but 
these features have an axial predominance in 
PSP, unlike PD which tends to have asymmetric 
lateralised features in the early stages. In a minor-
ity of cases gaze diffi culties, dysarthria, dyspha-
gia or cognitive impairment may be the prominent 
early symptoms (see Fig.  10.4 ). The illness pro-
gresses to an immobile state over less than 10 
years in the majority of cases. Recent years have 
witnessed a considerable expansion in the vol-
ume of clinic-pathological series describing PSP 
and there is now widespread recognition that 
there can be considerable phenotypic heterogene-
ity, particularly in the early years of the disease. 
This has given rise to the proposed clinical subdi-
vision of PSP into a number of sub-entities, and 
there is some pathological data to corroborate 
this. Such clinical subtypes include the classic 
phenotype as described by Steele et al. (PSP-RS); 
PSP-parkinsonism (PSP-P) which can mimic 
IPD with asymmetric features, tremor and partial 
levodopa responsivity for a number of years, as 

  Fig. 10.3    Axial T2-MRI showing a cross of signal 
hyperintensity within the body of the pons originally 
described by Quinn as a hot cross bun       
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well as a corticobasal syndrome (PSP-CBS), a 
primary progressive aphasia phenotype (PSP- 
PNFA), and rarely, gait initiation failure and 
freezing of gait, speech or writing in the absence 
of other parkinsonian signs (PSP-PAGF). 
Ultimately, however, the disease evolves in the 
vast majority of patients into the classical picture 
of axial rigidity, postural instability, oculomotor 
palsies, bulbar dysfunction and cognitive (partic-
ularly frontal lobe) impairment.

   In contrast to the short and shuffl ing gait, 
stooped posture, narrow base, and fl exed knees 
typically seen in PD, PSP patients tend to be erect 
with a stiff and broad-based gait, often with poor 
safety awareness and impulsivity (“motor reck-
lessness”). They tend to pivot when turning, 
which further compromises balance. Although 
the PSP gait can appear ataxic, cerebellar signs 
are not a feature. 

 Oculomotor abnormalities are common in 
PSP. Symptomatic eye movement diffi culty is 
typically present within 4 years after the onset. 
Prior to this, most patients have slowing of verti-
cal saccades, saccadic pursuit, breakdown of 
opticokinetic nystagmus in the vertical plane, 
poor convergence and square-wave jerks (SWJs). 
The latter occurs in nearly all patients with PSP 
and rarely in PD. Vertical supranuclear ophthal-
moparesis is a prominent feature of PSP. The 
patient loses range of vertical gaze, with 

 downgaze usually worse than upgaze, and will 
describe diffi culty walking down stairs. This vol-
untary gaze restriction is supranuclear; it there-
fore can be overcome by using the vestibulo-ocular 
refl ex (“Doll’s eye” manoeuvre) achieved by pas-
sive fl exion/extension of the neck. Involuntary 
orbicularis oculi contractions producing blepha-
rospasm and ‘apraxia’ of eyelid opening and eye-
lid closure affect up to one third of PSP patients. 

 Pseudobulbar symptoms in PSP patients are 
characterised by dysarthria, dysphagia and emo-
tional lability. The classic speech is a low pitched 
“growling” dysarthria. Some patients have severe 
stuttering and palilalia. 

 Cognitive impairment is a prominent feature 
of PSP, often presenting as cognitive slowing, 
impairment of executive function, and occasion-
ally with non-fl uent aphasia. Apathy and hypoac-
tive behaviours have been attributed to a 
dysfunction in the frontal cortex and associated 
circuits. Sleep problems are common, particu-
larly confusional awakenings, and often correlate 
with worsening dementia. REMBD is however 
very rarely seen in PSP, as it is almost exclusively 
associated with the synucleinopathies. 

 Similarly, relative sparing of olfaction helps to 
differentiate PSP from PD and MSA. 

 Inexorable decline characterises the clinical 
course of PSP with death, often by aspiration, 
usually occurring within 10 years of onset with a 

Pseudobulbar palsy

Neck dystonia (retrocollis)

“Applause” sign

Blepharospasm

Axial rigidity ++

Hand “levitation”

Early falls

Early postural instability

Supranuclear gaze
palsy

(downgaze initially)

PSP (tau)
Progressive supranuclear palsy
0.3 per 100,000

  Fig. 10.4    This fi gure 
provides an illustration of 
the major clinical features 
of Progressive 
Supranuclear Palsy       
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mean survival of about 6 years. Table  10.5  pro-
vides a summary of the current diagnostic criteria 
for PSP.

10.5        Epidemiology 

 There is an estimated incidence of 0.3–1.1 cases 
per 100,000 population per year, with an esti-
mated prevalence of 6.2–7.4 cases per 100,000, 
but cognisance must be taken of a clinical misdi-

agnosis rate of approximately 25 % confounding 
these data. No racial predilection is known. Men 
are more commonly affected and the mean age of 
onset is 63 years. 

10.5.1     Neuropathology 
and Molecular Pathology 

 PSP shares histological and molecular similari-
ties with other ‘tauopathies’ such as Alzheimer’s 

   Table 10.5    Diagnostic criteria for PSP – based on the report of the NINDS-SPSP international workshop   

  Possible PSP  

   Gradually progressive disorder 

   Onset age ≥40 or later 

   Vertical (upward or downward gaze) supranuclear palsy a   or  slowing of vertical saccades a  and prominent postural 
instability with falls in the fi rst year of disease onset a  

   No evidence of other disease that could explain the foregoing features, as indicated by mandatory exclusion 
criteria 

  Probable PSP  

   Gradually progressive disorder 

   Onset age ≥40 or later 

   Vertical (upward or downward gaze) supranuclear palsy a   and  prominent postural instability with falls in the fi rst 
year of disease onset 

   No evidence of other disease that could explain the foregoing features, as indicated by mandatory exclusion 
criteria 

  Defi nite PSP  

   Clinically probable or possible PSP  and  histopathologic evidence of typical PSP b  

  Mandatory exclusion criteria  

   Recent history of encephalitis 

   Alien limb syndrome, cortical sensory defi cits, focal frontal or temporoparietal atrophy 

   Hallucinations or delusions unrelated to dopaminergic therapy 

   Cortical dementia of Alzheimer’s type. 

   Prominent, early cerebellar symptoms or prominent, early unexplained dysautonomia (marked hypotension and 
urinary disturbances) a  

   Severe, asymmetric parkinsonian signs 

   Neuroradiologic evidence of a relevant structural abnormality (i.e. basal ganglia or brainstem infarct, lobar 
atrophy) 

   Whipple’s disease, confi rmed by polymerase chain reaction, if clinically indicated 

  Supportive criteria  

   Symmetric akinesia or rigidity, proximal more than distal 

   Abnormal, neck posture, especially retrocollis 

   Poor or absent response of parkinsonism to levodopa therapy 

   Early dysphagia and dysarthria 

   Early onset of cognitive impairment including at least two of the following: apathy, impairment in abstract 
thought, decreased verbal fl uency, imitation behaviour and frontal release signs 

  Reproduced and modifi ed with permission of Wolters Kluwer Health from Litvan et al. ( 1996 ) 
  a Upward gaze is considered abnormal when pursuit or voluntary gaze, or both, have a restriction of at least 50 % of the 
normal range 
  b Defi nite PSP is a clinicopathologic diagnosis  
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disease, frontotemporal dementia and argyro-
philic grain disease (Table  10.4 ). Tau is a 
microtubule- associated protein meaning that it 
regulates the structure and stability of a major 
axon protein traffi cking system. When tau pro-
tein is hyperphosphorylated it tends to form 
aggregates/ inclusions. These are termed neurofi -
brillary tangles when occurring in glial cells, 
coiled bodies in oligodendrocytes and ‘tufted’ 
inclusions in astrocytes (see Fig.  10.5 ). The neu-
rofi brillary tangles in PSP are single straight fi la-
ments and are common in subcortical regions 
whereas in Alzheimer’s disease they are paired 
helical fi laments and cortical.

   Alternative exon splicing of the tau gene 
( MAPT ) produces six isoforms in human brain. 
Isoforms containing exon 10 have four microtubule 
binding domains (4R tau) and those that splice out 
exon 10 have three (3R tau). In the normal brain 3R 
and 4R tau isoforms have similar ratios; in PSP and 
CBD there is a 4R preponderance and in Pick’s dis-
ease a 3R preponderance. Certain tau gene muta-
tions, including some that disrupt the stem loop 
structure that splices exon 10, cause an autosomal 
dominant frontotemporal dementia with parkin-
sonism (FTDP-17), supporting the key role of the 
tau gene in tauopathy- associated neurodegenera-
tion (Chap.   6    ). Mitochondrial dysfunction has also 
been implicated in the aetiopathogenesis of PSP 
and certain compounds known to inhibit complex I 
have been shown to increase 4R tau levels in neuro-
nal cell culture. 

 Certain tau mutation carriers with FTDP-17 
have a phenotype similar to PSP but tau muta-
tions do not cause PSP and in clinical practice 
familial clustering of PSP is very rare. 
However, one of the most compelling and 
robust associations between gene and pheno-
type across all known human disorders is the 
association between sporadic PSP and a spe-
cifi c H1 haplotype formed by a balanced inver-
sion of the region surrounding the tau gene 
about three million years ago. A number of 
polymorphisms on the H1 haplotype that infl u-
ence gene expression have been implicated. 
Genetic testing of the tau gene is unnecessary 
in PSP unless one is considering an alternative 
differential diagnosis such as autosomal domi-
nant FTDP-17.   

10.6     Radiological Findings 

 Generalised brain atrophy is common in PSP, 
especially in the frontal lobes, but the character-
istic fi nding of dorsal midbrain atrophy is best 
seen on a dedicated sagittal MRI where it pro-
duces a picture sometimes similar to a humming 
bird and on axial views to “Mickey Mouse” 
(Fig.  10.6 ).

10.7        Laboratory Tests 

 There are no diagnostic tests currently available 
for PSP; the diagnosis remains a clinical one 
(Table  10.4 ).  

10.8     Management 

 There is no effective disease-modifying treat-
ment for PSP and therapy is symptomatic or sup-
portive in nature. A multidisciplinary team 
approach is recommended; physiotherapists may 
improve mobility, reduce falls, prevent contrac-
tures and provide hip protectors and walking 
aids; occupational therapists and social workers 
can assist with adapting patients’ homes. Speech 
and language therapists may provide communi-
cation devices if required. 

  Fig. 10.5    Tau immunostaining to show a neuronal cyto-
plasmic tau positive neurofi brillary tangle (on the left as 
you look at the image) and tau positive tufted astrocyte 
(on the right as you look at the image) (magnifi ed ×40 
before photo enlargement). The authors acknowledge 
Professor Michael Farrell for this image       
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 If parkinsonism is a prominent feature a trial of 
levodopa is recommended, increasing the dose to 
at least 1 g per day before deciding it is of no ben-
efi t. Forty to fi fty percent of patients show some 
improvement although this is often short lived. 
Adverse effects include visual hallucinations and 
rarely dystonia, dyskinesias and apraxia of eye-lid 
opening. Amantadine may benefi t 15 % of patients 
but the response is usually modest. Dopamine ago-
nists, monoamine oxidase inhibitors and catechol-
O-methyl transferase inhibitors are of no proven 
benefi t. Anticholinergics should be avoided as 
there is an unusual sensitivity to cholinergic block-
ade in these patients. Lorazepam and low-dose 
quetiapine could be considered for management of 
psychiatric and behavioural symptoms. 

 Blepharospasm, with or without eyelid freez-
ing, can be effectively treated with botulinum 
toxin. Dysphagia is progressive and some patients 
choose PEG insertion. Sialorrhoea can be treated 
with sublingual atropine drops, or targeted botu-
linum toxin or radiotherapy to the salivary glands.  

10.9     Corticobasal Degeneration 

10.9.1     Clinical Features 

 CBD was fi rst described by Rebeiz et al. in 
1968 in three patients of Irish descent with par-
kinsonism, myoclonus, supranuclear palsy and 
apraxia who were found at autopsy to have 

‘cortico- dentato-nigral degeneration with neuro-
nal achromasia.’ This disorder has an insidious 
onset, typically with progressive asymmetric 
levodopa-unresponsive rigidity and apraxia. 
Severe disability and death typically occurs 
within 6–7 years. Defi nite diagnosis requires his-
tological examination. 

 CBD is an exception to the rule that atypical 
parkinsonian syndromes are symmetric (unlike 
IPD). Cortical dysfunction may manifest as asym-
metric ideomotor apraxia (disorder of skilled, 
learned, purposeful movement) and/or an alien 
limb (‘my hand has a mind of its own’). A typical 
description by the patient may be that they have a 
‘useless’ hand or arm that is stiff, wayward and 
clumsy. The motor alien hand must be differenti-
ated from a sensory syndrome associated with a 
lesion in the thalamus or temporal- occipital lobe. 
Eye movement abnormalities with slow initiation 
of horizontal movements as well as upgaze are 
common. However restricted downgaze is more 
suggestive of PSP. Limb dystonia is common and 
asymmetrical limb contractures are more preva-
lent in this condition than in the other parkinson-
ism- plus syndromes. Figure  10.7  provides a 
summary of the main clinical features of CBD.

   Clinicopathological series have delineated the 
frequency of certain motor and other features, all 
of which increase over time from initial presenta-
tion as the disease evolves. The rates of occurrence 
of motor features over the entire disease course are 
as follows: limb rigidity 85 %,  bradykinetic/

a b  Fig. 10.6    ( a ) Sagittal 
T1-MRI through the 
brainstem showing volume 
loss in the midbrain with 
relative preservation of the 
pons. The upper convexity 
of the midbrain is lost 
giving a hummingbird 
appearance. ( b ) Axial MRI 
of midbrain shows severe 
volume loss giving a 
“Mickey Mouse” 
appearance       
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clumsy limb 76 %, postural instability 78 %, falls 
75 %, abnormal gait 73 %, axial rigidity 69 %, 
tremor 39 %, limb dystonia 38 %, myoclonus 
27 %. Abnormal eye movements were seen in 
60 % and speech abnormalities in 53 %. Higher 
cortical defi cits include cognitive impairment in 
70 %, limb apraxia in 57 %, aphasia in 52 %, corti-
cal sensory loss in 27 % and alien limb phenomena 
in 30 %. Behavioural changes were seen in 55 % 
of patients. These data underscore the wide pheno-
typic variability seen in this condition and hence 
the signifi cant challenges posed in devising robust 
clinical diagnostic criteria. Furthermore, numer-
ous clinicopathological studies have demonstrated 
that many patients who present with a corticobasal 
syndrome ultimately do not have CBD pathology, 
but instead another neurodegenerative process, 
such as Alzheimer’s disease or frontotemporal 
dementia. Unfortunately, even the most rigorously 
devised clinical diagnostic criteria (see Tables  10.6  
and  10.7 ) have been unable to distinguish CBD 
from other causes of CBS antemortem, underlin-
ing the need to identify robust paraclinical bio-
markers for this condition.

10.9.2         Epidemiology 

 There is a dearth of reliable data on the incidence 
and prevalence of CBD, largely attributable to the 

high misdiagnosis rate. Clinicopathological 
series indicate however that it is rare, with an 
estimated incidence of less than 1 cases per 
100,000 population per year, with an estimated 
prevalence of 4.9–7.3 per 100,000. No racial pre-
dilection is known. The condition tends to occur 
in older age groups (60–80 years), with a mean 
age of onset of 63 years. CBD may be more com-
mon in women.   

10.10     Radiological Findings 

 MRI brain findings are non-specific but often 
show asymmetric posterior parietal and frontal 
cortical atrophy with “knife-like” gyri. 
Atrophy of the corpus callosum has also been 
described. 

10.10.1     Neuropathology 
and Molecular Pathology 

 CBD is another tauopathy with similar molecular 
characteristics to PSP, differing mainly in 
regional brain pathology. Rebeiz described CBD 
in 1968 as “corticodentatonigral degeneration 
with neuronal achromasia’; patients with promi-
nent frontoparietal degeneration get limb apraxia 
and dementia and those with prominent 

Slow onset saccades
(late supranuclear palsy)

Sometimes aphasia
prominent

Alien Limb
phenomenon

Focal Limb dystonia

Stimulus sensitive
myoclonus

Cortical sensory
loss

Very poor clinical-pathological correlation
– “corticobasal syndrome”

CBD (tau)
Corticobasal degeneration
0.9 per 100,000

  Fig. 10.7    This fi gure 
provides an illustration of 
the major clinical features 
of Corticobasal 
degeneration (CBD)       
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 frontotemporal atrophy get progressive primary 
aphasia. Severe substantia nigra depigmentation 
is invariable and most patients have some extra-
pyramidal features/ parkinsonism. 

 CBD and PSP are both 4R tauopathies and the 
tau H1 haplotype is a shared risk factor. However 
CBD and PSP cannot be considered different man-
ifestations of the same disorder since their classi-

   Table 10.6    Proposed clinical diagnostic criteria for corticobasal degeneration   

 Syndrome  Features 

 Probable Cortico-Basal Syndrome 
(CBS) 

 An  asymmetric  presentation including  2 or more  of the following: 
   (a) Limb rigidity/akinesia, 
   (b) Dystonia, or 
   (c) Myoclonus, 
  as well as   2 or more  of the following features: 
   (d) Apraxia (Orobuccofacial or Limb) 
   (e) Alien limb phenomena (more than levitation) 
   (f) Cortical sensory defi cit, 

 Possible Cortico-Basal Syndrome 
(CBS) 

  At least 1  of the following (can be symmetrical) : 
   (a) Limb rigidity/akinesia, 
   (b) Dystonia, or 
   (c) Myoclonus, 
  as well as   1 or more  of the following features: 
   (d) Apraxia (Orobuccofacial or Limb) 
   (e) Cortical sensory defi cit, 
   (f) Alien limb phenomena (more than levitation) 

 Frontal Behavioural Spatial (FBS) 
Syndrome 

  2  of: the following 
   (a) Executive dysfunction, 
   (b) Behavioral or personality changes, 
   (c) Visuospatial defi cits 

 Non-fl uent/Agrammatic variant of 
primary progressive apahasia (NAV) 

 Effortful, agrammatic speech  plus  at  least 1  of: 
   (a) Impaired grammar/sentence comprehension with relatively 

preserved single word comprehension, or 
   (b) Groping, distorted speech production (apraxia of speech), 

 Progressive Supranuclear Palsy (PSP) 
Syndrome 

  3  of following 
   (a) Axial or symmetric limb rigidity or akinesia, 
   (b) Postural instability or falls, 
   (c) Urinary incontinence, 
   (d) Behavioural changes, 
   (e) Supranuclear vertical gaze palsy or decreased velocity of vertical 

saccades 

  Reproduced and modifi ed with permission of Wolters Kluwer Health from Armstrong et al. ( 2013 )  

   Table 10.7    Proposed clinical diagnostic criteria for corticobasal degeneration   

 Clinical research criteria for probable 
sporadic CBD  Clinical criteria for possible CBD 

 Presentation  Insidious onset and gradual 
progression 

 Insidious onset and gradual 
progression 

 Median duration of symptoms  1  1 

 Age at onset (years)  >50  No minimum 

 Family History (2 or more relatives)  Exclusion  Permitted 

 Permitted phenotypes  (1) Probable CBS or (2) FBS or 
NAV plus at least one CBS feature 
(a–f) 

 (1) Probable CBS or (2) FBS or 
NAV plus at least one CBS feature 
(a–f) 

 Genetic mutations (e.g.  MAPT  gene)  Exclusion  Permitted 

  Reproduced and modifi ed with permission of Wolters Kluwer Health from Armstrong et al. ( 2013 )  
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cal clinical presentations can be strikingly different 
and the neuropathological diagnostic criteria of 
CBD and PSP are validated with high sensitivity 
and specifi city. Both share neuronal tau accumula-
tion but astrocytic plaques are the hallmark of 
CBD and tufted astrocytes the hallmark 
PSP. Prominent cortical and subcortical neuronal 
loss, often highly asymmetric, also separates CBD 
from PSP. Ballooned swollen neurons with loss of 
cytoplasmic staining (achromasia), is supportive 
when present in the cortex and basal ganglia.  

10.10.2     Management 

 To date no effective treatment has been found. 
Occasionally the extrapyramidal symptoms includ-
ing rigidity, bradykinesia and tremor may respond 
to levodopa, but this is usually short- lived. 
Clonazepam and levetiracetam can be tried for 
myoclonus, with valproate usually avoided. Painful 
rigidity and dystonia may improve with botulinum 
toxin injections; occasionally gabapentin can be 
helpful. Physiotherapy, speech and language ther-
apy and occupational therapy are important com-
ponents of multidisciplinary management.   

10.11     Dementia with Lewy Bodies 

 Dementia with Lewy bodies (DLB) occupies a 
somewhat unusual place within the rubric of par-
kinsonism plus syndromes as it shares many char-
acteristics (clinical, radiological and pathological) 
with Parkinson’s disease dementia. As such, 
unlike the other three disorders discussed in this 
chapter, it is not a pathologically distinct entity. 
DLB is a diagnosis made on clinical ‘operational 
criteria’ grounds, based on the appearance of cog-
nitive symptoms prior to, or within 1 year of, the 
development of spontaneous parkinsonism. The 
evolution of cognitive symptoms after 1 year in a 
picture otherwise supportive of a diagnosis of 
IPD, is then considered to represent Parkinson’s 
Disease Dementia (PDD). This arbitrary “one-
year” rule was established by consensus in 2005 in 
order to facilitate phenotyping for research, but is 
now widely used standard clinical practice. 

10.11.1     Clinical Features 

 DLB is characterised by a slowly progressive 
dementing process, which classically commences 
with impairment in cognitive domains other than 
memory (particularly visuospatial, attentional 
and frontal-executive function). Core diagnostic 
features (Table  10.8 ) include clear fl uctuations in 
cognition, with variations in alertness and atten-
tion, which has considerable differentiating value 
from Alzheimer’s disease; spontaneous features 
of parkinsonism which can be indistinguishable 
from that of IPD but frequently is more symmet-
rical; and recurrent visual hallucinations. The lat-
ter are typically well formed and detailed and 
patients generally retain insight. These hallucina-
tions tend to take human form (often a familiar 
person such as a deceased relative), and are not 
distressing to the patient, but this is not invariably 

   Table 10.8    Clinical diagnostic criteria for dementia with 
Lewy bodies   

 Central features (essential for a diagnoses of dementia 
with Lewy bodies (DLB) 

 Dementia defi ned as a progressive cognitive decline of 
suffi cient magnitude to interfere with normal social or 
occupational function 

 Prominent or persistent memory impairment may not 
necessarily occur in the early stages but is usually 
evident with progression 

 Defi cits on tests of attention, executive function, and 
visuo-spatial ability may be especially prominent 

 Core features (two or more are suffi cient for a 
diagnoses of parobable DLB, one for possible DLB) 

 Fluctuating cognition with pronounced variations in 
attention and alertness 

 Recurrent visual hallucinations that are typically well 
formed and detailed 

 Spontaneous features of parkinsonism 

 Suggestive features (if one or more are present in the 
presence of one or more core features, a diagnoses of 
DLB can be made. In the absence of any core features, 
one or more suggestive features are suffi cient for 
possible DLB but probable DLB should not be 
diagnosed on the basis of suggestive features only) 

 REM sleep behavior disorder 

 Severe neuroleptic sensitivity 

 Low dopamine uptake in basal ganglia demonstrated 
by SPECT or PET imaging 

  Reproduced and modifi ed with permission of Wolters 

Kluwer Health from McKeith et al. ( 2005 )  
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the case. Hallucinations in other modalities are 
rarer, but well described. Patients will often 
acknowledge retrospectively that formed visual 
hallucinations were preceded by visual misper-
ceptions, and occasionally by “extracampine” 
hallucinations which are characterised by a sense 
of an invisible human presence. These symptoms 
are often undetected unless specifi cally sought by 
the clinician.

   As in PD, premotor symptoms of REM sleep 
behaviour disorder and depression are frequently 
present; the former is quite specifi c for synucle-
inopathy and hence helpful in distinguishing from 
AD. Alpha-synuclein is frequently found in the 
autonomic nervous system in DLB and hence 
autonomic symptoms including orthostatic hypo-
tension, constipation and urogenital symptoms are 
often harbingers of the condition. Systematized 
delusions are not infrequent and also constitute a 
suggestive feature in the validated diagnostic crite-
ria. Antipsychotics must be used with great cau-
tion however: patients with DLB are exquisitely 
sensitive to typical neuroleptics, with conse-
quences ranging from drowsiness and mild 
encephalopathy through to a catastrophic neuro-
leptic malignant syndrome which can be fatal. 
Figure  10.8  provides an illustration of the major 
clinical features of DLB.

10.11.2        Epidemiology 

 DLB is widely regarded to be the second most 
common cause of neurodegenerative dementia 
after AD. Precise prevalence data are lacking, but 
it is estimated to be responsible for between 7.5 
and 30 % of all dementias. Incidence is estimated 
at 3.5 cases per 100,000 person years, which 
increases sharply with age. There is a male predi-
lection, possibly up to 2:1.  

10.11.3     Neuropathology 
and Molecular Pathology 

 The characteristic pathological hallmark of DLB 
is the synonymous Lewy body, an intracellular 
insoluble aggregate of alpha-synuclein protein. It 
is postulated that Lewy body pathology spreads 
sequentially from medullary structures rostrally 
through the pons, midbrain and subcortex, before 
ultimately affecting the neocortex itself (as 
described in the Braak staging process). DLB 
patients tend to have a higher neocortical burden 
of disease than PDD patients, but this is not 
invariable. Interestingly, some DLB cases with 
cortical involvement have limited involvement of 
subcortical and brainstem structures; the precise 

Systemised
delusions

Marked neuroleptic
sensitivity

Falls

Poor L-Dopa
response

Symmetrical
parkinsonism

Early fluctuating
cognitive impairment

[<1 year]

Early formed visual
hallucinations (vivid)

DLB (α-synuclein)
Dementia with Lewy bodies
3.5 per 100,000

  Fig. 10.8    This fi gure 
provides an illustration of 
the major clinical features 
of dementia with Lewy 
bodies (DLB)       
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mechanistic reasons for this are unclear. A consid-
erable proportion of DLB patients have concomi-
tant Alzheimer’s pathology- this is greater than 
that seen in PDD and may go some way towards 
explaining the more aggressive phenotype of 
DLB. As in other neurodegenerative proteinopa-
thies, debate continues as to what constitutes the 
neurotoxic entity in DLB. Increasing evidence 
implicates earlier alpha-synuclein oligomeric 
aggregates as the noxious species, which form a 
nidus promoting further misfolding and aggrega-
tion, with the Lewy body merely representing the 
end stage of this process rather than being neuro-
toxic  per se . There is some evidence that such 
soluble early aggregates may be able to propagate 
cell-to-cell in a prion like manner, which makes 
these species an attractive potential target for neu-
roprotective strategies.  

10.11.4     Radiology 

 There are no pathognomonic features of DLB on 
standard structural imaging. The role of func-
tional imaging modalities (both FDG-PET and  123  
I-FP-CIT SPECT) is discussed elsewhere in this 
chapter; in early disease occipital PET hypome-
tabolism differentiates from AD.  

10.11.5     Management 

 As for any dementing process, supportive care 
and early involvement of the multidisciplinary 
team are key tenets in the management of DLB. 

 In general, the cognitive and neuropsychiat-
ric symptoms of DLB exceed the motor symp-
tomatology, and as such the movement disorder 
only requires treatment if truly responsible for 
functional impairment. The parkinsonism of 
DLB is somewhat less levodopa-responsive that 
PD but if required, levodopa should be initiated 
at the lowest dose possible and titrated very cau-
tiously, as patients are sensitive to both the neu-
ropsychiatric and cardiovascular adverse effects. 
Dopamine agonists and other antiparkinsonian 

medications are poorly tolerated in this cohort 
and should be avoided. From a cognitive per-
spective, the acetylcholinesterase inhibitors 
(AChEis) such as donepezil, rivastigmine and 
galantamine have a proven, albeit modest stabi-
lising effect. The role of the NMDA antagonist 
memantine is less clear. Psychosis can be prob-
lematic in DLB, and the choice of neuroleptic is 
inherently limited by the pronounced sensitivity 
of patients to these agents. Based on tolerability 
and effi cacy data, clozapine is the agent of 
choice but its use is complicated by the need for 
rigorous surveillance for potential agranulocy-
tosis. In practice, low dose quetiapine is gener-
ally used; well tolerated with variable effi cacy, 
although its use has not been defi nitively vali-
dated by well designed studies. Orthostatic 
hypotension can be managed as suggested 
for MSA.   

10.12     Other Environmental 
Tauopathies 

 Clusters of PSP-like disorders exist in a number 
of remote parts of the world. In Guadeloupe, a 
PSP-like presentation of parkinsonism is as com-
mon as idiopathic PD. The consumption of sour-
sop which contains high concentrations of 
annonacin has been implicated, as annonacin can 
cause direct inhibition of mitochondrial complex 
−1, and has been shown to cause excess accumu-
lation of 4R tau  in vitro . Interestingly, association 
between Guadeloupian parkinsonism and the H1 
tau haplotype has been reported, as has 4R tau 
pathology at post mortem. 

 A parkinsonism-dementia complex some-
times with features of motor neuron disease is 
another tauopathy described amongst the 
Chamorro population of Guam and isolated vil-
lages on the Kii peninsula of Japan. The inci-
dence of this disorder has declined since the 
original 1945 description by Zimmerman. Flour 
made from the false sago palm (Cycas 
Micronesica) has been implicated as it contains 
high levels of an excitatory amino acid BMAA, 
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but this theory remains completely unproven. 
Familial clustering is described as is weak genetic 
association with the tau gene. 

 Encephalitis lethargica (EL) is characterised 
by somnolence, sleep inversion, oculogyric cri-
ses, and behavioural disorders. Most cases of 
EL occurred during the 1918/19 infl uenza pan-
demic and an aetiological association has been 
suggested but not proven. Many patients who 
recovered from the somnolent phase developed 
partial dopa responsive parkinsonism some-
times years after the acute disease. Sporadic 
cases still occur rarely. Pathologically EL 
shows subcortical and brainstem neurofi brillary 
pathology comprised of both 3R and 4R tau.  

10.13     Hereditary Mimics 

 A number of single gene disorders can occa-
sionally mimic the atypical parkinsonisms. We 
have already described how tau ( MAPT ) muta-
tion carriers (FTDP-17) can clinically mimic 
PSP, or even CBD. Progranulin ( GRN ) muta-
tion carriers, typically present with a frontal 
lobe behaviour and language disturbance which 
can partly resemble PSP and CBD. The neuro-
pathological substrate is accumulation of TAR 
DNA-binding (TDP)-43 protein; tau pathology 
is lacking. LRRK2 mutation carriers typically 
display PD and Lewy body neuropathology, but 
in some kindreds, primary tau pathology resem-
bling PSP occurs for unknown reasons. A 
potential association between the  c9orf72  
repeat expansion and atypical parkinsonian 
syndromes is contentious; whilst reported in a 
handful of patients with clinical features of PSP 
or CBD, these patients also had features of 
ALS. The  c9orf72  mutation has not yet been 
associated with any autopsy-proven case of 
PSP, CBD or MSA despite a number of 
rigourous retrospective pathological studies. 
The fragile X tremor-ataxia syndrome (FXTAS) 
and a number of the autosomal dominant spino-
cerebellar ataxias (SCA) clinically mimic 
MSA- C. SNCA mutations and multiplication 
are implicated in familial PD; rarely these 
mutations can manifest as DLB, with promi-
nent early cognitive decline.  

10.14     Biomarkers in PSP, MSA, CBD 
and DLB 

 Presently there are no completely reliable mark-
ers for PSP, MSA, CBD or DLB. Whilst many 
studies are confounded by a lack of neuropatho-
logical corroboration of clinical diagnosis, a 
number of rigorous prospective studies have 
robustly interrogated radiological and biochemi-
cal markers in confi rmed cases. It appears likely 
that a combination of clinical phenotyping, radio-
logical and biochemical markers deployed 
together will give the greatest yield. 

 CSF presents an attractive and accessible win-
dow to the CNS but the search for a reliable bio-
chemical biomarker in the atypical parkinsonian 
disorders has been disappointing thus far. It was 
postulated that phosphorylated-tau and total-tau 
protein levels might distinguish PD from the par-
kinsonism plus spectrum but results have been 
inconsistent and further confounded by elevated 
tau levels in overlapping neurodegenerative dis-
orders like Alzheimer’s disease. Total alpha- 
synuclein levels appear to be lower (although not 
consistently in all studies) in PD cohorts versus 
normal controls; this also appears to hold true for 
the other synucleinopathies, MSA and DLB, but 
does not discriminate between the three entities. 
It may be helpful in distinguishing DLB from AD 
however. Neurofi lament light chain (NF-L) levels 
appear to refl ect the greater burden of neurode-
generation in the atypical disorders and hence 
may prove to be the most promising CSF dis-
criminator of PD from the parkinsonism plus 
syndromes. 

 As discussed, standard MRI may show sug-
gestive (but not specifi c) features in PSP (mid 
brain atrophy (hummingbird sign)), MSA (pon-
tocerebellar atrophy (hot cross bun) and lateral 
putaminal sclerosis (putaminal slit sign)), and 
CBD (frequent asymmetrical parietal lobe atro-
phy). Functional evaluation of the presynaptic 
dopaminergic system using dopamine transporter 
SPECT scanning is widely available in clinical 
practice but does not reliably differentiate PD, 
PSP or MSA and therefore is of little discrimina-
tory value. Evidence of dopaminergic  dysfunction 
can however be helpful however in distinguish-
ing DLB from AD. The role of MIBG cardiac 
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scintigraphy in distinguishing MSA from PD has 
already been discussed. 

 A more promising modality is fl uorodeooxy-
glucose (FDG)-PEt although this is not widely 
available. Recent computer programmes for 
FDG-PET analysis that recognise disease specifi c 
patterns show remarkable accuracy in differenti-
ating parkinsonisms even before examination by a 
clinician. In PD the pattern is increased pallido-
thalamic and pontocerebellar metabolic activity 
and reduced activity in premotor cortex, supple-
mentary motor area, and parietal association 
regions. MSA is characterised by bilateral meta-
bolic reductions in putaminal and cerebellar activ-
ity and PSP by reductions in the upper brainstem, 
medial frontal cortex, and medial thalamus. 
Prominent occipital hypometabolism suggests a 
diagnosis of DLB; in the presence of sparing of 
the posterior cingulate this has good discrimina-
tory value versus AD. 

 FDG-PET is most specifi c in the early phase 
of disease when the clinical diagnosis is hardest 
and accords with the time window where disease 
modifying treatment approaches might be more 
effective. Later in the course of any of these con-
ditions, widespread PET hypometabolism often 
precludes any useful diagnostic interpretation. 
Functional imaging of the cholinergic system and 
of activated microglia hold promise for the future. 
Imaging technologies that directly indentify 
intraneuronal inclusions such as NFTs and Lewy 
bodies are in development; like the use of 
Pittsburgh compound B (PiB) to image senile 
plaques in AD (see Chaps.   2     and   3    ), these devel-
opments may add considerably to the diagnostic 
arsenal. 

 REM sleep behaviour disturbance (RBD) is 
common to synucleinopathies (PD, MSA, DLB) 
and rare in tauopathies (PSP, CBD) and often 
invariably precedes the movement disorder. A 
signifi cant Majority of patients diagnosed with 
RBD go on to develop PD , DLB or MSA making 
RBD a clinically useful biomarker and identify-
ing a target patient group for future disease modi-
fying therapies. Neuropsychological tests (e.g. 
Frontal Assessment Battery) may show 
 disproportionately early frontal pathology, apa-
thy and/or executive dysfunction and hence aid in 
the differentiation of PSP from PD and other 

atypical parkinsonisms. The simple 3-clap 
applause test is a very sensitive bedside test with 
perseveration pointing to PSP. Similarly, early 
disproportionate visuospatial dysfunction may 
support a diagnosis of DLB in the correct clinical 
context.  

10.15     Future Advances 

 The identifi cation of robust biomarkers of the 
atypical parkinsonian disorders remains some-
thing of a “holy grail” in neurodegenerative 
research and continues apace. This is important as 
the earlier these conditions are identifi ed, the 
sooner potential neuroprotective or disease modi-
fying strategies can be investigated and evaluated 
in randomised trials. At this time, no neuroprotec-
tive therapies exist, but a shift in emphasis towards 
targeting molecules implicated “upstream”, in the 
early stages of the neurodegenerative cascade has 
recently led to the identifi cation or development 
of a number of pharmacotherapies. Drugs that 
inhibit alpha- synuclein aggregation have been an 
area of active investigation in PD, DLB and 
MSA. The antibiotic rifampicin inhibits alpha-
synuclein aggregation in transgenic mouse mod-
els of MSA. Unfortunately a recent randomised 
clinical trial in patients was discontinued for futil-
ity at an early stage. 

 Rodent studies have shown that embryonic 
striatal graft transplantation can partially restore L 
dopa responsiveness which if applied to humans 
might be analogous to turning the parkinsonism 
of MSA into that of PD; however this has to yet to 
be trialled in human subjects. One small single-
centre study demonstrated some benefi t from 
intra-arterial infusion of mesenchymal stem cells 
in halting disease progression in a cohort of 
MSA-C patients; however there are concerns 
about the safety of this approach and the sustain-
ability of the response. Most recently, monoclonal 
antibody-based approaches to prevent protein 
spread and possibly eventually aid clearance have 
been a focus of research and early trials. 

 In PSP and CBD, one of the most tractable 
treatment strategies is to block the aggregation of 
tau; the hyperphosphorylation step in particular 
appears to be integral to the pathological process. 
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Therefore one therapeutic approach is protein 
kinase inhibitors that inhibit tau phosphorylation. 
One such agent, tideglusib, failed to be clinically 
effi cacious however; another novel compound, 
davunetide, which exerts its effects partly through 
preventing hyperphosphorylation similarly has 
failed to make a successful transition from bench 
to bedside. Like other neurodegenerative condi-
tions, strategies that promote tau clearance 
through proteolytic and/or autophagosomal deg-
radation pathways are also under consideration. 
Anti-tau immunisation has been attempted in 
transgenic mice with encouraging early data. 
Interfering with splicing machinery to decrease 
the 4R:3R ratio might be another. From the clini-
cal experience to date however, it seems likely 
that early diagnosis will be essential for neuro-
protective strategies to be worthwhile.  

    Conclusion 

 The parkinsonism-plus syndromes are uncom-
mon but encountered in clinical practice with 
enough frequency to warrant careful clinical 
attention. Their diagnosis is predominantly clini-
cal, and index of suspicion an important element, 
with some availability of supporting additional 
investigations. These disorders may declare 
themselves over time in a parkinsonian patient, 
making careful repeat assessments important. 
There are several important prognostic, planning 
and treatment implications with all of these dis-
orders. While there is no effective disease- 
modifying treatment, symptomatic treatments 
can signifi cantly improve quality of life and 
involvement of the multidisciplinary team is 
critical in achieving optimal management.     
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11.1             Introduction 

 In this chapter, we consider syndromes that 
resemble neurodegenerative disorders but differ 
in some essential way. It is important to recognize 
these mimic syndromes, which may differ from a 
neurodegenerative condition not only in natural 
history with periods of stability or even spontane-
ous improvement, but also because the mimic 
may be treatable. Clinical examination and judi-
cious use of ancillary studies, as described in each 
chapter of this book, usually exclude the mimic 
syndrome, as described in the pages that follow.  

11.2     Mimics of Amyotrophic 
Lateral Sclerosis (ALS) 

11.2.1     Benign Fasciculation 

 Blexrud et al. introduced this term in 1993, iden-
tifying the benign clinical course of 121 people 

with fasciculation with no other abnormality on 
examination or in electrodiagnostic studies. On 
follow-up by telephone 2–32 years after this diag-
nosis, not one of the 121 patients had developed 
symptomatic ALS. As indicated by Eisen and 
Stewart in 1994, in response to that report, how-
ever, fasciculation may the fi rst manifestation of 
ALS. Blexrud et al. responded that those patients 
usually have “weakness or incoordination” in 
addition to the visible twitching and, additionally, 
other EMG abnormalities are usually present by 
that time. Others, including de Carvalho and 
Swash, reported similar cases in 2004. Bruyn 
et al. described a patient who had PLS for 27 years 
before lower motor neuron signs appeared.  

11.2.2     Multifocal Motor Neuropathy 
with Conduction Block 

 Another important consideration in the differen-
tial diagnosis of ALS is multifocal motor 
Neuropathy with conduction block (MMNCB). 

 ALS almost always progresses inexorably to 
death, regardless of therapy. Neither ALS nor 
MMNCB responds to corticosteroid therapy or 
plasmapheresis. In contrast, however, MMNCB 
improves with intravenous immunoglobulin ther-
apy (IvIG) in doses of 400 mg/kg body weight 
over 5 days. Effi cacy has been proven in four 
 randomized controlled trials but there is no 
 consensus about dosage or frequency of  treatments 

        L.  P.   Rowland    
  Department of Neurology, The Neurological Institute 
of New York, Columbia University Medical Center , 
  New York ,  USA     

    P.   Bede    •    M.   Elamin    •    O.   Hardiman      (*) 
  Academic Unit of Neurology , 
 Trinity Biomedical Sciences Institute , 
  Dublin ,  Ireland   
 e-mail: Orla@hardiman.net  

  11

mailto:Orla@hardiman.net


200

to maintain the original improvement. Benefi t 
may be seen within a week of the fi rst series of 
treatments, and lasting for a variable number of 
weeks before symptoms may recur. Disability 
may be severe, but the disease is only rarely fatal. 

 Demonstration of conduction block in nerve 
conduction studies is the sine qua non for the 
diagnosis. Antibodies against GM1 are found in 
up to 80 % of cases. Clinical clues to the presence 
of MMNCB include onset before age 50; men 
affected three times more often than women; 
hands affected more than legs and bulbar inner-
vated muscles spared; stuttering course and distri-
bution of weakness suggesting mononeuropathy 
multiplex; more weakness than atrophy; visible 
fasciculations in about half the patients; and no 
cutaneous sensory loss. Tendon refl exes are usu-
ally absent but may be active in some cases. 
Hoffmann and Babinski signs are rarely seen. The 
CSF protein content is usually normal or only 
slightly elevated up to 80 mg/dl (in contrast to the 
values near or above 100 mg/dl seen in chronic 
infl ammatory demyelinating polyneuropathy).  

11.2.3     Multifocal Acquired Motor 
Axonopathy 

 Conduction block is not present in all patients 
who have the clinical features of motor neuropa-
thy. These patients also respond well to IVIG 
therapy. In other words, this disorder is a clinical 
look-alike for MMNCB but lacks the defi ning 
physiological characteristics in nerve conduction 
studies. Moreover, an axonal motor neuropathy is 
diffi cult to differentiate from a disease of the cell 
body itself, i.e., the progressive muscular atrophy 
(PMA) form of motor neuron disease, although 
mltifocal acquired motor axonopathy (MAMA) 
is more likely to be subacute than PMA, which is 
slowly progressive.   

11.3     Hirayama Disease 

 Hirayama disease (HD), or Juvenile muscular 
atrophy of the distal upper extremity (JMADUE), 
is a relatively benign lower motor neuron 

 syndrome. HD is a segmental inferior cervical 
myelopathy which typically presents with uni-
lateral or asymmetrical upper limb weakness 
and atrophy in young male patients of Asian 
descent. The aetiology of the condition is 
unclear, but the disproportionate growth of the 
spinal column during growth spurt, anterior 
horn trauma due to repetitive neck fl exion, and 
posterior epidural venous engorgement were 
implicated. A background of strenuous physical 
activity, competitive sport, and repetitive neck 
fl exion is frequently noted. Pathological charac-
terisation of Hirayama’s disease was not avail-
able until 1982, when histological examination 
revealed anterior horn degeneration at C7 and 
C8 with neuronal loss, lipofuscin accumulation, 
chromatolysis and mild astrogliosis. Spinal 
imaging in neutral neck position often contain 
diagnostic clues for Hirayama disease which 
warrant further imaging in neck fl exion to cap-
ture disease specifi c features (Table  11.1 ). The 
disease is self-limiting but spinal fusion is occa-
sionally considered to prevent progression. 
Alternatively, patients are advised to wear a pro-
tective collar to prevent excessive neck 
movements.

   Table 11.1    Spinal MRI features of Hirayama disease in 
Neutral and fl exion position   

  Cervical spine MRI in Hirayama-disease  

  In neutral neck position  

 Inferior cervical cord segmental atrophy 

 Segmental cord fl attening 

 High signal in the anterior aspect of the lower cervical 
cord 

 Loss of cervical lordosis 

 Loss of attachment (LOA) between the posterior dural 
sac and subjacent lamina 

  In neck fl exion  

 Anterior shifting of the posterior wall of the dural 
canal 

 Enlarged posterior epidural component 

 Thoracic extension of the inferior cervical posterior 
epidural component 

 Prominent posterior epidural fl ow voids 

 Asymmetrical cord fl attening on axial imaging 

 Post contrast enhancement of epidural component 
(Sonwalkar et al. 2008) 
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11.3.1       Brachial Amyotrophic 
Diplegia (BAD) 

 The term brachial amyotrophic diplegia (BAD) 
has been used to describe a slowly progressive 
lower motor neuron disorder affecting proximal 
arm muscles. The wasted arms hang limply at the 
sides giving the person the appearance of “a man 
in a barrel.” Another moniker is the “fl ail arm 
syndrome”. In most cases there is no obvious 
cause but reports have implicated HIV or HTLV-1 
infection. In one case an axial view of the cervi-
cal spinal cord showed high signal in the anterior 
horns of the gray matter. Sjögren syndrome was 
held responsible for one patient with BAD who 
improved with combination therapy that included 
prednisone, plasmapheresis, and IVIG.  

11.3.2     Cervical Spondylotic 
Myelopathy 

 The clinical manifestations of cervical 
 spondylotic myelopathy can rarely mimic 
ALS. Observations from the Irish and Scottish 
ALS Registers suggest that cervical spondylotic 
myelopathy is more likely to show slowly pro-
gressive wasting of the arms and hands plus spas-
tic paraplegia. However, there have been few 
documented reports of visible fasciculation. 
Also, the rate of progression is slower than in 
ALS, and the condition may be more symmetric 
than in ALS. Key clinical features identifi ed by 
the Irish and Scottish Registers that raised the 
possibility of cervical myelopathy included the 
presence of upper motor signs caudal to lower 
motor signs, early bladder involvement, the 
absence of bulbar involvement, presence of sen-
sory symptoms and the relatively slow progres-
sion. Neuroimaging is helpful in making the 
diagnosis. However, some people over the age of 
40 have spondylosis with cord compression and 
may even show high signal within the cord—but 
they are asymptomatic. Also, 5–10 % of people 
with documented ALS have had cervical decom-
pressive operations without benefi t. 

 Misdiagnosing ALS as cervical myelopathy is 
more common than the converse.  

11.3.3     HIV-Associated ALS 

 Brachial diplegia has been reported in HIV- 
positive patients. In 2006, Verma and Berger 
raised doubts about possibility that HIV might 
cause ALS because HIV is not a neurotropic 
virus and because, in comparison with HIV- 
negative ALS patients, the reported HIV-infected 
patients were younger, the course of ALS was 
more rapid, had atypical features and, perhaps 
most important, the ALS improved in some of 
those treated with highly active antiretroviral 
therapy (HAART) for the HIV-infection. On the 
other hand, about half of the treated HIV-infected 
patients succumbed to ALS. They concluded that 
“the causal relationship remains uncertain.” 
Primary lateral sclerosis may also appear with 
HIV-infections, but is rare.  

11.3.4     Other Causes of Reversible 
Motor Neuron Disease 

 Motor neuron diseases usually progress inexo-
rably to death. However, cases of complete 
resolution of sporadic motor neuron diseases 
with upper and lower motor neuron signs have 
been reported. The underlying pathology is 
unclear and such cases are extremely rare: no 
spontaneous resolutions of ALS have been 
noted among over 1400 population-based cases 
collected by the Irish ALS Register over 
16 years. West Nile virus infections can cause a 
reversible poliomyelitis that differs from the 
others in having a much more acute course. 
Electrical injury, HTLV-1 infection, and lead 
intoxication can also cause reversible motor 
neuron syndromes.   

11.4     Reversible Causes 
of Cognitive Decline 

11.4.1     Delirium 

 This term implies an “acute impairment of cogni-
tion with a fl uctuating course,” including a 
change in the level of consciousness. Impaired 
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cognition, the acute and transient course, and 
also the many evident causes of delirium includ-
ing metabolic, infectious and toxic, differentiate 
this cerebral dysfunction from both neurodegen-
eration and from dementia. 

 However, patients with an underlying demen-
tia are more susceptible to delirium in the context 
of infection, metabolic changes, or drugs (see 
also Chaps.   3    ,   4    ,   5    , and   12    ).  

11.4.2     Mild Cognitive Impairment 

 Alzheimer disease (AD) classically presents 
with both subjective and caregiver reports of 
memory dysfunction which is sub-acute in onset 
but progressive. The condition tends to evolve 
with the pathological recruitment of other net-
works including dorsolateral prefrontal cortex 
causing executive dysfunction and language 
networks causing word fi nding problems. In 
clinical practice, most physicians deal regularly 
with patients with subjective complaints in any 
or all these domains, the majority of whom do 
not have a neurodegenerative disorder. In many 
cases, depression, anxiety or psychosocial stress 
can play a signifi cant role. The lack of objective 
concern in family and caregivers, and the per-
formance on standardized delayed word recall 
testing are usually enough to reassure. 
Nevertheless, there are some patients with mild 
subjective symptoms, without any negative 
effective on work or social performance who 
score poorly on testing and may have what we 
call “mild cognitive impairment” (MCI). This 
condition is believed to be in excess of what 
might be expected with normal aging and is a 
risk factor for the development of clinical 
dementia. The exact risk is unclear but about 
80 % of MCI patients progress eventually to AD 
(see also Chap.   4    ). The remaining 20 % either 
remain stable or may even improve, two fea-
tures that point towards a mimic syndrome 
rather than a neurodegenerative one. The mech-
anisms underpinning stable or improving MCI 
are unclear.  

11.4.3     Drug Induced Encephalopathy 

 Medications are listed as the most common cause 
of reversible “dementia” but some drug effects 
must also include obtundation in addition to cog-
nitive decline. That would be defi ned as delirium 
rather than dementia. Common causal drugs 
include anticholinergics, tricyclic antidepres-
sants, opiate analgesia, antipsychotics, bismuth 
(in the form of bismuth subsalicylate, available as 
an over-the-counter medication), bromides, 
digoxin, antihistamines, antiepileptics, dopamine 
antagonist antiemetics, and lithium (See 
Table  11.2 ).

   The evaluation of a patient with cognitive 
impairment should therefore include a careful 
medication history, including a complete review 
of all over-the-counter medications.  

11.4.4     Epilepsy 

 Non-convulsive status epilepticus or clusters of 
non-convulsive seizures may be focal onset or be 
part of a generalized epileptic syndrome. 
Occasionally, the only clinical manifestation may 
be altered mental status that appears more like 
delirium than dementia. Some patients, however, 
especially the elderly, may maintain such vigi-
lance that the patient merely appears cognitively 
impaired. This has been called ‘epileptic pseudo- 
dementia’ a rare disorder that can be diagnosed 
only in the presence of unequivocal prolonged 
epileptiform discharges on the electroencephalo-
gram (EEG) of the cognitively impaired patient. 
Treatment is that for other forms of non- 
convulsive status but as the term ‘epileptic pseu-
dodementia’ implies a prolonged course, the 
prognosis for eventual recovery is poor.  

11.4.5     Subdural Hematoma 

 Chronic subdural hematoma is the most frequent 
type of intracranial hemorrhage and may occur in 
the elderly following minor trauma. Patients may 
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show a slow decline in cognitive function with 
confusion, impaired memory, headache and 
motor defi cits or aphasia. Chronic subdural 
hematoma or hygroma should therefore be con-
sidered in the differential dementia of cognitive 
impairment. Diagnosis is by neuroimaging, and 
treatment is surgical evacuation.  

11.4.6     Sleep Apnea 

 Sleep apnea can be associated with memory loss. 
Patients may present with symptoms suggestive 
on cognitive decline, and can account for up to 
8 % of patients attending a young onset dementia 
clinic. Symptoms include daytime somnolence, 
snoring, and morning headache. The reversible 
cognitive decline is thought to relate to sleep 
deprivation and nocturnal hypoxemia. The diag-
nosis is established by overnight polysomnogra-
phy with oxygen saturation monitoring. 
Treatment is with non invasive ventilation using a 
continuous positive air way pressure (CPAP) 
device.  

11.4.7     Neuropsychiatric Conditions 
Associated with Reversible 
Cognitive Decline 

11.4.7.1     Depression 
 Depressive pseudodementia has been defi ned as a 
reversible cognitive impairment of the type seen 
in dementia. It is associated with delusions and a 
history of affective illness. 

 There are few studies of the frequency of 
depressive pseudodementia, although rates as 
high as 18 % have been reported in specialist 
dementia referral centers. 

 Patients with cognitive impairment and con-
comitant depression should be treated aggres-
sively with antidepressants and psychotherapy. 
However, clinically depressed patients with signs 
of pseudodementia are at higher risk of develop-
ing irreversible dementia in 2 or more years. This 
suggests that depression with reversible cognitive 

   Table 11.2    Common drugs that can cause cognitive 
impairment   

 Drug  Effect 

 Amitriptyline  Anticholinergic properties: 
Sedation, confusion, 
delirium, or hallucinations 

 Anticholinergics  Sedation, confusion, 
delirium, or hallucinations 

 Anticonvulsants 
 valproate, 
 levetiracetam 

 Confusion, sedation, elevated 
ammonia 
 Confusion, hallucinations 

 Antihistamines  Anticholinergic properties: 
sedation, confusion, delirium, 
or hallucinations 

 Antipsychotics  Confusion, sedation 

 Antispasmodics (GI)  Anticholinergic properties : 
Confusion, delirium, or 
hallucinations 

 Baclofen  Hallucinations, impaired 
memory, catatonia, mania 

 Barbiturates  Drowsiness, lethargy, 
depression, severe CNS 
depression 

 Long-acting 
benzodiazepines 

 Sedation, drowsiness, 
ataxia, fatigue, confusion, 
weakness, dizziness, 
vertigo, syncope, 
psychological changes 

 Bismuth subsalicylate  Encephalopathy resembling 
dementia. Encephalopathy 
resembling CJD 

 Chlorpropamide  Hypoglycemia, which can 
result in altered mental 
state (confusion, amnesia, 
coma) 

 Digitalis  Headache, fatigue, malaise, 
drowsiness, and depression 

 H2 Receptor 
Antagonists 

 Confusion, hallucinations, 
agitation 

 Indomethacin  Headache, dizziness, vertigo, 
somnolence, depression, 
fatigue 

 Lithium  Confusion, sedation, 
movement disorder 

 Methyldopa  May exacerbate depression 

 Muscle Relaxants  Anticholinergic properties, 
weakness, confusion, 
delirium, or hallucinations 

 Pentazocine  Confusion, hallucinations, 
dizziness, lightheadedness, 
euphoria, and sedation 

 Reserpine  Depression, sedation 
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impairment could be a prodromal phase for 
dementia rather than a risk factor, and that 
patients with depressive pseudodementia should 
be followed closely. 

 The prevalence of depression in people with 
Parkinson disease varies in different reports from 20 
to 80 % and often starts before the motor signs appear 
(See also Chap.   5    ). This problem of diagnosis is com-
pounded because some syndromes are common in 
both conditions: bradykinesia, bradyphrenia, sleep 
and autonomic disorders, anorexia and weight loss, 
apathy, and loss of libido. However, the fundamental 
signs of parkinsonism (include tremor, cogwheel 
rigidity, loss of dexterity, deterioration of handwriting, 
frequent falls or loss of postural control) are not seen 
in patients with depression. 

 Severe depression may also mimic a predomi-
nantly apathetic presentation of FTD; cognitive 
testing should help distinguish the two with dys-
executive features much more prominent in the 
dementia (see also Chap.   7    ).  

11.4.7.2     Catatonia 
 This complex neuropsychiatric syndrome may be 
seen with either a primary psychiatric disorder or 
with a general medical condition. Catatonia may 
mimic other neurodegenerative conditions includ-
ing, FTD and Parkinson disease (Table  11.3 ). The 
acute onset of catatonia, with alternating agitation, 
stupor, and dysautonomia may respond to high-
dose lorazepam or electroconvulsive therapy.

11.4.7.3        Conversion Disorder 
 Conversion disorder is characterized by loss or 
alteration of physical function that suggests a 
physical disorder, but that has a psychological 

basis. Although conversion disorder are more 
likely to occur in younger patients—onset is 
unusual after 35 years of age, symptoms can 
mimic neurodegenerative disease. Common psy-
chogenic mimic symptoms include limb paraly-
sis, diverse movement disorders, gait disturbances, 
blindness and deafness. The patient’s behavior 
seems inappropriately accepting of or indifferent 
to the serious physical symptoms. 

 The Diagnostic and Statistical Manual of 
Mental Disorders (DSM IV) lists six criteria that 
must be fi lled for the diagnosis of conversion dis-
order (Table  11.4 ). All neurological and medical 
causes must be excluded.

11.4.7.4        Late Onset Psychiatric Disease 
 Late onset psychiatric disease may mimic fronto- 
temporal dementia. 

   Table 11.3    Abnormal signs in catatonia   

 Motor 
 Speech & 
language  Behavioral  Autonomic  Laboratory 

 Akinesia 
 Bradykinesia 
 Parkinsonism 
 Tremor 
 Stupor 
 Primitive Refl exes 
 Upgoing Plantars 
 Oculomotor signs 
 Tics 

 Mutism 
 Aphasia 
 Palilalia 

 Agitation 
 Impaired 
judgment 
 Impaired insight 

 Hypertension 
 Pyrexia 
 Diaphoresis 
 Insomnia 
 Tachycardia 

 Leukocytosis 
 Elevated creatine 
kinase (CPK) 
 Abnormal EEG 

   Table 11.4    DSM IV criteria for conversion disorder   

 Patient has one or more symptom affecting voluntary, 
motor or sensory function that suggests a neurological 
or medical condition. 

 Psychological factors are associated with the symptom 
or defi cit. 

 Symptom or defi cit is not intentionally produced, but 
is maintained by secondary gain. 

 Symptom or defi cit cannot be fully explained by a 
general medical condition, by direct effects of a 
substance, or as a culturally sanctioned behavior or 
experience. 

 Symptom or defi cit causes clinically signifi cant distress 
or impairment in social, occupational or other important 
areas of functioning, or warrants medical explanation. 

 Symptom or defi cit is not limited to pain or sexual 
dysfunction, and is not better accounted for by another 
mental disorder. 
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 Of the three main clinical syndromes of FTD 
(See Chap.   7    ), the behavioral variant FTD (bv- 
FTD), is the one most likely to be confused 
with a mimic disorder, the others having a more 
characteristic language dysfunction (semantic 
dementia or progressive aphasia). Detailed neu-
ropsychological testing is helpful in distin-
guishing organic disease from a late onset 
psychiatric disorder.   

11.4.8     Nutritional Causes 
of Reversible Cognitive 
Decline 

 Nutritional causes of cognitive decline may be 
detected by clues in different systems. 

11.4.8.1     Wernicke Encephalopathy 
 This is the result of thiamine defi ciency, usually 
with other nutritional deprivations with alcohol 
abuse. In addition to the cognitive disorder, the 
full syndrome includes ophthalmoparesis and 
ataxia. It is also seen with dialysis, after bariatric 
surgery or intravenous administration of glucose. 
Subacute forms have been reported in a range 
gastrointestinal conditions such as Crohn’s dis-
ease, celiac disease, pancreatitis and other malab-
sorption syndromes.  

11.4.8.2     Pellagra 
 Vitamin B3 deficiency (niacin deficiency) 
may manifest by dementia, dermatitis, and 
diarrhea. Vestibular symptoms, ataxia, nystag-
mus and peripheral neuropathy often precede 
dementia. Carcinoid syndrome may lead to 
relative niacin deficiency because neuroendo-
crine tumors synthetize serotonin instead of 
niacin from the essential amino acid trypto-
phan. Isoniazid and chloramphenicol also 
reduce niacin synthesis. If unrecognized and 
untreated, it may be fatal. 

 Both Wernicke syndrome and pellagra differ 
from neurodegeneration syndromes in younger 
age at onset, more acute onset, more rapid pro-
gression, and reversibility with replacement 
therapy.  

11.4.8.3     B12 Defi ciency 
 Whether B12 defi ciency causes a dementia-like 
disorder has been controversial, but it seems to be 
standard practice to test blood levels routinely 
and, if values are low, to administer the missing 
cobalamin. The neurological syndrome (“com-
bined system disease”) that accompanies perni-
cious anemia results from both myelopathy and 
sensorimotor polyneuropathy. Severity of the dis-
order is related to duration of symptoms before 
treatment. Symptoms may include ataxia of gait, 
distal paresthesias, dementia, psychosis, or visual 
loss. Many individuals with B12 defi ciency are 
asymptomatic these days but some have one or 
more co-morbid autoimmune diseases. Tendon 
refl exes may be increased or decreased and upper 
motor neuron signs may be evident. Distal sen-
sory loss and impaired perception of limb posi-
tion may be found. 

 Almost all patients improve with treatment 
and, in about half, recovery is complete. 
Dementia has been reversed by treatment even 
when B12 levels are still in the low normal 
range.  

11.4.8.4     Refeeding Syndrome 
 Refeeding syndrome is a complex metabolic and 
hormonal disturbance which may lead to dele-
rium, convulsions and coma if not considered in 
severely malnourished patients. During refeed-
ing, insulin levels increase and glucose, potas-
sium and magnesium are shifted intracellularly. 
This rapidly leads to signifi cant serum hypophos-
phataemia, hypomagnesaemia and hypokalaemia 
hich are responsible for refeeding syndrome. 
Careful monitoring and replacement of these 
electrolytes in malnourished patients along with 
B12 vitamin supplementation makes this a pre-
ventable syndrome.   

11.4.9     Toxic Exposures 

 Many heavy metals, pesticides, solvents and gas-
ses can lead to neurological defi cits that can 
mimic a neurodegenerative process. For example, 
manganese toxicity can induce a parkinsonian 
syndrome, lead and arsenic toxicity can induce 
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an encephalopathy, and chronic inhalation of low 
dose elemental mercury is associated with ataxia 
and cognitive impairment. 

11.4.9.1     Alcohol 
 The most common toxic exposure is to ethanol. 
Alcohol abuse is associated with a wide range of 
neurological and neuropsychiatric syndromes 
including cerebellar degeneration, alcoholic 
polyneuropathy, Wernicke-Korsakoff syndrome, 
and alcohol-related dementia. Although the con-
cept of a dementia that is directly related to alco-
hol abuse remains controversial, in the United 
States, it is estimated that alcohol-related demen-
tia accounts for up to 20 % of admissions to state 
psychiatric facilities. The mechanism of alcohol- 
associated cognitive decline is poorly under-
stood, and there are no established treatment 
protocols other than abstinence with psychoso-
cial supports.  

11.4.9.2     Carbon Monoxide 
 Acute exposure to carbon monoxide is one of the 
most common causes of poisoning requiring 
admission to hospital. In the United States the 
incidence of suspected carbon monoxide poison-
ing is approximately 1/10,000 per annum. Acute 
intoxication can lead to encephalopathy and 
coma. Up to 50 % of individuals with carbon 
monoxide poisoning subsequently develop neu-
rologic, neurobehavioral, or cognitive sequelae. 
Some patients experience a progressive course, 
with development of a persistent akinetic-mute 
state. Other patients experience a delayed relapse 
after an initial recovery period of approximately 
3 weeks. Those with the delayed relapsing 
course can develop a parkinsonian state with 
behavioral and cognitive impairment. Brain MRI 
reveals multiple lesions in the subcortical white 
matter and basal ganglia, mostly in the globus 
pallidus, and to a lesser extent in putamen, and 
caudate. 

 Diagnosis should be suspected if the partial pres-
sure of blood oxygen is low, in the presence of appar-
ently normal oxygen saturation. Carboxyhemoglobin 
to hemoglobin ration can either be measured directly 
or estimated using Pulse CO-oximeters. Treatment is 
with hyperbaric oxygen.   

11.4.10     Endocrine Causes 
of Reversible Cognitive 
Decline 

11.4.10.1     Thyroid Disease 
 Clinical hypothyroidism may cause cognitive 
impairment, which can be reversed if treated 
early. There are no long term cognitive sequelae 
in treated hypothyroidism. 

 Hyperthyroidism can cause tremulousness, 
chorea and encephalopathy. Symptoms resolve 
with treatment.  

11.4.10.2     Hashimoto Encephalopathy 
 Encephalopathy in people with high levels of anti-
bodies to thyroid antigens (thyroperoxidase and 
thyroid microsomal proteins) has long been con-
sidered a specifi c syndrome, one likely to respond 
to prednisone therapy, and called “Hashimoto 
encephalopathy”. Most of the cases with this neu-
rologic syndrome have had Hashimoto thyroiditis. 
Other autoimmune thyroid diseases have also been 
described, mainly Graves disease. The pathogen-
esis of this encephalopathy is still unknown and 
largely debated. Cerebral symptoms include 
stroke-like episodes, coma, seizures, subacute 
cognitive decline, and hallucinations. However, 
high serum levels of the same thyroid antibodies 
may be found in many asymptomatic people. 
Moreover, it has not been proven that the antibod-
ies cause the symptoms (or how they might do so) 
and steroid therapy may fail in 50 % of otherwise 
typical cases. Some authors have advocated brain 
biopsy as an important diagnostic test, primarily to 
exclude Creutzfeldt-Jakob disease. 

 In 1999, Caselli et al. proposed a more formal 
name, but the simpler eponym, honoring 
Hashimoto, has not disappeared. The syndrome is 
subacute in onset and course, another difference 
from the chronic features of neurodegeneration.   

11.4.11     Posterior Reversible 
Encephalopathy Syndrome 

 Posterior reversible encephalopathy syndrome 
(PRES) or reversible posterior leukoencephalopa-
thy syndrome (RPLS) has been fi rst described in 
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1996 by Hinchey et al. It may manifest as delirium, 
seizures, visual disturbance, nausea and vomiting 
with poorly localizing but alarming constellation of 
neurological signs. PRES is diagnosed clinically, 
but supported by bilateral occipital, parietal and 
pontine signal intensities on T2-weighted or 
FLAIR MR imaging. The thalami and basal gan-
glia may also be involved. Typically, no gadolin-
ium enhancement is observed, but mild sulcal 
effacement and mass effect with oedema is fre-
quently noted. PRES is associated by a number of 
systemic conditions such as eclampsia, sustained 
hypertension, renal failure, post-partum, or follow-
ing cytotoxic or immunosuppressive therapy, such 
as cyclophosphamide administration. The main-
stay of management is the treatment of the underly-
ing condition which typically leads to radiological 
and clinical resolution within 1–2 weeks,  

11.4.12     Paraneoplastic Causes 
of Cognitive Decline 

 Cognitive impairment is sometimes seen in 
patients with malignant tumors, especially small 

cell lung cancer, lymphoma, thymoma or testicu-
lar cancer (Table  11.5 ). The complex paraneo-
plastic syndromes include disordered sleep 
patterns, hallucinations, behavioral anomalies, 
orthostatic hypotension and the Morvan syn-
drome (neuromyotonia, hypersalivation, hyperhi-
drosis, and insomnia). The clinical picture is that 
of limbic encephalitis with manifestations that 
evolve in days or weeks.

   Other features that distinguish these syn-
dromes are imaging abnormalities in the tempo-
ral lobes, non-infective CSF pleocytosis, and 
presence of serum antibodies to the Hu antigen, 
anti-Ma, and (in the Morvan syndrome) anti-
voltage- gated potassium channels (VGKC) as 
well as other antigens.  

11.4.13     Non-Paraneoplastic 
Autoimmune Syndromes 

 Antibodies to VGKC have been found in several 
reversible conditions without an underlying 
 neoplasm, but the critical antigen and target of 
the antibodies is the synaptic protein leucine-rich 

   Table 11.5    Paraneoplastic neurological syndromes   

 Antibody  Tumor  CNS syndrome 

 Hu  Small cell lung carcinoma  Encephalomyelitis, paraneoplastic 
cerebellar degeneration, limbic 
encephalitis 

 CV2 (CRMP 5)  Small cell lung carcinoma, 
 Thymoma 

 Encephalomyelitis, Chorea, 
 Cerebellar degeneration 
 Limbic encephalitis 

 Amphiphysin  Breast, small cell lung 
carcinoma 

 Stiff person syndrome, encephalomyelitis 

 Ri  Breast, small cell lung 
carcinoma 

 Brainstem encephalitis, cerebellar 
degeneration, opsoclonus myoclonus 

 Yo  Breast, ovary  Paraneoplastic cerebellar degeneration 

 Ma2  Testicular  Limbic encephalitis, brainstem 
encephalitis 

 Voltage gated potassium channel  Small cell lung cancer, 
thymoma 

 Limbic encephalitis, Morvan syndrome, 
Creutzfeldt Jacob-like syndrome 

 NMDA Receptor  Ovarian teratoma  Encephalitis with catatonia, dystonia, 
psychiatric symptoms 

 AMPA Receptor  Small cell lung carcinoma, 
 Thymoma 

 Limbic encephalitis, psychosis 

 Gaba B Receptor  Small cell lung carcinoma  Limbic encephalitis 

 Glycine Receptor  Lung carcinoma  Encephalomyelitis, stiff person syndrome 
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glioma-inactivated 1 (LGI1). The ensuing condi-
tion is an autoimmune synaptic encephalopathy. 
The clinical features of the associated limbic 
encephalitis may be the subacute onset of epi-
sodic memory impairment, disorientation and 
agitation. Movement disorders may also occur, 
and some patients have hyponatremia. 

 Treatment with prednisone, intravenous 
immunoglobulins, or plasmapheresis leads to 
improvement of about 80 % of patients with 
VGKC antibodies. Although these fi ndings sug-
gest autoimmunity, it is not clear how these or 
other antibodies damage the brain.   

11.5     Superfi cial Siderosis 

 Superfi cial siderosis is a relatively uncommon con-
dition caused by hemosiderin deposition in ana-
tomical structures exposed to the cerebrospinal 
fl uid in the subarachnoid space. It typically results 
from chronic subarachnoid haemorrhage from 
arteriovenous malformations, ependynoma, neuro-
surgery or prior CNS trauma. Frequently no under-
lying aetiology is identifi ed despite extensive 
neuroimaging. The manifestations of superfi cial 
siderosis are diverse ranging from cognitive impair-
ment, ataxia, sensorineural hearing loss, anosmia 
and it may manifest in upper motor neuron dys-
function. A hypointense rim may be visible on 
axial T2-weighted MR imaging around the spinal 
cord, medulla, pons and cerebellum. The identifi -
cation of the source of the bleeding can be chal-
lenging and if not identifi ed treatment with iron 
chelators such as deferiprone is often attempted.  

11.6     Mimics of Parkinson Disease 

11.6.1     Tauopathies, Dementia, 
and Parkinsonism 

 Neurodegeneration may cause parkinsonian disor-
ders that can be divided into two major categories 
based on postmortem histological fi ndings. First, 
are the synucleinopathies, which include Parkinson 
disease dementia (PDD), dementia with Lewy bod-
ies, and multiple system atrophy. Disorders in the 

second group are “tauopathies”, including progres-
sive supranuclear palsy and corticobasal degenera-
tion, as well as AD and FTLD. Both categories are 
multisystem syndromes and both include clinical 
manifestations of parkinsonism in combination 
with dementia, oculomotor abnormalities and other 
basal ganglia signs (Table  11.6 ). Therefore, parkin-
sonism can result from other mimic conditions. 
(See also Chaps.   4    ,   6    ,   7    , and   10    ).

11.6.2        Drug-Induced Parkinsonism 

 Fifty years ago, reserpine was found to cause par-
kinsonian symptoms and signs, an observation 
leading to the discovery that dopamine content in 
the brain is depleted in Parkinson disease. 
Tetrabenazine administration also depletes dopa-
mine and can also cause parkinsonism. Later 
came the antipsychotic neuroleptics, which act 
by a different mechanism, blocking receptors for 
dopamine and also inducing parkinsonism. Some 
neuroleptic drugs were fi rst thought to cause 
fewer extrapyramidal disorders and were 
 therefore called ‘atypical’ but that view was 
proven wrong with continued experience. 

 The neuroleptic drugs include haloperidol, 
chlorpromazine and metoclopramide. Other 
pathophysiological mechanisms seem to be 
involved in the parkinsonian syndromes ascribed 
to fl uoxetine, lithium, amiodarone or valproic acid 
(Table  11.7 ). Mild parkinsonism is sometimes tol-
erated for the benefi cial antipsychotic effects of 
quetiapine, olanzapine, and risperidone.

   Drug-induced parkinsonism can mimic Parkinson 
disease in all major features including rigidity, brady-
kinesia, tremor and postural abnormalities. 
Bradykinesia is the most common symptom. The 
condition can be distinguished from idiopathic 
Parkinson disease by the history of drug exposure in 
the context of symptom- onset, age at onset, duration 
of symptoms, the nature of the tremor (pill rolling 
tremor is rare in drug-induced parkinsonism), the 
presence of symmetry (Parkinson disease tends to be 
asymmetric), and response to anticholinergics 
(Table  11.8 ). Neuroleptic-induced parkinsonism usu-
ally improves when the offending drug is discontin-
ued, but recovery may take several weeks.
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   Sometimes, persistent parkinsonism after 
withdrawal of the offending drug proves to be the 
onset of true Parkinson disease.  

11.6.3     Street Drugs and Frozen 
Addicts 

 In 1984, Langston and associates described the 
appearance of parkinsonism in men who were 
using a home-brewed version of meperidine. The 
contaminant that proved to be causal was 

   Table 11.6    Classifi cation of Parkinsonian dementia syndromes   

 Etiology  Clinical manifestations 

  Degenerative  

 PDD  Parkinsonism precedes dementia. 

 DLB  Visual hallucinations, fl uctuating mental state; variable 
parkinsonism; REM sleep disorder; neuroleptic sensitivity; falls. 

 PSP  Impaired balance, bulbar signs, down- gaze limited. 

 CBD  Dementia with limb apraxia, myoclonus, parkinsonism 

 MSA Cerebellar (OPCA)  Brainstem signs; cerebellar atrophy; oculomotor disorders. 

 MSA Parkinsonism  Parkinsonism; autonomic disorders (urinary incontinence; 
orthostatic hypotension; cerebellar signs). 

 Prion Disorders  Rapidly progressing dementia, ataxia, PRES. 

  Secondary Parkinsonism  

 Drug-induced  Neuroleptics; metaclopramide, promethazine, valproate. 

 Vascular  Subcortical infarcts, white matter lesions. 

 NPH  Magnetic gait, urinary incontinence, dementia. 

  Hereditable metabolic disorders  

 Wilson disease  Abnormal copper metabolism, hepatic failure, Kayser- Fleischer 
rings. 

 Hallervorden-Spatz (“Neurodegeneration 
with brain iron accumulation”, NBIA) 

 Iron deposits in basal ganglia; familial or sporadic with 
parkinsonism, dystonia, dementia. 

 Basal ganglia calcifi cation (Fahr disease).  Familial, autosomal dominant or recessive dementia with 
parkinsonism. 

  Reproduced from Possin and Kaufer ( 2010 ) 
  Abbreviations :  CBD  Corticobasal degeneration,  CBS  Corticobasal syndrome,  DLB  Dementia with Lewy bodies,  PDD  
Parkinson disease dementia,  MSA  Multiple system atrophy,  NPH  Normal pressure hydrocephalus,  OPCA  
Olivopontocerebellar syndrome,  PRES  Posterior reversible encephalopathy syndrome,  PSP  Progressive supranuclear 
palsy,  REM  Rapid eye movement  

   Table 11.7    Drugs that can MIMIC Parkinson disease   

 Neuroleptics 

 Reserpine 

 Tetrabenazine 

 Methyldopa 

 Alpha methyltyrosine 

 Lithium 

 Diazoxide 

 Physostigmine 

 Metocolpramide 

 Trazodone 

 Meperidine 

 Cimetidine 

 Cinnarizine 

 Flunarizine 

   Table 11.8    Differentiation of Parkinsonian disorders   

 Idiopathic 
Parkinson disease 

 Drug induced 
Parkinsonism 

 Exposure to 
neuroleptics 

 No  Yes 

 Age at onset  >50  <50 

 Natural history  Progressive  Resolves after 
discontinuation 
of neuroleptic 

 Tremor  4–6 Hz, 
supination 
pronation 

 Action/Postural 

 Distribution  Asymmetric  Symmetric 
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N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP). The parkinsonian features were compa-
rable those seen in PD and were partially respon-
sive to levodopa but seemed permanent. Animal 
models of PD have been created with MPTP and 
5-hydroxy tryptophan. Ephedrone (methcathi-
none) is another intoxicant that can cause parkin-
sonism in opiate addicts.  

11.6.4     Vascular Parkinsonism 

 Whether cerebrovascular disease can cause par-
kinsonism is a question that does not go away. 
Critics point out that both conditions are rela-
tively common and affect elderly people. Even 
by chance, the presence of either disorder is 
probably a risk factor for the other. Nevertheless, 
vascular parkinsonism and Parkinson disease dif-
fer in clinical manifestations 

 Vascular parkinsonism is less likely to include 
the pill-rolling tremor, and is more likely to affect 
the lower body, with postural instability, freez-
ing, and falling, as well as hyperactive tendon 
refl exes with Hoffmann and Babinski signs. 
These patients are more likely to have had a his-
tory of stroke, are more likely to have stroke risk 
factors (hypertension, smoking, diabetes, hyper-
lipidemia, heart disease) and are much less likely 
to benefi t from levodopa therapy. 

 This debate involved two of neurology’s lead-
ers. In a multi-authored 1954 book on parkinson-
ism, the editor (Lewis J. Doshay) asked Houston 
Merritt to write the preface. He opined: “It is also 
possible that degeneration of the basal ganglia, as 
a result of arteriosclerosis, can produce the char-
acteristic symptoms, but the pathological evi-
dence for such a relationship is not unequivocal. 
In addition, there are few satisfactory criteria for 
the establishment of the clinical entity of arterio-
sclerotic parkinsonism.” Merritt attributed the 
disorder to “unknown cause” or “so-called idio-
pathic parkinsonism”. A few pages later, Denny- 
Brown wrote a section entitled “Arteriosclerotic 
Parkinsonism.”. Neither author referred to the 
other.  

11.6.5     Normal Pressure 
Hydrocephalus 

 Normal pressure hydrocephalus (NPH) is the 
main problem in differential diagnosis of vascu-
lar parkinsonism; bradykinesia is seen in almost 
half of NPH patients and frank parkinsonism has 
been reported in up to 11 % of those patients. The 
clinical syndrome is the triad of dementia, ataxia, 
and urinary incontinence. Numerous imaging 
tests have been advocated to improve prediction 
of a good response to diverting the outfl ow of 
CSF. If CSF drainage and shunting help relieve 
NPH, the parkinsonism may also improve.  

11.6.6     Binswanger Disease 
(Subcortical Vascular 
Cognitive Impairment, 
Leukoaraiosis) 

 Vladimir Hachinski, the modern authority on this 
syndrome, concluded that the eponym should not 
be used. With John Bowler, he writes that 
“Binswanger” has become a popular term in the 
era of modern imaging to describe asymptomatic 
changes seen in MRI or CT. However, they prefer 
the word “leukoaraiosis” for that asymptomatic 
condition. A dictionary defi nition of leukoaraio-
sis is: “Decreased vascular density, especially in 
deep white matter in the brain, on MRI or CT; 
may be caused by demyelination, gliosis, or 
decreased perfusion.” Bowler and Hachinski 
describe MRI changes of “extensive deep white 
matter lesions sparing subcortical U-fi bers and 
corpus callosum.” That is, the disorder is defi ned 
by the MRI appearance of diffuse high signal in 
the white matter. It is often seen in asymptomatic 
people but may be seen with dementia or parkin-
sonism. Cognitive impairment is seen more often 
than the vascular parkinsonism described above. 
Despite admonitions from respected authorities, 
the eponym honoring Binswanger is still used for 
the combination of dementia with imaging evi-
dence of “subcortical vascular cognitive impair-
ment”. (See also Chap.   4    .)  
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11.6.7     Hepatolenticular Degeneration 
(Wilson Disease) and Other 
Hereditary Movement 
Disorders 

 According to a literature review by Lorincz, par-
kinsonism is seen about 17 % of patients with 
Wilson disease, with onset of symptoms at about 
age 20. Liver failure is usually evident and cere-
bellar tremor is seen more often than parkinsonism 
(mean 36 %) so the correct diagnosis is usually 
evident. Pfeiffer, however, was skeptical about any 
association of parkinsonism with Wilson disease. 
Similarly, juvenile parkinsonism may be seen with 
mutations of other movement disorder genes, 
including Huntington disease, dentatorubro-palli-
doluysian atrophy, Hallervorden-Spatz disease, 
and neuronal intranuclear inclusion disease as well 
as mutations of mitochondrial DNA.  

11.6.8     Idiopathic Basal Ganglia 
Calcifi cation (FAHR 
Syndrome) 

 Once again, experts disparage use of the eponym 
in reviewing this syndrome. Yet, once again, the 
eponym continues to be used. The disease is 
defi ned by the imaging abnormalities that show 
widespread intracranial calcifi cation of the basal 
ganglia, with or without concomitant hypopara-
thyroidism, and clinically manifest by dementia, 
parkinsonism, or both. In some families, inheri-
tance seems to be autosomal dominant. Calcifi c 
deposits are sometimes seen with other diffuse 
cerebral disorders.  

11.6.9     Pantothenate 
Kinase- Associated 
Neurodegeneration (PKAN) 
(Hallervorden-Spatz Disease) 

 Most often this is a disease of children but 
symptom- onset occurs after age 10 in about 25 % 
of affected people. Inheritance is autosomal 

 recessive and caused by mutations in  PANK2 , 
which leads to iron deposition in the basal gan-
glia. Symptoms include dystonia, dysarthria, pig-
mentary retinopathy, and lower body 
parkinsonism. Orobuccolingual dystonia may 
cause mutilating tongue-biting. Upper motor 
neuron signs may be seen. MRI shows the eye-
of- the-tiger sign, a central hyperintensity sur-
rounded by hypointensity on T2 images of the 
globus pallidus.   

    Conclusion 

 Careful attention to history and clinical exam-
ination is required to ensure that important 
clues to a mimic syndrome are not overlooked. 
Atypical features should be assiduously 
assessed and pursued. Systemic signs may 
point to an underlying neoplasm, raising the 
possibility of a paraneoplastic disorder. A his-
tory of poor sleep and loud snoring may reveal 
a diagnosis of sleep apnea. 

 Routine hematological and biochemical 
tests should be performed in all cases, as 
should CSF analysis and detailed neuroimag-
ing. Heavy metal screening may be useful in 
those with occupational exposures. EEG can 
be helpful in differentiating clinical sydromes- 
for example the preservation of alpha rhythm 
in the FTDs and its early disintegration in AD 
(Chaps.   4     and   7    ); or the presence of epilepti-
form changes in a patient with epilepsy asso-
ciated amnesia. Nerve conduction studies can 
identify evidence of conduction block in 
patients with multifocal motor neuropathy 
(Chap.   8    ). 

 The course of mimic syndromes often dif-
fers from true neurodegenerative disease, and 
perhaps the most important diagnostic test is 
careful clinical evaluation over time. Patients 
should be reviewed regularly. 

 Failure to progress, or the development of 
new or atypical signs should trigger a full re- 
evaluation. And during each clinical review, 
the clinical should pose the question: “Could 
this be a mimic syndrome?”     
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12.1            Introduction 

 Prion diseases are a diverse group of human and 
animal neurodegenerative disorders; examples 
include sheep scrapie, bovine spongiform encepha-
lopathy (BSE) and human Creutzfeldt–Jakob dis-
ease (CJD). The most notable feature of these 
diseases is the potential for transmission between 
humans and animals. The pathogenesis of these 
conditions involves a cell surface glycoprotein 
termed the ‘prion protein’ (or PrP C , “C” for cellular 
or normal isoform). Human prion diseases are most 
usefully classifi ed by aetiology as inherited, 
acquired or unknown (sporadic). In general physi-
cians should consider these diseases in patients 
presenting with rapidly progressive dementias and 
in those with dementia and additional neurological 
signs or psychiatric symptoms. As will be described 
below however, the group is remarkable for its het-
erogeneity and has mimicked virtually all other 
neurodegenerative syndromes in the early phases. 

 The infectious agent of prion disease comprises 
an abnormal isoform of the prion protein (termed 
PrP Sc , “Sc” for scrapie isoform). PrP C  is found on 

cell surfaces throughout the body, but with 
enhanced expression in the nervous and immune 
systems. It predominantly has an alpha helix struc-
ture and its function is unknown (Fig.  12.1 ). The 
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  Fig. 12.1    Image of the structure of PrP C  showing three 
alpha helices, a single disulphide bond, up to two carbo-
hydrate moieties and attachment to the cell surface via a 
glycosylinositolphosphate anchor. An N-terminal region 
containing octapeptide repeats appears to be unstructured 
and is not shown       
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disease-associated form of the protein is largely of 
beta-sheet structure although the precise structure 
of the infectious form remains uncertain. Many 
prion diseases are transmissible; it is hypothesized 
that transmission occurs because the misfolded 
protein acts as a template that encourages conver-
sion of normal host prion protein into the form 
detected in disease.

12.2        Clinical Features of Prion 
Diseases 

12.2.1     General Overview 

 Although there is considerable heterogeneity in 
the clinical picture of the prion diseases there are 
a number of core features. All are associated with 
 cognitive  decline at some stage of the illness 
which characteristically is rapid. This decline 
may remain focal for some time but ultimately 
becomes global. Memory, speech and executive 
functions are often involved early. Many patients 
are profoundly apraxic and some have complex 
articulation and language disturbances. The latter 
preferentially involves expression rather than 
comprehension in most cases and can be extremely 
prominent in some genetic types. Other features 
dependent on parietal function, such as getting 
lost in familiar surroundings and dressing apraxia, 
are frequent. Frightening visual hallucinations 
frequently occur but high order visual dysfunction 
is uncommon except in the Heidenhain variant of 
sporadic CJD. Executive dysfunction is common 
and often associated with behavioural change. 
The latter may require careful management and 
comprise irritability, aggression or withdrawal 
from normal social interchange. 

  Neurological symptoms and signs  indicate 
involvement of multiple components in the ner-
vous system, which is often the fi rst clue to a 
prion disease vs. more common dementias. In the 
motor systems, ataxia, especially of gait, and 
dysarthria are early features in many types of 
CJD including variant CJD (vCJD), kuru, iatro-
genic CJD (iCJD) and some types of sporadic 
CJD. Abnormal movements, especially myoclo-
nus of cortical or subcortical type, is  characteristic 

of most types of prion disease, especially spo-
radic CJD. Chorea is found in a proportion of 
sporadic and variant CJD, and exceptionally alien 
limb phenomena and epilepsia partialis continua 
have been reported. Stiffness with increased tone 
in the limbs and neck occurs in many types of 
CJD. This tone increase commonly has extrapy-
ramidal features, especially in the upper limbs, in 
addition to spasticity. Fasciculation rarely occurs. 
Power in general is relatively preserved but hemi-
paresis or a stroke-like onset has been described. 

 Sensory loss is not often detected because the 
patients are frequently not capable of cooperating 
with the examination. Hyperaesthesiae is typical 
of vCJD and iCJD due to growth hormone and 
loss of thermal sensation occurs in some inher-
ited prion disease. Sensory loss and autonomic 
failure is prominent in PrP-systemic amyloidosis 
associated with truncating mutations of  PRNP . 

 Late in the course of all these diseases incon-
tinence develops. Ultimately most patients enter 
a state of akinetic mutism. Death generally fol-
lows decreasing conscious level, pneumonia and 
respiratory failure or sepsis.   

12.3     Sporadic CJD 

 Sporadic CJD (sCJD) is the most frequent type of 
spongiform encephalopathy in man. Although a 
rare disease with an incidence of 1–2 per million 
throughout the world, ascertainment in old age, 
when dementia is prevalent, remains an impor-
tant unknown. The most frequent phenotype is of 
a rapidly progressive disease characterised by 
cognitive decline, visual disturbance, apraxia, 
ataxia and myoclonus. Typically the age of onset 
is between 55 and 70 years but many cases occur 
outside this range; cases in the 70–85 years range 
have probably been overlooked in the past but 
cases under the age of less than 45 years are rare. 
Only three cases of sporadic CJD younger than 
30 years old have been identifi ed in the UK since 
1970. The disease affects males slightly less fre-
quently than females. Death typically occurs in 
5 months from onset in the majority, with only an 
atypical 10 % surviving up to 2 years, or excep-
tionally even longer, from onset. 
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 Clinicians have long recognised different phe-
notypes of sCJD, that described by Jones and 
Nevin being the most frequent. Myoclonus is char-
acteristic at some stage of the disease in virtually 
all cases but can be subtle. The Heidenhain variant 
is not infrequent and is characterised by visual dis-
turbance culminating in cortical type blindness. 

 Other phenotypes include an ataxic variant, a 
thalamic variant and a panencephalitic type with 
extensive white matter change, these latter being 
mainly in the Japanese literature but may merely 
refl ect long duration of disease where more grey 
matter is destroyed. It is uncertain if an amyotrophic 
type occurs and these cases, if they exist, have not 
been transmitted. Some case series describe groups 
with long pure cognitive and/or psychiatric phases 
early in the clinical course. Whether or not these 
different phenotypes represent distinct disease enti-
ties or extremes of a range of involvement of differ-
ent neurological systems is not clear. 

12.3.1     Diagnostic Criteria 

 The World Health Organisation have drawn up 
criteria for diagnosing various types of CJD and 
recently MRI criteria have been recommended to 
be added (Table  12.1 ). While these criteria are 

useful in epidemiological surveys ensuring uni-
formity of data, they may be restrictive in clinical 
trials where early diagnosis is essential.

12.4         Pathology 

 Macroscopically the cerebral hemispheres in 
sCJD are often of normal appearance although 
atrophy occurs in long standing cases. Cerebellar 
atrophy occurs in kuru, iCJD, vCJD and 
Gerstmann–Sträussler–Scheinker syndrome 
(GSS) and there is striking thalamic atrophy in 
familial fatal insomnia. 

 The characteristic microscopic features of 
prion diseases on haematoxylin and eosin stain-
ing are spongiform degeneration of the cerebral 
cortex, neuronal loss and gliosis associated with 
amyloid deposition in some cases (Fig.  12.2 ). 
Spongiform change begins in the dendrites, espe-
cially the presynaptic zones, and expands to form 
vacuoles in the neuropil. This is different to some 
animal prion diseases in which only the latter is 
usually apparent. Typically the vacuoles are 
2–20 μm but can expand into much larger struc-
tures. The vacuoles have numerous membranous 
fragments in them on electron microscopy. In 
sporadic disease cortical layers four and fi ve are 
most affected in the typical case with additional 
pathology in the basal ganglia, thalamus and cer-
ebellum. Some of the inherited diseases have 
relatively little or no vacuole formation. There is 
substantial neuronal loss in most cases that 
increases with time.

   The distribution of pathology is dependent on 
the type of CJD. In vCJD and the insomnias tha-
lamic damage is prominent while in Gerstmann 
Straussler Scheinker disease (P102L) the cere-
bellum is most involved. Neuronal loss and glio-
sis occur in a similar distribution. It should be 
emphasised that these changes are variable 
between patients even in those with the same 
phenotype. 

 Understanding the microscopic pathology has 
been greatly enhanced by the development of 
specifi c PrP immunostains, which not only dem-
onstrate amyloid plaques better, but also show 
other abnormalities not apparent on routine 

   Table 12.1    MRI-CJD consortium criteria for sporadic 
Creutzfeldt–Jakob disease   

  I- Clinical signs  (with a symptom duration of less 
than 2 years) 

 Dementia 

 Cerebellar or visual 

 Pyramidal or extrapyramidal 

 Akinetic mutism 

  II- Tests  

 Periodic sharp wave complexes on the EEG 

 14-3-3 protein detection in the CSF 

 High signal abnormalities in caudate nucleus and 
putamen or at least two cortical regions (temporal, 
parietal or occipital) either in diffusion-weight 
imaging (DWI) or fl uid attenuated inversion recovery 
(FLAIR) MRI 

  Probable CJD  

 Two out of I and at least one out of II 

  Possible CJD  

 Two out of I and duration less than 2 years 
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stains. Amyloid plaques, comprising aggrega-
tions of PrP Sc , occur in a variety of prion diseases. 
In sCJD they occur in about 10 % of patients; 
they have a dense core with a fi brillary halo, the 
so called kuru plaques (Fig.  12.2 ). Some inher-
ited disorders such as GSS (P102L) have numer-
ous plaques in the cerebellum which have a 
multicentric appearance while those patients with 
the 6-OPRI mutation have a pathognomonic lin-
ear arrangement in the cerebellum perpendicular 
to the surface. In contrast patients with familial 
insomnia have no amyloid plaques. vCJD patients 
have numerous large fl orid plaques with a char-
acteristic pattern of fi brillary structure sur-
rounded by spongiform change (Fig.  12.2 ). 

 Non-plaque deposition occurs in all cases of 
sCJD. The deposits can be granular synaptic, 

 perineuronal decorating the neurones, or 
 perivacuolar; the type of deposition depends on 
the subtype of sCJD and usually one type domi-
nates (Fig.  12.2 ). In some cases there are so called 
mini-plaques which occur particularly in iCJD. 

 Tau inclusions are common in all types of CJD 
and are particularly prominent in vCJD in spite of 
the young age of the patients. Tau co-localises 
with prion amyloid. The morphology of Tau 
deposits is different to that seen in Alzheimer’s 
disease. In the latter the deposits are thread like 
whereas in CJD they form minute rods. 

 The pathology in the spinal cord and nerve 
roots is less well documented. Few autopsy stud-
ies have been done in sCJD but in iCJD with 
P102L mutation there is loss of fi bres in the cor-
ticospinal, spinocerebellar and gracile tracts. 
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  Fig. 12.2    Examples of prion pathology courtesy of 
Professor Sebastian Brandner, UCL Institute of Neurolgy. 
( a ) spongiform change in sCJD (H&E), ( b ) gliosis and 
spongiform change in sCJD (GFAP), ( c ) kuru-like plaques 
in sCJD (ICSM35), ( d ) perineuronal PrP staining in sCJD 

(ICSM35), ( e ) perivacuolar PrP staining in sCJD 
(ICSM35), ( f ) synpatic PrP staining in sCJD (ICSM35), 
( g ,  h ) fl orid plaques in vCJD (H&E, ICSM35), ( i ) PrP 
deposition in a tonsillar biopsy specimen in vCJD 
(ICSM35)       
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Patients carrying the E200K mutation sometimes 
have a mixed axonal and demyelinating sensori- 
motor neuropathy. 

 While the pathology in sCJD, the insomnias, 
inherited disease and some of the iatrogenic dis-
ease (growth hormone and dural implantation) 
the abnormalities are confi ned to the CNS includ-
ing the spinal cord, this is not the case with vCJD, 
or PrP systemic amyloidosis. These diseases 
have systemic pathology, notably in vCJD in the 
lymphoreticular system, including the spleen, 
and in this respect are similar to cervid chronic 
wasting disease (CWD), ovine and caprine scra-
pie, and to a lesser extent BSE. Prion staining is 
positive early in the course of the disease in ani-
mals and precedes the encephalopathy, a situa-
tion that almost certainly applies to man. The 
deposition in the lymphatic tissue is the basis of 
tonsil biopsy for diagnosis in vCJD where all 
defi nite cases have been positive (Fig.  12.2 ). 

 PrP systemic amyloidoses are a group inherited 
prion diseases, of which Y163X is the best docu-
mented, and are characterised by vascular and 
parenchymal PrP amyloid with a broad distribu-
tion in the CNS and systemic organs. These 
patients present with diarrhoea, autonomic failure, 
sensory neuropathy and urinary incontinence. 

12.4.1     Molecular Classifi cation 

 Since the advent of prion protein gene ( PRNP ) 
analysis and prion protein analysis by Western 
blotting, a molecular classifi cation of sporadic 
CJD has emerged. Although the subdivision of 
sCJD in this way is of interest from a research 
perspective, to date, it has little clinical relevance. 
Nevertheless some new facts have emerged. 
Firstly, a polymorphic genetic variant at  PRNP  
codon 129 between methionine and valine, is one 
factor that is particularly important in determining 
the clinical phenotype and type of PrP Sc  observed 
by Western blot. Second, two classifi cations have 
been developed in which the genotype at codon 
129 is combined with prion protein electropho-
retic pattern on Western blot after partial digestion 
with protease viz that of Parchi and colleagues, 
and that of the London (MRC Prion Unit). The 

patterns of PrP staining after Western blot 
(Fig.  12.3 ) are different because of differential 
protease cleavage and differing predominance of 
three glycosylation states. The situation is further 
complicated by the sensitivity of Western blot 
protocols to changes in the experimental condi-
tions and the frequent coexistence of types when 
multiple brain areas are examined.

   As a starting point in the following discussion 
the London classifi cation will be used and this is 
compared to the Parchi typing. In general, homo-
zygosity at codon 129 causes a more aggressive 
disease. Type 1 patients who are 129MM tend to 
have the classical CJD phenotype with a mean 
age of 55–60 years and survival of weeks. Type 2 
patients who are 129MM differ in that the course 
of the disease is usually longer (a few months) 
and they are younger with a mean age of onset of 
about 50 years, although ascertainment may be 

  Fig. 12.3    Western blot ( left ) of four patient brain samples 
prepared by homogenization in phosphate buffered saline, 
partial protease digestion using proteinase K, and immu-
noblotting. Three PrP immunoreactive bands are seen 
related to three glycosylation states (un-, mono-, and 
diglycosylated). Types 1–3, distinguished by molecular 
weight, are seen in sCJD with restriction to certain codon 
129 genotypes (below). Type 4, distinguished from spo-
radic types by the predominance of the diglycosylated 
( top ) band, is exclusively seen in vCJD       
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an infl uence here. In the Parchi classifi cation 
there is no distinction between London types 1 
and 2, thus giving a wider range of age and dura-
tion in their type MM1. 

 The most frequent type of sCJD in the London 
series is type 2 MM comprising some 45 % of all 
cases while about 16 % were type 1MM. The 
number of homozygous VV cases is smaller in all 
series making accurate description of the clinical 
picture less reliable. Certain rare forms of sCJD 
appear to be most distinct from the others. 
Heterozygosity at codon 129 causes a less aggres-
sive disease in general, with longer survival, and 
the patients can initially mimic other neurode-
generative disease such as the frontotemporal 
dementias or have a marked apraxia at onset, and 
little or no myoclonus. 

 One fi nal, but very rare, form of sCJD is spo-
radic fatal insomnia, a condition that is associ-
ated with autonomic features. This condition is 
characterised by thalamic involvement. There is a 
wide age range with a mean of about 50 years and 
duration of 16 months. The cases are classifi ed as 
Parchi MM2 (thalamic) type. 

 A new type of sporadic prion disease was 
described in 2008 and 2010 termed variably pro-
teinase sensitive prionopathy. These patients 
have clinical courses of 6 months – 4 years, and a 
predominance of behavioural and cognitive 
signs, compared with motor or cerebellar fea-
tures. The condition also differs from sporadic 
CJD in its histopathological and immunoblotting 
features, with a ladder like electrophoretic profi le 
on Western blot. 

 Development of a molecular classifi cation for 
human prion disease may have implications for 
epidemiological research into the causes of spo-
radic CJD, whose aetiology remains obscure. 
Spontaneous conversion of PrP C  to PrP Sc  as a rare 
stochastic event, or somatic mutation of  PRNP , 
resulting in expression of a pathogenic PrP 
mutant are plausible explanations for sporadic 
CJD. However other causes for at least some 
cases including environmental exposure to 
human prions, or exposure to animal prions may 
also be important. In this regard, the number of 
prion strains causing sheep scrapie has yet to be 
established and epidemiological data cannot 

exclude this as a cause of a minority of cases. As 
future research begins to provide a more precise 
understanding of the origins of human prion dis-
ease, this will facilitate re-analysis of epidemio-
logical data, and is likely to reveal important risk 
factors that might have been obscured by analys-
ing sporadic CJD as a single entity.   

12.5     Inherited Prion Disease (IPD) 

 There are at least 35 different pathological muta-
tions causing inherited prion disease (IPD, 
Fig.  12.4 ). There are broadly three types of muta-
tion viz: alteration of the normal number of a 
nonapeptide followed by four octapeptide repeats 
between codons 51 and 91 of  PRNP , or point 
mutations in the C-terminal portion of the pro-
tein, and premature truncation of the protein by 
stop codon mutations.

   Phenotypes can be highly variable even in 
patients with the same mutation and within a 
family. Some of these cases have been transmit-
ted to other species but many have not, particu-
larly those reported from a single family. Failure 
of transmission in experimental situations does 
not necessarily mean that transmission will not 
occur given the appropriate route of inoculation 
and genetic background of the recipient. A sum-
mary of the mutations so far described is shown 
in Table  12.2 .

12.5.1       Octapeptide Repeat Insertion 
Mutations (OPRI) 

 In the UK a number of families with six extra octa-
peptide repeats have been described. The largest 
group of over 100 patients has a 144 bp insertion 
(6-OPRI). These patients have a mean age of onset 
of symptoms of 35 (20–53) years and mean age at 
death of 45 (30–65) years. Interestingly those with 
methionine homozygosity at codon 129 have an 
earlier onset (by about 10 years) than heterozy-
gotes although the duration of the illness is similar 
between genotypes. Younger patients have a 
slightly longer course. Typically patients present 
with cortical cognitive defi cits encompassing 
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  Fig. 12.4    Pathogenic mutations ( red above ) and polymorphic changes ( green below ) in the prion protein gene are 
shown on this schematic. The central grey bar also illustrates the secondary structural features of the prion protein       

   Table 12.2    In this table the mean age (years) of onset, range of ages and clinical features of IPD mutations is shown   

  PRNP  
mutation  Median onset  Range  Clinical features 

 Modifi cation by 
codon 129 
genotype 

 Transmission of 
disease to laboratory 
animals 

 P102L  50  25–70  GSS, CJD, psychiatric 
presentations, 
heterogenous 

 Possible  Yes 

 P105L  45  38–50  GSS, spastic paraparesis  Not known  Not known 

 G114V  22  18–27 in 
one family 

 GSS, Neuropsychiatric 
and extrapyramidal signs 
prominent 

 Not known  Not known 

 A117V  40  20–64  GSS with early cognitive, 
neuropsychiatric, 
extrapyramidal features 

 Yes  No 

 G131V  42  GSS  Not known  Not known 

 Y145X  38  Alzheimer-like dementia  Not known  No 

 R148H  72  63–82  CJD  Not known  Not known 

 Q160X  40  32–48  Unspecifi ed dementia  Not known  Not known 

 D178N  50  20–72  FFI, CJD  Possible  Yes 

 V180I  74  58–81  CJD  Not known  Not known 

 T183A  45  37–49  Prominent behavioral 
abnormalities, one patient 
with dementia and no 
additional signs 

 Not known  Not known 

 Y163X  30  30–50  Early diarrhea and 
autonomic neuropathy 
 Late development of CNS 
symptoms 

 Not known  No 

 H187R  32  20–53  Early onset with 
personality disorder in one 
family 

 Not known  Not known 

(continued)
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 acalculia, language dysfunction, apraxia and 
memory impairment together with frontal behav-
ioural disturbance. There is some evidence that 
scholastic achievement is poor before overt clini-
cal signs are apparent. Similarly work history 
often shows a progressive decline before the diag-
nosis is established. Physical signs include ataxia, 
corticospinal and extrapramidal features. 
Myoclonus occurs but seizures are rare. The phe-
notype is variable within families suggesting 
genetic or other factors, additional to codon 129, 
play an important part in the clinical picture. 

 A number of different 5-OPRI mutations have 
been described including at least fi ve families 

from the UK, South Africa and N. Ireland. The 
phenotypic variation is probably greater in this 
group than with any other mutation. The age of 
onset ranges from the third to the seventh decade 
and the duration from of the illness from 4 months 
to 15 years. Some patients are indistinguishable 
from sCJD but most have a slower dementing 
disorder mistaken for Alzheimer’s disease, only 
later accompanied by apraxia, ataxia and some-
times myoclonus. Additional features include 
pyramidal signs in many and less commonly 
myoclonus and extrapyramidal features. 

 Seven, eight and nine octapeptide repeat inser-
tions have been described all with pathological 

Table 12.2 (continued)

  PRNP  
mutation  Median onset  Range  Clinical features 

 Modifi cation by 
codon 129 
genotype 

 Transmission of 
disease to laboratory 
animals 

 T188A  82  CJD  Not known  Not known 

 T188K  59  CJD  Not known  Not known 

 E196K  69  CJD  Not known  Not known 

 F198S  56  40–71  GSS  Yes  Not known 

 E200K  58  33–78  CJD  Yes  Yes 

 D202N  73  Dementia  Not known  Not known 

 V203I  69  CJD  Not known  Not known 

 R208H  59  58–60  CJD  Not known  Not known 

 V210I  58  54–68  CJD  Not known  Not known 

 E211Q  69  CJD  Not known  Not known 

 Q212P  60  Ataxia, no dementia  Not known  Not known 

 Q217R  64  62–66  CJD, frontotemporal 
dementia 

 Not known  Not known 

 4-OPRI  62  56–82  CJD  Not known  Not known 

 5-OPRI  45  26–61  GSS, CJD, Alzheimer- 
like, variable, some with 
prominent extrapyramidal 
signs 

 Yes  Not known 

 6-OPRI  34  20–53  GSS, CJD, variable, 
personality and psychiatric 
features and 
extrapyramidal signs 

 Yes  Yes 

 7-OPRI  29  23–35  GSS, CJD, variable, 
personality and psychiatric 
features 

 Not known  Yes 

 8-OPRI  38  21–55  GSS, CJD, variable, 
personality and psychiatric 
features 

 Not known  Yes 

 9-OPRI  44  34–54  GSS  Not known  Not known 

 2-OPRD  CJD  Not known  Not known 

  Modifi cation by codon 129 and transmission to laboratory animals is also shown where known. In the table, Gerstmann-
Straussler- Scheinker syndrome (GSS) is used to refer to the clinical combination of a slowly progressive ataxia, spastic-
ity and later dementia, rather than the pathological phenotype which is not known in all cases  
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evidence of prion disease. A 7-OPRI mutation 
has been reported in an American family with 
multiple system involvement in young people 
(23–35 years) and the disease has a prolonged 
course (10–13 years). A similar clinical picture is 
seen in three families with 8-OPRI; the disease is 
of variable duration extending up to 13 years. A 
single case of 9-OPRI insertion in a 54 year old 
English woman with dementia, rigidity and 
myoclonus lasting about 5 years has been 
described; there was no convincing family his-
tory of a similar illness. The largest insertional 
mutation described is 12-OPRI. 

 Occasionally patients with a clinical phenotype 
typical of sCJD have other octapeptide repeat 
mutations, but the exact signifi cance of these 
mutations in this group is unclear in many. Those 
involving one, two or three additional repeats may 
be coincidental fi ndings, or rare risk factors as 
these have been found in healthy control popula-
tions. Four repeat insertions have been reported 
more frequently associated with a late- onset, short 
duration course with an absence of family history 
in most and so are often mistaken for sCJD. 

 There are only two reports of a deletion in the 
repeat region (2-OPRD) in patients with CJD; 
this has not been found in controls and is proba-
bly causal of disease. A 1-OPRD is a relatively 
uncommon polymporphism of the healthy popu-
lation and is therefore not causal of disease.  

12.5.2     Point Mutations 

 A large number of point mutations have been 
described. Some show marked ethnogeographic 
clustering. Some of the more prevalent mutations 
in Europe are described here.  

12.5.3     P102L (Gerstmann Straussler 
Scheinkler Disease) 

 In the UK the most frequent point mutation is 
P102L which usually presents as the archetypal 
Gerstmann Straussler Scheinker disease. Ataxia is 
the commonest symptom with cognitive decline, 
leg weakness and lower limb pain, especially 
burning discomfort, occurring later. Additional 

features include psychiatric symptoms and pyra-
midal and extrapryramidal signs in a minority. 
Myoclonus is uncommon. A particularly striking 
feature is the presence, on clinical testing, of dis-
tal sensory loss especially marked in the lower 
limbs due to involvement of the central spino-
thalamic and posterior column pathways. 
Occasional CJD-like atypical patients are seen. 
Many of the patients reside in southern or mid-
England and may well have a common ancestor 
dating back before the seventeenth century. The 
age of onset is 27–66 (mean 51) years and death 
occurred from 33 to 69 (mean 55) years. Again 
those who were homozygous for methionine at 
codon 129 had an earlier age of onset (mean 
47 years) than heterozygotes but the range of 
durations of the illness is wide and may be inde-
pendent of codon 129.  

12.5.4     P105L 

 Originally described in Japanese families this 
condition occurs more widely. Age of onset is in 
the fourth to fi fth decade with a duration of about 
5 years. All have dementia, rigidity, and some a 
spastic paraparesis. There are plaques in the cere-
bral cortex but not in the cerebellum.  

12.5.5     A117V 

 This mutation was fi rst described in France and 
subsequently has been reported from a number of 
countries. Parkinsonian features are frequent with 
dementia and there is a severe loss of ability to 
speak but with relative preservation of under-
standing. The age of onset is variable between 20 
and 64 years and a duration of several years. 
Amyloid plaques are plentiful and there is often 
associated tau pathology. There is one large UK 
family under the care of the National Prion Clinic.  

12.5.6     Y163X 

 We recently described a pedigree diagnosed with 
hereditary sensory and autonomic neuropathy 
which segregates for the Y163X mutation. Onset 
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of autonomic symptoms, particularly diarrhoea is 
in the fourth decade. The condition is only very 
slowly progressive with increasing sensory loss, 
ataxia, incontinence, fl uctuating weight loss and 
eventually cognitive decline.  

12.5.7     D178N (Including Familial 
Fatal Insomnia) 

 Fatal familial insomnia, due to a mutation most 
frequently on the 129 methionine allele, was the 
fi rst described in Italians but occurs extensively. 
Onset is between 36 and 62 (mean 51) years and 
duration wide varying between 1 and 6 (mean 
2.5) years. Insomnia is the cardinal feature of the 
disease often preceded by lack of attentiveness. 
The insomnia may be masked by apparent exces-
sive day time sleeping as a result of lack of noc-
turnal somnolence. This is soon accompanied by 
autonomic symptoms such hypertension, exces-
sive sweating, evening pyrexia, salivation and 
impotence. Later hallucinations occur, often 
related to dreams, and the patients may have limb 
movements related to the dreaming. As the dis-
ease progresses ataxia, pyramidal signs and 
myoclonus occurs in many patients. 

 Usually, but not exclusively, 178 N on a valine 
129 allele is a rare cause of a CJD type picture. 
These patients present with memory impairment 
often at a younger age than sCJD, and have a 
more prolonged course and have no periodic 
complexes on EEG.  

12.5.8     E200K 

 This is the most frequently occurring inherited 
prion disease and common in localised popula-
tions e.g. in Eastern Europe, North Africa and 
Chile, but is less common in the UK. E200K 
patients are on average slightly younger than 
sCJD subjects but there is great variation. They 
are indistinguishable from the sCJD apart from 
some having a peripheral neuropathy of mixed 
axonal and demyelinating type and seizures are 
more common than in sCJD. There are rare 
reports of this mutation being on the valine allele 

where the patients are reported to have a longer 
course and more ataxia.  

12.5.9     V210I 

 This is the commonest form of IPD in Italy but 
also described in other countries. The phenotype 
is like sCJD but with a mean age of onset at 
55 years.  

12.5.10     Other Point Mutations 

 A number of other point mutations have been 
described often in a single family. These patients 
may present a clinical phenotype of sCJD 
(R148H), Alzheimer’s disease (G131V, F198S), 
fronto-temporal dementia (T183A), early onset 
dementia (Q160X), rapidly progressive demen-
tia (E196K) or psychiatric symptoms (G114V). 
The signifi cance of other mutations is less cer-
tain because of lack of pathological confi rmation 
or inconsistent occurrence of morbidity in carri-
ers within a family (various substitutions at 
codon 188).  

12.5.11     Genetic Counselling 
and Presymptomatic Testing 

  PRNP  analysis allows unequivocal diagnosis in 
patients with inherited prion disease. This has 
also allowed pre-symptomatic testing of unaf-
fected, but at-risk, family members, as well as 
antenatal testing following appropriate genetic 
counselling. The effect of codon 129 genotype 
on the age of onset of disease associated with 
some mutations also means it is possible to 
determine within a family whether a carrier of a 
mutation will have an early or late onset of dis-
ease. Most of the well recognised pathogenic 
 PRNP  mutations appear fully penetrant, how-
ever experience with some mutations is 
extremely limited. In families with the E200K 
mutation there are examples of elderly unaf-
fected gene carriers who appear to have escaped 
the disease.   
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12.6     Variant CJD (vCJD) 

 In late 1995, two cases of sporadic CJD were 
reported in the UK in teenagers. Only four cases 
of sporadic CJD had previously been recorded in 
teenagers, and none of these cases occurred in the 
UK. In addition, both were unusual in having 
kuru-type plaques at autopsy. Soon afterwards a 
third very young sporadic CJD case occurred. 
These cases caused considerable concern and the 
possibility was raised that they were BSE-related. 
By March 1996, further extremely young onset 
cases were apparent and review of the histology 
of these cases showed a remarkably consistent 
and unique pattern. These cases were named 
“new variant” CJD. 

 Review of neuropathological archives failed to 
demonstrate such cases. The statistical probability 
of such cases occurring by chance was vanishingly 
small and ascertainment bias seemed unlikely as 
an explanation. It was clear that a new risk factor 
for CJD had emerged and appeared to be specifi c 
to the UK. The UK Government Spongiform 
Encephalopathy Advisory Committee (SEAC) 
concluded that, while there was no direct evidence 
for a link with BSE, exposure to specifi ed bovine 
offal prior to the ban on its inclusion in human 
foodstuffs in 1989, was the most likely explana-
tion. A case of vCJD was soon after reported in 
France. Direct experimental evidence that vCJD is 
caused by BSE was provided by molecular analy-
sis of human prion strains and transmission studies 
in transgenic and wild type mice. 

 The striking feature of vCJD is the young age 
of the patients. The mean age of onset is 29 
(range 16–74) years and the mean duration 
14 months. Surprisingly for a disease with a point 
source of infection, the average age of onset has 
not progressively increased with time; the reason 
for this is unknown but may be related to lym-
phoid tissue mass being greatest in the young and 
providing a maximal permissive environment for 
prion protein replication. Presentation of vCJD is 
with behavioural and psychiatric disturbances 
and, in some cases, sensory disturbance. Initial 
referral, with depression, anxiety, withdrawal and 
behavioural change, is often to a psychiatrist. 
Suicidal ideation is, however, infrequent and 

response to anti-depressants poor. Delusions, 
which are complex and unsustained, are com-
mon. Other features include emotional lability, 
aggression, insomnia and auditory and visual hal-
lucinations. Dysaesthesiae, or pain in the limbs 
or face, which was persistent rather than intermit-
tent and unrelated to anxiety levels is a frequent 
early feature, sometimes prompting referral to a 
rheumatologist. A minority of cases have early 
memory loss or gait ataxia but in most such overt 
neurological features are not apparent until some 
months later. Typically, a progressive cerebellar 
syndrome then develops with gait and limb ataxia 
followed with dementia and progression to aki-
netic mutism. Myoclonus is frequent, and may be 
preceded by chorea. Cortical blindness develops 
in a minority of patients in late disease. Upgaze 
paresis, an uncommon feature of classical CJD, 
has been noted in some patients. 

 Extensive human infection almost certainly 
resulted from widespread dietary exposure to 
BSE prions. Cattle BSE was subsequently 
reported, albeit at much lower levels than in the 
UK, in most member states of the EU, 
Switzerland, USA, Canada and Japan. 
Fortunately, the number of recognised cases of 
vCJD (177) in the UK has been relatively small 
and the incidence has been falling for some years; 
no cases have been reported since 2012 in the 
UK. Patients have been identifi ed in a number of 
other counties notably France and including 
Ireland, Italy, USA, Canada and Hong Kong. 
However, the number of healthy but infected 
individuals is unknown. Human prion disease 
incubation periods, as evidenced by kuru, are 
known to span decades. While estimates based 
on mathematical modelling and clinically recog-
nised vCJD, suggest the total epidemic will be 
small key uncertainties, notably with respect to 
major genetic effects on incubation period sug-
gest the need for caution: such models cannot 
estimate the number of infected individuals and it 
is these that are most relevant to assessing risks 
of secondary transmission. Also, the possibility 
of sub-clinical carrier states of prion infection in 
humans, as recognised in several animal models, 
must also be considered. An attempt to estimate 
prevalence of vCJD prion infection in the UK by 
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anonymous screen of archival appendix tissue, 
found an estimated prevalence of 1 in 2000. 

 Secondary transmission of vCJD via surgical 
procedures is not known to have occurred and the 
risk is unquantifi able at present. As discussed 
below, vCJD is transmissible by blood transfu-
sion, also prions are known to be resistant to con-
vention sterilisation and indeed iatrogenic 
transmission from neurosurgical instruments has 
long been documented. The wider tissue distribu-
tion of infectivity in vCJD, unknown prevalence 
of clinically silent infection, together with the 
recent experimental demonstration of the avid 
adherence to, and ease of transmission from, sur-
gical steel surfaces highlight these concerns. 
Studies in transgenic mouse models of human 
susceptibility to BSE prion infection suggest that 
BSE may also induce propagation of a prion 
strain indistinguishable from the commonest type 
of sporadic CJD, in addition to that causing vari-
ant CJD. Other novel human prion disease phe-
notypes may be anticipated in alternative  PRNP  
genotypes exposed to BSE prions. 

 No  PRNP  mutations are present in vCJD and 
gene analysis is important to exclude pathogenic 
mutations, as inherited prion disease presents in 
this age group and a family history is not always 
apparent. The codon 129 genotype has uniformly 
been homozygous for methionine at  PRNP  codon 
129 to date in all defi nite cases with the exception 
of one case thought clinically to be vCJD in an 
MV heterozygote. 

 Clear ante mortem tissue based diagnosis of 
vCJD can be made by blood test and/or tonsil 
biopsy with detection of characteristic PrP immu-
nostaining and PrP Sc  type. In 2011 a prototype 
blood test for vCJD was published in The Lancet, 
which relies on the binding and concentration of 
abnormal PrP on stainless steel surfaces, fol-
lowed by immunodetection. In a blind panel of 
samples, sensitivity for vCJD was 70 % with no 
false positives. 

 It has long been recognised that prion replica-
tion, in experimentally infected animals, is fi rst 
detectable in the lymphoreticular system, consid-
erably earlier than the onset of neurological 
symptoms. Importantly, PrP Sc  is only detectable 
in tonsil in vCJD, and not other forms of human 

prion disease studied. The PrP Sc  type detected on 
Western blot in vCJD tonsil has a characteristic 
pattern designated type 4. A positive tonsil biopsy 
obviates the need for brain biopsy which may 
otherwise be considered in such a clinical context 
to exclude alternative, potentially treatable diag-
noses. To date, tonsil biopsy has proved 100 % 
specifi c and sensitive for vCJD diagnosis and is 
well tolerated.  

12.7     Iatrogenic CJD (iCJD) 

 CJD can be transmitted within a species and 
across species by experimental techniques such 
as intracerebral administration of infected brain 
and other tissues. There is often considerable 
resistance to transmission between species. 
However, as discussed above, there have been 
examples of accidental transmission between 
humans and even between another species and 
man (e.g. vCJD). We will now discuss intraspe-
cifi c transmission in man in more detail. 

 While there have been a handful of intraspe-
cifi c transmissions in man from neurosurgery (5 
cases), cortical electroencephalography (2 cases), 
and corneal transplants (2 cases) two major 
causes of iatrogenic CJD have been identifi ed 
viz: dural grafts and administration of contami-
nated human growth hormone to children. In 
addition, recently, transmission of vCJD by blood 
transfusion has been reported. Of particular inter-
est is the fact that those few cases who developed 
CJD from intracerebral invasive procedures, 
develop a clinical picture similar to sCJD with 
predominantly cortical features while those 
receiving growth hormone systemically or dural 
grafts, with no intracerebral surgery, develop an 
initial ataxic illness with cerebellar features. 

12.7.1     Dural Graft Associated CJD 

 There have been approximately 200 cases of CJD 
following dural grafting mostly from Japan. The 
majority of these cases received grafts produced 
from a single company before 1987. The fi rst 
case was recorded in 1978 in the USA although 
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the epidemic started later (1985). There is good 
evidence that the incidence is falling from a peak 
of about 20 cases in 1997 to 3 cases in 2005. The 
mean incubation period is 11 years (range 1.4–
23 years). The initial symptoms are most fre-
quently a cerebellar syndrome, especially ataxia 
of gait, rather than cerebral cortical symptoms 
although these features ultimately occur in most 
cases. There is no correlation between the site of 
the graft and the clinical picture. There are no 
good data on duration of disease but in general it 
is measured in months. As with most other types 
of CJD there is an excess of patients with homo-
zygosity at codon 129, methionine being dispro-
portionately represented. In a recent paper from 
Japan, where MM homozygosity at codon 129 is 
almost universal, there is evidence of at least two 
different pathologies occurring with equal fre-
quency, one with and one without plaques. The 
fi rst has a slower clinical evolution than the 
latter.  

12.7.2     Growth Hormone 
Associated CJD 

 Growth hormone administration to children has 
resulted in a number of cases of CJD. All the 
cases have received hormones from pooled 
cadaver pituitary glands, a manufacturing pro-
cess that ceased in 1985, when recombinant 
material became available. In the manufacturing 
process many hundreds or thousands of pituitar-
ies were pooled thereby greatly increasing the 
chance of contamination from an infected 
cadaver. 

 The total number of cases recorded by 2006 
was 194 with the majority occurring in France 
(107), UK (51) and USA (26). However in the 
UK cases are still occurring at a frequency of 0–6 
per year and the total number of known cases is 
currently 77 (2014). The primary diagnosis 
requiring hormone replacement was idiopathic 
growth hormone defi ciency or post surgery for 
hypothalamic or pituitary tumours in most cases. 
When the UK population was reviewed in 2003 
the relative risk of getting iCJD from growth 
 hormone injection was maximal at 9–10 years of 

age and the lifetime risk at that time was about 
3.5 %. In 2007 the mean incubation period world-
wide, assuming a midpoint of administration as 
the time of infection, was 15 years (range 
4–36 years). In the UK analysis of the products 
used suggests that one (Wilhelmi) was that most 
likely implicated although the data are not con-
clusive. The methods of preparation differed with 
different products worldwide but which of the 
various steps in these processes resulted in per-
sistence of infective prions is not clear, a situation 
reminiscent of the situation in cattle supplemen-
tary feed manufacture and transmission of BSE. 

 As growth hormone was only administered in 
children the mean age of these patients is younger 
than for any other form of CJD except vCJD and 
rarely IPD. Patients typically present with an 
ataxia and subsequently develop some cortical 
features. The disease evolves over a period of 
months, death typically occurring within 
12–18 months. Homozygosity at codon 129 is 
over represented in these cases but interestingly 
129VV comprises the majority of the early UK 
cases whilst in the USA and France it is 
129MM. The reason for this is unclear but a plau-
sible explanation is that in the UK a 129VV 
infected donor contaminated the product whereas 
in the other countries it was 129MM, a more fre-
quent phenotype in the general population. 
However, of great interest is the late appearance 
129MM cases in the UK and the disappearance 
of 129VV cases (cf. kuru below).  

12.7.3     Blood Transfusion 
Associated vCJD 

 There have been concerns that vCJD could be 
transmitted by blood transfusion. In sheep scra-
pie, which also has an extensive distribution of 
prions throughout the lymphoreticular system, 
transmission has been demonstrated. Surveillance 
of blood transfusion records linking these to the 
CJD registry revealed a case of vCJD in a patient 
who had received a transfusion just over 3 years 
before developing vCJD, the blood having come 
from an asymptomatic person who 4 months later 
developed. Two more cases have now been 
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 identifi ed (one unpublished) in which a recipient 
of blood products from asymptomatic donors 
who later developed vCJD. One had received a 
large volume of red blood cells, platelets and FFP 
for a colectomy 6 years before becoming symp-
tomatic and the donor had developed symptoms 
20 months after donation. In these two cases the 
donor was the same. 

 Two additional cases of transmission of prions 
but who did not have symptoms of vCJD are 
known. One was an elderly patient who received 
blood from a donor who subsequently developed 
vCJD. She only had PrP Sc  detectable in the lym-
phoreticular system and died of an unrelated 
cause. The other was a patient with haemophilia 
who had received multiple transfusions of blood 
products, none of which was known to come 
from vCJD donor, who was shown to have PrP Sc  
in the lymphoreticular tissue but not the 
CNS. Interestingly the three vCJD cases were all 
129MM as were the donors but the cases of 
asymptomatic infection the patients were both 
129MV. At present there are only a small number 
of persons thought to be at risk from transfusion 
sourced from patients who subsequently devel-
oped vCJD. However, as the true prevalence of 
prion infection in the community is unknown it is 
not possible to give an accurate assessment of the 
risk of a single or multiple transfusions of blood 
or blood products.  

12.7.4     Secondary Prophylaxis After 
Accidental Exposure 

 Certain occupational groups are at risk of expo-
sure to human prions, for instance neurosurgeons 
and other operating theatre staff, pathologists and 
morticians, histology technicians, as well as an 
increasing number of laboratory workers. 
Because of the prolonged incubation periods to 
prions following administration to sites other 
than the central nervous system (CNS), which is 
associated with clinically silent prion replication 
in the lymphoreticular tissue, treatments inhibit-
ing prion replication in lymphoid organs may 

represent a viable strategy for rational secondary 
prophylaxis after accidental exposure. There is 
hope that progress in the understanding of the 
peripheral pathogenesis will identify the precise 
cell types and molecules involved in colonization 
of the organism by prions. The ultimate goal will 
be to target the rate-limiting steps in prion spread 
with much more focused pharmacological 
approaches, which may eventually prove useful 
in preventing disease even after iatrogenic and 
alimentary exposure. A proof of principle of 
immunoprophylaxis by passive immunization 
using anti-PrP monoclonals has already been 
demonstrated in mouse models.   

12.8     Kuru 

 Kuru is a fatal, predominantly ataxic disease con-
fi ned to a remote region of Papua New Guinea. 
First recognised at the turn of the twentieth cen-
tury it was clearly defi ned by Alpers in the 1950s 
and subsequently shown by Gajdusek to be trans-
missible to other primates by intracerebral inocu-
lation and later to other animals. 

 Kuru predominantly affected women and chil-
dren. The disease was transmitted at cannibalistic 
feasts where tissues with the greatest concentra-
tion of prions viz: brain, were preferentially eaten 
by the children and females, the males older than 
seven predominantly consuming muscle. The 
disease is a progressive ataxia and subsequent 
dementia developing over 1–2 years the patient 
ultimately becoming moribund but cognitive 
function is preserved. There is often a prodrome 
of headache. 

 Banning cannibalistic practices has resulted in 
a dramatic decline in the prevalence of kuru 
although a few cases may still occur. Interestingly, 
while the early cases were predominantly 129MM 
and 129VV, in the most recent examples hetero-
zygotes are the majority some with extremely 
long incubation times (over 50 years). Some 
elderly women who atteneded cannibalistic feasts 
but did not get kuru possess a novel genetic resis-
tance factor, G127V, unique to the Fore.  

S. Mead and P. Rudge



227

12.9     Investigations 

12.9.1     Neuropsychology 

 Full cognitive assessment, which is a fundamental 
part of the neurological assessment, cannot be 
made by the clinician seeing the patient for the 
fi rst time. It is important to obtain full assessment 
as soon as possible with a neuropsychologist to 
determine the nature of the cognitive defects. 
Repeated assessments to document change are 
important in trials of therapy bearing in mind that 
there can be a learning component if repeated too 
frequently. As was found in the PRION-1 trial, 
none of the instruments used in dementia trials are 
ideally suited for these cases as they often take too 
long to administer, omit certain cognitive assess-
ments, give too much emphasis on others or are 
not sensitive to advanced stages of disease.  

12.9.2     CT 

 CT scanning is an insensitive modality for diag-
nosis in CJD. Atrophy is apparent in some cases 
but this is usually a late feature. The greatest gen-
eralised atrophy is seen in CJD patients surviving 
several years. GSS patients (P102L mutation) 
have focal cerebellar atrophy in some cases. 
Enhancement does not occur.  

12.9.3     Magnetic Resonance Imaging 
(MRI) 

 MRI is the most useful modality of imaging in 
CJD. High signal return from grey matter is char-
acteristic of CJD except most inherited prion dis-
ease (IPD) and is usually most apparent on 
diffusion weighted images, less so on FLAIR and 
least on T2 weighted images but this is not an 
invariable rule. Diffusion weighted imaging 
(DWI) can be done at various b-values which 
conventionally is 1000 s/mm 2  but in some cases a 
3000 s/mm 2  protocol is better. Apparent diffusion 
coeffi cient (ADC) maps should be calculated to 

confi rm true restricted diffusion and remove 
T2-weighted ‘shine through’. Enhancement with 
gadolinium does not occur in any type of CJD. 

 The distribution of the abnormal signal varies 
between different types of CJD. In sCJD there is 
usually high signal return from the basal ganglia, 
typically the caudate and anterior putamen. This 
may be asymmetrical. In addition thalamic signal 
is often abnormal and can be focal. In some 
patients the lateral complex returns high signal 
while in others the medial nuclei are more 
affected. The abnormality can include the poste-
rior complex but invariably the thalamic signal is 
less intense than that from the caudate nuclei. 
Cortical ‘ribboning’ is found in many patients 
usually, but not invariably, in addition to the basal 
ganglia abnormality (Fig.  12.5 ). This is best seen 
on DWI and ADC maps. The distribution can be 
focal involving any part of the cortex; care must 
be taken in determining abnormality in areas of 
allocortex particularly the anterior cingulate and 
insula with 3 T scanning and with frontal cortex 
adjacent to the frontal sinuses. Nevertheless the 
cingulate abnormality often extends caudally and 
can be the sole abnormal cortical region. The cor-
tical signal abnormality is usually asymmetrical. 
In a few patients cortical ribboning is the only 
abnormality. In many patients the body and tail of 
the hippocampus also returns high signal. Little is 
known about the progression of abnormal signal 
on serial MRI but it does become more extensive 
with time and the signal characteristics change.

   In vCJD about 90 % of patients in a prospec-
tive series have high signal return from the pulvi-
nar and medial areas of the thalamus particularly 
adjacent to the ventricle, the so called ‘hockey 
stick’ sign (Fig.  12.5 ). However, it is unclear 
when this sign develops and it is not infrequent 
that the initial scan is reported as normal but 
becomes clearly abnormal over a few months. 

 In growth hormone induced CJD the MRI 
typically shows diffuse thalamic signal change 
accompanied by increased signal from the tail of 
the hippocampus, superior cerebellar vermis and 
superior motor cortex, this latter region rarely 
being affected in other forms of CJD.  
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  Fig. 12.5    ( a ) T2 weighted 
axial MRI in sCJD 
showing subtlety of 
increased cortical signal. 
( b ) Diffusion Weighted 
Imaging (DWI) showing 
cortical ribbon in sCJD. 
( c ) FLAIR images and ( d ) 
DWI showing high signal 
in the caudate, putamen, 
and less so from the 
thalamus in sCJD. 
( e ) FLAIR images in iCJD 
showing cortical, caudate, 
putamen and thalamic high 
signal. ( f ) FLAIR images 
showing pulvinar sign in 
vCJD       
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12.9.4     Electroencephalography 

 The EEG is abnormal in the majority of symp-
tomatic patients with CJD. The most common 
abnormality is slowing of the background rhythm 
with predominant theta waves and loss of the nor-
mal alpha rhythm in many. 

 In sCJD a characteristic abnormality is repeti-
tive (>5) bi- or triphasic periodic complexes 
occurring at 0.5–2 s intervals with <0.5 s vari-
ability between complexes and distributed widely 
over the cortex. They occur in up to 73 % of 
patients with the codon 129MM genotype at 
some time during the evolution of the disease. 
However the sensitivity declines if only a single 
EEG is obtained. The prevalence of periodic 
complexes increases with the age of the patient 
but decreases with disease duration. This abnor-
mality occurs most frequently if myoclonus is 
present and there is phase locking between the 
complexes and the myoclonic jerks in many 
where the myoclonus is of cortical origin. This 
can be seen in the raw record if an electrode is 
placed over the affected part although back aver-
aging may be required convincingly to demon-
strate this phenomenon. 

 Periodic complexes are less frequent in sCJD 
patients with other polymorphisms at codon 129, 
especially valine homozygotes. The specifi city of 
such complexes is fairly high but they do occur 
with a wide range of pathologies including those 
that mimic CJD such as metabolic disorders, 
especially hepatic coma, other neurodegenerative 
diseases and encephalitides, as well as stroke and 
tumours, conditions less likely to be confused 
clinically with CJD. 

 Epilepsy occurs in patients with sCJD and is 
said to be more common in some inherited types 
of CJD (E200K). It is uncommon in other forms 
of prion diseases. The majority of fi ts are major 
generalized convulsions. The EEG shows the 
typical changes associated with major convul-
sions if obtained during a fi t and decreased activ-
ity post ictally. It may be diffi cult to separate 
periodic complexes from epileptic activity. 
Intravenous diazepines may help to distinguish 
the two with epileptic activity typically 

 responding but this technique does not 
 unequivocally distinguish between the two types 
of discharge.  

12.9.5     Nerve Conduction Studies 

 Peripheral nervous system involvement is not 
common in prion diseases. However some of the 
inherited diseases do have abnormalities. The 
E200K mutation is also associated with a mixed 
axonal and demyelinating neuropathy in some 
cases. P102L patients also have clinical evidence 
of loss of thermal sensation on objective testing 
but this is probably centrally determined as 
peripheral nerve conduction and threshold track-
ing are normal. 

 Occasionally there is evidence of lower motor 
neurone destruction with fasciculation, fi brilla-
tion and small compound muscle action poten-
tials. It is unclear how often this occurs, and in 
which patients, but it does appear to be rare.  

12.9.6     Cerebrospinal Fluid 
Examination (CSF) 

 In all types of prion disease the CSF typically has 
a normal cell count of 0–2 cells/mm 3 . A pleocy-
tosis suggests an alternative diagnosis, particu-
larly an infl ammatory disorder. Total protein 
level is usually normal or only modestly elevated, 
and there is no evidence of intrathecal immuno-
globulin synthesis. 

 The 14-3-3 proteins comprise a large family 
of intracellular proteins found in all eukaryotic 
cells, and constitute about 1 % of the total protein 
content of brain neurons. They are found in the 
CSF in a variety of conditions where there is 
rapid and extensive neuronal destruction. They 
are detected using a qualitative assay, giving a 
positive, negative or “weak positive” result. The 
14-3-3 assay is included in the World Health 
Organization’s diagnostic criteria for sporadic 
CJD (sCJD). The assay is typically positive in 
classical, rapidly progressive sCJD, with a sensi-
tivity of 90–95 % for the MM1 subtype. However, 
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it is less sensitive for longer duration cases, for 
younger patients, and for the acquired and the 
more slowly progressive inherited prion diseases. 
It is positive in only about 40 % of cases of vari-
ant CJD. 

 Interestingly, successive studies over the years 
have tended to show a reducing sensitivity of the 
14-3-3 assay for CJD. This may well be related to 
the increasing recognition and inclusion of cases 
with atypical, more slowly progressive clinical 
features leading to more “false-negative” results 
in recent studies. There is some evidence that the 
14-3-3 assay is more sensitive when performed at 
later stages of disease. It has therefore been sug-
gested that in cases where there is continuing 
diagnostic uncertainty there may be a role for 
repeating the assay at a later stage if the fi rst is 
negative. However, in practice this is often super-
seded by a decision either to obtain a defi nitive 
tissue diagnosis, or that further investigations are 
no longer appropriate. 

 The overall specifi city of the 14-3-3 assay for 
prion disease is quite low, at around 70–80 %. In 
patients with clinically suspected CJD, false pos-
itive results occur most commonly when the fi nal 
diagnosis is infl ammatory or malignant (includ-
ing CNS tumours and paraneoplastic syndromes). 
Other causes of a positive result include recent 
stroke, infective encephalitis and subacute scle-
rosing panencephalitis (SSPE), but these diagno-
ses can usually be ruled out clinically or on the 
basis of other tests. A raised CSF cell count has 
been shown to be highly signifi cantly associated 
with an increased false positive rate, and should 
always prompt investigation for other causes. 
The specifi city is not high enough for the test to 
have a role in screening unselected patients with 
dementia for prion disease. 

 S100b comprise a large family of calcium 
binding cytoplasmic proteins found in glia in the 
CNS, as well as widely outside the CNS. They 
are detected using a quantitative assay. Their lev-
els are raised in the CSF in a large number of 
destructive diseases of the nervous system where 
there is extensive gliosis, including CJD. As with 
the 14-3-3 proteins, they are more likely to be 

raised in rapidly progressive disease, where 
 sensitivity is around 90. However, the specifi city 
is even lower than for 14-3-3, and in practice 
they rarely add any further useful diagnostic 
information. 

 Tau is a micro-tubule associated protein, 
which is found in increased levels in the CSF 
when there is destruction of neurons. In some 
disease states the Tau protein becomes hyper-
phosphorylated. The levels of total Tau and 
hyperphosphorylated Tau can be measured using 
quantitative assays. The total Tau (T-Tau) level in 
the CSF is elevated in a wide variety of degenera-
tive CNS disorders, including Alzheimer’s dis-
ease. It is increasingly used, in combination with 
CSF Aβ 42 , as a diagnostic marker for Alzheimer’s 
disease. In sCJD it can be elevated to a much 
higher level than in the more common slowly 
evolving degenerative disorders. If a high thresh-
old is used, the sensitivity is again high for rap-
idly progressive CJD, and the specifi city seems to 
be similar to that of the 14-3-3 assay. It has been 
suggested that CSF levels of hyperphosphory-
lated Tau (P-Tau) are particularly elevated in 
variant CJD (vCJD), such that the ratio of P-Tau 
to T- Tau is higher in vCJD than sCJD. This may 
have a role in helping to distinguish between 
these two conditions. 

 Various other proteins have been considered 
as CSF markers for CJD, including Neuron- 
Specifi c Enolase, prostaglandins and interleu-
kins. However, these are less sensitive and 
specifi c than those above, and have little clinical 
utility. The limited data available on Aβ 42  in CJD 
suggest that it has little diagnostic signifi cance. 

 Assays which rely on amplifi cation of abnor-
mal PrP are increasingly becoming available. 
The real-time Quaking Induced Conversion  
(RTQuIC) assay has proven to be the most spe-
cifi c and is abnormal in up to 90 % of sporadic 
CJD CSF samples. The assay relies of the conver-
sion of recombinant PrP to abnormal forms by 
templating. The signal of conversion is measured 
by the binding of a fl uorophore thiofl avin 
T. These tests appear to have a high specifi city 
and sensitivity but are still to be fully assessed.  
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12.9.7     Tissue Diagnosis 

 The only way to obtain a defi nite diagnosis of 
CJD, other than the inherited forms, is to obtain 
tissue. In sCJD brain biopsy or autopsy are 
required. In vCJD the lymphoreticular tissue is 
involved early in the evolution of the disorder. In 
the experience of the National Prion Clinic, ton-
sillar biopsy is diagnostic in all cases with symp-
tomatic vCJD. It is not known when the tonsillar 
tissue fi rst becomes involved but based on extrap-
olation from animal studies it is probably rela-
tively early in the incubation period.   

12.10     Therapy 

 There is no therapy that has been shown convinc-
ingly to alter the course of any form of prion dis-
ease. One trial of fl upertine, in which a pacebo 
was also given, claimed a benefi cial effect on cer-
tain clinical scores but not mortality; this trial 
was small and of borderline statistical signifi -
cance. In PRION-1, a patient preference trial, 
quinacrine had no signifi cant effect on survival or 
any clinical assessment variables. There have 
been a number of anecdotal reports concerning 
tetracycline derivatives claiming benefi t but none 
is convincing, and a large randomised trial 
showed no benefi t measure by survival. The gly-
cosaminoglycan pentosan administered intraven-
tricularly to animal models of prion disease has 
been shown to have a small benefi cial effect. It 
has been given to a small number of patients with 
a variety of types of CJD and long survival has 
been described in some vCJD patients. However 
confounding factors such as parenteral feeding 
and aggressive management of coincident infec-

tion may partially or completely account for this 
increased survival. 

 There are no other properly conducted trials of 
putative therapeutic agents. 

 Administration of monoclonal antibodies or 
small molecules which interfere with conversion 
of PrP c  to PrP Sc  have been trialled in mouse mod-
els of CJD and show some benefi t if given pro-
phylactically during the incubation period after 
intraperitoneal injection of prions. 

 Some types of symptomatic therapy have been 
benefi cial. This particularly applies to myoclonus 
(levetiracetam, valproate and clonazepam), aggres-
sion (risperidone), agiatation (diazepines) and hal-
lucinations (centrally acting anticholinesterases). 
Other symptoms such as insomnia and rigidity are 
usually resistant to treatment with the standard 
agents. Supportive therapy, including various forms 
of parenteral nutrition and vigorous treatment of 
intercurrent infections may prolong survival but 
have little effect on quality of life measures. 

 Good nursing care in conjunction with symp-
tomatic therapy and liaison with carers and rela-
tives is mandatory in these diseases.     

   Further Reading 
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      Managing Neuropsychiatric 
Symptoms of Neurodegenerative 
Diseases                     

     Joseph     Trettel    ,     Zeina     Chemali    , and     Kirk     R.     Daffner    

13.1            Introduction 

 A review of the worldwide incidence of dementia 
has estimated that a new case is diagnosed every 
3 s. The World Alzheimer Report ( 2015 ) has esti-
mated the prevalence of dementia to be over 
46.5 million globally and projects that this will 
double every 20 years. Developing countries such 
as India, China and other south Asian and Pacifi c 
nations will see the greatest rise in incidence. It is 
estimated that in the United States alone approxi-
mately 470,000 individuals over the age of 65 will 
have newly diagnosed Alzheimer disease in 2014. 

 Dementia is a costly disease. According to 
Alzheimer’s disease International, the estimated 
global annual cost of dementia was USD 604 bil-
lion in 2010. This number has increased to USD 
818 billion in 2015. For perspective, this was equiv-

alent to 1.1 % of the world’s gross domestic product 
at that time. Although the direct costs of dementia 
care are often emphasized, one also needs to be 
concerned about the toll that caring takes on provid-
ers. Most people with dementia are still cared for at 
home by family members. The physical, psychoso-
cial, and fi nancial burdens of the caregiver need to 
be taken into consideration as well. The disease 
burden and cost of care are heightened even more 
when the patient suffers from neuropsychiatric 
symptoms associated with dementia. It is with these 
points in mind that this chapter was written. Our 
goal is to help the clinician and caregiver identify 
the neuropsychiatric symptoms associated with 
dementia and cognitive decline, offer treatment 
plans to address them, and if no cure is available, 
provide strategies for symptomatic relief with avail-
able drugs, highlighting the benefi ts and risks of 
use. Finally, we consider caregivers and caregiver 
burden and examine how dementia impacts the 
quality of life of all involved in the system of care.  

13.2     Behavioral 
and Psychological 
Symptoms of Dementia 

 Behavioral and psychological symptoms of 
dementia (BPSD), also referred to as neuropsy-
chiatric symptoms, represent a heterogeneous 
group of behaviors and psychiatric symptoms 
occurring in patients with different types of 
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dementia. More than 50 % of individuals with 
dementia suffer from BPSD, with 90 % of 
patients experiencing at least one symptom at 
some point in their disease course. BPSD increase 
the risk for injury to oneself and others, often 
necessitating acute interventions. Symptoms are 
distressing for patients and their caregivers, and 
are often the reason for placement into residential 
care. The development of BPSD is associated 
with a more rapid rate of cognitive decline, 
greater impairment in activities of daily living 
(ADLs), and a diminished quality of life (QOL). 

 The causes of BPSD are complex, often due to 
multiple etiologies, and appear to vary across 
cultures and countries. These include neuroana-
tomical (e.g., limbic or frontal network degenera-
tions), neurochemical (e.g., defi ciencies in 
various neurotransmitters), psychological (e.g., 
premorbid personality), social (e.g., caregiver 
factors and changes in the environment), and 
complications of other medical conditions (e.g., 
pain and delirium). Dysregulation of cholinergic 
function correlates with memory problems, while 
defi cits in serotonin, noradrenalin, and GABA 
have been associated with depression, anxiety, 
and aggression. In addition, symptoms often co- 
occur and may share the same neuroanatomical 
correlates, although the underlying pathology 
may differ. For example, apathy and disinhibition 
in AD are both associated with frontal lobe dys-
function, while visual hallucinations and Capgras 
misidentifi cation delusions observed in dementia 
with Lewy bodies (DLB) are associated with a 
reduction in function and metabolism of neurons 
in the posterior visual cortices. 

 During the last few years, the fi eld has advanced 
to recognize the importance of BPSD, correctly 
diagnose them, and promptly treat them as part of 
the dementia syndrome. For example, there has 
been growing awareness of disinhibition as well 
as lack of personal concern and insight in fronto-
temporal dementia (FTD); visual hallucinations, 
mental status fl uctuations, and sleep disturbances in 
DLB; apathy, anxiety, and depression in early-stage 
Alzheimer’s disease (AD); and delusions, hallucina-
tions, agitation, and aggression in the late stages of 
AD. In FTD and DLB, for instance, the behavioral 
problems may precede the cognitive ones by years. 

 Although specialists in the fi eld are getting a 
better grasp of the neuropsychiatric problems 
associated with dementia, most patients are still 
managed within primary care systems that must 
deal with challenging medical and psychiatric 
issues. The behavioral and psychological presen-
tations of dementia in patients increase utiliza-
tion of medical services and cost of care; 
complicate clinical management of other comor-
bid diseases, especially involving cardiovascular 
or infectious processes, delirium, or falls; and 
cause family members to experience excessive 
anxiety, depression, sleep problems, and fatigue. 
Unfortunately, dementia-related symptoms often 
are under-recognized by primary care physicians. 
Patients may end up receiving medications with 
potential side-effects (e.g., anticholinergics). 
Co-morbid processes associated with alterations 
in mental status may not be identifi ed and instead, 
patients are frequently treated with neuroleptics. 

 Improving the care for such vulnerable 
patients requires supporting the primary care sys-
tem with resources. This includes dementia care 
managers, access to and coordination with inter-
disciplinary dementia specialists, a feasible 
dementia screening process, and a thorough diag-
nostic work-up that considers the etiology of the 
dementia, after the exclusion of other causes, 
such as drug-induced delirium, pain, or infection. 
At a systems level, physician education may have 
a signifi cant impact on identifying and appropri-
ately treating these conditions. 

 When facing BPSD, care planning should 
involve psychosocial treatments for both the 
patient and family. Although BPSD may respond 
to environmental and psychosocial interventions, 
pharmacotherapy is often required for more 
severe presentations. Below, we will review these 
issues in more detail.  

13.3     Dementing Illnesses 

 BPSD are manifestations of dementing illnesses. 
Dementia affects multiple cognitive and func-
tional, and impairs, if not debilitates, social func-
tioning and quality of life. The list of dementing 
illnesses is extensive (Table  13.1 ). Since much of 
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this book is devoted to elucidating the different 
dementing syndromes, only a few examples will 
be highlighted here. The main purpose of this 
section is to provide a broader context in which to 
consider BPSD.

   Alzheimer’s disease (AD) is the most com-
mon degenerative dementia and causes a progres-
sive decline in cognitive and functional status. 
Episodic memory defi cits are the predominant 
initial complaints in most cases. However, defi -
cits in attention, visuospatial processing, naming/
language, and executive functions may be pres-
ent. Over the course of the illness, non-memory 
cognitive domains become progressively more 
involved and patients often deteriorate to the 
point at which they can no longer perform their 
activities of daily living, recognize family mem-
bers, and maintain continence. The main patho-
logic fi ndings of AD are amyloid plaques (an 
extracellular accumulation of Aβ[beta]), neurofi -
brillary tangles (intracellular, paired helical 
structures composed of hyperphosphorylated 
tau), synaptic loss, and eventually neuronal death. 
There is a reduction in the availability of acetyl-
choline (ACh) from loss of cholinergic neurons, 
which is associated with memory and other cog-
nitive defi cits. Other neurotransmitter systems 
also are disrupted. 

 Mild cognitive impairment (MCI) is believed 
to refl ect the transition between normal aging and 
dementia, often due to AD pathology. Originally, 
MCI was defi ned in terms of relatively isolated 

   Table 13.1    Causes of dementia   

  Neurodegenerative  

 Alzheimer disease 

 Frontotemporal dementia 

 Dementia with Lewy bodies 

 Huntington disease 

 Corticobasal degeneration 

 Progressive supranuclear palsy 

 Multisystem atrophy 

 Argyrophilic brain disease 

 Wilson disease 

 Hallevorden–Spatz disease 

 Mitochondial diseases 

 Kuf disease 

 Metachromatic leukodsytrophy 

 Adrenoleukodystrophy 

  Vascular  

 Vascular dementia 

 Hypoxic/ischemic injury 

 Post-CABG 

 CADASIL (cerebral autosomal dominant arteriopathy 
with subcortical infarcts and Leukoencephalopathy 

  Infl ammatory / infectious  

 Multiple sclerosis 

 Syphilis 

 Lyme 

 HIV 

 Creutzfeldt–Jakob disease 

 Primary CNS vasculitis 

 Vasculitis secondary to other autoimmune disorders 
(i.e., lupus) 

 Sarcoid 

 Chronic meningitis (i.e., tuberculosis, 
cryptococcus, etc.) 

 Viral encephalitis (i.e., HSV) 

 Whipple disease 

 Systemic lupus erythematosus 

 Sjögren syndrome 

  Metabolic / toxins  

 Hypothyroid 

 Vitamin B 12  

 Thiamine defi ciency (Wernicke–Korsakoff) 

 Niacin defi ciency (pellagra) 

 Vitamin E defi ciency 

 Uremia/dialysis dementia 

 Addison/cushing 

 Chronic hepatic encephalopathy 

 Heavy metals 

 Alcohol 

Table 13.1 (continued)

  Neoplastic  

 Tumor (depends on location) 

 Paraneoplastic limbic encephalitis (anti-Hu) 

 Acute and chronic sequelae of brain radiation (acute 
and subacute encephalopathy, radiation necrosis, 
diffuse late brain injury) 

 Chemotherapy 

 Lymphomatoid granulomatosis 

  Adapted from Daffner and Wolk ( 2010 ) 
 This list is not exhaustive, as any brain injury can result in 
dementia depending on location. Some diseases could be 
under multiple categories 
  CNS  central nervous system,  HSV  herpes simplex virus, 
 CABG  coronary artery bypass graft,  HIV  human immuno-
defi ciency virus  
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memory defi cits in the setting of preserved gen-
eral cognitive and functional abilities. More 
recent formulations have categorized the syn-
drome into amnestic and non-amnestic subtypes, 
and specifi ed the number of domains involved 
(single and multiple-domain). The neuropsychi-
atric aspects of MCI have only recently begun to 
receive attention. In studies involving specialty 
memory clinics, patients have tended to convert 
from MCI to AD at a rate of 10–15 % per year 
compared to the 1–2 % conversion of age- 
matched controls. However, in epidemiological 
studies, the rates of conversion are lower, and 
20–40 % of patients may eventually “revert to 
normal” on subsequent evaluations. At autopsy, 
many patients who were diagnosed with 
amnestic- MCI have had neurofi brillary tangles in 
the hippocampus and entorhinal cortex, with 
variable fi ndings of amyloid plaques in the neo-
cortex. These fi ndings are felt to be consistent 
with the idea that MCI often represents a transi-
tional period to AD. 

 Behavioral variant frontotemporal dementia 
(bvFTD) is the most frequent form of the set of 
syndromes under the general rubric of frontotem-
poral lobar degeneration. Behavioral variant FTD 
is the second most common cause of neurodegen-
erative dementia in the presenile years. Patients 
with bv-FTD exhibit salient changes in personal-
ity and behavior that can range from apathy to 
disinhibition. Patients are frequently  inappropriate 
and lack both insight and empathy. Tests of fron-
tal executive function often are impaired (with 
relative sparing of memory storage and visuospa-
tial function), but may not be abnormal when the 
disease is primarily limited to the medial aspects 
of frontal lobes, sparing the dorsolateral cortices. 

 Pathologically, tauopathies and TDP-43 pro-
teinopathies make up approximately 90 % of 
cases of FTD. Taupathies include Pick’s disease, 
corticobasal syndrome, and progressive supranu-
clear palsy. In bvFTD, pathology has an early 
anatomical predilection for medial frontal regions 
of the brain, including the frontoinsular and orbi-
tofrontal cortices, which likely accounts for the 
prominent changes in personality and behavior 
that can occur early in the disease course. 
Neurochemically, defi ciencies have been found 

in the serotonin and dopamine systems, with rela-
tive sparing of the cholinergic and noradrenergic 
(NA) systems. It remains unclear if these changes 
refl ect the loss of modulatory projection neurons, 
or a local reduction in synapses that secrete these 
transmitters.  In situ  animal models suggest that it 
is likely a combination of both mechanisms. 

 DLB appears to be the second most common 
form of neurodegenerative dementia in older 
patients, with Lewy body pathology found in up 
to 35 % of dementia cases. DLB often presents 
with fl uctuations in cognition, visual hallucina-
tions, and mild extrapyramidal features. The hal-
lucinations tend to be well formed (e.g., animals 
or people). Cognitive impairments most often 
involve the realms of executive function, atten-
tion, speed of processing, and visuospatial abili-
ties. Memory is disrupted at the level of encoding 
and retrieval, and tends to be less severe than 
clinical AD. REM sleep behavior disorder and 
depression are relatively common. The clinical 
overlap with Parkinson’s disease associated 
dementia (PDD) is considerable and differentiat-
ing one from the other often is arbitrary. 
Pathologically, cortical Lewy bodies (spherical, 
intracytoplasmic, eosinophilic, neuronal inclu-
sions containing α[alpha]-synuclein and ubiqui-
tin proteins) are found in these patients. The 
temporal cortex and limbic structures are promi-
nently involved. In addition, plaque and tangle 
pathology often is observed in these patients, 
with roughly half reaching pathologic criteria for 
AD. Neurochemically, cholinergic defi cits are 
more pronounced in DLB than AD, which may 
explain why cholinesterase inhibitors tend to 
have a greater therapeutic benefi t in DLB. 

 Huntington’s disease (HD) is a fatal neurode-
generative disorder associated with severe 
BPSD. HD is rare with an estimated prevalence 
of 4–10/100,000 in Western countries. Symptom 
onset is early (i.e., 35–45 years) and follows an 
autosomal dominant pattern of inheritance. 
Pathologically HD is characterized by an abnor-
mal expansion of CAG repeats in the Huntington’s 
gene on chromosome four producing a neuro-
toxic protein. The initial and rapid loss of striatal 
neurons leads to choreiform movements and 
severe psychiatric disturbances. As the disease 
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evolves to include the cerebral cortex and other 
subcortical structures, cognitive impairment may 
be subtle, typically presenting as a dysexecutive 
syndrome. Ultimately, multiple cognitive 
domains are impacted and most patients develop 
the ‘HD Triad’ of abnormal movements, psychi-
atric disturbances, and dementia (Walker  2007 ). 
Death occurs 15–20 years after symptom onset. 

 Vascular dementia (VaD) is often cited as the 
second most common form of dementia, with 
estimates ranging from 10 % to more than 33 % 
of all dementia cases. Vascular dementia repre-
sents the clinical end-product of vascular injury 
to the brain from a range of etiologies, including 
leukoariosis, small-vessel infarcts, multiple corti-
cal strokes, or a single, strategically placed 
stroke. Multiple lacunar infarcts or signifi cant 
white matter disease (Binswanger disease) can 
lead to apathy, frontal network impairment, and 
corticospinal and bulbar signs. Large-vessel 
strokes result in syndromes specifi c to the site of 
the lesion, such as amnesia, aphasia, agnosia, etc. 
The coexistence of vascular injury and AD 
pathology is extremely common (with some 
reports suggesting occurrence in more than 50 % 
of cases diagnosed with vascular dementia). 
Often, such cases are labeled as a “mixed demen-
tia”. Particularly pertinent is the observation that 
vascular events seem to hasten the onset and 
increase the severity of clinical AD, which makes 
it very diffi cult to accurately estimate the actual 
prevalence of vascular dementia. Not surpris-
ingly, the risk factors for vascular dementia are 
believed to be the same as those for stroke, 
including hypertension, diabetes, high choles-
terol, and atherosclerosis.  

13.4     Spectrum 
of Neuropsychiatric 
Symptoms 
in Neurodegenerative 
Diseases 

 Recently (2012), the International Psychogeriatric 
Association (IPA) published the ‘The IPA 
Complete Guide to Behavioral and Psychological 
Symptoms of Dementia’ for academic and clini-

cal specialists who manage and study 
BPSD. Aside from defi ning roles that clinicians 
play in the management of BPSD, these guide-
lines highlight the diversity of BPSD and review 
currently accepted, evidenced-based approaches 
to treatment. Notwithstanding, there remain sev-
eral challenges and disagreements currently 
encountered in the literature regarding the neuro-
psychiatric and behavioral symptoms seen in 
dementia. For example, can BPSD be divided 
into syndromes that cluster as psychosis, agita-
tion, and mood disorders? Should clinicians 
group together disparate symptoms if patients 
present with many different ones that have vari-
ous underlying etiologies? An important issue is 
that clinicians and nursing home providers often 
lack formal screening batteries to appropriately 
identify the symptoms. Regardless of where one 
stands on these debates, there is clear evidence 
that BPSD increase the rate of institutionaliza-
tion, caregiver distress, and the cost of care. 

 The study of BPSD has been challenging, as 
researchers have had diffi culty accurately quanti-
fying symptoms in trials. Dividing by subtypes of 
dementia has had limited benefi t. For example, 
research comparing AD and VaD has found that 
behavioral dysregulation did not differ by sub-
type of dementia but rather by severity of the dis-
ease process. The majority of well-controlled 
studies on pharmacologic management of BPSD 
have been conducted on cohorts of AD patients. 
In some cases (e.g., PDD and DLB) the underly-
ing neurobiology of BPSD is likely quite differ-
ent from that of AD. Nevertheless, at this point it 
is most useful to extrapolate from the available 
data to make evidence-based treatment decisions, 
regardless of the underlying neurodegenerative 
process. There are exceptions to this approach, 
which will be discussed below. 

 There is frequently dissociation between the 
quasilinear decline in cognitive function and the 
expression of BPSD suggesting possible inde-
pendent pathophysiological mechanisms. 
Neuropathologic and neuroimaging data sug-
gests that BPSD refl ect regional involvement 
verses diffuse brain pathology. In AD, for exam-
ple, increased plaque and tangle burden in frontal 
and limbic areas correlates with psychotic and 
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affective symptoms, while involvement of the 
anterior cingulate is associated with apathy and 
depression. As pointed out by Cassanova et al. 
(Cassanova et al.  2011 ), the complex interplay of 
neuropathology with neurochemical, premorbid 
psychiatric history, environmental, social, and 
genetic factors will infl uence the expression of 
BPSD. Few studies have demonstrated a consis-
tent relationship between the emergence of spe-
cifi c BPSD and the natural course of the disease. 
However, some trends have been noted. For 
example, in comparing the onset of BSPD before 
and after the diagnosis of AD was made, Jost and 
colleagues ( 1995 ) found a progression of symp-
toms, in which depression, social isolation, anxi-
ety, and suicidal ideation were among the fi rst to 
arise. Later in the disease, irritability, agitation 
and aggression, loss of social comportment (e.g., 
inappropriate sexual behavior), and psychotic 
phenomena, including hallucinations and delu-
sions, were commonly observed. This trend is 
evident when comparing BPSD in patients who 
are treated in outpatient settings with those in 
patients requiring inpatient hospitalization for 
behavioral reasons. 

 Currently, there are no medications approved by 
the US Food and Drug Administration (FDA) for 
the treatment of BPSD. The judicious use of high-
dose, high-potency neuroleptics and anticonvulsants 
remains popular among inpatient providers despite 
these risks, while outpatient providers are more 
likely to utilize SSRIs, cholinesterase inhibitors, and 
low-dose, low potency neuroleptics to manage 
symptoms. Further complicating BPSD manage-
ment, few accepted standards for non-pharmacolog-
ical treatments exist. Many practitioners consider 
the guidelines established by the ‘Expert Consensus 
Panel for Using Antipsychotic Drugs in Older 
Patients’ (Alexopoulos et al.  2004 ), the ‘American 
Geriatrics Society Guide to Management of 
Psychotic Disorders and Neuropsychiatric 
Symptoms of Dementia in Older Adults’ (2011), 
and the ‘IPA guidelines to BPSD’ (Draper et al. 
 2012 ) to be good starting points. Nevertheless, many 
treatments are initiated on an empirical basis; trial 
and error is often the rule rather than the exception. 

 Below, we outline the most common neuropsy-
chiatric symptoms in neurodegenerative  diseases 

that are captured by the  Neuropsychiatric Inventory  
(NPI; (Cummings  1997 ); Table  13.2 ). Many 
symptoms are extremely diffi cult to target with the 
currently available psychotropic medications 
(Table  13.3 ). For simplicity, we divide the BPSD 
into symptom clusters that are widely recognized 
in general neuropsychiatry (e.g., affective, psy-
chotic, vegetative, etc.). Particular emphasis is 
placed on the underlying neuroanatomy and neu-
rochemistry that correlates with symptoms. More 
comprehensive reviews focusing on the neurobiol-
ogy and functional anatomy of BPSD can be found 
elsewhere (e.g., (Geda et al.  2013 )).

13.4.1        Affective Symptoms 

 Loss of neurons in the dorsal raphe nuclei has 
been implicated in the development of depression 
in normal aging and AD. These neurons 
 synthesize and release serotonin. They are 

   Table 13.2    Most common neuropsychiatric symptoms 
based on informant report using the NPI-Q   

 Delusions 

 Hallucinations 

 Agitation 

 Depression 

 Anxiety 

 Euphoria 

 Apathy 

 Disinhibition 

 Irritability 

 Aberrant motor behavior 

 Sleep disturbance 

 Appetite disturbance 

  Adapted from Cummings ( 1997 ) and Kaufer et al. ( 2000 )  

   Table 13.3    Behaviors with poor response to drugs   

 1. Wandering 

 2. Pacing 

 3. Attempting to leave 

 4. Disruptive vocalizations 

 5. Incontinence 

 6. Failure to bathe 

  Adapted from Omelan C. Approach to managing behav-
ioural disturbances in dementia. Can Fam Physician. 
2006;52:191–9  
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 segregated into multiple paramedian nuclei that 
project to a myriad of brain regions implicated in 
mood disorders such as limbic, peri-limbic, and 
frontal areas of the cerebral cortex. Emerging 
evidence suggests that there is a ‘normal’ age-
related loss of dorsal raphe neurons. This predis-
poses the elderly to depression. This effect 
appears more robust in AD patients. PET imag-
ing used to examine metabolic activity of dorsal 
raphe neurons in AD patients has shown a reli-
able decrease in activity beyond age-matched 
controls. Alterations in serotinergic tone have 
been implicated in several other BPSD that 
include apathy, agitation and aggression, and 
sleep changes. Some studies have also reported a 
decrease in NA in the locus coerulus in depressed 
patients with AD. Others have found increased 
NA activity in target areas, e.g., frontal and lim-
bic cortex, perhaps to compensate for dysfunc-
tion elsewhere in the nervous system. 

 Findings such as these are diffi cult to interpret 
for a number of reasons. Neuromodulatory pro-
jection neurons from the brainstem project dif-
fusely throughout the brain. In  all  instances, 
noradrenergic and serotonergic projections 
ascending to limbic and cortical structures are 
regionally unique. They employ various 
 postsynaptic mechanisms and target different 
types of neurons, as well as different ‘compart-
ments’ of those target neurons. The result is a 
complex, region-specifi c-effect of serotonin and 
noradrenalin. For example, noradrenergic trans-
mission in the prefrontal cortex stimulates the 
release of dopamine, but has no effect on dopa-
mine release in parietal and occipital corticies. 
Similarly, the effect of serotonin on cortical 
activity is highly variable, owing to the tremen-
dous diversity of pre- and post-synaptic serotonin 
receptors. Exactly how this contributes to the 
BPSD is not known, but certainly impacts the 
pharmacologic approach used to target specifi c 
symptoms. 

 The superior frontal regions have been ana-
tomically implicated in depression in normal 
controls and patients with AD and VaD. Several 
other areas that include the anterior cingulate, 
parahippocampal gyrus, amygdala,  hypothalamus 
and limbic striatum are likely to be involved as 

well. The role of interoceptive, humoral, and sen-
sory inputs to limbic circuitry remains unex-
plored in neurodegenerative diseases. 

 Depressed mood of varying intensity occurs in 
30–40 % of patients with dementia. It is one of 
the most common BPSD and may develop at any 
stage of the disease. Depression is co-morbid 
with AD, DLB, VaD, PDD, and corticobasal syn-
dromes (CBS). Recently, these symptoms have 
become of greater interest to clinicians and 
researchers. Depression was found to alter func-
tion, often preceding mild cognitive impairment 
(MCI) and heralding the transition to dementia. 
Some studies have even supported the associa-
tion of biomarkers, such as Troponin and S100β 
(beta), with depression, while others reported 
that up to 1/3 patients with dementia and BPSD 
had prominent depressive symptomatology. A 
high association has been found between depres-
sion in dementia and symptoms of irritability, 
disinhibition, agitation, and anxiety. 

 Euphoria is medically recognized as a state of 
exaggerated sense of elation and well-being, 
most frequently associated with bipolar-spectrum 
disorders as well as damage to the anterior por-
tions of the right hemisphere. An overexcited and 
elated mood could be a marker of frontal dys-
function and is often a sign of FTD. The affective 
disorders of BPSD are generally non-specifi c and 
can mimic hypomanic and manic states. Euphoria 
often precedes memory deterioration in FTD, for 
example. Once dementia has progressed, the 
identifi cation of a hypomanic component 
becomes more diffi cult, as mental deterioration 
predominates.  

13.4.2     Apathy/Behavioral Inertia 

 Symptoms of apathy in AD correlate with higher 
neuronal loss and an increased density of tangles 
in frontal areas. Similar patterns are seen with the 
accumulation of Lewy bodies in the same cortical 
regions. Neurochemically, multiple transmitters 
have been implicated, including a reduction in 
cortical NA and decreased dopaminergic and 
cholinergic signaling. Neuroimaging studies of 
apathy in Alzheimer’s disease have demonstrated 
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atrophy and hypoperfusion of the anterior cingu-
late and orbitofrontal cortex. 

 Apathy is commonly seen in AD, VaD, pro-
gressive supranuclear palsy (PSP) and FTD. The 
term apathy is being used with increasing fre-
quency in both neurology and psychiatry. 
However, its defi nition varies. Some consider it a 
symptom of other major psychiatric disorders, 
whereas others view it as a syndrome of its own. 
Apathy is a disorder involving motivation rather 
than mood, and exists on a continuum between 
abulia and akinetic mutism. Apathy has been 
characterized by reduced goal-directed behavior 
(in domains of cognition, emotional expression, 
and self-generated, voluntary purposeful behav-
ior). Behaviorally, apathy can be seen as an 
increase in behavioral inertia. In other words, the 
neural resources required to engage in a given act 
are greater than what the individual is volition-
ally willing to expend. 

 There is strong evidence that apathy is a com-
mon fi nding in AD. The MMSE and other brief 
cognitive screens do not measure apathy. 
Clinically, there can be a co-occurrence of apathy 
and agitation, or apathy and depression. Several 
apathy scales (see below) can be administered to 
either patients or caregivers to ascertain a 
 quantitative measure of apathy. In some studies, 
apathy is cited as the most common BPSD in 
AD. For example, a study by Craig and col-
leagues ( 2005 ) enrolled 435 patients with AD 
and concluded that apathy and indifference were 
the most frequent symptoms at 76 %, followed by 
aberrant motor behavior (65 %), appetite changes 
(64 %), irritability (63 %), and agitation/aggres-
sion (58 %). Apathy has been shown to be associ-
ated with a decline in ADLs and a predictor of 
conversion to dementia in MCI patients. Although 
the current data were obtained from randomized 
controlled trials (RCTs) that did not investigate 
apathy, per se, it has been readily noted that apa-
thy/indifference are moderately distressing to 
caregivers. Treatment with cholinesterase inhibi-
tors and/or psychosocial interventions are the 
only available modalities for treating apathy in 
AD that have been shown to have some effi cacy. 
The use of stimulants or ‘stimulating’ SSRIs 
(e.g., fl uoxetine) has become a common practice, 
but supporting data are limited. Medications will 

be discussed in more detail in subsequent 
sections.  

13.4.3     Anxiety 

 The pathophysiologic origins of anxiety are 
unclear. The disorder frequently co-occurs with 
depression. In individuals without dementia, a 
distributed network including the amygdala, 
medial prefrontal cortex, bed nucleus of the stria 
terminalis, and more ventral regions of the hip-
pocampus have been implicated in the induction 
and maintenance of anxious states. There is evi-
dence that modulating serotonergic transmission 
can affect anxiety. In addition, agents that 
increase GABAergic tone (e.g., benzodiazepines) 
can shift the delicate balance of cerebral excita-
tion and inhibition towards the latter, leading to 
less anxious states. More studies are needed to 
pinpoint the neurobiology of this common symp-
tom in BPSD and to determine if the underlying 
neurobiology differs signifi cantly from what is 
observed in cognitively intact individuals. 

 Anxiety often occurs in AD, PD, and 
VaD. However, anxiety is rarely studied alone in 
medication trials for neurodegenerative diseases. 
It is usually coupled with depression and together 
form the ‘affective dyad’ in BPSD. Anxiety is 
often associated with irritability, aggression, agi-
tation, and pathological crying. Some experts 
conceptualize anxiety as being on one end of a 
behavioral spectrum, with aggression at the other, 
while agitation lies in between the two, repre-
senting a transitional state between internal ten-
sion and outwardly-directed action. It has been 
challenging to quantify anxiety as a single vari-
able. Refusal to bathe and attend to self-care have 
been attributed to anxiety. Repetitive sentences 
with senseless content also may be a sign of anxi-
ety. However, these symptoms may result from 
any number of BPSD.  

13.4.4     Agitation and Aggressive 
Behavior 

 As suggested above, agitation and aggression 
represent a continuum of behaviors that, in 
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 general, are out of proportion to the inciting stim-
ulus (internal or external). Greater agitation in 
AD correlates with more neurofi brillary tangles 
in the bilateral orbitofrontal and left anterior cin-
gulate cortices. Chemically, the disruption of 
serotonin systems appears to be relevant, as 
symptoms partially respond to SSRIs that are 
used as a fi rst-line treatment to target aggression, 
followed by neuroleptics to counter disruption in 
the dopaminergic system. In studies of non-
demented psychiatric patients, lower levels of the 
serotonin metabolite 5-HIAA in the CSF are the 
most strongly correlated neurochemical changes 
seen in aggressive patients. 

 Agitation is commonly observed in AD and 
bvFTD. In these diseases, it manifests as restless-
ness, pacing, fi dgeting, increases in directed and 
non-purposeful motor activities, and abnormal 
vocalizations such as verbigeration or yelling. It 
is the most common symptom in AD accompa-
nied by aggression. Aggression is expressed as 
verbal insults, shouting, hitting, and throwing 
things. Needless to say, both agitation and aggres-
sion necessitate an increase in personal care 
assistance, and at least at their onset, should 
prompt a complete metabolic and structural 
work-up to rule out any acute reversible causes 
(Table  13.4 ).

   Aggression/rage reactions and irritability are 
complex behaviors that frequently lead to assess-
ment by physicians. Aggressive symptoms can be 
divided into physically aggressive symptoms, 
such as hitting, biting, punching, grabbing, and 

kicking; and verbally aggressive symptoms, such 
as yelling, cursing, and anger outbursts. 
Aggression is associated with FTD and the later 
stages of AD, VaD, and DLB. It can be infl uenced 
by environmental and physical factors, such as 
pain or changes in the environment, to name a 
few. It was recently demonstrated by a research 
team in England that systematically treating pain 
signifi cantly reduced the frequency and intensity 
of aggressive acts in nursing home patients with 
moderate to severe dementia. Interestingly, 
empirical prescribing of analgesics reduced the 
overall severity of BPSD, suggesting that care-
fully screening for pain in patients with impaired 
communication can lead to an improvement in 
overall behavioral symptomatology. 

 Aggression is associated with increased use of 
psychotropics, augmented caregiver burden, and 
greater likelihood of transfer to nursing homes or 
other long-term care facilities. A large epidemio-
logical study of community dwelling and nursing 
home residents reported by Lyketsos and col-
leagues ( 2002 ) found that 30 % of dementia 
patients are considered agitated or aggressive. 
‘Rage reaction’ can also occur in patients with 
dementia. It manifests as a sudden emotional/
physical response disproportionate to the stimu-
lus. This behavior can be explosive, unpredict-
able, and very diffi cult for caregivers to manage 
safely.  

13.4.5     Psychotic Symptoms 

 In AD patients there is an association between 
psychosis and the density of neurofi brillary tan-
gles in the middle frontal, superior temporal, and 
inferior parietal areas, even after accounting for 
Lewy body pathology. Neurochemically, a sig-
nifi cant decrease in hippocampal serotonergic 
activity, hyperactivity of dopamine, and intact 
noradrenaline in the substantia nigra were impli-
cated. Involvement of these regions and modula-
tory systems (i.e., serotonin, dopamine, and 
acetylcholine) have been implicated in psychotic 
symptoms in non-degenerative neurologic dis-
ease as well, including delirium and formal 
thought disorders on the schizophreniform 
spectrum. 

   Table 13.4    Behavior as a form of communication about 
underlying processes: BPSD and common mimickers   

 1.  Review possible physical contributions (i.e., pain 
and infections) 

 2. Rule out delirium 

 3. Check for dehydration 

 4.  Look at the patient’s medication list (for drug-drug 
interactions and anticholinergic side effects) 

 5.  Look for contributing environmental factors (noise, 
change of caregivers etc.) 

 6.  Consider psychiatric diseases such as depression 
and anxiety 

 7. Sleep diffi culties 

 8.  Consider unwitnessed falls and resulting fracture 
or hematoma 
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 In general, psychotic phenomena become 
more common in the late stages of dementia. 
Ascertaining the underlying etiology can be diffi -
cult; symptoms such as delusions frequently co-
occur with changes in affective state and cognition. 
La Salvia and Chemali ( 2011 ) have argued that 
defi cits in social cognition may be a unifying 
principle that can explain the emergence of psy-
chotic symptoms late in life. Delusions are 
extremely common in patients with AD and create 
signifi cant caregiver distress. In the natural course 
of the disease, up to 73 % of AD patients will 
develop at least one non-systematized delusion. 
They also occur in patients with DLB, VaD, and 
PDD. Incidence rates in VaD are similar to that in 
AD; data on incidence in DLB and PPD are lack-
ing. The most common delusion patients have is 
that other people are stealing from them; themes 
of abandonment and sexual infi delity are also 
common. Physical aggression can often be an 
indication that paranoid delusions are present. 

 Hallucinations occur commonly in dementia. 
Similar to primary psychotic disorders,  alterations 
of dopamine transmission have been implicated in 
the etiology of hallucinations in neurodegenerative 
disorders. This is consistent with the higher inci-
dence of hallucinations seen in DLB and PDD, 
compared to late-stage AD. In dementia patients, 
hallucinations in all sensory modalities appear to 
be less responsive to traditional D2-receptor 
antagonism. This fi nding may refl ect an as-of-yet 
unidentifi ed difference in the underlying neurobio-
logical basis of hallucinosis in dementia compared 
to cognitively intact patients. Hallucinations in 
DLB and PDD are particularly diffi cult to treat and 
the D2 blockade typically exacerbates the motor 
manifestations of the disease and worsens cogni-
tive function. Hallucinations frequently predict a 
rapid rate of decline and have been correlated with 
severity of dementia and aggression. 

 Misidentifi cation syndromes as seen in 
Capgras (i.e., a familiar person becomes an 
imposture) and Fregoli (i.e., people dressed up as 
others) are often seen in DLB and FTD. The 
response patients have to the delusions may lead 
to aggressive behavior. Moreover, these delu-
sions are often very distressing for caregivers 
when they are the ‘object’ of the delusion. 

13.4.5.1     Neurovegatative Symptoms 
 Sleep disturbances are often found in early stages 
of DLB, with REM disorders and disrupted 
sleep-wake cycles, although these may occur in 
other dementias, especially with increasing 
severity of the disease. Abnormal REM sleep 
behavior can predate the onset of cognitive symp-
toms in DLB by several decades. Appetite and 
eating disturbances are often seen in FTD. Hyper- 
orality and carbohydrate craving may herald this 
disease. Patients may choke on what they are eat-
ing as they cannot gauge the quantity of food they 
put in their mouth. Sense of satiety appears to be 
lost, as is the capacity for the appropriate experi-
ence of disgust. Disturbance of satiety and dis-
gust have been linked to dysfunction of the 
frontoinsular cortex.  

13.4.5.2     Other Symptoms 
 Behaviors such as chanting, pacing, and repetitive 
tapping may be symptoms of underlying anxiety 
or may occur alone. Wandering is one of the most 
common and troublesome symptoms of BPSD, 
with a prevalence rate of up to 53 %. Wandering 
can be seen as aimless walking, trying to leave the 
house, leaving the premises to go to unfamiliar, 
and sometimes dangerous areas, and shadowing 
the caregiver. Delirium in patients with BPSD can 
exacerbate symptoms. Delirium itself can lead to 
BPSD and needs to be ruled out as a cause of 
alterations in behavior. Often this behavioral 
change comes on abruptly. Of note, risk factors 
for the development of delirium include advanc-
ing age, cognitive impairment, and dementia.    

13.5     Neuropsychiatric Symptoms 
in MCI 

 Data from the Alzheimer’s disease Neuroimaging 
Initiative (ADNI) suggests that many of the 
symptoms endorsed by patients with dementia on 
the NPI-Q are observed in MCI patients at rates 
that are higher than in the general population of 
cognitively intact controls, but at lower rates than 
in AD patients. Some behaviors characteristic of 
moderate and severe AD, such as wandering, 
pacing, abnormal vocalizations, and  pseudobulbar 

J. Trettel et al.



243

affect were not observed in MCI. In addition, dis-
ruptions in appetite seem to occur at similar rates 
in both MCI and AD. However, the nature of 
these changes is likely quite different between 
the two groups. Neuropsychiatric symptoms in 
cognitively normal older adults, including 
depression, apathy, irritability, anxiety, and agita-
tion have been associated with increased risk of 
progression to MCI (Geda et al.  2014 ).  

13.6     Assessment and Testing 
of Presence/Absence 
of Neuropsychiatric 
Symptoms 

 Although neuroimaging, functional imaging, and 
CSF biomarkers are readily available and are used 
to help diagnose different types of neurodegener-
ative disorders, clinicians continue to rely heavily 
on quantifying defi cits using neuropsychological 
testing and standardized behavioral scales. More 
than 30 scales are available for use to measure 
BPSD. Some of the most commonly used include:

•    Cohen-Mansfi eld Agitation Inventory (CMAI): 
Examines 29 types of agitated behaviors.  

•   Neuropsychiatric Inventory (NPI) and its ver-
sion for Nursing Homes (NPI-NH): Assess 12 
behavioral issues.  

•   Behavioral Pathology in AD (BEHAVE-AD) 
scale: Structured around the clinical psychiat-
ric interview. Assesses 25 abnormal behaviors 
in seven different domains of psychosis, affec-
tive disorders, aggressiveness and diurnal 
rhythm changes.  

•   Cornell Scale for Depression in Dementia 
(CSDD): Developed to assess signs and symp-
toms of major depression in patients with 
dementia during the week preceding the inter-
view. Because some of these patients may give 
unreliable reports, the CSDD requires an 
interview with an informant. Each item is 
rated for severity on a scale of 0–2 (0 = absent, 
1 = mild or intermittent, 2 = severe). Scores 
>10 suggest probable major depression; scores 
>18, defi nite major depression; and scores <6 
indicate absent depression.  

•   Apathy Evaluation Scale (AES): Includes 14 
items on initiation, motivation, and goal- 
directed behaviors that are rated by the 
patient’s relative or care provider. Scores on 
each item vary from 0 to 3, with higher scores 
indicating more severe apathy. An alternative 
is the Starkstein Apathy scale; both measures 
capture similar behavioral phenomena.     

13.7     Treatment 

 Management of dementia should focus on the 
maintenance of function and independence for the 
person with the disease. Current symptomatic 
treatments for dementia have only modest effi -
cacy. An international group of caregivers, organi-
zations, and professionals with expertise in 
dementia developed a consensus statement that 
recommended that medication trials should state 
clear, pre-defi ned diagnostic and severity criteria 
as well as outcome measures (i.e., functional and 
executive capacity). It was suggested that to be 
complete, health economic measures should be 
incorporated as secondary outcomes in all future 
Phase III trials, with analysis of cost- effectiveness 
and clinical outcome. Although current drugs for 
AD may reduce the amount of family caregiver 
time required, the treatment may have a negative 
impact on the time spent with patients, and reduce 
their opportunity for connectedness, crucial for 
wellbeing. As the population of older adults grows 
across the world, their empowerment may impact 
the political establishment and lead to a change in 
the economics of treatment in dementia. One 
example is increased caution about the use of neu-
roleptics, and more stringent regulations with 
black box warnings as well as documentation of 
side-effects and duration of treatment. There are 
several factors that should be considered before 
starting any psychotropic medication (Table  13.5 ).

13.7.1       Neuroleptics 

 Several neuroleptics have been investigated in 
older adults with psychosis, and studies have 
shown some benefi t in select groups of patients, 
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but with various side effects and risks, including 
increased mortality and cardiovascular and cere-
brovascular events. Neuroleptic use is common 
in both community-dwelling older adults and 
nursing home residents to address symptoms of 
psychosis and/or BPSD. In community dwelling 
adults aged 40–64 living in the United States, an 
average of 620,000 individuals, annually, were 
found to be prescribed neuroleptics during an 
8-year study period (51.9 % typical neuroleptics 
and 50.4 % atypical neuroleptics). That number 
increases in the 65 and older population, where 
approximately 1 million individuals per year are 
prescribed atypical antipsychotics. In the United 
Kingdom, almost 18 % of older adults in contact 
with a mental health provider are prescribed neu-
roleptics, mostly second-generation (atypical 
neuroleptics). In many cases these medications 
are used for their sedating properties, not for anti-
psychotic treatment, per se. Of note, there is an 
ongoing movement in many nursing homes 
around the United States to reduce, and even 
eliminate, the use of neuroleptics for dementia 
patients, and progress is being made in reaching 
goals set forth by national agencies. 

 Neuroleptics that have been examined in ran-
domized clinical trials (RCTs) for the treatment 
of BPSD include haloperidol, risperidone, qui-
etapine, olanzapine, and aripiprazole. To our 
knowledge, there have been no RCTs of clozap-
ine for treatment of BPSD, though data on its use 
in older adults with schizophrenia are available. 

 All antipsychotics carry a black box warning 
of higher risk of all-cause mortality and cerebro-
vascular events in elderly patients with dementia. 
In a systematic review of 17 RCTs, including 
5377 patients with BPSD who had been on 
aripiprazole, olanzapine, risperidone, quetiapine, 
ziprasidone, and haloperidol, it was found that 
the risk of death in drug treated patients was 
4.5 % vs. 2.6 % in placebo treated patients who 
also had BPSD. It was later found that haloperi-
dol had the greatest mortality rates. Subsequently, 
this warning has been expanded to cover all fi rst- 
and second-generation neuroleptics. 

 In addition, data suggest that neuroleptics fur-
ther impair cognition and can lead to a more 
rapid course of clinical deterioration, with falls 
and recurrent respiratory and urinary tract infec-
tions cited often. When considering their use, the 
risks and benefi ts of treatment should be care-
fully considered and discussed with both caregiv-
ers and involved family. Finally, the provider 
might bear in mind that antipsychotics are  not 
indicated  for wandering, restlessness, uncooper-
ativeness, vocalizations, insomnia, or other 
behaviors that do not represent a risk of harm to 
self or others. While these behaviors can cer-
tainly be problematic, the authors do not feel that 
they warrant the added dangers of neuroleptic 
treatment unless a clear risk of harm is 
documented. 

 Risperidone appears to have the most support 
for the treatment of agitation and aggression in 
dementia. In fi ve RTCs involving predominantly 
AD patients, including the BEHAVE-AD study 
of over 600 nursing home patients, risperidone 
has been shown to have modest but signifi cant 
effi cacy. The incidence of EPS in dementia 
patients treated with risperidone is dose depen-
dent and most estimates range from 10 to 30 % 
(multiple studies). In the Clinical Antipsychotic 
Trials of Intervention Effectiveness-Alzheimer’s 
Disease (CATIE-AD) trial, a 12-week multi-
center randomized placebo-controlled trial inves-
tigating the effi cacy of olanzapine, quetiapine, 
and risperdone in AD patients with BPSD, there 
was no signifi cant difference between patients 
treated with an atypical neuroleptic and a placebo 
in terms of clinical response. Additional analyses 

   Table 13.5    Questions to ask before starting a 
medication   

 1. What is the targeted behavior to be treated? 

 2. Is a drug really necessary? 

 3. Have alternative non-pharmacological methods 
been tried? 

 4. Was informed consent sought? (If patient is not 
capable of providing consent, was caregiver asked?) 

 5. Which drug to use? 

 6. What is its lowest therapeutic dose? 

 7. When will the treatment plan be reassessed? 

 8. Are side effects checked for and treatment plan 
adjusted accordingly? 

 9. Is this the most cost-effective choice? 

  Modifi ed from Avorn and Gurwitz (1995)  

J. Trettel et al.



245

in the CATIE-AD trial revealed modest effi cacy 
of risperidone for treating psychosis, total NPI 
score, and hostility. In contrast, olanzapine was 
effi cacious only for treating hostility, most likely 
due to its sedating effects, whereas quitiapine 
was not found to be effective on any measure. 
Interestingly, citalopram appears to be at least as 
effective as risperidone for treating agitation and 
psychosis in AD, VaD, mixed dementia, DLB, 
and Dementia NOS. 

 The AGIT and DART-AD (Ballard et al.  2008 , 
 2009a ,  b ,  c ,  d ) trails did not fi nd a benefi t of neu-
roleptic use verses placebo over a 6-month treat-
ment period. However, a randomized double 
blind trial of continued treatment of 112 AD 
patients in long-term care facilities with risperi-
done vs. placebo beyond 6 months found a 
greater relapse rate (agitation and psychosis) for 
placebo (48 %) vs. risperidone (15 %). 
Subanalyses in the DART study also reveled 
some benefi t of risperidone for patients with a 
total NPI score >15, suggesting that patients with 
a high symptom burden may benefi t from long- 
term treatment. Aripiprazole has been shown to 
have modest effi cacy in treating AD-related psy-
chosis and agitation in several RCTs (Reviewed 
by De Deyn et al.  2013 ), and in general is well 
tolerated. The effi cacy of aripiprazole in treating 
psychosis and abnormal movements in HD has 
been well established. 

 Quetiapine is widely used in both in- and out- 
patient settings for its mild sedating effects at 
hypnotic doses (i.e., < 100 mg) as well as an aug-
mentation strategy for mood disorders at higher 
doses. The latter is a result of its actions on 
numerous serotonin receptors throughout the 
brain. In many US hospitals, quetiapine is unfor-
tunately considered a fi rst line agent for insomnia 
in the elderly even though it has a myriad of 
receptor affi nities and potential side-effects. 
Despite its common use for BPSD, quetiapine 
has been associated with greater global deteriora-
tion and its effi cacy in treating agitation appears 
no better than placebo or the cholinesterase 
inhibitor, rivastigmine. One exception is in the 
treatment of psychotic symptomatology in PDD 
and LBD. Lower D2 receptor affi nity is essential 
to avoid exacerbation of parkinsonism; quitiapine 

and clozapine are generally considered the safest 
of the neuroleptics, although their potent anticho-
linergic properties may limit their use by worsen-
ing cognition and gait stability. 

 The fi rst generation neuroleptics enjoy fre-
quent use in the inpatient setting due to routes of 
administration and rapid onset of action. 
However, in treating BPSD, haloperidol was 
found to increase overall morbidity and mortal-
ity in four RCTs. A report from the US Medicare 
and Medicaid database of over 75,000 patients 
demonstrated greater morbidity and mortality 
risk associated with haloperidol use compared 
to risperidone. Based on current evidence, the 
authors do not encourage the use of fi rst genera-
tion antipsychotics. There are, however, some 
situations when their use may be the best treat-
ment option. This often occurs on inpatient psy-
chiatric units where late-stage dementia patients 
can become very aggressive and pose a consid-
erable risk of harm to self or others. Intramuscular 
administration of low-potency, highly sedating 
agents, such as chlorpromazine, may be tempo-
rarily effective and avoid patient and/or care-
giver harm. Appropriate fall precautions and 
routine monitoring of cardiac conduction inter-
vals (i.e., QTc) must be clearly in place in such 
circumstances. 

 Lastly, a common issue that arises in dementia 
care involves the impact of discontinuing neuro-
leptic treatment, often because of possible 
adverse effects. Studies of neuroleptic discontin-
uation fi rst appear in the early 1990s (e.g., (Fitz 
and Mallya  1992 )). Many early studies found that 
the discontinuation of neuroleptics did not have a 
signifi cant impact on behavioral outcomes such 
as agitation and psychosis. However, many of 
these studies were plagued by inconsistencies in 
symptom assessment, duration of treatment (i.e., 
some patients were on neuroleptics for >3 years), 
and the discontinuation of multiple psychotropics 
simultaneously. More recently, a well designed 
study by Devanand and colleagues ( 2012 ) dem-
onstrated that discontinuation of risperidone was 
associated with an increased risk of relapse in 
patients with Alzheimer's disease who had psy-
chosis or agitation and who responded to risperi-
done therapy over 4–8 months.  
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13.7.2     Cholinesterase Inhibitors 

 Acetylcholinesterase inhibitors (AChE-I) are 
alternative treatments to neuroleptics. Cholinergic 
neurons projecting to cortical and limbic struc-
tures are predominantly found in the nucleus 
basalis (of Meynart). Acetylcholine appears to 
generally facilitate cognitive function, especially 
episodic memory. Disruption of cholinergic sys-
tems contribute to different behaviors, such as 
psychosis, depression, agitation, and personality 
changes. 

 AChE-I have been shown to produce second-
ary benefi ts in BPSD. More than 30 RCTs have 
been published regarding the use of ACH-I in 
the treatment of BPSD, with treatment periods 
ranging from 6–12 months. The medications are 
generally well tolerated. Gastrointestinal symp-
toms were the most common including nausea, 
vomiting, and diarrhea. Bradycardia and syn-
cope need to be closely monitored. The pooled 
evidence suggests sustained benefi ts for anxiety, 
depression and apathy, but no benefi t for agita-
tion and aggression over 24 weeks of study. 
Effi cacy may vary among agents and differ 
across individual patients. There has been scant 
investigation employing head-to-head trials. 
The majority of studies have used donepezil. 
Drug benefi ts were easier to demonstrate for 
moderate-to-severe BPSD compared with mild-
to-moderate symptoms. A large meta-analysis 
found that AChE-I offer a small but signifi cant 
improvement in multiple BPSD compared to 
placebo. Also of note, the withdrawal of done-
pezil at 6 weeks has been associated with 
increased overall NPI scores. 

 Galantamine is a specifi c reversible AChE-I. It 
also works on nicotinic receptors to potentiate 
cholinergic neurotransmission. There is some 
evidence demonstrating that galantamine has 
positive effects on ADLs and behavior. A 2001 
Cochrane data analysis noted seven RCTs for 
galantamine addressing these issues. 

 Many reports examining the impact of riv-
astigmine on behavior (as a secondary endpoint) 
have been open label studies. They have shown 
some effi cacy in treating behavioral distur-
bances in patients with a wide range of demen-

tias, including AD, VaD, FTD, mixed dementia, 
DLB, PDD, and schizophrenia with dementia. A 
number of case reports have suggested that riv-
astigmine is particularly benefi cial for behav-
ioral disturbances in DLB and FTD, but this has 
not been confi rmed in controlled studies. An 
additional benefi t of rivistigmine is the option of 
transdermal administration that seems to reduce 
GI side effects. In summary, additional research 
is needed to more clearly establish the effi cacy 
of AChE-I on the BPSD. They appear to be ben-
efi cial for anxiety, depression, and apathy, but 
not for  acute  agitation and aggression.  

13.7.3     Memantine 

 Memantine is complex drug with several actions 
in the brain that deserve mention. At NMDA 
receptors, it acts as a low-affi nity, non- competitive 
antagonist that shows voltage-dependent binding. 
Physiologic release of glutamate in the presence 
of substhreshold depolarization will displace 
memantine, suggesting that its effects on the glu-
tamate system are probably related to limiting 
excitotoxicity rather than modulating synaptic 
glutamate signaling, per se. In addition, memen-
tine is a weak D2 agonist, 5-HT 3  antagonist, and 
a weak antagonist at several nicotinic Ach recep-
tors. In animal models, memantine-induced 
NMDA antagonism has been shown to enhance 
activity of histamine neurons and increase levels 
of brain-derived neurotrophic factor (BDNF) in 
the hippocampus and parahippocampal areas. 
This further implicates NMDA antagonism with 
improved cognition often observed in AD 
patients treated with memantine. 

 Individual studies, meta-analysis, and pooled 
analysis showed benefi t from the use of meman-
tine to target mild to moderate irritability, lability, 
agitation, aggression, and psychosis over 
3–6 months. There is very little evidence that it is 
useful for acute agitation. Results from the 
Memantine for Agitation in Dementia (MAGD) 
were recently presented at the International 
Conference on Alzheimer’s disease. This large 
placebo-controlled RCT did not show a reliable 
benefi t. Memantine was well tolerated, but stud-
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ies are still needed in patients with moderate-to- 
severe agitation to determine its effi cacy in 
treating BPSD. A Cochrane review indicated lit-
tle effect of memantine for symptoms in VaD and 
failed to show any benefi t in PDD and DLB.  

13.7.4     Antiepileptic Drugs 

 Anticonvulsants and ‘mood stabilizers’ (carbam-
azepine, valproic acid, gabapentin, lamotrigine, 
topiramate, oxcarbazepine) have been studied in 
the treatment of BPSD and “non-cognitive” 
symptoms of dementia. Among these medica-
tions, only carbamazepine has demonstrated effi -
cacy in the treatment of the BPSD in controlled 
studies. Two small RCTs of 6 weeks or less sug-
gested a potential benefi t for treating agitation. 
 Post hoc  meta-analysis did show improvement in 
scores on the Clinical Global Improvement and 
Brief Psychiatric Rating Scales. Signifi cant 
adverse events of carabamazepine have been 
reported in the elderly, including sedation, hypo-
natremia, and cardiac toxicity. In addition, carba-
mazepine is a strong hepatic CYP450 inducer; 
elderly patients on multiple medications may be 
at higher risk of drug-drug interactions. 

 A number of open label studies and case 
reports yielded promising results with valproic 
acid for the treatment of BPSD. However, fi ve 
published controlled studies have failed to dem-
onstrate that it was a useful treatment modality 
for BPSD. The continued use of valproic acid 
likely refl ects its accepted utility as a mood- 
stabilizing agent in general neuropsychiatric pop-
ulations. However, more studies need to be 
conducted on the role of valproic acid in prevent-
ing or treating BPSD. 

 Evidence that gabapentin treats BPSD is still 
very preliminary. The drug is well tolerated when 
used for this purpose, but no controlled study has 
been conducted to provide evidence of its effi -
cacy, despite case reports and open label studies 
showing encouraging results. There are two case 
reports in which gabapentin was used in the con-
text of agitation in DLB. It has not been shown to 
have any effi cacy in other types of dementia. Two 
recent case reports seem to indicate some effi -

cacy of lamotrigine in BPSD. This drug may have 
neuroprotective effects by reducing the hyperac-
tivity of neurons in the hippocampus and para-
hippocampal gyrus. The concurrent use of 
lamotrigine and valproic acid should be avoided 
due to hepatic interactions and an increased risk 
of adverse side effects, including Stevens-
Johnson syndrome. Topiramate has shown prom-
ising results in one open study in BPSD. However, 
given its potential negative side effects on cogni-
tion, it cannot be recommended for routine use. 
No clinical study has been published studying 
oxcarbazepine in the treatment of BPSD. In gen-
eral, this drug is better tolerated than carbamaze-
pine, but can induce severe and more frequent 
hyponatremia. Moreover, it has considerably less 
mood stabilizing properties than carbamazepine. 
In summary, with the exception of carbamaze-
pine, the off label use of antiepileptic agents can-
not be recommended for the treatment of BPSD.  

13.7.5     Antidepressants 

 Depression, anxiety, apathy, and agitation may 
have an underlying neurobiological profi le that 
would make the use of serotinergic antidepres-
sants in BPSD a reasonable choice. These symp-
toms respond to modulation of serotonin 
transmission in general psychiatric patients, and 
several structures with high densities of serotonin 
receptors including the medial and dorsolateral 
prefrontal and anterior cingulate cortices have 
been implicated in the pathophysiology, among a 
myriad of others. 

 The evidence for selective serotonin reuptake 
inhibitors (SSRIs) is encouraging but still at an 
early stage. Citalopram (Celexa) has been the 
most frequently studied SSRI, in part because of 
its selective binding profi le for the serotonin 
transporter and partly because of its low cost 
compared to the more potent, purifi ed  enantiomer, 
escitalopram (Lexapro). The Citalopram for 
Agitation in Alzheimer Disease study (CitAD) 
remains one of the most infl uential investigations 
to date. In AD patients treated with both nonphar-
macological psychological treatments and citalo-
pram, signifi cant improvement was found on the 
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Neurobehavioral Rating Scale agitation subscale 
(NBRS-A) and the modifi ed Alzheimer Disease 
Cooperative Study – Clinical Global Impression 
of Change (mADCS-CGIC) after 9 weeks of 
treatment. There were improvements in multiple 
secondary measures as well, including a decrease 
in caregiver distress. However, prolongation of 
the QT interval (doses ≥30 mg) and mild worsen-
ing of overall cognitive function was observed. 
Sertraline has shown to be benefi cial for agitation 
and is often used to treat the behavioral dyscon-
trol related to bvFTD. This SSRI has mild dopa-
minergic activity at doses over 75 mg and this 
may partly explain its effi cacy in FTD. A meta- 
analysis on trazodone failed to show suffi cient 
effi cacy. However, in bvFTD, one small RCT by 
Liebert and colleagues in 2004, indicated that tra-
zodone improved neuropsychiatric symptoms. 
Side-effects, especially sedation, were frequent. 

 Antidepressants that augment NA (i.e., TCAs) 
have been used to target apathy, depression, and 
anxiety. However, anticholinergic side-effect 
profi les can render these impractical for use in 
treating the BPSD. No RCT trials have been car-
ried out on the combined serotonin/noradrenaline 
reuptake inhibitors such as duloxetine, venlafax-
ine and milnacipram. To date, the likelihood that 
the noradrenergic system has a role to play in 
BPSD has led to the use of lipophilic beta- 
blockers to address aggression and agitation in 
patients with dementia. These agents have dem-
onstrated effectiveness in brain-injured patients, 
some of whom also show cognitive benefi t from 
AChE-I. Nevertheless, their effi cacy remains to 
be determined. 

 Mirtazapine has been used successfully in one 
case report by Raji and Brady, and its antecdodal 
use to treat BPSD is growing. Like atypical neu-
roleptics and trazadone, the sedating properties 
of mirtazapine in low doses (e.g., ≤7.5 mg) seem 
to be the psychopharmacologic property being 
utilized. One SSRI that should generally be 
avoided is paroxetine because of its strong anti- 
cholinergic and anti-histiminergic profi le. If a 
patient does show a good response to an agent 
with anti-cholinergic effects, co-treatment with 
an AChE-I may offset some of these effects. In 
summary, citalopram has the best evidence to 

date for treating a broad range of BPSD beyond 
anxiety and depression.  

13.7.6     Benzodiazepines 

 Benzodiazepines are to be used only on an as 
needed basis and for severe agitation over short 
periods of time. As previously discussed, patients 
can develop paradoxical reactions, become more 
agitated, and have worsening of cognitive symp-
toms. As benzodiazepines are being titrated, there 
is often a period of worsening agitation. This may 
represent a paradoxical reaction or the effects of 
cumulative cognitive compromise and resultant 
behavioral dysregulation. There may be other det-
rimental effects of using benzodiazepines. In a 
recent case control study, a correlation between 
the use of benzodiazepines and the development of 
AD was suggested (Billioti-de-Gage et al.,  2014 ). 
Although these results are intriguing and poten-
tially worrisome, this study does not establish a 
causal link between benzodiazepines and demen-
tia. Replication in other cohorts will be needed to 
defi ne the relationship between benzodiazepine 
use and the progression from MCI to AD. 

 In summary, pharmacotherapy for the treat-
ment of BPSD has substantial limitations as well 
as potential benefi t. However, several factors 
should be taken into account. First, whenever 
feasible, a non-pharmacological approach is 
always considered the fi rst line treatment (see 
below). These are more labor intensive, but lack 
side effects,  per se , and may actually be more 
effi cacious for targeting the problem behavior/
symptom. Second, to date, most studies in the lit-
erature are the ones that show positive effects. 
Negative trials may be less likely to be published. 
This may bias our choices of treatment for 
BPSD. Third, given the inclusion/exclusion crite-
ria of clinical trials, most tend to enroll “better 
behaved” patients, making it diffi cult to evaluate 
the treatment effect in the most diffi cult patients 
with BPSD. Fourth, agitation and aggression 
often co-exist with depression and psychosis. 
Segregating the various BPSD into logical 
‘symptom clusters’ will require more knowledge 
about the neurobiological basis of these 
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 symptoms. Fifth, biomarkers are needed, espe-
cially concerning pathologies in which our 
knowledge is limited and where response to treat-
ment has been variable. A signifi cant advance-
ment in this area has been the establishment of 
normative values for CSF amyloid and tau pro-
teins, as well as specifi c fi ndings on FDG-PET 
studies (e.g., posterior cingulate hypometabo-
lism). The authors concur with the adage ‘start 
low, go slow’, but would add that when a medica-
tion trial is initiated it should proceed unless sig-
nifi cant side effects emerge. In other words, “start 
low and go slow, but go”. Moreover, it is wise to 
assess treatment frequently over time with vali-
dated psychometrics that can be administered by 
other providers and caregivers. Vigilant monitor-
ing of side effects is crucial in this population as 
they are often unable to articulate unpleasant sen-
sations or experiences. Lastly, avoid drugs that 
are known to cause side effects (Table  13.6 ), and 
engage family members and caregivers in the 
treatment of the patient whenever possible.

13.8         Non-pharmacologic 
Management of BPSD 

 In addition to medications, there are numerous 
other evidence-based treatments for the manage-
ment of BPSD. Some of these include aerobic 
exercise, personalized music, reminiscence, 
‘pleasant activities’ with and without social 
engagement, and alterations in the structure of 
the patient’s support/caregiver network, among 
others. Some of these will be highlighted below. 

 Livingston and colleagues ( 2005 ) reviewed 
more than 160 studies examining the impact of 
psychotherapy, including the brief psychosocial 
therapy (later investigated in the CALM-AD 
trial), music therapy, aromatherapy use, light ther-
apy, and education of nurses and family members. 
Some psychosocial interventions appear to have 
specifi c therapeutic properties over and above 
those due to the benefi ts of participating in a clini-
cal trial. The effect sizes were small-to-moderate, 
with a short duration of action. They work when 
implemented systematically by a seasoned staff. 
For example, learning the ABC Model 
(Antecedents, Behaviors, Consequences) was 
useful to reduce unwanted behaviors (Table  13.7 ). 
Also, when the “unmet needs” paradigm is 
addressed, some negative behaviors were amelio-
rated. The unmet needs point to the fact that peo-
ple have inappropriate behavior when their 
emotional and physical needs are not met. The 
“stress threshold model” views dementia as a 
reduced capacity to cope with stress, leading to 
more behavioral outbursts.

   Project ACT is an RCT designed to test the 
effectiveness of a non-pharmacological home- 
based intervention to reduce BPSD and caregiver 
distress. It targeted 272 diverse family caregivers 
who provided in-home care to persons with 
moderate- stage dementia with one or more 
behavioral disturbances. Services involved nurses 
and occupational therapists going to see families 
over 13 visits and working with family members 
to identify and resolve triggers to behaviors 

   Table 13.6    Drugs to avoid   

 1. Those causing orthostatic hypotension and 
anticholinergic effects: 

   (a) Typical low-potency antipsychotics: 
chlorpromazine 

   (b) TCA: amitryptiline 

   (c) Anticholinergic drugs: benztropine 

   (d) SSRI: paroxetine 

 2. Those causing EPS: 

   (a) High-potency antipsychotics 

 3. Those causing paradoxical agitation: 

   (a) Benzodiazepine 

   Table 13.7    Charting behaviors before starting a drug   

 Use of  A ntecedents- B ehavior- C onsequences (A-B-C) 
method may help identify temporary patterns of 
behavioral decompensation. Although this method 
may be helpful early in the disease process, it may 
lose its effi cacy as the disease progresses in severity. 
Nonetheless, it is easy to implement and may curtail 
the use of powerful medications for a some time. 
The ABC paradigm is often conceptualized and 
documented as follows: 

 1. Date and time behavior occurred 

 2. Antecedents (What was the trigger?) 

 3. Behavior (What happened?) 

 4. Consequence (What was the response?) 

  Adapted from Omelan (2006)  
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(miscommunication, complex commands, high 
and unrealistic expectations). The study found 
that teaching caregivers coping strategies, either 
individually or in a group, improved caregiver 
level of stress and psychological wellbeing. 
Selwood and colleagues ( 2007 ) found excellent 
evidence for the effi cacy of therapy centered on 
the patient’s behavior to lessen caregiver burden 
and help with BPSD in patients both immedi-
ately, and for up to 32 months. 

 Similarly, Mittelman and colleagues ( 2007 ) 
conducted a RCT of usual care vs. an enhanced 
social work counseling and support intervention 
(six sessions of individual and family counseling, 
support group participation, and continuous 
availability of telephone counseling, as needed). 
They found that over the 9.5-year study period, 
the intervention for spouse-caregivers was asso-
ciated with a 28.3 % reduction in the rate of nurs-
ing home placement of the patients with dementia 
(median difference between groups in time to 
nursing home placement was 557 days). 
Improvements in caregivers’ satisfaction with 
social support, symptoms of depression, and 
response to patient behavior problems accounted 
for 61.2 % of the benefi cial impact of the 
intervention. 

 More recently, Gitlin and colleagues ( 2012 ) 
employed a case-based assessment of symptoms 
to propose an algorithm for implementing the 
best non-pharmacologic approaches. These can 
be either behavior-targeted or more generalized. 
They identifi ed fi ve general ‘domains’ where 
modifi cation can lead to improvement of BPSD: 
(1) activities, (2) caregiver education and sup-
port, (3) communication, (4) simplifi ed environ-
ment, and (5) simplify tasks. The authors would 
direct the reader to their manuscript (Gitlin et al. 
 2012 ) for numerous examples of behavioral mod-
ifi cations in each domain. 

 Early-onset alzheimer dementia (EOAD) 
presents a unique constellation of challenges for 
families, patients, and providers. Approximately 
5 % of Americans diagnosed with AD had symp-
toms prior to age 65. Previously the dominant 
form of AD, opposed to its ‘senile’ counterpart, 
EOAD has reemerged as an important area of 
investigation. Between 25 and 65 % of EOAD 

patients have a non-amnestic syndrome. Defi cits 
with spatial cognition, executive control, atten-
tion, praxis and focal parietal signs can predomi-
nate the clinical presentation. EOAD patients 
frequently develop a neuropsychiatric prodrome 
(e.g., depression, apathy, irritability, etc) prior to 
quantifi able disturbances in cognition, leading to 
misdiagnoses and inappropriate treatment. 
Children of patients suffer emotionally and phys-
ically when parents become incapacitated or 
unable to care for them. Family members grow 
fearful of developing the illness and need consid-
erable guidance in exploring the ramifi cations of 
genetic testing. Employers are put in a diffi cult 
situation when the patient can no longer carry out 
his or her job. Early onset dementia causes sub-
stantial economic burdens and has a profound 
impact on family systems. Treatment of early 
onset dementia, like any other dementia, should 
revolve around quality of life (QOL). Addressing 
early psychiatric symptoms and frequent assess-
ment of cognitive function essential.  

13.9     Multidimensional Treatment 
of Patients with BPSD: 
A Better Quality of Life 

 The best way to address disorders as complex as 
BPSD is to take the problem as a whole and 
understand the burden it creates for the patients, 
their caregivers, and their treatment team. 
Biomedical, psychological, and social aspects of 
BPSD should be considered in the context of 
maintaining the highest QOL possible that 
emphasizes respect and dignity to the elders. It 
should aim to make patients comfortable, sparing 
the patient and his/her system of care as much as 
possible from disease burden, ageism, and pain. 
There are high levels of stress, distress, and psy-
chological illness in family caregivers of indi-
viduals with dementia. Practitioners are well 
advised to identify these signals and work hard to 
alleviate them. Discussion about end-of-life care 
should be addressed early in the process and the 
wishes of the patient made clear, when possible, 
before cognitive decline precludes meaningful 
and thoughtful decision-making.  
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    Conclusion 

 In summary, neuropsychiatric and behavioral 
symptoms are extremely common in demen-
tia. They cause considerable suffering and 
distress to patients and their caregivers. 
Quality of life is undermined and there is a 
greater probability of nursing home place-
ment. There has been increased investigation 
and understanding of some of the neurobio-
logical mechanisms underlying these disor-
ders, augmenting the likelihood of developing 
more effective treatment interventions. 
Awareness of the nature of BPSD has grown, 
which can facilitate a more systematic 
approach to the identifi cation, evaluation, 
and treatment of neuropsychiatric impair-
ments. Social and behavioral interventions 
can be effective tools and are associated with 
fewer “side- effects” than medication. 
Practitioners and families alike should be 
vigilant in detecting early signs and symp-
toms that may represent initial stages of early 
onset dementia. 

 Pharmacologic treatment of depression, 
anxiety, and cognitive impairments with phar-
macotherapy has been shown to have a modest 
benefi cial impact on the lives of patients. In 
general, neuroleptic medications should only 
be used to manage severe behavioral disorders 
or psychosis in patients for whom less risky 
interventions have failed. In many cases, the 
authors would support limiting the use of anti-
psychotics to treat psychosis, unless there are 
no alternatives for maintaining patient and 
caregiver safety. Under such circumstances, 
patients need to be closely monitored to deter-
mine if treatment is yielding benefi ts and to 
assess ongoing risks. Cardiovascular function 
should be routinely monitored. For most 
BPSD, including agitation, aggression, and 
mood disturbance, citalopram currently has 
the strongest evidence base. That said, the 
armamentarium of available medications to 
selectively target specifi c BPSD needs to 
expand. Investment in ongoing research is 
necessary to discover more effective interven-
tions for these devastating symptoms.     
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14.1      Human Immunodefi ciency 
Virus 

 In 2013 an estimated 35 million people world-
wide were living with HIV. HIV is a blood borne 
virus. It can be transmitted sexually, through the 
use of contaminated needles in the intravenous 
drug using (IVDU) population, from mother to 
child and via infected blood products. HIV is a 
lentivirus which is a member of the retroviridae 
family. It is a single-stranded, positive-sense, 
enveloped RNA virus. Its hallmark is the reverse 
transcription of viral RNA to DNA. The DNA 
is then integrated into the host’s genome as a 
 provirus. The genetic diversity of HIV is due to 

its high viral replication rate along with its abil-
ity to recombine. This genetic diversity has been 
classifi ed into subtypes called clades. In Europe 
and North America the most common clade 
is subtype B while subtype C is the dominant 
form in Africa and Asia. Viral tropism refers to 
the cell types that a virus can infect. When the 
HIV protein, gp120, binds to CD4 cells or mac-
rophages it opens up a binding site allowing for 
attachment via two chemokines. Viruses which 
attach via the chemokine receptor CCR5 are 
called R5-tropic viruses and they primarily infect 
macrophages. X4-tropic viruses attach via the 
chemokine receptor CXCR4 and primarily infect 
primary CD4 T-cells. Viruses which can use 
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both  chemokines are called dual or mixed tropic 
viruses. After binding, gp41 then facilitates 
fusion of the host cell membrane and the viral 
membrane thus releasing the virus into the host 
cell cytoplasm and allowing the infective cycle 
to begin. HIV primarily infects CD4 positive T 
cells, macrophages and dendritic cells thereby 
suppressing the infected individual’s immune 
system and predisposing them to opportunistic 
infections and some malignancies. It is recom-
mended to commence highly active anti-retrovi-
ral therapy (HAART) in patients with cognitive 
impairment in the setting of HIV irrespective of 
CD4+ count.  

14.2     HIV and Cognitive 
Impairment 

 Many terms have been used to describe cognitive 
impairment or dementia secondary to HIV over 
the years, including sub-acute encephalitis, AIDS 
dementia complex, HIV encephalopathy and 
HIV-1 associated cognitive/motor complex. The 
most recent term, HIV Associated Neurocognitive 
Disorders (HAND), was introduced by the 
American Academy of Neurology (AAN) in 
2007 (Table  14.1 ; Fig.  14.1 ).

14.3         Prevalence of Cognitive 
Impairment in HIV 

 Prior to the introduction of HAART up to 20 % 
of patients with AIDS developed HIV dementia 
and it was associated with a high mortality rate 
with a mean survival of 6 months to 1 year after 
the development of dementia. Prior to HAART 
mild neurocognitive impairment was described 
in 30 % of patients with asymptomatic HIV dis-
ease and in up to 50 % of patients with AIDS 
defi ning illnesses. The incidence of HIV associ-
ated dementia has declined in the post-HAART 
era to approximately 2 %, however cognitive 
impairment continues to be an ongoing clini-
cal issue despite good virological control of 
HIV. Prevalence rates of 20–50 % of HAND have 
been demonstrated in large prospective studies.  

   Table 14.1    AAN diagnostic criteria for HAND   

  HIV associated asymptomatic neurocognitive 
impairment (ANI)  
 1.  Acquired impairment in cognitive functioning, 

involving at least two ability domains, documented 
by performance of at least 1 standard deviation 
below the mean for age-education-appropriate 
norms on standardised neuropsychological tests. 
The neuropsychological tests must survey at least 
the following abilities: verbal/language, attention/
working memory, abstraction/executive, memory 
(learning, recall), speed of information processing, 
sensory- perceptual, motor skills 

 2.  The cognitive impairment does not interfere with 
everyday functioning 

 3.  The cognitive impairment does not meet criteria for 
delirium or dementia 

 4.  There is no evidence of another pre-existing cause 
for the ANI 

  HIV associated mild neurocognitive disorder 
(MND)  
 1.  Acquired impairment in cognitive functioning, 

involving at least two ability domains, documented 
by performance of at least 1.0 standard deviation 
below the mean for age-education-appropriate 
norms on standardised neuropsychological tests. 
The neuropsychological tests must survey at least 
the following abilities: verbal/language, attention/
working memory, abstraction/executive, memory 
(learning, recall), speed of information processing, 
sensory- perceptual, motor skills 

 2.  The cognitive impairment produces at least mild 
interference in daily functioning (at least one of the 
following): 

   (a) Self-report of reduced mental acuity, ineffi ciency 
in work, homemaking or social functioning 

   (b) Observation by knowledgeable others that the 
individual has undergone at least mild decline in 
mental acuity with resultant ineffi ciency in work, 
homemaking or social functioning 

 3.  The cognitive impairment does not meet criteria for 
delirium or dementia 

 4.  There is no evidence of another pre-existing cause 
for the MND 

  HIV associated dementia (HAD) (Fig.   14.1  )  
 1.  Marked acquired impairment in cognitive 

functioning, involving at least two ability 
domains, typically the impairment is in multiple 
domains, especially in learning of new 
information, slowed information processing, and 
defective attention/concentration. The cognitive 
impairment must be ascertained by 
neuropsychological testing with at least two 
domains 2 standard deviations or greater than 
demographically corrected means 

(continued)
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14.4     Neuropathology of HIV 

 HIV is neuroinvasive, neurotropic and neuroviru-
lent. HIV enters the brain through infected mono-
cytes and lymphocytes. They are used as a “Trojan 

horse” mechanism to cross the blood brain bar-
rier. HIV has been found in the cerebrospinal fl uid 
(CSF) of patients during seroconversion, suggest-
ing that HIV enters the CNS early in the course of 
infection. Neurons are not infected directly by 
HIV. Microglial cells and macrophages are the 
primary targets for productive HIV infection 
within the CNS as they both possess receptors for 
CD4 and CCR5. Microglia cells act as the brain’s 
native immune response cells. Astrocytes are also 
infected by HIV despite their lack of receptors for 
viral attachment but in a more restricted fashion. 

 HIV can cause an infl ammatory reaction 
upon entry to the CNS which may be  manifested 

Table 14.1 (continued)

 2.  The cognitive impairment produces marked 
interference with day-to-day functioning (work, 
home life, social activities) 

 3.  The pattern of cognitive impairment does not meet 
criteria for delirium 

 4.  There is no existing evidence of another, pre- existing 
cause for the dementia 

  Fig. 14.1     Top : vacuolar leukoencephalopathy;  bottom 
right : shows perivascular CD8 T lymphocytes,  Bottom left : 
shows axonal injury; Histology slides courtesy of Prof 

Michael Farrell (Department of Neuropathology, 
Beaumont Hospital, Dublin, Ireland)       
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by a T cell reaction with vasculitis and lepto-
meningitis. There is upregulation of MHC 
class II antigens, increased number of microg-
lial cells found and increased production of 
cytokines. Perivascular microglia are likely 
involved early in infection and the parenchy-
mal microglia become involved in the later 
stages of infection. The chemokine receptor 
CCR5 is the dominant receptor used within the 
brain. There is proliferation of astrocytes and 
intense perivascular lymphocytic and macro-
phagic infi ltration has been seen at autopsy 
which has been postulated to be related to 
immune reconstitution infl ammatory syndrome 
(IRIS). 

 The pathognomonic feature of HIV encepha-
litis (HIVE) on histological examination is the 
presence of multinucleated giant cells. These 
cells are the fusion of infected and uninfected 
microglia and macrophages and they stain posi-
tively for HIV antigens. Together they provide 
evidence of productive infection by HIV within 
the CNS. This pathological feature was present 
in 20–50 % of patients who had autopsies per-
formed in the fi rst 15 years of the HIV epidemic. 
HIVE has a predilection for the basal ganglia 
and white matter and affects the neocortical 
grey matter, cerebellum and brainstem to a 
lesser extent. Other pathological features of 
HIV include myelin pallor, axonal loss, microg-
lial nodules and gliosis. There is also disruption 
of the blood brain barrier and apoptosis of astro-
cytes. This leads to dendritic and neuronal loss 
(Fig.  14.2 ; Table  14.2 ).

14.5         Risk Factors for HAND 

 Risk factors include a low nadir CD4 +  T-cell 
count, older age, substance abuse, lower educa-
tional level, co-infection with hepatitis C, 
CCR2  polymorphisms, the 2578G variant of 
CCL2 (MCP-1), TNF-α 308A allele and sys-
temic features such as low haemoglobin, con-
stitutional symptoms and a low body mass 
index. Apolipoprotein E status, particularly in 
older patients, has been associated with HAND 
in some studies.  

14.6     Functional Consequences 
of HAND 

 HIV-associated dementia remains an indepen-
dent predictor of time to death. Functional 
impairment in the areas of work assessment, 
fi nances, medication management, cooking and 
shopping has been demonstrated. Unemployment 
is higher.  

14.7     Clinical Features in the 1980s 
of HAND 

 Patients exhibited disturbance in cognitive, 
behavioural and motor function. Patients com-
plained of forgetfulness, loss of concentration, 
diffi culty recalling recent events and losing their 
train of thought. Motor symptoms included lower 
limb weakness, loss of balance and abnormal 
 co- ordination. Apathy and social withdrawal 
were the most common behavioural symptoms. It 

  Fig. 14.2    Bifrontal white matter hyperintensities (seen on 
FLAIR) in a patient with HIV dementia and vacuolar leu-
koencephalopathy on the same patient’s brain biopsy. MRI 
courtesy of Dr Niall Sheehy (Department of Radiology, St 
James’s Hospital, Dublin, Ireland)       
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   Table 14.2    Summary of neuropathogenesis   

  Neuropathology  

 Pathological fi ndings  Lymphocytic meningitis 

 Multinucleated giant cells with encephalitis 

 Perivascular lymphocytic and macrophagic infi ltration 

 Myelin pallor 

 Axonal loss 

 Microglial nodules 

 Gliosis 

  Infl ammatory and immune 
activation  

  Effects and roles  

 Activated macrophages and 
monocytes 

 Release viral gene products and proinfl ammatory cytokines 

 CD163 is a marker of activated macrophages 

 Expansion of CD14 + /CD16 +  monocytes 

 Migration of CD16 +  cells across BBB increased by fractalkine 

 TNF + VCAM-1 increase membrane bound fractalkine 

 IFN-γ and ICAM-1 decrease membrane bound fractalkine 

 CD8 +  T Cells  CD8 encephalitis 

 Loss of specifi c cytotoxic CD8 immune response in aging 

 Microbial translocation  Increased LPS induces monocyte activation and traffi cking into CNS 

 LPS induces expression of E-selectin and VCAM-1 on macrophages 

  Neurotoxic and 
neurodegenerative mechanisms  

  Effects and roles  

 Viral proteins 

   Gp120  Toxicity of blood brain barrier 

 Activates protein kinase C 

 Cytotoxicity requires presence of IFN-γ and p38 MAPK 

 Degradation of ZO-1 and ZO-2 

 Dysfunction of nigrostriatal dopaminergic system 

 Alters glutamate signalling + Ca ++  homeostasis 

   Tat  Affect tight junction proteins 

 Decreases expression of occludin, ZO-1, ZO-2 

 Increases traffi cking of monocytes into CNS 

 Neuronal cell death and excitotoxicity – partially dependent on NMDA 
receptors 

 Neuronal apoptosis increased by  tat  and TNF-α 

 Mitochondrial dysfunction 

   Vpr  Disrupts Ca ++  homeostasis 

 Impairs glutamate signalling 

   Nef  Apoptosis of brain microvascular endothelial cells 

 Causes neuronal damage mediated by MCP-1 

 Platelet activating factor  Increases glutamate release 

 Increases vulnerability of neurons to dendritic alterations 

 Neopterin  Elevated in CSF and remains mildly elevated even with viral suppression 

 Induces release of QUIN 

 Correlates with release of reactive oxygen species by macrophages 

 QUIN  Excitotoxic agonist at NMDA receptors 

 Forms free radicals 

 Correlates with cerebral atrophy 

(continued)
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was consistent with a subcortical dementia given 
the prominent psychomotor slowing and the 
absence of cortical signs such as aphasia and 
apraxia. The neuropathological fi ndings sup-
ported this hypothesis given the predominance of 
white matter and subcortical nuclei pathology. 
One study demonstrated increased rates of neuro-
psychological impairment at each successive 
stage of HIV infection. The domains most often 
affected were attention, speed of information 
processing and learning effi ciency and they sug-
gested that this pattern was consistent with earli-
est involvement of subcortical or fronto-striatal 
brain systems.  

14.8     Changes in HAND Pre and 
Post HAART 

 In the post-HAART era more cortical fi ndings 
have been demonstrated. Impairment in learn-
ing and memory and executive function are 
more predominant than the subcortical impair-
ments in motor skills, cognitive speed and ver-
bal fl uency that were common in the 
pre-HAART era. Some studies have shown that 
recall, working memory and attention have 
been stable across the two time periods whilst 
others have demonstrated an improvement in 

attention, verbal fl uency and visuospatial skills, 
but there was a deterioration in learning effi -
ciency and complex attention.  

14.9     Neuropsychological 
Findings in HAND 

 Impairment in motor skills and information pro-
cessing has been evident in HAND since the 
early 1980s. Bradykinesia and bradyphrenia were 
prominent features. Older HIV positive adults 
were more impaired on the motor scale of the 
Unifi ed Parkinson’s Disease Rating Scale com-
pared to HIV negative age, gender and ethnicity 
matched controls, especially on measures of bra-
dykinesia, hypomimia, action/postural tremor 
and hand agility. Motor slowing in HIV infection 
has also been assessed using timed gait test, 
 fi nger tapping and manual dexterity. Impaired 
performance on tests of information processing 
speed could arise from a variety of defi cits includ-
ing attention, visuoperception, working memory, 
praxis and motor skills. 

 Episodic memory impairment is a sensitive 
indicator of HAND. Defi cits are most consistent 
with a mixed encoding and retrieval profi le how-
ever there is considerable heterogeneity in the 
memory profi le of HIV infection but most support 

Table 14.2 (continued)

 Monocyte chemoattractant 
protein 1 (MCP-1) 

 Upregulated in HIVE 

 Associated with poorer outcomes 

 Mediates neuronal death caused by  nef  

 Astrocytes  Astrocytosis – feature of HIVE 

 Astrocyte apoptosis propagates macrophage activation and causes loss of 
neurotrophic support for neurons 

 Synaptodendritic injury  Retraction of dendritic spines, dendritic beading and aberrant sprouting 

 Disrupts normal communication and impairs axonal transport 

 NFL is a marker of axonal injury 

 HAART  Mitochondrial dysfunction 

 Beading and pruning of dendrites 

 Destabilisation of neuronal Ca ++  homeostasis and a reduced response to 
glutamate 

 Increase NO production 

 Aging  Decreased levels of amyloid-beta 

 Normal or low levels of tau 

 Neuritic α-synuclein expression in substantia nigra 
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a frontal-striatal conceptualization of verbal mem-
ory performance in the setting of HIV infection. 
This pattern of mixed encoding and retrieval issues 
is characterised by impaired immediate and 
delayed free recall but relatively better perfor-
mance on tasks of recognition. Impairment of the 
hippocampal system as well as the prefrontal sys-
tem during episodic encoding in HIV positive 
patients has been demonstrated during a functional 
MRI study. This suggests that there is hippocampal 
involvement in addition to the role of the fronto-
striatal circuits in the memory profi le of HIV. 

 Attentional defi cits have been shown in the 
areas of response inhibition, divided attention 
and visual attention. HIV positive patients usu-
ally score lower on executive tasks such as the 
Stroop Colour Word Test, Trail Making Test Part 
B and the Wisconsin Card Sorting Test. 

 Visuospatial defi cits were not seen promi-
nently in early studies of HAND however defi cits 
were noted in spatial abilities that relied on the 
integrity of the fronto-striato-parietal networks 
such as egocentric spatial tasks. Abnormalities 
were noted in spatial attentional tasks. A recent 
study demonstrated defi cits on tasks of mental 
rotation and hierarchical pattern perception in 
HIV and these are tasks which depend highly on 
parietal function. Mental rotation was explored 
further in a subsequent study and HIV positive 
patients made more errors on the task than did 
HIV negative controls. The errors were associ-
ated with poorer performance on tasks of execu-
tive function and working memory suggesting 
that the fronto-striatal-parietal networks were 
disrupted. Impairment of numerical and spatial 
cognition has been demonstrated in HIV infec-
tion through tasks of mental number line 
 bisection, physical line bisection and physical 
number line orientation. This again provided evi-
dence for disruption of fronto-striato-parietal net-
works in HAND. 

 Verbal fl uency is impaired in patients with 
HIV associated dementia (HAD) with signifi -
cantly more impairment on letter fl uency and 
relatively intact category fl uency. In a meta- 
analysis of verbal fl uency in HIV mild word 
 generation defi cits were evident with similar 
impairments in both letter and category fl uency. 

Effect size increased with advancing HIV disease 
severity.  

14.10     MRI Features of HAND 

 Early volumetric studies in the 1980s and early 
1990s demonstrated global cerebral atrophy with 
ventricular enlargement and prominent involve-
ment of basal ganglia and white matter. The par-
ticular predilection for basal ganglia was in 
keeping with the subcortical nature of HIV 
dementia. In the post HAART era and with the 
evolution of imaging techniques more extensive 
atrophy has been demonstrated affecting both 
nigro-striatal and fronto-striatal circuits and fron-
tal, parietal, temporal and occipital cortices. 
Hippocampal atrophy has also been demon-
strated. Nadir CD4 count and duration of infec-
tion have been shown to correlate with atrophy of 
the parietal, temporal and frontal lobes and the 
hippocampus whilst plasma HIV RNA levels 
correlated with atrophy of basal ganglia. The pat-
tern of HIV-associated brain loss may be chang-
ing from a predominantly subcortical disease to a 
more cortical disease in the post-HAART era.  

14.11     DTI Findings in HAND 

 DTI has been shown to be a very sensitive method 
for the detection of white matter abnormalities. 
Overall the studies in HIV have shown increases 
in mean diffusivity (MD) and decreases in frac-
tional anisotropy (FA). Abnormalities in FA and 
MD are not related to specifi c white matter 
pathology but are sensitive markers of white mat-
ter integrity. Patients on HAART have been 
shown to have higher FA values suggesting better 
white matter integrity compared to HIV positive 
patients naïve to therapy. Another study demon-
strated that HIV positive patients naïve to 
HAART had higher radial diffusivity (RD) mea-
sures in inferior cingulate, occipital forceps and 
superior longitudinal fasciculus indicative of 
myelin disruption while HIV positive patients 
with AIDS had higher axonal diffusivity (AD) 
measures, indicative of axonal compromise, in 
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posterior callosal regions, fornix and superior 
cingulate bundle.  

14.12     Role of Amyloid and Tau 
in HAND 

 HIV disrupts the clearance of beta-amyloid. Gp120 
induces release of TNF-α and IL-1β from microg-
lia and these cytokines stimulate increased cleav-
age of amyloid precursor protein (APP) by β and γ 
secretases. The HIV protein  tat  inhibits neprilysin 
and increases the aggregation of beta- amyloid  (1–42)  
into neuronal endolysosomes through endocytosis. 
The results of analysis of tau and beta-amyloid (1–42)  
levels in CSF in HAND have been confl icting. 
Most studies have shown decreased beta-amyloid 
with normal phosphorylated tau.  

14.13     Syphilis 

 Neurosyphilis was a common cause of dementia 
until the discovery of penicillin at the turn of the 
twentieth century. The causative organism is the 
spirochaete  treponema pallidum . Usually demen-
tia is a manifestation of the late stages of the dis-
ease although neurosyphilis can occur at any 
stage. Dementia may occur in meningovascular 
syphilis, general paresis, tabes dorsalis or due to 
a focal gumma. 

 General paresis develops 10–25 years after 
initial infection but can occur as early as years in 
5–10 % of those untreated for early syphilis. It 
has a poor prognosis without treatment and in the 
pre-penicillin era resulted in death within an 
average of 2.5 years. General paresis manifests 
initially as depression, mania, psychosis, person-
ality changes, memory defi cits and impaired 
judgment with insidious progression to frank 
dementia. The characteristic Argyll-Robertson 
pupil (small, asymmetric, irregular pupils that 
respond to accommodation and convergence but 
do not react to direct light) may be present. Other 
common neurological fi ndings are facial and 
limb hypotonia, refl ex abnormalities, dysarthria, 
tongue and hand intention tremor, and rarely 
other movement disorders. 

 CSF abnormalities are characterised by ele-
vated protein levels, a lymphocytic pleocytosis 
and a positive VDRL (Venereal Diseases 
Research Laboratory) test. Neuroimaging may 
show atrophy, most commonly of the frontal and 
temporal lobes with dilatation of the lateral ven-
tricles. Pathologically, there is atrophy of the 
frontal and temporal lobes with sparing of the 
motor, sensory, and occipital cortices, and dilata-
tion of lateral ventricles. The cerebellum and 
basal ganglia can also be affected in rare cases. 
There is evidence of chronic meningitis, most 
intense over the atrophic areas. Spirochetes have 
been found in the grey matter, microglial cells 
and endothelial cells, but not in the white 
matter. 

 Diagnosis involves screening for serum non-
treponemal tests: VDRL and RPR (Rapid 
Plasma Reagin) and serum treponemal tests: 
Fluorescent Treponemal Antibody Absorption 
(FTA-ABS); Treponema Pallidum Particle 
Agglutination Assay (TPPA); Syphilis Enzyme 
Immunoassay (EIA) should be performed. The 
nontreponemal tests may be non-reactive in late 
neurosyphilis, but the treponemal tests remain 
reactive for life regardless of treatment. CSF 
analysis should be performed in patients with a 
known history of syphilis displaying neurologic 
or ophthalmic signs, evidence of tertiary syphi-
lis affecting other parts of the body, treatment 
failure at any stage of disease, HIV infection 
with late latent syphilis or syphilis of unknown 
duration to evaluate the possibility of neuro-
syphilis. Serum rapid plasma reagin (RPR) titre 
has been shown to be useful as a surrogate 
marker of neurosyphilis. 

 All patients with confi rmed neurosyphillis 
should be treated. The goal of treatment is to pre-
vent further progression and to reverse the symp-
toms. The latter may not be achieved in 
parenchymal neurosyphilis. Treatment is with 
penicillin or ceftriaxone or doxycycline in those 
who are allergic to penicillin but all attempts 
should be made to treat patients with penicillin 
including desensitisation as doxycycline is a 
static antibiotic. Follow up lumbar puncture is 
recommended every six months thereafter until 
CSF abnormalities have resolved although 
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 following RPR titres has also been recommended 
as some groups have shown a relationship 
between normalisation of RPR and resolution of 
CSF abnormalities. Retreatment is recommended 
if CSF remains abnormal by 2 years after 
treatment. 

 Although, the tertiary form of syphilis became 
very rare in the antibiotic era, its rates remain to 
be observed after the re-emergence of syphilis 
with the start of the HIV epidemic in the 1980s. 
Since 2000 rates of syphilis have been increasing 
in the US, Europe and Australia. The rates of pri-
mary and secondary syphilis increased annually 
from 2001 reaching a peak of 5.3 cases per 
100,000 population in the United States in 2013. 
The rates of late and late latent syphilis remained 
unchanged through the end of 2012 in the US, but 
could potentially increase worldwide in the future 
due to the re-emergence of syphilis since 2000 
and the potential for late presenters or patients 
who failed to comply with full treatment proto-
cols or who were re-infected and did not repre-
sent for treatment. It is extremely important to 
bear in mind that while dementia due to syphilis 
usually occurs in the later stages, neurosyphilis 
can occur at any stage of syphilis and all patients 
presenting with cognitive impairment or demen-
tia should be investigated for syphilis.  

14.14     Toxoplasmosis 

 Toxoplasmosis is caused by an obligate intracel-
lular protozoon Toxoplasma gondii. It is one of 
the most common parasite zoonoses that infects 
up to a third of the world’s population. 
Toxoplasmosis is acquired by ingestion of con-
taminated food or water or by eating undercooked 
meat. It can also be transmitted vertically. 
Primary infection is asymptomatic in most immu-
nocompetent individuals or may cause mild 
symptoms however, in immunocompromised 
individuals, it can have severe manifestations 
including encephalitis, hepatitis and myocarditis. 
Toxoplasmosis remains the most common oppor-
tunistic CNS infection in patients with AIDS 
although rates have declined with the advent of 
HAART but many patients still present late with 

low CD4 counts or live in resource poor countries 
with limited access to testing and HAART. Primary 
prophylaxis is recommended in HIV positive 
patients with CD4 counts less than 100/μl. 

 Toxoplasmic encephalitis in HIV appears to be 
almost exclusively caused by reactivation of latent 
infection. Clinical presentation can vary from 
acute onset of a confusional state to a sub- acute 
insidious process that evolves over days or weeks. 
Patients may present with focal motor defi cits, 
cranial nerve disturbances, speech impairment, 
movement disorders, cerebellar signs, seizures, 
neuropsychiatric symptoms, lethargy, apathy, 
memory impairment or frank dementia. 
Sometimes focal neurological fi ndings are associ-
ated with constitutional signs such as fever and 
general malaise. If left untreated, it will progress 
to seizures, stupor and coma. Encephalitis can be 
the sole presentation of toxoplasma infection in 
immunocompromised individuals or may be asso-
ciated with toxoplasma chorioretinitis, pneumoni-
tis or multi-organ involvement. 

 CT or MR brain imaging will typically show 
multiple ring enhancing lesions with a predilec-
tion for cortical grey matter and basal ganglia 
with perifocal oedema. Sometimes TE can mani-
fest as diffuse encephalitis or a single focal 
contrast- enhancing lesion (Fig.  14.3a, b ). 
Detection of the parasite on a biopsy sample is 
required for a defi nitive histological diagnosis 
but diagnosis is usually made on clinical and 
radiological features. If there is no improvement 
of clinical and/or radiological features after 2 
weeks of empiric treatment then biopsy is recom-
mended. Treatment is usually with pyrimeth-
amine and sulfadiazine co-administered with 
folinic acid to prevent the haematologic compli-
cations of pyrimethamine therapy. Clindamycin, 
atovaquone and trimethoprim/sulfamethoxazole 
may also be used.

14.15        Cryptococcosis 

 Cryptococcosis is caused by one of two fungus 
species,  Cryptococcus Neoformans  and 
 Cryptococcus Gattii . Cryptococcus is a worldwide 
fungus and is spread by bird droppings. It is not 
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transmissible from person to person. In immuno-
competent hosts cryptococcus may colonise the 
airways and have an asymptomatic course or may 
cause cough, pleuritic pain, low grade fever, mal-
aise, and weight loss. In  immunocompromised 
individuals, especially those with a defective cell 
response (AIDS, Hodgkin’s lymphoma, sarcoid-
osis, those receiving chronic steroid treatment or 
immunosuppressive therapy after solid organ trans-
plant) it can spread from the lungs to the CNS and 
cause potentially fatal cryptococcal meningitis or 
meningoencephalitis. Cryptococcal meningitis due 
to  C. neoformans  usually occurs in immunocom-
promised hosts although there are rare case reports 
of infection amongst immuncompetent hosts. It 
causes approximately one million infections per 
year.  Cryptococcus gattii  is more associated with 
infections in immunocompetent hosts. In the past it 
was associated with Eucalyptus trees in tropical 
and subtropical climates and causing low inci-
dences of disease in immunocompetent hosts, but 
since 1999 infections are increasing in Pacifi c 
Northwestern America also. 

 Cryptococcus meningitis has an insidious 
onset and may go on for weeks to years. The 

most common symptoms are headache and 
altered mental status, including personality 
changes, disorientation, lethargy, obtundation 
and coma. It can cause hydrocephalus, dementia, 
seizures and focal neurological defi cits. Dementia 
caused by cryptococcal meningitis or meningo-
encephalitis can clinically mimic Alzheimer’s 
type dementia (with insidious onset and progres-
sive cognitive impairment over a few years) or 
vascular type dementia (progressive memory 
impairment which begins within weeks after a 
stroke like episode). 

 In the CNS, cryptococcus has a predilection 
for the subarachnoid space and perivascular 
spaces. Here it grows extensively causing cystic 
distension of perivascular spaces. Post = mortem 
brain sections have a “Swiss cheese” appearance. 
On MR brain imaging these cystic lesions can be 
mistaken for subcortical lacunar infarcts or 
enlarged Virchow-Robin spaces. MRI can also 
reveal meningeal enhancement, communicating 
hydrocephalus, leptomeningeal nodules or may 
show no pathology (Fig.  14.4 ). CSF shows a 
 lymphocytic pleocytosis, elevated protein and 
low glucose. CSF opening pressure is often 

a b

  Fig. 14.3    ( a ) Hypointense lesions on T1-weighted axial MRI in CNS Toxoplasmosis demonstrating enhancement on 
post-contrast imaging ( b )       
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elevated. India ink test is used to detect crypto-
cocci but is only positive in 25–50 % of patients. 
Detection of cryptoccocal antigens in the CSF by 
latex agglutination tests is the most sensitive 
diagnostic test for cryptococcal meningitis or 
meningoencephalitis. Intravenous Amphotericin 
B combined with oral formulations of fl ucytosine 
is recommended for treatment of cryptococcal 
CNS disease.

14.16        Whipple’s Disease 

 Whipple’s disease is a very rare condition caused 
by  Tropheryma Whippelii . The annual incidence 
of the disease since 1980 has been approximately 
30 cases per year. It usually presents with gastro-
intestinal and systemic symptoms including diar-
rhoea, malabsorption with steatorrhea, weight 
loss, fever, lymphadenopathy and arthritis. CNS 
involvement occurs in 5–40 % and presents with 
psychosis, insidious memory loss leading to 
dementia, seizures and sudden onset of focal 

motor defi cits. The classic triad of CNS Whipple’s 
disease is cognitive impairment, ophthalmople-
gia and myoclonus. The myoclonus type that is 
considered most specifi c for Whipple’s disease is 
oculo-masticatory myorhythmia (continuous 
rhythmic convergence movements of eye with 
concurrent masticatory muscle contractions) but 
a series from the Mayo Clinic in 2005 of 11 
patients with CNS Whipple’s disease found only 
one patient had that. That series demonstrated a 
wide variety of symptoms and signs including 
memory loss, ataxia, corticospinal tract signs, 
visual disturbance, dysarthria, supranuclear gaze 
palsy, hallucinations, parkinsonism, insomnia, 
hypersomnia, myoclonus, dystonia, postural 
tremor and myopathy. 

 In the CNS, Tropheryma whippelii has a pre-
dilection for limbic structures. MR brain imaging 
can show mesial temporal lesions with peripheral 
contrast enhancement and oedema, with or with-
out mass effect. Diagnosis is confi rmed by fi nd-
ing diagnostic periodic acid-Schiff (PAS) positive 
macrophages in intestinal or brain biopsy 
 samples. Tropheryma Whippelii can be seen 
within these macrophages on electron micros-
copy. Whipple’s disease requires long term anti-
biotic therapy which should include an antibiotic 
that crosses the blood-brain barrier. Treatment 
may be with IV ceftriaxone initially and subse-
quently long term oral antibiotics such as 
co-trimoxozole.  

14.17     Hepatitis C 

 Viral hepatitis C constitutes a major public health 
concern affecting approximately 200 million 
people worldwide. Hepatitis C Virus (HCV) is a 
single stranded RNA virus of the Flaviviridae 
family, genus Hepacivirus. It is transmitted sexu-
ally, vertically, through infected blood products 
and by sharing needles in intravenous drug abus-
ers. About 15–45 % of HCV infected individuals 
spontaneously clear the virus. The remaining 
55–85 % will go on to develop chronic hepatitis 
C infection. Prevalence of chronic HCV in most 
European and North American countries is 
reported to be between 0.5 and 2 %. The main 

  Fig. 14.4    Criptococcal ventriculitis in an immune- 
compromised patient. Post-contrast T1-WI reveals dilated 
ventricles and enhancement of choroid plexuses in keep-
ing with ventriculitis and choroid plexitis       
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sequelae of chronic HCV infection are primarily 
hepatic: chronic hepatitis, cirrhosis and hepato-
cellular carcinoma. Neurological complications 
have been described in a large number of patients 
and range from peripheral neuropathy to cogni-
tive impairment. Cognitive dysfunction, charac-
terized by forgetfulness, attention and 
concentration diffi culties, poor word recall, and 
impaired psychomotor speed, has been docu-
mented in 13–50 % of HCV infected 
individuals. 

 Cognitive dysfunction in HCV infection has 
long been attributed to liver disease, specifi cally 
cirrhosis and hepatic encephalopathy. However, 
recent studies indicate that approximately one- 
third of patients experience cognitive impairment 
in the absence of cirrhosis and its occurrence is 
unrelated to viral load, genotype or history of 
substance misuse. HCV RNA has been isolated 
in post-mortem brain tissue and in the CSF of 
HCV infected individuals. Brain cells harbouring 
HCV have been identifi ed as CD68-positive 
microglial macrophages. HCV can replicate in 
peripheral blood mononuclear cells, therefore, it 
is possible that the virus is introduced to CNS via 
a “trojan horse” mechanism where it induces an 
infl ammatory cascade. 

 Neuroimaging studies in patients with chronic 
hepatitis C and cognitive dysfunction show 
altered structure and function of several neuronal 
systems, including the frontal neocortex, basal 
ganglia, and connecting white matter tracts. 
Diagnosis of HCV infection is made by fi nding a 
positive serum HCV antibody and then HCV 
RNA viral load and genotype. Antiviral HCV 
treatment is available and the decision to treat is 
based on assessment of viral and host factors, 
including staging of liver disease. Vibration- 
controlled transient elastography (VCTE) with 
FibroScan® is comparable to liver biopsy and 
thus obviates the need for liver biopsy in most 
cases. 

 The prevalence of HCV among HIV positive 
patients is around 35 % in the United States and 
Europe and can be as high as 80–90 % in the 
intravenous drug using population. Studies have 
confi rmed that HIV co-infection accelerates the 
natural course of chronic hepatitis C and 

 progression to liver cirrhosis and therefore 
increases the risk of hepatocellular carcinoma. 
There is no clear evidence yet that HCV co-infec-
tion in  HIV- positive patients increases the risk of 
developing cognitive impairment.  

    Conclusion 

 HIV has evolved into a chronic disease with 
the advent of HAART. Although the incidence 
rates of HIV associated dementia have 
decreased signifi cantly in the post HAART 
era, it is evident that a milder spectrum of neu-
rocognitive disorders is still quite prevalent. 
The exact aetiology of HAND remains to be 
fully elucidated despite many advances in our 
understanding of this disorder. The role of on-
going infl ammation and immune activation in 
the aetiology of HIV related cognitive impair-
ment is intriguing and may exist despite viral 
suppression in the primary blood compart-
ment. Whether the on-going infl ammation and 
immune activation are as a direct result of pri-
mary HIV infection in the CNS, a conse-
quence of the CNS being a reservoir for 
on-going HIV replication despite adequate 
viral suppression in the primary blood com-
partment or as a consequence of HAART 
remains a subject of great interest and debate. 
Whatever the mechanism of the initial infl am-
matory insult, there is evidence that low level 
infl ammation continues even in those who are 
virally suppressed and does not require a con-
tinuous viral presence. It is most likely that the 
initial upregulation of infl ammation and 
immune activation stems from a number of 
sources and pathways. This infl ammatory cas-
cade may then induce excitotoxicity resulting 
in neurotoxicity. This may be contributed to 
by HAART and also directly by HIV and its 
viral proteins. The neuropathogenesis of HIV 
is multifactorial and is probably the result of 
the interaction of all these factors that contrib-
utes to the development of HAND. 

 Normal function of the brain requires a 
delicate balance between neuroprotective and 
neurodegenerative processes. These are tightly 
regulated to maintain normal neuronal func-
tion and it is likely that HIV disrupts this 
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 balance through many potential mechanisms 
as evidenced above. This has implications for 
therapeutic interventions as it will be neces-
sary for any successful intervention to be able 
to block or reverse the damaging effects of 
HIV, its resultant infl ammatory cascade and 
neurodegenerative mechanisms without caus-
ing further disruption to this fi ne balance. This 
challenge is not unique to HAND but is also 
faced by researchers in the wider neurodegen-
erative fi eld. Future challenges include estab-
lishing the exact aetiology of HAND, 
discovery of reliable biomarkers for its diag-
nosis and establishing therapies, both for those 
with HAND and for those HIV positive 
patients at risk of developing HAND. 

 Other issues contributing to HIV and cog-
nitive impairment include an ageing popula-
tion, late presenters and increasing survival. 
An ageing population, both in terms of older 
patients presenting with new HIV infections 
and those living and ageing with HIV infec-
tion, present unique challenges in terms of 
their risk of cognitive impairment. They will 
also be at risk of developing cognitive impair-
ment due to other causes including Alzheimer’s 
disease and vascular dementia therefore the 
importance of understanding the neuropsy-
chological profi le of HAND and developing 
reliable biomarkers for the diagnosis of 
HAND will be critical in distinguishing it at 
an early stage from other causes in order to 
ensure the correct diagnosis is established and 
management can therefore be tailored accord-
ingly. Cardiovascular disease and stroke are 
increased in HIV infection and these factors 
will also contribute to the increasing risk of 
cognitive impairment in an ageing HIV posi-
tive population. With increased survival peo-
ple will live with the effects of HIV on their 
cardiovascular and central nervous systems 
for longer with the resultant ongoing infl am-
matory response that will increase their risk of 
cognitive impairment. They will also be 
exposed to considerably longer durations of 
HAART. Patients presenting late with low 
CD4 counts will be at increased risk of oppor-
tunistic infections and HAND. 

 Screening for cognitive impairment in all 
HIV positive patients is of utmost importance 
with longitudinal follow up of all patients 
clinically although this can be diffi cult in clin-
ical settings without adequate resources but it 
must be developed as part of any HIV service 
and there are multiple short screening tools 
available which are easy to use. Referral to a 
specialist neurology service should be sought 
for those who are found to have a positive 
screen for cognitive impairment. Given that 
over 30 million people worldwide are living 
with HIV and up to half of them may experi-
ence cognitive impairment it necessitates 
resource planning to ensure that these patients 
are identifi ed, treated and monitored from a 
cognitive perspective as well as an infectious 
standpoint and emphasises the importance of 
ongoing research to establish therapeutic 
interventions and guidelines. 

 In general one must be increasingly aware 
of infectious causes of cognitive impairment 
with changing demographics worldwide: an 
ageing population with resultant immune 
paresis, increased travel, unusual hobbies 
which expose people to potential pathogens, 
increasing number of sexual partners, chang-
ing structure and dynamic of sexual relation-
ships whereby many people no longer conform 
to one monogamous relationship lifelong and 
increasing worldwide use of biologic agents 
and monoclonal antibodies for the treatment 
of many systemic diseases which increase the 
risk of opportunistic infections. It will be 
imperative to consider infectious causes of 
cognitive impairment and rapidly progressive 
dementias in order to establish a diagnosis and 
initiate treatment as early as possible to ensure 
the best outcome.     
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15.1            Epidemiology, 
Demographics, and Clinical 
Features 

15.1.1     Demographics 
and Epidemiology of Multiple 
Sclerosis 

 Multiple Sclerosis (MS) is a chronic autoimmune 
demyelinating disease that is the commonest 
cause of non-traumatic neurological disability in 
young adults affecting more than 2.3 million 
individuals worldwide. Disease onset is usually 
in the third or fourth decade, but 2 % of patients 
with multiple sclerosis present before age 10 
years, and 5 % before age 16 years. 

 Though its exact aetiology remains unknown 
it is likely due to a combination of environmental 
triggers in genetically susceptible individuals. 
Early seminal studies of MS established that the 
incidence of the disease increased with distance 
from the equator (Fig.  15.1 ). Kurtzke classifi ed 

different parts of the world according to their 
prevalence of MS. High prevalence regions had 
more than 30 cases per 100,000 population, inter-
mediate prevalence had 5–30 cases, and low 
prevalence areas had less than 5 cases. This may 
be explained by the genetic composition of the 
population but environmental factors such as 
sunlight exposure and Vitamin D as well as infec-
tions are also potential explanatory factors. Early 
migration studies also suggest an environmental 
infl uence when it was established that immigra-
tion before the age of 15 lead to a reduced risk for 
the development of MS in immigrants from 
Northern Europe settling in South Africa.

   However, recent evidence suggests that this 
latitude gradient in MS incidence may be decreas-
ing. This may be partly due to lifestyle changes 
leading to decreased sunlight exposure and 
Vitamin D defi ciency. Another possible explana-
tion is the so-called hygiene hypothesis. It is 
thought that exposure to infections in early child-
hood has a protective effect against the later 
development of autoimmune diseases. As 
 socioeconomic factors lead to decreased child-
hood infections, thus autoimmunity in adulthood 
may be increasing over time. It has long been 
known that MS is about twice as common in 
women compared to men. Similarly however, it 
has recently been reported that the female- to- 
male ratio of MS is increasing over time. One 
study reported the female-to-male ratio increased 
from approximately 2 for patients diagnosed in 
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1940 to 4 for those diagnosed in 2000. The cause 
of the observed rise in this ratio remains unclear 
though increased smoking in women during the 
twentieth century is one putative contributing 
factor. Though MS is thought to affect Caucasians 
more than other racial groups, a recent US study 
found that the risk of developing MS was higher 
in black women when compared to white women 
though the risk did not differ between men of 
various ethnicities.  

15.1.2     Clinical Course and Subtypes 
of Disease 

 Multiple Sclerosis can develop in many forms, the 
most common of which is relapsing remitting MS 
(RRMS), characterised by discrete attacks or 
relapses followed by remissions. A relapse repre-
sents the development of a new neurological 
symptom or worsening of a pre-existing symptom 
that persists for greater than 24 h and is not associ-
ated with infection. Relapses are usually followed 

by a period of complete or incomplete remission 
of variable duration. MS is characterised by this 
relapsing-remitting onset in about 85 % of cases. 
When a patient initially presents with a fi rst relapse 
and does not yet meet criteria for MS, this is said 
to be a clinically isolated syndrome (CIS). 

 Eventually, remissions are of shorter duration, 
relapse associated disability accumulates, and the 
patient enters a progressive disabling phase. 
About 80 % of relapsing remitting cases will 
progress to secondary progressive MS (SPMS) 
within two decades. The secondary progressive 
stage is characterised by a slow disease progres-
sion as irreversible disability is gradually accrued. 
Its onset is usually determined retrospectively. 
The mean time interval for conversion from 
RRMS to SPMS is 10.4 years. Relapses persist in 
around 40 % of cases during the progressive 
phase. The primary progressive MS subtype 
(PPMS) is present in 15–20 % of MS cases and is 
characterised by at least 1 year of relapse free 
progression at onset. There are no remissions as 
the patient suffers a progressive decline in 

  Fig. 15.1    Global prevalence of multiple sclerosis- people per 100,000 with MS       
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 function. A slowly developing motor onset is 
more typical of PPMS however it can also be 
characterised by progressive ataxia. Between 15 
and 20 % of MS patients will prove to have a 
benign form of multiple sclerosis, remaining 
fully functional in all neurological systems more 
than 10 years after disease onset. Acute MS, or 
Marburg’s disease, is thankfully very rare. It is 
characterised by rapid disease progression and an 
exceptionally severe course usually leading to 
death within a few years of onset.  

15.1.3     Clinical Features 

 MS is a clinically heterogenous disease and almost 
any neurological symptom can occur during the 
course of the illness. The symptoms and signs of 
multiple sclerosis merely refl ect the functional anat-
omy of impaired conduction due to demyelination 
in the optic nerves, brain, and spinal cord. A number 
of clinical presentations are very typical of MS. A 
specifi c and characteristic sensory symptom seen in 
MS is the “useless hand syndrome” where one hand 
is functionally impaired due to proprioceptive loss. 
Acute bilateral internuclear opthalmoplegia (INO), 
Lhermitte’s symptom, Uthoff’s phenomenon, uni-
lateral facial myokimia, bilateral trigeminal neural-
gia, and unilateral remitting optic neuritis, are all 
also suggestive of MS when occurring in young 
adults. Among the commonest chronic symptoms 
of the disease are fatigue and depression, bladder 
irritative problems and urinary retention, limb 
weakness and spasticity, sensory symptoms, neuro-
pathic pain, and cognitive impairment. Paroxysmal 
symptoms such as trigeminal neuralgia and tonic 
spasms can also frequently occur.   

15.2     Pathology and Aetiology 
of MS 

15.2.1     Pathology 

 The pathological hallmark of MS is demyelin-
ation. It is caused by infl ammation targeting the 
myelin sheath and is associated with the forma-
tion of focal lesions within the CNS known as 
 plaques . The classic acute MS plaque is 

 characterised by perivascular infi ltration of acti-
vated macrophages and T lymphocytes. The 
pathology of the acute plaque is heterogenous and 
four different patterns have been described based 
on myelin protein loss, the location and extension 
of the plaque, the pattern of oligodendrocyte 
destruction, and the involvement of complement 
components. The pattern may not be static within 
a given individual, and more than one pattern can 
be observed in the same patient. Partial remyelin-
ation of plaques occurs to a variable extent. Severe 
demyelination results in axonal loss and damage 
to surrounding oligodendrocytes. 

 The classical view of MS as a disease that 
exclusively affects the white matter has more 
recently been refuted. Pathological studies and 
modern MRI modalities have convincingly dem-
onstrated diffuse pathology in both the normal 
appearing white matter (NAWM) of the brain and 
spinal cord, as well as cortical demyelination 
affecting the grey matter in MS patients. This dif-
fuse pathology is seen even at very early stages of 
disease. 

 MS is believed to start with activation and pro-
liferation of autoreactive CD4+ T helper lympho-
cytes in the periphery. These cells then migrate 
across the blood brain barrier (BBB), recognise 
auto-antigens, and initiate infl ammation via the 
production of pro-infl ammatory cytokines. This 
infl ammatory cascade cumulates in damage to 
the myelin sheath, oligodendrocytes, and axons. 
It is an extremely complex process involving 
multiple cell types, cytokines, and co-stimulatory 
molecules. In the progressive stage of the disease 
less active infl ammation is observed and disabil-
ity is thought to occur due to degenerative 
changes. Nonetheless, oligodendrocyte progeni-
tor cells (OPCs) capable of remyelination have 
been observed in the white matter plaques of 
chronic MS patients suggesting that remyelin-
ation may be possible even in the late stages of 
disease. This represents an encouraging thera-
peutic target for treatment of progressive MS.  

15.2.2     Genetics of MS 

 MS is not inherited in a Mendelian fashion and is 
likely to be polygenic. There is however a  familial 
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recurrence rate of about 15 %. The age- adjusted 
risk is higher for siblings (3 %), parents (2 %), 
and children (2 %) than for second degree and 
third-degree relatives. Recurrence in monozy-
gotic twins is around 35 %. Linkage studies in 
multiplex families have confi rmed that variation 
within the major histocompatibility complex 
(MHC) has the greatest individual effect on risk. 
A large genome wide association study (GWAS) 
has recently replicated this fi nding and has iden-
tifi ed at least another 29 susceptibility loci. 
Immunologically relevant genes are signifi cantly 
overrepresented among those mapping close to 
these loci confi rming that MS is primarily an 
immune mediated disease.  

15.2.3     Environmental Factors 
and MS 

 Migration studies, geographical variation in dis-
ease rates, and high rates of discordancy in iden-
tical twins suggest that environmental agents 
must play a role in the pathogenesis of MS. The 
role of Vitamin D status in MS has gained impor-
tance in recent years as both epidemiological and 
experimental data increasingly suggest that 
Vitamin D defi ciency plays an importance role in 
both MS pathogenesis and disease activity. A 
case control study involving seven million US 
military personnel with stored serum found that 
lower risk of MS was associated with higher lev-
els of 25-hydroxyvitamin D. This effect was 
interestingly seen in white people but not in black 
or Hispanic people. A study that included 
42,0000 people found that signifi cantly fewer 
people with MS are born in November and sig-
nifi cantly more are born in May, a fact that is 
putatively linked to the Vitamin D status of the 
mother during gestation. It has been shown that 
Vitamin D levels are signifi cantly lower in relaps-
ing remitting MS patients compared to controls 
and are also lower in patients experiencing dis-
ease activity compared to those in remission. A 
recent study demonstrated that a 50-nmol/L (20- 
ng/mL) increment in average serum 
25-hydroxyvitamin D levels within the fi rst 12 
months of disease predicted a lower relapse rate, 

a lower rate of T2 lesion accumulation on MRI, 
and a lower rate of yearly brain atrophy from 
months 12–60. This suggests that vitamin D defi -
ciency is a strong predictor of future relapse 
activity and disease progression. 

 With respect to lifestyle factors only smoking 
has emerged as a moderate risk factor for 
MS. More recently childhood obesity has been 
highlighted as a possible risk factor for later 
development of MS. Over the years several trans-
missible agents have been implicated as possible 
causes of MS though to date no infectious trigger 
has been defi nitively identifi ed. In recent times 
the leading candidates include Epstein-Barr virus 
(EBV) and Human Immunodefi ciency Virus 
(HIV). The epidemiological data associated EBV 
infection with MS remains strong. We know that 
almost all patients with MS (>99 %) have evi-
dence of prior EBV infection when compared to 
only about 90 % of controls. People who have 
had symptomatic EBV infection (infectious 
mononucleosis) are at increased risk of develop-
ing MS for up to 30 years after the original infec-
tion. In this large Danish cohort the ratio of 
observed: expected MS cases was 2.27. High 
titres of EBV antibodies predict a higher risk of 
MS than low titres and Hodgkin’s lymphoma, 
another EBV associated condition, occurs more 
frequently in MS patients when compared to con-
trols. None of these facts provide proof of 
 causation but they do suggest a role for EBV in 
the pathogenesis of MS. 

 Though both MS and HIV are widely docu-
mented in the medical literature, only one case of 
co-existent MS and HIV infection has been docu-
mented. The individual in question was com-
menced on combination anti-retroviral therapy 
(cART) following which their MS remained qui-
escent for up to 12 years of follow up. It was pos-
tulated that the anti retroviral therapy may be 
coincidentally treating or preventing MS or that 
perhaps the HIV infection itself exerted some 
form of biological protection. This case report 
prompted further enquiry into this phenomenon. 
A large UK linkage study investigating the pos-
sible association between MS and HIV was 
recently reported. The relative risk of MS in peo-
ple with HIV, relative to those without HIV, was 
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0.38. The magnitude of this effect (>60 %) is at 
the highest level of any prognostic risk factor 
reported to date. This fi nding may prompt future 
trials of anti-retroviral therapies in MS patients.   

15.3     Current Diagnostic Criteria 

 The diagnosis of MS relies on providing evidence 
for dissemination of CNS lesions in both time 
and space, as well as excluding alternative diag-
noses. MS is primarily a clinical diagnosis and 
there is no one test that is pathognomonic of the 
disease. However, the widespread availability of 
magnetic resonance imaging (MRI) has revolu-
tionized the diagnostic workup and has led to ear-
lier diagnosis of disease than ever before. Typical 
MRI fi ndings in MS patients include ovoid 
lesions located perpendicularly to the corpus cal-
losum (Dawson’s fi ngers), in the juxtacortical 
white matter, in the cerebellum, brainstem, and 
cervico-thoracic spinal cord (see Fig.  15.2 ). Fluid 
attenuated inversion recovery (FLAIR) is the 
most sensitive imaging sequence for these white 
matter abnormalities. Active plaques that are 
associated with disruption of the blood brain bar-
rier enhance with administration of paramagnetic 
contrast agents such as gadolinium.

   The McDonald criteria are a set of diagnostic 
criteria for MS that incorporate the clinical 

 characteristics of the disease alone or in combi-
nation with MRI features. These criteria were 
fi rst introduced in 2001 by an international panel 
and were revised in 2005 and most recently in 
2010 (see Table  15.1 ). To demonstrate dissemi-
nation of lesions in space (DIS) using MRI, one 
or more T2 lesions must be seen in areas typical 
of MS; namely the periventricular, juxtacortical 
or infratentorial white matter or within the spinal 
cord. Dissemination of lesions in time (DIT) can 
be demonstrated using MRI when a new T2 and/
or gadolinium enhancing lesion develops relative 
to a baseline MRI scan. Alternatively, the simul-
taneous presence of asymptomatic gadolinium 
enhancing and non-enhancing lesions at any time 
is suffi cient to demonstrate DIT.

   Examination of the cerebrospinal fl uid (CSF) 
is also a useful ancillary investigation in suspected 
multiple sclerosis cases. In MS intrathecal synthe-
sis of oligoclonal immunoglobulin G (IgG) bands 
are found in approximately 90 % of patients. A 
simultaneous blood sample is required to demon-
strate the intra-thecal origin of the bands as the 
passive transfer of bands from the systemic circu-
lation is of no diagnostic value. Isoelectric focus-
ing and immunodetection of oligoclonal bands 
(OCBs) is the gold standard technique used to 
identify intrathecal antibody synthesis. A raised 
IgG index is also suggestive of MS but is not as 
sensitive or specifi c as the presence of OCBs.  

  Fig. 15.2    MRI images typical of MS reproduced with patient 
permission. ( a ) Axial FLAIR image showing ovoid periven-
tricular and juxta-cortical white matter hyper  intensities, ( b ) 

sagittal T2 image showing “Dawson’s fi ngers” perpendicular 
to the corpus callosum, and ( c ) a sagittal T2 spinal image 
demonstrating an MS plaque in the cervical cord       
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15.4     Differential Diagnosis 
and Syndromes That 
Overlap with MS 

15.4.1     Neuromyelitis Optica (NMO) 

 NMO (Devic’s disease) is an infl ammatory 
demyelinating disease of the CNS that for many 

years was thought to be a variant of MS but is 
now known to be immunologically and patho-
logically distinct. Clinically it presents with optic 
neuritis and myelitis, often with a poor recovery 
and a relapsing course. MR imaging typically 
shows longitudinally extensive cord lesions, 
extending over three or more vertebral segments. 
Brain lesions can be clinically silent and are seen 
in about 60 % of patients often in the diencepha-
lon and hypothalamus. Pathologically NMO is 
characterised by demyelination, neuronal loss, 
and often pronounced necrosis. The discovery of 
aquaporin-4 autoantibodies in 2004 (AQP4-Ab, 
also known as NMO-IgG) in the serum of patients 
with NMO represented a considerable advance in 
both the diagnosis and treatment of the disease 
and distinguished NMO from MS as an indepen-
dent disease entity. The specifi city of these anti-
bodies is between 90 and 100 % in the correct 
clinical context. More recently, antibodies to 
myelin oligodendrocyte glycoprotein (MOG) 
have been reported in AQP4-Ab negative cases 
with a typical NMO phenotype. However, the 
exact diagnostic implications of this fi nding are 
still under investigation. 

 More women than men have NMO (ratio 9:1) 
and the median age of onset is more than 10 
years older than in MS. Moderate pleocytosis in 
the CSF of NMO patients is seen more com-
monly than in MS and OCBs are only seen in 
about 30 % of cases. In NMO the CSF OCB sta-
tus can change over time, which is uncommon 
in MS. More recently high concentrations of 
IL-6 have been found in the CSF of NMO 
patients which may help in differentiating it 
from other demyelinating diseases. Therapy 
should be initiated early in NMO and the thera-
peutic pathway is different from that of 
MS. Azathioprine and Rituximab are recom-
mended as fi rst line agents. Other immunosup-
pressant agents such as methotrexate, 
mycophenylate mofetil, and mitoxantrone are 
recommended as second line agents. Promising 
new therapies such as anti- AQP4-Ab and anti-
IL-6 receptor biologicals are emerging. 

 AQP4-Ab have also been demonstrated in 
patients with clinical syndromes atypical of 
NMO such as brainstem syndromes including 

   Table 15.1    2010 revised McDonald criteria for the diag-
nosis of multiple sclerosis   

 Clinical presentation 

 Additional information 
needed to make MS 
diagnosis 

 2 or more relapses 
 Objective clinical evidence 
of 2 or more lesions with 
history of prior relapse 

 None, clinical evidence 
will suffi ce. MRI brain 
is still desirable 

 2 or more relapses 
 Objective clinical evidence 
of 1 lesion 

 Dissemination in space 
demonstrated by MRI or 
await further relapse 
implicating a different 
CNS site 

 1 relapse 
 Objective clinical evidence 
of 1 lesion 

 Dissemination in space 
demonstrated by MRI or 
await 2nd relapse 
implicating a different 
CNS site 
 And 
 Dissemination in time 
demonstrated by MRI or 
a 2nd clinical relapse 

 Insidious neurological 
progression suggestive of 
primary progressive MS 

 One year of disease 
progression and 
dissemination in space 
demonstrated by 2 of the 
following: 
   1 or more T2 brain 

lesions typical of MS 
   2 or more T2 lesions 

in the spinal cord 
 Positive CSF- OCBs and 
/or raised IgG index 

 Relapse- a new 
neurological symptom 
lasting at least 24 h in the 
absence of infection. There 
must be at least 30 days 
between onset of one 
relapse and onset of another 

 CSF- cerebrospinal fl uid 
 OCB- oligoclonal band 

  Reproduced and modifi ed with permission of John Wiley 
and Sons from Polman et al. Diagnostic criteria for mul-
tiple sclerosis: 2010 Revisions to the McDonald criteria. 
 Annals of Neurology . 2011;69:292–302  
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intractable vomiting, narcolepsy, neuroendo-
crine disturbances, and olfactory dysfunction. 
The term “NMO spectrum disorders” is often 
used as an umbrella term for these varied 
presentations.  

15.4.2     Acute Disseminated 
Encephalomyeltis (ADEM) 

 ADEM is an infl ammatory demyelinating disor-
der that can often be considered in the differen-
tial diagnosis of an initial demyelinating event or 
clinically isolated syndrome (CIS). It can pres-
ent with a number of clinical symptoms but 
usually includes encephalopathy as well as mul-
tifocal symptoms suggestive of an infl ammatory 
disorder. ADEM differs from MS and NMO in 
that it is a monophasic illness that does not 
relapse and therefore does not require disease 
modifying therapy (DMT). A recent review has 
proposed a number of clinical, imaging, and lab-
oratory features that are helpful in distinguishing 
ADEM from a fi rst presentation of other infl am-
matory disorders. ADEM is seen much more 
commonly in the paediatric population but can 
also occur in adults. Unlike MS, it is often pre-
ceded by an infection or vaccination. It should 
be considered when there is a multifocal polys-
ymptomatic presentation, encephalopathy, sei-
zures, fever, headache, and bilateral optic 
neuritis. On CSF examination a lymphocytic 
pleocytosis is more commonly seen in ADEM 
than in MS and CSF OCBs are seen less fre-
quently than in MS and often resolve when pres-
ent in ADEM. MRI will often demonstrate large 
(1–2 cm) multifocal areas of T2 abnormality in 
the CNS white matter often with diffuse enhance-
ment and grey matter involvement in addition. 
Periventricular involvement is less prominent 
than in MS. A brain biopsy is sometimes war-
ranted when the diagnosis remains uncertain and 
the pathological hallmark of ADEM is perivenu-
lar infl ammation with “sleeves of demyelin-
ation”. Intravenous methylprednisolone is the 
most common treatment used in practice when 
an infectious aetiology has been excluded, IVIG 
may be an effective alternative.  

15.4.3     Differential Diagnosis of MS 

 Diagnostic criteria for MS emphasize that that an 
alternative explanation for the presentation must be 
considered and excluded before a diagnosis of MS 
can be made. International consensus based guide-
lines have been published to guide the clinical, 
laboratory, and imaging assessments of patients 
with possible MS in order to best exclude alterna-
tive diagnoses. The differential diagnosis of MS is 
wide and includes diseases that can mimic both 
relapsing and progressive neurological distur-
bances. These are outlined in Table  15.2  although 
such lists are always selective and incomplete.

   Table 15.2    Differential diagnoses of progressive and 
relapsing forms of multiple sclerosis   

 Differential diagnosis of a 
progressive cord syndrome 

 Differential diagnosis of a 
relapsing CNS disorder 

  Tumour  
 Intramedullary- glioma, 
ependymoma 
 Extramedullary- 
meningioma, 
neurofi broma 
 Extradural- metastasis 
  Vascular-  Dural 
arteriovenous 
malformation 
  Metabolic  
 B12 defi ciency 
 Copper defi ciency 
 Vitamin E defi ciency 
 Phenyketonuria 
  Degenerative - 
Amyotrophic lateral 
sclerosis 
  Infectious  
 HIV 
 HTLV-1 
 Syphilis 
 Tuberculosis 
 Schistosomiasis 
  Infl ammatory  
 Neurosarcoidosis 
 Systemic lupus 
erythematosus 
  Paraneoplastic  
  Genetic  
 Hereditary spastic 
paraparesis 
 Freidreich’s ataxia 
 Adrenomyeloneuropathy 
  Toxic-  Nitrous oxide 

  Vascular disease  
 CADASIL 
 Cerebral amyloid 
angiopathy 
 Antiphospholipid 
antibody syndrome 
 Fabry’s disease 
  Vasculitis  
 Behcet’s disease 
 Neurosarcoidosis 
 Sjogren’s syndrome 
 Susac’s syndrome 
 Sysyemic lupus 
erythematosus 
 Primary angiitis of the 
CNS 
  Mitochondrial disease  
 MELAS 
  Chronic infection  
 Lyme disease 
 Neurosyphilis 
 HTLV-1 
 HIV encephalitis 
 Fungal/parasitic 
infections 
 Whipple’s disease 
 CADASIL- Cerebral 
Autosomal Dominant 
Arteriopathy with 
subcortical infarcts and 
leucoencephalopathy 
 MELAS- Mitochondrial 
Encephalopathy with 
Lactic Acidosis and 
Stroke-like episodes 
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15.4.4        Disease Modifying Therapies 
(DMTs) 

 In the long-term management of MS, a number 
of disease modifying therapies (DMTs) are used 
to reduce the relapse rate and therefore reduce the 
amount of relapse- associated disability accumu-
lated during the relapsing remitting phase of the 
illness. Several new DMTs have been developed 
in recent years many of which are more targeted 
and effi cacious than their predecessors. Each of 
these agents have undesirable side effects and the 
risk benefi t ratio of each therapy has to be consid-
ered for each individual patient. There is cur-
rently no DMT licensed for use in progressive 
MS and this remains a critical area of unmet need 
in MS therapeutics. In RRMS it is now recog-
nised that there is a therapeutic “window of 
opportunity” during the fi rst 5 years of the dis-
ease during which aggressive control of the 
infl ammatory phase of the illness is of most ben-
efi t in the long term. It remains unclear to date 
whether early suppression of relapses and neuro- 
infl ammation with any drug will ultimately pre-
vent the onset of progressive disease.  

15.4.5     “First- Generation” Self 
Injectable Therapies 

 The fi rst DMTs to be licensed for use in RRMS 
were self administered injections given either sub-
cutaneously or intramuscularly at a variable fre-
quency depending on the specifi c agent used. The 
type 1 beta-interferons were the fi rst immunomodu-
latory agents to be licensed for use in MS in 1993, 
and while they are used routinely in RRMS patients, 

their precise mechanism of action remains to be elu-
cidated. There are currently fi ve commercially 
available beta- interferon preparations in clinical use 
(see Table  15.3 ). Glatiramer acetate (GA, Copaxone) 
is a synthetic peptide composed of four amino acids 
designed specifi cally to mimic the structure of 
myelin basic protein (MBP). MBP is the principle 
component of CNS myelin and is therefore a puta-
tive autoantigen in MS. Glatiramer acetate received 
US Food and Drug Administration (FDA) approval 
for use in MS patents in 1987. All these drugs have 
comparable effi cacy, reducing the relapse rate by 
about a third, reducing the number of new brain 
lesions in RRMS patients, and slowing but not pre-
venting the onset of disease progression. They have 
all established long-term safety but are limited by 
injection-related skin reactions, and fl u-like side 
effects seen with the interferon-beta preparations. A 
PEGylated form of interferon-beta 1a plegridy with 
a longer half-life and a reduced dosing frequency 
(once every 2 weeks) has recently received a license 
in RRMS.

15.4.6        Oral DMTS 

 Three oral agents have been approved for use in 
relapsing MS: fi ngolimod, terifl unomide and 
dimethyl-fumarate (BG-12). Effi cacy data from 
pivotal randomised controlled trials of these 
agents are summarized in Table  15.4 

15.4.7        Fingolimod (Gilenya) 

 Fingolimod is a sphingosine- 1-phosphate (S1P) 
receptor agonist which binds to 4 of the 5 

   Table 15.3    First- generation self-injectable disease modifying therapies for relapsing remitting MS   

 Drug 
 Interferon-
beta 1b 

 Interferon-
beta 1b 

 Interferon-
beta 1a 

 Interferon-
beta 1a 

 PegInterferon-
beta 1a 

 Glatiramer 
acetate 

 Brand name  Betaferon  Extavia  Avonex  Rebif  Plegridy  Copaxone 

 Year approved  1993  2009  1996  2002  2015  1997 

 Dose  250 μg  250 μg  30 μg  22 or 44 μg  125 μg  20 mg or 40 mg 

 Route  SC  SC  IM  SC  SC  SC 

 Frequency  Every 
other day 

 Every other 
day 

 Once/week  3 times/week  once every 
2 weeks 

 Daily or All days 
(40 mg) (20 mg) 

   SC  subcutaneous,  IM  intramuscular  
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 sphingosine receptors and acts as a functional 
antagonist. As such it prevents the egress of lym-
phocytes from lymph nodes and causes a relative 
lymphopenia. It also enters the CNS where it 
affects neurons and supporting glia that express 
S1P receptors. There is much recent interest in 
the possible neuroprotective role of fi ngolimod in 
addition to its anti-infl ammatory effects. Adverse 
effects of the drug refl ect the effects of lympho-
penia as well as the fact that S1P receptors are 
expressed in other tissues including the heart and 
the retina. The risk of opportunistic viral infec-
tions, in particular varicella zoster infection is 
well described and it is recommended that immu-
nity to VZV is documented prior to initiation of 
therapy. Due to its effects on cardiac smooth 
muscle, fi ngolimod is contraindicated in those 
with a history of cardiac problems. Bradycardia 
is nearly always observed but is rarely symptom-
atic. Cardiac monitoring is required for 6 h after 
the administration of the fi rst dose. There is a 
0.5 % risk of macular edema and opthalmologi-
cal assessment is required 3 months after initia-
tion of therapy. The risk is higher tin those with a 
history of diabetes mellitis or prior uveitis and 
such patients require annual ophthalmology 
review while on therapy.  

15.4.8     Dimethyl-Fumarate (BG-12) 

 The mechanism of action of BG-12 remains to 
be fully elucidated but it is known to activate 
the nuclear-related factor 2 transcriptional 
pathway which reduces oxidative cell stress, as 
well as modulating nuclear factor ĸB which 
may have an anti-infl ammatory effect. More 
than 30 % of patients will experience fl ushing 
(which may be mitigated by aspirin pre-medi-
cation or ingestion with food), as well as gas-
trointestinal side effects including abdominal 
pain and bloating, nausea and diarrhoea. These 
side effects tend to improve after the fi rst 
month of therapy in the majority of patients. 
The risk of opportunistic infection with this 
agent was thought to be low however, a recent 
case of progressive multifocal leucoencepha-
lopathy (PML) has been described in a patient 
on BG-12 for 4 years with chronic lymphope-
nia. PML is an untreatable brain infection 
which occurs due to re-activation of the John 
Cunningham (JC) virus in the context of pro-
found immunosuppression. It remains to be 
seen whether or not PML will emerge as a long 
term side effect of BG-12 in a proportion of 
treated MS patients.  

    Table 15.4    Summary of effi cacy data from pivotal controlled trials for recently developed disease modifying therapies 
for relapsing MS   

 Drug  Fingolimod 

 Dimethyl 
fumarate 
(BG-12)  Terifl unomide  Natalizumab  Alemtuzumab 

 Brand Name  Gilenya  Tecfi dera  Aubagio  Tysabri  Lemtrada 

 Year approved  2010  2013  2012  2004, 2006  2014 

 Dose  0.5 mg  240 mg  7 mg or 14 mg  300 mg  12 mg 

 Route  PO  PO  PO  IV  IV 

 Frequency  Daily  Twice daily  Daily  Once every 4 
weeks 

 Annually 
 5 doses year 1 
 3 doses year 2 and 
thereafter as 
required 

 Clinical relapse 
 Relative RR 

 54 %  51 %  31 %  68 %  55 % (vs rebif 44) a  
 49 % (vs rebif 44) b  

 Disability 
progression 
 Relative RR 

 30 %  38 %  26 % (14 mg dose 
only) 

 42 %  NS a  
 42 % (vs rebif 44) b  

   a CARE MS 1 

  b CARE MS 2  
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15.4.9     Terifl unomide 

 Terifl unomide is a derivative of lefl unomide, a 
drug used in rheumatoid arthritis. It exerts its 
immunological effect by inhibiting dihydrooro-
tate dehydrogenase, an enzyme required for 
pyrimidine synthesis in proliferating cells. It can 
cause potentially serious hepatotoxicity and as 
such requires fortnightly liver function testing 
after its initiation. A particular concern is that of 
teratogenicity. It is contraindicated in pregnancy 
and it is excreted in both breast milk and semen. 
Because of enterohepatic recirculation, it has an 
extended half-life and if pregnancy or serious side 
effects occur while on therapy it must be elimi-
nated from the body using cholestyramine or acti-
vated charcoal over a period of several days.  

15.4.10     Humanised Monoclonal 
Antibodies 

 The effi cacy data from the pivitol randomised 
controlled trials for both natalizumab and alem-
tuzumab are summarized in Table  15.4   

15.4.11     Natalizumab 

 Natalizumab is a humanised monoclonal anti-
body that selectively targets the α4- subunit of 
“very late antigen 4” or VLA4 which is expressed 
on the surface of lymphocytes and monocytes. In 
order for these cells to cross the blood brain bar-
rier (BBB), VLA-4 must bind to its ligand on the 
surface of vascular endothelium. When natali-
zumab prevents this interaction, systemic lym-
phocytes cannot enter the CNS. The drug is 
generally well tolerated though infusion related 
hypersensitivity reactions can occur which 
should prompt testing for anti-natalizumab anti-
bodies which if present necessitate treatment 
discontinuation. 

 When two natalizumab- treated patients devel-
oped PML in 2004, the drug was temporarily 
withdrawn from the market. It was re-introduced 
in 2006 and continues to be used with risk 
 management guidelines for the development of 
PML. It is now known that PML is more likely to 

occur in patients who have positive anti-JC anti-
bodies in the serum, in those who have had prior 
exposure to immunosuppressing drugs such as 
mitoxantrone or azathioprine (but not immuno-
modulators such as beta-interferons or GA), and 
after a duration of two years on therapy. More 
recently anti-JC antibody titres have been used to 
develop an “antibody index” which can also help 
to predict risk of PML. In JC negative patients, 
serology should be re-checked every 6 months 
and the patient re-counselled about increased 
PML risk if sero-conversion has occurred. 
Because of the risk of PML, natalizumab has 
been reserved for patients with highly active MS; 
namely those with very aggressive disease from 
the outset or those who have failed more benign 
therapies such as beta-interferons or GA. Disease 
activity is known to rebound within 3 months of 
natalizumab discontinuation and transition to 
another DMT should be considered early to try 
and negate this.  

15.4.12     Alemtuzumab 

 Alemtuzumab is a humanised monoclonal anti-
body directed against the cell surface marker 
CD52 which is present on the surface of lym-
phocytes and monocytes. It causes a profound 
lymphopenia with B lymphocytes recovering to 
the lower limit of normal (LLN) within 6 months 
but T lymphocytes recovery to the LLN can be 
up to 1 year after a single dose. Alemtuzumab 
was the fi rst MS DMT to be trialled compared to 
an active comparator (Rebif 44) rather than a 
placebo. 

 Somewhat surprisingly, serious infections 
are uncommon and PML has not been described 
to date. Mild viral infections including herpes 
virus infections are relatively common and anti-
virals such as acyclovir are recommended for 1 
month after therapy. Secondary autoimmune 
conditions commonly occur, often several years 
after the standard dose of the drug has been 
administered. The process by which this sec-
ondary autoimmunity occurs is not completely 
understood, but  circulating levels of IL-21 may 
play a role in its development. The commonest 
of these is autoimmune thyroid disease which 
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occurs in about one third of treated patients, 
necessitating 3 monthly thyroid function testing 
for up to 4 years after the treatment. Idiopathic 
thrombocytopenic purpura (ITP) occurs in about 
1 % and monthly platelet counts need to be 
checked on an ongoing basis as well as caution-
ing patients about bleeding complications. 
Goodpasteur’s (anti-GBM) disease rarely occurs 
but is potentially life threatening and urine sam-
ples need to be followed for haematuria and pro-
teinuria. Autoimmune cytopenias have also 
been rarely described. 

 Infusion reactions are common due to a cyto-
kine release syndrome and pre-medication with 
intravenous steroids and anti-histamines is 
required. Neutralizing antibodies to alemtu-
zumab have not been clinically signifi cant to 
date. Alemtuzumab has received a European 
Medicines Evaluation Agency (EMEA) license 
for active disease in RRMS patients and is gener-
ally reserved for the same type of patients with 
aggressive MS in whom natalizumab would be 
used. It has to date been rejected by the US Food 
and Drug Administration (FDA) based on its side 
effect profi le.   

15.5     Symptomatic Therapies 

 Disease modifying therapies have no effect on cur-
rent neurological symptoms therefore symptom-
atic management and multidisciplinary 
neuro-rehabilitation are critical elements of MS 
management. People with MS usually have multi-
ple symptoms, not all of which can be symptom-
atically managed. Common symptoms that are 
readily treatable include fatigue, depression, neu-
ropathic pain, muscle spasms and spasticity, blad-
der irritative symptoms and urinary retention and 
some forms of sexual dysfunction. Recently a new 
drug called fampridine (Fampyra) has been 
licensed to improve walking speed in patients with 
all forms of MS. This is a sustained release formu-
lation of 4-Aminopyridine that improves walking 
speed in about 25–30 % of patients who try it. The 
therapies commonly used to treat the commonest 
symptoms of MS are summarised in Table  15.5 .

   Symptoms that are less amenable to treatment 
include weakness, ataxia, cognitive impairment 
and visual loss. Input from physiotherapy and 
occupational therapy is invaluable particularly in 
dealing with various mobility problems either in 

   Table 15.5    Summary of pharmacological and non-pharmacological therapies for the common treatable symptoms of 
MS   

 Symptom  Drugs  Non-pharmacological therapies 

 Fatigue  Modafi nil 
 Amantadine 

 Graded aerobic exercise program 

 Spasticity and painful spasms  Baclofen 
 Tizanidine 
 Benzodiazepines 

 Physiotherapy 
 IM Botulinum toxin (Botox) 
 Intrathecal baclofen pump 

 Bladder Dysfunction  Overactivity: 
 Anti-cholinergics- oxybutynin, 
solifenacin, tolterodine 
 Intranasal desmopressin 

 Overactivity: 
 Detrusor muscle Botox 
 Retention: 
 Intermittent self -catheterization 
(SIC) 
 Suprapubic catheter 

 Erectile dysfunction  Phosphodiesterase inhibitors- sildenafi l  Intracorporeal prostaglandin E1 
injection 
 Counselling 

 Neuropathic pain and 
paroxysmal symptoms 

 Amitryptiline 
 Gabapentin 
 Pregabalin 
 Carbamazepine 

 Depression  SSRI- citalopram 
 SNRI- venlafaxine 

 Cognitive behavioural therapy 
(CBT) 

 Impaired walking speed  Fampridine  Physiotherapy occupational therapy 

   SSRI  selective serotonin reuptake inhibitor,  SNRI  selective serotonin and noradrenaline reuptake inhibitor  
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the context of a relapse or in patients with pro-
gressive disease. Vocational rehabilitation is par-
ticularly important in MS as it is a chronic disease 
of young people, many of whom are in the work-
force. Other services such as speech and lan-
guage therapy, psychology, psychiatry, pain 
medicine, urology, and palliative care may be 
involved in the care of an MS patient, depending 
on their individual needs. 

15.5.1     Molecular Biomarkers 

 A biomarker is defi ned as “a characteristic that is 
objectively measured and evaluated as an indica-
tor of normal biological processes, pathogenic 
processes, or pharmacologic responses to a thera-
peutic intervention”. There have been a number 
of diffi culties in identifying biomarkers for MS 
that are suffi ciently sensitive and specifi c. The 
choice of the optimal biological fl uid for use in 
screening potential biomarkers is a key issue. 
Given that MS pathology is localised to the CNS, 
CSF is the most appropriate biological fl uid to 
sample for biomarker analysis. However CSF 
sampling is invasive and not always included in 
diagnostic procedures. On the other hand, while 
blood is much more accessible it is likely to be 
more diffi cult to detect CNS-specifi c biomarkers. 
CNS proteins can leak into the peripheral circula-
tion when the blood brain barrier is permeable; 
for example during a relapse however this is not 
always the case and so the blood may not gener-
ally refl ect the changes within the 
CNS. Furthermore, the high background levels of 
serum proteins can make it diffi cult to detect spe-
cifi c biomarkers at low concentrations. 
Additionally the heterogeneity between MS 
patients and also within the disease course of 
patients represents a signifi cant hurdle to the 
search for reliable biomarkers for MS. Despite 
these drawbacks, a signifi cant amount of research 
has been done in attempts to identify biomarkers 
that would undoubtedly be useful in diagnosing 
MS, identifying disease subtypes, monitoring 
disease progression and response to treatment. 
The progress made thus far in identifying differ-
ent types of biomarkers for MS are discussed 

below. In general the biomarkers that have been 
investigated for MS tend to be related to the two 
key processes that occur in MS; infl ammation 
and neurodegeneration/axonal damage.  

15.5.2     Biomarkers of Axonal Damage 

 Neurofi lament (NF) has emerged as one of the 
most promising potential biomarkers for MS. NF 
is a protein that forms part of the axonal cytoskel-
eton, and therefore detection of neurofi lament 
proteins or peptides within the CSF or blood is 
thought to be a refl ection of axonal damage. NF 
occurs in two isoforms, NF light (NF-L) and NF 
heavy (NF-H). A number of studies have anal-
ysed NF proteins in CSF from RR and progres-
sive MS patient cohorts and it has been suggested 
that NF-L may refl ect axonal damage due to the 
acute infl ammatory response during RRMS, 
while elevated NF-H may correlate with chronic 
irreversible damage during disease progression. 
A long term follow up study measured NF-L 
upon diagnosis and again on average 14 years 
later in 99 early MS patients. High CSF levels of 
NF-L were associated with conversion to SPMS, 
suggesting that NF-L could be used as a prognos-
tic marker in early RRMS. NF-L levels in the 
CSF of 127 untreated MS patients were analysed 
and found to correlate with the lymphocytes and 
antibody in the CSF as well as with disease sever-
ity and lesions measured by MRI. NF-L levels in 
the CSF of 148 CIS and MS patients were signifi -
cantly elevated compared with controls, and cor-
related with EDSS. A role for NF-L as a 
therapeutic biomarker was shown in a study 
where CSF levels of NF-L were measured prior 
to and after 1 year of natalizumab treatment. 
Both NF-L and NF-H levels were dramatically 
reduced after natalizumab treatment, whereas 
only NF-L was signifi cantly lower for patients in 
remission. 

 Interestingly, NF-H levels increased with age 
in both healthy controls and CIS/RRMS patients. 
In addition NF-H levels were higher during 
relapse in CIS and RRMS patients and correlated 
with EDSS but not with any of the CSF infl am-
matory markers examined. NF-H has been shown 
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to refl ect axonal damage as early as the CIS stage, 
since CSF NFH levels in 67 CIS patients corre-
lated with both physical disability and change in 
brain volume but not with change inT2 lesion 
load. These studies indicate that NF–L and NF-H 
are useful CSF biomarkers for MS that may be 
associated with infl ammatory and neurodegener-
ative processes respectively.  

15.5.3     Auto-Antibodies 

 Evidence of a role for B cells and antibodies in 
MS is accumulating, and auto-antibodies specifi c 
for a range of brain antigens have been identifi ed 
in MS patients. These auto-antibodies have 
potential use as biomarkers. As mentioned above, 
the presence of antibody OCB in CSF has for 
many years been used in the diagnosis of 
MS. However more recent efforts have focused 
on identifying specifi c auto-antibodies. Initially 
myelin antigens were considered to be the most 
likely target of auto antibodies in MS and indeed 
myelin-reactive antibodies were detected in the 
CSF from CIS, RRMS and SPMS patients. 
Although the antibodies correlated with disease 
activity measured by MRI, they were not MS 
specifi c since they could also be detected in OND 
and healthy controls. A number of other studies 
have identifi ed auto antibodies specifi c for myelin 
proteins MOG, MBP and PLP, however a lack of 
consensus has lead to the view that myelin anti-
gens may not be the main auto antibody target in 
MS. It has now emerged that antibodies are tar-
geted to a range of cells in the brain including 
neurons, oligodendrocytes, astrocytes and even 
infi ltrating immune cells. 

 The pathogenic role of auto-antibodies target-
ing the Aquaporin-4 channel in astrocytes in 
NMO patients has already been discussed above. 
However auto antibodies against another chan-
nel, the potassium channel KIR 4.1, were detected 
in approximately half of MS patients tested and 
were absent in healthy controls , suggesting that 
auto antibodies to KIR 4.1 may be a useful bio-
marker in a subset of MS patients. 

 As discussed above, there has recently been 
much interest in the possible role of  neurofi lament 

as a biomarker, refl ecting axonal damage. 
However auto antibodies against neurofi lament 
may also be potential biomarkers. Auto antibod-
ies to NFL have been associated with axonal loss 
and disease progression. In addition anti-NFL 
antibodies in CSF were associated with progres-
sion from CIS to MS. Studies using serum rather 
than CSF showed elevated auto antibodies for 
NFL in PPMS but not RRMS patients. Auto anti-
bodies specifi c for other neuronal antigens 
including gangliosides and tubulin have also 
been detected in MS patients. However these 
auto antibody biomarkers specifi c for neuronal 
antigens do not seem to be specifi c for MS as 
they are also detected in a range of other neuro-
logical conditions. In summary, no single auto 
antibody can yet be used as a biomarker for MS, 
and it is likely that screening patient samples 
with panels of antigens may be required. A fur-
ther hurdle to the use of auto antibodies as bio-
markers is the fact that their specifi city for MS 
has mostly been demonstrated in the CSF rather 
than serum.  

15.5.4     microRNAs 

 In recent years there has been a signifi cant inter-
est in the use of microRNAs as biomarkers in a 
range of different diseases including 
MS. MicroRNAs are short non-coding RNA 
sequences that have the ability to regulate gene 
expression at the post transcriptional level, where 
their role is thought to be in the fi ne tuning of 
gene expression. The system is complex as over 
2000 microRNAs have been identifi ed to date 
and each of these can potentially regulate hun-
dreds of genes involved in cellular processes. In 
addition, each mRNA sequence can be regulated 
by many different microRNAs. Thus analysis of 
microRNAs can yield important information on 
the mechanisms of disease as well as being 
potential biomarkers. MicroRNAs can be anal-
ysed in human bodily fl uids including blood and 
CSF, however samples must be collected and 
stored under carefully controlled conditions as 
differences in sample processing has been shown 
to result in highly variable results. MicroRNAs 
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can be analysed by a non-targeted approach using 
microarrays to analyse a large number of microR-
NAs simultaneously, or by a more targeted 
approach using PCR to detect specifi c microR-
NAs of interest. Overall, 33 different microRNAs 
have been reported to have altered expression in 
MS patients. However in many cases there has 
been a lack of consistency in the results between 
different studies, which may be accounted for by 
differences in sample processing or other techni-
cal factors. Thus only microRNAs which were 
shown to be altered in the same direction in more 
than one study are mentioned below. 

 Only one analysis of microRNAs expression 
in CSF from MS patients has been performed 
thus far. In this study, global microRNA profi ling 
was performed on the CSF of 53 patients with 
MS and 39 patients with other neurologic dis-
eases (OND), after which candidate microRNAs 
were validated by quantitative RT-PCR. MiR- 
922, miR-181c and miR-633 were found to be 
differentially regulated in patients with MS as 
compared with OND. Interestingly, miR-181c 
and miR-633 differentiated RRMS from SPMS 
disease courses with specifi city up to of 82 % and 
a sensitivity of 69 %. However, while miR-181c 
was upregulated in CSF in the latter study, it was 
shown in a different study to be down-regulated 
in blood. The following microRNAs were found 
to be down regulated in at least 2 independent 
studies: MiR-16 was down regulated in B cells 
and whole blood from MS patients. MiR-20b was 
down regulated in MS whole blood MiR-140-5p 
was down regulated in B cells and whole blood 
from MS patients. Finally, miR-letg7 was down 
regulated in MS whole blood. 

 The following micro-RNAs were shown in 
more than one study to be upregulated in MS 
patients: MiR-19a was upregulated in Treg cells 
nd PBMC from MS patients. MiR-22 was 
upregulated in T cells and blood from MS 
patients. Interestingly the latter study also iden-
tifi ed  miR- 145 as a biomarker strongly associ-
ated with MS in blood, serum and plasma which 
was consistent with an earlier study that found 
miR145 to the best single marker in distinguish-
ing MS patients from controls. miR128 was 
upregulated in blood and naive T cells from MS 

patients, with a suggested role in skewing the 
balance between Th1 and Th2 cells Mir-142-3p 
was upregulated in blood from MS patients and 
reduced in response to treatment with glatiramer 
acetate. MiR-146a was upregulated in blood and 
T cells from MS patients compared with con-
trols. Mir-155 was upregulated in PBMC from 
MS patients compared with controls and SNPs 
in MiR155 were associated with MS. MiR-223 
was upregulated in MS blood and Treg cells. 
MiR- 326 has been shown to be upregulated 
in MS patients in 2 independent studies 
Interestingly miR-326 was also shown to regu-
late pathogenic Th17 cells in the EAE model 
since its knockdown inhibited Th17 cells and 
ameliorated disease. 

 Most of the studies above have used relatively 
small patient cohorts and will need to be indepen-
dently validated in larger cohorts. In summary, 
microRNAs may have potential for use as bio-
markers in MS but more research needs to be 
done particularly in terms of standardising assay 
protocols and validation of results in multiple MS 
cohorts before they can be used as biomarkers.   

15.6     Important Recent 
Developments 

15.6.1     B Cell Targeting 

 There have been many important clinical and 
research developments in what has been a fast- 
paced era of advances in understanding Multiple 
Sclerosis recently. One of the somewhat surpris-
ing outcomes was the clinically effi cacy of tar-
geting B cells in RR-MS, surprising in part 
because some of the common animal models of 
MS are centrally driven by T cells rather than B 
cells. This emphasises the need to use animal 
models appropriately and understand that models 
such as experimental autoimmune encephalomy-
elitis (EAE) are a collection of varied models and 
if a question of B cells is posed, an EAE model of 
B cell prominence should be utilised. 

 Clinical trial of Rituximab, a monoclonal anti-
body to CD20 expressed on B cells, demonstrated 
impressive reduction in relapse rates in RR-MS 
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Also encouraging was the fact that anti-CD20 
depleted circulating B cells but left pre-B cells 
and follicle-resident plasmablasts relatively 
intact. This affords a degree of maintained 
humoral immunity for patients, thereby reducing 
the risk of serious adverse infectious events. This 
striking positive trial outcome prompted follow-
 on phase II trial with ocrelizumab, a humanised 
anti-CD20 antibody and Phase III trials for both 
RR-MS and PP-MS are ongoing. The fascinating 
aspect of the initial anti-CD20 trial outcome was 
the fact that the original rationale of targeting B 
cells in MS, to reduce pathogenic autoantibody 
production, is not the likely principal mechanism 
of effi cacy. The rapid, almost immediate, reduc-
tion in gadolinium-enhancing lesions (indicative 
of active infl ammation) observed is not in line 
with targeting production of long-lived plasma-
blasts and immunoglobulins. Much more likely is 
that effector functions of B cells in active immune 
responses such as antigen presentation, antigen 
transfer and co-stimulation of T cell responses 
are inhibited with depletion of CD20 +  cells. 

 Another interesting aspect of the anti-CD20 
targeting trial was the discovery of a small pro-
portion of circulating mature T cells that express 
low levels of CD20 and would be targeted how-
ever it is not yet clear whether depletion of this 
subset contributes to the observed therapeutic 
effect in MS. It is important to note when dis-
cussing B cells in MS however that some B cell 
populations such as regulatory B cells (Bregs) 
exert protective effects by secreting anti- 
infl ammatory cytokines such as IL-10 and pro-
moting regulatory T cells As such targeting B 
cells in MS must be done selectively, as empha-
sised by the exacerbation of MS in a trial of ataci-
cept which inhibits B cell growth factor binding.  

15.6.2     Genome-Wide Association 
Studies (GWAS) 

 Originally, HLA alleles had been identifi ed as 
possible genetic risk factors for susceptibility to 
MS in the 1970s. However a series of recent 
large-scale GWAS studies at multiple sites world-
wide brought the number of susceptibility loci 

fi rst to approximately 60 and most recently to 
110. The vast majority of genes identifi ed to date 
are associated with immune function which has 
strengthened the argument for a primary immune 
basis to MS pathogenesis. However, it is impor-
tant to note that a gene regarded as an ‘immune’ 
gene may have a range of other, equally impor-
tant biological roles in other systems. Over the 
past four decades the scope of genetic studies 
have developed to cohorts of tens of thousands of 
patients in largely unbiased screens. 

 Genome-wide association studies in MS have 
been heavily invested in since the development of 
this technology. Advances in molecular biology, 
automation, chemistry and affordability have 
facilitated this work which now occurs through 
large international collaboration and confi rma-
tion. The fi rst GWAS study in MS was reported in 
2007 with strong hits identifi ed, and since vali-
dated, for genes encoding receptors for two key 
immune growth factors, IL-2 and IL-7 (IL-2R α 
and IL-7R α) amongst others. Despite the fact that 
this study was the fi rst to study thousands of indi-
viduals, power was considered limited which 
informed the design of ensuing GWAS undertak-
ings. The International MS Genetics Consortium 
(IMSGC) was established to overcome the feasi-
bility and funding challenges of the larger cohorts 
required to progress GWAS research in MS. This 
brought together research centres worldwide that 
through 2 parallel studies collectively identifi ed 
56 candidate. In addition to validating previous 
loci such as HLA, IL-2R and IL-7R, this GWAS 
identifi ed several candidates that conceptually 
match to other active research areas in MS. For 
example, CYP27B1 is a gene identifi ed through 
this study which is involved in vitamin D metabo-
lism and as discussed earlier, vitamin D defi ciency 
is implicated in epidemiological studies in MS. 

 Most recently, studies from the IMSGC gener-
ated further candidate susceptibility loci bringing 
the total to 110, again, predominantly immune- 
associated genes based on an input of over 30,000 
individuals. Interestingly, but perhaps not sur-
prisingly, despite this deluge of new knowledge 
pertaining to genetic susceptibility loci, HLA 
retains the strongest relationship to disease 
 susceptibility. GWAS research in MS which is 
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not without detractors, has yielded an incredible 
wealth of data that must now be interrogated for 
context and relevance to exploit full value of 
these datasets to understand the genetic basis of 
MS.  

15.6.3     Grey Matter Pathology 

 Another area that has revolutionised our thinking 
of MS is the growing fi eld of research into grey 
matter pathology. Although MS was commonly 
referred to as a ‘white matter disease’, it is now 
widely accepted that lesions also frequently 
occur in grey matter and indeed, grey matter 
lesion perhaps make a greater contribution to dis-
ease burden and progression in patients.. These 
advances have arisen from careful neuropatho-
logical and imaging studies but it is noteworthy 
that early descriptions by Charcot in the nine-
teenth century included observation of grey mat-
ter pathology. The focus on white matter 
pathology was likely due to the technical diffi -
culty in identifying demyelinated lesions in grey 
matter using classical histochemistry approaches. 

 Four main types of lesions in cortical grey 
matter have been classifi ed by location and distri-
bution based on whether lesions span to white 
matter and/or pial tissue. Grey matter lesions are 
more prominent in progressive MS than relapsing 
MS although it is possible that this may refl ect 
enhanced resolution of lesions in grey matter in 
early disease phases. Grey matter lesions bear 
some similarity to white matter lesions character-
ised by myelin and oligodendrocyte loss however 
differences are clearly apparent also. In general, 
grey matter lesions tend to be less infl ammatory 
with reduced immune cell infi ltration, reduced 
expression of MHC II, reduced complement 
deposition and reduced blood-brain-barrier per-
meability. However, regional meningeal infl am-
mation may be an underlying driver of cortical 
grey matter lesion development. Post-mortem 
analysis identifi ed meningeal lymphoid follicles 
containing B cells associated with more exten-
sive grey matter demyelination and atrophy. Such 
follicles were reported to occur in >40 % of 
SP-MS cases studied and associated with 

increased pace of permanent disability onset. It is 
likely that such follicles are a source of damaging 
cytokines, metabolites and pathogenic autoanti-
bodies that act on underlying grey matter. Much 
remains to be understood about grey matter 
lesions and subpial lymphoid follicles however 
given such prominent in progressive MS, and the 
complete lack of disease-modifying therapies for 
progressive disease this will likely continue to be 
a topical area of active research.   

15.7     Important Future 
Developments 

 The past 20 years has seen outstanding progress in 
the development of disease-modifying therapies 
for relapsing-remitting MS (discussed earlier), 
unprecedented in the fi eld of neurology. Since the 
advent of the fi rst interferon-beta modality clini-
cians now have up to ten approved DMTs for MS 
depending on the country with a choice of delivery 
routes as well as packed pipelines ready to deliver 
even safer and more effective treatments. By far, 
the most pressing therapeutic need in MS now is 
the development of disease modifying therapies for 
progressive MS and inhibiting the transition to pro-
gression. To date, all RR-MS DMTs have failed in 
trials of progressive disease, most likely due to the 
fact that each current agent is immunomodulatory, 
targeting the pathological activity of the immune 
system. Achieving disease modifi cation in progres-
sive disease, characterised by reduced or little 
infl ammation, is a challenging goal given the path-
ological changes that occur with progressive MS 
but strides are being made toward achieving it. 

 Neuroprotection and neuroregeneration are 
two areas that hold great potentiation for inhibit-
ing disease progression. Contrary to previous 
dogma, the CNS has profound regenerative 
capacity particularly in the case of regenerating 
myelin (remyelination). A pool of oligodendro-
cyte progenitor cells (OPC) persists in the CNS 
throughout life even into old age. Upon demye-
lination OPCs migrate to the site of damage, pro-
liferate, differentiate into oligodendrocytes that 
engage exposed axons and regenerate myelin 
sheaths (Franklin and Ffrench-Constant  2008 ). 
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Regenerated myelin is thinner and has shorter 
internodes however, this is still suffi cient to 
restore neurological function. Remyelination is 
extensive in early MS but declines with age and 
disease progression. Thus, a concerted effort has 
evolved to develop therapeutics that promote 
remyelination and clinical trials are underway. 
Up to 80 % of lesions that fail to remyelinate con-
tain copious undifferentiated OPCs suggesting 
that the key bottle-neck in failed remyelination is 
the differentiation of OPCs into functional, 
myelinating oligodendrocytes. Recent advances 
in glial biology have uncovered a range of cellu-
lar and molecular mechanisms that inhibit or pro-
mote oligodendrocyte differentiation and these 
are now being exploited for therapeutic develop-
ment. The most advanced therapeutic candidate 
in terms of clinical trial is anti-LINGO-1 
(BIIB033), a monoclonal antibody that binds the 
protein LINGO-1 – an inhibitor of oligodendro-
cyte differentiation. Anti-LINGO-1 is currently 
in Phase II trials for relapsing and progressive 
MS with results expected in 2016. Another rea-
son that remyelination therapies are sought is 
recent exciting discoveries that myelin does 
much more than support axonal electrical con-
ductance. Oligodendrocytes deliver metabolites 
such as lactate through microchannels in myelin 
to underlying axons which facilitates local ATP 
production. This metabolic support is key to lim-
iting axonal vulnerability to degeneration and as 
such, remyelination therapies hold potential to be 
neuroprotective. If enhancing myelin repair does 
indeed change disease course and progression it 
will be a landmark turning point in the treatment 
of demyelinating diseases such as MS. 

 Novel rational clinical trial design, particu-
larly for progressive MS is another area of con-
siderable development. As yet there are no clear, 
defi nitive measures of neuroprotection or neuro-
regeneration which render new trials measuring 
progression, diffi cult to assess. Validation of the 
fi rst neuroregenerative therapy (e.g. remyelin-
ation enhancing agent) will with it, bring the fi rst 
validation of clinically relevant readouts of pro-
gression inhibition that will serve as a launch-pad 
for developing more accurate progressive MS 
clinical trial endpoints. 

 Exploitation of genetic insights is another key 
area of opportunity for future advances. The true 
value of large GWAS investigations is as yet lim-
ited. However, understanding genetic suscepti-
bilities incorporated into pathway analyses may 
yield strategies to personalise therapies for indi-
vidual patients. Such assemblies of data may also 
inform selection of cohorts to monitor in predic-
tive clinical studies. 

 Animal modelling, though extensive, will con-
tinue to develop. New models that more accurately 
capture the progressive phases of MS are needed. 
While larger mammals such as non- human pri-
mates are employed for some of these studies 
emerging murine models with progressive pheno-
types and pathology will provide a more afford-
able bridge to clinical development of therapies 
with ample species-specifi c research reagents. 

 Overall the future is brighter for MS patients 
than ever before. Treatment options are expand-
ing for RR-MS, trials are underway for regenera-
tive therapies and we have a greater understanding 
of the interplay between genetics and environ-
ment that ever before. While much work remains, 
it is the partnership between patients, clinicians, 
scientists and associated personnel that make 
these exciting developments possible.     
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16.1            Introduction 

 Over the past two decades, there have been signifi -
cant advances in the management and treatment of 
many neurodegenerative diseases. For example, 
the development of cholinergic agonists for 
Alzheimer’s Disease (AD) have improved both 
functional abilities and quality of life, and newer 
monoamine oxidase inhibitors and  transdermal 
dopaminergic patches improve function in 
Parkinsons Disease (PD). A combination of 
 dextromethorphan and quinidine reduce pseudo-
bulbar emotional lability in Amyotrophic Lateral 
Sclerosis (ALS), and the development of atypical 

antipsychotics has improved management of the 
neuropsychiatric features of neurodegeneration. 
The use of mechanical devices can also improve 
function and in some cases prolong survival, for 
example deep brain stimulation is benefi cial in 
PD, while use of non-invasive ventilatory tech-
niques clearly improves symptoms of respiratory 
dysfunction in ALS. 

 However the development of agents that can 
meaningfully impact disease progression has 
proved elusive. Indeed, a review of the labeling 
approved by the FDA for all agents thus far 
approved for use in PD reveals that none are indi-
cated to impact underlying disease. Similarly in 
AD, 124 Phase 1 trials, 206 Phase 2 trials, and 83 
Phase 3 trials were performed between 2002 and 
2012. 36.6 % of these trials were of symptomatic 
agents aimed at improving cognition, followed 
by trials of disease-modifying small molecules 
(35.1 %) and trials of disease-modifying immu-
notherapies (18 %). The overall success rate 
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 during the 2002–2012 period was 0.4 % (99.6 % 
failure). 

 At present, the only disease modifying com-
pound for neurodegenerative conditions is 
Riluzole, which was found in 1993 to prolong 
survival in amyotrophic lateral sclerosis (ALS), 
presumably by impacting rate of disease progres-
sion. Riluzole treatment does not appear to affect 
muscle strength but displays small benefi cial 
effects on bulbar and limb function in ALS 
patients. Subsequent trials of many agents 
intended to impact disease progression, particu-
larly in ALS and AD, have failed to show 
effi cacy. 

 Clearly, there are urgent needs for new effec-
tive disease modifying drugs to treat CNS disor-
ders. This is especially critical given that the 
prevalence of these conditions is set to increase 
dramatically with ageing world populations (with 
more than 18 million people estimated in the 
USA alone to be suffering from Alzheimer’s or 
Parkinson’s disease by 2050). Crucially, there are 
historically high rates of attrition in CNS drug 
development and translation of CNS drugs has 
one of the lowest success rates. Most notably, 
many of the failures only emerge in late stage 
clinical trials. 

 Many trials in neurodegeneration have been 
fl awed for reasons other than an ineffective 
drug. Given gaps in our current knowledge 
about the etiology and pathophysiology of neu-
rodegenerative disease in general, the acknowl-
edged heterogeneity both of clinical presentation 
and pathobiology and the pitfalls inherent in 
clinical trial design, the failure to develop effi -
cacious drugs in neurodegeneration is perhaps 
unsurprising. 

 This chapter will explore the models by which 
new drugs are developed, and analyse the reasons 
why a high proportion of clinical trials fail to 
demonstrate drug effi cacy despite huge fi nancial 
investments. Improvements in trial design will be 
discussed in the context of increased understand-
ing of disease heterogeneity, and the develop-
ment of new generations of targeted “biologic” 
therapies with potential for enhanced effi cacy in 
defi ned subcohorts, but with the likelihood of 
increased cost to healthcare systems.  

16.2     Models of Drug 
Development 

 Over the years, drug development has been based 
on three main approaches: (1) Prior knowledge 
(2) Serendipity and (3) Targeted drug discovery 

16.2.1     Prior Knowledge 

 Examples of drugs that were developed with 
prior knowledge include opiates, aspirin, digitalis 
and belladonna alkaloids. The active agents were 
extracted and purifi ed from plants based on pre- 
existing knowledge of effi cacy from herbal rem-
edies. In most instances the benefi ts and side 
effects of the compounds were known prior to 
any knowledge of the biologic pathway upon 
which the active agent operates. Indeed, in some 
cases the action of the compound provided phar-
macodynamics insights (“classical pharmacol-
ogy”) – for example the separation of cholinergic 
receptors into those responsive to muscarine 
(derived from  Amanita muscaria ) and those 
responsive to nicotine (derived from  Nicotiana 
tabacum),  and the use of opiates in development 
of our understanding of the endorphin pathways. 
Typically, compounds developed from prior 
knowledge were in general use prior to the estab-
lishment of rigorous regulatory requirements. 
Doses and untoward effects have accordingly 
been well characterized and safety and toxicity 
profi les established through population-based 
use over time. While drug development through 
prior knowledge continues (e.g. cannabinoids 
may play a role in management of spasticity and 
pain), the newly developed compounds must now 
progress through the standard process of regula-
tory approval, with evidence of drug purity and 
appropriate evidence of safety and effi cacy.  

16.2.2     Serendipity 

 It has been estimated that 263 (18.3 %) of the 
pharmaceuticals in clinical use today are deriva-
tives of the drugs discovered with the aid of ser-
endipity. In some cases the compound was in use 
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for another indication e.g. sildenafi l, in others it 
was identifi ed in the context of a “prepared mind” 
e.g. penicillin, or as a chance fi nding e.g. sodium 
valproate, which was initially used as a solvent. 
Serendipitous discovery sometimes occurred in 
the context of an idiosyncratic or unexpected 
reaction by a small group of patients to a com-
pound designed for a different target population 
e.g. clozapine in schizophrenia. For these rea-
sons, some drugs discovered though serendipity 
in the last century often did not progress through 
the standards required by current regulatory 
authorities, and effi cacy, untoward effects and 
toxicity profi les were established in the context 
of widespread use. 

 There remains space for serendipitous discov-
ery of benefi cial pharmacological effects by 
ensuring that clinicians are alert to apparently 
idiosyncratic reactions to compounds. This 
includes close observation and collection of data 
about the effects of all drugs administered to 
patients in a clinical trial setting, and the avail-
ability of datasets from clinical trials for post-hoc 
analyses. An example of this is the use of dextra-
methorphan and quinidine for pseudobulbar 
affect. Dextramethorphan was initially tested as a 
disease modifying drug for ALS, with negative 
results in clinical trial. However when the trial 
completed, some patients requested that they 
continue on drug as they had noticed a positive 
effect on their symptoms of pseudobulbar affect. 
Dextramethorphan was then combined in clinical 
trial with quinidine as Nudextra for pseudobulbar 
affect with positive outcomes and the drug is now 
licensed in the US. 

 Notwithstanding, new drug development is 
best achieved through rational drug design, per-
haps with increased emphasis and greater fi nan-
cial incentives towards discovery of compounds 
that target novel theories or unexplored mecha-
nisms of action  

16.2.3     Targeted Drug Discovery 

 As the complexities of disease pathogenesis are 
unravelled, modern drug development has 
focused on targeted drug discovery. This approach 

to drug design has largely been inspired by Paul 
Ehrlich’s concept of a ‘magic bullet’ and the idea 
that a synthetic molecule or ligand can be 
designed to target and bind to a specifi c cellular 
structure to bring about effective treatment of a 
particular disease. The process begins with iden-
tifying a potential therapeutic target, which may 
be a protein, DNA or RNA, validating that target 
and developing an assay such that one can iden-
tify molecules i.e. ligands that are capable of 
binding to the target. Libraries of compounds can 
then be screened for their ability to bind to the 
target and modulate its action. From such studies 
a lead compound may be identifi ed that can be 
optimized and carried forward through preclini-
cal and clinical development. 

 Identifi cation of potential ligands may be 
achieved through rational drug design, where the 
molecular structure is often based on a natural 
ligand for the target (especially if the 3D struc-
ture of the target is not known), or via high- 
throughput screening. Pharmaceutical drugs 
include small molecules, naturally occurring 
peptides or peptide analogs, nucleotide-based 
compounds, and more recently “biologics” 
(agents that are produced by biological processes 
and often involving recombinant DNA 
technology). 

 Molecular properties conferring advantageous 
absorption, distribution, metabolism and excre-
tion in humans of prospective drug compounds 
were described in 1997 by the medicinal chemist 
Christopher Lipinski. These are referred to as the 
“rule of fi ve” (RO5) and predict that oral bio-
availability in humans is favored by the presence 
of no more than 5 hydrogen bond donors; not 
more than 10 hydrogen bond acceptors; a molec-
ular mass less than 500 daltons and an octanol- 
water partition coeffi cient log  P  not greater than 
5. Many biologically-active peptides and newer 
“biologics” do not comply with Lipinski’s RO5 
and thus may potentially be less likely to be suit-
able for oral administration. 

 Drug development can be divided into “pre- 
clinical” and “clinical” phases with a relatively 
standard and costly progression of a candidate 
compound from bench to bedside. Failure rates 
across all aspects of medicine are high, and 
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within neuroscience are in the order of 96 % of 
all candidate compounds in the early pre-clinical 
phase. 

 This relates in part to the problems inherent in 
treating CNS disorders that involve unknown 
causes, multiple pathological mechanisms and cell 
types. Indeed, given the complex and multifaceted 
nature of neurodegenerative conditions, it is likely 
that agents with multiple potential therapeutic 
mechanisms may be more effective than a single 
‘magic bullet’ drug that engages a single target. 
Encouragingly, since several pathological mecha-
nisms are common to a broad range of neurodegen-
erative disorders, it is conceivable that a drug found 
to be effective in treating a particular CNS disorder 
may have application in the treatment of others.   

16.3     Pre-Clinical Drug Discovery 

 Current methods of targeted drug development 
often use high throughput screening tools includ-
ing libraries of previously developed small mol-
ecules. Potentially effi cacious compounds may 
be identifi ed on the basis of their activity at a bio-
logical target that is thought to be important in 
disease pathogenesis. Assays may evaluate bind-
ing affi nity, agonist or antagonist actions, and 
readouts can range from optical probes to gene 
activation profi les, to changes in protein levels. 

 Many neurodegenerative diseases are thought 
to result in similar downstream pathology. The 

paucity of specifi c information about initiating 
events in many diseases has therefore driven 
investigation of pathways that lead to neuronal 
death more generally (Fig.  16.1 ) (See also Chap.   1    ). 
However, as the process of neurodegeneration is 
complex and poorly understood, appropriate 
selection of putative pathways of biological and 
clinical relevance, as well as identifi cation of a 
specifi c “read out” from the targeted pathway for 
biomarker development, remains challenging.

   Once identifi ed, candidate compounds are 
optimized for selectivity and affi nity using 
in vitro models. Subsequently, testing in labora-
tory animals that model a particular disease is 
undertaken to establish therapeutic effi cacy 
in vivo. 

 As a part of the drug development process it is 
necessary to establish the physicochemical prop-
erties of the candidate compound, including its 
chemical composition, stability, solubility, and 
the facility by which it can be consistently manu-
factured with a high degree of purity for use in 
the clinical trial setting. Preclinical toxicology 
studies on at least two animal species including 
one large animal specials is required, with chronic 
as well as acute dosing being evaluated. 
Pharmacokinetic studies are also critical, includ-
ing studies of potentially active metabolites and 
investigations of potential drug-drug interactions. 
Regulatory requirements include demonstration 
that the drug candidate material can be manufac-
tured, stored and delivered according to the 

Disease state Gene locus / environmental

Human trials
Medicinal chemistry

In vivo
therapeutic

In vitro
therapeutic

Animal model

Cell biology

Targetted drug development  Fig. 16.1    Targeted drug 
development in 
neurodegenerative diseases       
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 highest specifi cations. The results of such studies 
provide the basis for submission of an 
Investigational New Drug (IND) or Clinical Trial 
Authorization (CTA) application to the appropri-
ate regulatory authority to enable commence-
ment of human clinical trials. 

16.3.1     Cellular Based Models 

 Disease related pathways can be modelled 
in vitro using cultured cell lines with particular 
and relevant properties. For example immortal-
ized HEK 293 cells, (derived from human embry-
onic kidney cells transformed with adenovirus) 
and the SHSY5Y (derived from human neuro-
blastoma cells) have many properties of imma-
ture neurons and are used for studies of gene 
expression and protein interactions. Other human 
cell lines including embryonic teratocarcinomas 
(NT2, hNT) and human H4 neuroglioma cell 
lines have been used to study protein misfolding 
and autophagy. 

 These immortalised cell lines although useful, 
are limited to modelling biological pathways that 
are variably important in both neuronal and non- 
neuronal structures. For more detailed analysis of 
specifi c neuronal functions (e.g. axonal trans-
port), or to evaluate the properties of specifi c 
neuronal subpopulations, primary neuronal cul-
tures developed from embryonic animals can be 
used. As there is now compelling evidence for 
glial involvement throughout the spectrum of 
neurodegenerative disease (See Chap.   1    ), sys-
tems that can model neuronal-glial interactions 
are used such as organotypic slices of brain or 
spinal cord. These cultures can be generated from 
both wild type and from transgenic animals 
expressing alterations in genes associated with 
neurodegenerative disease. 

 The advent of stem cell technology, particu-
larly the development of induced pluripotent 
stem cells, has enabled development of cell lines 
derived directly from patients. Expansion and 
differentiation of iPS cells can generate large 
numbers of functional neurons in vitro, which 
can then be used to study the disease of the donat-
ing patient. iPS systems have been developed 

from patients with Alzheimer’s disease, 
Parkinson’s disease, amyotrophic lateral sclero-
sis, frontotemporal dementia, Huntington’s dis-
ease, spinal muscular atrophy and other 
neurodegenerative diseases. Advancements in 
reprogramming technology now enable investi-
gators to study patient specifi c neurons that have 
been differentiated into specifi c cell types vulner-
able to the disease being studied. 

 Interpretation the effects of a compound 
in vitro requires caution, as the information pro-
vided relates solely to modulation of specifi c tar-
geted pathways. Translation to the more complex 
in vivo  system  is preferable prior to progression 
of a compound for late pre-clinical and early 
human studies. Indeed as most neurodegenera-
tions are not cell autonomous, and are most likely 
due to disruptions at the level of large integrated 
networks, the extrapolation of fi ndings to the infi -
nitely more complex human system can only be 
undertaken with extreme caution.  

16.3.2     In Vivo Models 

 Although in vitro models can provide detailed 
information regarding biochemical pathways, 
more complex integrated systems are also neces-
sary to dissect the biological effects of candidate 
compounds. In neurodegenerative diseases, rela-
tively simple organisms can provide an important 
resource to screen for in vivo modifi ers of puta-
tive pathogenic processes. Simple organisms 
such as  Drosophila melanogaster ,  Caenorhabditis 
elegans  ( C. elegans ) and  zebrafi sh  have been 
developed as useful models for AD, PD, ALS, 
and Huntington’s disease. For example, an eye- 
specifi c overexpression of human Tau has been 
developed in  Drosophila melanogaster  that has 
identifi ed signalling pathways that are dysregu-
lated in models of proteinopathies. Similarly, a 
range of informative  C. elegans  models of neuro-
degeneration have been developed manifesting 
abnormal behavioural or pathological pheno-
types that partially recapitulate cellular, molecu-
lar and pathological aspects of several distinct 
human neurodegenerative processes. Zebrafi sh 
are useful as vertebrate models. Because they are 
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suitable for large scale phenotypic screening, 
zebrafi sh have been used for mutagenesis studies, 
facilitating both selection of possible new targets, 
in addition to target validation and large scale 
drug screening. 

 Analysis of larger and more complex organ-
isms are also required for pre-clinical drug 
development. Genetically modifi ed animals 
with uniform genetic background can provide 
standardised controlled environments that per-
mit molecular analysis of neurodegenerative 
pathways. 

 Transgenic rodents have been developed using 
human pathogenic mutations including the SOD1 
mouse for ALS; AD mouse models including 
human mutations in amyloid precursor protein 
(APP) presenilin and tau; PD models including 
mutations in LRRK2 and HD models containing 
trinucleotide repeat expansions in huntingtin. To 
a greater or lesser extent, these models can be 
shown to imitate diverse neurodegeneration 
related pathologies, and are used for both basic 
and therapeutic investigations. A very wide vari-
ety of preclinical trials of potential therapeutic 
agents have been undertaken using these models 
including over 140 substances in AD between 
2001 and 2011, and up to 250 in ALS during the 
same period. 

 However, translation of effective therapies in 
transgenic mouse models to human neurodegen-
erative disease has been singularly unsuccessful 
to date. Likely reasons for this failure include 
issues related to drug availability, lack of infor-
mation regarding specifi c targets, and lack of 
pharmacodynamics markers in either models or 
humans that refl ect adequate target engagement.   

16.4     Clinical Phase of Drug 
Discovery 

 Following successful completion of the require-
ments for Investigative New Drug (IND) in the 
US or a Clinical Trial Authorisation (CTA) in 
Europe, clinical trials of a lead compound can be 
initiated. 

 Clinical trials have been traditionally divided 
into four main phases i.e. phases I–IV (see 

Table  16.1 ). However, Phase 0 fi rst in human 
microdosing studies may also be undertaken as a 
means to identify promising candidates for fur-
ther evaluation in Phase I–II trials. In Phase 0 tri-
als, a small number of healthy volunteers are 
treated with single sub-therapeutic doses to 
ensure that pharmacokinetics of the drug in 
humans recapitulates those of the pre-clinical 
studies.

    Phase 1     Phase 1 studies are conducted either in 
healthy individuals or in patient populations for 
whom the drug is being developed. The purpose is 
to evaluate safety, tolerability,  pharmacokinetics 
and pharmacodynamics, and identifi cation of side 
effects of the new compound in humans. 
Depending on the delivery method, a small pla-
cebo group may be included to provide informa-
tion about adverse events not specifi c to the 
therapeutic agent. In general, small numbers of 
patients are exposed to single or multiple doses of 
the experimental agent, with small doses evalu-
ated fi rst and doses escalating toward a maximum 
tolerated dose. More recently, the continuous 
reassessment method (CRM) has been developed, 
which assigns patient dose levels according to a 
Bayesian statistical model. CRM models have the 
dual advantages of potentially reducing the num-
ber of patients exposed to drug in Phase 1, and 
ensuring that patients are dosed at levels more 
likely to be clinically relevant.  

  Phase 2     Phase 2 studies are usually placebo 
controlled and doubled blinded and are con-
ducted in the target patient population. The pur-
pose is dose fi nding, tolerability and early 
evidence of activity. Phase 2 trials can also be 
undertaken to search for better outcomes or to 
test biomarkers that can be used for more pivotal 

   Table 16.1    Standard phases for clinical trials   

 Clinical trials 

 Phase 1: safety (controls- unaffected by disease) 

 Phase 2:  proof of concept (small numbers with 
disease) 

 Phase 3:  pivotal (large numbers,  required for 
regulatory approval ) 

 Phase 4: post marketing 
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Phase 3 studies. While clinical effi cacy is evalu-
ated, a primary focus of Phase 2 trials is most 
often on assessment of pharmacodynamic mark-
ers. A pharmacodynamic marker is usually an 
objective measure of a drug’s ability to engage a 
specifi c target and to modulate it in some way. 
Thus, a pharmacodynamic marker may be a 
change in gene activation profi le, evidence of up 
or down regulation of an enzymatic pathway, or 
excitation or blocking of a specifi c receptor. Such 
markers may not have a direct impact on the dis-
ease state being studied; determining whether 
such a relationship exists is a question for phase 
3. Phase 2 studies can be sometimes divided into 
Phase 2A and Phase 2B, with the former designed 
for dosing and the latter for PD activity. The 
majority of new therapeutic agents fail at the 
Phase 2 stage.  

  Phase 3     This is the pivotal phase of a new drug 
and is designed to prove effi cacy. The design is 
double blinded and placebo controlled and takes 
place in a number of different centres. The drug is 
administered to larger groups of people to con-
fi rm effectiveness and characterize side effects. 
Comparisons may be against placebo, or best 
available care. For example, in ALS, the only 
drug proven to affect disease progression is 
Riluzole, so that most studies compare patients 
taking riluzole plus the new agent versus patients 
taking riluzole alone. Phase 3 trials are generally 
expensive, costing upwards of €60 million. The 
outcome of Phase 3 trials are presented to the 
regulatory authorities for approval of the com-
pound as a new therapeutic agent.  

  Phase 4     This phase is undertaken post- marketing 
to generate detailed datasets relating to the effect 
of the drug on different populations, and to col-
lect side effects following longer term use.   

16.5     Clinical Trial Design 

 Clinical trials are designed with a primary end 
point, which most often is a measure of drug 
safety in phase 1, pharmacodynamic activity in 
phase 2, and effi cacy in phase 3. The number of 

patients recruited is based on power calculations, 
in which the expected effect of the drug is esti-
mated and the number of patients needed to be 
treated accordingly calculated to reach a statisti-
cally signifi cant threshold. The duration of the 
trial is generally pre-defi ned, and following com-
pletion of assessment of the fi nal enrolled patient, 
the database is locked for analysis. 

 As clinical trials are extremely expensive, and 
patient recruitment can be challenging, a number 
of different types of trial design have been pro-
posed, primarily for phase 2 studies (Table  16.2 ). 
The goal of a Phase 2 study is not necessarily to 
produce conclusive evidence of effi cacy, and a 
suggestion of drug activity may be suffi cient for 
a sponsor or investigator to decide that further 
studies are warranted.

    Futility Design     One possible approach is to 
apply what is called a “futility design”. Rather 
than stating that the goal of the study is to show 
evidence of effi cacy or pharmacodynamic 
 activity, the purpose of a futility study is to deter-
mine whether it is worthwhile going forward. It 
may be very important to determine whether fur-
ther investigation of a drug would be considered 
unwise either for clear lack of effi cacy or for 
safety. For example, if all treated subjects did 
worse on all measures than all placebo subjects in 
a small study, it would be unlikely that the drug 
would be effi cacious if more subjects were stud-
ied; ie futility would have been demonstrated. 
Futility designs require that the traditional null 
hypothesis used in statistical comparisons be 
changed; the null hypothesis in a futility study is 
that it is not futile to go forward. If the null 
hypothesis is rejected, futility is concluded. 
Demonstration of non futility requires far fewer 
subjects than demonstration of effi cacy; however, 
depending on the measure used, non futility may 
be demonstrated even when two comparison 
groups are identical.  

16.5.1     Pick the Winner Design 

 Another approach is to use what has been called a 
“pick the winner” design’ to make decisions 
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regarding which drug or dose level should be pro-
gressed to a phase 3 study. Such designs may or 
may not involve a placebo group. Some compare 
several groups that may either be given different 
doses of the same drug or different drugs over a 
defi ned time period. At the end of the study, the 
best performing group is declared the “winner,” 
and further studies are then performed using that 
drug or dose and comparing it to placebo in a 
phase 3 study. The potential advantages of such a 
design are that many doses or drugs can be tested 
concurrently; however, there are several limita-
tions. First, there will always be a winner, so that 
even if chance dictates the best performing group, 
going forward with further testing will always be 
the recommended outcome. Second, especially if 
multiple drugs are compared together, it is possi-
ble that in fact more than one active compound is 
among the agents tested. In that situation, only one 
drug will be chosen for further testing even though 
two or more are active and potentially important. 
A pick the winner design was recently employed 
in a phase II clinical trial of coenzyme Q in ALS  

16.5.2     Crossover Design 

 Lead-in or crossover designs have also been sug-
gested for phase 2 studies. Crossover studies 
have not been deemed appropriate for disease 
modifi cation, as ALS is a progressive disease 
with clinical features that are likely to vary over 
time. Thus, a therapeutic agent that is neuropro-
tective is likely to have a more benefi cial effect if 
given early in the disease than late, so that the 
effects of therapy after a crossover may not be the 
same as the effect noted before the crossover. 
However, for drugs that may exert a symptomatic 

benefi t, crossover designs can be very effi cient. 
Recent crossover studies in ALS include evalua-
tions of nuedexta for pseudbulbar affect and bul-
bar function, as well as a phase 2A study of 
tirasemtiv to improve motor function.  

16.5.3     Lead-In Design 

 Lead-in studies involve enrolling patients into a 
trial, then following them with assessment of out-
come measures for a period of time before start-
ing active treatment. If the outcome measure 
chosen changes in a linear fashion, 

 one can estimate the rate of change before 
active treatment, and use that rate of change as a 
covariate in the effi cacy analysis, potentially 
reducing the sample size required to detect a given 
effect. However, most outcomes in neurodegen-
eration trials do not decline linearly throughout 
the disease course, so that behaviour before active 
treatment does always predict the behaviour of 
that outcome measure later in the study. Lead in 
designs also require that subjects receive treat-
ment later than other designs, as all subjects have 
to be followed off treatment for a period of usu-
ally 3–6 months. Thus, if a drug is neuroprotec-
tive, administration later in the disease course 
may reduce the sensitivity of the study. For exam-
ple, a lead-in design was employed in a dose rang-
ing study of TCH346 for ALS, all groups declined 
more rapidly during active treatment than during 
lead-in, even the placebo group.  

16.5.4     Delayed Start Design 

 When a drug with a well-known symptomatic 
effect is studied for putative neuroprotection, 
providing an adequate washout period may not 
be practical due to excessive burden on patient, 
and could lead to an increase in number of 
patients dropping out during this phase. 

 To overcome these shortcomings, a delayed- 
start design can be used in trials when the potential 
neuroprotective drug is also known to have symp-
tomatic effects. In these trials, after a randomized 
placebo-control phase, subjects receiving placebo 

   Table 16.2    Different types of trial design, aimed at 
reducing required sample size   

 Trial designs 

 Futility 

 Lead in 

 Adaptive 

 Sequential 

 Combined assessment of function and survival 
(CAFS) (In Amyotrophic Lateral Sclerosis) 
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are switched to active treatment (delayed-start 
group) while the active treatment group continues 
on the study drug. Both groups are then evaluated 
after an additional predetermined duration of time. 
The underlying reasoning is that, to the extent that 
the active treatment is disease modifying, those 
receiving it later should experience less benefi t 
than those receiving it earlier.  

16.5.5     Historical Controls 

 Most studies used matched placebo groups with 
whom to compare the effects of treatments. 
However, some studies have included historical 
controls rather than a placebo group in phase II 
studies. If historical controls are used, the natural 
history of the rate of change of the outcome mea-
sure chosen must be well known, and shown to 
not signifi cantly change over time or from study 
to study. For example, in ALS, this is clearly not 
true for survival studies, as the 1-year survival of 
ALS patients participating in studies from 1994 
to 2007 has varied greatly.  

16.5.6     Patient Stratifi cation 

 There is strong evidence for disease heterogeneity 
in the neurodegenerative diseases. For example, In 
ALS, 11 % of those of European extraction carry a 
repeat expansion in C9orf72, and exhibit a distinc-
tive clinical, imaging and pathologic signature. 

 Clinical trial design requires appropriate strat-
ifi cation of subphenotypes across treatment and 
placebo groups. A signifi cant challenge in neuro-
degenerative disease is to identify the appropriate 
clinical and genetic markers to facilitate appro-
priate stratifi cation and to limit the confounding 
effects of disease heterogeneity.   

16.6     Publication of Clinical 
Trial Data 

 It is essential that the outcomes of all clinical tri-
als are published in peer reviewed journals in a 
timely manner, and that data from studies funded 

by industry are made available in complete for-
mat to lead clinical investigators for review prior 
to publication. Failure to publish negative studies 
leads to the risk of publication bias, and con-
founds the existing literature. While this is cur-
rently not of concern in the neurodegenerative 
diseases as there is a current dearth of clinically 
effi cacious compounds, the problems with selec-
tive publication of positive fi ndings and suppres-
sion of negative studies by failing to publish have 
been recognized in other disciplines including 
cardiology and psychiatry.  

16.7     Defi ning Outcomes 
in Neurodegeneration: 
Rating Scales and Outcome 
Measures in Clinical Trials 

 Clinical trials are designed with an a priori pri-
mary outcome measure, with the optional inclu-
sion of secondary and tertiary measures. Power 
calculations are generally based on the primary 
measure – usually with knowledge of known 
rates of decline within a validated disease spe-
cifi c clinical measurement scale. 

 Depending on the disease and the cardinal 
symptom associated with the specifi c neurode-
generative disease, a variety of clinical rating 
scales and quality of life measures are employed. 
As the purpose of clinical trials is to obtain regu-
latory approval of a new therapeutic entity, clini-
cal trial sponsors will often engage with 
regulatory authorities prior to fi nalization of the 
clinical trial design to agree an acceptable pri-
mary outcome measure for approval purposes, 
particularly if the outcome measure is novel. 

 For example, in PD, several rating scales have 
been useful. The Hoehn and Yahr scale, devel-
oped in the pre-levodopa era, is a fi ve-point sim-
ple descriptive scale (stage 1 – unilateral 
involvement with minimal or no functional 
impairment; stage 2 – bilateral or midline involve-
ment without impairment of balance; stage 3 – 
bilateral involvement with impaired righting 
refl exes, mild to moderate disability and indepen-
dent physically; stage 4 – severely disabling dis-
ease, able to walk and stand unassisted, markedly 
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incapacitated; stage 5 – confi nement to bed or 
chair unless assisted). The scale is a broad assess-
ment of motor dysfunction and its progression 
has been shown to correlate with other measures 
of motor deterioration. More recently, the Unifi ed 
Parkinson Disease Rating Scale (UPDRS) has 
become the most extensively utilized clinical rat-
ing scale to measure the severity of motor impair-
ment and associated disability in PD in clinical 
practice and clinical research. The UPDRS is 
organized in four subsections containing both 
impairment and disability sections: UPDRS 1 
Mentation, screening for the presence of cogni-
tive and mood dysfunction; UPDRS 2 ADL 
addressing primarily but not entirely the disabil-
ity that results from the motor dysfunction; 
(UPDRS 3 measuring the motor function; 
UPDRS 4 assessing complications of therapy). 
The scale has been shown to have good validity 
and reliability for the severity and disability of 
motor symptoms in both early and advanced PD, 
although a potential ceiling effect of the test to 
detect changes is suspected. The annual changes 
in UPDRS scores of patients with early PD 
enrolled in the placebo arm of randomized con-
trolled intervention trials have been very consis-
tent across multiple studies and shown to be a 
reliable tool to estimate the natural progression 
of motor symptoms in untreated PD and change 
due to pharmacologic intervention. 

 For ALS, recent trials have employed func-
tional rating scales (either the Appel ALS Rating 
Scale (AALSRS), the ALS Functional Rating 
Scale (ALSFRS) or the ALS Functional Rating 
Scale- Revised (ALSFRS-R), which was origi-
nally developed from the UPDRS. In addition, 
measures of muscle strength (MRC qualitative 
strength grading or Isometric Strength testing) 
pulmonary function (primarily vital capacity, but 
more recently including sniff nasal inspiratory 
pressure (SNIP) and maximum voluntary ventila-
tion (MVV)), and quality of life measures have 
been employed as secondary outcomes. All of 
these involve subject cooperation; effort indepen-
dent measures including Motor Unit Number 
Estimation (MUNE) and Electrical Impedance 
Myography (EIM) have been more recently 
introduced, also as secondary measures. 

 For conditions that are rapidly progressive and 
invariably fatal, survival can be an endpoint that 
should refl ect underlying disease progression, 
and indeed the single approved ALS therapy 
impacts survival and is generally presumed to 
alter underlying disease processes. However, this 
can be problematic as the increased use of non 
invasive ventilatory assistance in patients with 
early respiratory failure likely prolongs survival 
as well. Additionally, interventions such as nutri-
tional support also likely impact survival, again 
without a direct disease modifying mechanism. 

 While outcome measures for clinical trials 
involving neurodegenerative dementia syn-
dromes are not specifi ed by regulatory bodies 
such as the FDA, it is recommended that such 
 trials include a combination of cognitive mea-
sures and as well as measures of clinical mean-
ingfulness. For example, most AD trials to date 
have included measures of global function (e.g. 
the Clinical Dementia Rating or CDR, the 
Clinicians’ Interview-Based Impression of 
Change or CIBIC), a measure of functioning dur-
ing everyday activities (e.g. the Alzheimer’s 
Disease Cooperative Study Activities of Daily 
Living scale or the Disability Assessment for 
Dementia, DAD), in addition to tests of cognitive 
function such as the Mini-Mental State 
Examination (MMSE) or the Alzheimer’s Disease 
Assessment Scale – Cognitive Portion (ADAS-
Cog). Some trials have also included economic 
measures (e.g. resource utilization and cost anal-
yses) and estimates of quality of life. Moreover, 
as behavioural decline is the most salient symp-
tom in behavioural variant FTD, clinical trials 
involving this dementia sub-group usually 
include informant- based behavioural question-
naires (e.g. Neuro- Psychiatric Inventory or NPI, 
Cambridge Behavioural Inventory or CBI). 

 One of the major limitations of published 
dementia trials is the use of crude tests such as 
the MMSE as the only measure of cognition. This 
particularly problematic in disorders in which 
executive dysfunction, which is not assessed by 
MMSE, play an important role, e.g. FTD. Two 
strategies can be used to address this problem. 
One is to combine MMSE with a specifi c test of 
frontal function e.g. Trail Making test, verbal 
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 fl uency, or Frontal Assessment Battery. The other 
is the use of screening tools which include as 
assessment of executive function such Montreal 
Cognitive Assessment (MoCA). An emerging 
area not previously assessed is the use of tasks 
social cognitive skills. A recent FTD clinical trial 
included tests of social cognitive skills (emo-
tional processing and theory of mind) as outcome 
measure in an attempt to improve sensitivity to 
subtle changes in this population. The use of such 
measures might become more common in future 
trials. 

 Other criticisms of used outcome measures 
include lack of standardization of tests used and 
scoring techniques across trials prohibiting robust 
meta-analyses. 

16.7.1     Biomarkers 

 In design of clinical trials in the neurodegenera-
tive diseases, the incorporation of a biomarker for 
both diagnostic purposes, and to provide a “read 
out” of the likely pharmacodynamic effects of the 
compound is highly desirable. The National 
Institutes of Health defi nes a biomarker as “a 
characteristic that is objectively measured and 
evaluated as an indicator of normal biologic pro-
cesses, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention” This is 
such a broad defi nition as to be not terribly use-
ful. In practical terms, a biomarker usually refers 
to a potential surrogate endpoint, which is a labo-
ratory value, image, or objective assessment 
intended to substitute for or predict a clinically 
relevant outcome, a pharmacodynamic endpoint, 
which has been defi ned previously, or a diagnos-
tic test that can be both sensitive and specifi c for 
the disease being studied. 

 The availability of a reliable diagnostic marker 
could permit early enrollment into clinical trials 
of homogeneous groups of patients. In AD, Aβ 
and tau-related biomarkers in CSF are considered 
reliable for early diagnostic purposes. In PD the 
most promising tools to probe disease relevant 
pathways are functional magnetic resonance 
imaging (fMRI), positron emission tomography 
(PET) and single-photon emission computed 

tomography (SPECT). No reliable diagnostic 
markers are as yet available for ALS, although 
diagnostic certainty in clinical practice is higher 
than for PD or AD, as clinic-pathological concor-
dance in ALS is close to 100 %, and in the order 
of approximately 80 % for PD and AD. 

 Surrogate or pharmacodynamic markers have 
been employed with increasing frequency in neu-
rodegenerative disease, most prominently in 
Parkinsons Disease. Specifi c neuroimaging 
modalities, including multimodal MRI and PET, 
can contribute to understanding of pathways 
involved in neurodegeneration, and how these 
pathways might progressively deteriorate over 
time. However, when these tools have been 
applied to clinical trials, results have been quite 
variable. In some studies of PD, functional imag-
ing studies have suggested benefi t where clinical 
measures have not. For example, Fluorodopa 
PET was used to study progression of PD in 
patients treated with ropinirole or levodopa, 
using the percentage reduction of putamen fl u-
rodopa uptake between baseline and 2-year stud-
ies as the primary end point and UPDRS as a 
secondary endpoint. A difference in favor of rop-
inirole (less signifi cant drop in uptake) was 
observed. However, the UPDRS showed the 
opposite effect, with better motor UPDRS scores 
in levodopa group compared to ropinirole group 
at 2 years. 

 In general, markers of drug activity in clinical 
trials should be predicated on the proposed 
mechanism of action – for example a drug that 
purports to reduce oxidative stress should incor-
porate a markers of oxidative stress in blood 
(gene expression), plasma or CSF. To date, no 
effective pharmacodynamic markers have been 
available for incorporation into clinical trials in 
ALS. However, surrogate markers, while not 
completely validated, have been commonly 
employed, mostly as secondary endpoints. 
Although not directly clinically relevant, vital 
capacity and quantitative strength measurements 
are endpoints that have been used as surrogates 
for disease status. Motor unit number estimates 
are a more direct probe of neuronal status, and 
showed a clear signal in a recent study of olesox-
ime in spinal muscular atrophy. Another 
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 promising marker of changes in muscle structure 
is electrical impedance myography, which has 
been shown to be very reproducible and to change 
monotonically with disease progression. These 
markers are not specifi c, and do not query under-
lying mechanisms. However, to the extent that 
the variability of measurement is low and change 
over time is predictable, they may be more sensi-
tive to therapeutic intervention than rating scales 
or survival. Evidence of change in disease state 
can be shown using rating scales such as 
ALSFRS-R, UPDRS and a variety of Alzheimer 
rating scales. In general these scales are highly 
reproducible, but their sensitivity to subtle 
changes in function have been questioned.   

16.8     Reasons for Failure 
of Clinical Trials 

 With the exception of riluzole in ALS, there have 
been no trials demonstrating effi cacy of disease 
modifying drugs for neurodegenerative diseases. 
This is despite many Phase 2 and Phase 3 clinical 
trials of candidate drugs that had shown effi cacy 
in animal models. While it is likely that lack of 
effi cacy is the primary reason for some drugs, the 
translational disconnect in CNS drug discovery is 
also likely to include the limitations of current 
models, and faulty trial design and interpretation 
in the clinical phase. Factors potentially under-
mining effi cacy in human clinical trials are dif-
ferences in the affi nity of a particular drug 
candidate for its target between animals and 
humans or poor passage of the drug candidate 
across the blood brain barrier (BBB). Thus, for a 
candidate compound it is important to establish 
its affi nity for its pharmacological target in 
human tissue if possible, and its ability to cross 
the BBB. 

16.8.1     Limitations of Current Models 

 The limitations in the predictive validity of the 
animal models for CNS disorders has been high-
lighted by numerous failures in clinical trials of 
compounds that were robustly active in a variety 

of preclinical models. It is now appreciated that 
in most cases no single animal model can faith-
fully and fully represent the human condition, 
especially given the complexities of CNS disor-
ders. Thus, demonstration of effi cacy in more 
than one clinically-relevant model, preferably a 
non-transgenic and a transgenic model, as well as 
evidence of disease-relevant mechanism of 
action, is needed to build confi dence in the trans-
lation potential of a drug candidate. While the 
utility of transgenic animals cannot and should 
not be disputed as models by which pathobio-
logical processes can be dissected and under-
stood, it cannot be assumed that favourable 
fi ndings of a candidate compound in a single 
model at pre-clinical level will predict clinical 
effi cacy in humans. This is because transgenic 
animals are generated using over-expressed 
human mutations on a homogeneous genetic 
background. Low copy number transgenic ani-
mals have less severe phenotypes, and consider-
able variation in phenotype can be also 
demonstrated across diverse genetic murine 
genetic backgrounds. Some aggressive human 
mutations, such as the A4V variant in human 
SOD1 related ALS, do not produce a phenotype 
in mice. Additionally the human mutations 
account for a very small proportion of neurode-
generation – for example familial AD accounts 
for only 5 % of all forms of AD and generally has 
a younger age of onset and different phenotype to 
the more typical age-related form of 
AD. Moreover, the individual animal models of 
AD do not fully recapitulate the human disease. 
Similarly, in ALS mutations in SOD1 account for 
only approximately 2 % of all patients with the 
disease, and the neuropathologic signature of 
SOD1 differs from that of other types of familial 
and sporadic ALS. 

 A further reason for failure to translate may 
partly relate to problems in early mouse studies. 
These include failure to adequately replicate posi-
tive fi ndings in a second laboratory and using a 
different genetic background prior to progression 
of a candidate compound to clinical studies. 
Additionally, many of the earlier pre-clinical trials 
were inadequately powered, and confounded by 
failure to control for differential effects on gender 
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and copy number variation. Differences in animal 
husbandry and mouse strain genetic backgrounds 
can also confound data and lead to potentially 
erroneous conclusions. A further diffi culty has 
been the use of therapeutic agents prior to symp-
tom onset in animal models, rather than after dis-
ease onset, as is the case in human disease.  

16.8.2     Failures at Phase 2 

 There is an evolving recognition that CNS disor-
ders are more likely to due in part imbalances of 
network, and that targeting single biochemical 
processes in isolation may not provide suffi cient 
clinical advantage. This may account for some of 
the failures of Phase 2 trials. However, other 
problems arising at the level of Phase 2 can 
include faulty trial design, poor patient stratifi ca-
tion due to patient heterogeneity, absence of early 
diagnostic markers and consequent recruitment 
to clinical studies later in the stage of disease, 
incomplete early dosing studies, poor studies of 
pharmacokinetics, poor access of drugs to the 
CNS, and absence of adequate pharmacodynamic 
biomarkers.  

16.8.3     Failures at Phase 3 

 Drugs that succeed at Phase 2 can also fail at 
Phase 3. Pivotal Phase 3 trials requires large 
numbers of patients for proof of effi cacy and reg-
ulatory approval. Errors in trial design are 
extremely costly. Recent spectacular failures in 
Phase 3 trials include Dexpramipexole as a dis-
ease modifying agent in ALS. The Phase 2 study 
of this compound demonstrated a strong safety 
profi le, an apparent dose response, and a trend 
toward effi cacy in the primary end point of a 
combination of survival and attenuation in 
decline of the ALS-FRS-R. Over 800 patients 
were enrolled in the Phase 3 study, The was no 
difference between those treated with active drug 
and those with placebo in any of the primary or 
secondary endpoints, and the overall cost of 
development of Dexpramipexole has been esti-
mated at approximately $100,000,000. 

 Reasons for failure of the Phase 3 can include 
over-interpretation of positive trends in effi cacy 
measures from phase 2 studies. Other factors that 
can contribute to failure of Phase 3 studies 
include the selection of more than one primary 
end point; an excessively short study period that 
does not capture possible longer term benefi ts of 
the study drug, and an imbalance of enrolled 
patients with incorrect stratifi cation parameters. 

 For compounds that are currently available but 
not indicated as treatment modalities for neuro-
degeneration, there is a risk of off-label use by 
patients, thus potentially confounding the analy-
sis. There is also a risk of interaction with exist-
ing drugs, attenuating the effect of the study drug. 
And as is the case for errors in Phase 2 design, 
drugs can fail in Phase 3 because of incomplete 
data regarding pharmacokinetics, poor penetra-
tion to the CNS, and the absence of a reliable 
pharmacodynamics biomarker.   

16.9     Lessons from Previous Trials 

 Despite the disappointing results of clinical trials 
of disease modifying agents in neurodegenera-
tion to date, much can be learned from negative 
studies. At a pre-clinical level, animal studies are 
now conducted in accordance with standardised 
guidelines. Ideally, such trials should also incor-
porate a “human RCT” design with clinical phar-
macology expertise in trial design and 
methodology. Positive fi ndings should be repli-
cated in independent laboratories. Negative stud-
ies should be published to avoid publication bias. 

 Findings from animal models should be inter-
preted at a scientifi c level, and extrapolation to 
humans should be undertaken with caution. The 
validity of pre-clinical studies should be evalu-
ated rigorously by evidence-based analyses, and 
translation should be undertaken only if fi ndings 
are robust and reproducible. 

 As the neurodegenerative disorders are essen-
tially human diseases and may relate in part to 
failure of complex networks, there is a reasonable 
case to be made for undertaking proof of concept 
studies of selected plausible candidate com-
pounds without prior testing in animal models. 
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In such instances, or in the context of translation 
from pre-clinical to clinical trials, careful phase I 
and 2 studies are required prior to moving to 
more costly and high risk Phase 3 trials. These 
early trials should include detailed pharmacoki-
netic studies with extensive dose-fi nding and tox-
icity studies. Detailed correlative analysis of drug 
levels in serum and CSF are necessary and all tri-
als should include a biomarker readout of target 
engagement. 

 With respect to clinical cohorts, the heteroge-
neous nature of the neurodegenerative conditions 
is well recognized at a clinical level, but has not 
been adequately addressed in clinical trial set-
tings. Deep phenotyping studies of clinical 
cohorts, coupled with genetic, and possibly tran-
scriptomic and metabolomics clustering are 
likely to assist in subcategorization of cohorts in 
the future. These subcohorts should be ran-
domised accordingly. Pre-specifi ed (a priori), 
post-hoc analyses should be determined to iden-
tify potential responder groups and reasons for 
study failures, and nested studies should be 
included in all future designs to obtain maximal 
information.  

16.10     “Biologics”, New Drugs 
and Personalized Medicine 

 There is strong evidence that neurodegenerative 
conditions are heterogeneous and it is therefore 
likely that treatments will be targeted to subco-
horts that share pathogenic mechanisms. While 
the pathobiology of most forms of neurodegener-
ation remains to be fully elucidated, there is a rich 
pipeline in new therapeutics that target known 
mutations and pathogenic pathways. Pre- clinical 
data using anti-sense oligonucleotides are promis-
ing in the treatment of Huntingtons Disease, and 
early Phase I trials are underway using anti-sense 
oligonucleotides in SOD1 related ALS. Much as 
has happened in cancer therapeutics, future treat-
ments are likely to be targeted at specifi c and bio-
markers, personalized to the individual disease 
subtype. As technologies develop and our under-
standing of the spectrum of neurodegenerative 
diseases improves, It is likely that future clinical 

trials will be in patient subcohorts that have been 
extensively phenotyped and sub-stratifi ed using 
genomics, transcriptomics, metabolomics and 
advanced imaging.     
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      Palliative Care and End of Life Care                     

     David     Oliver    ,     Sinead     Maguire    ,     Orla     Hardiman     , 
and     Peter     Bede   

17.1            Introduction 

 End of life care relies heavily on a dynamic part-
nership between the patient, carers and the multi-
disciplinary palliative care team. Palliative care 
provides symptomatic management of late stage 
conditions focussing on relief of suffering, dig-
nity and respect for patient autonomy, regardless 
of the underlying diagnosis. . 

 In addition to medical management, palliative 
care seeks to address individual psychological, 
social and spiritual needs. While specialist pallia-
tive care has been traditionally associated with 
the symptomatic management of advanced neo-
plastic disorders, in recent years palliative care 
has gradually expanded into the management of 
progressive non-malignant conditions such as 
neurodegenerative conditions, chronic obstruc-
tive pulmonary disease, HIV, renal and cardiac 
failure. 

 In the absence of effective disease modifying 
therapies in most neurodegenerative conditions, 
specialist palliative care has a major role in 

improving the quality of life of patients. The 
effectiveness of palliative care intervention has 
been demonstrated by multiple studies in pro-
gressive neurological conditions.  

17.2     The Defi nition 
of Palliative Care 

 Palliative care is defi ned by the WHO as “an 
approach that improves the quality of life of 
patients and their families facing problems asso-
ciated with life-threatening illness, through the 
prevention and relief of suffering, early identifi -
cation and impeccable assessment and treatment 
of pain and other problems, physical, psychoso-
cial and spiritual”. 

 This defi nition has been expanded to include, 
that palliative care:

•    Provides relief from pain and other distressing 
symptoms  

•   Affi rms life and regards dying as a normal 
process  

•   Intends neither to hasten or postpone death  
•   Integrates the psychological and spiritual 

aspects of patient care  
•   Offers a support system to help patients live as 

actively as possible until death  
•   Offers a support system to help the family 

cope during the patient’s illness and in their 
bereavement  
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•   Uses a team approach to address the needs of 
patients and their families, including bereave-
ment counselling  

•   Will enhance quality of life, and may also 
positively infl uence the course of illness  

•   Is applicable early in the course of illness, 
in conjunction with other therapies 
that are to prolong life, such as chemother-
apy or radiation therapy, and includes 
those investigations to better understand 
and manage distressing clinical 
com plications.     

17.3     The Defi nition of End 
of Life Care 

 End of life care is more complex to defi ne and 
there is often uncertainty. This period is often 
considered to be the last 6–12 months of life, 
when there is increasing deterioration and the 
prospect of recovery has been abandoned. 
Within neurology there is increasing awareness 
of the need to consider both palliative and end 
of life care in patients with progressive disuse. 
This has been emphasised in the various guide-
lines on the care of people with neurological 
disease – including the Practice Parameters 
from the American Association for Neurology, 
the European Federation of Neurological 
Societies Guidelines on ALS (Andersen et al. 
 2012 ).  

17.4     Palliative Care in Neurology 

 There is considerable evidence that palliative 
care intervention is benefi cial in neurological 
conditions. A randomised controlled trial in 
multiple sclerosis, using a waiting list delayed 
service protocol, demonstrated superior symp-
tom management, in particular nausea, as well as 
improved patient and caregiver satisfaction. 
Using a similar randomised waiting list for 
patients with ALS/MND, MS, progressive supra-
nuclear palsy (PSP) and Parkinson’s disease 
(PD), improvement in a variety of symptoms – 
pain, breathlessness, sleep disturbance and 
bowel symptoms- and overall quality of life was 
observed. 

 Thus there is robust evidence that palliative 
care may help people with progressive neurologi-
cal conditions and that this will extend to end of 
life care. It is also recognised that multidisci-
plinary care for people with progressive neurode-
generative conditions enhances quality of life 
(Van den Berg et al. 2005; Rooney et al.  2014 ) 
(Fig.  17.1 ).

   Given the complex nature of the illness, with 
inexorable decline and death as the inevitable out-
come, a signifi cant proportion of evidence of pal-
liative care intervention in neurology comes from 
ALS/MND. It has been elegantly demonstrated by 
several authors that overall quality of life is not 
directly dependent on physical function (Neudert 
et al.  2004 ; Simmons et al.  2000 ). In fact, health 

  Fig. 17.1    The 
multidisciplinary team in 
neurodegeneration. Evidence 
suggest improved quality of 
life as well as survival benefi t 
if patients are cared for by an 
integrated multidisciplinary 
team (Rooney et al.  2014 )       
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related quality of life is only a minor contributor to 
overall quality of life. This provides an important 
rationale for specialist palliative care intervention 
in neurological conditions. Indeed, with the expan-
sion of specialist palliative care provision to non-
malignant conditions, a number of national 
frameworks have recently been developed to 
enable the optimal timing of palliative intervention 
and coordination of care between primary care 
physicians, neurologists, the multidisciplinary 
team, and palliative care specialists (Table  17.1 ).

17.5        Aims of Palliative Care 

 Palliative care aims to carefully address to physi-
cal, psychological, social, and spiritual needs of 
patients in an integrative approach. 

17.5.1     Physical 

 These aspects of care involve consideration of

•    Symptoms – such as pain, dyspnoea, dyspha-
gia, communication issues  

•   Mobility and comfort issues  

•   Positioning and provision of help to aid daily liv-
ing – small aids to help with limb/arm weakness, 
mobility aids such as frames and wheelchairs, 
and adaptions to housing and work environment     

17.5.2     Psychological 

 This aspect of palliative care monitors reactions 
to the diagnosis, disability, dependency and dying 
and attempts to foresee and address psychologi-
cal distress, such as anxiety, depression.  

17.5.3     Social 

 Most patients will be part of local communities 
or wider social circles – whether family, friends 
or carers (both informal and professional). It is 
important to recognize and evaluate the personal 
reaction to the disease process.  

17.5.4     Spiritual 

 Existential questions and spirituality are unique 
aspects of palliative care which require attentive 

   Table 17.1    International frameworks for palliative care in neurology   

 Palliative care initiatives for non malignant conditions 

 Name of the program  Country  Year  Focus 

 Gold Standards Framework  UK  2000  Community based service, Carer Support 

 PEACE – Palliative 
Excellence in Alzheimer’s 
Care Efforts 

 US  2003  Patients with dementia, Advance planning, 
Death at desired location 

 Liverpool Care Pathway 
(Version 12) 

 UK  2009  Holistic approach to physical, psychological, 
social and spiritual care 

 Preferred Priorities for Care  UK  2004  Discussion and respect of patient preferences 

 Neurological Care Pathway  UK  2007  Management algorithm with indicators to 
advance care planning and specialist 
palliative care referral 

 Neurology Taskforce of the 
EAPC 

 EU  2009  Palliative Guidelines for ALS, HD, AD, PD 

 Guidelines for a Palliative 
approach in Residential Aged 
Care 

 Australia  2006  Evidence based palliative guidelines for 
elderly patients in residential units 

 Respecting Patient Choices 
Program 

 Australia  2005  A comprehensive advance care planning 
program 

 My Home Life  UK  2007  Support for staff working in care homes 
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consideration of individual cultural and religious 
needs. In a multi-cultural society an open- minded, 
empathetic, and sensitive approach is needed to 
address individual existential concerns about the 
deeper issues of life. There may be concerns about 
the meaning of life, about facing the changes that 
may occur with progressive disease, and about 
specifi c religious issues. Pastoral care or the 
involvement of the patients own support group, 
religious or otherwise, can be highly benefi cial in 
reducing anxiety and improve quality of life. 

17.5.4.1     Assessment Scales 
 Underreporting of pain and discomfort and inabil-
ity to recall symptoms is a well-known problem of 
treating patients with long term conditions and in 
particular for those with impaired cognition. A 
comprehensive assessment and review of symp-
toms is the initial step following referral to spe-
cialist palliative services. It is clear the generic 
quality of life (QoL) instruments such as the 
Sickness Impact Profi le(SIP), SF-36 Health 
Survey, or EuroQol EQ-5D are not directly appli-
cable to neurological conditions. Disease specifi c 
instruments are superior in neurodegeneration, 
such as individualized QoL scales based on 
patients own QoL priorities, instruments opti-
mised for patients with cognitive impairment or 
dementia, visual analogue scales or observer rated 
instruments taking the caregivers perspective into 
account. A number of validated tools are available 
for QoL evaluation in neurology. Some of them 
had been optimised for elderly people and have a 
role in neuropalliative assessments. Validated 
assessment scales also enable the measurement of 
the effi cacy of palliative interventions. 

  The Memorial Symptom Assessment Scale 
(MSAS)  is a scale used to assess 32 physical and 
psychological symptoms in three different 
dimensions: intensity, frequency, and distress. 

  The Rotterdam Symptom Checklist (RSCL)  
is another tool that measures both psychological 
and physical aspects of quality of life. These 
instruments, despite being recognised as highly 
sensitive, are too lengthy to be administered rou-
tinely in progressive neurological conditions. 

  The Edmonton Symptom Assessment Scale 
(ESAS)  is patient-rated symptom visual ana-

logue scale that may be particularly useful in 
patients with neurodegeneration. It is based on 
the assessment of 15 domains; activity, fatigue, 
physical discomfort, dyspnoea, pain, lack of 
well-being, appetite, depression, anxiety, nausea, 
diffi culty sleeping, weakness, dizziness, cogni-
tion, and constipation. 

  The Disability Distress Assessment Tool  
(DisDAT, Regnard et al.) was developed in 2001 
to identify distress in people with severe commu-
nication diffi culties. The assessment tool uses a 
so-called “Distress Passport” a summary of signs 
and behaviours when patient is content and when 
distressed. Assessment takes Appearance, Vocal 
signs, Habits, Mannerisms and Posture into 
consideration. 

 Additionally, a number disease-specifi c of 
Quality of life assessment tools have been 
 developed and used both in clinical practice and 
in the assessment of palliative interventions 
(Table  17.2 ).

17.6          The Timing and Triggers 
of Palliative Care 
Interventions 

 More recently a Consensus document produced by 
the European Association for Palliative Care 
(EAPC) and the European Federation of Neuro-
logical Societies (EFNS)/European Academy of 
Neurology (EAN) has recommended that: “Palliative 
care should be considered early in the disease trajec-
tory, depending on the underlying diagnosis” 
(Oliver  2014 ). 

 This is based on the evidence that for cancer 
care the earlier involvement of palliative care can 
increase survival of patients with lung cancer, 
reduces the cost of hospital care (Bakitas et al. 
 2009 ) and may improve symptom management 
and family satisfaction. 

 The initiation of specialist palliative care 
involvement will depend on the specifi c disease 
process – with involvement for patient with 
ALS/MND suggested from the time of diagno-
sis in many cases (Bede et al.  2011 ; Oliver 
 2014 ) whereas in MS involvement may only 
towards the end of life. In traditional care 

D. Oliver et al.



309

 models, palliative input is sought at the rela-
tively later stages of a progressive condition, 
resulting in patients potentially missing out on 
the expertise of palliative physicians in control-
ling distressing symptoms. More fl exible mod-
els advocate early, and episodic involvement 
based on specifi c triggers – for instance for a 
person with ALS/MND this may be at diagno-
sis, consideration of gastrostomy, consideration 
and commencement of ventilatory support and 
in the fi nal stages of life. The model of intermit-
tent, symptom-based involvement has been pro-
posed in neurodegenerative conditions where 
palliative involvement may overlap with active 
neurological care (Fig.  17.2 ).

17.7        Specifi c Symptoms 
Requiring Specialist 
Palliative Input 

 While the underlying pathophysiology may be 
different in various neurodegenerative condi-
tions, there are a number of symptoms that may 
be common to most progressive neurological 
diseases. 

17.7.1     Pain 

 Many patients will experience pain during the 
course of the disease progression – varying 
from 76 % for ALS/MND, 86 % in MS, and 
85 % in PD. The aetiology of pain may be dif-
ferent in these conditions and should be man-
aged accordingly: 

 Musculoskeletal pain – due to abnormal tone 
around joints which may respond to physiother-
apy, positioning and non-steroidal anti- 
infl ammatory medication. 

 Muscle spasm from increased tone, such as 
in primary lateral sclerosis, which may be 
helped by physiotherapy, positioning or muscle 
relaxant medication such as baclofen or 
tizanidine. 

 Skin pressure pain, due to immobility, particu-
larly in ALS/MND where there is normal sensa-
tion may require regular analgesics, starting at 

   Table 17.2    A selection of Quality of Life assessment 
instruments in neurodegenerative conditions   

 Alzheimer’s Disease- 
Related Quality of 
Life – ADRQL 

 Optimised for AD, 47 
items in 5 domains: 
Social Interaction, 
Awareness of Self, 
Feelings and Mood, 
Enjoyment of 
Activities, Response to 
Surroundings 

 The Cornell-Brown Scale 
for Quality of Life in 
Dementia – CBS 

 Incorporation of 
caregivers perspective 

 Dementia Care 
Mapping -DCM 

 Observational assessment 
tool developed to be used 
in residential care for 
patients with moderate to 
severe disability 

 Parkinson’s Disease 
Quality of Life – 
PDQL questionnaire 

 37 item questionnaire; 
four subscales: 
parkinsonian symptoms, 
systemic symptoms, 
emotional functioning, 
and social functioning 

 Quality of Life in 
Late-Stage Dementia 
-QUALID Scale 

 Observational scale for 
late stage dementia, 
brief, used in residential 
care 

 Psychological Well-Being 
in Cognitively Impaired 
Persons PWB-CIP 

 11 item, observer rated 
assessment instrument 

 Dementia Quality of Life 
questionnaire D-QOL 

 29 item scale in 5 
domains: Positive Affect, 
Negative Affect, Feelings 
of Belonging, Self-
esteem, Sense of 
Aesthetics 

 Quality of Life- 
Alzheimer’s Disease 
(QOL-AD) 

 Composite scores from 
patient and caregiver 
responses on a 13 item 
scale 

 Schedule for the 
Evaluation of 
Individualized Quality of 
Life-Direct Weighting 
SEIQoL-DW 

 A brief instrument used 
extensively in ALS 
research. Respondents 
identify the areas of 
life which are most 
important to their QoL, 
then rate their level of 
functioning or satisfaction 
with each. 

 McGill QoL 
Questionnaire – MQOL 

 A 20 item scale 
frequently used in ALS, 5 
domains: physical 
well-being, physical 
symptoms, existential 
well-being, psychological 
symptoms and support 
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simple analgesics but opioids may be necessary. 
These may need to be given transcutaneously or 
subcutaneously if swallowing is poor or at the 
end of life. 

 If there is cognitive change and dementia, the 
assessment of pain may be more challenging. 
Caregivers who know the patient well may be in a 
better position to judge requirement for analgesia 
in this situation, as well as assessing the response 
to pain medications. A number of instruments 
have been developed to assess pain in cognitive 
impairment., there may be particularly helpful in 
these circumstances.  

17.7.2     Dyspnoea 

 Dyspnoea may occur in any progressive neuro-
logical disease and may be related to poor posture, 
immobility, diaphragmatic weakness or due to 
infection. Aspiration pneumonia and  infections 
are common in patients with dysphagia and should 
be treated with antibiotics when appropriate 

 ALS/MND leads to increasing respiratory 
muscle weakness. This may cause progressive 
breathlessness. Initial symptoms may present 
with orthopnea when lying down, disordered 

sleep, vivid dreams, multiple arousals through 
the night, morning fatigue and headache and 
more general symptoms such as anorexia, fatigue, 
and even cognitive change. Regular assessment 
of respiratory function is therefore essential in 
ALS and if there is evidence of respiratory mus-
cle weakness more detailed respiratory assess-
ment is necessary. Early morning ABGs, sniff 
nasal inspiratory pressure (SNIP) and overnight 
pulse-oxymetry are the most commonly used 
respiratory instruments in ALS. Non-invasive 
ventilation has been shown to both improve the 
quality of life, and survival. However, the disease 
continues to progress and some patients may 
wish to withdraw NIV as they become increas-
ingly dependent and eventually totally NIV 
dependent. Although this is a clear ethical choice 
for someone with capacity, or who has expressed 
their wishes clearly before loss of capacity, there 
are many practical issues to cope with. There are 
specifi c guidelines on the withdrawal of NIV but 
there is evidence that the all involved – patient, 
family and professionals – fi nd the process very 
stressful (Faull et al.  2014 ; Oliver and Tumer 
 2010 ). 

 Rarely, patients with ALS/MND may 
undergo tracheostomy and invasive ventilation. 

  Fig. 17.2    Models of palliative care intervenetion in neurology       
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This may increase the stress on all involved, 
particularly the carers (Oliver and Tumer  2010 ; 
Veronese et al.  2014 ). It is possible to maintain 
life with a tracheostomy and gastrostomy but 
with increasing dependency and at the risk of 
becoming “locked in” with no voluntary move-
ment or communication. The withdrawal of 
ventilation is again a complex and diffi cult deci-
sion but may become necessary, at the request 
of the patient. 

 Breathlessness may be effectively eased by 
physiotherapy. Positioning, and newer techniques 
such as “cough-assist” machines and “Breath 
stacking” technique proved particularly effective 
both for symptomatic relief and in enhancing 
quality of life. The education of patients and their 
family members on these techniques have 
become an important part of integrated multidis-
ciplinary clinics. Support of both patient and car-
ers is essential, as breathlessness leads to anxiety, 
which may worsen the symptom. Opioids have 
been found to be helpful although there is a lim-
ited evidence base. Benzodiazepines can be help-
ful, particularly reducing the concomitant 
anxiety.  

17.7.3     Dysphagia 

 Swallowing may be affected in most neurodegen-
erative conditions and careful assessment by a 
speech and language therapist is helpful. Specifi c 
issues may be helped by positioning, modifi ca-
tion or fortifi cation of diet, education and support 
of carers who provide food or help with feeding. 
Food supplements may be tolerated more easily 
but palatability must be considered and it is 
important to allow patients to be involved in the 
social aspects of eating. 

 If swallowing becomes more diffi cult, and 
nutrition is compromised, with an increased 
risk of aspiration, consideration of enteral feed-
ing may be necessary. This should involve a 
wider multidisciplinary assessment, to ensure 
that respiratory function and other factors, such 
as cognition are carefully considered. Various 
forms of gastrostomy, such as percutaneous 
endoscopic gastrostomy (PEG), radiologically 

inserted  gastrostomy (IRG) or per-oral radio-
logically inserted gastrostomy (PIG) may allow 
medication to be continued until the end of life 
and allow continued hydration even if the 
patient cannot swallow at all. There is evidence 
in ALS/MND that the use of a gastrostomy may 
improve quality of life, by reducing the risks 
and stress around oral feeding with compro-
mised swallowing, but the evidence for 
improved survival remains poor. On occasions, 
a nasogastric tube may be passed as a short 
term intervention – this may be helpful in PD as 
it allows medication to be continued even in the 
fi nal stages of life.  

17.7.4     Sialorrhoea 

 As swallowing becomes gradually affected, 
drooling of saliva becomes increasingly prob-
lematic, as the normal daily saliva production 
of 1–1.5 l cannot be swallowed effectively. 
This is common in ALS/MND – 50–70 % – 
and in PD – 65 % and may have signifi cant 
impact on the quality of life of patients. An 
assessment by a speech and language therapist 
is helpful and ensuring that the person has 
good oral hygiene and an upright position may 
help. In PD there is evidence that swallowing 
frequency is reduced and it has been suggested 
that a metronome may help remind people to 
swallow. The use of suction can be helpful on 
occasions, but the continual use of suction may 
cause an increased saliva production and be 
counterproductive. 

 A number of pharmaceutical options exist to 
control sialorrhoea effectively. Transdermal 
hyoscine (scopolamine) patch, sublingual hyo-
scine hydrobromide, PO glycopyrrolate or tricy-
clic antidepressant may all be benefi cial 
depending on the co-existing symptoms and 
preferred route of administration. Alternatively, 
Botulinum toxin injection into the salivary 
glands or in selected cases salivary gland irra-
diation may also be considered. At the end of 
life a continuous subcutaneous infusion of 
gycopyrrolate or hyoscine hydrobromide may 
be helpful.  
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17.7.5     Dysarthria 

 Speech may be directly affected by weakness, 
incoordination or spasticity of the muscles 
involved in speech, or indirectly by fatigue, respi-
ratory weakness, or medications . Hypophonia is a 
common symptom of Parkinson’s disease and 
speech is invariably affected by movement disor-
ders. Depending on the phenotype up to 77 % of 
ALS/MND patients and 69 % of PD patients expe-
rience dysarthria. 

 Speech and communication are essential com-
ponents of quality of life especially in the pres-
ence of signifi cant physical disability. Therefore 
careful multidisciplinary assessment, including 
in particular the speech and language therapist, is 
important. In certain neurodegenerative condi-
tions, such as ALS or PD, extra time is often 
needed for the person to express their thoughts 
and wishes and careful listening is essential. 
Augmentative communication devices may be 
important, such as voice amplifi ers, alphabet 
boards, laptops or touch sensitive devices such as 
tablets or smart-phones. In some cases, more 
sophisticated equipment, such as eye gaze sys-
tems are required to enable communication when 
other movements are restricted or unreliable. 
Augmentative systems should be able to be used 
not only for day to day communication but 
increasingly for the internet and email. However, 
some individuals may prefer simpler systems, 
such as pad and paper or a simple board with rep-
resentation of basic needs.  

17.7.6     Fatigue 

 Fatigue is commonly described by people with 
progressive neurological disease – for instance in 
MS reports suggest fatigue affecting 39–78 % of 
patients. The cause may be caused directly by the 
disease itself, or indirectly by disease progres-
sion, such as respiratory failure in ALS/MND, 
medications, depression, or anaemia. It is crucial 
to explore potential causative factors and address 
them appropriately as fatigue has a major impact 
on quality of life. Treatment of depression or 
revision of medications, such as reducing 

 benzodiazepines or opiates may be needed. In PD 
the optimisation of dopaminergic medication can 
be helpful and in MS explanation of pacing and 
making the most of available energy can enable 
patients to remain more active. Finally, modafi nil 
has been off-label in some health system in 
Multiple Sclerosis and Parkinson’s disease.  

17.7.7     Sleep Disorders 

 Sleep disturbance may be affected directly by the 
disease process. REM sleep behaviour disorder in 
multiple systems atrophy (MSA) and PD may 
manifest with dreams and extreme limb move-
ments at night and may be helped by clonazepam. 

 Additionally, sleep in MSA may be affected by 
stridor due to vocal cord dysfunction. These symp-
toms can be helped by non-invasive ventilation 
and (NIV) or continuous positive airway pressure 
(CPAP). Restless legs syndrome (RLS) is a com-
mon complaint across the spectrum of neurode-
generative disorders. The irresistible urge to move 
the limbs, with only temporary relief from moving 
them may cause signifi cant discomfort. Oral iron 
supplementation should be considered if low fer-
ritin levels are demonstrated. Dopamine agonists, 
such as Pramipexole, Ropinirole, or Rotigotine 
taken 2 h before bedtime are often the fi rst line of 
therapy. Pregabalin and gabapentin have also been 
used successfully. Poor sleep may be a symptom 
of respiratory failure due to respiratory muscle 
weakness in ALS/MND. 

 Sleep may be affected indirectly by pain, 
depression or anxiety – such as anxiety about 
calling for help due to poor speech and gener-
alised weakness. 

 General advice on sleep hygiene, such as reg-
ular rituals before going to bed, avoiding day 
time naps and ensuring the environment is 
favourable for sleep, is important for all patients.  

17.7.8     Mobility 

 Most people with progressive neurological disease 
face changes in mobility due progressive pyrami-
dal, extrapyramidal and cerebellar  dysfunction. 
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This may be diffi culties in initiation of movement, 
such as in PD, or increasing limb weakness in MS 
and ALS/MND reducing the ability to walk safely. 
There are increased risks of falling, and possible 
fracture, and loss of independence, ranging from 
problems in feeding, toileting or getting around in 
their home environment. There are often concomi-
tant psychological sequelae, such as isolation, fear, 
loss of confi dence and loss of purpose and mean-
ing in life. 

 A multidisciplinary assessment is essential, 
including particularly the physiotherapist and 
occupational therapist, but often including the 
wider team. There is often resistance to the use of 
aids, from sticks and frames to wheelchairs. It 
may be necessary to encourage the patient, fam-
ily and carers to use these aids that may improve 
their quality of life by maintaining their indepen-
dence and prevent falls. It is important that there 
is clear explanation and education in the use of 
any equipment so that is it used correctly and 
safely. If at all possible, equipment should be 
able to be adapted as the disease progresses, so 
that it can be used as the person’s abilities dete-
riorate and the stress of having to cope with new 
equipment is minimised.  

17.7.9     Other Physical Issues 

 There are many symptoms that are unique to a 
specifi c disease process. For instance, in PD dys-
kinesia and rigidity may become a major physical 
problem and require optimisation of medication 
and, on occasions, more invasive treatment such 
as deep brain stimulation. There is a need for 
close collaboration between all teams involved – 
neurology, rehabilitation and palliative care – to 
ensure that all treatments regimes are maximised, 
avoiding treatment related side effects, and 
appropriate to the patient’s needs and wishes.  

17.7.10     Psychological Issues 

 Patients with neurodegenerative conditions face 
an ever evolving constellation of symptoms. 
Patients frequently perceive their disease as a 

series of losses – from loss of mobility, to loss of 
speech or swallowing, loss of cognition – leading 
to changes in their relationships. Fear and anxiety 
Fear and existential distress are two of the most 
important psychological stressors in neurodegen-
eration. Fear of the disease itself, as this may be a 
new diagnosis with which the person has never 
had contact before and there are often myths of 
the disease which can lead to fear and anxiety – 
for instance many people with ALS/MND fear 
choking to death, but with good symptom man-
agement this is extremely rare. 

 Fear of deterioration and dependency. Many 
people are very concerned about becoming 
dependent to others for their care – particularly 
very personal care such as bathing, toileting or 
feeding. 

 Fears of dying and death. These may be very 
different as some people may fear the process of 
dying – fearing choking, breathlessness, pain or a 
distressing death – whereas others may fear death 
itself – of oblivion or of heaven/hell (see Spiritual 
issues below). 

 Fear of loss of control over activity and day to 
day living. This is related to dependency but is 
often used as a reason for considering assisted 
dying. In Oregon 75 % of the people asking for 
physician assisted suicide speak of their fear of 
loss of control over their lives and seek control 
over their death (Ganzini et al.  2002 ). Fear of loss 
of identity – particularly for people facing cogni-
tive loss and dementia, such as in PD and often in 
MS and ALS/MND.  

17.7.11     Cognitive Change 

 Cognitive change may vary from subtle impair-
ment in selected functions through multi-domain 
impairment to dementia. The most commonly 
assessed cognitive domains include memory, 
executive function, language, visuospatial skills 
and social cognition. Behavioural change is often 
more distressing for the caregivers than selected 
cognitive impairment and may cause consider-
able distress until a formal diagnosis is estab-
lished. Defi cits in all of these domains are very 
distressing for both the patient and family and 
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have implications on the management of the con-
dition, adherence to therapy, safety awareness, 
decision making, formulating care preferences 
and making end-of-life decisions. Cognitive 
change is a feature of most neurodegenerative 
conditions. 

 In multiple sclerosis up to 65 % of patients 
have evidence of impairment, often problems in 
learning new facts, altered information processing 
and verbal fl uency. In 25 % of patients the cogni-
tive change may be very obvious whereas in oth-
ers the changes may be more subtle and only 
found on careful neuropsychological assessment. 

 Fifteen percent of patients with ALS/MND 
have fronto-temporal dementia. Frontotemporal 
dysfunction may precede motor symptoms, 
which may lead to misdiagnoses. Up to 50 % of 
ALS patients have evidence of cognitive change – 
often impaired executive function, language defi -
cits or behavioural changes . 

 PD patients may have problems with execu-
tive functioning, diffi culties in planning, apa-
thy and hallucinations. Up to 30 % develop 
dementia, with memory and attention 
problems. 

 PSP may have changes leading to forgetful-
ness and slowing of information processing and 
executive dysfunction may occur later in the dis-
ease progression 

 Huntington’s Disease (HD) is associated with 
cognitive decline, including executive dysfunc-
tion, problems initiating and organising thoughts. 
Behavioural changes such as aggression, impul-
sivity, distractibility are also commonly observed. 

 All of these changes impact on management 
as the patient may be less able to make decisions 
and may need to be helped and supported “in 
their best interest”. For instance, it may be neces-
sary to make decisions for the person, in consul-
tation with their family and carers, and even 
restrict their liberty and activities if these could 
lead to harm. Removing the car or house keys are 
frequently considered in these patient cohorts, so 
that they are not able to drive or leave the house 
when this may be a risk to themselves and others. 
This can lead to disagreements and confl ict not 
only with the patient, but within families and pro-
fessional caring teams.  

17.7.12     Social Issues 

 Most patients identify closely with their commu-
nities and wider families. These people may have 
similar concerns about the disease progression, 
such as fears of the disease, progressive depen-
dency and of dying and death. The patient’s 
social circles and family experience similar series 
of losses, shifting of roles and relationships as the 
disease progresses. Cognitive impairment may 
lead to a spouse losing the partner with whom 
they could previously share their experiences and 
feelings. Caring for a person with behavioural or 
cognitive impairment leads to considerable addi-
tional emotional strain. 

 There may be additional social stressors, such 
as fi nancial concerns. The patient may need to 
give up employment because of disease progres-
sion but the partner, and sometimes other family 
members, may need to stop work in order to care 
for them. This may lead to severe fi nancial diffi -
culties and advice and support in ensuring that 
they claim the necessary benefi ts and entitle-
ments is paramount. There is frequently need for 
house adaptions, such as the installation of a stair 
lift, wheel chair ramps, downstairs bathrooms or 
other specialist equipment for lifting, transfers or 
hygiene. There is often a sudden need to organise 
additional home help. . These issues need to be 
anticipated in advance, carefully planned for, the 
appropriate applications and supporting docu-
ments need to be provided on time in order to 
address these pertinent social issues. 

 Most multidisciplinary neurology teams work 
with an experienced social worker which is of 
considerable benefi t in addressing these prob-
lems. Often with severe progression admission 
for temporary respite care or longer term residen-
tial care may be necessary and this also need to 
be anticipated and organised effectively. 

 The involvement of children and young peo-
ple in the patient’s care can be a diffi cult and 
sometimes disheartening experience. It is impor-
tant to ensure that children, of any age, are able to 
talk about their concerns and be involved in the 
care. However the support of social workers or 
counsellors may be helpful in supporting parents 
in these discussions of these diffi cult issues with 
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the children or grandchildren of the patient. The 
involvement of school and college support sys-
tems and counsellors may be helpful 

 For many couples there may be major changes 
in their life together, and a change in how they 
express their feelings to each other. It may be 
more diffi cult to cuddle and kiss when someone 
is in a wheelchair or has developed behavioural 
changes. Sexual activity may change and couples 
often need the opportunity to express and share 
their concerns. Advice on the alternative ways to 
express their feelings and intimacy together 
should be offered sensitively.  

17.7.13     Spiritual Issues 

 Spiritual issues may be religious – such as the wish 
to see a religious leader or be involved in certain 
ceremonies or worship – but may also be related to 
the deeper meaning of life. This may include feel-
ings of guilt or concerns about the future, either of 
dying itself or of an afterlife. For a person with a 
progressive neurological disease these issues may 
be particularly prominent as the loss of abilities and 
feelings of dependency may lead to questioning of 
life and their previous beliefs (Lambert  2014 ). 

 There are no easy answers to many of these issues. 
If there are specifi c religious questions or concerns, 
the involvement of the appropriate faith leader may 
be helpful. For many patients it may be important to 
have the opportunity to express some of these con-
cerns and fears, to an empathetic member of the mul-
tidisciplinary team, such as a specialist nurse or social 
worker. Some multidisciplinary teams include a non- 
denominational pastoral care worker.   

17.8     End of Life Care 

 As the disease progresses there is a need to plan 
future care and to consider the end of life 
Connolly et al. ( 2015 ). The varying prognosis in 
neurological disease – from an average of 2–5 
years in ALS/MND to possibly over 30 years in 
MS makes planning particularly diffi cult (Oliver 
and Silber  2013 ). Even within a single condition 
there is considerably variation in survival and 

prognosis. In ALS/MND the mean time from the 
fi rst symptom to death is 2–5 years, patients pre-
senting with bulbar symptoms have a shorter 
prognosis of 18 months but 25 % are alive at 5 
years and 10 % at 10 years. Thus the end of life 
may be diffi cult to recognise. 

17.8.1     Advance Care Planning 

 It is strongly recommended that planning for 
future care takes place early in the disease course. 
The development of language and communica-
tion defi cits together with cognitive change may 
mean that patients are unable to make decisions 
about their care preferences in late-stage disease. 
Advance care planning is often necessary – so 
that the patient can express their wishes while 
they are able to do so and these are defi nite and 
clearly stated so that they can be respected later, 
even if the patient can no longer express their 
view themselves. 

17.8.1.1     Advance Care Planning Can 
Include 

  An Advance Statement  – outlining the person’s 
views about treatment options, but without spe-
cifi c details of any particular treatment that they 
did not wish. Such a statement would have no 
legal status as such but would be very helpful in 
planning care if the person did lose capacity 

  An Advance Decision to Refuse Treatment  – 
specifi c statements are made refusing specifi c 
treatments, such as tracheostomy ventilation, car-
diopulmonary resuscitation or admission to hos-
pital. In England and Wales if this includes a 
statement that the person realized that this refusal 
could shorten their life it is legally binding. 

  A Power of Attorney  – where the person 
defi nes other people to make the decision in their 
stead if they are not able to do so themselves. 
This may be for Property and Affairs or Health 
and Welfare. 

 Expression of the patient’s wishes as to the 
place of care and death 

 A  Do Not Attempt Cardio-pulmonary 
Resuscitation Order  (DNACPR) may be 
 completed, with discussion with the patient 
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(if possible/appropriate) and the family/carers 
can ensure that the patient is spared futile resus-
citation attempts when they die. 

 While the exact format of such advance care 
planning may vary from country to country, the 
overall aim is to allow the clear expression of a 
person to refuse specifi c treatments or ensure that 
a proxy is appointed to do so. Such documents 
would only be used if the person loses capacity 
and in specifi cally defi ned situations. If there is a 
lack of clarity in the person’s views any informa-
tion may be helpful in aiding the multidisciplinary 
team, and in particular the lead clinician, to make 
a decision in the patient’s “best interests”, inte-
grating all the available information and taking 
the views of the family into consideration.   

17.8.2     Recognition of the End of Life 
Phase 

 The recognition that the person is deteriorating 
and end of life is nearer may be challenging, par-
ticularly when there has been a long illness with 
relatively slow progression, such as in 
MS. Moreover, there may be periods of increased 
symptoms followed by a plateau of no progres-
sion, which can be confusing for all involved. The 
patient, family and carers may all be unsure if 
there will be a continued deterioration or whether 
this is another period of stabilisation, even if this 
is to a lower level than before. This can be particu-
larly so when there is a period of sepsis – urinary 
tract infection, chest infection or aspiration pneu-
monia - when recovery may occur, but this may 
also be a sign of the person reaching the fi nal 
stages of the illness and death approaching. 

 The end of life period may be signaled by the 
constellation of certain symptoms which appear 
to be commoner nearer to death. The National 
End of Life Care Programme 2010 (UK) high-
lighted the following symptoms and factors that 
may herald the end-of-life period in neurological 
conditions and should trigger specialist palliative 
care intervention.

•    patient request  
•   family request  

•   dysphagia  
•   cognitive decline  
•   dyspnea  
•   recurrent infections – in particular aspiration 

pneumonia  
•   weight loss  
•   marked decline in condition  
•   complex symptoms – such as pain, spasticity, 

nausea or psychosocial or spiritual issues (End 
of life care in long term neurological condi-
tions: a framework for implementation  2010 ; 
Oliver and Silber  2013 )    

 In addition, there are disease-specifi c triggers 
which warrant palliative care intervention:

    ALS/MND : respiratory failure or increased 
breathlessness, reduced mobility, dysphagia  

   MS : dysphagia, choking attacks, poor hydration 
and nutrition, frequent infections, cognitive 
decline, reduced communication, fatigue, pro-
found, reduced response to the environment  

   PD : rigidity, pain, agitation/confusion from sep-
sis, neuropsychiatric decline  

   PSP : dysphagia, speech poor, weight loss, 
severe pressure sores, psychiatric symptoms, 
medication no longer effective (Oliver and 
Silber  2013 ).    

 A recent retrospective study has shown that 
the incidence of the above symptoms increased 
progressively in the 6 months preceding death. 
Aspiration was frequently observed in the last 6 
months of life, and was particularly common in 
the last 2 months of life and would seem to be 
particularly indicative of end of life (Hussain 
et al.  2014 ). Further studies are currently being 
undertaken to identify these triggers and allow a 
clearer method of anticipating the end of life 
phase.  

17.8.3     Symptom Management 
at the End of Life 

 As the person’s health deteriorates it is even more 
important to ensure that the symptoms are man-
aged as effectively as possible. This particularly 
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applies to pain, sialorrhoea, dysphagia and 
 dyspnoea as these symptoms may cause particu-
lar distress to both the patient and their family. 
The principles outlined should be followed, with 
careful multidisciplinary assessment and appro-
priate management. 

 Although it may not always be clear when end 
of life care may be required it is important to 
ensure that the patient, family and professional 
carers become aware of the deterioration and 
have a realistic understanding of the prognosis. 
This will allow increasing discussion and consid-
eration of the patient’s wishes for their future 
care, the consideration of advance care planning 
and consideration of preferred place of care and 
later of death. 

 A candid discussion of these areas may be 
necessary long before the last few months of life, 
especially if there are increasing communication 
or cognitive issues. There is an imperative to 
ensure that plans and preferences are discussed 
and the wishes of the patient ascertained while 
they can be clearly communicated. This can be 
diffi cult in the earlier stages of disease, as the 
patient, their families, caregivers and profession-
als may be reluctant to discuss advance planning. 
A clear explanation of the necessity for earlier 
discussion is essential so that patients are given 
the best opportunity to express their wishes and 
preferences. It is also imperative to recognise that 
the attitudes, culture and personal beliefs of 
patients, caregivers and health care providers all 
infl uence the decision-making process and ulti-
mately acceptance or refusal of various interven-
tions. The timing and pace of these discussions 
should be set by the patient and not by the 
professional. 

 As the person deteriorates it may be necessary 
to look at the methods of administration of medi-
cations. If swallowing is impaired, due to dys-
phagia or drowsiness, alternative non-oral routes 
of administration may be needed. For instance in 
PD, transdermal preparations, such as rotigotine, 
may be helpful if swallowing is diffi cult. It is 
important to ensure that medication that is neces-
sary for symptom control, including those related 
to the disease progression, are maintained if at all 

possible, even if oral medication can no longer be 
taken. 

 The symptoms that may need targeted assess-
ment and specifi c management at the end of life 
for people with progressive neurological disease 
include pain, dyspnoea, respiratory secretions, 
and restlessness. 

 Pain – as described above – needs careful 
assessment and the use of analgesics is essential. 
Opioids are very helpful but may need to be given 
as a transdermal patch (such as fentanyl), paren-
terally by injection, or by a continuous subcuta-
neous infusion by syringe driver. 

 Respiratory secretions and “noisy” breathing 
at the end of life, as the patient is unable to clear 
secretions or cough effectively, can be distressing 
for the family and carers, often more than for the 
patient. The use of anticholinergic medication, 
such as glycopyrronium bromide or hyoscine 
hydrobromide (scopolamine) by injection or sub-
cutaneous infusion can be helpful in reducing 
both secretions and caregiver distress. 

 Restlessness may refl ect confusion or agita-
tion, but may be due to treatable causes such as a 
full bladder, faecal loading or hypoxia, all of 
which can be helped. However, often there is a 
need to ensure that the symptom is treated effec-
tively by providing sedative medications, such as 
midazolam or levomepromazine (although this is 
contraindicated in PD, MSA and PSP) by injec-
tion or a subcutaneous infusion. Levomepromazine 
also has antiemetic properties. 

 Dyspnoea may respond to both opioids and 
benzodiazepines. There may be concerns that 
giving such medication could shorten life. 
Ethically however, it is appropriate to reduce the 
distress of the patient, even if there is the risk of 
causing a shortening of life, under the doctrine 
of double effect – as long as it is clear that the 
doctor’s intention of using the medication was 
to reduce the distress and not to shorten life. 

 The use of non-invasive ventilation (NIV) for 
the management of respiratory weakness in ALS/
MND has increased signifi cantly over the last 15 
years, and there is good evidence that this both 
improves quality of life and extends life. 
However, while the symptoms of respiratory 
weakness are eased, the disease itself continues 
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to progress and the patient becomes more dis-
abled. This may lead to the patient asking for the 
NIV to be withdrawn or discontinued. If the 
patients have the capacity to make this decision it 
should be respected. Similarly, many patients 
will complete an ADRT stating that they would 
wish withdrawal in certain circumstances – such 
as if communication is lost- if they do lose capac-
ity to make the decision at the time. It is para-
mount that medication is given to prevent distress 
when the NIV is removed, and opioids with mid-
azolam are usually needed to sedate the patient 
and prevent breathlessness. This can lead to com-
plex ethical debates. Although the ethics of 
removing an unwanted treatment from a patient 
at their request is clear, it may seem to all involved 
that this is euthanasia. Wider discussions, involv-
ing the wider multidisciplinary team and the fam-
ily and carers are essential. 

 The provision of anticipatory medication – 
such as injections of morphine sulphate for pain 
and dyspnoea, midazolam for agitation or stiff-
ness, glycopyrronium bromide for chest secre-
tions and levomepromazine or ondansetron for 
nausea and vomiting can be helpful a so that they 
are readily available if needed. These medica-
tions are then ready “just in case” and the Motor 
Neurone Disease Association in the UK has pro-
duced a “Just in case” box for the storage of such 
medication, together with instructions as to 
when/how to administer so that the medications 
are readily available for use if there is increasing 
distress or severe symptoms (MND Association 
website).  

17.8.4     Moral Distress 
and Compassion Fatigue 
Among Health Professionals 

 Compassionate engagement with distressed 
patients and their families can exert a consider-
able emotional toll, and moral and ethical dis-
tress, even among experienced professionals. 
Moral distress refers to a response to a situation 
in which the person is aware of a moral problem, 
acknowledges moral responsibility, and makes a 
moral judgment about the correct action, but as a 

result of real or perceived constraints, partici-
pates in what is perceived as moral wrongdoing 
(Rushton et al.  2013 ). 

 Moral distress is an under-recognized feature 
of the clinical landscape, and is associated with a 
high risk of burnout. Formal structures to protect 
against moral distress, compassion fatigue and 
burnout are not well developed, although frame-
works for understanding and addressing moral 
distress have been recently proposed within the 
palliative care literature. These frameworks 
describe four dimensions that contribute to the 
moral compass, − namely: empathy (emotional 
attunement), perspective taking (cognitive attun-
ement), memory (personal experience), and 
moral sensitivity. Frameworks that seek the 
alignment of these dimensions can provide the 
clinician with the equipment to address distress-
ing confl icts with compassion and resilience, and 
could be easily adapted to terminal neurological 
disease.   

    Conclusion 

 The provision of palliative care is important to 
help people with progressive neurological dis-
ease and their families as the disease pro-
gresses. Careful assessment and management 
will allow the patient to remain as active as 
possible, maintain a quality of life, dignity, 
autonomy and to die peacefully.     
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