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    Abstract     Twenty years after the discovery of the causal CAG repeat expansion 
mutation in the  HTT  gene, Huntington’s disease remains an incurable devastating 
disorder. However, using disease models, and studies in human patients, great prog-
ress has been made in understanding the pathophysiology of HD. Research has led 
to the development of the fi rst gene therapy approaches with promising results in 
HD model systems. This raises hopes that HD, a monogenetic fully penetrant auto-
somal dominant disorder, may be a model for novel therapeutics in neurodegenera-
tive disorders. In addition, thanks to the efforts of the HD community – families, 
clinicians, health professionals, and researchers – standards of care are improving 
patients’ and families’ quality of life. HD networks (HSG, EHDN, RLAH), and 
their observational studies, have further laid the groundwork for conducting clinical 
trials of high quality on a global stage. This includes collaboration with clinical trial 
sponsors in designing and conducting clinical trials, preparing and training investi-
gators, and developing the right assessment tools. The time seems right for the clini-
cal trials of the future that hopefully will change our treatment options to relieve the 
plight of all those affected by HD.  
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       Introduction 

 George Huntington, in a family from New England, gave a detailed account of the 
phenotype of an inherited movement disorder with cognitive impairment and behav-
ioral problems that progresses relentlessly until death [ 1 ]. This disorder now bears his 
name, Huntington’s disease (HD). HD is the most common inherited cause of chorea. 
The genetic mutation causing HD was fi rst mapped to chromosome 4 in 1983 [ 2 ] with 
the gene and its mutation identifi ed as a CAG repeat expansion in the  HTT  gene in 
1993 [ 3 ]. This enabled the establishment of disease models, most of them in rodents, 
fruit fl ies, or worms [ 4 ] but recently also in large animals such as sheep or nonhuman 
primates. These models have contributed greatly to our understanding of the patho-
physiology of HD and are suitable to explore therapeutic interventions. New treat-
ment approaches, e.g., gene silencing, are promising; however, 20 years after the 
identifi cation of the disease-causing gene mutation, there is still no causal treatment. 
There is rightfully hope that this will change in the foreseeable future; in fact, HD 
could be a model disease and the fi rst neurodegenerative disease in which novel thera-
peutic approaches prove successful. However, until then HD treatments remain symp-
tomatic and supportive. This can without doubt improve quality of life of HD patients 
and their families and carers. Nonetheless, until causal treatment will be available, HD 
will continue to wreck lives and cause suffering for those affected and their families. 

 The HD community has made great efforts to advance knowledge and improve 
standards of care of HD. To this end, networks including clinicians, scientists, and 
family members have formed in Europe (EHDN;   www.euro-hd.net    ), North America 
and Australia (Huntington Study Group;   www.huntington-study-group.org    ), and 
Latin America (Red Latinoamericana de Huntington;   www.rlah.net    ) with the ultimate 
goal to improve quality of life of those affected by HD. The networks also provide the 
platforms on which systematic efforts to study and treat HD can build. Good exam-
ples are the observational natural history studies of HD, REGISTRY in Europe [ 5 ] 
and COHORT in North America and Australia [ 6 ]. These now merge into a global 
effort called ENROLL-HD that also includes Latin American sites and potentially 
sites from other regions, e.g., Asia (  www.enroll-hd.org    ). The CHDI Foundation, Inc. 
(  www.chdifoundation.org    ), a not-for-profi t organization, supports in a collaborative 
way research into HD, with a particular emphasis on developing treatments. 

 The following chapter will give an overview of the epidemiology, pathophysiol-
ogy, genetic diagnosis, phenotype, and management of HD. It closes with an out-
look towards novel therapeutics that will hopefully change the course of this 
devastating disease for the better.  

    Epidemiology 

 The prevalence of manifest Huntington’s disease in North America and Europe is 
about 10 per 100,000 inhabitants (for a meta-analysis see [ 7 ]). More precise esti-
mates can be diffi cult given the challenges of ascertainment that may result in bias 
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with subsequent over-infl ation or underestimation of prevalence rates; for instance, 
more genetically confi rmed patients may attend multidisciplinary specialist interest 
clinics and research programs so that prevalence estimates in regions with such 
services can be higher. In addition, because of improved clinical care, patients may 
survive for longer and, considering the increasing overall life expectancy, more 
individuals may develop late-onset HD. Thus, the prevalence of HD may be much 
higher. HD is prevalent worldwide. Compared with North America and Europe, 
studies in Japan and Africa have shown lower prevalence rates; among the lowest 
are found in black South Africans with 0.01 in 100,000 [ 8 ,  9 ]. However, in the 
absence of epidemiological studies, estimating the prevalence in other geographical 
regions, and other ethnicities, is more diffi cult. 

 Notably in Latin America (e.g., Peru, Colombia, Venezuela) HD also occurs in 
clusters with the Venezuelan cluster around Lake Maracaibo one of several where 
the prevalence of HD far exceeds that seen in Europe or North America [ 10 ]. Given 
its dominant inheritance for every person with manifest HD, about fi ve persons live 
at risk of having also inherited the HD gene mutation. This means that in Europe, 
North America, and Latin America, there are probably about 100,000 individuals 
with manifest HD with a further about 500,000 individuals at risk. If one includes 
the genetically unaffected family as impacted by HD, the number of those impacted 
by HD is even larger. This suggests that HD imposes a substantial burden on health- 
care systems and societies.  

    Genetics 

 HD is an autosomal dominant disorder. The HD gene,  HTT , resides on the short arm 
of chromosome 4 [ 3 ].  HTT  contains at its N-terminus a trinucleotide (CAG) repeat 
in exon 1 that codes for a polyglutamine repeat within the huntingtin protein. 
Healthy humans have up to 27 CAG repeats; 40 and more CAG repeats invariably 
(full penetrance) lead to clinical manifestations of HD, while individuals with 36–39 
CAG repeats may or may not suffer from HD in their lifetime (reduced penetrance). 
It is possible that with increasing life expectancy more people in the reduced pene-
trance range will develop signs of HD so that the lower end of the complete pene-
trance range may actually be lower. Alleles with 28–35 CAG repeats (intermediate 
range) also do not cause HD in their carriers; however, these expansions are unsta-
ble so that the number of repeats may differ in the subsequent generation. Most 
commonly, the number of repeats increases, especially when the mutation is inher-
ited from the father suggesting that during spermatogenesis the expanded CAG 
stretch is more unstable than during oogenesis. This phenomenon is called anticipa-
tion; it can explain the occurrence of apparently de novo HD in a family without any 
other family member affected by HD. In addition, in juvenile HD most commonly 
the mutation was passed on from an affected father [ 11 ,  12 ]. The risk of a large 
increase of CAG repeat length depends on the size of the parental CAG repeat. The 
risk is higher if the parental CAG repeat expansion is already large. 
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 The analytical methods to measure CAG repeat length involve a PCR analysis of 
the region containing the CAG repeat followed by capillary gel electrophoresis to 
determine the size of the fragment. This should allow the separation of alleles that 
differ by one repeat [ 13 ,  14 ] (Fig.  5.1 ). It is critical that laboratories adhere to pub-
lished guidelines for genotyping in particular since a considerable proportion of 
genotyping results are still outside acceptable error limits [ 15 ,  16 ].

      Predictive and Diagnostic Genetic Testing 

 There are two main reasons for requesting  HTT  genetic testing. If the diagnosis of 
HD is suspected on clinical grounds, most commonly when clinical signs of the 
typical movement disorder and a family history for HD are present, genetic testing 
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  Fig. 5.1     HTT  genetic test result using PCR capillary electrophoresis. A fragment containing the 
CAG repeat section within the fi rst exon of the  HTT  gene is amplifi ed by PCR and labeled with a 
fl uorescent dye. The labeled fragments are then separated according to size using capillary electro-
phoresis. The highest fl uorescent peak is called automatically. A standardized marker indicates the 
size in base pairs (bp,  red triangles ). Because the number of triplets of the amplifi ed fragment 
fl anking the CAG repeat section in exon one is known, it is known that the fi rst peak in the controls 
is at 18 CAG repeats. One can then calculate the difference in bp between the second peak and the 
fi rst peak, which is divided by three results in the number of CAG repeats of the second allele. In 
control 1 (healthy control) there is only one peak. In control 2 (disease control) this is 43 CAG 
repeats; in the patient the CAG repeat size is 42. Note that for technical reasons there is more than 
one peak. This is why the result is given as 42 ± 1 CAG repeats       
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is requested by a clinician to confi rm the clinical diagnosis. A diagnostic test may 
also be requested to rule out HD in a progressive neuropsychiatric disorder of 
unknown cause. From when the possibility of HD is considered in the clinically 
affected relative, family members should be prepared for the potential implications 
to their own risk in case the diagnostic test confi rms the diagnosis of HD. If it does, 
family members should be offered genetic counseling about their own risk of having 
inherited the  HTT  mutation. 

 Anyone who is healthy but has a parent with genetically confi rmed HD is at risk. 
Genetic testing in this context is predictive of whether an individual can expect HD 
to manifest some time later in life. This form of genetic testing is called predictive 
testing. The decision of an at-risk individual to undergo predictive testing is very 
personal. As long as there is no causal treatment available, that decision is not 
objectively right or wrong. Appropriate genetic counseling should follow interna-
tional guidelines so that the participant can make an informed decision and has the 
necessary support in coping with the predictive testing procedure and the test result 
[ 17 ,  18 ]. The genetic test for the  HTT  mutation is deceptively simple. However, the 
process of undergoing genetic counseling, making a decision about predictive test-
ing and coping with the test result can be very complex. The interested reader is 
referred to the appropriate literature for in-depth information (e.g., [ 18 ]). In brief, it 
is very important that the person seeking counseling for predictive testing has a 
clear understanding about what the test results mean for many life decisions. Each 
participant undergoing genetic counseling has to make an autonomous decision. 
This requires that the participant is mature and independent enough; this is an 
important reason why minors should not be tested. In addition, participants should 
not be coerced to have the test by any third party – such as family members, insur-
ance companies, or employers. 

 Counseling should consist of three appointments with at least 4 weeks between 
them. At the fi rst appointment the participant’s motivation for seeking advice should 
be established. This includes taking a careful family history and verifying that 
indeed there is a confi rmed diagnosis of HD in the family. The individual’s knowl-
edge of HD and predictive testing should be probed as well as the personal experi-
ence with HD in the family and the current life circumstances. This helps in 
providing the participant and his partner and/or family with information about what 
is known about the genetics, HD phenotype(s), and disease evolution, as well as the 
current treatment and management options. It is very important that the participant 
understands that with very few exceptions (intermediate allele, reduced penetrance 
range; see above) genetic testing can give a clear answer to the question whether the 
participant has inherited the mutant allele and will thus in his lifetime develop HD. 
While there is an association of CAG repeat length with age-at-onset, a substantial 
percentage of the variability of age-at-onset (about 40 %) cannot be explained by 
the CAG repeat [ 10 ]. This means that in a given participant it is not possible to pre-
dict accurately when exactly HD will manifest. It is also not possible to make pre-
dictions about how HD will manifest, i.e., what the phenotype of a gene carrier’s 
future HD will be, or how HD will develop once a clinical diagnosis of manifest HD 
is made. Fortunately, in recent years, information from reliable sources has become 
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available on the Internet about HD and HD research using language and a format 
that is suitable for laypersons and young people (  www.hdbuzz.net    ;   www.hdyo.org    ; 
  www.predictivetestingforhd.com    ). At the second appointment, the participant has 
the opportunity for further counseling. If the decision is to have the test, it is now 
important to prepare for the disclosure of the test result and the implications this 
may have for the participant. This includes a detailed assessment of the participant’s 
risk of not coping well with the test result and his support by family and friends, and 
professionals, e.g., a psychologist. It is important to acknowledge that the predictive 
test result can negatively impact on mood so it is paramount to carefully assess the 
participant for depressive symptoms [ 19 ]. The participant needs to consider insur-
ance issues since some insurance policies can only be taken out without knowledge 
of the  HTT  gene status. The laws regulating disclosure of genetic test results may 
differ between countries. In some countries the implications of the disclosure of 
 HTT  gene status are such that they may deter people from having the test. This is 
probably one explanation for the fairly low number of people undergoing predictive 
testing. 

 Following the disclosure of the test result, it is very important to arrange for a 
formal follow-up. This should consist of a telephone call within a few days of the 
disclosure, another visit to the clinic a few weeks later, and the offer for regular 
follow-up once a year or on demand to provide a port of call for all questions and 
concerns the participant may have. This can include counseling regarding the 
reproductive options, which, e.g., consist of having children without testing, pre-
natal diagnosis, and preimplantation genetic diagnosis (PIGD) [ 20 ,  21 ]. Such a 
post- predictive testing follow-up can take place within a specialist HD clinic pref-
erably on a clinic day dedicated to people affected by HD but without signs of 
manifest HD.   

    Pathophysiology 

 Huntingtin (HTT) is a very large soluble acidic protein that consists of 3,144 amino 
acids. HTT is expressed in every tissue. Its N-terminus contains a polyglutamine 
stretch and a poly-proline domain; it has nuclear import and export signals and har-
bors so-called HEAT repeats, about 40 amino acid sequences that are present sev-
eral times. These repeats are composed of two antiparallel α-helices with helical 
hairpin confi guration [ 22 ,  23 ]. HTT has hundreds of binding partners [ 24 ,  25 ]. In 
addition, it is extensively modifi ed posttranslationally including phosphorylation, 
ubiquitination, sumoylation, acetylation, and palmitoylation [ 26 ]. 

 HTT is predominantly localized in the cytosol where it can associate with cell 
membranes such as those of the endoplasmatic reticulum or Golgi [ 27 ]. In addition, 
HTT can shuttle into the nucleus where it may contribute to the regulation of tran-
scriptional activity [ 27 ]. Since HTT loss of function is lethal during early mouse 
development, it is likely that HTT plays an important role in tissue differentiation 
[ 28 ]. HTT is also important for neuronal health, at least in mice, since inactivation 
of mouse huntingtin in adult mice causes neurodegeneration [ 29 ]. Evolutionary, 
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CAG repeat length in the normal range in the N-terminus increases from simple 
organisms to the human being. Thus,  HTT  with its longer CAG repeat stretch in 
humans could have contributed to the development of more complex nervous sys-
tems [ 30 ]. In addition to regulating transcription, HTT may serve as a scaffolding 
protein, contribute to vesicular transport, and aid synapse function [ 24 ]. However, 
the cellular functions of normal HTT remain little understood. 

 The CAG repeat expansion mutation in the  HTT  gene translates to an expanded 
polyglutamine stretch in the HTT protein. There is good evidence from HD model 
systems and human HD to suggest that mutant HTT confers a toxic gain of function 
[ 4 ]. A pathological hallmark of HD is abnormal conformation of mutant HTT giving 
rise to various forms of mutant HTT including soluble, intermediate, monomeric, 
and oligomeric forms that in themselves may be toxic. Eventually, this could result 
in intranuclear and cytoplasmic inclusions composed of aggregated N-terminal HTT 
fragments and a variety of ubiquitinated proteins [ 4 ,  31 ]. Recent evidence in mouse 
models (both R 6/2 exon 1  HTT  transgenes and  Hdh Q150 knock-in mice) and human 
HD suggests that abnormal splicing of exon 1  HTT  results in N-terminal exon 1 HTT 
protein fragments [ 32 ]. Thus, exon 1 HTT protein fragments may be a common 
important denominator in HD pathogenesis [ 32 ]. Normal huntingtin can be caught 
up in these inclusions resulting in an additional loss of function [ 33 ]. The inclusions 
challenge the cell’s clearance systems, in particular the ubiquitin- proteasome system 
and autophagy pathways [ 26 ,  34 ,  35 ]. It remains an open question if inclusions 
themselves are toxic or a response of the cell to protect itself. However, promoting 
clearance of mutant HTT would be expected to be benefi cial for patients. Hyper-
acetylation, e.g., by inhibiting deacetylation with histone deacetylase (HDAC) 
inhibitors, can help targeting the mutant HTT protein to autophagosomes to facili-
tate its degradation and thus clearance [ 36 ]. For a more in-depth review of the patho-
physiology, the reader is referred to reviews dedicated to this topic [ 4 ,  26 ]. 

 Much of what we know about the pathophysiology of HD comes from model 
systems. This certainly has contributed substantially to our understanding of HD 
pathophysiology. However, hypotheses derived from model systems, in particular 
those relevant for novel therapies, need to be tested in humans with the disease. The 
HD gene mutation can be identifi ed reliably; thus the molecular changes underlying 
the pathophysiology of HD can be investigated in manifest HD patients but also in 
expansion mutation carriers many years before they develop unequivocal signs of 
HD. Understanding the evolution of HD biology independent of, and in conjunction 
with, the clinical phenotype can help identify targets for treatments that may prevent 
or delay the emergence of HD signs and slow disease progression. Such changes 
can serve as biomarkers of the activity of HD biology and, in the future, may help 
indicate when to initiate treatment and how to assess novel HD therapeutics in clini-
cal trials [ 37 ]. 

 A key fi nding in HD is the pronounced, and selective, loss of GABAergic 
medium spiny striatal neurons projecting to the substantia nigra and the globus pal-
lidus [ 38 ]. MRI demonstrates loss of striatal volume that is evident even before the 
emergence of HD signs but also changes in white matter (Fig.  5.2a ); with time stria-
tal volumes diminish faster than in controls [ 39 ,  40 ]. However, there is also good 
evidence from neuroimaging studies for early cortical involvement in particular the 
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Gray matter volume: controls > HD

a

b

  Fig. 5.2    Three Tesla structural MRI in manifest HD. ( a ) The striatum shows decreased gray mat-
ter volume (GMV) in manifest HD individuals compared to healthy controls. Results of the 2nd- 
level ANOVA,  p  < 0.05, FWE corrected. The fi gure displays the SPM5 “glass brain” output 
( bottom, left ) together with maps rendered onto the anatomical template implemented in SPM5. 
( b ) More widespread atrophy extending beyond the striatum in manifest HD. Results of the 2nd- 
level ANOVA,  p  < 0.001 (uncorrected at the voxel level),  p  < 0.05 corrected for spatial extent. For 
illustration purposes, the 2nd-level maps were thresholded at  t  = 3.4 (corresponding  p  < 0.001, 
uncorrected for height) and rendered onto the anatomical template implemented in MRIcron 
(  http://www.mccauslandcenter.sc.edu/mricro/mricron/    ) (Images courtesy of Dr C Wolf)       
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motor cortex and the occipital lobe [ 41 ,  42 ] indicating that HD is not confi ned to a 
single brain region but leads to widespread pathology [ 38 ,  43 ] (Fig.  5.2b ). The HTT 
mutation is present in every tissue. HD predominantly, but not exclusively, affects 
the brain [ 44 ,  45 ]. This is important because evidence for HD pathology beyond the 
brain means that peripheral tissues may serve as a source for biomarkers.

   As with clinical trials the study of human HD benefi ts from multi-site efforts 
following a standard protocol with appropriate quality assessment and quality con-
trol. Examples for such efforts are the observational studies COHORT [ 6 ], 
REGISTRY [ 5 ], and PREDICT-HD [ 46 ], as well as TRACK-HD and TRACK-ON 
HD [ 39 ]. These studies have already contributed enormously to our understanding 
of human HD.  

    Diagnosis and Age-at-Onset 

 The clinical diagnosis of manifest HD can be made with certainty if unequivocal 
signs of HD are present in an individual with a CAG repeat expansion mutation in the 
 HTT  gene. A clinical diagnosis of manifest HD needs to be distinguished from a 
genetic test result demonstrating a CAG repeat expansion in the  HTT  gene in some-
one who is completely well. The result of a genetic test is not a disease; it can be a 
predictor of a disease in the individual’s future, which is why this is referred to as 
predictive testing (see above). It is usually very diffi cult, if not impossible, to pre-
cisely determine the age-at-onset of clinical signs of HD. The concept of age-at- onset 
refers to when a carrier of the mutated  HTT  gene develops unequivocal signs of HD. 
The accurate determination of age-at-onset is critical to identify factors that modify 
age-at-onset and to develop and evaluate therapies that aim to delay it. If a manifest 
HD patient attends an HD clinic, the clinician estimates age-at-onset retrospectively 
based on information from the patient, relatives, and carers. Age-at-onset is most 
commonly defi ned as the age-at-onset of motor signs; however, in many patients the 
fi rst sign of HD may be a non-motor sign with motor signs appearing later [ 47 ]. 

 Predicting age-at-onset accurately in the prodromal phase – when the person 
shows no sign of disease – is also very important with a view to future clinical trials 
that evaluate the effects of therapeutics that aim to delay age-at-onset. By and large, 
longer CAG repeat expansions are associated with an earlier onset, so that most, but 
not all, patients with juvenile HD (see below) have more than 60 CAG repeats; car-
riers of shorter CAG repeat expansions tend to develop signs of HD later in life 
(Fig.  5.3 ). However, the variation of CAG repeat size only explains about 50–60 % 
of the variability of age-at-onset [ 10 ]. This means that in a group of individuals with 
the same CAG repeat length, the age-at-onset can differ by more than 10 years 
(Fig.  5.3 ). A number of algorithms have been devised to help estimate age-at-onset 
in prodromal  HTT  expansion mutation carriers (reviewed in [ 48 ]). The Langbehn 
formula [ 49 ] uses CAG repeat length and age because of their well-known infl u-
ences on age-at-onset and calculates the time to a predefi ned degree of probability 
of manifesting signs of HD. However, CAG repeat length accounts for only about 
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50–60 % of the variability, so other factors not modeled in this formula likely infl u-
ence AAO. For patients very close to onset, i.e., persons at greatest risk, the 
Langbehn formula may be limited, and it is not helpful comparing prodromal with 
manifest HD. It may also not be suitable for all CAG repeat lengths and has been 
established mainly in North American patients. Another formula uses CAG repeat 
length and parental onset age to estimate AAO. This may accommodate for some 
other inherited factors as an advantage over the Langbehn formula. However, it was 
derived from a small sample of affected parent-child pairs and needs to be validated 
in larger numbers of patients.

   In addition to the CAG repeat expansion in the  HTT  gene, other factors, e.g., 
genetic or environmental, may infl uence when signs of HD develop, in which 
domain the fi rst signs occur and how they evolve over time. At present, many stud-
ies of genetic modifi ers relate their effect to a general onset of HD. It is possible that 
there are domain-specifi c onset modifi ers. Such domain-specifi c modifying effects 
may be overlooked unless domain-specifi c onsets are defi ned.  

    Clinical Manifestations 

 Most carriers of the  HTT  mutation develop clinical signs of HD between the ages of 30 
and 50. However, there are very early, so-called juvenile, or even childhood onset, forms 
of HD [ 50 ], as well as late-onset variants with onset later than age 60 [ 51 ]. The clinical 
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  Fig. 5.3    Relationship of age-at-onset and CAG repeat length. The CAG repeat and age-at-onset 
relationship is similar in patients from the REGISTRY study in Europe and the North American 
and Australian COHORT study (Graph courtesy of Dr A Gemperli)       
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spectrum of HD comprises progressive motor dysfunction with a mixed movement 
 disorder featuring chorea, dystonia, bradykinesia and rigidity, clumsiness, and gait and 
balance abnormalities. Patients invariably develop dementia with personality changes and 
progressive loss of autonomy, while behavioral problems such as depression or irritability 
are present in many, but not all, patients. In addition, urge incontinence and bowl prob-
lems, weight loss, as well as insensitivity to pain may develop; in the absence of an alterna-
tive explanation, these clinical features are probably also due to HD. In the following the 
clinical features of HD will be divided into clinical domains bearing in mind that in  practice 
this may not always be so clear. 

    Motor Domain 

 The motor phenotype consists in most patients of chorea and dystonia. Hence HD is 
considered a predominantly hyperkinetic movement disorder. Chorea as the sole fea-
ture of the motor manifestations is, in the author’s experience, the exception rather 
than the rule. In most patients, the movement disorder is mixed. Chorea is general-
ized and often involves the face, mouth, tongue, trunk, and arms more than the legs. 
Patients fi nd it diffi cult to maintain a posture; motor impersistence affects the eyes, 
the tongue, or the limbs. Almost always chorea is accompanied by a degree of dysto-
nia; in particular cervical dystonia is common. Parkinsonian features – bradykinesia 
and rigidity – are also not uncommon and can be the most prominent motor sign in 
some patients, e.g., those with juvenile onset but also in other patients with a later 
onset. The type of movements that predominate may refl ect inherent differences in 
other domains, e.g., cognition, with predominantly hypokinetic–rigid patients per-
forming worse on cognitive assessments and being more impaired in day-to-day 
function [ 52 ]. However, cognitive assessments often have a motor component and 
time limits so that simply being slower may mean that hypokinetic–rigid patients 
cannot complete tasks with the same speed as predominantly hyperkinetic patients. 

 Patients become increasingly clumsy because of involuntary movements and 
declining motor coordination. Household items break more frequently, e.g., crock-
ery, or impaired fi ne motor skills may affect work performance in particular in jobs 
that require those skills. 

 A characteristic feature of HD is the oculomotor disorder. In addition to gaze 
impersistence – the patient fi nds it diffi cult to maintain eye contact, and the eyes 
seem choreatic – patients may have to induce voluntary eye movements with a blink 
or head movements. These head movements or eye blinking can be suppressed to a 
certain degree, but eventually patients may be incapable of initiating saccades with-
out turning their head. This can resemble oculomotor apraxia. 

 A swallowing disorder develops in most patients with HD. The movement disor-
der affects muscles responsible for all phases of swallowing. The swallowing disor-
der often develops from fi rst the incoordination of tongue and pharyngeal muscles so 
that patients and family report a tendency to swallow too much at a time. The patient 
may fi nd it diffi cult to move food in a well-coordinated fashion with the tongue 
towards the pharynx. Later even swallowing saliva may become diffi cult with fre-
quent aspiration followed by bouts of coughing. Eventually, the risk for aspiration 
may increase to a degree that necessitates the placement of a gastric feeding tube. 
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 The assessment of the motor phenotype relies on the motor subscale of the 
Unifi ed Huntington’s Disease Rating Scale (UHDRS) [ 53 ], a categorical, semi-
quantitative scale susceptible to error and with substantial inter-rater variability 
[ 54 ]. The scale was designed for manifest HD even though it was able to detect 
small signal changes in preclinical HD [ 55 ]. There is considerable interest to 
develop tools that quantitate the motor assessment objectively including in the pre-
clinical phase of the disease. To this end computer-assisted measurements of a vari-
ety of motor acts such as fi nger tapping [ 56 ], grip force, tongue force, or chorea 
have been developed that are sensitive to change over time [ 39 ]. Subtle motor signs 
may precede the diagnosis of manifest HD by many years [ 46 ,  55 ]. The develop-
ment of objective quantifi able measures of HD motor signs is important because, in 
the future, treatments may aim to delay or avoid onset of HD. Thus, monitoring 
subtle clinical signs that are present in the preclinical phase of HD could be very 
valuable.  

    Cognitive Domain 

 Cognition is invariably affected over the course of HD (for a review see [ 57 ]). Some 
people develop cognitive impairment early on before a diagnosis of motor manifest 
HD is made [ 58 ]. In some it may be the fi rst sign of manifest HD, while others seem 
less impaired until they are further advanced. Once evident, cognitive skills decline 
until every HD patient has developed dementia. This very likely refl ects ongoing 
degeneration in the underlying brain structure, in particular fronto-striatal circuits. 
Executive dysfunction is typical in HD. Patients fi nd it more and more diffi cult to 
plan and organize their daily activities and chores and are easily overwhelmed when 
mental fl exibility is required, e.g., in dealing with multiple tasks that they have to 
attend to at the same time. This can be a complaint at the workplace where it may 
be noted that the affected individual has slowed down, achieving less and less even 
when working more hours. The patient may only be able to deal with one task at a 
time having diffi culty to switch attention effi ciently. The patient may note these 
shortcomings himself; as a consequence self-esteem may drop, frustration may rise, 
and people can become irritable, angry, or depressed. Mental infl exibility can 
develop into perseveration, and a lack of will and executive dysfunction can develop 
into apathy (see below). 

 As the disease progresses, patients become more self-centered and fail to see 
other people’s viewpoint. The perception of self and others changes, as does the 
ability to monitor self-appearance and the consequences of actions, e.g., regarding 
the patient’s social surroundings. Patients progressively neglect themselves. This 
includes grooming, personal hygiene, and eating but also their relationships with 
others, in particular their family and carers. This may be related to defi cits of emo-
tion recognition abilities [ 59 ], in particular concerning negative emotions, as a result 
of which the relationship with family and carers can suffer a loss of empathy and 
connectedness when the patient increasingly needs support and, at the same time, 
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changes as a person (for a review see [ 60 ]). Not all cognitive abilities decline with 
the same speed. Language skills, for instance, may be preserved much longer than 
executive skills. However, as in other forms of dementia, HD patients gradually lose 
autonomy and become dependent on carers and family. 

 It is important to distinguish attention defi cits with subsequent cognitive impair-
ment from primary cognitive defi cits [ 61 ]. Inattention and loss of energy and drive 
can be important features of depression and can lead to reduced cognitive perfor-
mance. In any HD patient with cognitive impairment, in particular when this evolves 
rapidly at early disease stages, a mood disorder has to be considered and treated. 
Psychosis may be another explanation for a (treatable) loss of cognitive skills and 
can be diffi cult to diagnose clinically (see below).  

    Neuropsychiatric Manifestations 

 The motor signs of HD may be the most noticeable. However, together with the 
cognitive features, the main neuropsychiatric aspects of HD – depression, anxiety, 
irritability and aggression, perseveration, apathy, and psychosis –are very often 
more troublesome. They have a higher negative impact on quality of life for patients, 
families, and caregivers than the motor manifestations [ 57 ,  62 ]. Consistent with 
clinical impression, systematic data analysis, using, e.g., principal component anal-
ysis, confi rms that neuropsychiatric symptoms in HD can be differentiated into 
those that pertain to affect, irritability/aggression, and apathy [ 63 ,  64 ]. With the 
exception of apathy, behavioral abnormalities may be common but are not invari-
ably part of HD. This may relate to the episodic nature of many behavioral prob-
lems, e.g., depression or psychosis, which are amenable to treatment. HD and 
depression may be two separate disorders [ 65 ]. In this context, it was recently shown 
that current sub-threshold depressive symptoms in early HD were associated with 
microstructural changes – without concomitant brain volume loss – in brain regions 
known to be involved in major depressive disorder (MDD), but not those typically 
associated with HD pathology [ 66 ]. Apathy, in contrast, may refl ect degeneration 
within fronto-striatal-cortical networks as HD advances [ 39 ,  67 ].  

    Affective Disorders 

 The most common affective disorder in HD is depression. Anxiety may also be very 
common, but it can be diffi cult to say whether anxiety goes beyond the uncertainty 
and worrying when expecting a terrible disease to strike. Anxiety is very often part 
of a depressive disorder from which it is therefore diffi cult to disentangle. Depression 
can occur at any point in time during the course of HD, with its severity ranging from 
sub-threshold depressive symptoms to MDD [ 68 ]. The estimated prevalence of 
depression in symptomatic HD varies between 30 and 45 % [ 46 ] with an estimated 
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prevalence rate of 16.5 % compared to 5.5 % in the normal population [ 69 ]. In HD, 
depression is highly debilitating and a key determinant of social functioning, life 
satisfaction, and well-being [ 62 ]. The need for complex adjustments coupled with 
preserved insight into the signifi cance of HD symptoms may be one factor explain-
ing why depressive symptoms seem to be particularly common in early HD [ 70 ]. 
Adverse life circumstances may therefore play an important role in triggering and 
maintaining depression in individuals with HD. The diagnosis of MDD may be chal-
lenging in HD because many of the physical symptoms required to make a diagnosis 
of MDD according to DSM-IV-TR can also be part of HD even in the absence of the 
core symptoms of sadness and anhedonia. It is therefore important to use appropriate 
assessment tools such as the clinician-rated Problem Behaviours Assessment (PBA) 
[ 71 ] and the Hospital Anxiety and Depression Scale [ 72 ] self- rating scale. These 
instruments focus on the core symptoms of depression without any of the physical 
signs and symptoms that may simply be the result of a degenerative disorder. 

 The description of George Huntington already emphasized that suicide was a 
serious risk in HD [ 1 ]. Suicidal ideation is probably very common in HD with data 
suggesting that maybe a third of HD patients entertain suicidal ideas in their lifetime 
[ 47 ,  70 ,  73 ]. Low mood is a predictor for suicidal ideas; hence screening for the core 
symptoms of depression is important. However, many people with HD, in particular 
in the preclinical phase, consider suicide an option should they lose their autonomy 
when the disease manifests. Considering the inevitability of a relentlessly progres-
sive loss of abilities once HD symptoms become obvious, this is understandable; 
suicide as a way out of this conundrum can reassure people with HD that they retain 
a degree of control over their fate. Once affected by the signs of manifest HD, the 
increasing loss of insight, energy, and motivation means that very few patients actu-
ally go on and kill themselves. In the author’s experience it can be very helpful if 
patients feel that their physician acknowledges their predicament and does not think 
that such thoughts are wrong and a sign of illness.  

    Irritability and Aggression 

 Relatives and carers of HD patients often report that irritability and outbursts of 
 verbal and physical aggression are the most diffi cult behavioral challenge. HD 
patients, particularly when insight is preserved, develop mood swings where they 
feel extreme anger irresistibly welling up within them leading to an explosive out-
burst with verbal abuse and aggression towards objects or even towards other people. 
This is then followed by remorse, sadness, and, sometimes, even ideas of suicide. 
This resembles rage attacks in the context of impaired impulse control in other cir-
cumstances. Often the hostility and aggression are directed towards those closest to 
the patient. Once insight is lost, it is then mainly the family and carers of patients that 
report such behavior. The behavior can go on for a long time, often hours or even 
days, and is out of proportion to the preceding, often only very minor, provocation or 
inconvenience. A simple reminder of a trivial task can suffi ce to spark an outburst. 
People around the patient have to change their behavior, and, when untreated, 
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irritability and aggression can estrange the patient emotionally from those he or she 
most depends on. As a consequence family and carers may feel that they cannot cope 
with the situation so that the patient may no longer be able to live at home. 

 Some degree of irritability is probably quite common in HD [ 57 ,  74 ]. It can be 
assessed using the clinician-rated PBA, or PBAs, or the Snaith irritability self-rating 
scale [ 71 ,  75 ]. For management decisions it is important to carefully assess whether 
other signs and symptoms such as low mood, sleep problems, motor signs, and the 
patient’s life circumstances can contribute towards irritability. Depression, for 
instance, can be associated with irritability, and the everyday frustrations of being 
clumsy or not having anything useful to do can lower self-esteem, impact on mood, 
and thus contribute to irritability.  

    Apathy 

 Apathy denotes a lack of interest, feeling, drive, emotion, or concern. Some patients 
experience this as very unpleasant and suffer from apathy, e.g., in the context of 
depression. Others may have lost insight and are not concerned, quite in contrast to 
their relatives. If pronounced this cluster of symptoms resembles abulia, and patients 
lack the will to do anything. In HD, apathy develops insidiously so that it may take 
some time for the symptoms to become noticeable. When it does, however, apathy 
can be a very frustrating sign of HD for family and carers [ 57 ]. The patient has lost 
his interest in hobbies, spends more time doing very little, and needs a push from 
those around him. If not reminded by others, the patient may neglect personal 
hygiene, grooming, and even eating. He may spend a lot of time watching TV and 
may not even be bothered to change the channel. In contrast to family and carers, 
the patient is not unduly concerned by his lack of will. 

 The onset of apathy may predate the onset of unequivocal motor signs of HD and 
probably refl ects degeneration in fronto-striatal-cortical networks [ 39 ]. Apathy is 
thus part of the personality changes that develop with dementia in HD. However, it 
may also be part of several different underlying psychopathologies including depres-
sion and, as a negative syndrome, psychosis [ 76 ,  77 ]. Current concepts of what 
constitutes apathy, and how to diagnose it, have recently been reappraised [ 76 ,  77 ]. 
Since apathy is currently not well defi ned, and its origins may be quite different, it 
is perhaps not surprising that the association of apathy with the biological load of 
HD (disease burden, [ 78 ]) is not as strong as that of motor or cognitive signs [ 47 ].  

    Perseveration and Obsessive–Compulsive Disorder 

 Obsessive–compulsive disorder (OCD) is an anxiety disorder. Patients feel they have 
to do certain things, dwell on a thought, recall an experience, or ruminate on some-
thing abstract (ICD-10;   http://www.who.int/classifi cations/icd/en/    ). Characteristically, 
at the expense of mounting levels of anxiety, patients need to resist such behavior or 
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thinking, which is qualifi ed as alien to his or her personality. Some of the obsessive 
behaviors aim to relieve anxiety, worry, fear, or uneasiness in a ritualistic way, e.g., 
washing in response to fear of contamination. OCD in patients with HD may not be 
more common than in the general population. However, repetitive behaviors that do 
not follow on from anxiety-provoking thoughts and are characteristically not per-
ceived as alien or abnormal are very common in HD [ 57 ]. The distinction from OCD 
is important because the underlying pathophysiological concepts and management 
differ between OCD and perseveration. Perseverative behaviors are most commonly 
reported by family and carers. The patient, very often when a degree of dementia has 
already developed, gets stuck on certain ideas or behaviors and is not easily redi-
rected. He prefers certain routines in his day-to-day life and may react angrily if 
forced to vary from this routine. Simple things such as an appointment with the doc-
tor can provoke discomfort and sleepless nights, and together with a loss of the sense 
of time, the patient may be restless and urging for the departure for that appointment 
hours before it would actually be necessary. He may repeatedly ask the same ques-
tions or get stuck on a certain topic about which he will go on and on. Without 
prompting he may return to this topic later in the day, or sometimes even the next day, 
and will again dwell on this for a long time. While the patient may be unfazed, such 
perseverative behaviors can cause major distress to family and carers.  

    Psychosis 

 Psychosis in HD strikingly resembles schizophrenia with delusions, auditory hallu-
cinations, disordered thinking, social withdrawal, and emotional blunting. The prev-
alence fi gures for psychosis in HD range from 3 to 11 % (see [ 57 ,  69 ]). However, the 
prevalence of psychosis in HD is much lower than for other neuropsychiatric symp-
toms (see above). Similar to major depressive episodes, the diagnosis of schizophre-
nia in HD is diffi cult and, according to the various diagnostic guidelines such as ICD 
or DSM, not recommended because of the organic basis of HD. Clinically, it can be 
challenging to distinguish apathy and emotional changes in the context of the degen-
erative dementia in HD from negative symptoms as a sign of a psychotic episode in 
particular in the absence of clear evidence of delusions or/and hallucinations. 
Psychosis can occur at any time in HD including the motor premanifest phase. 
Hence, prominent negative symptoms and disordered thinking with a rather abrupt 
onset in an HD patient in whom cognition seemed, until then, fairly intact raise the 
possibility of a psychosis, in particular if there is no evidence to suggest the presence 
of a mood disorder. Considering the impact on quality of life, a suspicion of psycho-
sis merits empirical treatment, which can sometimes clarify that distinction.   

    Juvenile HD 

 Juvenile HD (JHD) is often defi ned as HD with an arbitrary age-at-onset before age 
20. More importantly, JHD affects individuals who are still developing intellectu-
ally, emotionally, and as socially competent independent persons. This may help 
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understand some of the clinical phenomena but also the enormous implications of 
JHD for the patient and the affected family [ 50 ]. 

 Fortunately, JHD is rare. Depending on the epidemiological study, between 1 
and 10 % of HD patients have JHD, while childhood HD (onset before age 10) may 
be even rarer [ 79 ]. JHD can manifest before unequivocal signs of HD become 
apparent in a parent; most commonly, JHD is inherited from an affected father 
(anticipation, see below). 

 Clinically, as in adult-onset HD, patients have a mixed movement disorder, cog-
nitive impairment, and behavioral abnormalities. However, there are important dif-
ferences between the phenotype of adult-onset HD and JHD. Instead of chorea, 
which, if present, appears fairly late, a hypokinetic–rigid syndrome, dystonia, 
ataxia, and tremor predominate. A considerable number of patients with JHD (about 
30 %) have epileptic seizures. The cognitive changes and behavioral abnormalities 
can be particularly troubling. Depending on the age of the child, this becomes 
apparent as developmental delay or, in older children, as a loss of cognitive abilities 
and dementia. Children may show a change of character and personality with 
aggressive, hostile, and oppositional and antisocial behavior; as in adults with HD, 
depression and apathy are common. It is sometimes diffi cult to differentiate signs 
and symptoms that are directly related to the biology of HD from those that may 
arise as a consequence of the psychologically and emotionally challenging responses 
from the environment. 

 The management and treatment of JHD is even more complex than in adult HD. 
It always requires close interdisciplinary collaboration of patients and their family 
and carers, medical doctors, psychologists, teachers, and others around the patient 
and his family. The interested reader is referred to a very good book on JHD for 
further reading [ 50 ].  

    Treatment and Management of HD 

    Standards of Care and Multidisciplinary Clinic 

 HD management is not limited to the HD patient as the situation affects the whole 
family. It includes relatives being at risk of having inherited the HD mutation, those 
knowing they carry the HD gene, carers, and symptomatic family members. This 
adds to the complexity of HD. Therefore, HD care requires a multidisciplinary 
approach involving a wide range of services that can support the symptomatic indi-
vidual in each stage of HD as well as addressing the needs of those around him [ 80 ]. 
A multidisciplinary approach to the family with HD comprises a variety of special-
ized services, such as neurology, psychiatry, neuropsychology, clinical genetics, 
physiotherapy, speech and language therapy, dietician, social services, and den-
tistry. An HD management clinic can serve as the hub where these specialized ser-
vices come together to benefi t the HD family. The role of the HD clinic is to provide 
information and to establish a management plan in collaboration with partner agen-
cies outside the clinic. These partner agencies include, e.g., acute services and inpa-
tient care, general physicians and primary care services, psychiatric care, psychiatric 
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nursing services, social worker and welfare rights, fi nancial advisors, disability 
employment advisors, peer support groups, housing support services, day-care ser-
vices, personal care, occupational therapy services, and drivers’ licensing authori-
ties. For examples of multidisciplinary HD clinics and guidelines, the reader is 
referred to the websites of the Huntington’s Disease Society of America (  www.
hdsa.org    ) or the European Huntington’s Disease Network’s Standards of Care work-
ing group (EHDN;   www.euro-hd.net    ).  

    Management of Clinical Manifestations 

 The majority of patients attending an HD clinic will have manifest HD. However, it 
is important to recognize that living with the knowledge of carrying a mutated  HTT  
gene can be very diffi cult. Even though there are no clinical signs of manifest HD, 
people with premanifest HD may be in need of support or pharmacological or non- 
pharmacological treatment. In the absence of causal, disease-modifying treatment 
options, the approach to treatment will need to be guided by fi rst establishing a 
hierarchy of problems. This requires taking a careful history from the patient and, 
importantly, family and caregivers. It is important to identify who has which prob-
lem. In particular, behavioral problems, such as apathy or irritability, are sometimes 
much more troublesome for the family and carers than for the patient who may even 
deny having any problems at all. Listing the problems in their order of relevance 
determines in which order the problems need to be addressed. It is very important 
to explain carefully to the patient and caregivers what the pharmacological and non- 
pharmacological management options are. This should lead to the defi nition of the 
treatment goals and how to measure treatment effects. As a general principle for 
therapy, one should try and address as many problems from the list with a single 
intervention. In the course of the evaluation of treatment effects, one has to be 
mindful of drug interactions when using more than one drug and of trying to dif-
ferentiate signs of HD from side effects of medication. It is sometimes useful to 
consider reducing the amount of pharmacotherapy rather than adding yet another 
drug or increasing the doses since side effects of medication can be mistaken as 
signs of HD. Finally, it is always important to consider causes other than HD for a 
particular problem. There is no evidence to suggest that HD patients are protected 
from other ailments that may thus affect them just as they affect the rest of the 
population.  

    Motor Signs and Symptoms 

 Once it has been established that motor signs and symptoms impair the patient’s 
day-to-day activities, there are pharmacological and non-pharmacological treat-
ment options (Table  5.1 ). When considering the treatment options, it is important to 
be clear about the type of motor symptom – hyperkinetic, hypokinetic–rigid, gait 
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and balance problems, and swallowing – that is to be treated. Symptomatic pharma-
cological treatment of hyperkinetic motor manifestations most commonly targets 
the dopaminergic system. Available drugs include dopamine receptor antagonists 
(“antipsychotics”) that target postsynaptic dopamine receptors and tetrabenazine, a 
reversible inhibitor of the vesicular monoamine transporter 2 (VMAT-2) that con-
centrates monoamines such as dopamine within presynaptic vesicles. VMAT-2 inhi-
bition leads to the depletion of presynaptic dopamine. The evidence indicating 
effi cacy of these agents is largely empirical even though small clinical trials suggest 
antipsychotics are effective, and a placebo-controlled trial demonstrated that tetra-
benazine was better than placebo in treating chorea [ 81 ,  82 ]. However, a systematic 
Cochrane Review of the available data was unable to recommend any drug solely 
based on the available evidence [ 83 ]. It is further important to note that antipsychot-
ics and tetrabenazine can have substantial side effects; adverse affects on cognition, 
mood, or alertness can outweigh the benefi cial effects on chorea and were even 
recorded in the tetrabenazine trial [ 82 ]. It may therefore be premature to derive fi rm 
evidence-based guidelines for clinical practice.

       Table 5.1    Treatment options in HD   

 Clinical problem 

 Treatment options 

 Pharmacological  Non-pharmacological 

 Chorea  D-RA (tiapride, olanzapine); 
TBZ 

 If severe and intractable 
Huntington’s chair 

  ↓ SSRI; mirtazapine if restless 
 Dystonia   ↓ D-RA,  ↓ TBZ  Physiotherapy 
 Hypokinesia–rigidity   ↓ D-RA,  ↓ TBZ  Physiotherapy 
 Gait and balance   ↓ D-RA,  ↓ TBZ (if dystonic or 

rigid); D-RA, TBZ if 
choreic 

 Physiotherapy 

 Dysphagia   ↓ D-RA,  ↓ TBZ (if dystonic or 
rigid) 

 Speech and language therapy, 
gastric feeding tube, nutritional 
advice 

 Weight loss  D-RA (if also choreic or 
irritable) 

 Speech and language therapy, 
hyper-caloric food supplements 

 Depression/anxiety  SSRI, mirtazapine, 
agomelatine, D-RA 
(enhancing SSRI) 

 Psychotherapy (if cognitively not 
too impaired) 

 Irritability  SSRI, mirtazapine, 
agomelatine, D-RA 

 Aggression, verbal  SSRI, mirtazapine, 
agomelatine, D-RA 

 Aggression, physical  D-RA (olanzapine, quetiapine) 
 Perseveration  Try SSRI  Behavior modifi cation 
 Apathy  SSRI, aripiprazole, bupropion  Establish routines, day care 

  ↓ D-RA,  ↓ TBZ 
 Psychosis  D-RA 
 Sleep–wake cycle  Mirtazapine, agomelatine  Sleep hygiene 

  Abbreviations:  D-RA  dopamine receptor antagonist,  TBZ  tetrabenazine,  SSRI  selective serotonin 
reuptake inhibitor,  ↓  reduce  
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   In the absence of evidence-based guidelines, recent efforts benefi ted from large 
clinical networks in North America and Australia (Huntington Study Group,   www.
hsg.org    ) and Europe (European Huntington’s Network, EHDN;   www.euro-hd.net    ) 
in capturing expert’s experience in the management of HD motor symptoms [ 84 ]. 
This initiative has published an algorithm for the treatment of chorea [ 84 ]. This 
algorithm takes into account that abnormal movements are often accompanied by 
neuropsychiatric manifestations (see next section). Hence, the choice of treatment 
depends also on non-motor problems (Table  5.1 ). In addition, the movement disor-
der in HD is mixed. While chorea may respond to some degree to treatment, dysto-
nia and hypokinetic–rigid symptoms are more diffi cult to treat with medication. 
While it is always worth a trial, hypokinetic–rigid symptoms often do not respond 
satisfactorily to dopaminergic therapy, at least in the author’s experience. 
Hypokinetic–rigid symptoms and dystonia can be a side effect of medication, in 
particular from antipsychotics and tetrabenazine. Dystonia and hypokinetic–rigid 
symptoms can also contribute to gait and balance disorders, as well as speech and 
swallowing diffi culties. Sometimes, reducing the dose of these medications can 
have a benefi cial effect on these motor symptoms. 

 Non-pharmacological approaches such as physiotherapy, occupational therapy, 
and speech and language therapy are very important in the treatment of these motor 
manifestations. A guideline for physiotherapy published by the EHDN physiother-
apy working group can be found on   www.euro-hd.net/html/network/groups/physio    . 

 Dysphagia puts patients at risk for aspiration pneumonia. Treatment and preven-
tion of dysphagia remain empirical in the absence of any evidence to support a 
particular therapeutic strategy [ 85 ]. Frequent coughing at meal times suggests the 
presence of swallowing diffi culties. However, it remains unclear if, e.g., video- 
fl uoroscopy assessment is more sensitive to predict aspiration than common clinical 
sense. The option of placing a gastric feeding tube needs to be discussed with the 
patient and carers/family when, in the judgment of the physician, the risk of aspira-
tion exists. Patients can benefi t greatly from counseling by a dietician whenever 
dysphagia and/or nutrition (including weight loss) become an issue.  

    Neuropsychiatric and Cognitive Manifestations 

 For depression, the treatment and management recommendations are essentially the 
same as for depression in other contexts [ 86 ]. Depending on the severity of the 
depressive disorder, this can include medication and psychotherapy (Table  5.1 ). If 
anxiety and loss of energy predominate, the drug of fi rst choice may be a serotonin 
reuptake inhibitor (SSRI) such as citalopram or a mixed SSRI/noradrenalin uptake 
inhibitor (NARI) such as venlafaxine. If insomnia, anxiety, and restlessness are 
prominent, a sleep-inducing drug such as mirtazapine or agomelatine may be a good 
fi rst choice. Some patients benefi t from a combination of an SSRI, or combined 
SSRI/NARI, and a sleep-inducing antidepressant. An important distinction is that 
between insomnia as a biological feature of depression and the fairly common dis-
turbance of the sleep–wake cycle in HD. A sleep-inducing antidepressant can be 
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useful in both situations to improve the quality of sleep. This can have benefi cial 
effects on concentration and thus cognition. It remains to be shown whether 
improved sleep quality may also contribute to the clearance of unwanted proteins 
and thus have a biological effect [ 87 ]. 

 Apathy can be a particularly troublesome problem in HD since there is no good 
treatment. Apathy can always, at least in part, occur in the context of depression 
even if there are no obvious signs of depressed mood. Thus, a trial of an antidepres-
sant, e.g., an SSRI or combined SSRI/NARI like venlafaxine, is warranted (see 
Table  5.1 ). If this does not improve the situation, aripiprazole should be tried. In the 
author’s experience, aripiprazole sometimes improves drive and concentration with 
benefi cial effects on cognition even though this needs to be investigated more sys-
tematically. The same is true for bupropion and other pharmacological treatments 
that are used in other neurodegenerative disorders [ 88 ]. It is important to bear in 
mind that sedation and apathy can be side effects of medication in particular anti-
psychotics and tetrabenazine. Reducing the dose of these drugs can sometimes have 
a big effect on apathy. Non-pharmacological interventions are very important even 
though there is no evidence to advocate any one in particular. These can include 
scheduled activities, such as physiotherapy and diverse different tasks so that the 
patient, with the help of a carer who provides support, accepts to adopt a routine. 

 Irritability and aggression sooner or later cause distress for the patient and his 
family. Similar to motor treatments and apathy treatments, there is no evidence base 
that could serve as a treatment guideline. For the same reasons as for chorea, expert 
opinion has been synthesized into a treatment algorithm for irritability/aggression 
[ 89 ]. Depending on the severity of outbursts, the fi rst choice may be an SSRI if 
outbursts are verbal but not physical. If depression and insomnia also pose prob-
lems, mirtazapine or agomelatine may be good alternatives. Severe aggression with 
or without physical violent behavior and impulsivity warrant an antipsychotic as 
fi rst choice (see Table  5.1 ). The presence of other symptoms also plays a role in the 
choice of treatment. Concurrent depression, anxiety, or OCD may also respond to an 
antidepressant, whereas concurrent psychosis requires antipsychotics. In some cases 
the severity of aggression may require an admission to a psychiatric institution. 

 Taken together, treatment should be customized to fi t the set of problems the 
patient has. Multiple input including pharmacological treatments and environmen-
tal modifi cations and also psychosocial support and education for caregivers can 
help them understand and cope with the situation to the benefi t of the HD family. 
Psychological support for patients and relatives is very important, and psychother-
apy, in particular in the preclinical phase of HD and in early manifest HD, can be 
very helpful.  

    Lifestyle Measures 

 Environmental enrichment was able to delay the onset, and slow progression, of 
phenotypical manifestations in HD models [ 90 ,  91 ]. In humans, small effects on 
age-at-onset were observed in a retrospective analysis of participants’ daily 
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activities. The less active the participants were, the earlier signs and symptoms of 
HD emerged [ 92 ]. Similar to what has been observed in other neurodegenerative 
disorders such as Parkinson’s disease or Alzheimer’s disease this supports the notion 
that mental and physical activity has benefi cial effects on health [ 93 ]. In contrast, 
the supplementation of essential fatty acids has only had an effect on motor perfor-
mance in an HD animal model without infl uencing the degenerative process [ 94 ]. In 
human HD patients, two double-blind placebo-controlled trials also showed no 
effect of ethyl EPA, an omega-3 fatty acid, over 6 or 12 months [ 95 ,  96 ]. There is 
data to support the benefi cial effects of a Mediterranean diet on cardiovascular dis-
ease [ 97 ]; however, in the absence of such evidence in HD, no clear recommenda-
tions can be given for specifi c diets in HD.  

    Outlook for Causal Treatment 

 HD is a monogenic disease in which the mutant allele causes the disease. Thus, 
lowering levels of mutant HTT should have a benefi cial effect on HD and is thus a 
very attractive therapeutic option. In conditional model systems of HD, turning off 
mutant  HTT  can reverse the phenotype and neuropathology of HD [ 98 ,  99 ]. 
However, given that in a knockout model abolishing HTT is lethal in the uterus in 
mice [ 28 ], great care has to be taken to ensure that the normal HTT is not interfered 
with. Targeting the protein is diffi cult because of its many and largely unknown 
interactions with other proteins. For this reason inhibiting the expression of mutant 
 HTT  at the gene or mRNA level seems particularly promising. To this end, different 
strategies are being pursued. The fi rst used an approach that was not allele specifi c. 
In mouse models, and nonhuman primates, antisense oligonucleotides injected into 
the brain reduced expression of the mutant and wild-type HTT by 50 %, which was 
well tolerated [ 100 ,  101 ]. 

 Other approaches are the use of small interfering RNAs or micro RNAs, mole-
cules that contribute to the regulation of gene expression at the RNA level [ 102 ]. If 
targeting the mutant and the normal HTT, there is always the risk that not enough 
mutant HTT is suppressed, while too little of the normal HTT is left. Even though 
in nonhuman primates suppression of normal HTT by about 30–50 % seemed safe 
[ 103 ], it is diffi cult to say how this would be in humans. There is always the pos-
sibility that the desired effects may not suffi ce, while the function of the normal 
HTT is compromised and causes harm. For this reason, allele-specifi c treatments 
would be preferable. Already there is evidence that using, e.g., CAG-directed zinc 
fi nger protein (ZFP) repressors [ 104 ], or RNAi [ 105 ], could do exactly this. With 
such approaches care has to be taken to ensure that other genes with CAG repeats 
are not targeted. Apart from the choice of novel therapeutics, two main questions 
remain before clinical trials can be considered. The fi rst concerns the type of deliv-
ery. Delivery of ASO therapeutics given intrathecally would mean the ASOs reach 
the cortex but not deeper brain areas. The aim would thus be to lower HTT 
 expression in cortical areas. In transgenic animals, such treatment was able to exert 
a benefi cial effect [ 100 ]. siRNAs could be administered via a pump implanted into the 
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putamen [ 106 ]. ZFPs and miRNAs could be delivered using viral vectors, e.g., 
adeno-associated viral vectors (AAV) [ 107 ]. AAV transduction has the advantage, 
and maybe the risk, that it only needs to be done once per patient. As AAV viruses 
integrate into the host genome, presumably a lifetime expression of the HTT sup-
pressing agent is envisioned. Such an approach has been used in ALS, in Parkinson’s 
disease, and in congenital blindness [ 108 ,  109 ]. In Parkinson’s disease, neurturin 
AAV delivery was well tolerated, and expression of transgenes was stable several 
years after the initial transduction [ 110 ]. However, depending on the AAV used, an 
immune response to the transduction of neurons and astrocytes remains a potential 
risk [ 111 ]. 

 The second question concerns the appropriate readouts to use so that the effec-
tiveness of such treatments could be assessed. In models, one can use brain tissue, 
but for obvious reasons this is not a possibility in humans. Therefore the develop-
ment and validation of HTT-dependent biological readouts focuses on methods to 
measure HTT levels, both normal and mutant, or HTT aggregates [ 112 ], while at the 
same time evaluating other potential biomarkers [ 37 ].   

    Conclusions 

 Twenty years after the discovery of the causal CAG repeat expansion mutation in 
the  HTT  gene, Huntington’s disease remains an incurable devastating disorder. 
However, great progress has been made in understanding the pathophysiology of 
HD. This has led to the development of the fi rst gene therapy approaches with prom-
ising results in HD model systems. This raises hopes that HD, a monogenetic fully 
penetrant autosomal dominant disorder, may be a model for novel therapeutics in 
neurodegenerative disorders. In addition, thanks to the efforts of the HD commu-
nity – families, clinicians, health professionals, and researchers – standards of care 
are improving patients’ and families’ quality of life. HD networks (HSG, EHDN, 
RLAH), and their observational studies, have further laid the groundwork for con-
ducting clinical trials of high quality on a global stage. This includes collaboration 
with clinical trial sponsors in designing and conducting clinical trials, preparing and 
training investigators, and developing the right assessment tools [ 113 ]. The time 
seems right for the clinical trials of the future that hopefully will change our treat-
ment options to relieve the plight of all those affected by HD.     
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